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Forord

Kemikalieinspektionen fick i regleringsbrevet for budgetéret 2010 1 uppdrag av regeringen att
gora en riskbeddmning for hélsa och miljo med avseende pd kadmium och dé sarskilt upp-
marksamma ett eventuellt behov av sénkt nationellt gransvarde for kadmium 1 mineralgddsel.
Myndigheten fick i juni ett tilliggsuppdrag att foresla ett system for uppfoljning av
kadmiumhalter 1 mineralgddsel.

Kemikalieinspektionen redovisar i denna rapport resultatet i tva delar. Del 1 utgdr en bedom-
ning av riskerna med kadmium 1 dagens situation samt en prognos for framtiden i syfte att
svara pa fragan om det nationella grinsvérdet for kadmium i mineralgddsel behdver sinkas.
Del 2 av rapporten behandlar frdgan om system for att f6lja upp halter av kadmium 1
mineralgddsel.

Arbetet med regeringsuppdraget har bedrivits inom Kemikalieinspektionen i en projektgrupp
sammansatt av personer med olika kompetenser (riskbeddmare, utredare, jurister). Ansvarig
for genomforandet av projektet har varit Katarina Lundberg (Avdelningen f6r Industri — och
konsumentkemikalier). Helena Parkman har varit projektansvarig for riskbeddmningsdelen av
rapporten (del 1) och Lolo Heijkenskjold har ansvarat f6r delen om uppf6ljningssystem (del
2). Ing-Marie Olsson, Mats Forkman, Eva Nilsson och Stefan Gabring har ocksé deltagit i
sammanstdllningen av rapporten. Rapporten grundar sig pé ett antal underlagsrapporter som
tagits fram av konsulter frén Institutet for miljomedicin, Karolinska Institutet (IMM), WSP
Sverige, och Sveriges Lantbruksuniversitet (SLU) samt av medarbetare pa
Kemikalieinspektionen och Livsmedelsverket.

Rapporten redovisas efter samrad med Jordbruksverket, Livsmedelsverket och Naturvards-
verket. Arbetet har fortlopande granskats av en referensgrupp inom Kemikalieinspektionen
med representation fran olika verksamhets- och ansvarsomraden. En extern referensgrupp
sammansatt av representanter fran andra myndigheter (Statistiska Centralbyrén, Sveriges
Geologiska Undersokning), branschorganisationer (Lantmédnnen, Lantbrukarnas Riksférbund,
Svenskt Vatten), andra intresseorganisationer (Svenska Naturskyddsforeningen), foretag
(Yara) och forskningen (Lunds Universitet) har bidragit med faktaunderlag och synpunkter.

Kemikalieinspektionen den 31 januari 2011.
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Forkortningar

CaO Kalciumoxid

CaCoO; Kalciumkarbonat

Cd Kadmium

Cd/P Kadmium-fosforkvot/halt 1 godselmedel, anges ofta som mg kadmium per kg
fosfor (mg Cd/kg P)

CONTAM | Kommittén for fororeningar i livsmedel under Efsa

ECB Europeiska kemikalie byrédn, European Chemicals Bureau

Echa Europeiska kemikaliemyndigheten, European Chemicals Agency

EES Europeiska ekonomiska samarbetsomradet

Efsa/EFSA | Europeiska livsmedelsmyndigheten, European Food Safety Agency

EMEP European Monitoring and Evaluation Programme

E-PRTR European Pollutant Release and Transfer Register

EU RAR EU Risk Assessment Report

EQS miljokvalitets standard

HELCOM | Helsingforskommissionen, The Helsinki Commission, Baltic Marine
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LRTAP langvéga transporterade luftfororeningar, Long-Range Transboundary Air
Pollution
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QS kvalitetsstandard

Reach Europeiska kemikalielagstiftningen, Registration, Evaluation, Authorisation
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REVAQ Svenskt Vattens certifieringssystem for reningsverk

SLU Sveriges lantbruksuniversitet

TWI Tolerabelt veckointag, tolerable weekly intake

UNECE FN:s ekonomiska kommission for Europa

WSP Ett globalt analys- och teknikforetag som erbjuder konsulttjénster




Sammanfattning

Kemikalieinspektionen har fatt 1 uppdrag av regeringen att med utgangspunkt i svenska for-
héllanden genomf6ra en beddmning av riskerna for manniskors hilsa och miljon nédr det géller
kadmium (Cd). Uppdraget omfattar dven att uppmérksamma ett eventuellt behov av ett ldgre
nationellt gransvérde for kadmium i mineralgddsel &n nuvarande virde, som dr 100 milligram
kadmium per kilo fosfor. Denna del av uppdraget redovisas i rapportens forsta del — Risker
for hélsa och miljo.

I uppdraget ingick ocksa att uppmérksamma hur ett system for att f6lja upp kadmiumhalterna
1 mineralgddselmedel lampligen bor utformas, vilket redovisas 1 rapportens andra del —
System for att folja kadmiumhalterna 1 mineralgddsel.

Utover att uppmérksamma ett eventuellt behov av ett ldgre nationellt gransvdrde och behov av
ett uppfoljningssystem ingér det inte i uppdraget att analysera eller foresla mojliga atgarder
for att begrénsa exponeringen.

Del 1 - Risker for halsa och miljo

Den svenska miljodvervakningen visar att delar av befolkningen har halter av kadmium i urin
som ligger vid eller 6ver de nivaer som kan relateras till paverkan pa skelett och njurar.
Darfor behdver den generella kadmiumexponeringen till befolkningen minska. Kemikalie-
inspektionen anser att det, mot bakgrund av risken for hilsoeffekter, finns behov av att
vasentligt sdnka det nationella gransvardet for kadmium i mineralgddsel.

Europeiska livsmedelmyndigheten (Efsa) beddmde 2009 att det tillatna veckointaget for kad-
mium (TWI- tolerable weekly intake) behdvde sdnkas och att européernas exponering idag ar
pa en sddan niva att den kan orsaka effekter pd njurarna hos delar av befolkningen. I denna
rapport sammanstills nyare data med avseende pa njureffekter och en stor mangd data som
giller samband mellan kadmiumexponering och andra effekter, framfor allt benskorhet och
frakturer. Vissa av dessa studier pekar pé effekter vid ldgre exponeringsnivaer dn de som
ligger till grund for Efsa TWI-vérde.

Frekvensen av benskorhet och frakturer &r redan hog 1 Sverige, Norge och Island jamfort med
ovriga Europa. Forutom lidandet hos de som drabbas innebér benskorhet och frakturer i
Sverige en stor samhéllsekonomisk kostnad. Data fran den nationella miljoovervakningen
visar att delar av den svenska befolkningen har halter av kadmium i urin som ligger vid eller
over de nivaer som kan relateras till paverkan pa skelett och njurar, (exempelvis dverskrider
0,2—6 procent av icke-rokande kvinnor, 50—64 &r, den kadmiumniva pa vilken Efsa baserar
sitt TWI). Dérfor behdver den generella nivan av svenskarnas kadmiumexponering minska.

Kosten och rokning dr de huvudsakliga exponeringsvigarna for allménbefolkningen. Rokare
har en belastning av kadmium som &r ungefér dubbelt s& hog som for icke-rokare. Individer
med jérnbrist, gravida, samt nyfddda och smébarn ar andra riskgrupper for kadmiumexpo-
nering. Jarnbrist dr vanligare 1 norra Europa én 1 sodra.

Den storsta delen av vart kadmiumintag via kosten kommer fran spannmal och rotfrukter.
Dessas innehéll av kadmium &r relaterat till halten 1 matjorden, som varierar 6ver landet.
Matjordens halt i Sverige dr generellt nagot ldgre jamfort med i manga andra europeiska
lander men upptaget i groda av markens kadmium tycks relativt sett vara nagot hogre i
Sverige. Detta kan bero pa att jordarna dr nigot surare hir.

Historiskt har mycket kadmium tillforts svensk dkerjord via mineralgddsel. Nedfallet, dvs.
depositionen, frén luft dr idag den storsta kéllan till kadmium i1 dkermark i Sverige och den




storsta delen av depositionen kommer via langvéga transport frén kéllor utomlands. De storsta
punktutslappen till luft i Sverige ér fran metall-, pappers-, trafiberindustri och energisektorn.
Den nést storsta kdllan av kadmium till 8&kermarken dr gédselmedlen. Det godselmedel som 1
dagsldget innebér minst tillford miangd kadmium per tillférd miangd fosfor (P) dr mineral-
gbdsel. Stallgddsel, reningsverksslam och biogddsel ger storre mangd kadmium per fosfor.
Det anvénds dock betydlig storre méngd av mineralgddsel och stallgddsel dn slam och bio-
gbdsel varfor anvdndning av stallgddsel idag sprider totalt storst mangd kadmium. Anvand-
ningen av stallgddsel innebér dock till stor del dtercirkulation av kadmium fran marken via
djurens foda. Kadmiumtillforseln med kalk ar liten jamfort med tillforseln med godsel per
ytenhet dker, medan totalmangden tillférd kadmium &r ungefar lika stor som tillférseln med
mineralgddsel.

Uppmiitta halter i svensk skogs- respektive jordbruksmark tyder pa att risk for effekter pa
markorganismer finns i skogsmark, men inte i jordbruksmark. Kadmiumhalterna i Ostersjo-
fisk har minskat sedan halterna var som hégst under 1980-90 talen. Okande halter i tinglake
har dock registrerats under senare ar och missténks ha samband med observerade effekter pa
immunsystemet hos denna art. Den totala belastningen frdn Sverige pa havet verkar inte ha
minskat sedan 1990-talet. S6tvatten i Sverige dr generellt mjukare, vilket okar biotillgédnglig-
heten av kadmium, jamfort med i andra delar av Europa. Effekter pa vattenlevande orga-
nismer kan darfor uppsta vid ldgre halter i svenska vatten. De kadmiumhalter som uppmitts i
véra sjoar, kustvatten och sediment &r i cirka 1, 7 respektive 20 procent av métstationerna sa
hoga att det finns risk for effekter pa vattenlevande organismer.

I rapporten redovisas prognoser for kadmiumhalterna i mark och groda i olika odlingsregioner
pa hundra ars sikt, vid olika kadmiumhalter 1 gddselmedel. Vid dagens kadmiumbhalt i mine-
ralgddsel (cirka 6 mg kadmium per kg fosfor, Cd/kg P) dominerar depositionen fran luft
kadmiumtillférseln till d&kermarken och pé hundra érs sikt kommer kadmiumhalterna 1 marken
att minska langsamt. Om kadmiumhalterna 1 godsel okar till 25 mg Cd/kg P 6verskrider till-
skottet frdn mineralgddsel den frdn depositionen och halterna 1 matjorden kommer att 6ka
med uppemot 8 procent i omraden med l4gre fosforstatus, medan en viss minskning i marken
kan forvéntas i mycket fosforrika jordar eftersom tillforseln, dvs. givorna, av fosfor dr laga
dér. Vid halter lagre &n 12 mg Cd/kg P modelleras en minskning av kadmiumbhalterna i de
flesta regioner/jordar. Medelhalter i mineralgddsel 1 niva med dagens svenska gransvirde
(100 mg Cd/kg P) och de inom EU foreslagna harmoniserade gransvirdena (46, 92 och 137
mg Cd/ kg P) innebir alla en markant 6kning 1 &kermark (max cirka50 procent) och groda
(upp till 40 procent). Dessa scenarier r inte i linje med slutsatsen att befolkningens kadmium-
exponering behover minska. Anviandning av slam enligt rddande praxis orsakar langsiktigt en
viss upplagring av kadmium 1 jord, pad mark som bara gddslas med slam. Anviandningen av
stallgddsel och biogddsel kan med dagens kadmiumhalter ocksé innebédra en viss
ackumulation av kadmium 1 marken.

Riskbedomningen visar att det, baserat pa risken for hélsoeffekter, finns behov av att sdnka
det nationella gransvérdet for kadmium i1 mineralgddsel. Man behover ta stillning till om ett
nytt gransvirde ska baseras pa att den nationella medelhalten av kadmium 1 jord och groda
ska vara acceptabel (dvs. att halterna minskar), eller om detta mal ska uppnas 1 varje region.
Om man viljer att utgd frin de scenarier som leder till hdgst 6kning av kadmium 1 jord visar
dessa att den genomsnittliga halten 1 godsel bor vara lagre én 12 mg Cd/kg P, for att uthélligt
f4 en minskning av kadmiumbhalten i alla jordar. Dagens griansvirde for kadmium i
mineralgddsel (100 mg Cd/kg P) ligger langt 6ver denna haltniva.

Kemikalieinspektionen drar dirfor slutsatsen att det fran svenskt perspektiv behovs ett nytt,
vasentligt lagre gransvirde for kadmiumhalt 1 mineralgddsel &n det som tillimpas 1 dag .



Nivén for ett sddant gransvarde bor dock faststillas forst sedan man genomfort en bredare
konsekvensbedomning som avser for- och nackdelar for olika aktdrer, miljo och hélsa samt
for samhdllet 1 sin helhet. Det har inte ingéatt i utredningsuppdraget att gora en sddan bedom-
ning, som ocksa behdver ta hinsyn till dtgérder for att reducera kadmiumbhalter pé andra
omraden. Man behover vidare beddma hur frdgan bor hanteras pa Europaniva och hur Sverige
bor agera i diskussionerna for harmoniserade grinsvérden inom EU.

Att begrinsa exponeringen for kadmium har sedan ldnge varit ett viktigt mal for den svenska
kemikaliepolitiken och ingatt i strdvan att uppna en giftfri miljo. Kemikalieinspektionen
arbetar for narvarande med att enligt regeringens uppdrag ta fram en handlingsplan for en
giftfri vardag, som kommer att redovisas i var. En tydlig slutsats som kan dras redan av det nu
aktuella regeringsuppdraget dr att en av forutsidttningarna for en giftfri vardag ar att kadmium-
halten i svenskarnas foda pé sikt maste minska. For att astadkomma detta behdvs en samlad
strategi, som innefattar ett kraftigt sdnkt nationellt gransvérde f6r kadmium i mineralgddsel,
att EU antar stridnga griansvirden for kadmium i mineralgddsel och att dtgirder vidtas for att
minska tillforseln av kadmium till 8&kermark via andra kdllor &n mineralgddsel. En sadan
strategi kan givetvis innefatta dven andra typer av styrmedel &n bindande lagstiftning om
gransvarden for kadmiumhalter. Kemikalieinspektionen kommer att aterkomma till frigan om
atgirder avseende kadmium i redovisningen av regeringsuppdraget om en giftfri vardag.

Del 2 - System for att folja kadmiumhalterna i mineralgodsel

Kemikalieinspektionen forordar att produktregistret utnyttjas for att folja kadmiumhalterna i
mineralgddsel.

Denna del av uppdraget syftar ytterst till att mineralgédslingens betydelse for befolkningens
sammanlagda kadmiumexponering ska kunna foljas. Information om fordandringar i mangden
kadmium som tillférs genom mineralgddsel dr avgorande vid 6verviganden om atgérder fran
samhdllets sida. Inom kort kommer sddan information att behovas infor diskussionerna om
harmoniserade EU-gransvirden for kadmium i mineralgédsel. Om Sverige pa sikt ska kunna
ha ett striktare gransvérde krivs bra underlag om den svenska situationen.

Sedan 1993 ér det forbjudet 1 Sverige att sdlja mineralgddsel med kadmiumbhalter 6ver 100
gram per ton fosfor och under perioden 1995 - 2010 var tillverkare, importdrer och forséljare
dessutom skyldiga att erldgga punktskatt utifran mineralgédselns kadmiuminnehall. Genom
skattekonstruktionen kunde ett foretagsregister upprittas men sedan skatten tagits bort kan
registret inte langre hallas aktuellt. Darfor behovs ett alternativt system, som kan infras
snabbt och helst utan ny administration.

Uppfoljningssystemet ska inriktas pa att folja fororeningsnivan i arligen forsdlda mangder
mineralgddsel for svenskt jord- och trddgérdsbruk. Sddana uppgifter ska insamlas frén alla
relevanta foretag sa att det sammanstillda underlaget far god tdckningsgrad. For att mangden
kadmium ska kunna summeras sa korrekt som mojligt ska viktade genomsnittliga kadmium-
halter anges for den mineralgddsel som fors ut pa marknaden under aret. Vidare ska dubbel-
redovisade méngder fran leverantorskedjans foretag undvikas.

Utredningen har vidare, efter analys av syfte, bakgrund och behov for uppf6ljningssystemet,
undersokt tillginglig statistik dver mineralgddsel. Statistiska Centralbyran (SCB) publicerar
arlig mineralgddselstatistik som alltsedan 1995 inkluderar kadmiumbhalter 1 den forsélda
mingden fosforgddsel. Dessa uppgifter har anvints for den hittillsvarande uppf6ljningen
under aren 1995 - 2010.




Dérutover uppdateras arligen detaljerade uppgifter om tillverkade, inforda eller importerade
mingder mineralgddsel i Kemikalieinspektionens produktregister. Enligt registret fors mer dn
500 000 ton fosforgddsel arligen ut pa den svenska marknaden. Det ror sig da om cirka 600
enskilda produkter frén ett hundratal foretag. Sammanstéllningar frén produktregistret skulle
efter visst utvecklingsarbete kunna anvindas for den framtida uppfoljningen.

Kemikalieinspektionen forordar att produktregistret utnyttjas for att folja kadmiumhalterna i
mineralgddsel. Den riktade information och myndighetstillsyn som behdvs for genomférandet
ligger inom verksamhetens normala ram. Ett forslag pd de smirre justeringar som behdvs i
géllande foreskrift [dmnas.

Forslaget bedoms medfora en mindre 6kning av foretagens administrativa kostnader men
denna uppskattade 6kning anses mycket oséker d& uppgiftslimnandet i realiteten redan pagar.
Mojligen kan forslaget ocksé bidra till mer likartade forutséttningar for foretagen.

Forslaget forvintas leda till att kadmiumtillférseln via mineralgddseln kan f6ljas pa ett bra
satt ocksd pé langre sikt. Den arliga sammanstéllning som gors enligt SCB:s statistikuppdrag
ar till en borjan ett viktigt komplement for att sdkerstilla uppfoljningssystemets kvalitet.
Uppf6ljningen beddms darigenom kunna genomforas relativt snabbt och utan storre
administrativa fordndringar.



Extended summary

Risk-reducing measures for cadmium have long been an important issue in Sweden. Cadmium
is highlighted in the national environmental objective of A Non-Toxic Environment. Newly
produced articles are as far as possible to be free of cadmium from 2010, and exposure of the
population to cadmium through food and at work is to be at such a level that it is safe from a
long-term public-health perspective by 2015.

The Swedish Chemicals Agency (Keml) has been assigned by the Government to conduct an
assessment of the risks posed by cadmium (Cd) to human health and environment, on the
basis of Swedish conditions, and to draw attention to any need for a lower national limit value
for cadmium in mineral fertilisers than the current value, which is 100 milligrams of cadmium
per kilogram of phosphorus. This part of the remit is reported in the first part of the report —
Risks to health and the environment.

The remit also included drawing attention to how a system to follow up cadmium levels in
mineral fertilisers should suitably be formulated, which is presented in the second part of the
report - Systems to follow up cadmium levels in mineral fertilisers.

Beyond drawing attention to any need for a lower national limit value and the follow-up

system, the remit does not include analysing or proposing possible measures to limit
exposure.

Part 1 — Risks to health and the environment

Swedish environmental monitoring shows that parts of the population have cadmium levels in
their urine that are at or above the levels that can be related to skeletal or renal effects. The
general exposure of the population to cadmium should therefore be reduced.

The Swedish Chemicals Agency considers that, in view of the risk of health effects, there is a
need to substantially lower the national limit value for cadmium in mineral fertilisers.

The European Food Safety Authority (EFSA) judged in 2009 that the tolerable weekly intake
(TWI) for cadmium needed to be lowered from 7 to 2.5 pg/kg body weight, and that the
exposure of Europeans today is at such a level that it can cause effects in parts of the
population, for example impairment of renal function and the architectural status of the
skeleton. Diet and smoking are the principal exposure routes for the general population.
Tobacco contains cadmium which is effectively taken up in the airways, with the result that
smokers have a body burden of cadmium which is around twice as high as for non-smokers.

Cadmium occurs at relatively high levels in basic foodstuffs such as cereals and root crops,
and the large quantities of these foods that we eat mean that they account for most of our
cadmium intake through diet. Individuals with iron deficiency, pregnant women and newborn
infants and young children may have a higher uptake of cadmium than the general population.
These groups, together with smokers, therefore constitute risk groups for cadmium exposure.
Iron deficiency is more common in northern than southern Europe.

The exposure levels underlying EFSA’s assessment of the tolerable weekly intake of
cadmium are based on effects on the kidneys. This report collates recent data on renal effects
and a large quantity of data on other effects, in particular osteoporosis and fractures. New
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studies of the correlation between cadmium and osteoporosis and effects on the kidneys point
to effects at lower exposure levels than those on which EFSA’s TWI is based. Data from
national environmental monitoring show that parts of the Swedish population have cadmium
levels in their urine at or above the levels that can be related to effects on the skeleton and
kidneys (for example 0.2—6 per cent of non-smoking women, between the ages of 50 and 64,
exceed the level on which EFSA bases its TWI). General cadmium exposure therefore needs
to decrease.

The incidence of osteoporosis and fractures is already high in Sweden, Norway and Iceland
compared with the rest of Europe. Osteoporosis is due to several factors, of which cadmium is
one. With an ageing population we can expect a further increase in the incidence of osteo-
porosis. As well as the suffering of those who are affected, osteoporosis and fractures entail a
high economic cost in Sweden. The contribution of cadmium exposure to the incidence of
osteoporosis must therefore be reduced. Correlations are also shown between cadmium
exposure and increased risk of cardiovascular disease, cancer, diabetes, mortality,
reproductive toxicity and neurotoxicity.

The cadmium content in cereals and root crops is related to the level in arable land. This
depends firstly on the ability of the crops to take up cadmium, which varies between different
crops and varieties of the same crop and secondly on how much cadmium the soil contains.
The cadmium level in the soil varies naturally in Sweden. Above-average cadmium levels in
topsoil are most common in Skéne, in the clay areas of Ostergotland and Mélardalen and in
Jamtland, while mixed forest and farming country in the interior and along the Norrland coast
generally has lower than average levels. The uptake of cadmium in crops is affected by the
composition of the soil. Sweden generally has somewhat more acidic soils, a greater quantity
of organic matter and more clayey soils than Central Europe. The uptake of cadmium in
plants increases at reduced pH, while more clay and organic matter can have the opposite
effect. Support for the uptake from Swedish soils being greater in relative terms is provided
by the fact that the levels of cadmium in wheat are comparable between Sweden and many
other European countries, despite the levels in Swedish topsoil being comparatively lower.

The cadmium levels in soil and crops previously increased, but at present, at a cadmium level
of around 6 mg cadmium per kg phosphorus (Cd/kg P) in mineral fertilisers, supply to and
removal from the land appears to be largely in balance, with the result that levels in soil and
crops no longer seem to be increasing. Mineral fertilisers with a high cadmium content and
atmospheric deposition of cadmium were previously the greatest sources of cadmium in
arable land. Deposition is now the largest source of cadmium in arable land despite emissions
to air and therefore deposition having decreased dramatically in recent decades. Cadmium is
transported over long distances with the air, and most of the deposition in Sweden comes
from sources in other countries. The largest emissions from point sources to the air in Europe
are from production and processing in the metal industry and from the energy sector. The
largest point emissions in Sweden are from industrial plants for the production and processing
of metals, from the paper and wood fibre industry and from the energy sector.

The cadmium levels in mineral fertilisers have decreased in recent decades, by more than 90
per cent since the end of the 1980s. This is partly due to the tax that has been levied on
cadmium in mineral fertilisers, which was abolished at the end of 2010, but also to voluntary
commitments by the industry.

11



Other sources of cadmium in arable land are lime, farmyard manure, sludge from sewage
treatment plants and other organic fertilisers (biofertilisers). In a comparison between these
fertilisers, the smallest quantity of cadmium per quantity of phosphorus is applied at present
to arable land in the use of mineral fertilisers (around 6 mg Cd/kg P). Farmyard manure
provides two to three times as much cadmium (approximately 8-15 Cd/kg P), while sewage
treatment plant sludge provides around five times as much cadmium per supplied quantity of
phosphorus (on average approximately 30 mg Cd/kg P). Biofertilisers appear to contain
cadmium levels between those for farmyard manure and those for sludge.

However, a significantly greater quantity of mineral fertilisers and farmyard manure is used
than sludge and biofertiliser in agriculture today, and the use of farmyard manure therefore
involves the spreading of the largest total quantity of cadmium. A large proportion of the
cadmium that is spread with farmyard manure involves recirculation of the cadmium in the
soil through the animals’ feed, however, while all spreading of mineral fertilisers signifies a
net supply of cadmium to the ecosystems. The use of both biofertilisers and sludge may
increase in the future. The supply of calcium with lime is relatively low per arable acreage
compared with the supply with fertiliser, while the total quantity of cadmium supplied is
approximately equal to the supply with mineral fertiliser.

The fact that point emissions and deposition of cadmium decreased sharply in the late 1980s
was reflected in the load calculations from that time. No clear reduction in the load on the sea
has been seen since. For some of the counties in the catchment basins of the Baltic Sea and
the Kattegatt an increase in load is instead apparent in recent years. The cadmium levels in
Baltic fish increased in the 1980s and 1990 and have since fallen, but levels for eelpout appear
to have increased somewhat in recent years. Observed effects on the immune system in this
species are suspected to be correlated to the increased cadmium level. Soft waters imply
higher bioavailability of cadmium. Freshwaters in Sweden are generally softer than in Central
and Southern Europe, and effects may therefore arise at lower levels in Swedish waters. The
cadmium levels measured in Swedish freshwaters and coastal waters in environmental
monitoring are so high in approximately one per cent and seven per cent of samples
respectively that effects on aquatic organisms may occur. Around 20 per cent of measured
data on sediments show cadmium levels that exceed those at which effects can occur.

Measured levels in Swedish forest and agricultural soil suggest that there is a risk of effects
on soil organisms in forest land, but not in agricultural land. The levels measured in the
kidneys of larger mammals and birds are far below those suspected to cause renal damage.
Present-day cadmium levels in agricultural land may possibly cause effects on aquatic
organisms in small watercourses that receive drainage water from the fields.

In order to be able to answer the question of whether there is a need for a change in limit
value for cadmium in mineral fertilisers, projections have been made for cadmium levels in
soil and crops in various growing regions in 100 years' time, at various levels of cadmium in
fertilisers. The calculations simulated the use of mineral fertilisers with six different cadmium
levels, from the current average level of around 6 mg Cd/kg P to the highest harmonised limit
value proposed by the EU of 137 mg Cd/kg P. Two different crop successions were modelled,
and the recommended quantity of phosphorus fertiliser was applied in the calculations, which
means different doses for different crop successions and phosphorus status (P-AL class) in the
soil. As increased use of sludge in agriculture has been observed and sludge may to some
extent replace mineral fertilisers in the future, while new legislation has been proposed for
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cadmium supply with sludge, a few scenarios were modelled for comparison with sludge as
the only source of phosphorus.

At the present-day level of cadmium in mineral fertilisers (around 6 mg Cd/kg P), deposition
from the air dominates the supply of cadmium to arable land, but input from mineral
fertilisers already exceeds that from deposition in soils of medium-level phosphorus class (P-
AL-III) at a cadmium level in fertiliser of 25 mg Cd/kg P. If the present-day situation
continues to prevail for a hundred years to come with regard to cadmium levels in mineral
fertilisers and in deposition, the levels of cadmium in the soil will decrease, but very slowly.
If the cadmium levels in mineral fertilisers instead increase to 25 mg Cd/kg P, the levels in
topsoil will increase by up to eight per cent, in areas with a lower phosphorus status in the
soil. In areas with very phosphorus-rich soils some decrease can be expected, as the doses of
phosphorus are low on these soils. At levels below 12 mg Cd/kg P a decrease in cadmium
levels is modelled in most regions/soils. Average levels of mineral fertiliser on a par with the
present-day Swedish limit value (100 mg Cd/kg P) and the proposed harmonised limit values
in the EU (46, 92', 137 mg Cd /kg P) all signify a sharp increase in arable land and
consequently also an increase in the crop (up 12, 29 and 40 per cent respectively for the
modelled cadmium levels in mineral fertilisers equivalent to the limit values above). In view
of the fact that the exposure level we have today can already cause effects, the levels in the
crop and therefore also in the soil also need to decrease.

The use of sludge according to prevailing practice causes a certain accumulation of cadmium
in the long term in the soil, on land that is only fertilised with sludge. The use of farmyard
manure and biofertilisers can also signify some accumulation of cadmium in the soil with
present-day cadmium levels.

The risk assessment shows that, based on the risk of health effects, there is a need to lower the
national limit value for cadmium in mineral fertilisers. There is a need to decide whether a
new limit value is to be based on the national mean concentration of cadmium in soil and crop
being acceptable (i.e. on levels decreasing) or whether this target is to be attained in each
region. If a choice is made in favour of starting from the scenarios that lead to the greatest
increase in cadmium in soil, these show that the average level in fertilisers should be lower
than 12 mg Cd/kg P in order to sustainably achieve a reduction in cadmium level in all soils.
The present-day Swedish limit value for cadmium in mineral fertilisers (100 mg Cd/kg P) is
well above this level. This means that to prevent the cadmium level in fertilisers being
allowed to increase to excessively high levels there is a need for a substantially lower limit
value for cadmium in mineral fertilisers than at present.

The Swedish Chemicals Agency therefore concludes that from the Swedish perspective there
is a need for a new, substantially lower limit value for the level of cadmium in mineral
fertilisers than is applied at present. The level of such a limit value should not, however, be
established until a broader impact assessment has been made relating to the benefits and
drawbacks for various parties concerned, the environment and health and for society as a
whole. The remit for the inquiry has not included making such an assessment, which also
needs to take account of measures to reduce cadmium levels in other areas. There is also a

192 is not included in the modelled scenarios as it is close to the Swedish national limit of 100 mg Cd/kg P.
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need to assess how the issue should be dealt with at European level and how Sweden should
act in the discussions for harmonised limit values in the EU.

Limiting exposure to cadmium has long been an important goal for Swedish chemicals policy
and has formed part of endeavours to achieve a non-toxic environment. The Swedish
Chemicals Agency is working at present on the preparation of a plan of action in accordance
with the Government remit for a toxin-free everyday environment, which will be presented in
the spring. A clear conclusion that can already be drawn from the Government remit is that
one of the conditions to be met for a toxin-free everyday environment is that the cadmium
level in the food eaten by Swedish people must decrease in the longer term. To bring this
about there is a need for a collective strategy, which involves a sharply reduced national limit
value for cadmium in mineral fertilisers, the EU adopting strict limit values for cadmium in
mineral fertilisers and measures being taken to reduce the supply of cadmium to arable land
through sources other than mineral fertilisers. Such a strategy may obviously also involve
types of policy instruments other than binding legislation on limit values for cadmium levels.
The Swedish Chemicals Agency will return to the issue of measures concerning cadmium
when it reports on the Government remit on a toxin-free everyday environment.

Part 2 — Systems for following cadmium levels in mineral fertilisers

The Swedish Chemicals Agency favours the products register being utilised to follow
cadmium levels in mineral fertilisers.

This part of the remit is ultimately aimed at being able to follow the significance of mineral
fertiliser application to the aggregate cadmium exposure of the population. Information on
changes in the quantity of cadmium supplied through mineral fertilisers is crucial to the
consideration of measures on the part of society. Such information will shortly be needed
ahead of the discussions on harmonised EU limit values for cadmium in mineral fertilisers. If
Sweden is to be able to have a stricter limit value in the longer term there is a need for good
data about the Swedish situation.

There has been a ban in Sweden on selling mineral fertilisers with cadmium levels above 100
grams per tonne of phosphorus since 1993, and over the period 1995-2010 manufacturers,
importers and sellers were additionally obliged to pay excise duty on the basis of the cadmium
content of mineral fertilisers. The tax structure enabled a company register to be created, but
since the tax was removed the register has no longer been updated. An alternative system is
therefore needed which can be introduced quickly and preferably without new administration.

The follow-up system should be focused on following the level of pollution in annually sold
quantities of mineral fertilisers for Swedish agriculture and horticulture. Such data should be
collected from all relevant companies to ensure good coverage.

To enable the quantity of cadmium to be added up as correctly as possible, weighted average
cadmium levels should be indicated for the mineral fertiliser placed on the market during the
year. In addition, duplicate counting of quantities from companies in the supply chain should
be avoided.

The inquiry has also, following an analysis of the purpose of, background to and need for the
follow-up system, examined available statistics on mineral fertilisers. Statistics Sweden
publishes annual mineral fertiliser statistics which ever since 1995 have included cadmium

14




levels in the quantity of phosphorus fertilisers sold. These data have been used for the follow-
up to date over the period 1995-2010.

In addition, detailed figures are updated annually on manufactured or imported quantities of
mineral fertilisers in the Swedish Chemical Agency's products register. According to the
register more than 500,000 tonnes of phosphorus fertilisers are placed on the Swedish market
annually. There are around 600 individual products from about a hundred companies.
Compilations from the products register could be used for the future follow-up after some
development work.

The Swedish Chemicals Agency favours the products register being utilised to follow
cadmium levels in mineral fertilisers. The targeted information and government agency
supervision which is needed for implementation is within the normal limits of activity. A
proposal for the minor adjustments needed to the current regulation is made.

The proposal is considered to signify a small increase in companies’ administrative expenses,
but this estimated increase is regarded as very uncertain as data are already supplied in reality.
The proposal may possibly also contribute to more similar conditions for the companies.

The proposal is expected to lead to the continued possibility of following the supply of
cadmium through mineral fertilisers in a good way in the longer term. The annual compilation
made in accordance with Statistics Sweden’s statistical remit is initially an important
complement to ensuring the quality of the follow-up system. The follow-up is consequently
considered capable of being implemented relatively quickly and without major administrative
changes.
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1. Inledning

Kadmium &r en giftig tungmetall som redan vid lag exponering kan ge effekter pa hélsa och
milj6. I egenskap av grundimne kan kadmium inte brytas ner i miljon. Amnets hdga toxicitet
och persistens 1 miljon har medfort att en rad atgirder har vidtagits med syfte att begrénsa
exponeringen.

Kommersiell anvdndning av kadmium har framfor allt padgatt under den senare hélften av
1900-talet. Det dr alltsé ett relativt nytt amne i1 teknosfaren. Merparten av tidiga anviandningar,
som ytbehandling av metall, som pigment och stabiliseringsmedel i plast har gradvis begrén-
sats pd grund av riskerna for hilsa och miljo. Begridnsningarna har funnits i Sverige sen 1985
och finns nu dven genom EU-lagstiftning.

I Sverige paborjades sddana atgérder redan under tidigt 1980-tal. Denna politiska inriktning
har fatt sin fortsdttning bl.a. i det nationella miljomalet Giftfri miljo dar mélet ar att nyprodu-
cerade varor sa ldngt det dr mojligt ska vara fria frdn kadmium senast 2010 och ar 2015 ska
exponeringen av kadmium till befolkningen via foda och arbete vara pa en sddan nivé att den
ar séker ur ett langsiktigt folkhélsoperspektiv.

Utsldppen av kadmium har generellt sett minskat inom EU. Internationella atgirder
tillsammans med EU-lagstiftning som bl.a. forhindrar konsumentexponering och kadmium-
fororenat avfall har drivit fram béttre kontroll och utsldppsminskande tekniker. Men kad-
miumbhalterna i miljon har inte minskat i samma grad.

Trots alla vidtagna atgérder dr exponering pa sadan niva som ger effekter pa hilsa och miljo.
Nyare studier tyder dessutom pa att effekter kan uppstd vid lagre nivéer &n man hittills trott.
Exponeringen maste darfor minska for att sdkerstédlla en hog skyddsniva for ménniskors hélsa.

Mainniskan exponeras for kadmium framfor allt via kosten. Kadmiumhalterna i den svenska
jordbruksmarken och i grodan har 6kat med cirka30 procent under det senaste arhundradet
och den storsta kéllan var tidigare fosforgddselmedel, dérefter nedfall fran luften. I dagslaget
dominerar den atomsfériska depositionen medan mineralgédslingen endast ger en mindre del
av det kadmium som tillfors akermark.

Det kan inte uteslutas att mineralgodsel med hogre grad av kadmiumf6rorening kommer att
anvindas i framtiden i Sverige. Det finns darfor ett behov av att pa nytt bedoma risker for
hilsa och milj6 i den nationella situationen och med beaktande av nya internationella forsk-
ningsron. For att i senare skeden kunna uppdatera beddmningen av vilken betydelse mineral-
gddslingen har for den totala kadmiumexponeringen behdvs ett system for kontinuerlig upp-
foljning av kadmiumbhalterna.

I denna rapport ges en dversiktlig beskrivning av risken med kadmium, bade avseende hilsan
och miljon. Rapporten avslutas med en fristdende del, med forslag pd system hur kadmium-
halter 1 mineralgodsel kan foljas upp.

1.1 Uppdrag, syfte och avgransning

Rapporten utgor redovisningen av det uppdrag, “Riskvardering med avseende pa kadmium”,
som Kemikalieinspektionen fick i regeringens regleringsbrev for 2010. Myndigheten fick
senare ett tilldggsuppdrag att foresla ett system for uppfoljning av kadmiumbhalter i mineral-
gddsel. Detta behandlas sarskilt 1 del 2 av rapporten.
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Uppdragsbeskrivningen lyder enligt féljande:

Kemikalieinspektionen ska med utgdngspunkt i svenska forhallanden genomféra en bedéom-
ning av riskerna for minniskors hilsa och miljon betraffande kadmium. Utgédngspunkten for
arbetet bor vara den av EU genomforda riskbeddmningen av kadmium samt nya nationella
och internationella forskningsron. Den tidigare genomforda riskbedomningen som mojliggjort
ett svenskt undantag fran EU:s godselmedelslagstiftning bor ocksa beaktas. I uppdraget ingar
ocksa att uppmérksamma ett eventuellt behov av ett ldgre nationellt gransvirde for kadmium 1
gdodselmedel samt hur ett system for att folja upp kadmiumhalterna i mineralgddselmedel
lampligen bor utformas. Uppdraget ska, efter samrad med Statens jordbruksverk, Livsmedels-
verket och Naturvardsverket, redovisas till Regeringskansliet (Miljodepartementet) senast den
31 januari 2011.

Uppdraget har titeln riskviardering men i texten beskrivs det snarare som en riskbedémning.
Efter diskussioner med Milj6- och Jordbruksdepartementen har det klargjorts att:

e uppdraget ska omfatta en bedomning av risker for hélsa och miljo;
e uppdraget kan oversiktligt beskriva redan vidtagna atgérder;
e uppdraget inte ska omfatta forslag om mojliga atgirder for att begréansa exponeringen;

e uppdraget inte ska omfatta analys av juridiska eller ekonomiska avviganden inom
ramen for riskbedémningen;

o tilldggsuppdraget ska beakta samhillsekonomiska och juridiska avvéganden.

Rapporten ska vara ett vetenskapligt underlag som kan anvéndas vid kommande férhand-
lingar 1 EU om angéende griansvirden for kadmium i mineralgddsel.

Under utredningen har fragan forts fram huruvida kadmium i mineralgddsel, som associeras
sa tydligt med hélso- och miljoproblem, bor regleras under en teknisk rittsakt pa jordbruks-
politikens omrade. Denna fraga ror dock politiska stéllningstaganden som inte diskuteras
vidare i detta uppdrag.

Kadmium och kadmiumoxid &r de tva viktigaste kommersiella formerna av kadmium. I
rapporten betecknar “kadmium”, kadmium 1 alla former inklusive féreningar av kadmium om
inget annat anges.

Rapporten har tagits fram 1 samrad med Statens jordbruksverk, Livsmedelsverket och
Naturvardsverket.

2. Bakgrund och problembeskrivning

Fram till slutet av 1970-talet anviindes kadmium flitigt vid till exempel galvanisering av stél. I
dag dr anvdndningen hart reglerad, men kadmium far fortfarande anvéndas i nickelkadmium-
batterier och som fargpigment i konstnérsfarger. Elektronikprodukter som impor-teras till
Sverige kan innehélla kadmium, och det forekommer dven som fororening 1 mineralgddsel.

Kadmium i anvdndningar som pigment, som stabilisator i plast och som ytbehandling for-
bjods 1 de flesta varor 1 Sverige redan 1985. Nar Sverige 1993 intrddde i EES-omradet, och
dérefter EU 1995, fick Sverige undantag for att behélla de nationella kadmiumreglerna. De
svenska reglerna togs dock bort 1 och med 6vergéngen till begransningsregler i Reach den 1
juni 2009, eftersom EU:s motsvarande kadmiumf{orbud anségs tillriackliga. Sverige har ocksa
sarskilda begransningsregler for kadmium i godselmedel, samt har till och med arsskiftet
2009/2010 haft en sérskild punktskatt pd kadmium i mineralgddsel, vilket haft betydelse for
anvindningen av renare mineralgodsel.
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Det finns ett protokoll om tungmetaller inom ramen for FN:s ekonomiska kommission for
Europa (UNECE) om langvéga transporterade luftféroreningar LRTAP (Long-Range
Transboundary Air Pollution) som antogs 2003, med syfte att begrénsa utsldpp av kvicksilver,
kadmium och bly frén Europa och Nordamerika. I ramdirektivet for vatten har kadmium
identifierats som ett prioriterat farligt &mne. Kadmium ar ocksa ett prioriterat amne inom
Helsingforskommissionens (HELCOM) arbete.

For att framst forhindra konsumentexponering och att kadmium férorenar avfall sa finns
omfattande regleringar pa EU-nivd av kadmium i bland annat batterier, fordon, elektrisk och
elektronisk utrustning, leksaker, forpackningsmaterial, vissa plaster, och farger (inte konst-
nérsfarger). Den svenska arbetsmiljolagstiftningen innehaller ocksa specifika regler for att
kontrollera exponering for kadmium 1 arbetsmiljon. En utforligare beskrivning av lagstift-
ningen finns i bilaga 2.

Trots alla vidtagna atgérder ligger exponeringen pa nivaer som ger effekter pa hilsa och
miljo. Atgérderna ir alltsa inte tillrickliga for att ge en hog skyddsniva. Nya studier tyder
dessutom pa att effektnivéerna &r lagre &n man hittills trott.

Det har under senare &r kommit flera vetenskapliga studier som pekat pa hilsoeffekter av
kadmium vid ldgre exponering dn den som legat till grund for beddmning av hur mycket
kadmium vi "tal” att exponeras for. Kommittén for fororeningar i livsmedel (CONTAM)
under europeiska livsmedelmyndigheten (European Food Safety Authority, Efsa) bedomde
2009 att det tolerabla veckointaget for kadmium (TWI) behdvde sénkas frén 7 till 2,5 pg/kg
kroppsvikt. Detta baserades pa kadmiums negativa effekter pa njure. Belastningen pa njure
bdr inte vara hdgre én att urinhalterna i njure understiger 1 pg/g kreatinin enligt Efsa.

Kadmiumbhalterna i svensk jordbruksmark och groda har 6kat under det senaste arhundradet
med cirka30 procent (Eriksson, 2009). Den storsta externa kadmiumkaéllan har under denna
tid varit fosforgddselmedel (mineralgddsel), darefter kommer nedfall fran luften (atmosfars-
deposition). Inflodet fran bada dessa kéllor har minskat under de senaste 20-30 &ren. Anvand-
ning av mineralgodsel med laga kadmiumbhalter har haft stor betydelse for denna minskade
tillforsel. En bidragande orsak till svensk anvidndning av mineralgddsel med laga kadmium-
halter har varit en skatt pa mineralgédsel med halter 6ver 5 mg Cd/kg P. I dagslaget utgor
kadmium i mineralgddsel bara en mindre del av det kadmium som tillférs dkermarken, arligen
cirkal0-15 procent av tillskottet av kadmium pa marker som gddslas med mineralgddsel.
Depositionen stér dir for cirka85 procent av tillforseln (Eriksson 2009, avsnitt 7.3 och 7.4
nedan). Pa marker dér organiska gddselmedel anvénds till exempel stallgodsel eller
avloppsslam kan dessa st for cirkaen tredjedel respektive hélften av den arliga kadmium-
tillforseln till marken (Erikssson et al, 2009). Fran och med 1 januari 2010 togs skatten pa
kadmium 1 mineralgddsel bort, vilket kan leda till att anvindningen av mineralgddsel med
hogre kadmiumhalter kan komma att 6ka pa svensk akermark. Samtidigt diskuteras harmoni-
serade gransvarden for kadmium i1 mineralgddsel inom EU, vilket kan 6ka konkurrensen om
de renare rdvarorna for godselmedel. Dérfor kan det inte uteslutas att mer kadmiumrikt mine-
ralgddsel kommer att anvindas 1 framtiden 1 Sverige.

I Sverige finns idag ett nationellt gransvarde for kadmium i mineralgddsel. Godselmedel
(hénforliga vissa tulltaxenummer) fér inte saluforas eller 6verlatas om de innehaller hogre halt
kadmium dn 100 mg Cd/kg P (forordning 1998:944). Detta gransvirde syftade till att ”inte
riskera dumpning pé den svenska marknaden av smutsiga godselmedelspartier” (SOU
1992:14, Jordbruksutskottets betdnkande 1994/95) och inférdes i kombination med skatten (se
ovan), vilken syftade till att styra kadmiumbhalten till mindre &n 5 mg Cd/kg P.
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Del 1- Risker for halsa och miljo
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3. Genomforande

Baserat pé tillgénglig information och modelleringar beskrivs exponering och effekter av
kadmium och risker for manniskor och milj6 i Sverige for dagens situation. Visentliga kéllor
till exponeringen beskrivs, men med sérskilt fokus pa bidraget frdn godselmedel.

Denna rapport baseras pa ett antal underlagsrapporter (pa engelska) som aterfinns som bilagor
till rapporten. Tre av dessa bilagor har tagits fram av konsulter (IMM, WSP och SLU) och
Livsmedelsverket, Naturvardsverket, Jordbruksverket och Statistiska Centralbyrén har ocksa
bidragit med underlagsmaterial.

I arbetet med underlagsrapporterna har mycket hdmtats fran de stora riskbeddmningar som
tagits fram inom EU under de senaste fem aren. Inom EU:s program for existerande &mnen
har en omfattande riskbedomning av kadmium och kadmiumoxid gjorts av ”European
Chemicals Bureau” (ECB 2007), hddanefter benimnd EU RAR (EU Risk Assessment
Report). Kommittén for fororeningar i livsmedel (CONTAM) under Efsa presenterade en
”Scientific Opinion” om kadmium i mat som publicerades 2009 (Efsa, 2009). Tidigare
Svenska riskbedomningar/underlag som tagits fram av Kemikalieinspektionen infor {or-
handlingar med Kommissionen om svenska undantag (KemlI 1998 och KemI 2000), samt av
kommissionens konsult (ERM 2001) ingar ocksa som underlag i denna rapport. Hinsyn har
tagits till sérskilda forhallanden 1 Sverige (till exempel markforhallanden/geologi, vaxtfoljd,
hélsoaspekter sdsom fodoval och redan f6rhojd frekvens av benskorhet).

Av forslag frdn kommissionen (under 2009) framgér att de kadmiumhalter som foreslas som
harmoniserade gransvérden i gddselmedel dr langt hogre dn de halter av kadmium som fore-
kommer 1 mineralgddsel 1 Sveriges idag. I syfte att belysa ett eventuellt behov av sdnkt
nationellt gransvérde for kadmium i mineralgddsel har modelleringar genomforts for att
beskriva vad eventuellt 6kande halter 1 mineralgddsel kan innebéra for den totala expo-
neringen péd 100 ars sikt.

4. Manniskors exponering for kadmium
4.1 Via kosten

Kosten dr den huvudsakliga exponeringsvédgen for befolkningen (géller icke-rokare som inte
yrkesexponeras) (Efsa, 2009). Upptaget av kadmium i tarmen paverkas av 1 vilken form
kadmium forekommer i kosten och hur kosten &r sammansatt, samt av individens jdrnstatus.

I EU finns griansvérden for kadmium i ett stort antal livsmedel (Kommissionens forord-
ning(EG) nr 1881/2006). For de stora livsmedelsgrupperna ir gransviardena foljande; vete 0,2
mg/kg, gronsaker/frukt 0,05 mg/kg, rotfrukter/potatis 0,10 mg/kg, kott 0,05 mg/kg och
fiskkott 0,10 mg/kg. Dessa gransvirden dr inte primart satta utifrdn ett toxikologiskt
perspektiv, utan de dr till stor del satta utifran handelsrelaterade beddmningar.

CONTAM har efter en ny riskbeddmning av kadmium kommit fram till ett tolerabelt
veckointag (TWI) pa 2,5 ng Cd/kg kroppsvikt, baserat pa kadmiums negativa effekter pa
njure (Efsa 2009). CONTAM kom i sin beddmning fram till att kadmiumbelastningen pé
njuren inte bor leda till kadmiumbhalter 1 urin 6ver 1 pg Cd/g kreatinin.

4.1.1 Halter och biotillganglighet i livsmedel

Spannmaélsprodukter (vete) och potatis dr vdra vanligaste livsmedel och ger dérfor det storsta
bidraget till kadmiumintag via kosten. Darefter kommer gronsaker och ris (Livsmedelsverkets
webb, 2010-09-29). Koétt och fisk innehaller laga halter av kadmium (Efsa, 2009) liksom 4gg,
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mjolk och ost (tabell 1). Njure och lever, vissa fréer och nagra vildvixande svampar, liksom
delar av skaldjur (det s.k. bruna kéttet, hepatopancreas) kan innehélla hoga halter kadmium.
Dessa livsmedel konsumeras dock i sa liten omfattning att de for normalkonsumenten inte
bidrar till det totala kadmiumintaget i storre omfattning (Olsson et al, 2005). For enskilda
individer kan dessa livsmedel dock ha stor betydelse. Tillgdngliga data tyder inte pa nagra
uppenbara skillnader i kadmiuminnehdll mellan svenska och importerade livsmedel (tabell
1b) (pers. kom. L Jorhem, Livsmedelsverket).

Tabell 1a. Kadmiumhalter i livsmedel som analyserats vid Livsmedelsverket. Kalla: SCOOP rapport

2004.
Livsmedel Ar Antal Medelhalt |Min-Max
prover mg/kg mg/kg

M;jolk 1998 20 <0.001

Ost 1995 23 0.002 0.001-0.003

Frukt och gronsaker 1996-97 146 0.018 <0.001-0.051
2000-2002

Spannmélsprodukter 1997-01 113 0.042 <0.001-0.13

Kott 1994-97 344 0.007 <0.002-0.019

Lever och njure 1994-99 460 2.56 0.002-36

Fisk 1993, 2001 75 0.017 <0.001-0.11

Agg 1998 5 <0.0007

Potatis 2000 75 0.010 0.001-0.028

Tabell 1b. Kadmiumhalter i livsmedelsprover analyserade vid livsmedelsverket 1995-2008. Dar bade
svenska och importerade livsmedel analyserats redovisas halter for hela gruppen, samt for svenska
respektive importerade livsmedel. Kalla: Pers. kom. L. Jorhem, Livsmedelsverket.

Livsmedel Analysar | Kadmium (mg/kg)

Medel

(min-max)

antal prover

Alla Svenska Import
Chark 1995 0,011 0,008 0,013

(0,001-0,094) | (0,001-0,022) | (0,001-0,094)

24 8 16
Fiskmuskel 2001/2005 | 0,002 0,002 0,006
(exKl. al, ton- och (0,001-0,022) | (0,001-0,011) (0,001-0,022)
svardfisk) 137 114 23
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Al och tonfisk 2001/2005 | 0,009 0,001 0,019
(0,001-0,055) | (0,001-0,005) (0,003-0,055)
26 14 12
Svardfisk 2005 0,010
1
Ost 1995 0,002 0,001 0,002
(0,001-0,004) | (<0,001-0,001) (0,001-0,004)
23 7 16
Mjolk <0,002
(<0,002-<0,002)
30
Havre-, rag- och 2004-2008 0,021
boveteprodukter (0,004-0,062)
52
Vete-, spelt- och 2005/ 0,037 0,050 0,021
risprodukter 2007-2008 | (0,007-0,150) | (0,010-0,150) (0,007-0,054)
166 95 71
Pasta 1998 0,041 0,041 0,041
(0,015-0,060) | (0,036-0,046) (0,015-0,060)
12 3 9
Sojabonor 2005 0,044
(0,010-0,080)
8
Bananer, vindruvor och 2005 0,001
tomater (0,001-0,002)
24
Rotgronsaker (exkl. 2005/ 0,016
potatis) 2007-2008 (0,003-0,128)
56
Potatis 2005/ 0,019
2007-2008 (0,002-0,055)
68
Spenat 2005 0,143
(0,038-0,375)
8
Notter, mandel och frén 2005/2008 0,091
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(exkl. vallmofro)

(0,001-0,650)
42

Vallmofro, bla

0,346
(0,619-1,072)
2

Vallmofro, vita

0,095
(0,082-0,107)
2

Kakao

0,081
(0,064-0,095)
8

Chokladdryck, pulver

0,016

(0,010-0,026)

8

Biotillgingligheten av kadmium i livsmedel varierar. Kostfibrer binder tvavirda joner (till
exempel kadmium) och sinker darfor upptaget i tarmen. Kadmium i skaldjur har ocksé lagre
biotillgdnglighet (Vahter et al, 1996). Den lagre biotillgédngligheten motverkas dock i dessa

livsmedel av en hogre halt kadmium, vilket leder till att livsmedlen dnd& bidrar patagligt till

exponeringen. Det visas i en studie med jamforelse av grupper som at blandkost och en vege-

tarisk fiberrik kost (30 procent hogre kadmiuminnehall an blandkosten) (figur 1). Gruppen
med hogt fiberintag hade cirka8 procent hogre blodhalter (medianvérden) av kadmium
jamfort med de som étit blandkosten (Berglund et al., 1994).

Mg/day
30 -

25

20 -

15 -

10 -

Dubbelportioner

OBlandkost
OVegetarianer
O Skaldjur

Figur 1. Kadmiumintaget baserat pa insamlade dubbelportioner hos svenska kvinnor med tre olika
typer av kost (Berglund et al, 1994; Vahter et al, 1996).
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Kadmiumbhalter i svenskt grundvatten dr generellt sett Idga, medianvardet 1 den nationella
miljodvervakningen dr 0,012 pg/l, 90-percentilen &r 0,055 pg/l. Av analyserade grund- och
dricksvattenprover i Sverige ligger 86,3 procent under 0,1 pg/l, 12,1 procent mellan 0,1-0,5
ng/l, 1,1 procent mellan 0,5-1 pg/l och 0,4 procent mellan 1-5 pg/l (data fran SGU). I en
svensk studie med analys av dricksvatten var medianhalten i1 dricksvatten 0,007 ug/l och 1 det
berdknade intag for livsmedel utgjorde bidraget fran vatten endast 0,2 procent (0-1,7 %) av
det totala intaget (Olsson et al., 2005). Dricksvattnet bidrar darfor inte i ndgon storre utstrick-
ning till den totala kadmiumexponeringen. Spad- och smabarn som endast far pulverbaserad
modersmjdlksersittning/ villing/ barngrét och vars familjer bor diar hogre kadmiumhalter i
dricksvatten forekommer kan fa i sig mangder som Overstiger det tolerabla veckointaget
(Eklund 1999, Andersson 2009).

4.1.2 Upptag av kadmium i tarmen och jarnstatus

Upptaget av kadmium i tarmen dr mellan 1-10 procent av intagen mingd. Individer med
jarnbrist, gravida, samt nyfodda och smabarn kan ha ett annu hdgre upptag av kadmium
(bilaga 3). Jarnbrist dr vanligare i norra Europa 4n 1 sodra, vilket kan bero pa samre biotill-
géanglighet av jirn i nordeuropeisk kost (lagre kott-, frukt- och gronsaksintag och hogre
mjolkintag dn i s6dra Europa) (Hallberg et al., 1989). Forekomst av jarnbristanemi hos till
exempel gravida kvinnor i Europa varierade 2001 mellan 6-30 procent. Hos menstruerande
kvinnor hade mellan 8-30 procent jarnbrist medan prevalensen hos mén var sa 1ag som 0-3
procent (Hercberg et al., 2001). Studier i Sverige har visat forekomst av jarnbrist hos 30
procent hos fertila kvinnor (Hallberg et al., 1989), upp till 50 procent hos unga kvinnor (15—
16 ar) (Hallberg et al., 2002) och 6 procent hos 6 manaders barn (Yang et al., 2009). Fran
Frankrike rapporterades att 29 procent av barn under 2 ar har jarnbrist (Hercberg et al., 2001).
I figur 2 visas att bade fibrer i kosten och jérnstatus pdverkar kadmiumhalterna i blod och
urin.

0,35 OHog Fe & lag fiber
0.30 OHog Fe & hog fiber
OLAag Fe & 1&g fiber
0.25 B Lag Fe & hog fiber
0,20
0,15
0,10
0,05
0,00

B-Cd U-Cd

Figur 2. Kadmiumhalter i blod respektive urin for kvinnor med hdg jarnstatus och Iagt fiber intag(gul
stapel), hog jarnstatus och hogt fiberintag (orange stapel), Lag jarnstatus och lagt fiberintag (lila
stapel), samt 1ag jarnstatus och hogt fiberintag (brun stapel). Biotillganglighet i relation till jarnstatus
och fiberintag. (Berglund et al, 1994; Akesson, 2000)

25



4.1.3 Berakning av intag via kosten
Enligt Efsa

I Efsa riskbedomning samlades information om kadmiumhalter i livsmedel in frin hela
Europa. Informationen anvindes for att berdkna kadmiumintaget via maten i de olika
landerna. Medelintaget 1 Sverige enligt Efsa berdkning ar 2,3 pg/kg kroppsvikt och vecka
(95:e percentilen ligger pa 2,9 pg/kg kroppsvikt och vecka). Efsa berdknar att genomsnitt-
seuropén har ett kadmiumintag via fédan pa 2,3 pg/kg kroppsvikt och vecka. Eftersom
vegetarianer konsumerar mer spannmaél, notter, fron och baljvaxter har de ocksa ett hogre
kadmiumintag &n genomsnittet (upp till 5,4 pg/kg kroppsvikt och vecka).

Enligt Riksmaten

Livsmedelsverket har gjort en berdkning av kadmiumintaget via kosten baserad pa Riksmaten
1997-98. For vuxna berdknas intaget till cirkal pg kadmium per kilo kroppsvikt och vecka.
Intaget varierar mellan individer i befolkningen eftersom vi har olika konsumtionsmonster.
Fem procent av befolkningen beriknas ha ett intag 6ver cirkal,6 och en procent beriknas
ligga 6ver 2,0 mikrogram per kilo kroppsvikt och vecka. (Livsmedelsverkets webb, 2010-09-
29).

Jamforelse av berdknat veckointag mellan Efsa och Riksmaten

Skillnaderna i intag mellan berdkningarna gjorda av Efsa och Livsmedelsverket dr i huvudsak
metodberoende. Efsa berdkningar baseras pa haltdata frdn hela Europa for livsmedlens kad-
miuminnehall, medan de svenska berdkningarna baseras pa haltdata fran Sverige. Livsmedlen
ar dessutom grupperade lite olika infor intagsberdkningarna, vilket bland annat innebar att de
satts 1 relation till olika intagsméngder i respektive berdkning.

Beriknat medelveckointag i Sverige ar 2,3 ug/kg kroppsvikt och vecka enligt Efsa och det
berdknade medianintaget dr 1 pg/kg kroppsvikt och vecka enligt Livsmedelverket. Tolerabelt
veckointag ar 2,5 pg/kg kroppsvikt och vecka enligt Efsa. Skillnaderna mellan Efsas och
Livsmedelsverkets berdkningar behdver inte innebéra faktiska skillnader i kadmiuminnehallet
1 livsmedel pa den Svenska och Europeiska marknaden (for mer detaljer se bilaga 6).

4.1.4 " Nyttig mat” ar ofta kadmiumrik

For att framja hilsan rekommenderar Livsmedelsverket att vi ska dta mer frukt och gront,
samt fullkornsprodukter. Kostrdden innebér att kadmiumhalterna i spannmal och vegetabilier
behdver hallas pé sa 1ag niva som mojligt.

I enkétstudien Riksmaten 1997-98 sdg man att matvanorna foridndras over tid och att de bland
annat beror pa kon, alder, utbildning m.m. Kvinnor &r, som regel, mer hdlsomedvetna én mén
och dter mer gronsaker och frukt. Generellt dr kostens innehall av kolhydrater och kostfibrer
for lagt. Dessutom &r innehéllet av jédrn och folat 1agt for kvinnor 1 fertil dlder. Andelen 1
enkétstudien som at blandkost var 97 procent och 1,5 procent at laktovegetarisk- eller
halvlaktovegetariskkost (www.slv.se 2010-10-19 svenska och engelska texter). I Folkhilso-
rapporten 2009 rapporteras att 6 procent av flickorna och 3 procent pojkar i dldergruppen 16—
18 &r dter vegetarisk kost (Socialstyrelsen, 2009). Dessa siffror visar att ndgra procent av
Sveriges befolkning dr vegetarianer, men ocksé att andelen 6kar 1 yngre aldersgrupper, vilket
pa sikt kan leda till att fler dter en vegetarisk kost.

4.2 Rokning

Tobak innehaller kadmium. Kadmium tas upp till cirka 50 procent i luftvdgarna (ICPS, 1992).
Detta gor att rokare har en kroppsbelastning av kadmium som &r ungefér dubbelt s& hog som
for icke-rokare. Enligt SCB:s undersokning av levnadsforhallanden (ULF data fran 2007)
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roker 14 procent av svenskarna i dldern 16-84 ar dagligen (12,9 procent av mannen, 15,2
procent av kvinnorna). Detta innebér att cirka 480 000 mén och 560 000 kvinnor exponeras
for kadmium frén tobaksrok 2.

4.3 Yrkesexponering

Arbetsmiljoverket uppskattade 2005 att knappt 400 personer i Sverige exponeras via inand-
ning for kadmium i yrkeslivet (arbete med tillverkning av NiCd-batterier, porslins- och
glasmalning vid svenska glasbruk, 16dningsarbete med silverlod som innehéller kadmium och
vid smiltverk for koppar- och blymalm) (Arbetsmiljoverket, 2006).

I métningar av lufthalter i industrin mellan 19962003 har inga dverskridanden av géllande
griansvarden skett.

For yrkesverksamma som exponeras for kadmium kravs att arbetsgivaren ska ordna med
medicinska kontroller av kadmiumhalterna i blod (AFS 2005:06). Om blodhalterna Gverstiger
50 nmol Cd/l (=5,6 pg Cd/l) maste ytterligare exponering forhindras.

5. Halsoeffekter

Det som presenteras i avsnitt 5.1-5.5 ar framforallt taget ur underlagsrapport Health Effects
of Cadmium in Sweden (bilaga 3), i dvrigt anges referenser. Kronisk exponering for kadmium
kan paverka flera organsystem och leda till en rad olika hilsoeffekter.

5.1 Njure

Njuren anses vara malorgan for kadmium. Efter det att kadmium i blodplasma filtreras i
njurens glomeruléra del tas det upp igen (resorberas) 1 njurens tubuldra del, dar det mesta
ansamlas och efter hand ger upphov till hoga koncentrationer. Ett stort antal studier har visat
samband mellan kadmium 1 urin och/eller blod och biomarkdrer for tubuldr paverkan.

Resultaten fran nyligen utforda studier tyder pa att tidiga (subkliniska) effekter pé njuren,
framforallt 6kad urinutsondring av lagmolekyldra proteiner, peptider och intracelluldra
enzym, borjar upptrdda redan vid koncentrationer under 1 png Cd/g kreatinin i urin. Nya
studier visar ocksa att njurens filtrerande formaga kan paverkas vid liknande nivaer. Efsa TWI
ar satt med antagandet att om halterna i urin inte dverstiger 1 pg Cd/g kreatinin undviker man
skadliga effekter av kadmium.

Det pagér en debatt angdende orsakssambanden mellan biomarkérer i urin for kadmiumexpo-
nering och njureffekter vid laga exponeringsnivaer, eftersom det skulle kunna rora sig om
samtidig utsondring genom bindning av kadmium till de proteiner som utséndras. Darfor ar
det svart att sdkert avgora vid vilken koncentration som effekter av kadmium pa njurens
tubuléra del borjar uppkomma. Flera mekanistiskt inriktade studier stoder dock effekter vid
laga doser.

Enligt Efsa rekommendationer bér kadmiumhalterna 1 urin inte dverstiga 1 pg Cd/g kreatinin i
urin. Nya studier tyder pa att njurens forméga att filtrera kan paverkas vid lagre
kadmiumhalter &n sa.

? Statistik fran www.scb.se (2010-10-19)

Befolkningsméngd 31 dec 2009, 16-84 ar: 7424838 (mén 3710804; kvinnor 3714034)
Antal personer som roker 16-84 ar: 7424838*0,14= 1039477

Antal mén som roker 16-84 ar: 3710804*0,129= 478693

Antal kvinnor som réker 16-84 ar: 3714034*0,152= 564533
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5.2 Ben

Det dr sedan ldnge ként att hog exponering for kadmium paverkar kroppens omséttning av
kalcium, vilket kan leda till benvdvsuppmjukning (osteomalaci) och benskorhet (osteoporos)
vilket 1 forlangningen leder till frakturer. Resultat fran flera studier som stddjer dven att 14g
exponering for kadmium Okar risken for lag bentdthet. Tre studier har undersokt samband
mellan kadmium i urin och frakturer som dr den allvarligaste effekten pd ben. Andra studier
har undersokt markdrer for benomséttning for att 6ka kunskapen om méjliga verknings-
mekanismer. Mycket tyder pé att kadmium framforallt 6kar nedbrytningen av benvdvnad.

Effekten av kadmium pa ben har tidigare kopplats till metabolismen av vitamin-D i njuren
och skador pa skelettet som en f6ljd av njurpaverkan. Nya studier visar att skador pa skelettet
verkar uppkomma oberoende av skadan pa njuren, och effektnivaerna for ben tycks dessutom
vara lagre dn for njure.

Rapporterade studier dr samstdmmiga i att sdvil benskorhet som 6kad risk for frakturer startar
vid laga kadmiumkoncentrationer i urin. Risken for benskdrhet och fraktur 6kar enligt genom-
forda studier redan vid en kadmiumkoncentration i urin pa omkring 0,5 ng/g kreatinin. Det
ska noteras att 6kad risk for benskorhet och frakturer dven ses hos personer som inte expo-
nerats for kadmium via rokning. Effekterna pa ben vid kadmiumbhalter i urin under 1 pg Cd/g
kreatinin 1 urin har inte beaktats 1 Efsa TWI.

Den senaste forskningen visar 6kad risk for effekter pa benskorhet redan vid kadmiumnivéer
omkring 0,5 pg Cd/g kreatinin i urin.

5.2.1 Hogre frekvens av benskdrhet i norra Europa

Benskorhet (osteoporos) karakteriseras av 1ag bentdthet och forsdmrad mikrostruktur av
skelettet, vilket leder till instabilitet och 6kad risk for frakturer. Sjukdomen har inga fore-
géende symtom utan visar sig forst nér frakturer uppstér. De vanligaste frakturstéllena ar
hoftbens-, kotbens- och underarmsfrakturer.

Forekomsten av benskorhet dr sérskilt hog i Sverige, Norge och pa Island (figur 3).
Incidensen hoftfrakturer ar till exempel sju gdnger hogre 1 norra Europa jamfort med dvriga
Europa. Statistiskt sett kommer varannan svensk kvinna och var fjirde man att drabbas av
frakturer pa grund av benskorhet under sin livstid. Med en aldrande befolkning blir detta av
an storre betydelse for folkhdlsan. Benskorhet beror pé flera bidragande faktorer, multi-
faktoriell sjukdom, diar kadmium éar en.
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Increased incidence over time (Sweden)
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Figur 3. Sannolikheten for hoftfrakturer pa 10 ar med Sverige som referenspunkt. Incidensen av
frakturer i Sverige 1960 och 1990. Prognostiserad incidens 2025 och 2050 (fran Kanis et al. 2002).

5.3 Cancer

Kadmium har klassats som humancarcinogen, frimst beroende pa 6kad risk for lungcancer
hos yrkesexponerade personer. Mekanistiska studier stodjer att kadmium ar en carcinogen.
Sambandet mellan kadmiumexponering och risk for cancer har pé senare tid ocksa undersokts
1 befolkningen och flera studier visar samband med 6kad risk. Dessa studier indikerar att
kadmium ocksa kan ha betydelse for cancer i urinbldsan, prostata och brostkortel. Experi-
mentella studier talar dessutom for att kadmium kan ha 6strogen-lika effekter.

Svenska epidemiologiska studier har visat samband mellan berdknad kadmiumexponering via
kosten och risk for livmoderscancer. Det dr i dagsléget svart att dra slutsatser om cancerrisken
ar kopplad till kadmiumexponeringen via kosten men resultaten bidrar till bilden av kadmium
som orsak till allvarliga hélsoeffekter.

5.4 Ovriga studerade effekter
Hjart— karlsjuklighet

Det finns ett antal studier om kadmiums effekter pd blodtryck, aderférkalkning, stroke och
hjartsvikt. Kunskapen om kadmiumrelaterad hjirt-kérlsjukdom &r dock idag inte tillrdckligt
omfattande fOr att rdcka till en kvantitativ riskbedomning.

Diabetes

En omfattande epidemiologisk studie (NHANES) visar ett samband mellan kadmium 1 urin
och risk for typ II diabetes. Det samlade kunskapsunderlaget rérande kadmiumrelaterad
diabetes dr dock idag inte tillrackligt omfattande for att rdcka till en kvantitativ
riskbedomning.
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NHANE-studien visar ocksa att diabetiker, verkar vara kénsligare for kadmiumpaverkan pa
njuren én personer utan diabetes. Diabetiker ska dérfor betraktas som riskgrupp for kadmium-
exponering, vilket ocksa géller personer med andra njursjukdomar.

Sverige har idag cirka 365 000 diabetiker, av dessa dr det omkring 40 000 som har typ 1-
diabetes (Socialstyrelsens webb). Vid typ I diabetes ar risken for foljdsjukdomar som till
exempel njursvikt storre dn vid typ II diabetes. Sverige har nédst hdgst insjuknande grad
(incidens) i typ I diabetes i védrlden (Karvonen et al., 2002). Varje ar behandlas ungefir
13 000 patienter i slutenvarden for diabetes. Ar 2007 dog 1 960 personer i Sverige av
diabetes.

Okad dodlighet

Nya studier tyder pd samband mellan kadmiumexponering och 6kad dodlighet. Det kan dock
inte helt uteslutas att sambanden paverkats av andra faktorer som man inte kunnat ta hédnsyn
till.

Reproduktions- och neurotoxicitet

Ett antal mindre tvérsnittstudier indikerar att kadmiumexponering dven kan paverka fertili-
teten, fostertillvéxten och barns utveckling. Detta stdds av experimentella studier som visar pa
neurotoxicitet av kadmium. Aven om tillgingliga data inte tillater etablering av dos-respons
samband bidrar ocksa dessa studier till bilden av kadmium som ett &mne som har negativa
hilsoeffekter.

5.5 Kadmiumhalter i blod och urin

Det gar inte att se forédndring av kadmiumbhalter i urin eller blod i svenska studier och
miljoovervakningsdata dver de senaste 2—3 artiondena.

Blodkadmiumbhalter fran svenska studier ligger i spannet 0,25-0,85 pg/l (medel- och
medianvérden).

Medianvirdet for kadmiumhalterna i urin fran tre relativt omfattande svenska studier under
2000-talet ligger 1 spannet 0,12—0,67 (min—max 0,01-3,6) pg/g kreatinin. I dessa studier har
man bland annat undersokt kadmium i urin hos kvinnor i aldern 50-64 ar. Av de icke-rékande
kvinnorna hade 4-30 procent urinkadmiumbhalter 6ver 0,5 pg/g kreatinin och 0,2—6 procent
hade halter 6ver 1 pg/g kreatinin. Om dven rokarna i studierna inkluderades hade 2070
procent halter 6ver 0,5 ug/g kreatinin och 1,8-20 procent 6ver 1 pg/g kreatinin.

I miljoovervakningen analyseras urinkadmium hos unga kvinnor 20-35 ar och kvinnor 50-60
ar. Den yngre gruppen analyseras for att tidigare kunna fdnga upp eventuella férandringar
over tid och den dldre gruppen for att se vilka halter som finns i en "’kénslig grupp” (kad-
miumhalterna 1 njure dr som hogst i 50—60-arsaldern och urinkadmium speglar njurens kad-
miumbelastning). Anmérkningsvért nog finns det redan i den yngre gruppen enstaka individer
som har urin kadmiumbhalter 6ver 0,5 png/g kreatinin (figur 4), I den dldre gruppen kvinnor
finns det ett ansenligt antal kvinnor med vérden &ver 0,5 pg/g kreatinin. Mitningarna inom
miljoovervakningen har endast pagétt sen tidigt 2000-tal och det gér darfor inte att dra ndgra
slutsatser om tidstrender i materialet.
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Figur 4. Kadmiumhalter i urin (ug/g kretatinin) kvinnor 20-35 ar och 50-60 ar fran Véastra Gotaland,
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hogsta (Gversta) vardena, forutom sa kallade outliers™. Ringar och stjarnor (outliers™)
representerar de individer som ligger pa 1,5 boxplots avstand respektive 3 boxplottars avstand fran
boxen. Observera att det ar olika skala pa de bada figurernas y-axel. Data har tagits fram inom
ramen for den Nationella miljoévervakningen och finns tillgangliga pa Institutet for miljomedicin
http://www.imm.ki.se/Datavard/Tidsserier/Kadmium%20i%20urin.htm.

Redan idag har delar av den svenska befolkningen halter av kadmium i urin som ligger vid
eller 6ver de nivaer dér vi har paverkan pa skelett och njurar.

5.6 Summering — halsoeffekter

Det vetenskapliga underlaget for att kadmium har negativa hilsoeffekter ar vl underbyggt
jamfort med de flesta andra &mnen i riskbeddmningssammanhang. I de flesta fall 4r det ocksa
storre marginal mellan exponerings- och effektnivaer, den s.k. sdkerhetsmarginalen — ”margin
of safety” (MoS). Vi har darfor god grund att sdga att kadmium utgdr ett problem for
folkhélsan.

Enligt Efsa rekommendationer bor kadmiumhalterna 1 urin inte 6verstiga 1 pg Cd/g kreatinin i
urin. Nya studier tyder pa att njurens forméga att filtrera kan paverkas vid ldgre kadmium-
halter @n sa och att det finns en 6kad risk for att benskorhet upptrader redan vid kadmium-
nivaer omkring 0,5 pg Cd/g kreatinin i urin. En rad studier visar ocksa samband med effekter
pa hjart-kérlsjukdom, diabetes, 6kad dodlighet, reproduktions- och neurotoxicitet. Detta
bidrar till bilden av kadmium som orsak till allvarliga hélsoeffekter.

Njure dr det som ar internationellt accepterat som primért mélorgan for kadmium. Under
senare ar har det dock kommit flera studier som visar att skelettet kan var dnnu kénsligare. Vi
tar diarfor med bada effektnivaerna — 0,5 ng Cd/g kreatinin i urin for skelett och 1 pg Cd/g
kreatinin i urin for njure — 1 de vidare diskussionerna i rapporten.

6. Halsoeffekter vid dagens kadmiumexponering

Det finns ur hélsosynpunkt flera skél att minska kadmiumexponering av befolkningen

e Vi har redan en hog frekvens av osteoporos och frakturer i Sverige. Med en aldrande
befolkning kan vi forvinta oss en 6kad forekomst av benskorhet. Data frén miljo-
overvakningen och andra svenska studier visar att delar av den icke-rokande be-
folkningen redan har kadmiumhalter 1 urin 6ver 0,5 pg/g kreatinin vilket innebar att
den kadmiumexponering de utsétts for idag bidrar till en 6kad risk for frakturer.

e En nagot mindre del av befolkningen har urinkadmiumhalter 6ver 1 pg/g kreatinin
vilket innebar att den kadmiumexponering de utsitts for idag leder till paverkan pa
njurarnas funktion.

e Studier tyder pa att personer med diabetes utgér en riskgrupp for kadmiumexponering.
Vi har 365 000 diabetiker i Sverige, dven for denna grupp ar det saledes av betydelse
att kadmiumexponeringen minskar. Detta géller naturligtvis dven vid annan
njursjukdom.

e Personer med jarnbrist tar upp kadmium fran kosten i hdgre grad och utgor darfor en
riskgrupp. Jarnbrist dr relativt vanligt, sdrskilt hos unga véxande individer och fertila
kvinnor.

e Smabarn kan ha ett hogre upptag av kadmium 1 tarmen &n vuxna och deras diet ar ofta
baserad pé spannmaél och vegetabilier.

e Drygt en miljon svenskar roker, dessa personer utgdr ocksé en riskgrupp for vilka
kadmiumexponeringen bor minska.
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Da kosten dr den huvudsakliga exponeringsvigen méste kadmiuminnehallet 1 kosten minska
for att minska hilsoeffekterna av kadmium.

7. Kallor till kadmiumexponering och
spridningsvagar
7.1 Allmint

Kadmium &r ett metalliskt grunddmne med stor spridning i miljon. Kadmium bryts inte ner i
miljon. Vittring och erosion, samt transport via vattendrag och luft, resulterar 1 floden 1 den
globala kadmiumcykeln. Kadmium finns naturligt i ménga ravaror som vi utvinner och
anvénder. Bidrag av kadmium till biosfaren sker genom:

vulkaniska utsldpp pa jordytan och under haven
e utvinning av olja och rdolja (innehaller vanligen 0,05 ppm)

e utvinning av mineraler ur jordskorpan (Kadmium férekommer till exempel som
fororening i 14ga nivéer (ungefdr 2 ppm) i révaran till cementtillverkning och i
fosfatmineral som anvénds for tillverkning av fosforgdédselmedel)

e utvinning av stenkol (innehaller vanligen 1 till 2 ppm kadmium).

Mingderna som anvénds av dessa ravaror dr mycket stora vilket, trots det laga
kadmiuminnehéllet, ger betydande tillforsel av kadmium till miljén. (OECD, 1995)

Metalliskt kadmium framstélls inom EU huvudsakligen som en biprodukt vid zinktill-
verkning. En mindre del fis frdn utvinning av koppar och bly och en del fis ocksé vid ater-
vinning av nickel-kadmiumbatterier (NiCd-batterier). Metalliskt kadmium anvinds inom EU
idag huvudsakligen i tillverkning av kadmiumoxid, for tillverkning av nickelkadmium-
batterier (NiCd-batterier), 1 ytbehandling (plétering), och i legeringar. Kadmium och kad-
miumoxid anvénds som ravara i tillverkningen av en rad andra kadmiumf6reningar, till
exempel pigment och stabilisatorer (fraimst for PVC). (EU RAR)

Anvindningen av kadmium begrénsas av en rad EU-regleringar. Den generella kemikalielag-
stiftningen Reach, (EG) nr 1907/2006, begransar kadmiumanvindning i framforallt plast och
farger (bilaga XVII, punkt 23).

Forsdljningen av kadmium i NiCd-batterier i Sverige har minskat kraftigt fran 1997 (cirka 325
ton) till 2006 (cirka 75 ton) (Naturvardsverket, 2007).

PVC-branschen i EU fasade ut nyanvéndning av kadmiumstabilisatorer i PVC ér 2001 (i
divarande femton medlemslinder). Atagandet utdkades 2006 till de tio nya medlemslinderna
och 2007 med ytterligare tva (Vinyl 2010). PVC-produkter stabiliserade med kadmium-
foreningar har ofta ldng livsldngd (tiotals ar) och finns alltsa fortfarande i stor utstrackning
kvar 1 samhillet.

Kadmium sprids till exempel vid felaktig avfallssortering och insamling av nickel-
kadmiumbatterier, vid metalltillverkning samt vid forbranning av fossila brianslen.

Utslipp av kadmium rapporteras ocksa fran fordonstvittar och végtrafik. Det dr oklart vad
som ar killan till kadmium i biltvéttarna, det kan vara delar pa bilarna, smuts, rengérings-
medel eller andra killor. Médtningar fran Stockholm Vatten visar pa att mdngden minskar. Nér
det géller vigtrafiken sa finns kadmium 1 laga halter 1 brinslen, dick, bromsbeldgg och
vigbeldggningar. Utslédppen berdknas tillsammans vara ungefér 15 kg per ar i Stockholm.
Anvindningen av konstnérsfarger ger betydande tillskott av kadmium (uppskattningsvis 3
kg/ar i Stockholm) till reningsverk. (Stockholms stad, 2009)
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7.2 Punktkallor

Kadmium transporteras langviaga och Sveriges miljo paverkas darfor av utsliapp i1 andra
lander. Det europeiska utsldappsregistret (European Pollutant Release and Transfer Register,
E-PRTR) innehaller information om utsldpp och fororeningar 1 luft, vatten och pa land,
orsakade av industrianldggningar 6ver hela Europa. Det innehaller uppgifter om 91 d&mnen
déribland kadmium (inklusive kadmiumforeningar) och omfattar 6ver 24 000 anliggningar
inom 65 néringsgrenar.

Rapporterade utslédpp for EU, Norge, Island och Liechtenstein av kadmium och kadmium-
foreningar (rdknat som Cd) ar 2008 till luft och vatten var ungefar lika stora, 19 respektive 18
ton, med mindre utsldpp till mark, 0,7 ton. Utslappen till luft kommer huvudsakligen frén
produktion och behandling av metaller (117 rapporterande industrienheter); samt fran
energisektorn (132 rapporterande industrienheter) och da fradmst fran gas- och oljeraffinade-
rier och kraftvirmeverk. Motsvarande utsldpp till vatten och mark kommer framst fran av-
fallshantering och avloppsvattenrening (186 rapporterande industrienheter), och da framst
frén anldggningar for rening av avloppsvatten fran titbebyggelse med en kapacitet pad minst
100 000 personekvivalenter.

Utsléppens fordelning per néringsgren visas i figur 5 nedan. (Europeiska miljobyréan, 2010a).
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Figur 5a Utslapp till luft fran punktkallor, fordelning per naringsgren. Data fran E-PRTR, siffror fran
2008.
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Figur 5b Utslapp till vatten fran punktkallor, fordelning per naringsgren. Data fran E-PRTR, siffror
fran 2008.

Enligt det svenska utsldppsregistret (Naturvardsverket - Swedish Pollutant Release and
Transfer Register) sldpptes det ar 2009 i Sverige ut cirka213 kg kadmium till luft och 523 kg
kadmium till vatten frén stora punktkallor. Férdelningen per néringsgren visas figur 6. De fem
lan dér det sldpptes ut mest kadmium (till luft och vatten) enligt utsldppsregistret var Véster-
norrland (27 % av totala utsldppen), Visterbotten (13 %), Varmland (12 %), Givleborg (10
%) och Norrbotten (9 %).

Luft, totalt 213 kg Vatten, totalt 523 kg
B Metall- och mineralindustri B Metall- och mineralindustri
m Avfall och avloppsrening H Avfall och avloppsrening
m Pappers- och trdindustrin m Pappers- och trdindustrin
Energisektorn Energisektorn
9% 0% 9
) 9% 4%
“35%
53% 3% 87%

Figur 6 Utslapp till luft och vatten fran punktkallor i Sverige, fordelning per néaringsgren. Data fran
Naturvardsverkets utslappsregister, siffror fran 2009.

Baserat pa utslédppsdata och meterologiska data for 2008 har olika ldnders bidrag till deposi-
tionen 1 Sverige uppskattats (MCE-E, webbplats). Enligt denna berdkning star punktkéllorna i
Sverige for 5 procent av den totala kadmiumdepositionen i Sverige.

Utslépp till luft i Europa av kadmium, kvicksilver och bly har haft en minskande trend sedan
1990, se figur 7 nedan. Fordandringen av utsldpp av kadmium till luft fordelat per land visas 1
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figur 8. Det som sldpps ut till luften kommer sa smaningom att deponeras pa land eller vatten,
néra utslédppspunkten eller efter langvéga transport. Depositionen har ocksa minskat (se

avsnitt 7.3,) men diaremot sé syns inte samma tydliga minskning i belastningen 1 miljon (se
avsnitt 7.5 & 8.1).
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Figur 7 Utslappstrender for kadmium (6versta kurvan), kvicksilver och bly (EES medlemslander -
indexerat 1990 = 100). Data fran™ EEA aggregated and gap-filled air emission dataset™, baserat pa

officiellt rapporterade nationella utslapp, totalt och fran olika branscher, ar 2009 till UNECE LRTAP
konventionen. (Europeiska miljobyran 2010b).

36



Turkey
Luxernbaury
Ligchken skein
1celand
Gregos

Malta
Cyprus
Slhvakia

Partugal
Czech Republic
1taly
MNetherlands
Ausria
Latwia
Ireland
Slavenia
Epain
Marway
Rarman ia
Paland
Cenmark
Switzerland
Hungary
Belgiurm
Germany
Swmeden
Finland
Francg
Eszknia
Bulgaria
Lithu an ia
United Kingdam |

(1A

T T 1
-100 -0 o) 5D icD 150
Y

Figur 8 Andring (%) i kadmiumutslapp 1990-2007 (EES medlemsléander). Data fran “EEA aggregated
and gap-filled air emission dataset™, baserat pa officiellt rapporterade nationella utslapp, totalt och
fran olika branscher, ar 2009 till UNECE LRTAP konventionen (Europeiska miljébyran, 2010b).

7.3 Deposition

Baserat pa utslédppsdata och meterologiska data for 2008 har den totala &rliga depositionen av
kadmium 6ver hela Sverige berdknats till cirka 4 ton (MCE-E, webbplats). For ndrvarande ar
utslépp till luften och efterfoljande atmosfarsdeposition den huvudsakliga kéllan till kadmium
1 jordbruksmark. Eriksson (2009) berdknade for Uppsalatrakten att depositionen utgjorde 87
procent av kadmiumtillforseln pd akrar som gddslades med mineralgédsel, medan den ut-
gjorde 56-71 procent i pd marker som gddslades med stallgodsel och 37-59 procent pa slam-
gddslade ékrar. Den totala depositionen bestar av torrdeposition (gas- eller partikelformiga
luftféroreningar vars méngd beror pa landskapets uppfangande forméga) och vatdeposition
(det som deponeras vid nederbord) dir den senare vanligtvis utgor den storsta delen. Svenska
Miljoinstitutet IVL ar datavérd for miljoovervakningsdata for nederbord dir bl.a. mitdata for
kadmium finns for att ett antal olika stationer sedan 1985. For Arup i Skane finns kontinu-
erliga métdata sedan 1986. For Bredkélen 1 Jimtland finns métdata sedan 1985, men med
uppehéll under 2003-2008. Fran dessa nederbordsdata (Svenska Miljoinstitutet IVL databas
for luftdata) har den arliga vatdepositionen berédknats (figur 9). Vatdepositionen var som hogst
under slutet av 1980-talet, 1,7 g Cd/ha, i Skane och har sedan minskat successivt till strax
over 0.2 g Cd/ha. I Jamtland uppvisades ocksé en topp under slutet av 80-talet, men sedan
1990 har vétdepositionen storsta delen av tiden legat strax under 0.2 g Cd/ha.
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Figur 9 Arlig deposition av kadmium med nederbdrden i Arup, Skéne, och Bredkalen, Jamtland. Data
har tagits fram inom ramen for den Nationella miljé6vervakningen och finns tillgangliga pa Svenska
Miljoinstitutet IVL: http://wwwa3.ivl.se/db/plsgl/dvsmetar$.startup.

Geografiska skillnader och tidstrender for depositionen av kadmium 6ver Sverige har dven
undersokts genom analyser av kadmium i mossprover sedan 1970-talet. Den anvidnda
metoden grundar sig pa mossornas egenskap att ta upp metaller nistan uteslutande fran luften
och nederborden men inte frén det underlag de viaxer pa. Deras metallinnehall utgdr déri-
genom ett matt pa tillforseln fran luften. Halterna 1 mossa visar ocksa att depositionen har
minskat i Sverige under de senaste artiondena (figur 10). For de scenarior som modelleras i
avsnitt 13 (bilaga 4) anvinds depositionsvérden pa 0,31 - 0,39 g Cd/ha for den arliga totala
depositionen 6ver de viktigaste produktionsomrddena for groda 1 Gétaland och Svealand.
Dessa virden har berdknats utifrén fordelningen av depositionen enligt mosskarteringen ar
2000 kalibrerat mot uppmatt vatdeposition (SMED 2005).
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Figur 10 Kadmium i mossa 1975-2005, ug/g torrvikt. Data har tagits fram inom ramen for den
Nationella miljoovervakningen och finns tillgangliga pa Svenska Miljoinstitutet IVL: .
http://wwwa3.ivl.se/miljo/projekt/mossa/cd.asp

Baserat p4 utslidppsdata, berdknade European Monitoring and Evaluation Programme (EMEP)
att den arliga depositionen over Sverige 2008 var 0,03-0,3 (min-max) g Cd/ha (EMEP-
webbplats). Skillnaden mellan reellt uppmétt deposition och EMEPs berdknade data kan bero
pa att ménga sma utsldppskallor, sdsom smaskalig forbrénning, kan var av stor betydelse for
de totala utsldppen. EMEP har ocksid modellerat depositionen 10 ar framéat utgaende fran olika
mojliga scenarior for framtida emissionsbegrinsningar i Europa. De kommer fram till att
depositionen som mest kommer att minska med 14 procent 6ver Sverige under de ndrmaste 10
aren (Visschedijk et al., 2010).

7.4 Tillforsel via jordbruket
7.4.1 Mineralgtdsel

Forséljningen av fosfor i mineralgddsel, som visat en neratgédende trend sedan bdrjan av 1980-
talet, 6kade nagot 2007/08 men fortsatte sedan minska under 2008/09. Forsdljningen 2008/09
uppgick till 8 100 ton (SCB 2010b).

Kadmium ingar i rafosfat som anvinds vid gédseltillverkningen. Det finns idag kdnda fosfor
tillgdngar i virlden som récker i nadgra hundra &r. Merparten av denna fosfor ar sedimentér
rafosfat som innehéller relativt hoga kadmiumhalter, fran 55 till 550 mg Cd/kg. En mindre del
av vérldens fosforforekomster har vulkaniskt ursprung, apatit. Denna har ett 14gt kadmium-
innehall, <5 mg Cd/kg P. Merparten av den mineralgddsel som idag anvinds i Sverige ar
producerad med apatit som fosforrdvara. Denna apatit harstammar fran gruvor i Finland och
pa kolahalvon 1 Ryssland. En sammanstillning 6ver mineralgddsel 1 Europa (2001) visade pa
halter av kadmium i mineralgddsel mellan 2 och 133 mg Cd/kg P, med de flesta viarden over
30. I en annan studie frdn 2008 rapporterades en medelhalt pa 83 mg Cd/kg och 20 procent av
de rapporterade virdena var 6ver 140 mg Cd/kg (bilaga 4).

Det finns olika typer av mineralgodsel innehallande fosfor; enkla gédselmedel (P) och
sammansatta gddselmedel (NP, PK och NPK). Enligt SCB:s forsiljningsstatistik (SCB 2010c)
framgar att NPK &r det vanligaste fosforgodselmedlet i Sverige och svarar for ungefér 80
procent av den fosfor som séljs i form av mineralgddsel (tabell 2).

39


http://www3.ivl.se/miljo/projekt/mossa/cd.asp�

Tabell 2: Forsald méngd fosforgédselmedel i Sverige 2007/08 for olika typer av godselmedel, angett
som ton fosfor.

Godselmedel Forsald méngd i form av
ton fosfor (P) ar 2007/08

P 200

NP 1600

PK 1200

NPK 11600

Totalt 14600

De olika typerna av fosforgddselmedel pa marknaden i Sverige innehéller olika halt av
kadmium per fosfor. NPK som produceras av apatit har ldgst halt, ofta under 5 mg Cd/ kg P,
medan de dvriga typerna av fosforgddselmedel oftast har halter > 25 mg Cd/kg P
(Lantménnen Lantbruks webbplats a).

De P och PK produkter som siljs i Sverige dr producerade med sedimentér fosfor som ravara.
Att de trots detta kan halla en kadmiumhalt om cirka 25 mg Cd/kg P beror pé att de produ-
cerats med speciellt utvald fosfor med lagt innehéll av kadmium, en rédvara som finns i be-
grinsad omfattning. Dessa produkter gar inte att producera med apatit som révara (pers. kom.
M. Erlingson och G. Frostgard, Yara; European Commission, 2009).

Virldens tillgdng pa apatit eller sedimentir fosfor med riktigt 1&g kadmiumbhalt racker inte for
att forsorja vérldens jordbruk med fosfor. Mycket utvecklingsarbete har gjorts for att ta fram
reningsmetoder for att ta bort kadmium ur fosforn, men detta sker dnnu ej 1 industriell skala.

Tidigare stod fosforgddslingen for den storsta kadmiumtillforseln till svensk akermark. I
borjan av 1970-talet, da kadmiumtillforseln via mineralgddsel var hogst, tillfordes cirka 3,3
gram per hektar och &r. Kadmiumhalten i fosforgddselmedel var da cirka 150 mg/kg fosfor
(SCB, 2010 b). Framst genom val av ravaror med laga kadmiumbhalter har halterna successivt
sjunkit. Sedan 1993 idr det forbjudet i Sverige att sélja mineralgddsel med kadmiumbhalter Sver
100 g per ton fosfor. Fran 1995 och fram till utgangen av 2009 utgick en skatt pa gédselmedel
som inneholl over 5 gram kadmium per ton fosfor (=5 mg Cd/kg P).

Den genomsnittliga kadmiumhalten har ocksa gétt ned successivt i mineralgddsel som salts i
Sverige fran omkring 25 mg Cd/kg P ar 1995 till dagens medelhalt pa cirka 6 mg Cd/kg P
(SCB 2010a).

Maingden kadmium i forsalda fosforgodselmedel redovisades forsta gangen 1995/96 i SCB:s
SM-serie (Statistiskt Meddelande). Kadmiumtillférseln med mineralgddsel har sedan dess
minskat med 90 procent. Det genomsnittliga innehallet av kadmium i forsald fosforgddsel
berdknades till 4,9 mg/kg P for 2007/2008 och till 5,9 mg/kg P for 2008/2009. Totalt inneholl
de forsélda fosforgddselmedlen 47 kg kadmium 2008/2009. Detta dr en minskning med hela
24 kg jamfort med ndrmast foregadende ar eftersom den totala férsédlda miangden var mindre
2008/2009 (SCB, 2010b). I Sverige appliceras idag arligen, beroende av markens fosforklass
och groda, cirka 3,8 -23 kg P/ ha (bilaga 4). Med en medelhalt av cirka 6 mg Cd/ kg P 1
mineral-gddsel leder detta till en tillforsel av cirka 0,02 -0,14 g Cd/ ha och &r. En tidigare
massbalans-studie (for Uppsalatrakten) har visat att en arlig fosforgiva av 10 kg fosfor, med
dagens mineralgddsel (6 mg Cd/kg P) innebér en arlig tillforsel av cirka 0,06 g Cd/ha.
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Balansberédkningar ger for detta Uppsalascenario en minskning av kadmium i dkermarken pa
cirka 0,012 procent per ar (Eriksson, 2009).

7.4.2 Slam

Slam anvénds som gddselmedel péd akrar men utgdr idag inte ndgon stor del av den totala
méangden godselmedel. Under 1990-talet var anviandningen storre, men gick ned i borjan av
2000-talet (SCB, 2010a). Anvéindningen tycks dock ha dkat igen under senare ar (Naturvards-
verkets webbplats-slam) och ar 2008 rapporterades en spridning av cirka 55 500 ton slam
(torrsubstans) pa akermark, vilket motsvarar 26 procent av den totala nettoproduktionen av
slam (SCB, 2010d). Slammets genomsnittliga fosforinnehall var cirka 2,8 procent vilket
innebdr att cirka 1554 ton fosfor applicerades med slam till dkermark &r 2008, det vill séga
cirka en tion-del av den méangd fosfor som applicerades med mineralgddsel. Dagens
tillgéngliga slam skulle kunna réicka till att godsla cirka 20 procent av Sveriges akerareal
(pers. kom. Anders Finnson, Svenskt Vatten).

Slam innehaller kadmium men halten av kadmium har stadigt gatt ner under senare ar (figur
11) och 1 dagsldget d&r medelhalten, angivet per kilogram fosfor, 30 mg Cd/kg P. Medel-
halterna varierar dock kraftigt mellan olika reningsverk (figur 12). Figuren visar ocksa att
cirka 30 procent av reningsverken har medelhalter som 6verskrider gransvardet, 34 mg Cd/kg
P, som giller for att slammet ska godtas for certifiering enligt REVAQ (ett certifieringssystem
for reningsverk som startades 2008 av vattentjénstbranschen, LRF, Lantmédnnen och daglig-
varuhandeln). Medelvardet for de certifierade reningsverkens slam var 30 mg Cd/kg P under
2009 (REVAQ, 2010). Med en medelhalt av 30 mg Cd/kg P och en spridning av 1554 ton
fosfor (se ovan) innebar det att 2008 &rs slampridning pa &krar medforde en total tillforsel av
cirka 46 kg kadmium till akermarken.

Mellan hélften och en tredjedel av det kadmium som éaterfinns i de REVAQ-certifierade
reningsverken kommer frén den mat vi dter (REVAQ, 2010), vilket inkluderar bade impor-
terad och nérproducerad mat. Olika uppgifter om vilken kadmiumbhalt ett avloppsslam som
inte innehaller ndgot kadmium utéver det som vi manniskor utsondrar (“klosettvatten-
kvalitet”) visar pé halter mellan 11 och 19 mg Cd /kg P (Eriksson, 2009). Hur stor andel av
detta som kommer via fodan fran svensk akermark har inte kvantifieras. Andra véisentliga
kéllor till kadmium i slam é&r spillvatten fran bilvardsanldggningar, konstnérsfarger och
dagvatten (Weiss, 2006).

60
50 A
40

30 -

20 A

10

Cd/P average ratio [mg Cd/kg P]

0 T T T T 1
1990 1995 2000 2005 2010 2015

Year

Figur 11 Medelhalt av kadmium (mg Cd/kg P) i slam i Sverige (bild fran bilaga 4)
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Figur 12 Kumulativ fordelning av medelvérdet for Cd/P(mg/kg) fran 220 reningsverk i Sverige, ar
2009 (bild fran bilaga 4). Den streckade linjen visat gransvardet 2010 for certifiering enligt REVAQ-
systemet idag. Ar 2015 kommer gransvardet for certifiering enligt REVAQ-systemet att vara 29, aren
2020 och 2025 kommer gréansvardena att vara 23 respektive 17 mg Cd/kg P.

Den maximalt tillatna tillforseln av kadmium med slam till akermark &r 5,25 g/ ha under sju
ar, det vill sédga 0,75 g/ha berdknat som en arlig giva (SNFS, 1994). Naturvardsverket har
nyligen foreslagit en ny lagstiftning med ett reviderat 6vre grinsvérde for maximal &rlig till-
forsel av kadmium med slam till akermarken pé 0,55 g Cd/ha. Nédr/om denna regel inférs och
fosforgivan dr 35 kg P/ha (den hogsta tillatna fosforgivan for jord med lagt niringstillstand),
far kadmiumhalten 1 slammet inte vara hogre &n 16 mg Cd/kg P. Nédstan inget slam har sé g
halt idag och skulle dérfor inte kunna anvindas for en sddan giva (figur 12).

Vid en arlig slamgiva pd 20 kg P/ha kommer det foreslagna gransvirdet att innebéra att
kadmiumbhalten inte fir vara hogre én cirka 25 mg Cd/kg. Av 2009 ars producerad slam skulle
33 procent kunna anvénts medan 67 procent inte var anvandbart for en sadan giva (figur 12)
(bilaga 4).

Massbalansstudien for Uppsalatrakten (Eriksson 2009) visar att arliga fosforgivor av 10 kg
P/ha eller max tillaten arlig kadmiumtillforsel (0,75 g Cd/ha) med avloppsslam innebér arlig
tillforsel av cirka 0,30-0,75 g Cd/ha. Den érliga ackumulationen av kadmium i1 dkermarken
har for dessa scenarier berdknats till cirka 0,015-0,069 procent.

7.4.3 Stallgodsel

Det kadmium som genom aren spritts till &kermark fran mineralgddsel och fran industriut-
slapp cirkulerar genom grédorna vidare till husdjuren och frdn djurens godsel tillbaka till
dkern. Stallgddsel anvinds i stor mingd som godselmedel i Sverige. Ar 2009 spreds cirka 35
500 ton fosfor med gddselmedel (mineralgddsel och stallgddsel) varav cirka 25 500 ton kom
frén stallgddsel (SCB 2010d). Knappt halva méngden stallgddsel anvindes for godsling av
spann-mal. Kadmiuminnehallet 1 stallgddsel &r 1 medel cirka 8 mg Cd/kg P for svinflytgddsel
och cirka 15 mg Cd/kg P for notflytgodsel (Baky et al., 2006). Beroende pa hur mycket svin-
respektive notgddsel som spreds skulle detta innebéra att en mangd av mellan 204 kg (endast
svingddsel) och 380 kg (endast notgddsel) kadmium spreds till dkermarken med stallgddsel ar
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2009. En stor del av detta kadmium kommer frén jordbruksmarken via de vallviaxter och
spannmal som djuren &ter (&tercirkulation).

Nettotillskottet av kadmium kommer 1 detta fall fran kraft- och mineralfoder. Det sd kallade
koncentratet (mineral, vitaminer och protein) hojer patagligt kadmiumhalten i1 foderbland-
ningar. De hogsta kadmiumhalterna har uppmitts i fabrikspremixer (innehaller mineraldmnen,
vitaminer och andra mikrokomponenter) som blandas in i fodret. Kadmium kommer troligen
med zink, vilket dr en viktig komponent i mineralamnestillskott. Bidraget av kadmium fran
mineraldmnen och andra mikrokomponenter i djurens foder &dr dndé ofta inte sa stort eftersom
de ingar i liten andel. Det mesta av kadmium 1 fodret harror ofta frdn spannmaélsdelen men
proteinkomponenten i fodret kan ocksé bidra med en stor del av dess kadmiuminnehall
(Eriksson, 2009).

Révaruforsorjningen till kraftfoderproduktion &r i dag global. Spannmal dominerar den
Svenska ravaruforbrukningen, medan oljehaltiga fron eller frukter, diribland soja utgér den
storsta delen av de importerade rdvarorna. Biprodukter frén sockerbetor utgoér ocksa en stor
del (SCB, 2010a). Soja och sockerbetor dr grodor som ackumulerar mycket kadmium. Soja
odlas bl.a. i Sydamerika. Dér anvénds konstgddsel med betydligt hdgre halter av kadmium &n
vad som dr tilldtet 1 Sverige (Naturskyddsforeningen, 2010). Ravaruforbrukningen till foder-
blandningar minskade under 2008 med 7 procent for de svenska rdvarorna medan forbruk-
ningen av importerade ravaror 6kade med 14 procent jimfort med aret innan (SCB 2010a).
Vad anvindning av kraftfoder baserat pa importerade produkter betyder fér ackumulationen
av kadmium 1 akermark godslade med stallgddsel har inte kunnat kvantifieras inom ramen for
detta regeringsuppdrag.

Enligt SCB (2010d) varierade fosforforbrukningen, vid godsling med stallgddsel, 1 de olika
svenska lanen mellan 17 och 27 kg P/ha gddseldret 2008/2009. I den tidigare ndmnda mass-
balansstudien, for Uppsalatrakten (Eriksson, 2009), visas att en érlig fosforgiva av 22 kg P
med stallgddsel innebér en arlig tillforsel av cirka 0,17- 0,34 g Cd/ha (med lagre tillférsel med
gddsel fran svin och hogre fran ndtkreatur). Den arliga ackumulationen av kadmium i &ker-
marken har for detta scenario beréknats till cirka 0,005-0,015 procent.

7.4.4 Andra organiska godselmedel

Ro6tning och kompostering (biologisk behandling) av avfall 6kar. For matavfall finns miljomal
om att 6ka den biologiska behandlingen. Vid biologisk behandling bryts ldttnedbrytbart
organiskt avfall som matavfall ned med hjdlp av mikroorganismer. Rotning av avfall sker
under syrefria forhallanden och ger biogas och rotrest. Kompostering kriaver tvartom syre och
ombildar avfallet till kompost. Komposten och rétresten kan anvindas som godsel,
jordprodukter och jordforbéttringsmedel. Cirka 14 procent av hushéllsavfallet 1 Sverige gar
till biologisk behandling (Avfall Sverige, 2010). Det ger restprodukter som kan anvéndas for
gddsling (biogddsel). Under 2009 producerades cirka 498 720 ton biogddsel, varav 97 procent
aterfordes till jordbruket (Avfall Sverige 2010).

Rotrester fran biogasanldggningar innehéller typiskt 0,1- 0,6 kg fosfor (medel 0,4 kg) och 5,4-
13,6 mg (medel 10,6 mg) kadmium per ton flytande rotrest (Baky et al., 2006). For biogddsel,
baserat pa matavfall, frdn biogasanlédggningen i Kungsdngens Gard i Uppsala har en kvot pa
11,5-13,7 mg Cd/kg P beriknats (Kippalaforbundet och SORAB, 2009). P4 Nordvistra
Skanes Renhéllnings AB:s (NSR) webbplats aterfinns deklarationer pd deras biogddsel. Detta
inneholl 0,5 kg P/ton och 0,01 gram Cd/ton (augusti 2010) eller 0,6 kg P/ton och 0,01 gram
Cd/ton (medelvérde for augusti 2009-augusti 2010) vilket ger kvoter pd 20 respektive 16,6 mg
Cd/ kg P.
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For ar 2008 finns 1 en databas hos Avfall Sverige data pa anvind méingd biogddsel for olika
anldggningar samt vilka kadmium och fosforhalter godslet haller. Den totala méngden bio-
gddsel fran de rapporterande anlédggningarna var dé cirka 300 000 ton. Om man utgar frén att
man gddslar med maximalt 100 kg ammoniumkvéve (NH4-N)/ha eller max 22 kg P/ha (som
generellt dr de utgangspunkter som en jordbrukare har) kan man fréan tillganglig data f6r 2008
gora foljande berdkning (pers. kom. Ola Palm, Institutet for jordbruks och miljoteknik, berdk-
ning baserad pé data fran Avfall Sveriges databas): Den totala méngd som anvéndes inom
jordbruket och dér det gar att berdkna en areal dr cirka 300 000 ton och den trolig areal som
gddslats med biogddsel enligt ovan (antingen 100 kg NH4-N/ha eller 22 kg P/ha) blir da 12
390 ha. Den totala mingden fosfor och kadmium i biogddsel som anvéndes i jordbruket blir
da 214 ton respektive 3,0 kg. Kadmium per tillford fosfor i den biogddsel som anvéndes 1
jordbruket och med forutséttningar enligt ovan blir da 14,1 mg Cd/kg P och den arliga till-
forda méngd kadmium per areal dir produkten anvénds blir enligt forutsittningar ovan 0,24 g
Cd/ha.

Om man anvénder de ovanstiende siffrorna for 2008 och rdknar om med den méngd bio-
gddsel som anvindes 2009 fir man att den totala drliga tillférda kadmiumméngden till jord-
bruk okat till (3,0*0,97*500 000/300 000) 4.9 kg.

Gronkompost tillverkas av kéllsorterat park- och tridgérdsavfall och biokompost tillverkas av
kallsorterat matavfall fran hushall och restauranger som blandas med strukturmaterial, oftast
gronavfall. Slutprodukten ska uppfylla stéllda krav pa kvalitén for att bli godkénd. Det inne-
bar att den inte far ha kadmiumbhalter 6ver 1 mg Cd/kg torrsubstans. Det finns inga riktvirden
for kadmiuminnehall per fosfor. Lantmannen Lantbruk salufor en serie biologisk vixtniring
(Biofer) for ekologiskt jordbruk. Dessa ér baserad pd animaliska biprodukter fran slakterier
och livsmedelindustri och innehéller kadmiumhalter mellan 0,56 och 31 mg Cd/kg P
(Lantménnen Lantbruks webbplats b).

7.4.5 Kalk

Kalk pd den Svenska marknaden idag innehaller cirka 0,4 mg Cd/kg CaO. Under de senaste
fem &ren har den arliga medelgivan av kalk till akermark varit cirka 40-50 kg/ha det vill sdga
idag tillfors dkermarken arligen cirka 0,020 g Cd/ha med kalk. Det finns en rekommendation
om en hogre arlig dos av kalk, vilket kan innebéra att vi idag kalkar for lite. Kalkningen, och
darmed kadmiumtillférseln med denna, kan dérfor eventuellt 6ka i framtiden (bilaga 4).

Forséljningen av kalkprodukter for jord- och tradgardsbruket uppgick till cirka 105 000 ton
kalciumoxid (CaO) i hela riket under 2008 (SCB, 2009). Detta skulle innebéra en total kad-
miumtillforsel till jord- och tradgardsbruket med kalk pa 105 000 (ton) * 0,4 (g/ton) = 42
000g Cd= 42 kg kadmium

7.4.6 Sammanfattning, tillforsel av kadmium via jordbruket

I tabell 3 nedan sammanfattas de uppgifter som refereras ovan och de grova uppskattningar
som hér gjorts. Har bor man ha i atanke att detta anger bruttotillférseln med de olika killorna.
Enligt tabellen nedan kan man se att anvéindningen av stallgddsel ger den storsta mangden
tillford kadmium. Det har inom detta uppdrag inte gjorts ndgon kvantitativ berdkning av hur
mycket av det som ldggs pad med organiska gddselmedel som dr en atercirkulation av markens
kadmium och hur mycket som dr en nettotillforsel till ekosystemet, eftersom de nddvéndiga
uppgifterna for en sddan berékning inte hittats. For kalk och mineralgddsel ar allt tillskott en
nettotillforsel. Denna grova sammanstéllning visar att tillforseln av kadmium med kalk ar
mindre n tillforseln med mineralgddsel per areal ddr de anvédnds, men totalt sett tillfors jord-
bruksmarken idag ungefdr lika mycket kadmium med kalk som med mineralgddsel.
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Tabell 3: Sammanstéllning av tillforsel av kadmium till akermarken i Sverige med olika
jordbruksprodukter. Observera att flera av dessa siffror ar grova uppskattningar. Fér underlagsdata
se avsnitt 7.4.1-7.4.5.

Kélla/produkt Kadmium per Arlig tillférd mingd kadmium per | Total &rlig méngd tillford
tillford fosfor’ areal dér produkten anvénds kadmium i jordbruket
mg Cd/kg P g Cd/ ha kg Cd

Mineralgédsel | 6 0,06 47-71°

Slam 30 0,30-0,75 46

Stallgodsel 8-15° 0,17-0,34 204-380

Biogddsel 14 0,24 49

Kalk Ej relevant 0,02 42°

7.5 Belastning fran Sverige pa haven

Overvakning av den svenska belastningen pé havet via véra storre vattendrag har pagatt i ett
40-tal &r. Belastningen pd havet berdknas med hjilp av de haltuppgifter som tas fram inom
overvakningsprogrammet “Flodmynningar”, samt vattenforingsuppgifter fran SMHI
(Sveriges Lantbruksuniversitets webbplats - Nationell 6vervakning av belastningen pa havet).

Trots att emissioner fran punktkéllor (7.2), deposition (7.3) och tillforseln via jordbruket (7.4)
minskat markant under de senaste artiondena verkar den totala belastningen pé haven inte
minska pd samma sétt. Belastningen av kadmium frén floderna var mycket stor till Botten-
viken under mitten av 80-talet men minskade markant i detta omrade i slutet av 1980-talet.
Hela belastningen pa haven fran Sverige har sedan 1990 pendlat kring ett medelvirde pa 2,25
ton per ar (figur 13). For vissa lin (sdrskilt Skane) med avrinning till Ostersjon och Kattegatt
kan man snarare se en 6kning under de senaste aren (SLU:s webbplats). Kadmium é&r latt-
rorligt i marken och den édrliga méngden som transporteras till havet ar starkt korrelerad till
maéangden vatten som rinner ut till havet det aktuella &ret. Utdver den variation som detta
orsakar kan ingen minskning dver tiden av mangden kadmium som nér havet ses sedan borjan
av 1990-talet (Naturvardsverkets webbplats — Utslédpp som nér havet).

HELCOM har berédknat att avrinningen frén Sverige stod for 5 procent av den totala vatten-
burna belastningen pa Ostersjon ar 2004 (HELCOM, 2007) .

3 Typisk halt

* Baserat pa uppgifterna for 2007-2009.

> Spannet representerar medelvirden for svingodsel respektive notgodsel.
% Siffran giller totalt for jord- och tridgardsbruk.
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Figur 13 Totalbelastning fran svenska floder till haven, redovisat som variation kring
periodmedelvéarde for 1986-2009. Data har tagits fram inom ramen fér den Nationella
miljé6vervakningen och finns tillgangliga pa Sveriges Lantbruksuniversitet
http://www.slu.se/sv/fakulteter/nl/om-fakulteten/institutioner/institutionen-for-vatten-och-
miljo/datavardskap/belastningen-pa-havet/.

8. Halter i jordbruksmark och groda
8.1 Jordbruksmark

Kadmiumbhalten i marken varierar naturligt i landet. Kadmiumbhalter 6ver genomsnittet i
matjorden (det plojda skiktet) ir vanligast i Skane, speciellt pa Osterlen, i lerjordsomradena i
Ostergdtland och Milardalen samt i Jimtland, medan skogs- och mellanbygder i inlandet och
langs Norrlandskusten oftast har lagre halter an genomsnittet (Eriksson 2009). En tydlig sam-
variation mellan matjordens och alvens (jordskiktet under matjorden) halter indikerar att mer-
parten av matjordens kadmiuminnehall beror pa den naturliga halten i modermaterialet. De
hogsta halterna 1 matjord ar ofta kopplade till forekomst av alunskiffer i modermaterialet
(Eriksson, 2009).

Kadmiumbhalterna i jordbruksmark 6kade med cirka 33 procent pa 1900-talet fram till 1990
och den storsta delen av tillskottet (som hogst runt 1980) berdknades komma frén
fosforgddsel-medel. I dagsldget tycks balans generellt rida mellan tillskott och utforsel 1
marken sa att kad-miumhalterna inte dkar langre (bilaga 4).

Inom Miljo6vervakningsprogrammet “Yttickande rikskartering av dkermark” utfors’ mét-
ningar av bl.a. kadmium i akermark. En forsta provtagning genomfordes huvudsakligen under
aren 1994-95 och innefattade matjordsprov fran 3100 provpunkter fordelade 6ver landets
akermark. Under aren 2001-2007 utférdes en ny provtagningsomgang (omdrev) omfattande
2000 provplatser, dir det togs matjordsprov fran i princip en fjardedel av provplatserna vid
varje tillfélle. Ingen signifikant trend, med avseende pé tiden, kunde noteras i jordens kad-
miumbhalter mellan de olika provtagningsomgéangarna (Eriksson et al., 2010). I den senare
provtagningsomgangen varierade medelhalterna respektive 90:e percentilerna for olika pro-
duktionsomraden mellan 0,21-0,29 respektive 0,23-0,49 mg Cd/kg. Enligt statistiken upp-
miittes ligst halter i Ovre Norrland och hdgst i Gotalands mellanbygder (SLU:s databas dver
Akermarksinventeringen).

8.2 Groda

Innehéllet av kadmium varierar mellan grodor. Dels beror det pa grodornas forméga att ta upp
kadmium, dels pd hur mycket kadmium jorden innehaller. Dessutom tar olika sorter av
samma grdda upp olika mangd kadmium. Till exempel har undersdkningar indikerat att
potatissorten Bintje hade generellt nagot hogre innehall av kadmium én till exempel King

7 Utford av Biogeokemigruppen vid Institutionen for mark och miljé, SLU, Uppsala.
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Edward. Detta har bidragit till att odlingen av Bintje har minskat idag. Lantbrukarnas Riks-
forbund, LRF, har verkat for utvecklingen av nya sorter av spannmél och andra grodor dér
man véljer ut de sorter som tar upp mindre miangder kadmium &n tidigare. Inom kvalitet-
sakringsprogrammet Svenskt Sigill har det ocksd varit mojligt att genom provtagning av mark
och grdoda styra odlingen pa garden pa ett sddant sitt att kadmiumhalterna i grédan har
minskat (LRF webbplats).

Inom “Yttackande rikskartering av akermark™ (se 8.1) har halter av kadmium métts 1 kirnprov
frén hostvete, varkorn eller havre (sammanlagt 1100 prover).

Halterna av kadmium varierar geografiskt vilket kan bero pa jordens sammanséttning men
dven val av groda (bilaga 4). Det geografiska monstret i kadmiumbhalt &r ungefér detsamma
for vete och korn, dock med betydligt 14gre halter i korn. Generellt ar halterna hégst i Ostra
Mellansverige och i Skane och ldgst i Véstergotland och i mellan- och skogsbygderna (figur
14). Havre foljer samma monster forutom att kadmiumhalterna i Skéne tenderar att relativt
vara ldgre i denna groda @n i de andra. Detta beror troligen pa att upptaget i havre 1 hogre grad
an 1 de andra styrs av pH. Upptaget minskar med 6kande pH och blir darfér mindre i havre
fran Skane eftersom manga jordar dér har en naturlig kalkhalt. (Eriksson et al. 2010, bilaga 4).
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Figur 14 Kadmium i hostvete och havre. Data fran omdrev 1 och 2 sammanslagna. Antal varden ar
897 for vete och 437 for havre (Bild fran Eriksson et al., 2010).

Halter i groda visar stora mellandrsvariationer. Dessa kan bero pa viderforhallanden men
ocksé pa olika genetiskt ursprung for utsddet. Data tyder dock pa att halterna gick upp i groda
fram till mitten av 1980-talet och att de sedan kan ha minskat ndgot under 1990-talet. Denna
trend stdds av halter uppmatta vetem;jol under 1983-1997, dér halterna gick upp under forsta
delen av perioden och dérefter minskade. Efter 1997 uppvisar halter i vetemjol ingen generell
Okning eller minskning med tiden (bilaga 4).

Upptaget av kadmium i groda paverkas av jordens sammanséttning. I Sverige har vi generellt
ndgot surare jordar, storre mangd organiskt material och lerrikare jordar &n 1 Centraleuropa.
Hur organiskt material paverkar tillgdngligheten av kadmium &r en komplex fraga och det ar
dérfor svart att dra generella slutsatser angéende effekten av en relativt storre méngd organiskt
material 1 svenska jordar. Hogre halt av lera antas immobilisera kadmium, men det saknas
faststdllda samband mellan lerinnehdll och upptag i véxter. Jordens pH dr dock en viktig
faktor som paverkar 16sligheten/tillgangligheten av kadmium. Det relativa upptaget i vaxter,
jamfort med halten i marken, tycks 6ka vid minskat pH. I svenska jordar dr pH cirka en enhet
lagre dn 1 Centraleuropa, vilket skulle stimulera upptaget av kadmium fran jord till groda. En
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indikation pa att upptaget av kadmium é&r relativt sett storre frdn svenska jordar &r att halterna
av kadmium i vete &r jimforbara mellan Sverige och manga andra europeiska lander, trots att
halterna i svensk matjord &r relativt laga (bilaga 4).

9. Halter i miljon - miljoexponering
Nedan foljer ett utdrag av data som presenteras mer i detalj 1 bilaga 5.
9.1 Sjoar och vattendrag

Kadmium maits med jaimna mellanrum 1 svenska sjoar inom den Nationella Miljéover-
vakningen. I drygt 1000 sjoar mattes halterna 1995 i den sa kallade “riksinventeringen” och
2009 i den s.k. ”Omdrevsinventeringen” (Sveriges Lantbruksuniversitets webbplats — sjoar
och vattendrag). Medelkoncentrationerna var 0,038 ug Cd/l &r 1995, och 0,023 pg Cd/l ar
2009. Motsvarande 90:e percentiler var 0.07 och 0.05ug Cd/1 (figur 15).
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Figur 15. Halter av kadmium i svenska sjoar 1995 och 2009 (OBS olika skala pa x-axeln). Data har
tagits fram inom ramen for den Nationella miljé6vervakningen och finns tillgangliga pa Sveriges
Lantbruksuniversitet; http://infol.ma.slu.se/db.html.
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Halten av kadmium méts ocksé i 50 flodmynningar varje manad. Under 2009 varierade
medelhalten i dessa mellan 0,005 (Delangersén, Iggesund) och 0,045 pg Cd/l (Eman,
Emsfors). I 29 mindre s.k. "Trendvattendrag” var arsmedelvirdena 0,005-0,30 ug Cd/l ar
20009.

Kadmiumbhalter i sediment har métts inom den nationella miljodvervakningen i hundra
referenssjOar 1 Sverige (provtagna 1998-2000) och 1 16 stationer i haven runt Sverige.
Halterna i sjosedimentens ytlager varierade mellan 0,12 och 4.54 mg Cd/kg torrvikt och var
hogst 1 sodra Sverige. Halterna 1 sedimentens ytlager (0-2 cm) var i de flesta fall nagot lagre
an 1 skiktet under (2-4 cm) vilket indikerar att tillférseln minskat under de senaste decen-
nierna. Jaimfort med djupare sedimentlager (30 cm) var dock halterna 1 ytlagret betydligt
forhojda. I havssedimenten (provtagna 2006) varierade halterna i ytlagret (0—2 cm) mellan 0,1
och 3,7 mg/kg torrvikt. I en studie fran 17 stationer 1 Stockholmsomrédet (2006) varierade
halterna i ytskiktet mellan 0,4 och 4,0 mg/kg torrvikt.

9.2 Mark

For halter 1 jordbruksmark se avsnitt 8.1.

Halter av kadmium i skogsmark fran cirka 220 markprofiler fordelade 6ver Sverige rappor-
terades av Alriksson (2001). De flesta proverna var tagna 1993-95. I férnan (O-horisonten)
varierade halterna mellan 0,2 och 2,17 mg/kg med en median pa 0,69 mg/kg. I de dversta 5
cm av mineraljordens anrikningsskikt (B-horisonten) var halterna cirka 10 ganger lagre;
0,005-0,22 med medianen 0,062 mg/kg.
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9.3 Biota

Kadmiumbhalterna i lever fran abborre och stromming 6kade markant under slutet av 1980-
talet och har sedan minskat igen och &r nu tillbaka pad samma nivé som i borjan av 1980-talet.
Halterna i lever fran fisk fingad pa vistkusten #r ldgre &n halterna i fisk fran Ostersjon. Det
finns indikationer pé att kadmiumhalterna i lever fran tdnglake okat under de senaste aren
sévil vid vistkusten, dir halterna var ligst, som i Ostersjon och Bottenviken. Halterna i
bldmusslor 4r ocksé hogre i Ostersjon #n pa viistkusten. Halterna i insjofisk varierar dver
landet och har inte minskat under de senaste aren. Halterna i fisk frén de stora sjoarna ar
forhéllandevis l1aga.

Kadmium mattes i lever och njure hos dlg fran olika delar av Sverige 1996-2004. I prov fran
Jamtland gick halterna ned under perioden medan de gick upp i prov frdn Vistmanland. I prov
fran Orebro lin observerades ingen signifikant trend under perioden. Medelhalterna i njure,
over hela perioden, varierade mellan 0,9 och 3,4 mg/kg farskvikt for de olika regionerna, men
skillnaderna mellan regionerna var inte signifikanta. Kadmium har ocksé matts i muskel och
lever fran renar i nordvéstra Sverige under 1987-2005. Under denna period har halterna mins-
kat 1 muskel, men denna nedgéng aterspeglas inte i leverhalterna. Kadmium i njure hos starar
fdngade pd Gotland har gétt ned markant mellan 1980/90-talet (medel 0,42 mg/kg farskvikt)
och 2006 (medel 0,02 mg Cd/kg farskvikt). Kadmium har ocksd matts i njure fran 421
skanska grisar, slaktade 1998-99, och fran 67 kor fran Ojebyn, slaktade 1995-99. Halterna
varierade mellan 0,04 och 0,68 mg/kg farskvikt i grisarnas njurar och i kornas njurar var
kadmiumkoncentrationen 0,14-0,78 mg/kg farskvikt.

10. Miljoeffekter

Det som presenteras under detta avsnitt dr ett sammandrag av det som sammanstillts 1 under-
lagsrapporten om miljoeffekter av kadmium (bilaga 5). Som underlag for berdknade effekt-
nivaer har framforallt den omfattande riskbedomning av kadmium som gjordes inom EU:s
program for existerande amnen (EU RAR) anvints. De effektnivier som togs fram i den
svenska riskbedomningen frdn 2000 (Keml, 2000), baserades pa farre studier och far darfor
anses som mer osdkra virden och anvinds dérfor inte hér.

10.1 Vattenlevande organismer

Kénsligheten for kadmium tycks bland vattenorganismer vara storst hos evertebrater
(kraftdjur, insekter etc.), ndgot lagre for fiskar och minst for alger och hdgre vixter.

Toxiciteten av kadmium &r beroende av biotillgidngligheten av densamma. Biotillgéngligheten
1 sin tur dr beroende av hur kadmiumjonen binds till olika komplex, vilket bestims av vattnets
kemi. Det finns inget klart samband mellan pH och toxicitet av kadmium 1 naturliga vatten,
beroende pé motverkande mekanismer. (Under sura forhallanden blir kadmium mer mobilt
och halterna av 16st biotillgidngligt kadmium kan 6ka 1 ett vatten. Samtidigt innebér surare
forhallanden 6kad koncentration av vitejoner som konkurrerar med kadmiumjonerna om
bindningsplatserna pa biologiska membran.) Vattnets hardhet dr den faktor som tycks paverka
biotillgéngligheten av kadmium tydligast vilket leder till hogre toxicitet i mjuka vatten.
Dérfor togs det i EU RAR fram kritiska nivaer (hogsta halt dar effekter inte forvéntas, samma
som EQS inom ramdirektivet for vatten) for akvatiska organismer for 16st kadmium 1 vatten
som var beroende av vattnets hardhet. Dessa kritiska nivéer var 0,08-0,25 pg Cd/l dér det
lagsta vérdet géller for mjuka vatten (< 50 mg CaCOs/1) och det hogsta for hdrda vatten (>200
mg CaCOs/1). For marina organismer har en kvalitetsstandard (QS) tagits fram inom arbetet
med ramdirektivet for vatten; QS = 0,21 ug Cd/l.
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Kadmium ackumuleras 1 sediment och darfor har det ocksa tagits fram en kritisk niva for
kadmium i sediment for organismer som lever i och av sedimenten. Detta kritiska varde ar 2,3
mg Cd/kg (torrvikt) sediment. Eftersom biotillgiangligheten av kadmium i sediment &r mycket
beroende av syreforhallandena i desamma maéste detta virde dock anvindas med eftertanke da
toxiciteten kan overskattas under vissa forhallanden (se underlagsrapporten). Det finns inget
kritiskt virde framtaget sédrskilt for marina miljoer.

10.2 Markorganismer

Nar det géller effekter pa organismer som exponeras for kadmium i jord tyder laboratorie-
tester pa att véixter r mest kdnsliga medan mikroorganismer och evertebrater (maskar,
insekter etc.) verkar vara ungefar lika kénsliga for kadmium. I EU RAR bestdmdes for
markorganismer den kritiska kadmiumbhalten i jord till 1,2-2,3 mg Cd/kg (torkad) jord. Man
lyckades inte ta fram entydiga samband mellan toxiciteten och markkemin, men hogre
toxicitet (ldgre kritisk nivén i spannet ovan) &r troligen mer relevant for sura och/eller
lerfattiga jordar.

10.3 Daggdjur och faglar

Kadmium missténks orsaka effekter pd njurar hos ddggdjur. I EU RAR bestdmdes den kritiska
niva av kadmium i njure, dver vilken effekter kan upptriada, till 400 mg Cd/kg torrvikt. I till
exempel studier pd sorkar, fingade i ndrheten av Ronnskérsverken pa 90-talet, pavisades
effekter pa njurarna och den faktor som bast kunde forklara dessa effekter var kadmiumhalten
1 njurarna. Men effekterna uppstod vid halter i njurarna som var mycket ldgre &n den kritiska
nivan ovan, vilket eventuellt kan forklaras av att djuren samtidigt var utsatta for exponering
for andra metaller.

Déggdjur och figlar exponeras for kadmium framfor allt via fodan. Dérfor bestimmer man
utifrén laboratoriestudier den l4agsta halten i foda som ger toxiska effekter pa ddggdjur och
faglar. Med hjélp av halter i miljon (vatten och jord) och biokoncentrationsfaktorer i f6do-
organismerna kan man sedan berékna forvintad halt i fodoorganismer, att jamfora med det
kritiska virdet for fodointag.

I EU RAR bestdmdes den kritiska kadmiumhalten i foda till 0,16 mg/kg farskvikt, men
forfattaren till EU-riskbedomningen angav flera skal till att detta viarde troligen var for lagt.
Négot troligare hogre virde kunde dock ej preciseras.

Déggdjur och figlars foda kan utgoras av till exempel maskar, insekter, musslor och fiskar.
Kadmiumbhalten i dessa foédoorganismer dr beroende av kadmiumbhalten i miljéon. Om man
berdknar halten 1 fisk vid den halt som berdknats kunna ge effekter pa lagre vattenorganismer
blir halten i fisk ldgre dn den kritiska halten i foda for ddggdjur och faglar. Detta tyder pa att
risken for effekter hos dessa djur, exponerade via den akvatiska néringskedjan, ar 1dgre an
risken for vattenorganismerna sjdlva.

GOr man samma berdkning for ndringskedjan jord —markorganismer—daggdjur/faglar far
man ett omvint resultat, det vill sdga effekter pa ddggdjur och faglar, via niringskedjan, upp-
trader vid betydligt lagre halter i marken &n nér effekter pa markorganismerna upptréder.

Nér sadana berdkningar gjordes for bakgrundshalter i jord forutspaddes effekter pa ddggdjur
och faglar redan vid dessa laga jordhalter. Déarfor ansdg forfattarna till EU RAR att detta be-
rakningssitt verkade orimligt for kadmium och forsokte istéllet beskriva ett samband mellan
halter 1 jord och halter i njurar hos mindre ddggdjur. Utifran detta samband bestdmdes den
kadmiumbhalt i jord vid vilken halten i njure skulle nd den kritiska nivan for effekter i njuren.
Den kritiska halten i1 jorden berdknades 1 detta fall till 0,9 mg Cd/kg (torrvikt) jord, vilket &r
lagre &n den kritiska halten for markorganismer. Det sitt pa vilket denna njurbaserade kritiska
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jordhalt tagits fram har dock kritiserats hart av kommissionens vetenskapliga kommitté
(CSTEE 2004). Nedan gors jamforelser med bade dessa berdkningssitt, men pa grund av
tveksamheterna kring metodiken dras inga definitiva slutsatser om effekter utifrdn dessa
jamforelser.

11. Miljoeffekter vid dagens kadmiumexponering

Nar halter av kadmium i svenska vatten jamfors med kritiska nivaer (EQS) visar det sig att de
kritiska vdrdena dverskrids 1 cirka 1 procent av proven fran de cirka 1000 sjoarna i
”omdrevsinven-teringen” och 1 rapportering angaende sjoar fran vattendistrikten. For
kustvatten rapporterar vattendistrikten att cirka 7 procent av proven dverskrider EQS. Detta
innebdr att risken for att effekter av kadmium upptrader 1 dessa vatten dr sa stor att
riskreducerande dtgirder ar moti-verade. Nér det giller de sedimentinventeringar som
refereras till 1 avsnitt 9.1 6verskrids EQS for sedimentlevande sétvattensorganismer i cirka 20
procent av referenssjoarna och i Stockholmsomradet, samt i cirka 30 procent av de marina
stationerna. Eftersom EQS-vérdet dr framtaget for s6tvattensorganismer och under
forhallanden dér biotillgdngligheten av kad-mium ér relativt stor kan den beridknade risken for
effekter vara overskattad (pa grund av ldgre biotillgénglighet 1 de provtagna sedimenten) eller
underskattad (om marina/brackvattensorga-nismer ir kénsligare &n sotvattensorganismer).

P& senare tid har det observerats effekter pa immunsystemet hos tanglake, vid olika referens-
stationer vid den svenska kusten, forekomsten av denna effekt samvarierar med kadmium-
koncentrationen i tanglaken. Effekterna 1 tdnglake liknar de som observerades i fisk vid en
batterifabrik i Eman pa 1980-talet och som misstiinktes orsakas av kadmiumexponering. Aven
vissa biokemiska fordndringar som observerats 1 abborre fran ostkusten misstanks kunna ha
samband med kadmiumexponering.

Data fran 1990-talet pa kadmiumbhalter 1 skogsmarkens marlager indikerar att det kan finnas
vissa omraden ddr halterna dr s hoga att de 6verskrider kritisk halt for effekter pa
markorganismer.

Kadmiumbhalterna i svensk dkermark, medelvérde sédvil som 95:e percentilen av data (avsnitt
8.1), dr vél under den kritiska halten 1 jord baserat pa effekter pa markorganismer och dven
den kritiserade kritiska halt i jord som relaterats till njureffekter hos ddggdjur.

I bilaga 5 gors ett forsok att berdkna effekter pa vattenorganismer som kan utsittas for
kadmium i drdneringsvatten frn dkrar i Sverige, baserat pé halter i drédneringsvatten pa 0,15-
0,25 pg Cd/l. I berdkningarna gors vérsta fall scenarier dir det antas att allt kadmium 1
draneringsvattnet ndr ett ndrliggande vattendrag med liten utspiddning (1:2) 1 det mottagande
vattnet. Olika bakgrundshalter i det mottagande vattnet, 0,005 — 0,065 pg Cd/l, och olika
hardhet i vattnet antas. Det visade sig att vattnets hardhet och den antagna halten i dridnerings-
vattnet hade storst betydelse for bedomningen. For mjuka vatten (<50 mg CaCOs/1) resulte-
rade berdkningen 1 att risk for effekter pé vattenorganismer forelag i det nérliggande vatten-
draget, for alla antagna koncentrationer 1 dridneringsvattnet. I lite hardare vatten (>100 mg
CaCOs/1) berdknades risk endast for scenariot med hdgst koncentration i bade drénerings-
vattnet och 1 den mottagande bécken.

Om man utifrdn dagens medelhalt i svensk akermark (0,24 mg/kg torrvikt) och bioackumula-
tionsfaktorer for mask (4-32 kg torrvikt/kg farskvikt) berdknar halten 1 mask, far man halter
pa 0,96-7,68 mg Cd/kg farskvikt. Denna berdknade halt i mask &r mycket hogre an det
kritiska virdet for kadmiumhalt 1 f6da 6ver vilken effekter skulle kunna uppsta hos faglar och
ddggdjur som éter dessa maskar. Detta skulle indikera att det finns risk for att dagens kad-
miumbhalter i mark skulle orsaka effekter pa djur som livnér sig pa markorganismer, men
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eftersom detta berdkningssétt har kritiserats kravs ett sdkrare dataunderlag innan definitiva
slutsatser kan dras angaende denna exponeringsvig.

De uppmitta koncentrationerna i njure hos élg, ren, gris och ko (avsnitt 9.3) &r langt under
den kritiska halt i njure nér effekter forvintas kunna uppsta.

12. Slutsatser for halsa och miljo - dagens situation

I genomforda studier och den pagdende miljodvervakningen ser vi att delar av den svenska
befolkningen redan idag exponeras for kadmium i sédan omfattning att urinhalterna av kad-
mium &verstiger 0,5 pg/g kreatinin, en mindre andel av befolkningen har halter som ligger
over 1,0 pg/g kreatinin (avsnitt 5.5). Detta betyder att vi redan idag har en kadmiumexpo-
nering som paverkar forekomsten av benskdrhet och paverkar njurfunktionen.

Punktutslépp och deposition av kadmium har minskat markant sedan slutet av 1980-talet.
Detta avspeglades i1 belastningsberdkningar fran slutet av 1980-talet. Dérefter har belastningen
pa havet inte minskat utan snarare kat i vissa avrinningsomraden. Aven halter i tinglake dkar
nagot pa ndgra referensstationer i landet. De kadmiumhalter som uppmiéts 1 véara sotvatten och
kustvatten &r i cirka 1 procent respektive 7 procent av proverna sa hoga att effekter pa vatten-
organismer kan uppkomma. Det finns dven indikationer att kadmium kan ha orsakat 6kande
effekter pd immunsystemet hos tanglake fran flera stationer vid den Svenska kusten. De halter
som uppmitts 1 skogsmarkens dversta skikt overskrider i vissa fall halter som innebér en risk
for effekter pd markorganismer, medan halterna i jordbruksmark inte innebér risk for mark-
organismer. Eventuellt kan kadmiumhalterna 1 jordbruksmark orsaka effekter pa vatten-
levande organismer i sma vattendrag som gransar till akrar.

De atgirder och restriktioner for anvandning/utslapp av kadmium som genomforts sedan
mitten av 1980-talet har lett till att vi idag generellt inte har en 6kning av kadmiumbhalterna i
akermark vid anvdndning av dagens mineralgddsel. P4 marker som endast gddslas med av-
loppsslam eller stallgddsel sker en liten (0,015-0,069 respektive 0,005-0,015 procent, be-
raknat 1 Uppsalatrakten) arlig ackumulation av kadmium. Eftersom biogddsel innehaller
kadmium halter (relaterat till mangden fosfor) i samma nivaer som stallgddsel och slam sker
troligen en viss ackumulation av kadmium dven i marker som godslas med biogddsel.

12.1Sarskilda svenska forhallande
Benskorhet (osteoporos)

Forekomsten av osteoporos ér sérskilt hog i Sverige, Norge och pa Island. Incidensen
hoftfrakturer &r till exempel sju gadnger hdgre i norra Europa jamfort med 6vriga Europa.
Statistiskt sett kommer varannan svensk kvinna och var fjarde man att drabbas av frakturer pa
grund av benskdrhet under sin livstid. Dessa frakturer utgor ett allvarligt folkhdlsoproblem
och orsakar bade stort lidande och avsevérda privata och samhéllsekonomiska kostnader.
Kostnaden for frakturer pa grund av benskdrhet har berdknats till 15 miljarder kronor/ar
(Borgstrom et al., 2007). Med en dldrande befolkning blir detta av dn storre betydelse for
folkhélsan. Da kadmium &r en av de faktorer som orsakar benskorhet behdver kadmium-
exponeringen minska.

Diabetes

Sverige har ndst hogst insjuknande grad (incidens) av typ I diabetes i véarlden (Karvonen et
al., 2000). Cirka 40 000 svenskar har typ I diabetes. Typ I diabetes utvecklas ofta i unga ar.
Diabetiker med typ I diabetes riskerar att utveckla foljdsjukdomar till exempel njursvikt i
hogre grad dn typ II diabetiker. Det dr darfor sdrskilt viktigt for denna grupp att onddig
belastning pa njurarna, sisom belastning genom kadmiumexponering, undviks.
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Mjuka vatten

Sétvatten 1 Nordeuropa dr generellt mjukare &n i Mellan- och Sydeuropa. Mjukare vatten
innebdr hogre biotillganglighet av kadmium och darfor uppstar effekter vid lagre halter 1
mjuka vatten an i hdrdare vatten. Detta innebdr att svenska vatten, pa grund av den mjuka
karaktéren, kan anses som mer kansliga for tillforsel av kadmium.

Jordbruksmark

I Sverige har vi generellt nagot surare jordar, storre mangd organiskt material och lerrikare
jordar dn i Centraleuropa. Jordens pH dr en viktig faktor som paverkar 16sligheten/tillgénglig-
heten av kadmium. Det relativa upptaget 1 viaxter, jamfort med halten 1 marken, tycks 6ka vid
minskat pH. I svenska jordar &r pH cirka en pH-enhet ldgre dn i Centraleuropa, vilket skulle
stimulera upptaget av kadmium frén jord till gréda. Halterna av kadmium i vete dr ocksa
jamforbara mellan Sverige och manga andra europeiska lénder, trots att halter i matjord ar
relativt sett lagre 1 Sverige. Bada dessa aspekter indikerar att upptaget av kadmium fran jord
till groda kan vara nagot hogre 1 Sverige 4n i Centraleuropa (bilaga 4).

13. Prognos — kadmium i jord och groda vid olika
kadmiuminnehall i godsel

Av avsnitt 4-6 ovan dras slutsatsen att det ur hélsoperspektiv dr nddvindigt att minska expo-
neringen for kadmium. Exponeringen for kadmium beror mycket pa intaget av kadmium via
fodan, framfor allt fran véxtriket, darfor behdver halterna i groda minska. Langsiktiga falt-
studier indikerar att l1dng tids anvdndning av mineralgédsel med hoga kadmiumhalter leder till
Okade halter i jord, och sannolikt &ven i groda. D& behovet av fosforgddsling kommer besté
under 6verblickbar tid bedomer vi att inget scenario dir kadmium i jord dkar 6ver tid &r
acceptabelt, ur ett hilsoperspektiv dr det nddvindigt med minskande halter. For att kunna
svara pa frdgan om behovet av ett dndrat gransvirde for kadmium 1 mineralgddsel har WSP
(bilaga 4) uppskattat vad som hidnder med kadmiumhalten i mark och gréda vid olika kad-
miumbhalter 1 godselmedel. Det mesta som redovisas 1 avsnitt 13.1-13.4 dr sammanfattat fran
bilaga 4.

13.1 Scenarier

I bilaga 4 beskrivs hur massbalansmodeller for matjorden uppréttats som hanterar tillforsel av
kadmium via atmosfarsdeposition, mineralgddsel och kalk, och utforsel via utlakning och
skord. Upptaget av kadmium fran jord till groda beror inte bara pa halten 1 jord, utan ocksa pa
till exempel pH och halten organiskt material i jorden, samt typ av groda. Eftersom flera av
dessa faktorer varierar regionalt 1 Sverige, simulerades scenarier for de fem storsta produk-
tionsomradena i Sverige (Gotalands sodra slittbygder Gss, Gotalands mellanbygder Gmb,
Gotalands norra slattbygder Gns, Svealands slattbygder Ss och Gotalands skogsbygder Gsb).
Detta mojliggdr att omradden som &r mer kénsliga for 6kad tillforsel av kadmium kan identi-
fieras. Halter i jord och gréda efter 100 ars anvéindning av mineralgddsel berdknades med
modellen. Eftersom en 6kad anvéndning av slam i jordbruket har observerats och att slam till
viss del kan komma att ersitta en del av mineralgddslet 1 framtiden, samtidigt som en ny lag-
stiftning har foreslagits for kadmiumtillférsel med slam, togs ett antal scenarier med slam som
enda fosforkilla ocksa fram som jimforelse.

Berdkningarna simulerade anvéndning av mineralgddsel med sex olika kadmiumbhalter, for att
belysa betydelsen av kadmiuminnehallet pa utvecklingen av halter 1 jord och groda. Koncen-
trationerna i mineralgddsel varierades fran nuvarande medelniva om 5—-6 mg Cd per kg P till
det hogsta foreslagna EU gransvirdet pa 137 mg Cd/kg P (tabell 4).

54



Tabell 4 Forklaring till de kadmium/fosfor kvoter (mg Cd/kg P) som anvants i berakningarna.
Kvoterna ar ocksa omréknade till den sort som anvéands av kommissionen (EU).

Gransvarde for godselmedel | mg Cd/kg P mg Cd/ kg P,0s

som anvants i modelleringar (den sort som anvands i

EV)
Tidigare svenska gransen for 5 2,2
skatt
Nuvarande haltgaranti for 12 5,2
NPK godselmedel fran
Sveriges storsta tillverkare
Undre gréns i hogsta kadmium | 25 11

klass 1 gddselmedel enl.
Lantméinneng, P & PK finns
bara i denna klass

EU - ldgsta foreslaga 46 20
harmoniserade gransvirde

Nuvarande svenskt gransviarde | 100 44
for forséljningsforbud, samt
ungefir EU:s foreslagna
mellanniva pa harmoniserade
gransvirden (40 mg Cd/kg
P,05=92 mg Cd/kg P)

EU - hogsta foreslaga 137 60
harmoniserade gransvirde

Tvé olika véxtfoljder modellerades, med och utan potatis. I berdkningarna applicerades den
méangd fosforgddselmedel som rekommenderas av Jordbruksverket, vilket innebér olika givor
for olika véxtfoljd och fosforstatus i marken. I Sverige klassas marken efter tillgédngligt fosfor
1 s.k. P-AL-klasser, fran I till V, ddr mark med P-AL klass I har minst tillgdngligt fosfor och
P-AL klass V har mest. Riktlinjerna for fosforgddsling satta for att jordarna ska hamna i klass
III pa sikt. Det dr inte sdkert att det haller i alla 1dgen, man kanske hamnar 1 klass I 1 vissa
situationer. Generellt rader timligen god balans mellan tillforsel och bortforsel av fosfor i
svenskt jordbruk. Inte sdllan forekommer dock 6verdosering pa djurgardar och underdosering
pa spannmaélsgardar. Totalt sett kommer P-gddslingsbehovet troligen inte att minska om
jordarnas produktionsforméga ska upprétthéllas (pers. kom. B. Albertsson, Jordbruksverket).

Dessutom genomfordes liknande berékningar med slam som P-gddsel. De kadmiumbhalter
som antogs for slammet var 35, 25 respektive 17 mg Cd/kg P. Dessa halter motsvarar grins-
vérdet for dagens certifierade slam enligt certifieringssystemet (REVAQ), ndgot under dagens
medelhalt (medelhalten idag dr 29) samt det langsiktiga malet (ar 2025) f6r kadmium i
certifierat slam.

Den giva av fosfor som far ges med slam ar reglerad i forfattningar och beror av fosforstatus i
marken (P-AL klass) dar max 22 eller 35 kg P/ha fér ges pa akrar med 1&g respektive hog fos-

¥ Mineralgddsel for forsiljning klassas i tre olika klasser med avseende pa kadmiuminnehall. Klassen med hogst
kadmiuminnehall har en nedre gréns pa > 25 mg Cd/kg P. Lantménnen Lantbruks webbplats, besokt 2010-12-09
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forstatus. Dessa givor ér 1 de flesta fall hogre én vad som rekommenderas frdn Jordbruks-
verket. For jaimforelsen med mineralgddsel valdes att i modelleringen anvéinda samma
fosforgiva med slam som med mineralgddsel pd de olika jordarna, vilket kan innebéra en
underestimering av den verkliga givan (eftersom man ofta ldgger storre fosforgiva med slam).

Den arliga atmosfériska depositionen har antagits till 0,31-0,39 g/ha, beroende av produk-
tionsomrade. Aven ett scenario dir depositionen antas vara 50 procent av dagens deposition
har modellerats. Den arliga kalkningsmangden antas vara 100 kg CaO/ha. For ovriga
parametrar som lackage, bortforsel via groda och jordarnas sammanséttning se bilaga 4.

13.2 Tillskott av kadmium till jordbruksmark fran deposition, kalk
och mineralgodsel

Figur 15 illustrerar de olika kidllornas del 1 kadmiumtillférseln till jordbruksmark. Vid en
kadmiumbhalt i mineralgddsel pa 5 mg Cd/ kg P (dagens situation) dominerar depositionen,
men redan vid ett kadmiuminnehall 1 godsel av 25 mg Cd/kg P dverskrider tillskottet fran
mineralgddsel den frén depositionen. Kalken stér for endast en liten del av
kadmiumtillskottet.
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Figur 16 Tillskottet av kadmium till jord fran olika kallor i fem produktionsomraden vid tre olika
innehalla av kadmium i mineralgdselmedel (OBS annan skala i understa grafen).(Bild fran bilaga 4)

I figur 16 kan man for tva olika produktionsomrdden utldsa vid vilken halt kadmium (mg
Cd/kg P) som tillskottet fran godslet overskrider tillskottet fran depositionen, vid olika fos-
forstatus (P-AL klass) i jorden. Man ser att i Svealands slattbygder blir tillforseln av kadmium
frdn mineralgddsel storre an tillforseln med depositionen vid halter > 25 mg Cd/kg P. 1
Gotalands mellanbygder, dir fosforstatusen i marken dr hdgre och mineralgddselgivorna
darfor mindre, 6vervager depositionen 1 mark med hogst fosforstatus (P-AL klass IV B) sa
lange kadmiumbhalten i godselmedlet &r < 100 mg Cd/kg P.
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Figur 17 Jamforelse mellan tillskottet av kadmium till jord med deposition (vagrét linje) och
godselmedel (lutande linje) med olika Cd/P kvot (mg Cd/kg P), i tvé olika produktionsomraden. For
de tva omradena beskrivs godsling enligt olika godslingsstrategier beroende pa markens fosforklass
(de olika lutande linjerna.) Observera olika skala pa Y-axeln (Bild fran bilaga 4).

13.3 Modellerade halter i jord
13.3.1 Med mineralgddsel som fosforkalla

Aven om all tillforsel av Cd upphdr, si ér den teoretiska halveringstiden for kadmium i mat-
jord flera hundra ar. Berdkningarna visar att det for ndrvarande rader en ungeférlig balans
mellan tillférsel och bortforsel av kadmium. Om dessa forhéllanden fortgar i 100 &r kan en
viss minskning av matjordens kadmiumhalter forvéntas i vissa regioner. Som mest kan minsk-
ningen uppga till cirka 8 procent (tabell 5). Om depositionen skulle minska till 50 procent av
nuvarande niva skulle, med dagens Cd/P forhallande i mineralgddsel, kadmium halterna 1
jorden minska med bara 2—11 procent péd hundra ars sikt. For bibehdllna halter i jorden skulle
halterna i mineralgddsel da inte fa 6verskridal2—25 mg Cd/kg P.

Om (med dagens deposition) Cd/P i mineralgddsel okar till 25 mg/kg kommer halterna i
matjorden att 6ka med uppemot 8 procent, 1 omrdden med lagre fosforstatus 1 jorden. I
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omraden med mycket fosforrika jordar kan en viss minskning forvintas, eftersom givorna av

fosfor dr laga pé dessa jordar (tabell 5).

Tabell 5 Relativ forandring (%) av kadmiumkoncentrationen i mark efter 100 ars anvandande av
mineralgddsel. Forandringarna ar specificerade for olika kadmiuminnehall (mg Cd/kg P) i

mineralgddsel och P-AL-klasser i jord. Intervallen representerar lagsta och hdgsta beréknade varde

for de produktionsomraden som representeras i varje P-AL-klass. n ar antalet produktionsomraden
dar varje P-AL klass forekommer.

mg Cd/kg P P-AL-klass I | P-AL-klass I | P-AL-klass IVA | P-AL-klass IVB
(n=3) (n=5) (n=5) (n=2)
Vaxtfoljd utan potatis
5 -1-1% -8—-0% 8-(-1)% -8 %
12 1-3 % -6-2% -7-0% -8 %
25 5-8% 3-6% -6-2% -7 %
46 11-16 % 2-13% 3-5% -6 %
100 27-37% 16-29 % 4-11 % -3 %
137 38-52 % 25-40 % 10-16 % 2%
Véaxtfoljd med potatis
5 22-0% S3-(-1)% “4-(-1)% -4 %
12 1-3 % 2-2% 3-0% -4 %
25 5-8 % 1-6% -1-2% -3 %
46 11-16 % 6-12 % 1-6% -2 %
100 28-37 % 18-29 % 8-15 % 0-2 %
137 40-53 % 27-41 % 13-22 % 2-4 %

I intervallet 46-137 mg Cd/kg P berdknas kadmiumhalterna i jord 6ka patagligt pa 100 ars
sikt. Som mest bedoms okningen uppga till cirka 50 procent pa 100 ér.

Upplagringen av kadmium 1 matjord &r hogre i1 jord med 1ag 4n med hog fosforstatus. Denna
aspekt har troligen avgdrande betydelse for de regionala skillnader 1 upplagring av kadmium
som berdknats. I ett 1angre perspektiv kommer dock rekommenderade P-givor i fosforrika
jordar inte att vara tillrackliga for att ersétta den fosfor som bortférs med skord av grodor.
Dagens riktlinjer for gddsling &r satta for att jordarna, i balans mellan tillforsel och uttag, ska
hamna 1 klass III pé sikt. De scenarier som leder till hdgst 6kning av kadmium i jord bor styra
vilka kadmiumhalter i mineralgddsel som kan anvindas uthélligt om man efterstrévar en
minskad kadmiumbhalt 1 all &kermark. Detta skulle innebéra att halten i mineralgédsel bor vara
lagre &n 12 mg Cd/kg P, for att f4 en minskning av kadmium i all &kermark pé lang sikt.

Slam anvidnds som en alternativ killa av fosfor. Detta dr en anvdndning som 0kar och som
delvis kan komma att ersdtta mineralgddsel. Anvindning av slam enligt rddande praxis
orsakar langsiktigt en viss upplagring av kadmium 1 jord, p4 mark som bara godslas med slam
(tabell 6). Detta géller &ven om innehallet av kadmium i slam skulle minska till 17 mg Cd/kg
P. Om slamgivorna istéllet skulle vara i enlighet med nyligen foreslagen lagstiftning (som
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begrénsar tillférseln av kadmium med slam, se 7.4.2) och med samma fosforgivor som
rekommenderats for mineralgddsel, sd skulle en viss 6kning av kadmium i matjord dnda
forvintas 1 omraden dar jordarna har 1aga halter av vaxttillgdngligt fosfor. I omradena med de
laga P-AL klasserna II och III skulle ett slam med kadmiumhalt 35 mg Cd/kg P inte kunna
tillforas enligt rekommenderad fosforgiva eftersom kadmiumtillférseln dé skulle 6verskrida
det foreslagna nya griansvirdet for kadmiumtillforsel med slam (0,55 mg Cd/ha).

Enligt Svenskt Vatten (pers. kom. Anders Finnson) dr maten vi iter, via fekalier och urin, det
enskilt storsta bidraget (33-75 %) av kadmium till de REVAQ-certifierade reningsverken. Om
kadmiumhalterna 1 ménniskans féda minskar kommer dven kadmium i slam att minska.

Tabell 6 Relativ forandring (%) av kadmiumkoncentrationen i mark efter 100 ars anvandande av
slam, for vaxtfoljd utan potatis. Férandringarna ar specificerade for olika kadmiuminnehall (mg
Cd/kg P) i slam och P-AL-klasser i jord. Intervallen representerar lagsta och hégsta berdknade vérde
for de produktionsomraden som representeras i varje P-AL-klass. n ar antalet produktionsomraden.

Scenarios 17 mg Cd/kgP | 25 mg Cd/kg P | 35 mg Cd/kg P

1. Samma P givor som rekommenderas for mineralgddsel och enligt féreslagen
ny lagstiftning for slam

P-AL-klass II (n=3) 2-5% 5-8%

P-AL-klass III(n=5) 5-4% 3-6%

P-AL-klass IVA(n=5) [-7-1% -6-2% -4-3%
P-AL-klass IVB(n=2) | -8% -8% -7%

2. Radande praxis

35kgPha’ yr' o o 0
P-AL klass 11 7% 1% 16%
22 kg P ha-1 yr’' o o 0
P-AL klass II-IV 3% 6% 0%

13.4 Modellerade halter i groda

Baserat pa tidigare undersokningar gérs bedomningen att halter i groda kommer att fordndras
1 ungefdar samma takt som halterna i jord, om kadmium tillf6rs med mineralgédsel (EU RAR,
bilaga 4). Halterna i vete, havre och rag berdknades for de olika modellerade scenarierna for
jord dir de markkemiska egenskaperna forutsitts vara konstanta. Dessa grodor valdes efter-
som de star for en relativt stor del av méinniskans intag av kadmium. Generellt forvéntas
halterna av kadmium i groda att langsamt avta, om mineralgédsel motsvarande dagens kad-
miuminnehall anvinds under langre tid (tabell 7). Om mineralgddsel med nigot hogre kad-
miumhalter anvinds (motsvarande Cd/P=25 mg/kg eller mer) sa forvintas halterna 1 gréda
generellt att 6ka pd langre sikt. Det dr dock beroende av lokal markkemi. I tabell 7 visas den
berdknade 6kningen i groda for varje region och i tabell 8 visas skattade nationella medel-
halter i groda vid olika kadmiuminnehall i mineralgddsel.
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Tabell 7 Procentuell férandring av kadmiuminnehall i groda, jamfort med dagens niva, i varje
produktionsomrade samt hogsta regionala medelhalt i groda efter 100 ars anvandning av
mineralgddsel.

Cd/P i mineralgddsel (mg/kg)

Produktionsomrade 5 12 25 46 100 137

Gss, Gotalands sodra sldttbygder | -8% -6% -3% 2% 15% 23%
Gmb, Gotalands mellanbygder -8% -7% -4% 0% 11% 19%
Gns, Gotalands norra slittbygder | 0% 2% 6% 12% 29% 40%
Ss, Svealands slattbygder -2% 0% 3% 8% 21% 29%
Gsk, Gotalands skogsbygder 0% 2% 5% 10% 23% 32%
Hogsta relativa dkning 0% 2% 6% 12% 29% 40%

Hogsta regional medelkoncentration® (mg/kg torrvikt)

Vete (hogsta regional medelhalt dr
idag 0,064 mg/kg torrvikt) 0,059 10,060 |0,061 |0,064 |0,071 |0,076

Havre (hogsta regional medelhalt
ar idag 0,040 mg/kg torrvikt) 0,039 0,040 |0,041 |0,043 |0,048 |0,052

Tabell 8. Skattningar av nationella medelhalter (baserat pa de 5 modellerade huvudsakliga
produktionsomradena) i nagra grodor efter 100 ars anvandning av godsel med olika Cd/P-kvoter
(mg/kg) (fran bilaga 4 tabell 20).

Cd/P i godselmedlet, mg/kg

5 12 25 46 100 137
Relativ forandring nationellt
Vete -4% -2% 1% 7% 20% 29%
Havre -2% 0% 4% 9% 23% 32%
Rég -5% -3% 0% 5% 18% 27%
Nationella medelhalter, mg/kg torrvikt
Vete (nuvarande
medelvérde 0,049 mg/kg
torrvikt) 0,047 0,048 0,049 0,052 0,058 0,063
Havre (nuvarande
medelvirde 0,028 mg/kg
torrvikt) 0,027 0,028 0,029 0,030 0,034 0,037

? Dessa grodor odlas inte i alla regioner varfor presenterade foréndringar i specifika grodor inte motsvarar
”hogsta relativa 6kning”.
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Slam okar fastldggningen av metaller i marken. Darfor antas kadmium i slam vara nagot
mindre biotillgéngligt &n kadmium i mineralgddsel. Tillsatsen av organiskt material med
slammet kan initialt minska upptaget av kadmium 1 gréda jamfort med en tidigare situation
utan slamtillsats till marken. Det gér darfor inte att anta en proportionell 6kning av halterna i
groda jaimfort med okningen i1 jord. Om mineralgddsel langsiktigt skulle erséttas med slam
som fosforkélla, med dagens gddslingspraxis och halter av kadmium i certifierat slam, {for-
viantas halterna av kadmium i marken att 6ka pa lang sikt (som mest upp till 16 procent). Med
antagande om en nagot ligre biotillgénglighet, enligt ovan, kan man grovt anta att halterna i
groda kan komma att 6ka med ungefar 5-10 procent pa hundra ars sikt. Halterna i groda skulle
Oka dven om kadmiumbhalten i slam skulle minska ndgot . Om kadmiumtillférseln med slam
anpassas enligt den foreslagen lagstiftning, kan négot forhdjda halter 1 groda dndé forvantas 1
de omrdden dér halten av viéxttillgédngligt fosfor i jorden &r 1ag (P-AL-klass II).

13.5 Risker for halsoeffekter vid modellerade scenarier

I tabell 7 kan man se modellering for de olika regionerna 6ver 100 &r med Cd/P-halt i godsel
pas, 12,25, 46, 100 och 137 mg/kg (se tabell 4 for forklaring av valda Cd/P-halter). Med
Cd/P-halten 5 respektive 12 (mg Cd/kg P) ser vi 1 modelleringen ingen 6kning av kadmium i
grodor. Vid Cd/P-halter som ungefdr motsvarar de foreslagna harmoniserade EU-
gransvdardena och Sveriges nuvarande gransvérde(46, 100 och 137 mg Cd/kg P) blir den
hogsta regionala 6kningen av kadmium i groda 12, 29 respektive 40 procent.

En modellberdkning har gjorts for att se hur mianniskors kadmiumintag paverkas av 6kande
halter av kadmium i potatis, vetemjol, rdgm;jol och havregryn (bilaga 6). I figur 17 visas andel
av den svenska befolkningen som dverstiger Efsa tolerabla veckointag (TWI) med olika
Okning av kadmiumbhalterna livsmedel baserade pd dessa grodor. Modellen visar att i dags-
laget dr det 2,8 procent av befolkningen som 6verskrider Efsa TWI genom beréknad kad-
miumexponering via kosten. Observera att man i modelleringen inte har raknat med ndgon
forandring av kadmiumhalterna 1 andra livsmedel dn potatis, vetemjol, ragmjol och havregryn.
et dr sannolikt att 6kningar sker &dven i andra livsmedel om halterna i akermark har blivit
hogre. Det dr ocksé ett observandum att man genom att anvinda Efsa TWI i modelleringen
inte tar hinsyn till effekter pa skelettet som troligen kan uppsta vid légre exponeringsnivéer
an den niva som TWI baseras pa. Modelleringen ar dérfor snarare en underskattning @n en
overskattning av vad som hander med exponeringen via kosten pé 100 ars sikt.
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Figur 18. Férhallande mellan 6kande kadmiumhalter i potatis, vetemjol, ragmjol och havregryn, och
andel av befolkningen (%) som har ett intag av kadmium 6ver Efsa TWI 2,5 ug/kg kroppsvikt/vecka. |
figuren visas median (fyllda cirklar), samt 5:e och 95:e percentilen av konfidensintervallet (fran
bilaga 6 dar aven beskrivning av hur berékningen gjorts finns). Streckade linjerna motsvarar higsta
regionala 6kning vid de modellerade halterna av kadmium i mineralgddsel (mg Cd/kg P) som ligger
nara foreslagna EU-gransvarden (’worst-case™).

Medelokningarna av kadmiumhalterna i1 groda till exempel vete berdknas bli 7, 20respektive
29 procent (tabell 8) vid kadmiuminnehall i mineralgddsel (46, 100 och 137 mg Cd/kg P) néra
de nya foreslagna EU-gransvérdena och det svenska gransvérdet. Dessa 6kningar skulle inne-
bira en 0kning pa 1, 3 respektive 4 procent av befolkningen som dverskrider TWI. Om istéllet
den berdknade hogsta regionala 6kningen (12, 29 och 40 %) appliceras for hela landet skulle
detta innebdra en 6kning av cirka 1, 4 respektive 7 procent av befolkningen som dverskrider
TWI (tabell 7 och figur 17).

Inget av detta dr Onskvért da vi med utgadngspunkt i hidlsoeffekter redan konstaterat att befolk-
ningens exponering for kadmium behdver minska.

13.6 Risker for miljoeffekter vid modellerade scenarier

Om man tar den hogsta 6kningen pa 100 ar, 53 procent, enligt de scenarier som presenteras i
tabell 5 och applicerar pd 95:e percentilen av dagens kadmiumbhalter i 8kermark, 0,52 mg Cd/
kg torrvikt, resulterar detta i en halt pd 0,8 mg Cd/kg torrvikt. Detta virde ar ldgre an den
kritiska halten for effekter pd markorganismer. De modellerade scenarierna utgdr alltsd inte
nagon avsevird risk for markorganismer. Eftersom det finns indikationer pa att dagens halter i
jord kan innebdra en risk for hogre djur som livnér sig p4 markorganismer (se avsnitt 11) bor
detta undersokas nidrmare for framtida scenarier.

For vattenorganismer har vi antagit ett virsta fall dar 16st kadmium i markvatten frén &ker-
mark foljer med dréneringsvattnet rakt ut i ett nérliggande vattendrag utan att adsorberas pa
végen genom jorden, och att utspadningen i vattendraget dr 1:2. For de olika modellerade

63



scenarierna ovan diar kadmium 1 mark skulle 6ka 6ver 100 ar, det vill sédga vid applicering av
gddsel med kadmiumbhalter pa 25 mg Cd/ kg P och mer, beréknades risken for effekter pa
vattenlevande organismer. En bakgrundshalt i det mottagande vattnet pa 0,016 ug Cd/l antogs
samt tvd olika hardhetsinterval (<50 respektive >100 mg CaCOs/1). Enligt berdkningarna
skulle halterna i det mottagande vattendraget for alla modellerade scenarier bli hogre dn den
kritiska halten for vattenorganismer i mjuka vatten och i vérsta fallet skulle en halt som var
ungefar dubbelt sa hog som den kritiska halten uppnés. For lite hardare vatten (> 100 mg
CaCOs/1) berdknades risk for vattenlevande organismer endast for godselmedel med 100 eller
137 mg Cd/kg P. Detta innebir att det finns risk att effekter pd vattenlevande organismer
skulle kunna uppstd i ett nirliggande vattendrag som under liten utspddning mottar drine-
ringsvattnet fran dkern, sirskilt om vattnet ar mjukt.

14. Slutsatser om framtida godselanvandning och
behov av andrat nationellt gransvarde for kadmium
i mineralgodsel

Ur hilsoperspektiv behover kadmiumhalterna i groda minska. Lantbrukarna har pa frivillig
basis aktivt bidragit for att minska kadmiumexponeringen genom olika dtgirder sdsom att
vilja sorter av grodor med 1agt kadmiumupptag. Den typen av groda innebér dock att bort-
forseln av kadmium fran marken minskar och det blir annu viktigare att inte tillféra mer. For
att fa en ldngsiktigt hallbar situation krévs att kadmiumhalterna i dkermarken fortsétter att
minska.

Om dagens situation fortsétter rdda hundra ar framét med avseende pad kadmiumbhalter 1
mineralgddsel och 1 deposition, forutsatt att Gvriga parametrar ar konstanta (klimat, markkemi
etc), kommer kadmiumhalterna 1 jordbruksmarken att minska, men mycket langsamt. Minsk-
ningstakten kommer att vara ldngsam &ven om depositionen fortsitter att minska.

Vid dagens situation, med en lag halt av kadmium i mineralgddsel, dominerar tillskottet fran
depositionen till jordbruksmarken, men vid bibehdllen deposition skulle tillskottet fran godsel
dominera om halten i godslet var > 25 mg Cd/kg P, for marker med fosforstatus pa mellan-
niva (P-AL klass III) och ldgre. Upplagringen av kadmium i matjord ar hdgre i jord med lag
an med hog fosforstatus. Denna aspekt har troligen avgorande betydelse for de regionala
skillnader i upplagring av kadmium som berdknats. I ett lingre perspektiv kommer dock
rekommenderade fosforgivor i fosforrika jordar inte att vara tillrdckliga for att ersétta den
fosfor som bortfors med skord av grodor och fosforgivan kan darfor komma att 6ka i sddana
omraden.

De modellerade resultaten indikerar att kadmiumbhalter > 25 mg/kg P 1 godsel generellt inte
far forekomma for att undvika en 6kning av kadmiumhalt 1 marken, 6ver ldng tid. Om man
utgar frén de scenarier som leder till hogst 6kning av kadmium 1 jord visar dessa att halten i
gbdsel bor vara lagre an 12 mg Cd/kg P, for att uthalligt fa en generell minskning av kadmium
i den svenska &kerjorden.

I de flesta andra EU-lénder &r det vanligt med kadmiumhalter hégre én 50 mg Cd/kg P i
mineralgddsel. Medelhalter i mineralgddsel 1 nivd med dagens svenska griansvirde (100 mg
Cd/kg P) och de inom EU foreslagna harmoniserade grinsvirdena (46, 92'°, 137 mg Cd/kg P)
innebdr alla en markant 6kning i akermark och som en f6ljd av det en dkning dven i groda.
Om mineralgodsel skulle innehalla dessa halter skulle 6kningen i1 groda som mest bli 12, 29

19 Denna halt har inte modellerats sirskilt utan anses hir motsvara scenariot for det svenska nationella
gransvérdet 100 mg Cd/kg P
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respektive 40 procent. Detta skulle innebéra att 4, 7 respektive 10 procent av Sveriges
befolkning skulle ha en kadmiumexponering bara via kosten som &verstiger det tolerabla
intaget enligt Efsa (TWI 2,5 pg/kg kroppsvikt). Observera att detta snarare dr en under-
skattning &n en Overskattning.

Ur kadmiumsynpunkt forefaller mineralgddsel vara det renaste fosforgodselmedlet i Sverige i
dag (jamfort med stallgddsel, biogddsel och slam) men en 6kad konkurrens om de renaste
ravarorna kan leda till att kadmiumhalterna i svensk mineralgddsel okar. Det &r ocksa viktigt
att papeka att all fosforbrytning for produktion av mineralgddsel pa global niva innebér att
mer kadmium plockas ur fyndigheterna och tillférs ekosystemen. Samtidigt finns det mal satta
av regeringen att senast ar 2015 ska minst 60 procent av fosforféreningar i avlopp aterforas
till produktiv mark och minst hélften av detta till akermark. Idag motsvarar slamgddslingen
cirka 10 procent av den fosforgddsling som sker med mineralgddsel (avsnitt 7.4). Dagens
tillgédng-liga slam har beréknats kunna récka till att godsla cirka 20 procent av Sveriges
akerareal. GOdsling med slam enligt radande praxis, som alternativ till mineralgddsling, leder
till en I&ngsam 6kning av kadmium i marken som bara gédslas med slam, dven om kadmium-
innehallet i slammet skulle minska till 17 mg Cd/kg P. Om slamgivorna skulle minska for att
matcha den foreslagna nya lagstiftningen, och med en fosforgiva liknande den fér mineral-
gddsel skulle en langsam ackumulation av kadmium i jorden &dndé forvéantas i jordar med 1&g
fosforstatus (framforallt i P-AL-klass IT). Madngdmassigt tillfors jordbruksmarken vid godsling
1 Sverige totalt sett mest kadmium via stallgddsel, men det har inom detta uppdrag inte gjorts
nagon kvantitativ berdkning av hur mycket av det kadmium som tillférs med stallgodselmedel
som &r en atercirkulation av markens kadmium och hur mycket som é&r en nettotillforsel till
ekosystemet.

14.1Behov av lagre nationellt gransvarde i mineralgodsel

Med tanke pd att den exponeringsnivd som vi har idag redan kan orsaka effekter hos
maénniska, maste halterna i marken minska. Vi kan inte se att behovet av fosforgédsling
kommer att minska inom overskéddlig tid, darfor behover halterna i gddselmedel vara sé laga
att de idag och pa lang sikt inte innebér en ackumulation av kadmium 1 marken, utan en
minskning. Man behover ta stédllning till om ett nytt gransvérde ska baseras pa att nationellt
genomsnittliga halter 1 groda och jord minskar, eller pé att det i alla regioner ska ske en
minskning. Om man véljer att utgé frdn de scenarier som leder till hogst 6kning av kadmium i
jord visar dessa att den genomsnittliga halten 1 godsel bor vara lagre dn 12 mg Cd/kg P, for att
uthélligt f4 en minskning av kadmiumbhalten i alla jordar. Detta skulle innebira att risken for
effekter pa ménniskor och dven risken for effekter hos sévil vattenorganismer som daggdjur
och faglar, minskar jamfort med idag. Dagens griansvérde for kadmium i mineralgddsel (100
mg Cd/kg P) ligger langt 6ver denna haltniva. Det innebdr att for att forebygga att kadmium-
halten i gddselmedel tilldts 6ka till alltfor hoga nivaer behovs ett vasentligt ldgre gransvirde
for kadmium i1 mineralgddsel dn det nuvarande.
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Sammanfattningsvis drar Kemikalieinspektionen slutsatsen att det fran svenskt perspektiv
behovs ett nytt, vasentligt lagre grinsvirde for kadmiumhalt i mineralgddsel an det som
tillampas 1 dag. Nivén for ett sddant gransvérde bor dock faststillas forst sedan man genom-
fort en bredare konsekvensbeddmning som avser for- och nackdelar for olika aktorer, miljo
och hilsa samt for samhéllet 1 sin helhet. Det har inte ingatt 1 utredningsuppdraget att géra en
sadan bedomning, som ocksa behover ta hdansyn till tgérder for att reducera kadmiumbhalter
pa andra omraden. Man behover vidare beddma hur frdgan bor hanteras pa Europaniva och
hur Sverige bor agera i diskussionerna for harmoniserade gransviarden inom EU.

Att begrinsa exponeringen for kadmium har sedan ldnge varit ett viktigt mal for den svenska
kemikaliepolitiken och ingatt i strdvan att uppna en giftfri miljo. Kemikalieinspektionen
arbetar for narvarande med att enligt regeringens uppdrag ta fram en handlingsplan for en
giftfri vardag, som kommer att redovisas i var. En tydlig slutsats som kan dras redan av det nu
aktuella regeringsuppdraget dr att en av forutsattningarna for en giftfri vardag ar att kadmium-
halten i svenskarnas foda pé sikt maste minska. For att astadkomma detta behdvs en samlad
strategi, som innefattar ett kraftigt sdnkt nationellt gransvérde f6r kadmium i mineralgddsel,
att EU antar stridnga griansvirden for kadmium i mineralgddsel och att dtgirder vidtas for att
minska tillforseln av kadmium till 8&kermark via andra kédllor &n mineralgddsel. En sadan
strategi kan givetvis innefatta dven andra typer av styrmedel &n bindande lagstiftning om
gransvarden for kadmiumhalter. Kemikalieinspektionen kommer att aterkomma till frigan om
atgirder avseende kadmium i redovisningen av regeringsuppdraget om en giftfri vardag.
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Del 2 — System for att folja
kadmiumhalterna i mineralgodsel
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15. Tillaggsuppdraget, syfte och avgransningar

Regeringen kompletterade i april regleringsbrevets uppdrag till Kemikalieinspektionen med
foljande tilldgg: I uppdraget ingér ocksa att uppmirksamma ett eventuellt behov av ett ldgre
nationellt gransvarde for kadmium 1 godselmedel samt hur ett system for att f6lja upp kad-
miumbhalterna i mineralgédselmedel ldmpligen bor utformas™.

Tillaggsuppdraget syftar ytterst till att mineralgddslingens betydelse f6r befolkningens
sammanlagda kadmiumexponering ska kunna foljas.

En langsiktig uppfoljning av halten kadmiumfororening i mineralgddsel behovs for att hilla
kontinuerlig uppsikt 6ver hur mycket kadmium som tillférs marken genom mineralgddsling
och direfter upptas i grodan och intas via fodan. Av detta foljer att ett system for uppf6ljning
bor inriktas pd mineralgddsel for svenskt jord- och trddgérdsbruk.

I det nationella miljomaélet Giftfri Miljo har mélet Miljon skall vara fri fran &mnen och
metaller som skapats i eller utvunnits av samhéllet och som kan hota minniskors hilsa eller
den biologiska mangfalden” specificerats med ett delmal som sérskilt fokuserar pa expo-
neringen for kadmium: Ar 2015 skall exponeringen av kadmium till befolkningen via foda
och arbete vara pa en sddan niva att den ar séker ur ett langsiktigt folkhédlsoperspektiv’.
Denna mélformulering antogs utan att mekanismer och indikatorer for uppfdljningen hade
utretts. Uppdraget om ett system for att f6lja kadmiumhalter 1 mineralgddsel kan inte till-
godose denna mer langtgdende malsattning om befolkningens totala exponering. Kemikalie-
inspektionens tolkning dr att uppfoljning enligt miljomalets formulering maste anses ligga
utanfor uppdraget.

15.1 Bakgrund

Fosforgddslingen har statt for den storsta tillforseln av kadmium till &kermark. I borjan av
1970-talet, da kadmiumtillforseln via mineralgddsel var som hdgst, var kadmiumhalten i
fosforgddselmedel cirka 150 g per ton fosfor. Halterna har sedan sjunkit successivt, frimst
beroende pé anvindning av mineralgddsel tillverkade av rafosfat med lag kadmiumbhalt.

Sedan 1 januari 1993 ér det forbjudet (forordning 1992:1385) att sélja mineralgddsel med
kadmiumbhalter 6ver 100 gram per ton fosfor. Detta forbud aterfinns numera i forordning
1998:944. Fran 1995 och fram till utgdngen av 2009 utgick en skatt pa godselmedel med mer
an 5 gram kadmium per ton fosfor (i fortsattningen anvands sorten mg Cd/kg P). Under denna
tid har kadmiuminnehéllet 1 forsald fosforgddsel kunnat foljas och tillférseln har minskat med
drygt 90 procent under perioden. Den genomsnittliga halten under godselaret 2008/09
berdknades till 5,9 mg Cd/kg P, vilket var en viss 6kning fran 4,9 mg Cd/kg P for 2007/2008.

Trots mycket 14ga kadmiumbhalter, som alltsa utgdr miljondelar (parts per million, ppm) av
gddningsmedlets fosforinnehall, kan den mycket stora anvdnda méngden mineralgodsel dnda
vara en potentiellt betydelsefull exponeringskélla, sarskilt vid dndrad ravarutillgdng.

I férordning nr 2003/2003 om EG-gddselmedel anges inga begriansningar vad géller kadmium
1 godselmedel. Néar Sverige blev EU-medlem 1995 fanns undantag redan i anslutningsakten
till EES, sa att det svenska forbudet kunde fortsétta tillimpas under ett antal ar. Genom
kommissionsbeslut (2006/347/EQ) tilldts Sverige, med stod av den s.k. miljogarantin i for-
draget, att dven fortsittningsvis behélla denna regel tills harmoniserade bestimmelser om
kadmium i gddselmedel tillampas pa gemenskapsniva.

I kommissionens arbetsgrupp for EG-gddselmedel diskuteras sddana harmoniserade
bestimmelser. Infor en workshop i1 oktober 2009 for denna arbetsgrupp utformade
kommissionen tre olika regleringsforslag. Dessa forslag omfattade bl.a. olika grad av

69



harmonisering och stegvis inférande av gransviarden pa nivaerna 60, 40 eller 20 mg Cd/kg
P,0s (vilket motsvarar 137, 92 och 46 mg Cd/kg P).

De foreslagna grinsvdrdena uttrycks pa annat sitt dn i de svenska reglerna. Enligt artikel 6 1
forordning 2003/2003 om EG-gddselmedel kan nédringsdmnet fosfor antingen redovisas i
grunddmnesform (P) eller som oxid (P,Os). For omvandling anvéinds ekvationen:

Méangd fosfor (P) = Mangd fosforpentoxid (P,0s) x 0,436

Samtliga gransvirden i kommissionen regleringsforslag ligger dock 6ver nuvarande halter i
den mineralgddsel som salufors i Sverige.

16. Behoven for ett uppfoljningssystem

Att systematiskt kunna folja kadmiumhalterna i mineralgddselmedel ar viktigt av flera skal.
Information om forandringar i den totalmingd kadmium som arligen tillférs genom mineral-
gddsel, och dirmed fordndringar 1 4kermarkens balans mellan tillfort och bortfort kadmium
utgor ett betydelsefullt underlag for 6verviganden om ytterligare atgérder behdvs frén sam-
héllets sida.

Ett annat skél &r att inom kort behovs ett svenskt underlag infor diskussionerna om EU-
kommissionens forslag om harmoniserade gransvirden for kadmium i mineralgddsel. De
hittills foreslagna gransvardena ligger langt 6ver Sveriges nuvarande halter. Om Sverige pa
sikt ska kunna ha striktare gransviarden krévs bra underlag om den svenska situationen.

Sedan kviveskatten och kadmiumskatten for mineralgddsel togs bort vid arsskiftet 2009/2010
ar det svérare att folja kadmiumhalterna i mineralgddselmedel. Skattskyldigheten medforde
att ett register dver tillverkare, importorer och forsiljare av mineralgddsel kunde uppritt-
hallas. Detta foretagsregister kommer inte ldngre kunna héllas aktuellt. Darfor behovs ett
alternativt system, om kadmiumhalterna i mineralgddsel ska kunna foljas dven pa léngre sikt.
Ett sddant alternativ behdver kunna inforas snabbt och, sé ldngt mgjligt, utan ny
administration.

16.1 Vilka uppgifter behovs?

Kadmium ingér som fororening i rdfosfat som anvénds vid tillverkning av mineralgddsel.
Réfosfaten kan ha sedimentirt eller vulkaniskt ursprung, vilket har stor inverkan péd graden av
fororening. Vissa godselmedel kan endast tillverkas av sedimentér rafosfat, som har hog grad
av kadmiumfororening. Systemet for uppfoljning bor dérfor inriktas pa att folja fororenings-
nivan i1 forsalda méngder fosforgddsel. Halten uttrycks i relation till godselmedlets fosforinne-
hall eftersom det &r fosfor, eller nairmare bestimt fosfatjonen, som ger 6nskad godningseffekt
och som redan specificeras for varje produkt.

For att uppfylla kravet pa langsiktighet ska uppfoljningen kunna inbegripa nuvarande savil
som foreslagna nya haltgranser och fororeningsnivaer i olika kategorier av mineralgddsel pa
marknaden. Tabellen nedan utvisar den stora spridningen mellan dessa varden. Denna
spridning &r ett motiv till att insamlade haltuppgifter ska uttryckas i absoluta tal, inte i
intervall.
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Tabell 9. Gallande och féreslagna haltgrénser for kadmium i gédselmedel

Typ av haltgrans Antal mg Cd/kg P
Hogsta foreslagna EU-harmoniserade grians 137

nuvarande grins i1 Sverige for forsiljningsforbud 100

mellersta foreslagna EU-harmoniserade gréans 92

lagsta foreslagna EU-harmoniserade grins 46

medelhalt 1 svenskt avloppsslam 30

nedre grans 1 hogsta kadmiumklassen for mineralgddsel | 25

nuvarande garanterad 6vre grans for NPK-godsel 12
medelhalt i svenska godselmedel 2008/09 59
tidigare grans for kadmiumskatt 5

medelhalt i svenska godselmedel 2007/08 4.9
vulkanisk rafosfat (apatit) 0-5

Uppf6ljningen ska kunna summera den totala kadmiumtillférseln si korrekt som mojligt.
Oppna kategorier som till exempel > 25 mg Cd/kg P kan inte anviindas, d4 de kan ge mycket
missvisande summamaéngder om gdodselprodukter med avsevart hogre halter skulle riknas in.
Dessutom behdvs uppgifter om gédselmangder och kadmiumhalter som kan visa viktade
genomsnittliga halter, och inte medelvérdet av medelvérdena i den gddsel som forts ut pa
marknaden under aret. Den ténkta situationen da ett foretag fatt in tva skilda leveranser under
aret, en stor méngd med hog fororeningsgrad och en liten méngd av renare kvalitet kan
anvédndas som illustration. Om foretaget redovisar ett medelviarde av den genomsnittliga
halten i arets produktion kan méngden kadmium felaktigt synas 14g. Om foretaget i stillet
berdknar och anger viktade medelvérden, s& kommer en storre och mer korrekt miangd
kadmium att redovisas.

Det normala informationsansvaret for kemiska produkter innebar att tillverkarens kunskap om
rdvarans och produktens sammanséttning formedlas vidare i leverantdrskedjan. Den hittills-
varande kadmiumskatten ledde till att analysintyg utfardades for varje sats (batch) och lamna-
des som underlag for skattedeklaration. Det dr viktigt att tillverkarna fortsitter ta ansvar for
att formedla sddan kunskap. Krav pa att tillverkarnas provtagning, analys och berdkningssatt
ska dokumenteras skulle forbittra uppgifternas kvalitet och sékerstélla att viktade medel-
varden redovisas. Om uppgiftsldmnandet blir obligatoriskt kan verifiering av uppgifterna 1
stéllet krdvas 1 samband med tillsyn och da kan dven kontrollanalyser genomforas.

16.2 Hur ska uppgifterna samlas in?

Eftersom uppfoljningen ska visa férdndringar 1 total mdngd kadmium som tillférs genom
mineralgddsel, blir det viktigt att insamlade uppgifter har sa god tickningsgrad som mojligt.
Samtidigt méste det sikerstillas att godselmingderna inte dubbelredovisas i leverantors-
kedjan. D4 systemet ska folja utvecklingen pé langre sikt bor den information som samlas in
uttryckas pa likartat sétt varje gang.
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Uppgifterna bor samlas in frén alla aktorer som &r relevanta vid det aktuella tillfdllet, sé att
systemet kan ge en uppdaterad bild av den svenska situationen. Uppgifterna bor alltsa hamtas
frdn samtliga aktorer som for ut mineralgddsel pa den svenska marknaden, det vill sdga
tillverkar, for in frdn EU/EES eller importerar frén ldnder utanfor EU/EES. P sa sitt kan
farhagor om till exempel 6kad grad av fororening i direktimporterade produkter forkastas eller
belidggas.

Det ar vidare rimligt att uppfdljningen gors arligen, eftersom uppgifter om méangder och
kadmiumbhalter behdver kombineras med andra uppgifter om jordbrukets anvéindning av
mineralgddsel for att ge den kompletta bilden.

16.3 Kriterier for lamplig utformning av systemet

De behov som lyfts fram kan sammanfattas med foljande kriterier for hur det tilltdnkta
systemets ldmpligen ska utformas. Systemet ska:

1. omfatta relevanta och trovirdiga uppgifter om kadmiumhalten i mineralgddsel for
jord- och tradgérdsbruk;

omfatta uppgifter som uppdateras arligen;
sdkerstélla att uppgiftslimnandet omfattar samtliga relevanta marknadsaktorer;
sakerstilla att uppgiftslimnandet kan kontrolleras;

sdkerstdlla att méangduppgifter inte dubbelredovisas;

A

utvisa total midngd kadmium i mineralgddsel som tillfors det svenska jord- och
tradgérdsbruket, bade arligen och som fordndring dver langre tid;

7. kunna infOras utan storre 6kning av administrationen hos foretag och myndigheter,
och

8. kunna infOras utan ldngre uppbyggnadsperiod.

17. Beskrivning av hittillsvarande uppfoljning

17.1 Kontroll och uppfoéljning i ravara och mineralgodsel

Godselmedelsforetaget YARA uppgavs ar 2009 ha 60 procent av den svenska marknaden for
NPK-gddsel. Foretaget har idag ingen tillverkning av mineralgddsel inom landet. De har
lamnat f6ljande information om hur program for kontroll och uppfoljning av kadmiumhalten
utformas.

Programmen kan antingen vara pa en generell nivé for till exempel arlig rapportering av
tillfort kadmium via mineralgddsel, eller inriktas pa en speciell haltgrans som till exempel den
hittillsvarande kadmiumskatten.

e For generell rdvarukontroll analyseras kadmiumhalten i prov av den anvidnda ravaran,
vilken sedan anvénds for att berdkna halten i relation till gddselmedlets fosforhalt.
Dessutom analyseras stickprov av den slutliga produkten. Detta program anses
tillrackligt for ravaruleverantdrer som haller stabil niva.

e For specifik kontroll mot en haltgrians som till exempel for kadmiumskatten analyseras
samlingsprov fran varje produktionsomgéng.
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Standardmetod for analyserna finns beskriven. Metoden baseras pa atomabsorption med
kadmiumlampa, vilket medfor att endast kadmium detekteras. Detektionsgrinsen dr cirka 1
mg Cd/kg P (f6r produkter med >2 % fosforinnehall).

Vid import/inforsel 1dmnas analysintyg for den levererade mingden, normalt en produktions-
omgang pa 2000-4000 ton; for fosforhaltiga produkter krdvs att analysintyget inkluderar
uppgift om kadmiumhalten. Déarigenom kan viktade genomsnittliga halter beréknas och
redovisas for den mineralgddsel som fors ut pa den svenska marknaden av foretaget.

Rapportering i enlighet med kraven for den hittillsvarande kadmiumskatten var baserad pa
uppgifter fran sddana analysintyg. Néar det géller mindre produkter till tradgérdssektorn, som
ofta levereras i lastbilsportioner om 24 ton, finner foretaget det inte rimligt att begéra
analysintyg for varje leverans.

Ovanstdende beskrivning indikerar att leverantorer bor ha mojlighet att ta fram och vidare-
befordra genomsnittliga kadmiumbhalter per produktionsomgéng i den mineralgddsel som
arligen fors ut pd marknaden. Halten kan dé anges i relation till fosforinnehéll eller som
viktsandel av fardig produkt.

17.2 Hittillsvarande statistik over mineralgodsel

Statistiska Centralbyrdn (SCB) sammanstéller arligen i sin generella ekonomiska statistik
maéangder och ekonomiskt virde av den mineralgddsel som tillverkas, infors eller importeras,
liksom for all annan industriproduktion och import, se SCB:s webbplats pa:
http://www.scb.se/Pages/ProductDocumentations 17842.aspx

Denna allménna statistik dver produktion och handel omfattar emellertid inte godselmedlens
sammansattning.

Mer specificerad statistik over forsdljningen av mineralgddsel redovisas av SCB sedan
1984/85, och innan dess av Kungliga Skogs- och Lantbruksakademien. Dir belyses arligen
den regionala forsdljningen till jord- och tradgérdsbruket av kvéve, fosfor och kalium i
mineralgédselmedel. Den senaste for ar 2008/2009 kan ses pa:

http://www.scb.se/Statistik/ MI/MI1002/2008B09/M11002_2008B09 _SM_MI30SM1001.pdf

Sammanstillningen ingar i den 16pande statistiken over jordbrukets gédselmedelsanvéndning,
dér SCB ir statistikansvarig myndighet. Huvudanvéndare av forsdljningsstatistiken &r:

- Jordbruksverket och Naturvérdsverket for att f6lja den regionala utvecklingen i
mineralgddselanvindningen,

- Sveriges Lantbruksuniversitet och annan utbildning pa jordbrukets omrade for
undervisning och forskning,

- Lénsstyrelser och andra regionala organ for planering och radgivning och
- Milj6organisationer med flera intressenter.

Kvantiteterna av mineralgddsel 1 forséljningsstatistiken ar inte direkt dverforbara till faktisk
anvindning under ett enskilt ar. Utover forsdljningsstatistiken genomfor SCB intervju-
undersokningar vartannat ar, dé intervjuas 3650 lantbrukare 6ver hela landet om faktisk
forbrukning och mer detaljer om anviandningen till exempel i olika grodor. Intervjuerna
omfattar emellertid inga detaljfrdgor om gddselmedlens sammanséttning eller kadmium-
innehall. SCB bedomer det heller inte mojligt att fortséttningsvis inkludera fler intervjufragor.

Mer detaljerade uppgifter om arligen tillverkade, inforda eller importerade mingder for
mineralgddsel registreras i Kemikalieinspektionens produktregister. Produktregistret fors av
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Kemikalieinspektionen sedan 1986, innan dess av Produktkontrollndmnden som dé ingick 1
Naturvardsverket.

Enligt uppgifterna i Kemikalieinspektionens produktregister fors arligen mer dn 500 000 ton
fosforgodsel ut pa den svenska marknaden av ett hundratal leverantorer. Det ror sig da om
cirka 600 enskilda produkter av de hér aktuella varuslagen. I nedanstaende tabell samman-
stalls uppgifter for ar 2008 fran produktregistret och fran SCB:s statistik dver produktion och
handel.

Tabell 10. Oversikt over fosforgodselmedel p& marknaden: varugrupp, antal produkter och mangd
(ton)

Varukod | Varuslag Antal Total mangd Total mangd

produkter | (Produktregistret) | (SCB)

2510 I Natuﬂiga kalcigmfosfater, naturliga ' 883
aluminiumkalciumfosfater och fosfatkrita

2809 Fosforpentaoxid; fosforsyra; polyfosforsyror, dven | ¢4 79604 72029
inte kemiskt definierade

2835 Fosfinater (hypofosfiter), fosfonater (fosfiter) och | 279 78484 5270
fosfater; polyfosfater, d&ven inte kemiskt
definierade

3103 Fosforgddselmedel, mineraliska eller kemiska 4 578 681

3105 Mineraliska eller kemiska gédselmedel som 273 347681 508664

innehéller tva eller tre av grunddmnena kvéve,
fosfor och kalium; andra gédselmedel; varor enligt
detta kapitel i tablettform eller liknande former
eller i forpackningar med en bruttovikt av hdgst

10 kg

Produktregistret innehaller information om vilka &mnen som finns i enskilda kemiska produk-
ter, hur mycket och i vilken form samt i vilken typ av verksamhet produkten ar avsedd att
anvandas. Sddan information sammanstills till en omfattande statistik om kemikalier, bade
som publicerad officiell statistik och i andra former, se Kemikalieinspektionens webbplats pa:
http://www.kemi.se/statistik.

Det framgér av ovanstdende att bade forséljningsstatistiken och produktregistret skulle kunna
anvéndas for uppfoljning av kadmiumfororening i mineralgddsel. Nedan ldmnas ndrmare be-
skrivningar av dessa befintliga system, infor 6verviganden om deras lamplighet i ett senare
avsnitt.

17.2.1 Uppgifter i forsaljningsstatistiken fran SCB och Jordbruksverket

Uppgifterna i forséljningsstatistiken inkluderar sedan 1995/96 dven kadmiumhalten i forsald
mingd fosforgddsel. SCB samlar in och bearbetar uppgifterna i samarbete med Jordbruks-
verket. Uppgiftslamnare dr de foretag som varit registrerade som skattskyldiga for
punktskatten avseende kvéve i mineralgddsel. Skattekonstruktionen gjorde att ett register dver
primidrmarknadens aktorer kunde uppréttas och uppdateras fram tills skatten togs bort vid
arsskiftet 2009/2010.

Enligt Skattemyndigheten for punktskatter har ett hundratal skattskyldiga tidigare lamnat
deklaration for kvdveskatten. Denna marknad domineras till stor del av ett fatal foretag och
SCB:s forsdljningsstatistik baseras pd uppgifter fran ett tjugotal foretag. Viss direktimport, vid

" Ej anmilningspliktigt till Produktregistret
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sidan av officiella kanaler antas dock férekomma. I ”Skatt pa mineralgddsel och bekdamp-
ningsmedel” (SOU 2003:9) uppskattades att inforsel utan redovisning till skattemyndigheten
utgjorde knappt fem procent av den totala forsdljningen.

De insamlade uppgifterna granskas och bearbetas sé att enbart mineralgddsel for anvindning i
jord- och tradgérdsbruk beaktas i statistiken. Det totala innehéllet av kadmium 1 den arligen
forsdlda méangden beréknas med hjdlp av foretagens uppgifter om mangd och genomsnittlig
halt. Da uppgifter om kadmiuminnehéll saknas anvinds i stillet ett standardvérde, men detta
tycks ske endast for mycket sma kvantiteter fosforgddselmedel.

17.2.2 Uppgifter i Kemikalieinspektionens produktregister

I Kemikalieinspektionens produktregister ingar uppgifter om mingd tillverkad, inford eller
importerad mineralgddsel 1 varugrupper med tulltaxenummer 28.09, 28.35, 31.03 eller 31.05.
Foretagen ér skyldiga att anméla och arligen uppdatera uppgifter om sina kemiska produkter
och kan stillas till ansvar enligt bestimmelser som beskrivs nirmare nedan. Kemikalie-
inspektionen har bemyndigande att utdva tillsyn 6ver hur foretagen foljer dessa bestimmelser.

Mineralgddsel har varit anmalningspliktig kemisk produkt sedan produktregistrets uppbygg-
nad 1979. Trots detta har produkternas kadmiumbhalter hittills inte registrerats. Att detta inte
skett kan bero pa kadmiumhalterna dr mycket 1dga och hittills inte kunnat anges varken som
viktsandel eller i relation till produktens fosforinnehall. En annan anledning skulle kunna vara
att EU-klassificeringen av kadmium som cancerframkallande, kategori 2, borjade gélla ar
2005, langt efter att mineralgddselmedel forst borjade anmalas till produktregistret. For kad-
miumoxid har & andra sidan motsvarande faroklassificering géllt anda sedan 1993. Kravet pa
att ange exakta halter av cancerframkallande &mnen géller for fosfatravara med tulltaxe-
nummer 28.09 och 28.35 parallellt med mojligheten att ange fororeningshalter endast over 1
viktsprocent, vilket kan uppfattas som otydligt.

Bestammelser om produktregister

I miljobalkens 14 kapitel finns de grundléggande reglerna om ett produktregister. Den som
yrkesmassigt tillverkar eller for in kemiska produkter till Sverige ska enligt 14 kap. 9-10§§
lamna de uppgifter om produkten som behdvs for att beddma de hilso- och miljorisker som ar
forknippade med den. Aven den som i eget namn forpackar, packar om eller Andrar namn pa
en kemisk produkt, utan att ha tillverkat eller fort in produkten till Sverige, ska ldamna upp-
gifter. Anmilningsplikten géller inte produkter som importerats/forts in eller tillverkats i
méngder under 100 kg.

Vilka kemiska produkter som dr anmélningspliktiga definieras genom 3-6§§ forordning
(2008:245) om kemiska produkter och biotekniska organismer samt bilagan till denna for-
ordning. I bilagan listas ett urval varugrupper fran tulltaxan (det internationella system som
anvénds for att kategorisera alla varor 1 global handel).

Nérmare bestimmelser om innehallet i en anmailan finns i 3 kap. Kemikalieinspektionens
foreskrifter (KIFS 2008:2) om kemiska produkter och biotekniska organismer. Nedan listas
uppgifter som krivs i anmélan och som ér speciellt viktiga i detta sammanhang:

e anmélande foretags namn och kontaktuppgifter

e produktens handelsnamn, varubeteckning och varugrupp enligt tulltaxan

e produktens ursprung, det vill sdga om den tillverkats i Sverige, tagits in frin EU/EES,
importerats frin tredje land eller om den kopts i Sverige och sedan getts nytt namn

e produktens funktion och branscher dir den &r avsedd att anvindas

e produktens kvantitet och andel som exporteras
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e produktens sammansittning: kemiskt entydigt namn och viktsandel for alla ingadende
komponenter som klassificeras till exempel som cancerframkallande, kategori 1 eller
2; andra amnen som klassificeras som hilso- eller miljéfarlig och ingér i halter som
medfor att de ska anges 1 produktens sdkerhetsdatablad; 6vriga @&mnen som ingar 1
halter mer &n fem viktprocent.

e For produkter som dr utgangsvara vid tillverkning finns det mojlighet att endast
redovisa sadana fororeningar som Overstiger 1 procent av produktens vikt, det vill
sdga samma grins som for redovisning pa sikerhetsdatablad.

For varje anméld produkt ska foretaget arligen uppdatera foregaende ars kvantiteter och ev.
andra fordndringar innan februari manads utgang.

Bestammelser om tillsyn, genomférande av tillsynsprojekt

Genom forordningen (1998:900) om tillsyn enligt miljobalken har Kemikalieinspektionen ett
bemyndigande att utdva tillsyn over tillverkare och andra primérleverantorer av kemiska
produkter.

Kemikalieinspektionens tillsyn bedrivs oftast 1 projektform. Sddana tillsynsprojekt kan ha
varierande inriktning beroende pa vad som prioriteras i verksamhetens generella planering.
Prioriteringen fokuserar pa tillsyn som kan medfora riskbegriansning, det vill séga sérskilda
hélso- och miljorisker och forbéttringspotential dr viktiga faktorer vid val av inspektions-
omrade. Urvalet av foretag anpassas till varje enskilt tillsynsprojekt. Sokningar kan goras i
produktregistret efter till exempel foretag inom en viss geografisk region, foretag vars
produkter har en viss funktion eller innehaller vissa &mnen.

De allmédnna urvalsgrunderna for prioriteringen framgér av nedanstdende tabell.

Tabell 11. Urval av foretag for tillsynsprojekt

Urvalsgrund Kommentar
Geografiskt omrade o tdcker in alla typer av foretag, bade stora och sma
Foretagstyp o tillverkare

e fOretag som for in produkter till Sverige

e importorer

e handelsagenter
Produktantal e produktsortimentets bredd
Branscher eller o till exempel produkter med hog volym eller stor
produktgrupper spridning

e till exempel branscher med stora
forbattringsmajligheter

Amnen/dmnesgrupper o till exempel med sérskilt uppmirksammade farliga
egenskaper
Regler e nya eller fordndrade

e med ként délig efterlevnad

Tips e information om foretag som Overtrdder regler
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Kommuninspektdrer skickar ofta information och handlingar for kinnedom till Kemikalie-
inspektionen om brister de stott pa i sin tillsyn, till exempel 1 foretagens produktinformation. I
samband med foretagsurvalet for ett tillsynsprojekt kontrolleras om sddana handlingar finns
for nagot av de utvalda foretagen.

Enskilda foretag kontaktas vanligtvis 1 forviag infér Kemikalieinspektionens inspektioner och
resultatet dokumenteras och kommuniceras med respektive foretag efter genomforandet.
Inspektionerna leder ofta till pdpekanden om brister i foretagens produktinformation samt
krav pa rittelse. Vid allvarligare fel kan inspektionen leda till forbud och atalsanmélan.
Forbuden kombineras alltid med vite, vilket kan domas ut om férbudet inte skulle efterlevas.
Uppf6ljningsprojekt kan eventuellt bedrivas for att kontrollera att forbjudna varor/produkter
inte fors ut till forsdljning.

Straffbestammelser
Mojliga péafoljder vid utebliven anmaélan till produktregistret:

Enligt 26 kap. miljobalken kan Kemikalieinspektionen vidta administrativa atgérder i form av
foreldggande med vite mot foretag som inte anmélt sina produkter.

Enligt 29 kap. miljobalken 5§ 5 dr det ett miljobrott att inte ha gjort ndgon produktanmélan
for en anmélningspliktig produkt. Brottet bendmns “forsvarande av miljokontroll” och kan
leda till boter eller fangelse 1 hogst tva ar.

Enligt punkt 6.8.1 1 forordning (1998:950) om miljésanktionsavgifter kan foretag som inte i
tid ldmnar sin arliga uppdatering for anmélningspliktiga produkter &ldggas att betala en
miljosanktionsavgift.

18. Analys av mojliga system for uppfoljning

I detta avsnitt beskrivs fordelar och nackdelar for de mgjliga alternativen. Utvérderingen gors
mot de kriterier for systemets lamplighet som identifierats i tidigare avsnitt.

18.1 Forsaljningsstatistik fran SCB och Jordbruksverket
Fordelar:
e tidserie for kadmiumhalten i mineralgddsel finns f6r aren 1996 — 2009

e sammanstdllningar om méngd och kadmiumhalt i mineralgddsel f6r jord- och
tridgérdsbruk publiceras arligen

e dubbelrdkning av méngder undviks

e regional kadmiumtillforsel fran mineralgddsel skulle kunna beskrivas
Nackdelar:

uppgiftslimnandet dr inte obligatoriskt och dirfor inte kontrollerbart

registret dver uppgiftsldmnare blir inaktuellt pé sikt

omfattningen av direktinforsel &r inte kdnd

kopplingen till statistik for produktion och handel ar inte tydlig

Slutsats: Genom att statistiken har tagits fram under en ldngre tid finns en tidsserie, som ar
betydelsefull bade 1 hittillsvarande uppfoljning och for att ett nytt system ska kunna kvali-
tetsbedomas. Insamling och bearbetning av uppgifterna har hittills kunnat goras pa ett mycket
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noggrant sitt. Specifika uppgifter om jordbrukets och tradgardsnédringens gédselmedel har till
exempel kunnat tas fram manuellt.

Det ovan ndmnda foretagsregistret som utgor basen for uppgiftsinsamlingen forvéntas
fordndras 1 snabb takt. Inaktualitet sammantaget med mojligheter till direktinférsel kommer
att paverka statistikens tillforlitlighet. Forstarkta och nya insatser behovs for att sékerstélla
god tackning och kvalitet, sé att statistiken ocksd pd langre sikt ska kunna tillgodose
kriterierna for ett [dmpligt uppfoljningssystem.

18.2 Sammanstallningar ur Kemikalieinspektionens produktregister
Férdelar:

e uppgiftslimnandet dr obligatoriskt och kontrollerbart

e krav pé uppgiftslimnandet existerar redan idag

e dubbelrikning av méngder kan undvikas genom att “namnbytta” produkter riknas bort

e mineralgddsel for jord- och tradgardsbruk kan sorteras ut med hjélp av
“anvindningsomrade”

e inldmnande uppgifter paverkar kemikalieavgiftens niva, vilket kan ge incitament till
att korrigera dem vid @ndrade férhallanden

e summerade méingder kan kontrolleras mot SCB:s allmédnna statistik 6ver produktion
och handel

Nackdelar:

e sammanstillningar om méngd och kadmiumhalt i mineralgddsel for jord- och
tridgdrdsbruk publiceras inte idag

e kadmiumbhalten 1 mineralgddsel registreras inte idag
e reglerna kraver inte uppgift om mineralgédselns kadmiumhalt relativt fosforinnehallet

e information och tillsyn 6ver mineralgddselleverantorer bedrivs inte idag

sarskilda tillsynsinsatser behdvs for att nd nya aktorer till exempel vid direktinforsel.

Slutsats: Genom att uppgiftsldmnande till produktregistret r obligatoriskt och kan kon-
trolleras vid tillsyn tillgodoses flera kriterier for ett lampligt uppfoljningssystem. Da kraven
giller lika for alla marknadsaktorer kan uppgiftslimnarbdrdan ses som réttvist fordelad och
det blir mojligt att folja omfattningen av direktimport.

I dagslédget gors inga sammanstillningar som tillgodoser uppfoljningens behov. For det kravs
mindre dndringar i regelverket och 1 registrets databas samt riktad information och tillsyn, s&
att uppgifter om mineralgddselns kadmiumhalt Idmnas och kan registreras. Kadmiumbhalt i
forhallande till mineralgddselns fosforinnehall och totalméngd kadmium kan berdknas med
hjélp av produktregistrets precisa haltuppgifter om mineralgddselprodukternas ingaende
fosforforeningar.

18.3 Kombination av bada systemen

En fortsatt uppfoljning genom forséljningsstatistiken parallellt med pébdrjad uppfoljning
genom produktregistret vore till en borjan ett rimlig och sdkert tillvigagangssitt. Pa s sitt
avbryts inte fungerande uppfoljning innan nigot nytt system kunnat valideras. I férlangningen
bor uppgiftsinsamlingen samordnas béttre for att minska den administrativa bérdan for
berorda foretag.
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19. Forslag till system for uppfoljning

Kemikalieinspektionen forordar att produktregistret anvénds for att folja kadmiumbhalter 1
mineralgddsel. Den édrliga sammanstéllning som gors enligt SBC:s statistikuppdrag ér till en
borjan ett viktigt komplement for att sékerstdlla uppfoljningssystemets kvalitet.

Produktregistret dr vil etablerat och det finns nddvéndiga forfattningsstdd for att uppgifter ska
kunna krédvas av samtliga aktorer pd marknaden. I Kemikalieinspektionens foreskrifter
(2008:2) om kemiska produkter och biotekniska organismer specificeras vilka uppgifter som
ska ldmnas 1 produktanmaélan.

Dair kan en ny punkt relativt enkelt inforas 1 3 kap 4 § {or att fortydliga vilka uppgifter om
kadmiuminnehéll i mineralgddsel som krévs. Kemikalieinspektionen har det bemyndigande
som behdvs for en sddan dndring. Kravet pa uppgifterna géller i princip redan, eftersom
kadmium klassificeras som ett cancerframkallande &mne i kategori 2, och for saidana dmnen
ska exakta halter anmélas. Ett ndrmare fortydligande behdvs om kravets giltighet for sddana
produkter som anvédnds som ravaror (dér haltgransen for att ange fororeningar dr minst 1
viktsprocent).

Dessutom behdver den nya punkten tydliggéra hur kadmiumhalten ska uttryckas. De program
for analyser och kontroll som beskrivits i tidigare avsnitt indikerar foretagens majlighet att ta
fram uppgifter om kadmiumbhalter for varje produktionsomgang samt att berdkna och redovisa
viktade genomsnittliga halter i den gddsel som &rligen fors ut pa marknaden.

Produktregistrets databas behover anpassas nagot sa att uppgifter om mineralgddselns kad-
miumbhalt kan registreras. Dirpa krévs en sdrskild satsning pa riktad information och myn-
dighetstillsyn sé att uppgifterna borjar lamnas och registreras. De foretag som redan regist-
rerats 1 produktregistret dr litta att nd med sadan riktad information. Att finna eventuella
foretag som inte anmadlt att de for in eller tillverkar mineralgddsel kan krdava ndgot mer
tidsodande insatser som till exempel kartliggningar med hjilp av foretagens hemsidor eller
kontakter med branschorganisationer.

Da ovanstaende genomf0rts, kan registeruppgifterna bearbetas sa att summerade méngder
enbart giller mineralgddsel for jord- och tradgardsbruk och enbart rdknas en gang. Uppgifter
om méngder och halter kan berdknas for att jimforas med motsvarande statistik frdn SCB.
Efter kontroll och utvirdering av sammanstillningens tillforlitlighet kan den totala méngden
tillfort kadmium berédknas.

Statistiken ska dédrefter publiceras arligen. En forsta sammanstillning bor kunna goras inom
ett dr efter att andringsforeskriften tritt i kraft. Uppfoljning kan pé detta sitt genomforas
relativt snabbt och utan storre administrativa fordndringar.

Ett forslag pa forfattningstext och en bedomning av forslagets konsekvenser ldmnas i
kommande avsnitt.
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19.1Foreskriftsforslag

Kemikalieinspektionens forfattningssamling

ISSN 0283-1937

KIFS

Foreskrifter om andring i 201X:Y
Kemikalieinspektionens foreskrifter (KIFS 2008:2) Utkom fién
om kemiska produkter och biotekniska organismer; trycket den

beslutade den MMMM 201y.

Kemikalieinspektionen foreskriverimed stod av 25 § 3 forordningen (2008:245) om kemiska produkter och
biotekniska organismer i fraiga om Kemikalieinspektionens foreskrifter (2008:2) om kemiska produkter och
biotekniska organismer att 3 kap.4 § och 4 a § ska ha foljande lydelse.

Uppgifter i anmélan
48 Avanmilan ska framga:

1. Den anmilningsskyldiges namn eller firmanamn med angivande av personnummer eller organisations-
nummer.

2. Den anmilningsskyldiges adress och telefonnummer.
3. Produktnamn och eventuell gemensam beteckning.

4. Produktens statistiska nummer. Detta utgdrs av de sex forsta siffrorna i kombinerade nomenklaturen (KN)
enligt radets forordning (EEG) nr 2658/87 av den 23 juli 1987 om tulltaxe- och statistiknomenklaturen och om
gemensamma tulltaxan'>.

5. Om den anmélningsskyldige é&r tillverkare eller det ar frdga om inforsel fran den gemensamma marknaden
eller fran tredje land.

6. Om produkten getts nytt handelsnamn, ny varubendmning eller ny varubeteckning.

7. Om den anmilningsskyldige dr en sddan agent som har fatt Kemikalieinspektionens medgivande att
fullgéra anmélningsskyldigheten i stillet for den som for in produkten till Sverige.

8. Om produkten dr avsedd att vara tillgénglig for konsumenter for enskilt bruk.

9. For sddana produkter under varukod (tulltaxenummer) 28 och 29 i bilaga till férordningen (2008:245) om
kemiska produkter och biotekniska organismer som anvénds som utgangsvara vid tillverkning: uppskattning av
hur produktens anvandning procentuellt férdelas pa olika ndringsomraden, hogst tre. For 6vriga produkter:
uppgift om huvudsaklig anvéndning. Dessutom, for produkter som den anmélningsskyldige for ut ur Sverige:
uppgift om utforselns ungeférliga andel i procent.

10. Funktion.

11. Uppgift om produktens klassificering med angivande av antingen farokod och produktens riskfras(er)
enligt Kemikalieinspektionens foreskrifter (KIFS 2005:7) om klassificering och méirkning av kemiska produkter
eller uppgift om produktens faroklass, farokategori och faroangivelse enligt forordning (EG) nr 1272/2008.

12. Uppgift om dmnesnamn och halt for alla ingdende komponenter som

2EGT L 256, 7.9.1987, s. 1 (Celex 31987R2658).
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a) har klassificerats enligt Kemikalieinspektionens foreskrifter (KIFS 2005:7) i ndgon eller nagra av
faroklasserna

- cancerframkallande kategori 1 eller 2,

- mutagena kategori 1 eller 2,

- reproduktionstoxiska kategori 1 eller 2,

- allergiframkallande, eller

b) har klassificerats enligt forordningen (EG) nr 1272/2008 i ndgon eller ndgra av faroklasserna
- cancerframkallande kategori 1A eller 1B,

- konscellsmutagena kategori 1A eller 1B

- reproduktionstoxiska kategori 1A eller 1B

- hud- eller luftvdgssensibiliserande kategori 1.

Andra hélso- eller miljofarliga &mnen och halt for varje sddant &mne ska anges om &mnet ingar i en produkt i
sadan halt att redovisning pa sékerhetsdatablad krévs enligt Bilaga II, avsnitt 3 till férordningen (EG) nr
1907/2006 (Reach).

Ovriga dmnesnamn och halt for varje sddant imne ska anges om halten uppgar till mer #in fem viktprocent i
produkten.

13. For produkter under varukod (tulltaxenummer) 22, 28 och 29 i bilaga till férordningen (2008:245) om
kemiska produkter och biotekniska organismer: uppgift om produktens kemiska sammanséttning i 6vrigt och om
sédana fororeningar som uppgar till minst en procent av produktens vikt. Kadmium som férorening i
mineralgddselmedel ska dock anges enligt 4 a §.

14.1 fraga om vissa farger och lacker samt produkter for fordonsreparationslackering definierade i direktiv
2004/42/EG" som innehaller flyktiga organiska foreningar (VOC), uppgift om vilken underkategori som
produkten tillhdr samt halten flyktiga organiska foreningar i g/l i den form produkten har nir den ar fardig att
anvindas.

15. Uppgift om vilka &mnen i produkten som utgor konserveringsmedel for denna samt halt for vart och ett.
Om konserveringsmedlet finns anmélt fr dess handelsnamn anvéndas.

16. For sddana kemiska produkter dar anmélaren har angett funktion som biocid eller som luktpdverkande
medel: uppgift om vilket eller vilka &mnen som utgdr verksamt 4mne.

Amnesnamn ska anges med entydigt kemiskt namn. Entydiga kemiska namn #r "preferred name" enligt
CAS'- eller IUPAC "“-nomenklatur, kemiskt entydiga synonymer enligt [TUPAC- nomenklaturen och allmént
vedertagna d&mnesnamn, s.k. ISO-namn'® eller trivialnamn. CAS-nummer, och EG-nummer far ocksa anvéindas.

4a8§ Halter somavsesi4 § 12 eller 15 och som ligger i intervallet 0 — 1 % ska anges sa noggrant som mojligt.
Haltuppgifter som dverstiger 1 % far avrundas till ndrmaste hela procenttal. Om produktens sammanséttning
varierar far halten anges med det intervall som anger grinserna for variationen i hela procenttal.

For mineralgddsel under varukod (tulltaxenummer) 2809, 2835, 3103 eller 3105 ska halten kadmium
berdknas som ett viktat medelvéarde for den miangd gddselmedel som tillverkats eller forts in under aret.

For farg och lackprodukter ér det tillrdckligt att ange inom vilket intervall halten ligger. Tillatna intervall ar
dérvid 0-1 %, valfria femprocentsintervall inom omrédet 1-10 % och valfria tioprocentsintervall for 6vrigt.

B EGT L 143, 30.4.2004, s. 87 (Celex 32004L0042).
'* Chemical Abstract Services.

"> International Union of Pure and Applied Chemistry.
' International Organization for Standardization.
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Dessa foreskrifter trader i kraft den MMMM 201y.

P& Kemikalieinspektionens vagnar

XXX XXXXX

XXXXX XXXXXXX

19.2 Konsekvensutredning

Alla foretag som tillverkar, for in eller byter namn pa kemiska produkter ska anméla detta till
Kemikalieinspektionens produktregister och betala kemikalieavgift. Foretagen ska ldmna
olika typer av uppgifter till registret vid foljande tillféllen:

Namn och adress nér foretagets verksambhet startar;
Produktanmaélan senast den 28 februari aret efter det att verksamheten startat;

Komplettering senast den 28 februari varje ar med uppdaterade mangduppgifter och ev. andra
andringar som till exempel dndrad sammanséttning.

Mineralgddsel har varit anmélningspliktig till produktregistret sedan l&nge men trots det har
innehallet av kadmium hittills inte registrerats. Forslaget om att kadmiumhalterna ska foljas
med hjilp av produktregistret innebdr krav om anmilan av viktade genomsnittliga halter fran
alla relevanta foretag.

Bakgrund om kemikalieavgiften

En kemikalieavgift tas ut, baserad pé en registeravgift for varje produkt och pa foretagets
sammanlagda inforda och tillverkade kvantiteter. Antalet produkter och méngderna é&r alltsa
faktorer som paverkar foretagens kemikalieavgift. For varje produkt betalas en registeravgift
pa 600 kr/produkt med ett takvérde pa 70 000 kr, det vill sdga om foretaget anmélt fler &n 117
produkter kommer de efterfoljande inte att beldggas med avgift. Dartill kommer en mangd-
avgift pd 12 kr/ton, ocksd den med ett takvarde pa 70 000 kr, vilket betyder att om foretaget
anmaélt mer dn 5 833 ton belastas inte resterande miangd. Maximal kemikalieavgift for ett
foretag ér saledes 140 000 kr.

Om foretagets sammanlagda kvantitet understiger 1 ton utgar ingen avgift. Foretag som séljer
samma produkt under olika namn kan begéra att endast avkravas en avgift.

Kemikalieavgiften tas ut som en preliminir avgift baserad pa foretagets redovisade méngder
foregdende ar och stims av till en slutlig avgift ndr innevarande ars kvantiteter rapporterats.
Den totala kemikalieavgiften var cirka 40 miljoner kronor &r 2009.

Omkring 2 500 foretag har anmalt till produktregistret att de forde in eller tillverkade kemiska
produkter under 2008. Arligen tillkommer cirka 200 foretag och ungefir lika manga avslutar
sin verksamhet. Registret omfattar cirka 78 000 kemiska produkter och arligen omsétts mellan
6 000 och 8 000 av dessa produkter.

Schabloner for beddmning av uppgiftsldamnarnas kostnader

Enligt Tillvixtverkets databas "Malin” kan ett anmilande foretag ha f6ljande schablon-
massiga kostnader:

22 SEK f{6r anmélan av namn och adress nar foretagets verksamhet startar;
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40 SEK (> 50 produkter per foretag) alternativt 45 SEK (< 50 produkter per foretag) for arlig
komplettering med uppdaterade mangduppgifter.

Da produktregistrets foretag i allménhet anméler farre &n 50 produkter kommer det hogre
vérdet, 45 SEK, att anvindas for att skatta kostnaderna for arlig komplettering av anmaélda
mineralgddselprodukter. Kostnaderna for foretagens uppgiftsldimnande kan emellertid vara
mindre dn de angivna schablonerna, d4 rapporteringen numera gors elektroniskt i stor
utstrackning.

Kostnaden da man for forsta gdngen anmailer en produkt har inte getts ndgon schablon i
Tillvaxtverkets databas. Om produktens sammanséttning dr kidnd antas denna kostnad vara
dubbelt sd stor som schablonen for uppdatering av miangduppgift. I de fall information om
produktens sammanséttning maste eftersokas okar givetvis tidsatgang och kostnad och
resursbehovet kan variera kraftigt. Déarfor antas den genomsnittliga kostnaden for komp-
lettering av produktanmilan med kadmiuminnehall vara tre gdnger schablonen for upp-
datering av miangduppgift, det vill sdga 135 SEK per produkt.

Konsekvenser av forslaget for foretagens verksamhet
Kostnader

Forslaget innebér att for de cirka 600 fosforgddselprodukter som redan anmélts till produkt-
registret av ett hundratal foretag behdver innehallsuppgifterna kompletteras. Det kan innebéra
att foretagen belastas med administrativa kostnader pa i genomsnitt 135 SEK per produkt.
Detta dr den uppskattade schablonkostnaden for att arligen s6ka och berdkna viktad genom-
snittlig kadmiumhalt samt redovisa dessa uppgifter om mineralgddseln till Kemikalie-
inspektionens produktregister. Totalt sett skulle kostnaden 81 000 SEK fordelas pé ett
hundratal foretag, vilket 1 genomsnitt skulle bli 810 SEK per foretag.

Men denna kostnadsuppskattning kan i realiteten ha mindre betydelse, eftersom parallellt
uppgiftslimnande till SCB har pagétt sedan 1995 for de flesta foretag.

Forslaget kan dven medfora att ett antal foretag som ev. inte tidigare anmaélt sina mineral-
gddselprodukter borjar fa samma kostnader som dvriga leverantdrer av mineralgddsel:
engdngskostnaden for anmailan och de érliga kostnaderna for kemikalieavgift och upp-
datering. Formodligen ror det sig hdr om ett begrinsat antal nytillkommande foretag.

Konkurrens

Den foreslagna regeldndringen kommer att medfora att foretagens kostnader for att komp-
lettera anmélan med produkternas kadmiuminnehall fordelas mellan konkurrerande foretag
som tillverkar, for in eller byter namn pa likartade mineralgddselprodukter.

Riktad information och tillsynsinsatser for en konsekvent tillimpning av anmélningsplikten
kan dessutom komma att medfora 6kade kostnader for ett antal foretag som inte tidigare
anmaélt sina mineralgddselprodukter.

Pé detta sdtt kan kravet pd att limna uppgifter om kadmiuminnehall f6r mineralgddsel bidra
till mer likartade forutsittningar, aven om effekten forvintas bli begransad.

Regelforenkling

Gillande foreskrift om vilka uppgifter som krivs i anmélan fortydligas nér det géller ravaror.
Det 6verlappande uppgiftsldmnandet till SCB och Jordbruksverket bor pé sikt tas bort, sa att
bordan att 1dmna uppgifter kan minska.
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Slutsats

Forslaget till uppfoljningssystem bedéms medfora en mindre 6kning av foretagens kostnader
och mojligen mer likartade forutsdttningar. Med hjilp av antaganden och Tillvaxtverkets
schabloner kan den totala kostnaden uppskattas bli 81 000 SEK, att fordelas pé ett hundratal
foretag, men denna uppskattade 6kning far anses mycket osdker da uppgiftslamnande i
realiteten redan pagar.

Konsekvenser for Kemikalieinspektionens verksamhet

Den mindre anpassning av produktregistrets databas som behdvs for att uppgifterna om
mineralgddselns kadmiumhalt ska kunna registreras kan genomforas relativt enkelt.

Produktanmélan med mer detaljerade innehéllsuppgifter fran ett hundratal foretag medfor en
viss 0kning av registerarbetet, men 1 den man mgjligheterna till e-anmilan utnyttjas kommer
okningen inte fa nagon storre betydelse.

En sirskild satsning for riktad information och tillsyn kommer att behdvas for att uppgifter
om mineralgddselns kadmiumhalt ska borja 1dmnas. Sddana riktade satsningar planeras och
genomfors redan inom verksamhetens ram. Eventuella foretag som inte tidigare anmélt sin
verksamhet kan kridva mer tidsddande informationsinsatser, men formodligen ror det sig hér
om ett begrinsat antal nytillkommande fGretag.

Bearbetning av registeruppgifter, kontroll och utvirdering av statistikens tillforlitlighet samt
arlig publicering medfor initialt en 6kad insats for Kemikalieinspektionens produktion av
statistik och sammanstéllningar men bor ses som ett normalt inslag i arbetet.

Forslaget bedoms inte paverka intédkten av kemikalieavgifter.
Slutsats

Forslaget till uppfoljningssystem forvintas leda till att kadmiumtillforsel via mineralgddseln
kan f6ljas pa ett bra sdtt ocksa pa langre sikt. Ett visst utvecklingsarbete och riktad infor-
mation och myndighetstillsyn behdver genomforas, vilket bedoms ligga inom verksamhetens
normala ram.
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Bilaga 1 Kadmium — karakterisering och
klassificering

Tabell: Identifiering av kadmium och kadmiumoxid

Kemisk formel CAS-nummer EG-nummer
Kadmium Cd 7440-43-9 231-152-8
Kadmiumoxid CdO 1306-19-0 215-146-2

CLP-forordningen, dr den nya europeiska forordningen om klassificering, markning och for-
packning av kemiska dmnen och blandningar. Lagstiftningen géller hela EU och medfor ett
nytt system for klassificering och mirkning av kemikalier, som grundas pa FN:s globalt
harmoniserade system (GHS).

CLP behandlar farorna med kemiska @mnen och blandningar och hur andra ska informeras
om dem. Det aligger industrin att faststdlla farorna med @mnen och blandningar innan de
infors pd marknaden, samt att klassificera dem i enlighet med de faror som har identifierats.
For vissa dmnen finns bindande EU-harmoniserad klassificering och mirkning enligt bilaga
VI till CLP-férordningen. Kadmium och flera kadmiumf6reningar finns i denna bilaga.

Klassificering av
kadmium (EG-nummer 231-152-8, ej luftantandlig) och
kadmiumoxid (EG-nummer 215-146-2, ej luftantéandlig)

Faroklass Kategori Faroangivelse (kod inom parentes)

Carcinogenitet: Carc. 1B Kan orsaka cancer (H350)

Mutagenitet i kdnsceller Muta. 2 Missténks kunna orsaka genetiska
defekter (H341)

Reproduktionstoxicitet Repr. 2 Missténks kunna skada fertiliteten.
Misstinks kunna skada det ofédda
barnet. (H3611fd)

Akut toxicitet Acute Tox. 2 Daodligt vid inandning. (H330)

Specifik organtoxicitet — STOT RE 1 Orsakar organskador genom lang eller

upprepad exponering upprepad exponering (H372)

Farligt for vattenmiljon Aquatic Acute 1 Mycket farligt for vattenmiljon (H400);

Aquatic Chronic 1 Myclget giftigt férovatt.enlevande

organismer med langtidseffekter.
(H410)




Bilaga 2 Oversikt regleringar

Utsldpp av tungmetaller, ddribland kadmium, har minskat 1 EU. Battre kontroll och utslépps-
minskande tekniker har tillsammans med riktade internationella atgarder och EU-lagstiftning
har drivit pa utvecklingen. Lagstiftningen innefattar:

Arhus protokollet till 1979 4rs konvention om langviga grinséverskridande luftfororeningar
om tungmetaller som speciellt pekar ut bland annat kadmium som ett sérskilt skadligt &mne.

Inom EU sa syftar direktiv 2008/1/EG om samordnade atgéirder for att forebygga och be-
grinsa fororeningar (IPPC-direktivet) till att forhindra eller minimera fororening av vatten,
luft och mark fran industriverksamhet, inklusive energiproducerande industri, och jordbruk
med hog fororeningspotential. Detta astadkoms genom att definiera grundldggande skyl-
digheter for tillstdnd. Det stéller krav pa anvdndning av bésta tillgéngliga teknik i1 nya an-
laggningar (och for befintliga anldggningar under de ndrmaste tio aren enligt nationell lag-
stiftning) vilket kommer att bidra till att minska utsléppen av bland annat kadmium. IPPC-
direktivet genomgar en dversyn tillsammans med andra relaterade lagstiftningar, inklusive
direktivet om stora forbranningsanldggningar och avfallsforbranningsdirektivet. Utslépp av
vissa fororeningar, diribland kadmium, fran vissa industrianlaggningar uppskattas och
rapporteras ocksé under forordning (EG) nr 166/2006 om upprittande av ett europeiskt
register over utsldpp och dverféringar av fororeningar.

Direktivet om stora forbranningsanldggningar (2001/80/EG) har medfort minskade utslédpp av
kadmium och andra tungmetaller genom minskning av utsldppen av stoft och andra atgérder.

Direktiv 2008/50/EG om luftkvalitet och renare luft i Europa har ersatt flera direktiv rorande
luft. Direktiv 2004/107/EG om arsenik, kadmium, kvicksilver, nickel och polycykliska
aromatiska kolviten i luften géller fortfarande och innehéller bestimmelser och gréinser for
vidare kontroll av kadmium och andra dmnen 1 utomhuslutft.

I ramdirektivet for vatten uppréttat en gemenskapsram for skyddet av inlandsytvatten, grund-
vatten, vatten 1 Overgangszon, och kustvatten. Detta ramdirektiv har flera mal, exempelvis att
hindra och minska fororeningar, frimja hallbar anvéindning av vatten, skydda miljon, forbattra
tillstdndet for akvatiska ekosystem och mildra effekterna av 6versvimningar och torka. Dess
yttersta mél dr att uppnd en god ekologisk och kemisk status i alla EU:s vatten fram till 2015.

Kadmium och kadmiumforeningar ar identifierade som prioriterade farliga &mnen inom
vattenpolitikens omrade. I enlighet med ramdirektivet for vatten bér medlemsstaterna vidta
nodvindiga atgirder for att utslépp och spill av prioriterade farliga &mnen ska upphora eller
stegvis elimineras.

I slamdirektivet anges gransviarden som avser halter kadmium i den jord dér slammet an-
vénds, halter av kadmium i slam och den storsta méngd kadmium som arligen fér tillforas
mark avsedd for jordbruk. Medlemsstaterna far vid behov infora bestimmelser som ar
strdngare &n de som foreskrivs i direktivet. Syftet med direktivet &r att reglera anvdndningen
av avloppsslam 1 jordbruket, sé att skadliga effekter pd mark, vegetation, djur och ménniskor
hindras samtidigt som en riktig anvéindning av slammet uppmuntras.

For att framst forhindra att kadmium fororenar avfall eller sprids till miljon under anvdndning
av produkter som innehaller kadmium i ndgon form, sé finns omfattande regleringar pa EU-
niva av kadmium i bland annat batterier, fordon, elektrisk och elektronisk utrustning,
forpackningsmaterial, vissa plaster, och farger (dock inte konstnarsférger).

Kadmiumbegrinsningarna som fore den 1 juni fanns i begransningsdirektivet (76/769/EG)
genomfordes inte 1 svensk lagstiftning pa grund av det nationella kadmiumforbudet. Det



tidsbegriansade undantaget att behélla svenska regler — som Sverige fick i anslutningsakten till
medlemskapet i EU — har nu gatt ut.

Det nationella kadmiumférbudet i forordning (1998:944) om férbud m.m. 1 vissa fall 1 sam-
band med hantering, inforsel och utforsel av kemiska produkter upphavdes darfor den 1 juli
2009 (SFS 2009:654). Darmed géller de kadmiumbegriansningar som finns 1 bilaga XVII 1
Reach-forordningen dven i Sverige.

For att undvika eller minimera utsldpp av kadmium 1 avfallsledet, sa finns dven regleringar 1
avfallslagstiftningen.

Utvalda EU rattsakter som reglerar exponering och utslapp av kadmium i nagon form

Reglering frimst av anvindning i1 produkter, utsldpp och avfall

Forordning (EG) nr 1272/2008 om klassificering, mérkning och forpackning av @mnen och
blandningar (CLP-férordningen)

Forordning (EG) 1907/2006 om registrering, utvdrdering, godkdnnande och begransning av
kemikalier (Reach)

Direktiv 2009/48/EG om leksakers sdkerhet
Direktiv 94/62/EG om forpackningar och forpackningsavfall

Direktiv 2006/66/EG om batterier och ackumulatorer och forbrukade batterier och
ackumulatorer (Batteridirektivet)

Direktiv 2002/95/EG om begransning av anvandningen av vissa farliga &mnen 1 elektriska och
elektroniska produkter (RoHS)

Direktiv 2002/96/EG om avfall som utgors av eller innehaller elektriska eller elektroniska
produkter (WEEE)

Direktiv 2000/53/EG om uttjénta fordon
Forordning (EG) nr 2003/2003 om gddselmedel
Reglering frimst av utsldpp och tillforsel
Direktiv 2000/60/EG Ramdirektivet for vatten

Direktiv 76/464/EEG om fororening genom utsldpp av vissa farliga &mnen i gemenskapens
vattenmiljo

Direktiv 86/278/EEG om skyddet for miljon, sarskilt marken, nér avloppsslam anvinds 1
jordbruket (slamdirektivet)

Direktiv 2008/1/EG om samordnade atgirder for att forebygga och begransa fororeningar.
Direktiv 2001/80/EG om stora forbranningsanldggningar

Reglering frimst av halter i livsmedel eller material i kontakt med livsmedel

Forordning (EEG) nr 315/93 om frimmande &mnen i livsmedel

Direktiv 96/77/EG om sérskilda renhetskriterier for andra livsmedelstillsatser én fargdmnen
och soétningsmedel

Direktiv 98/83/EG om kvaliteten pa dricksvatten
Direktiv 84/500/EEG om keramiska produkter avsedda att komma i kontakt med livsmedel.
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Summary (Swedish)

Kosten dr den viktigaste exponeringskéllan for kadmium. Framfor allt vixtbaserade
livsmedel sdsom vete, potatis, ris, gronsaker och andra rotfrukter bidrar till huvudelen av
exponeringen. Hoga halter aterfinns i indlvsmat och skaldjur och vissa fron. Upptaget av
kadmium i tarmen é&r i storleksordningen 1-10 procent. Lagre upptag forekommer hos
personer med adekvat jarnstatus, medan hogre upptag forekommer hos personer med
jérnbrist (framfor allt kvinnor) och under graviditet. Nyfodda och smébarn kan dven ha
hégre upptag av kadmium, oberoende av jirnstatus. Aven om kadmiumbhalten i
brostmjolk som regel ar relativt 1ag, kan saledes méngden som tas upp i kroppen vara
relativt hog. Rokare exponeras ytterligare for kadmium vi tobaksroken

Koncentrationen av kadmium i helblod eller roda blodkroppar anvinds som markor for
pagaende exponering. Koncentrationen i urin dr en unikt bra markdér f6r
langtidsexponering, eftersom den speglar koncentrationen i njuren, dar kadmium
ansamlas med mycket lang halveringstid. Uppmatta koncentrationer i urinen maste dock
justeras for variation i urinens utspadning. Detta gors ofta genom att relatera
koncentrationen av kadmium till den av kreatinin, som uppvisar en tdmligen konstant
utsondring dver tid. Koncentrationen av kreatinin i urin varierar dock med alder, kon,
kroppsstorlek och kottintag, varfor &ven kadmium/kreatininkvoten paverkas av dessa
faktorer. Ett alternativ till kreatininjustering dr justering med avseende pd specifik vikt,
som varierar mindre med alder, kon och muskelmassa. En genomgang av rapporterade
koncentrationer av kadmium i blod och urin 6ver tid 1 Sverige ger inga indikationer pé att
exponeringen har minskat under de senaste 20-30 aren.

Kronisk exponering for kadmium kan ge upphov till en rad olika héilsoeffekter. Njuren
har sedan ldnge betraktats som det viktigaste malorganet for skador av kadmium. Efter
det att kadmium i blodplasma filtreras i njurens glomeruldra del, resorberas det i njurens
tubuléra del, ddr det mesta ansamlas och efter hand ger upphov till hga koncentrationer.
Ett stort antal studier, vissa utférda i Sverige, har visat pd samband mellan kadmium 1
urin och/eller blod och biomarkdrer for nedsatt njurfunktion, framfor allt (och tidigast) i
njurens tubuléra del, dér ansamlingen sker. Resultaten frén nyligen utforda studier,
framfor allt 1 Sverige,tyder pa att tidiga (subkliniska) effekter pa njuren, fr. a. 6kad
urinutsondring av ldgmolekyléra proteiner, peptider och intracelluldra enzym, borjar
upptrdda redan vid koncentrationer under 1 pg/g kreatinin i urin. Dessutom har
kadmiumexponering visats korrelera med nedsatt glomerulér filtration vid samma
exponeringsnivaer.

Det pdgar en debatt angdende orsakssambanden mellan biomarkdrer i1 urin for
kadmiumexponering och njureffekter (fr.a. tubuldra effekter) vid laga exponeringsnivéer,
eftersom det skulle kunna rdra sig om samtidig utséndring genom bindning av kadmium
till de proteiner som utsondras. Darfor dr det svart att sdkert avgora vid vilken
koncentration som effekter av kadmium pé njurens tubuléra del borjar uppkomma. Det
skall dock ndmnas att flera mekanistiskt inriktade studier stoder effekter vid laga doser.

Pa grund av dessa osdkerheter vad géller lagsta effektdos for kadmium i njurtubuli, har vi
valt att fokusera pa kadmiums effekter pé skelettet (ben). Det &r sedan linge vilként att
hog exponering for kadmium paverkar kroppens omséttning av kalcium, vilket kan leda
till osteomalaci (benvdvsuppmjukning) och osteoporos, (nedsatt bentédthet) forutom
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njureffekterna. Kombinationen av njur- och skelettskada kallas Itai-Itai disease. Under
senare tid har det kommit alltmer resultat som stoder att betydligt lagre exponering for
kadmium oOkar risken for lag bentithet och osteoporos. Effekten av kadmium pa ben tycks
vara oberoende av skadan pa njuren, och tycks uppkomma vid &nnu ldgre exponering.
Hittills har endast tre studier undersokt samband med frakturer som utgér den
allvarligaste effekten pa ben. Andra studier har undersokt markorer for benomsittning for
att 6ka kunskapen mgjliga verkningsmekanismer. Mycket tyder pa att kadmium fr a 6kar
nedbrytningen av benceller. Benskorhetsfrakturer dr ett mycket stort folkhédlsoproblem i
Sverige som medfor stort lidande, 6kad dodlighet och mycket stora kostnader.

Rapporterade studier dr samstdmmiga 1 det att sdvil nedsatt bentdthet som 6kad risk for
osteoporos och frakturer startar vid ldga kadmium koncentrationer i urin. Bade en ny stor
svensk studie (SMC) och en amerikansk studie (NHANES) tyder pé att redan en
kadmiumkoncentration i urin omkring 0.5 pg/g kreatinin okar risken risk for osteoporos
och frakturer. Det skall noteras att 6kad risk for osteoporos och frakturer dven setts hos
personer som aldrig rokt, vilket talar for att kadmium i kosten bidrar till 6kad risk. Med
tanke pa den mycket hoga forekomsten av osteoporotiska frakturer i Sverige jamfort med
centrala och sddra Europa, kan det inte uteslutas att ménniskor i Sverige &r sarskilt
kinsliga for kadmium. Det &r viktigt att podngtera att d&ven en liten 6kning av den
genomsnittliga exponeringen leder till att en &nnu storre 6kning i1 av de allvarligaste
effekterna.

Kadmium har klassats som humancarcinogen av Virldshélsoorganisationens
cancerforskningsinstitut, IARC (viktigaste instansen for klassificering av
cancerframkallande dmnen), frimst beroende pé trolig 6kad lungcancer risk hos
yrkesmassigt exponerade personer. Mekanistiska studier stoder att kadmium &r en
carcinogen. Sambandet mellan kadmiumexponering och risk for cancer har pa senare tid
ocksa undersokts utanfor yrkesmaéssig exponering och flera studier visar samband med
okad risk. Experimentella studier talar ocksé for att kadmium kan ha 6strogen-lika
effekter, vilket ger anledning att misstédnka att kadmium kan paverka uppkomsten av
hormonberoende tumdrer. Svenska epidemiologiska studier har initierats och samband
har vistats mellan kadmiumexponering estimerad via kosten och risk for hormonberoende
cancer (livmoderscancer). Det dr idagsléget svart att dra slutsatser om cancerrisken
kopplat till kadmiumexponeringen via kosten men resultaten stoder anvindande av
forsiktighetsprincipen. Kunskapen rorande kadmiumrelaterad hjért-karlsjukdom och
diabetes ger inte tillrdckligt underlag for riskbedomning men stoder ocksa anvindande av
forsiktighetsprincipen. Tva nya, vélutforda prospektiva studier fran Belgien och USA
tyder pa samband mellan kadmiumexponering och 6kad dodlighet, en synnerligen
allvarlig effekt. Dock kan det inte helt uteslutas att sambanden péverkats av faktorer som
inte justerats for fullt ut. Trots detta, bidrar dessa fynd till den totala bilden av kadmium
som orsak till allvarliga hélsoeffekter. Ett antal mindre tvérsnittstudier indikerar att
kadmiumexponering dven kan paverka fostertillvixten och barns utveckling, vilket &ven
stods av experimentella studier som visar pa neurotoxicitet av kadmium. Aven om
tillgdngliga data inte tillater etablering av dos-respons samband bor dessa studier inga i
den totala bilden av kadmiums hilsoeffekter.

Sammanfattningsvis kan konstateras att ett antal vilgjorda studier, inklusive sadana fran
Sverige, har visat samband mellan kronisk kadmiumexponering i befolkningen och
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hélsoeffekter framfor allt i form av njurpéverkan, osteoporos och frakturer. Att det ror sig
om kausalsamband stdds av experimentella mekanismstudier. Associationerna med alla
dessa effekter har observerats vid 14ga exponeringsnivaer. Huvudfokus i denna rapport
har varit effekter av kadmium pa ben, d& dessa studier, till skillnad fran studierna rérande
subkliniska effekter pd njuren, inte bygger pa att bdde markdr for exponering och effektér
matta 1 urin. Dessutom inkluderar de tydliga kliniska effekter, av vilka de mest allvarliga
ar frakturer. I och med att effekten dr oomtvistad, blir den kvantitativa riskbedomningen
for den exponering betydligt sékrare.

Det kan konstateras att omfattande epidemiologiska studier som publicerats under senare
ar med stor sdkerhet tyder pa att beneffekterna av kadmium hos svenska kvinnor borjar
upptrdda ndgonstans mellan 0.5 and 1 pg/g kreatinin i urin. En betydande andel av
svenska kvinnor har sddan exponering. Denna exponeringsniva dr ndgot lagre édn den (1
ug/g kreatinin) som redovisades i den senaste riskbedomningen fran EFSA som
baserades pa meta-analys av ett stort antal studier rorande njureffekter av kadmium, av
vilka flertalet var fran asiatiska ldnder. P& grund av de ménga olika hilsoeffekterna av
den 1 befolkningen forekommande kadmium-exponeringen ar det synnerligen viktigt att
inte 6ka exponeringen ytterligare. Detta dr sérskilt viktigt eftersom vi i Sverige och i de
ovriga Skandinaviska ldnderna redan har en forhojd risk for frakturer. Statistiskt sett
kommer varannan kvinna och var fjarde man i Sverige att drabbas av en osteoporos-
orsakad fraktur. Befolkningen kan vara speciellt kénslig for faktorer som ytterligare 6kar
risken, t ex exponering for kadmium. En liten 6kning av den genomsnittliga
kadmiumexponeringen kan darfor ge en forhallandevis stor 6kning av andelen med hog
exponering,vilka har en 6kad risk for svéra effekter, sdsom frakturer. Darfor ar det
angelédget att vidta atgérder for att minska exponeringen.



Summary (English)

The main source of cadmium exposure is food, mainly food of plant origin, offal and
seafood. The gastrointestinal absorption of cadmium is influenced by age, type of diet,
and nutritional status, with iron status being particularly important.

Blood cadmium is localized mainly in the red blood cells and is a useful marker of
ongoing exposure. Urinary cadmium is a useful biomarker of long-term exposure, as it
reflects the concentration in the kidney, where cadmium is accumulating with very long
half-life. It is the most frequently used biomarker of cadmium exposure. The measured
concentrations need to be adjusted for variation in urine dilution, mainly by creatinine or
specific gravity. In particular creatinine adjusted urinary cadmium will vary by age, body
size, gender, and meat consumption. An alternative way of adjustment is by specific
gravity. A critical review of the database on biomarkers of cadmium exposure provides
no evidence for a decrease in cadmium exposure over time during the last 2-3 decades in
Sweden.

Long-term cadmium exposure may cause various toxic effects. The kidney has generally
been considered the critical target organ for cadmium toxicity. Circulating cadmium,
after being filtered in the glomerular part of the kidney, is reabsorbed and retained in the
proximal tubules causing high intracellular concentrations. A large number of studies,
also in the Swedish general population, show significant association between cadmium in
urine and/or blood and markers of impaired kidney function, mostly impaired tubular
function. Critical review of recent studies, particularly those in Sweden, indicates that the
risk of impaired function increases already below 1 pg/g creatinine in urine. In addition,
cadmium exposure has been associated with impaired glomerular filtration rate, the risk
of which seems to start at 0.7 to 1.0 ug/g creatinine.

There is a debate concerning the causality and the health significance of the associations
between urine-based biomarkers of cadmium exposure and kidney effects (mainly tubular
effects) that occur at very low cadmium concentrations. Thus, it is difficult to ascertain
the exact lowest effect dose for a clear adverse effect. However, several recent
mechanistic studies support effects at low exposure.

Because of the uncertainties of lowest effect dose for cadmium in the proximal tubules,
the present risk assessment focuses on bone effects of cadmium. It is well established
since long that excessive exposure to cadmium affects the metabolism of calcium, in
severe cases leading to osteomalacia and osteoporosis, in addition to kidney damage (Itai-
Itai disease). Data supporting adverse effects of much lower cadmium exposure on the
risk of osteoporosis has increased substantially during the last few years. The effect of
cadmium on bone seems to be independent of kidney damage, possibly the effects occur
even before the kidney damage. Whereas several epidemiological studies have observed
an association between cadmium and bone mineral density (all reviewed in the document
and listed in Table 6), only three published studies have so far considered fracture
incidence — the most adverse endpoint with respect to effects on bone. Other studies have
included markers of bone remodeling to increase the understanding of causal
relationships and possible mechanisms involved. It appears that cadmium preferentially
affects bone resorption.



Irrespective of whether the studies employed a decrease in the bone mineral density,
increased risk of osteoporosis or increased risk of fractures, these changes seem to occur
at very low urinary cadmium concentrations. Both a recent Swedish study (SMC) and an
American study (NHANES) suggest that already a cadmium concentration in urine of
around 0.5 pg/g creatinine is associated with increased risk of osteoporosis and fractures.
Importantly, the Swedish studies showed increased risk of osteoporosis and fractures
among those who never smoked, suggesting that dietary cadmium alone contribute to the
risk. Statistically, every other women and one out of four men in Sweden will suffer from
an osteoporotic fracture during their lifetime. Considering the high prevalence of
osteoporotic fractures in Sweden, compared to central and southern Europe, it cannot be
ruled out that the Swedish population might be more sensitive to cadmium exposure. It
should be noted that even a small increase in the average exposure will result in a
proportionally larger increase in the fraction of the population at risk of fractures.

Cadmium is classified as human carcinogen, mainly based on lung cancer among
occupationally exposed people. Mechanistic studies support that cadmium is a
carcinogen. The relationship between cadmium exposure and cancer risk has recently
also been studied outside the occupational exposure and several studies show increased
risks. Experimental studies also suggest that cadmium may have estrogen-like effects.
Swedish epidemiological studies have been initiated and associations between estimated
dietary exposure and increased risk of hormone-related cancer (endometrial cancer) has
been shown. At present it is difficult to draw conclusions about the cancer risk linked to
dietary exposure to cadmium, but the data are in support of the need for a precautionary
approach. Knowledge on cadmium-related cardiovascular disease and diabetes do not
provide sufficient information for risk assessment but also supports a precautionary
approach. Two recent well performed prospective studies from Belgium and USA
indicate associations between cadmium and increased mortality which is alarming. Still,
it is difficult to judge whether the results could be affected by residual confounding.
Nevertheless, these data clearly add to the concern that cadmium might exert severe
effects on human health.

A number of fairly small cross-sectional studies indicate that cadmium exposure may
have a negative effect of fetal growth and child development. Although available data
does not allow quantitative health risk assessment, these effects should be born in mind.
In conclusion, a number of studies, several of which in Sweden, have shown associations
between long-term low-level cadmium exposure and adverse health effects mainly in the
form of kidney dysfunction, osteoporosis and fractures. Causal relationships are
supported by mechanistic experimental studies. Although associations with all those
effects are found at very low exposure levels, the main emphasis in this risk assessment
has been put on recent data on bone effects of cadmium. Unlike the studies on subclinical
kidney effects, the bone effects include several different endpoints, which are not based
on urine-based biomarkers. Rather, they include clinical findings, the most severe of
which are bone fractures. Thus, the data on bone effects are more suitable for evaluation
of health risks at low exposure levels, i.e. levels observed in Sweden today.

Taken together, the recent comprehensive epidemiological studies strongly indicate that
the effects of cadmium on bone among Swedish women starts somewhere between 0.5
and 1 pg/g creatinine in urine. A considerable part of the Swedish women have urinary
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cadmium concentrations in this range. Thus, it is clear that cadmium-related health
effects occur at the present exposure levels in Sweden.

It should be noted that these risk levels (0.5-1 pg/g creatinine) are slightly lower than that
(1 ng/g creatinine) reported in the recent EFSA risk assessment of cadmium, which was
mainly based on dose-response relationship between urinary cadmium and markers of
impaired renal tubular function obtained in a meta-analysis of selected, mainly Asian
studies. Because of the associations with multiple health effects observed already at the
present cadmium exposure in the general population, it is essential not to increase the
exposure further. Compared to most other countries, the risk of fractures is very high in
Sweden. In the light of this high prevalence of fractures, the population is likely to be
extra sensitive to an exposure that further increases the risk. It should be noted that even a
small increase in the average exposure will result in a proportionally large increase in the
fraction of the population with increased risk of severe effects, such as fractures.
Therefore , mitigation efforts are needed to decrease the exposure, the main part of which
is through food.
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General introduction

Cadmium is a toxic metal that ranks 7 on the US Agency for Toxic Substances & Disease
Registry’s priority list of hazardous substances (www.astdr.cadmiumc.gov), a
prioritization of substances based on a combination of their frequency, toxicity, and
potential for human exposure. As a pollutant of worldwide concern, cadmium has been
reviewed by the United Nations Environment Program, and included on the list of
chemical substances considered to be potentially dangerous at the global level .

Cadmium is found in the environment mainly associated with zinc but also with lead and
copper. It is a by-product of the metallurgy of these elements and has been used in many
technological applications. The release of cadmium into the human environment occurs
via emission from mining activities and metal industries (the smelting of other metals),
the combustion of fossil fuels, the incineration of waste materials or inappropriate waste
disposal, leaching from landfill sites and the use of cadmium-rich phosphate fertilizers
and sewage sludge. These anthropogenic activities have contributed to the contamination
by cadmium of the food chain. However, there are also areas with naturally elevated
cadmium concentrations in soil. Because cadmium is easily taken up by many plants,
plant-based food, in particular wheat, rice and potatoes, is a major source of exposure to
cadmium. Another source of exposure is tobacco smoking, mainly because the absorption
in the lungs is higher than in the gastrointestinal tract.

Cadmium has no known biological function in animals or humans but mimics sometimes
other divalent metals that are essential to biological functions. Cadmium can cross
biological membranes, often by mechanisms designed for essential elements, but is not
easily cleared by the cells, which explains the long residence time of this element in
storage tissues. Cadmium is transported bound to ligands, especially metallothionein,
with high affinity. Cadmium absorbed into the body is eliminated very slowly, with a
biological half-life estimated to be 10-30 years.

Cadmium exposure has been associated with nephrotoxicity, osteoporosis, neurotoxicity,
carcinogenicity and genotoxicity, and endocrine and reproductive effects.
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Summary of previous risk assessments

Risk Assessment Report; Existing substances

In 2003, a risk assessment report on cadmium oxide and cadmium metal was published as
a draft version by the EU-JRC in the context of Council Regulation (EEC) 793/935 on
the evaluation and control of the risks of existing substances. The final EU-JRC report
was published in December 2007 2. This assessment addressed the question of risks
associated with the production and use of cadmium metal and cadmium oxide. The EU
RAR chose to develop an “aggregate” of the data and proposed a LOEL (lowest observed
effect level) of 2 g cadmium/g creatinine. This figure was to be understood as a
composite level, based on the association between Cadmium and not only low-molecular
weight proteins (LMWP), but also calcium excretion in urine and its possible relationship
with bone effects. Margin of safety (MOS) was calculated by comparing the LOAEL of 2
pg/g creatinine with empirically measured urinary cadmium concentrations in five
European and one US study. The estimated MOS was below 3 (the MOS value
considered as the minimum acceptable) for a significant fraction of the population.

European Food Safety Authority, EFSA

The Scientific Panel on Contaminants in the Food Chain (CONTAM) assessed the risks
to human health related to the presence of cadmium in foodstuffs in 2009 °. An
assessment of exposure from foodstuffs (about 140,000 data on cadmium in various
foods from 20 Member States covering the period 2003-7) was performed. The highest
cadmium concentrations were detected in seaweed, fish and seafood, chocolate, and
foods for special dietary uses. For most foods only a small percentage of the analyzed
samples (<5 %) exceeded the maximum level (ML), where specified. Up to 20 % of the
samples were above the MLs for celery, horse meat, fish, bivalve mollusks other than
oysters and cephalopods. Highly contaminated areas may show higher cadmium
concentrations in locally produced food and the use of cadmium-containing fertilizers in
agriculture increases cadmium concentrations in the crops and derived products. To
assess cadmium dietary exposure, the occurrence data and the consumption data as
reported in the EFSA’s Concise European Food Consumption Database were used.
National food consumption dietary surveys were used to estimate the consumption
pattern of specific sub-groups such as vegetarians and children. The food groups that
contributed to the major part of the dietary cadmium exposure, primarily because of the
high consumption, were cereals and cereal products, vegetables, nuts and pulses, starchy
roots or potatoes, and meat and meat products. The mean dietary exposure across
European countries was estimated to be 2.3 pg/kg bw per week (range from 1.9 to 3.0
ng/kg bw per week from the lowest to the highest country mean values). Due to their high
consumption of cereals, nuts, oilseeds and pulses, vegetarians have a higher dietary
exposure of up to 5.4 ug/kg bw per week. Regular consumers of bivalve mollusks and
wild mushrooms were also found to have higher dietary exposure, i.e., on average 4.6 and
4.3 ng/kg bw per week, respectively.

The CONTAM Panel carried out a meta-analysis on a selected set of studies (both men
and women) to evaluate the dose-response relationship between urinary cadmium and
urinary B2M *. A Hill model was fitted to the dose-response relationship between
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population averages of urinary cadmium and B2M for subjects over 50 years of age and
for the whole population. From the model, a benchmark dose lower confidence limit for a
5 percent increase of the prevalence of elevated B2M (BMDLS) of 4 pg cadmium/g
creatinine was derived. A chemical-specific adjustment factor of 3.9, to account for inter-
individual variation of urinary cadmium within the study populations, was applied,
leading to a value of 1.0 pg cadmium/g creatinine. Such a value was also supported by
data from occupationally exposed workers and by the results of several individual studies
using a variety of biomarkers.

A one-compartment kinetic model was fitted to a large data set based on never-smoking
Swedish women (age range from 58 to 70 years), comprising both measurements of
dietary cadmium intakes and urinary cadmium concentrations, to allow for an estimation
of the relationship between the two °. The dietary cadmium exposure that corresponds to
the critical urinary cadmium concentration of 1 pg/g creatinine after 50 years of exposure
was then estimated using the model. In order to remain below 1 pg cadmium/g creatinine
in urine in 95 % of the population by age 50, the average daily dietary cadmium intake
should not exceed 0.36 pg cadmium/kg bw, corresponding to a weekly dietary intake of
2.5 ng cadmium/kg bw The model calculation took into consideration the human
variability in absorption rates (1-10 %) so that high absorption rates common in women
of reproductive age groups due to high prevalence of low and empty iron stores as well as
variations in half-life were included. No adjustment or uncertainty factor was considered
required for individual variability in susceptibility. Therefore, the CONTAM Panel
established a tolerable weekly intake (TWI) for cadmium of 2.5 pg/kg bw

Thus, the mean exposure for adults across Europe is close to, or slightly exceeding, the
TWI of 2.5 pg/kg bw. Subgroups such as vegetarians, children, smokers and people
living in highly contaminated areas may exceed the TWI by about 2-fold. The CONTAM
Panel concluded that although the risk for adverse effects on kidney function at an
individual level at dietary exposures across Europe is very low, the current exposure to
cadmium at the population level should be reduced.

JECFA

In 1972, the Joint FAO/WHO Expert Committee on Food Additives (JECFA), derived a
Provisional Tolerable Weekly Intake (PTWI) of 400-500 pg or 7 pg/kg body weight
(bw) (assuming a 60 kg bw) based on a critical concentration of cadmium in the kidneys
(200 mg/kg tissue) — causing an increase in beta2-microglobulin (B2M) concentration in
urine - and a toxicokinetic model that related the cadmium bioaccumulation in the
kidneys with dietary intake. They considered the model estimates used to derive the
PTWI as conservative, although it did not include a safety factor. It was noted that there
was only a relatively small safety margin between exposure from the normal diet and the
exposure that would produce adverse effects. Later JECFA concluded that the risk of
renal tubular dysfunction in the general population would be negligible below a urinary
cadmium excretion of 2.5 pg/g creatinine. The urinary cut-off was derived based on data
on occupationally exposed °.

At their seventy-third meeting in June 2010, JECFA updated their risk assessment of
dietary cadmium. A summary of the decision reached is available on the web-site
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(http://www.fao.org/ag/agn/agns/jecfa/JECFA73%20Summary%20Report%20Final.pdf).

Although the complete report has not yet been made available, we decided to include in
this report the summary as appeared.

“An analysis of the group mean data from individuals who were 50 years of age and
older showed that the urinary excretion of less than 5.24 (confidence interval 4.94—5.57)
ug of cadmium per gram creatinine was not associated with an increased excretion of
B2M. Higher urinary cadmium levels were associated with a steep increase in B2M
excretion. To determine a corresponding dietary exposure that would result in a urinary
cadmium concentration at the breakpoint of 5.24 (confidence interval 4.94-5.57) ug of
cadmium per gram creatinine, a one compartment toxicokinetic model was used. The
lower bound of the 5th percentile dietary cadmium exposure (on a population level) that
equates to the breakpoint was estimated to be 0.8 ug/kg body weight per day or 25 ug/kg
body weight per month. The Committee noted that the existing health-based guidance
value for cadmium was expressed on a weekly basis (provisional tolerable weekly intake,
or PTWI), but, owing to cadmium’s exceptionally long half-life, considered that a
monthly value was more appropriate. The Committee therefore withdrew the PTWI of 7
ug/kg body weight. In view of the long half-life of cadmium, daily ingestion in food has a
small or even a negligible effect on overall exposure. In order to assess long- or short-
term risks to health due to cadmium exposure, dietary intake should be assessed over
months, and tolerable intake should be assessed over a period of at least 1 month. To
encourage this view, the Committee decided to express the tolerable intake as a monthly
value in the form of a provisional tolerable monthly intake (PTMI). The Committee
established a PTMI of 25 ug/kg body weight.”

Interpretation of the new PTMI by JECFA is difficult since the background documents
are not yet available. Apparently JECFA has evaluated essentially the same meta-analysis
as reported by EFSA in 2009. However, they came to a slightly higher urinary cadmium
concentration at which the risk of elevated B2M excretion started to increase, apparently
by using another method than the benchmark dose method employed by EFSA. In
addition, JECFA did not consider the inter-individual variations in the reviewed studies,
but relied entirely on the mean values reported by the studies. It seems as if JECFA did
not consider the large body of evidence published in the literature during recent years.

14


http://www.fao.org/ag/agn/agns/jecfa/JECFA73%20Summary%20Report%20Final.pdf�

Gastrointestinal absorption

The gastrointestinal absorption of cadmium is influenced by age, type of diet, and
nutritional status, with iron status being particularly important. Based on both
experimental and human studies it has been concluded that a few per cent of the total oral
exposure to cadmium is absorbed, on average, while individual values may range from
about 1% and probably up to 10% or possibly higher in females with low iron stores or
iron deficiency. Figure 1 shows the association between serum ferritin (a marker of iron
stores) and blood cadmium, indicating that low iron stores leads to increased cadmium
uptake. A gastrointestinal absorption between 1-10% is in concordance with the
toxicokinetic modeling of long-term dietary exposures and measured urinary cadmium
levels °. Mechanistically, enhanced gastrointestinal absorption of cadmium at depleted
iron stores and iron deficiency is supported by the binding of cadmium to the iron
transporters, divalent metal transporter 1 (DMT1) and ferroportin 1, which are up-
regulated at low iron stores ' and during pregnancy. Thus, cadmium absorption seems to
be elevated also in pregnancy *°.
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Figure 1. The relationship between body iron stores as assessed by serum ferritin and cadmium
in blood and urine in 57 Swedish women in Berglund et al., 199410 . (Figure taken from Jirup &
Akesson, 2009)11.

The relative importance of low iron stores for the accumulation of cadmium in the kidney
was investigated in a Swedish study. The cadmium content in the kidneys of 109 living
donors (aged 24—70 years; median 51 years) was determined from kidney biopsies. The
average kidney cadmium concentration in the kidneys was 15 pg/g wet weight. The
kidney cadmium concentration increased by 4.5 pg/g (P = 0.03) for women with low iron
stores (serum ferritin below 30 pg/l), suggesting that a low iron status is at least as
important as 10 pack-years of smoking (corresponding to smoking one package of
cigarettes daily for 10 years) or a 10-year increase in age for cadmium accumulation in
the kidney 12 Tt has been argued, based on experimental animal studies, that cadmium is
also taken up via zinc transporters and that zinc supplementation would protect against
elevated cadmium absorption *. However, recent studies of women in Bangladesh, where
cadmium exposure is elevated through the cadmium-rich rice, the main basic food, and
the prevalent malnutrition, does not support this '*. The results indicated common
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transporters for cadmium, iron and manganese, while there was no evidence of cadmium
uptake via zinc transporters. However, the upregulation of DMT]1 appeared to be
dependent on adequate zinc status, implying less prominent iron-dependent uptake of
cadmium in zinc deficient individuals.

The absorption of cadmium from the diet is most likely higher in infancy than in adults
and, in contrast to adults, independent of iron status. Infants below 6-9 months of age
lack the ability to regulate the expression of DMTT, as iron in breast milk is mainly
bound to lactoferrin which does not need DMT1 for absorption ' '°. Unexpectedly high
urinary cadmium concentrations (median 0.30 pg/L) among 3 month old infants in rural
Bangladesh '” indicate a high level of gastrointestinal absorption, considering the fairly
low concentrations of cadmium (median 0.14 pg/kg; range <0.050-1.0 pg/kg) '®. Stable
isotope studies in nine 12 month old infants '* indicated 4-37% absorption of cadmium
(mean value 18 %) based on recovery of the cadmium isotope in feces during 4 days after
dosing. This might be an overestimation of the uptake to the circulation, as studies on
adults have shown that much cadmium may be retained for several days in the intestinal
mucosal cells, part of which are desquamated into the intestine. Elevated absorption of
cadmium during infancy is supported by experimental studies in suckling piglets .

Conclusion: absorption

A gastrointestinal absorption of cadmium ranging between 1 and 10% seems most likely,
with men and individuals with adequate iron status in the lower range and those with low
iron stores and iron deficiency (mainly women) in the higher range. Newborns and small
children may have an even higher absorption, independent of iron status.
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Markers of exposure to cadmium and tissue
accumulation

Cadmium in blood

Blood cadmium is mainly localized to the red blood cells, which have a turn-over of 2-3
months. Thus, the concentration of cadmium in blood is a measure of ongoing exposure.
It may also be useful measure of long-term exposure in subjects with constant exposure
over time, e.g. from the diet. In occupationally exposed people and smokers the blood
cadmium concentrations may change considerably over time.

In general, the concentrations in plasma are very low and difficult to determine correctly.
In recent studies blood cadmium has been replaced by erythrocyte cadmium, which is
independent on haematocrit levels and blood expansion in pregnancy.

Cadmium in urine

Cadmium in urine is mainly influenced by the body burden of cadmium and is generally
proportional to the concentration in the kidney (for kidney cadmium accumulation, see
below). There is a close relationship between the cadmium concentrations in urine and
kidneys; and as a rule of thumb, urinary cadmium of 1.7 to 2.5 pg/g creatinine roughly
corresponds to about 50 mg/kg in the renal cortex. The lower number corresponds to the
relationship observed in a Polish autopsy study comprising mainly men *'. Because the
half-life of cadmium in the body is very long urinary cadmium is highly dependent on
age. However, the age-related increase in blood and urinary cadmium is less evident,
disappears or may eventually turn to a decrease within the age range of 50 to 70 years
and older.

Because of the apparent risk of incomplete sampling of 24-hour urine, cadmium is
usually measured in spot samples. As the dilution of such urine samples may vary
considerably, depending on state of hydration, fluid intake etc. adjustment by creatinine
excretion or specific gravity is needed. Adjustment by creatinine is the most common
method, although creatinine is highly dependent on muscle mass and meat intake, which
results in the adjusted cadmium concentrations being influenced by age, (higher in
children than in adults, compared to unadjusted values), gender (higher in women than in
men), and nutrition (higher in diets high in meat) **. This means that a urinary cadmium
concentration of let’s say 1 pg/g creatinine represents a lower urinary cadmium excretion
(~1 pg Cadmium per day) in women, who excrete about 1 g of creatinine a day,
compared to men (~1.5 pg Cadmium per day), who have an average urinary creatinine
excretion of about 1.5 pg/day, because of more muscle mass. Similarly, people with
lower body weight, particularly undernourished individuals, have lower creatinine
excretion than those with higher body weight. In young children, who have much lower
creatinine excretion (maybe 0.4 g per day at 5 years of age), a urinary cadmium
concentrations of 1 pug/g creatinine corresponds to a urinary cadmium excretion of about
0.4 pg/day. Specific gravity is less dependent on age, gender and type of food, but so far
less frequently used ** .
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Because the concentration of cadmium in urine is mainly related to the concentration in
the kidneys, the concentrations increase with age. Thus, urinary concentrations in
children are usually low. Urinary cadmium seems not to be a good indicator of the kidney
cadmium concentration in newborns and infants ', because both glomerular and tubular
functions continue to develop until 2 to 3 years of age **. The tubular functions, such as
the concentration of primary urine through reabsorption of water and solutes, the
acidification and the glucose transport, are poorly developed. Thus, also the tubular
reabsorption of cadmium is probably very low.

Cadmium in hair and nails

Cadmium in hair and nails has been used as biomarkers of individual cadmium exposure.
Because of the affinity for SH-groups, cadmium is likely to accumulate in keratin-rich
tissues like nails and hair. Advantages include the non-invasive sampling, the reflection
of exposure over several months, and the possibility to store at room temperature for long
period of time. However, the risk of external contamination is obvious, especially in
polluted areas, and currently there are no validation data that justify the use of hair and
nails as biomarkers of exposure.

Conclusion: biomarkers

Urinary cadmium is considered as an exceptionally good biomarker of exposure. There is
a broad consensus to use it as an index of long-term exposure, as it reflects the
concentration in the kidney. It is also the most frequently used biomarker of cadmium
exposure. However, the correction strategies to compensate for variation in dilution need
to be considered when comparing data from different studies. In particular creatinine
adjusted urinary cadmium will vary by age, body size, gender and meat consumption.
Furthermore, it might not be a good marker of body accumulation of cadmium in children.
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Cadmium exposure in Sweden

Current exposure

Three large and fairly recent studies were used to display the “current” urinary cadmium
concentrations in the Swedish population.

The National Swedish health-related environmental monitoring program (Svenska
hélsorelaterade miljodvervakningen (SEM); financed by the Swedish
Environment Protection Agency) coordinates longitudinal monitoring of cadmium
concentrations in urine (pg/g creatinine), representing long-term exposure, for
younger (20-29 years of age) and middle aged (50-59 years) women in four
geographical regions in Sweden: Skane, Vistra Gotaland, Stockholm and Viéster-
och Norrbotten. The urine sampling circulates by geographical area every second
year. Results are available for the period of 2002-2009 with 2 time points for most
areas (http://www.imm.ki.se/Datavard/Tidsserier/Kadmium%201%20urin.htm). In
total, 1458 women (n=669 women 20-29 years, n=759 women 50-59 years of
age) are sampled.

The Women’s Health in the Lund Area Study (WHILA) > included women,
aged 54 to 63 years, living in a rural area in Southern Sweden (with no known
industrial cadmium emission). For further description of the study see the section
on kidney and bone. During 1999, 820 women were recruited (71% participation
rate). Cadmium was assessed in both blood (median, 0.38 pg/L) and urine
(median 0.52 pg/L; density adjusted = 0.67 ng/g creatinine).

Data from the Swedish Mammography Cohort (SMC) (this is the same study
population as was used for the toxicokinetic modeling > and in the section on
bone?’). During 2003 to 2009, 2831 women in the town of Uppsala, 56-69 years
of age have urines samples determined for cadmium.

Table 1. Summary of the urinary cadmium concentrations obsereved in three Swedish
population-based studies (for description of populations see above).

SEM

Age Urinary cadmium pg/g creatinine
(years) Median and (range) % >0.5u9/g %>1.0 ug/g
All Never-smokers All / Never-smokers

20-29  0.12 (0.01-0.68) 0.10 (0.02-0.68) - -
50-59  0.29 (0.04-2.2) 024 (0.04-1.4) 20 / 4 1.8 /0.3

WHILA | 53-64  0.67 (0.13-3.6)  0.56(0.13-3.2) 70 / 32 20/ 6

SMC

56-69  0.35(0.05-2.4) 0.29(0.05-1.3) 23/ 6 207/ 0.2

SEM; The National Swedish health-related environmental monitoring program, WHILA; Women’s Helath
in the Lund Area, SMC; The Swedish Mammography Cohort;
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Proportion of the population with urinary cadmium above 0.5
and 1.0 pg/g creatinine

Women in the age group 50-69 years were also used to evaluate the proportion of women
having urinary cadmium levels above the two predefined cutoffs of 0.5 and 1.0 pg/g
creatinine (Table 1). In these studies, 20%, 70% and 23% of all the women (4%, 32% and
6% never-smokers) had urinary cadmium concentrations above 0.5 pg/g creatinine,
respectively. The corresponding proportions were for urinary cadmium concentrations
above 1.0 ng/g creatinine were 1.8%, 20% and 2%, respectively (0.3%, 6% and 0.2%
never-smokers). Differences between studies may indicate higher exposure in Southern
Sweden, but comparability of measurements is under investigation.

Cadmium exposure over time

Blood cadmium

No total review of cadmium exposure in Sweden over time has been published. One
comprehensive evaluation of reported studies of blood cadmium concentrations,
reflecting the ongoing exposure, in Sweden from 1987 to 1996 was published in 1999 .
Because smoking may increase blood cadmium concentrations several-fold, only the
concentrations in non-smokers can be considered for evaluation of potential time trends
in the dietary intake of cadmium. Looking at non-smokers; in 8 studies between 1987 and
1996, reporting concentrations of 0.25, 0.19-0.24, 0.32, 0.18, 0.24-0.28, 0.24-0.32, 0.2
and 0.2 pg/L, no trend of increasing or decreasing exposure can be found. Follow-up of
the literature concerning blood cadmium concentrations in Sweden 1996 to 2009 show
very similar concentrations in non-smokers (Table 2). The last study in table 2%
concerned a comparison of erythrocyte cadmium (about twice the concentrations of
whole-blood cadmium) concentrations in 1990, 1994 and 1999, showing 0.25 and 0.43
ug/L in non-smoking men and women (average of all three years), respectively, with no
significant trend over time.

Urinary cadmium

A similar evaluation of published data on cadmium concentrations in urine was not
carried out because of the large variation due to age and the differences in mode of data
presentation, e.g. ug/L (often adjusted for specific gravity), ug/g creatinine (which varies
by gender and age), and pg excreted per specified time (often 24 hours).

The reported concentrations in the National Swedish health-related environmental
monitoring program for 2002-2009 may indicate a slight decrease in urinary cadmium
with time in south-western and northern Sweden (Table 3) and Figure 2.
(http://www.imm.ki.se/Datavard/Tidsserier/Kadmium%20i%20urin.htm). However, there
has been a change in analytical instrumentation and the comparability is under
investigation. The northern area is the same as that evaluated for blood cadmium
concentrations in 1990-1999, mentioned above 29, in which no changes over time was
observed. In Stockholm, where the samples have been analyzed with the same method
and instrumentation, there is no apparent decrease over time. If anything, there may be a
slight increase in the younger age group. This longitudinal series of monitoring data also
seems to indicate that there is a geographical variation in urinary cadmium concentrations
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with lower values in northern Sweden and higher in the south. This will be further
evaluated in the future.

mrokare 50-59 dr
D ’ldng-rakare 50-59 dr
mrtkars 20-28 Ar
1 — ! |madng-rikare 30-78 i

(s ES BN EE N S N S : ,-j

Viastra Stockholm  Vister- och Skidne 2008 Vistra Stockholm VW dster- och
Gataland 2004 Nomhotten Gataland 008 Nomhotten
2002 004 2008 2008

Figure 2. Urinary cadmium (ug/g krea) among Swedish women, 20-29 years and 50-59 years of
age, presented as the median (http://www.imm ki.se/Datavard/Tidsserier/Kadmium%20i%20urin.htm)
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Table 2. Cadmium concentration in whole-blood of Swedish adult population groups,
mainly non-smokers, reported in the literature between 1987 and 2009.

Publication  Area in Mean/Median N Age Women Men Comment
year (Ref) Sweden pg/L
pg/L
1987 %° South, 0.25 145 20-66
rural
1992 3! South, 0.19-0.24 62 26-52
urban
1991 ** Stock- 0.32 15 27-46 0.32
holm
1994 * South, 0.18 144 17-77
rural
199410 West, 57 20-50 0.24/0.32 Mixed
urban diet/veg
1996 ** West, 51 20-50 0.24/0.28 Mixed/
urban Shellfish
1999 ** All 0.35 49-82 0.35 0.25
2000 *° Stock- 0.45 689 87+4.9
holm
2002 %7 254 31(20-45)  0.16d.1.- 80% non-
0.73 smokers,
early
pregnancy
2002 * Central 263 15-17 <0.2 <0.2
2002 *° South- 542/ 479  52/54 0.62 0.85 Including
east smokers
2002 4 South 38/41 47/43 0.26 0.16
2005 *! South 725 54-63 0.30
2006 *° North 100 25-74 0.2 0.1 Never-
1990, smokers
1994,
1999

Note than in ref °, cadmium in whole blood was calculated from the concentration in erythrocytes
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Table 3. Urinary cadmium concentrations of never-smoking Swedish women within the health-
related environmental monitoring program in Sweden. For more details and references, see the
monitoring web site (http://www.imm.ki.se/Datavard/Tidsserier/Kadmium%20i%2 Qurin.htm).

Study area / County Sampling Age, No. of U-Cadmium pg/g creatinine
year years women
Median 95-per- Range
centile
Vistra Gotaland* 2002 50-59 51 0.30 0.65 0.12-1.0
Vistra Gotaland* 2008 50-59 57 0.18 0.70 0.08-0.89
Skane* 2006 50-59 38 0.25 0.87 0.11-0.92
Stockholm** 2004 51-59 46 0.28 0.61 0.11-0.96
Stockholm** 2009 50-59 38 0.27 0.59 0.14-1.4
Norr- and 2004 50-60 54 0.22 0.62 0.065-
Visterbotten* 0.92
Norr- and 2009 50-59 162 0.14 0.23 0.04-0.45
Visterbotten*
Vistra Gotaland* 2003 20-29 58 0.14 0.48 0.035-
0.68
Vistra Gotaland* 2008 20-29 47 0.08 0.20 0.03-0.33
Skane* 2007 20-29 64 0.10 0.29 0.024-
0.45
Stockholm** 2004 20-29 57 0.11 0.25 0.021-
0.59
Stockholm** 2009 20-29 49 0.17 0.41 0.09-0.44
Norr- and 2004 26-35 108 0.08 0.22 0.03-0.26
Visterbotten*
Norr- and 2009 25-29 151 0.07 0.20 0.02-0.37
Visterbotten*

Kidney cadmium

Based on the Swedish study on the kidney biopsies assessing cadmium content in the
kidneys of 109 living donors (aged 24—70 years; median 51 years) as referred to above'?,
the kidney cadmium concentrations were compared to results from studies published
starting in the 1970-ties. Two previous Swedish studies assessed kidney-cadmium in
diseased people at autopsy (Table 4). When comparing kidney cadmium concentrations
in never-smokers in this recent study the levels were similar to or only marginally lower
than those from the 1970s.
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Table 4. Kidney cadmium concentrations in never-smokers over time, presented as geometric
mean and (number of subjects).

Age Barregard, et al., 201 0" Elinder et al., 1 976" Friis et al., 1 998%
30-39 5.7(09) - 5.5(6)
40-49 8.4 (6) - 6.8 (4)
50-59 8.2 (16) 9.6 (6) 6.9 (8)
60-69 11.6 (8) 13.5(11) 6.2 (7)

Conclusion exposure trends

The comprehensive database on cadmium exposure based on biomarkers of exposure and
measured dietary intake in Sweden, shows no decrease in cadmium exposure over time
during the last 2-3 decades in Sweden.
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Renal effects

The kidney has been considered the critical target organ for cadmium toxicity. The
kidney is vulnerable to toxic insult because i) the blood supply to the kidney is
extraordinarily high considering its tissue size and volume, ii) the convoluted proximal
tubules have an ability to concentrate the urine, thereby concentrating toxic compounds,
iii) certain toxicant, e.g. cadmium, are retained in the kidney with very long half-life.

Cadmium excreted in the primary urine (filtered in the glomerulus), primarily bound to
metallothionein (MT), cysteine and GSH, is reabsorbed in the proximal tubules, where it
accumulates with a very long half-life; more than 10 years. Multiligand receptors,such as
megalin and cubulin, reabsorb filtered proteins, including albumin and CdMT, by
receptor-mediated endocytosis ***. Receptor-bound ligands are transported to lysosomes
for degradation and DMT]1 expressed on the lysosomes can mediate Cd expulsion to the
cytoplasm, where it can exert its toxicity. Because DMT1 expression in the kidney is
increased by low iron status and pregnancy, this could provide a mechanism by which Cd
toxicity is enhanced *°. In addition, DMT1 may be involved in tubular uptake of Cd.

Eventually, the accumulation of cadmium in the renal cortex causes cell dysfunction and
damage, probably as a consequence of oxidative stress and apoptosis of proximal tubular
cells. Even at moderate exposure to cadmium through food a strong association (r=0.48)
between urinary cadmium concentrations (median 0.6 pg/L) and urinary 8-oxodG, a
marker of oxidative DNA damage, with a clear dose—effect relationship was found *.

The earliest signs of tubular toxicity are decreased tubular reabsorption (increased
excretion) of LMWP, and increased excretion of markers of tubular cell shedding.

During the last decades numerous studies on the association between cadmium in urine or
blood and tubular (and glomerular) effect markers have been published. These studies
display a very large variation in the critical exposure, i.e. the concentration of urinary
cadmium below which the probability of adverse health effects is low; in the range of 0.5
— 10 pg cadmium/g creatinine in urine. To solve this, the European Food Safety

Authority (EFSA) in their Scientific Opinion of the Panel on Contaminants in the Food
Chain performed a meta-analysis to compile the body of evidence present in these studies.

Summary of the meta-analysis performed by EFSA

The meta-analysis aimed at evaluating the dose-effect relationships between urinary
cadmium and biomarkers encompassing and quantifying the wide variation between
individuals and between studies *. The final number of studies based on publications in
peer-reviewed journal where urinary cadmium was expressed as pg/g creatinine was 54.
Out of the 54 identified studies, B2M was the tubular effect markers most commonly
used (n=35 studies) and was, thus, selected for the meta-analysis. With the exception of 6
European studies, the meta-analysis was performed on studies based on Asian
populations. Several important studies were not possible to include because they either
had used cadmium excretion per 24 hours (e.g. Buchet et al., 1990 *7) or used renal
biomarkers other than b2-microglobulin such in the Swedish studies by Jéarup et al., 2000;
and Akesson et al., 2005 2% For this reason these studies are summarized below.
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A statistical model (Hill model) was fitted to the dose-response relationship between
urinary cadmium (group mean values) and B2M for subjects over 50 years of age and for
the whole population (Figure 3). From the model, a benchmark dose lower confidence
limit for a 5% increase of the prevalence of elevated B2M (BMDLY5) of 4 ng Cadmium/g
creatinine was derived (Table 5). A chemical-specific adjustment factor of 3.9, to account
for inter-individual variation of urinary cadmium within the study populations, was
applied, leading to a value of 1.0 pg Cadmium/g creatinine. Such a value was also
supported by data from occupationally exposed workers and by the results of several
individual studies using a variety of biomarkers °.
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Figure 3. Hill model fitted to the complete group based dataset (Caucasian and Asian data

pooled), using posterior mean estimates for the curve parameters (Figure taken from EFSA,
2009)°.
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Table 5. Benchmark dose calculations derived from figure 3 (Table taken from EFSA, 2009)°

BMD and BMDL (in pg Cd / g creatinine) estimates for the Hill model at various
cut-olls leading (o extra risks of 5 % in the total population, and non-occupationally exposed
subjects above 50 years of age adjusted to Caucasian ethmeity.

Statistical cut-off ™ for U-
beta-2-microglobulin -~ U-beta-2-microglobulin U-beta-2-microglobulin

(po'e creatinine) =300 pofe creatining =000 pe/e creatinine
BMD3 BMDL5 BMD3 BMDL: BMD3 BMDL3

U-Cd (pg'g creatimine)from  3.98 02 4.65 384 {1 80 5.95

the whole population

U-Cd (ug'y creatimne) from

non-occupationally exposed  5.28 4.89 3.23 145 6.33 340

subjects over 50 years
" 211 and 374 for whole and subjects over 30 vears, respectively.

Relevant studies not included in EFSA’s meta-analysis

CadmiBel

The CadmiBel study * is a pioneering study based on environmentally cadmium exposed
population groups in Belgium, a country with history of large zinc industry. The cross-
sectional CadmiBel study was carried out from 1985 to 1989. A stratified random sample
of 2327 people was obtained from two areas with low exposure and two with high
exposure (i.e. close to cadmium-emitting plants). For each exposure level, one district
was rural and one urban. Blood and urine (spot and 24-h collection) were obtained.
Subjects who had been occupationally exposed to heavy metals (cadmium, zinc, lead,
mercury), those aged under 20 or over 80 years, those who could provide no reliable
information on smoking habits or occupational exposure to heavy metals, and those
whose 24-h urine collections were not considered reliable on the basis of previously
published criteria were excluded. 1699 subjects aged 20-80 years were included. After
standardization for several possible confounding factors, five variables (urinary excretion
of retinolbinding protein, N-acetyl-beta-glucosaminidase, B2M, amino acids, and
calcium) were significantly associated with the urinary excretion of cadmium, suggesting
the presence of tubular dysfunction. There was a 10% probability of values of these
variables being abnormal when cadmium excretion exceeded 2-4 pg/24 h. [which can be
estimated to correspond to about 2-4 pug/g creatinine in women and 1.3-2.7 pg/g
creatinine in men] Excretion reached this threshold in 10% of the non-smokers. There
was also evidence that diabetic patients may be more susceptible to the toxic effect of
cadmium on the renal proximal tubule. A follow up of the CadmiBel study, * reported
that the urinary levels of cadmium were lower and some subjects who previously had
displayed increased levels of biomarkers of renal dysfunction had returned to lower
values, indicating reversibility in some persons.
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Oscar

The OSCAR (Osteoporosis—Cadmium as a Risk Factor) study, (see also osteoporosis)
included assessment of the tubular marker urinary protein HC (alpha-1-microglobulin)
together with cadmium **. The OSCAR study involved all people aged 16-80 years who
had lived for at least 5 years during the period 1910—1992 in the proximity of a nickel—
cadmium battery plant in southern Sweden. An additional group of age- and sex-matched
people was randomly selected from a general medical practice register in a nearby area
and was included in this “environmentally exposed” group. A group of workers at the
battery plant was also enrolled. The overall participation rate was 60%, resulting in a total
sample size of 1021. The mean (10th, 90th percentiles) urinary concentration of cadmium
was 0.82 (0.18, 1.8) nug/g creatinine in men (some of whom had been battery workers)
and 0.66 (0.21, 1.3) pg/g creatinine in women. The prevalence of tubular proteinuria
ranged from 5 % among people with the lowest exposures to 50 % in the most highly
exposed group. Multiple logistic regression analysis showed an increasing prevalence of
tubular proteinuria with urinary cadmium as well as with age. After adjustment to the
mean age of the study population (53 years), the results showed a prevalence of 10%
tubular proteinuria (taking into account a background prevalence of 5 %) at a urinary
cadmium concentration of 1.0[_Jug/g creatinine. In their reanalysis of the Swedish
OSCAR data the EU-JRC authors * found that ‘when the same calculation was done on
the group of subjects with environmental exposure to cadmium only, the U-Cadmium
level that was associated with a doubling of the prevalence of elevated HC proteinuria
was 0.5 pg/g creatinine (the 65th percentile in this subgroup). This might be an
overestimation of the dose-response slope (of the indicated risk), as the exposure to
cadmium in this area was higher in the past and had decreased at the time the study was
performed.

WHILA

The Women’s Health in the Lund Area Study (WHILA) 2> % is a cross-sectional study
among women, aged 54 to 63 years, living in a rural area in Southern Sweden with no
known industrial cadmium emission. It is a population-based study of all women 50-59
years of age in the community of Lund (n = 10,766), which started in December 1995 *°.
In June 1999, when 1,160 subjects remained to be examined, the study was extended to
include health aspects of cadmium and lead. Cadmium exposure was investigated in
relation to tubular and glomerular function, from 1999 through early 2000 in 820 women
(71% participation rate). Cadmium was assessed in both blood (median, 0.38 pg/L) and
urine (median 0.52 pg/L; density adjusted = 0.67 pg/g creatinine). In multiple linear
regression models, adjusted for likely confounders such as age, body mass index,
diabetes, hypertension, the use of nonsteroid anti-inflammatory drugs and blood lead
concentrations, urinary cadmium was significantly associated with effects on renal
tubules (as indicated by increased levels of alpha-1 microglobulin [also called protein
HC] and N-acetyl-beta-D-glucosaminidase, [NAG,] in urine) (Figure 4). The associations
remained significant even at the low exposure observed in women who had never smoked.
Associations were also found with markers of glomerular effects: glomerular filtration
rate (GFR) (Figure 4) and creatinine clearance. Blood cadmium was significantly
(adversely) associated with estimated GFR, alpha-1-microglobulin and NAG. There was
a statistically significant interaction between cadmium and insulin-treated diabetes for the
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tubular effect makers suggesting that cadmium potentiated diabetes-induced effects on
kidney. The LOEL and BMDLI10 (the lower 95% confidence bounds of urinary cadmium
concentration associated with 10% additional risk of elevated kidney markers were U-
Cadmium = 0.8 pg/g creatinine for alpha-1-microglobulin and NAG in urine and for
estimated GFR about 1.2 pg/g creatinine™ *°. The BMDLS5 (5% additional risk above
background risk set to 5%) was 0.70 pg/g creatinine for estimated GFR (Table 6 and
Figure 5).
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Figure 4. Associations (crude) between urinary cadmium categorized and Urinary NAG and
estimated GFR in the WHILA study. Boxes idicets 25" 50" and 75" percentiles, and whiskers
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Table 6. Benchmark dose (BMD) with their lower bounds (BMDL) corresponding to 5 and 10%
additional risk (BMR) above the background (5%) calculated using the hybrid approach. Data on
the LOEL are given for comparison. The data are based on 800 Swedish women (the WHILA-
study) 265152

Urinary cadmium BMD (BMDL)

Effect marker  Cutoff* 5% BMR 10% BMR LOEL
NAG

U/L 3.0 0.5 (0.4 pg/L") 0.9 (0.7 pug/L") 0.6 pg/L°
U/g creatinine 3.6 0.6 (0.5 pg/g cr) 1.1 (0.8 pg/g cr) 0.8 ng/g cr
Protein HC

mg/L 5.5 0.6 (0.5 pg/L") 1.1 (0.8 ug/L®) 0.6 pg/L°
mg/g creatinine 6.8 0.6 (0.5 pg/g cr) 1.1(0.8 pg/g cr) 0.8 pg/gcr
Estimated GFR

mL/min 82.6 0.8 (0.6 ug/L") 1.3 (0.9 pg/L®) 0.9 pg/L°
mL/min 78.5 1.1 (0.7 pg/g cr) 1.8 (1.2 pg/g cr) 1.0 pg/gcr

Bone mineral density

T-score -2.13 1.8 (0.9 pg/L®) 3.1 (1.5 pg/L") -
Z-score -0.89 1.7 (0.9 pg/L") 2.9 (1.5 pg/LY) -
T-score -2.09 1.8 (1.0 pg/g cr) 2.9 (1.6 pg/g cr) -
Z-score -0.86 1.7 (0.9 pg/g cr) 2.9 (1.5 pg/g cr) -

*Cutoff values were defined as 95th percentile of effect markers on the “hypothetical” control distribution
at U-Cadmium = 0.

U-Cadmium was adjusted to mean specific gravity of 1.015.

Most recent studies

The mechanisms of cadmium-induced albuminuria was recently investigated in an in
vitro model of renal proximal tubular cells **. Cadmium (10 pmol CadmiumClI2;
corresponding to 1 mg cadmium/kg in the kidney, i.e. about 10% of the concentrations
observed in adults) caused a significant time and dose-dependent decrease in both mRNA
and protein levels of megalin and chloride channel 5 (two key players in albumin
receptor-mediated endocytosis), whereas no changes were resulted from exposure to
other divalent metals (zinc, manganese, magnesium and nickel). The authors concluded
that cadmium reduced the transcriptional expression of megalin and chloride channel 5
and, at the same time, increased the degradation of these proteins via the lysosomal
pathway.
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NHANES

After the EFSA-report in 2009, a large cross-sectional study, representative of US adults
(NHANES, n=14,778), was published **. Both cadmium and lead in blood in relation to
chronic kidney disease (i.e. urinary albumin excretion and serum creatinine with
calculations of eGFR according to the Modification of Diet in Renal Disease Study
formula) were measured. Increased blood cadmium and lead levels were strong
independent risk factors for the prevalence of albuminuria, reduced estimated glomerular
filtration rates (¢GFR), and both outcomes together. The geometric mean concentration
was 0.41 ug/l for blood cadmium and 16 ng/L for lead in blood. After adjustment for
survey year, sociodemographic factors, chronic kidney disease risk factors, and blood
lead, the odds ratios for albuminuria (>30 mg/g creatinine), reduced estimated eGFR (<60
mL/minute/1.73 m2), and both albuminuria and reduced eGFR were 1.92 (95%
confidence interval (CI): 1.53, 2.43), 1.32 (95% CI: 1.04, 1.68), and 2.91 (95% CI: 1.76,
4.81), respectively, comparing the highest blood cadmium quartile (>0.6 ug/L, median
1.0 ug/L) with the lowest (<0.2 ug/L) (Figure 6). The odds ratios comparing participants
in the highest with the lowest quartiles of both cadmium and lead were 2.34 (95% CI:
1.72, 3.18) for albuminuria, 1.98 (95% CI: 1.27, 3.10) for reduced eGFR, and 4.10 (95%
CI: 1.58, 10.65) for both outcomes. Among the subgroup of persons that reported that
they had never smoked, the odds ratio for albuminuria was 1.43 (95% CI 1.12-1.84)
comparing the 75" percentile (0.6 pg/L) with the 25™ 0.2 ng/L), but was not significant
for eGFR (Odds ratio (OR), 0.95; 95%CI1 0.77-1.16). According to the authors, their
analysis may underestimate the consequences of the exposure due to the known
limitations of albuminuria and creatinine-based eGFR as markers of kidney damage and
that the OR observed in models with both outcomes may in part reflect improved
specificity in outcome assessment) (i.e. a higher specificity for kidney disease when both
outcomes were used in combination) 5% In June, 2010, an additional analysis was
published based on the same NHANES-data. In 5426 subjects, the same kidney effect
makers were evaluated against urinary cadmium in addition to blood cadmium. The
results revealed that a cadmium concentration >1 pug/g creatinine in urine or >1 pug/L in
blood was associated with statistically significant increased risk of albuminuria, while
only the concentration of cadmium in blood and not in urine was associated with
increased risk of lowered eGFR ™.
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Figure 6. Cadmium in blood and the risk (OR) of albuminuria and reduced estimated GFR in the
NHANES study consisting of 15 000 persons.

Interpretation of the new NHANES-data >*>°: The major advantages with the NHANES-
studies are the large size, the population-based design (representative of US-population)
and that the exposure levels are relevant to the “low exposure” range. It also combines
the assessment of cadmium in blood with that of urine, although the latter was only
measured in about one third of all the subjects with data on blood cadmium. Further, the
kidney effect markers represent clinically defined endpoints. Both eGFR <60
ml/min/1.73 m2 and albuminuria >10 mg/g creatinine were independent predictors of
mortality risk in the general population in a recent meta-analysis 36 supporting the public
health relevance of the associations. In the NHANES studies, increased risk of
albuminuria was present for cadmium measured in both blood and urine, while for eGFR
the associations were restricted to cadmium in blood. For albuminuria, the exposure and
effects marker was not assessed in the same medium (i.e. cadmium in blood vs. albumin
in urine). Thus, the problem related to a possible co-excretion of cadmium and proteins in
urine might be less problematic. The major limitation with the study is the cross-sectional
design, which per definition hampers conclusions with respect to causality.
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Conclusions: kidney effects

As reported above a number of studies, also in the Swedish general population, show
significant association between cadmium in urine and/or blood and markers of impaired
kidney function, mostly impaired tubular function, the risk of which starts to increase
below 1 pg/g creatinine. It is difficult to ascertain the exact lowest effect dose for a clear
adverse effect. However, also impaired glomerular filtration rate has been observed, the
risk of which seems to start at 0.7 to 1.0 pg/g creatinine (Table 5 and Figure 5). That the
reported associations represent causal relationships is supported by the fact that
associations were observed for several different biomarkers of kidney effects, in several
different populations, and in both men and women. Also, the mechanistic studies (see
above) support an effect at low exposure. Thus, the observed associations, even those at
very low exposure levels, may imply potentially adverse effects, which in combination
with other stressors may affect the long-term health and function of the kidneys.

However, there is a debate concerning the causality and the health significance of the
associations between biomarkers of cadmium exposure and kidney effects (mainly
tubular effects) that occur at very low cadmium concentrations. Two main issues have
been put forward:

It has been suggested that the associations at very low exposures levels only reflect early
renal responses to cadmium, which may be adaptive and reversible in nature and may,
thus, not have any major implications for the public health. Another suggested
explanation of the observed dose-response relationships at low exposure levels is that the
observed associations at low concentrations are simply a result of a co-excretion of
markers of exposure and markers of effects in urine, i.e. all are the results of impaired
reabsorption of solutes in the proximal tubuli. This standpoint is based on the observation
that there are associations between exposure and early biomarkers of effect down to very
low exposure. However, there are no scientific data to support this hypothesis. If the
marker of effect is measured in blood (estimated GFR) and the marker of exposure is
measured in urine (urinary cadmium) - which was the case in the WHILA study —this
might be less of a problem.

A desirable study to support either suggestion would be a biomarker study using
biobanked samples collected long before the diagnosis of a clinically relevant endpoint.
Such a study evaluating cadmium-related end-stage renal disease — the most severe which
requires dialysis and/or kidney transplantation —in progress (Umea University).
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Osteoporosis and fractures

Facts about osteoporosis: Osteoporosis is characterized by low bone mass and micro-
architectural deterioration of the skeleton, leading to fragility and increased risk of
fractures. The disease is silent until the first fracture occurs. Common osteoporotic
fractures are those at the hip, spine and forearm. These fractures are a considerable public
health problem causing a lot of suffering and a burden to society in terms of cost,
morbidity and mortality. Established or suggested risk factors for osteoporosis and
fractures are female sex, old age, low body weight, early menopause, family history of
osteoporosis, deficieny of Vitamin D and calcium, smoking, excessive consumption of
alcohol, inactivity, several medical disorders and certain drugs”* *®. The prevalence of
osteoporotic complications, fragility fractures, are particularly high in Sweden, as in
Norway and Iceland (Figure 7 & 8). Statistically, every other women and one out of four
men in Sweden will suffer from an osteoporotic fracture during their lifetime.

The incidence of hip fractures is more than seven-fold higher in Northern Europe than in
the rest of Europe (Figure 8). In fact, it is higher in men in Scandinavia than in women in
Central Europe 390 The reason(s) for the large age-standradized geographical diffrences
is still not known. It is concluded that the diffrences cannot be explained by differences in
risk of slipping, low calcium intake, vitamin D deficieny or by inactivity. The fracture
incidence has increased substantially since the 1950ies (Figure 8). As the number of old
and very old people in the population increases, a further increase in the prevalence of
fractures is to be expected.

Although several risk factors have been identified, they cannot fully explain the above
mentioned differences, suggesting that several unknown risk factors or combinations of
risk factors are involved.

How to study effects on bone in humans: The most adverse endpoint with respect to
effects on bone is a fracture. A study investigating the risk of fractures in relation to
biomarkers of cadmium exposure requires a large sample size in order to be adequately
powered. In these studies the risk is calculated based on comparison of exposure in those
who developed a fracture and those who did not. Bone mineral density (assessed by x-ray
in g/cm?2), gives an estimation of the status of the skeleton, but is not the only factor
predicting the risk of fractures. The bone mineral density can be expressed as it is — a
continuous variable — or by calculation of T-score or Z-score (see below). These two
scores are used to predict the risk of fractures clinically (see below). Biochemical
markers of bone remodeling are measured in serum or urine and give an indication of the
activity of the continuously ongoing formation and degradation of bone tissue. Although
these markers may increase our understanding of possible mechanisms involved and may
also support inference with respect to causality, they can not independently be used as
markers of an adverse effect.
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Definition of osteoporosis based on bone mineral density measurements:
Osteoporosis is defined as a T-score below -2.5 [i.e. 2.5 standard deviations (SD) below
the mean bone mineral density for young adults)] ®'. A Z-score below —1 (i.e. 1 SD below
a sex- and age-standardized mean bone mineral density) is sometimes used to define low
bone mineral density 62,

Relationship between Z-score and fracture risk: The relationship between Z-score and
fracture risk was evaluated in a meta-analysis . A decrease in bone mineral density of 1
SD below the age-adjusted mean value was reported/found to result in a relative risk
(RR) of 1.5 (95% CI 1.4-1.6) for a fracture at any site, whereas spine density
measurement for the prediction of vertebral fractures was RR 2.3 (95% CI 1.9-2.8), and
hip density measurement for the prediction of hip fractures was RR 2.6 (95% CI 2.0-3.5).
Predictive ability of the decrease in bone mass was roughly similar to (or, for hip or spine
measurements, even better than) that of increased blood pressure for stroke or serum
cholesterol concentration for cardiovascular disease. Thus, measurements of bone
mineral density can predict fracture risk on a group level but cannot identify individuals
who will have a fracture.
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Figure 7. Fracture prevalence in Sweden stratified by site and by sex.
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Figure 8. The 10-year probability of hip fractures adjusted to the probability in Sweden . The
increase in incidence over time in Sweden and the predicted incidence in the year 2025 and 2050.

It is well established since long that excessive exposure to cadmium affects the
metabolism of calcium, leading to osteomalacia subsequent to proximal tubular
dysfunction in the damaged kidneys. In the most severe cases (highly polluted areas),
patients develop Itai-Itai disease, a combination of osteomalacia and osteoporosis) ( for
review see e.g., Kjellstrdm 1985 ). A possible link between osteoporosis and much
lower cadmium exposure levels than those causing the Itai-Itai disease has been evaluated
first during the last 10 years. Besides fracture incidence, reduced bone mineral density
has been used as biomarker of adverse effect on bone.

Whereas several epidemiological studies have observed an association between cadmium
and bone mineral density (all reviewed below, see also Table 4), only three published
studies have so far considered fracture incidence — the most adverse endpoint with
respect to effects on bone. Some other studies have included markers of bone remodeling
to increase the understanding of causal relationships and possible mechanisms involved.

Bone mineral density

CadmiBel (Belgium)

Description of study population: The first study assessing the association between
cadmium and bone effects outside the Itai-Itai area was performed in Belgium as a
prolongation of the CadmiBel-study. Urinary cadmium was assessed in relation to bone

36



mineral density of the proximal forearm (using SXA) in 199 men and 307 women in
populations living in areas close to zinc smelters and in control areas ®. Also fracture
incidence was assessed which was the main focus of this study (see below). Urinary
cadmium excretion in (the) 225 residents of the six districts near the smelters (mean 1.1
png/d, 10-90™ percentiles 0.78-2.7 pg/d) was 22.8% higher (P = 0.001) than in the 281
inhabitants of the four low-exposure districts (mean 0.89 ug/d, 10-90™ percentile 0.38-
1.83).

Results: In multiple linear regression analyses, urinary cadmium was negatively
associated (statistically significant) with bone mineral density in women, but not in men.

OSCAR (Sweden)

Description of study population: In the OSCAR (Osteoporosis—Cadmium as a Risk
Factor) study, both bone mineral density and risk of fractures were assessed in relation to
urinary and blood cadmium levels. The OSCAR study involved all people aged 16—80
years who had lived for at least 5 years during the period 1910-1992 in the proximity of a
nickel-cadmium battery plant in southern Sweden. An additional group of age- and sex-
matched people was randomly selected from a general medical practice register in a
nearby area and was included in this “environmentally exposed” group. A group of
workers at the battery plant was also enrolled. The overall participation rate was 60%,
resulting in a total sample size of 1021. The mean (10th, 90th percentiles) urinary
concentration of cadmium was 0.82 (0.18, 1.8) ng/g creatinine in men and 0.66 (0.21,
1.3) ng/g creatinine in women. Bone mineral density was measured at a defined distal
site on the non-dominant forearm. The risk of the Z-score being less than —1 was assessed
in relation to concentrations of cadmium in both urine and blood

Results: Inverse relationships were found between cadmium and both tubular proteinuria
and bone mineral density with a dose—response relationship between urinary cadmium
concentrations and Z-score <—1. The OR for men were 2.2 (95% CI 1.0-4.8) for the
group having a urinary cadmium concentration of 0.5-3 pg/g creatinine and OR 5.3 (2.0—
14) for the group with the highest urinary cadmium concentrations (=3 ng/g creatinine,
compared with the group with the lowest urinary cadmium concentrations (<0.5 ug/g
creatinine). For women, the OR was 1.8 (95% CI 0.65-5.3) in the group with urinary
cadmium concentrations of 0.5-3 pg/g creatinine, compared to those with the lowest
concentrations . In the multiple linear regression analysis with blood cadmium instead
of urinary cadmium, there was a negative association with bone mineral density for both
men and women in the older age group (>60 years of age) — statistically significant for
women and close to significant for men. Smoking did not appear to this assocaition. In
addition, there was a clear dose-response relationship for low bone mineral density (z-
score <—1) in relation to blood cadmium and significantly increased OR for people over
60 years of age, adjusted for weight and smoking (Z-score already includes adjustment
for age and sex). Compared with the group with blood cadmium concentrations below
0.56 pg/L, ORs were 2.0 (95% CI 1.1-3.9) for the group with blood cadmium
concentrations greater than or equal to 0.56 png/L and less than 1.1 pg/L (mean 0.81 pg/L)
and OR 2.9 (95% CI 1.4-5.8) for the group with blood cadmium concentrations greater
than or equal to 1.1 pg/L(mean 2.4 ug/L) *°.
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Women’s Health in the Lund Area; WHILA (Sweden)

Description of study population: More recent Swedish and Belgian data confirmed the
adverse effects of low-level cadmium exposure on bone mineral density. In the Swedish
WHILA -study, biochemical markers related to bone metabolism, i.e. parathyroid
hormone, osteocalcin, and bone alkaline phosphatase in serum, and deoxypyridinoline
(U-DPD) and calcium in urine, were measured. In addition, bone mineral density of the
non-dominant wrist (at the 8 mm distal position) was measured using dual-energy X-ray
absorptiometry (DXA). The median urinary cadmium concentration was 0.67 (5-95
percentiles 0.31-1.6) pg/g creatinine and the median blood cadmium concentration was
0.38 (5-95 percentiles 0.16-1.8) pg/L "

Results: After multivariate adjustment, bone mineral density, parathyroid hormone, and
urinary deoxypyridinoline were adversely associated with concentrations of urinary
cadmium (p < 0.05) in all subjects. These associations persisted in the group of never-
smokers, which had the lowest cadmium exposure (mainly dietary). For urinary
deoxypyridinoline, there was a significant interaction between cadmium and menopause
(p = 0.022). The results indicate a negative effect of low-level cadmium exposure on
bone, possibly exerted via increased bone resorption, which seemed to be intensified after
menopause.

The benchmark dose (BMD) and its lower confidence bound (BMDL), adjusted for
relevant covariates, corresponding to an additional risk (BMR) of 5 or 10%, were
calculated for the cadmium-associated low bone mineral density among the Swedish
women, to estimated the dose where the risk start to increase (see Table 6). With a BMR
of 5% and a background risk of having low bone mineral density (at urinary cadmium=0)
of 1 or 5% (corresponding to T-score cut-offs -2.75 and -2.09, respectively), the BMD of
urinary cadmium ranged 1.8-3.7 pg/g creatinine, and the BMDL ranged 1.0-2.1 pg/g
creatinine. For a 5% BMR of osteoporosis (T-score < -2.5), the benchmark dose was 2.9
ug/g creatinine and the BMDL 1.6 ug/g creatinine. The lowest obtained benchmark dose
of U-Cadmium for wrist bone mineral density (BMDL of 1.0 pg/g creatinine) was only
slightly higher than the lowest reference concentration previously reported for cadmium-
related kidney effects 2.

New Belgian study

Description of study population: The Belgian study included 294 women (mean age
49.2 years) randomly recruited from a Flemish population in 10 districts in northeastern
Belgium, with environmental cadmium exposure mainly from zinc smelters ®’. The
median blood cadmium concentration was 0.90 pg/l, while the 24-hr urinary cadmium
excretion was 0.7 pg/day in premenopausal and 1.2 pg/day in postmenopausal women,
likely corresponding to about 0.7 and 1.2 pg/g creatinine, respectively.

Results: Multivariate-adjusted association of exposure with specific markers of bone
resorption, i.e. urinary hydroxylysylpyridinoline (HP) and lysylpyridinoline (LP), as well
as with calcium excretion, various calciotropic hormones, and forearm bone density were
evaluated. In all women, the effect sizes associated with a doubling of urinary cadmium
were 8.4% (p=0.009) for HP, 6.9% (p=0.10) for LP, 31 mg/day (p=0.003) for urinary
calcium, -0.009 g/cm? (p=0.055) for proximal forearm bone density (average 0.45 g/cm?),
and -16.8% (p=0.065) for serum parathyroid hormone. In 144 postmenopausal women,
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the corresponding effect sizes were -0.01223 g/cm? (p=0.008) for distal forearm bone
density (average 0.405 g/cm?), 4.7% (p=0.064) for serum calcitonin, and 10.2% for bone-
specific alkaline phosphatase. Notably, only one woman had renal tubular dysfunction, as
measured by urinary retinol-binding protein >338 ng/day, indicating that the effects on
bone were not secondary to kidney effects of cadmium.

Interpretation of the WHILA and the new Belgian study: Both studies indicate a
direct effect of cadmium on bone resorption, which seemed to be intensified after
menopause. Even in the absence of cadmium-induced renal tubular dysfunction, low-
level environmental exposure to cadmium seemed to mobilize bone minerals from the
skeletal tissue, indicated by increased calciuria and reactive changes in calciotropic
hormones. Because cadmium was associated with lower levels of parathyroid hormone in
both studies, the cadmium-associated calciuria was most likely a result of increased bone
resorption, rather than decreased tubular reabsorption. Had the calciuria been due to
kidney damage, an increase in the parathyroid hormone levels would then have been a
more likely scenario.

NHANES-bone studies (USA)

Description of study population: A large study in the USA using NHANES population-
representative data measured urinary cadmium and bone mineral density of the total hip
in 2826 women 50-90 years of age. Osteoporosis was defined as T-score <-2.5.

Results In a multivariable-adjusted model including urinary cadmium as a continuous
variable (also adjusted for age, race, income, ever-smoking and underweight) the risk of
osteoporosis in the hip was OR, 1.15 (95% CI, 1.00-1.33) per 1-ug/g creatinine increment
(Gallagher et al., 2008). Based on categorized exposure, the NHANES study found a
statistically significant increased risk of osteoporosis at the total hip - OR, 1.43 (95% CI,
1.02-2.00) for U-Cadmium in the range 0.50-1.0 pg/g creatinine and close to significant
OR 1.40 (95% CI, 0.97-2.03) for U-Cadmium >1.0 pg/g creatinine, compared to U-
Cadmium <0.50 pg/g creatinine. Only 15% of the women had urinary cadmium
concentrations above 1.0 pg/g creatinine °*, which might indicate lack of power at the
highest exposure level.

Description of study population: Similar results were obtained in an update of the

NHANES-study including over 10,000 subjects, 30-90 years of age, both men and
69

women .

Results: After adjustment for age, sex, ethnicity, body mass index, calcium intake, and
physical inactivity, ORs for osteopenia and osteoporosis increased dose dependently with
urinary cadmium levels. OR values for osteopenia were 1.49 (95% confidence interval
[CI], 1.24-1.80) at 1-1.99 ng/g creatinine; and 2.05 (95% CI, 1.52-2.78) for those with >
2 ng/g creatinine, compared tot hose with less than 1 pg/g creatinine. OR values for
osteoporosis were 1.78 (95% CI, 1.26-2.52) for 1-1.99 pg/g creatinine and 3.80 (95% CI,
2.36-6.14) for >2ug/g creatinine. The association was consistent in all age, sex, race, and
smoking status subgroups.

Radiator factory workers

Description of study population: Recently, the association between urinary cadmium
concentrations and bone mineral density was confirmed in occupationally exposed
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individuals "°. In 83 male workers and ex-workers (mean age 45 years; range 24—64
years) in a radiator factory using cadmium-containing solder, bone mineral density in
distal forearm, hip and lumbar spine (by dual-energy photon absorptiometry) and urinary
calcium excretion were assessed. The geometric mean urinary cadmium concentration
was 1.02 pg/g creatinine (5th—95th percentile 0.17-5.51 pg/g creatinine), i.e. only
slightly higher than in the general population

Results Bone mineral density was negatively correlated with urinary excretion of
cadmium: the partial correlation coefficients (») adjusted for age, body mass index (BMI)
and current smoking were —0.30 (P = 0.008) for bone mineral density in the forearm,
—0.27 (P =0.017) in the hip and —0.17 (P = 0.15) in the spine. Urinary calcium levels
correlated positively (» = 0.23; P = 0.044) with the urinary cadmium excretion. Adjusted
for the same covariates, the risk of osteoporosis (defined as a #-score below —2.5 in at
least one measured bone site) increased dose dependently. Compared with the lowest
tertile of urinary cadmium concentration (<0.6 pg/g creatinine), the risks were 4.8- (95%
C10.88-29.1) and 9.9-fold (95% CI 1.8-55.2) higher in the middle and highest tertiles
(>1.9 pg/L), respectively. Only four (5%) men had evidence of renal tubular dysfunction
(B2MG concentration above 300 pg/g creatinine) and even with those excluded cadmium
was associated with lower bone mineral density, a higher risk of osteoporosis, and higher
urinary calcium excretion '’

Chinese study

Description of study population: Several studies have investigated the effect of
cadmium on bone in the same three cadmium exposure areas (low, moderate and heavy)
in China """, Clear associations were found between urinary cadmium and decreased
bone mineral density. The prevalence of osteoporosis in women increased from 34% in
the control area to 52% in the heavily polluted area "%, In a recent study the long-term
effects of cadmium on forearm bone mineral density was assessed after the cessation of
the ingestion of cadmium-polluted rice: The study was a follow-up study in 458 persons
(294 women, 164 men) from the three cadmium exposure areas (low, moderate and
heavy) mentioned above "°. Those living in the moderate and heavy exposure areas
ceased ingesting cadmium-polluted rice (0.51 mg/kg and 3.7 mg/kg, respectively) in 1996
(10 years prior to the present analysis). The bone mineral density was measured by dual
energy X-ray absorptiometry at the proximal radius and ulna. The cadmium
concentrations in urine and blood in 1998 were used as cadmium exposure markers.

Results: The values of the absolute decrease and percent decrease in bone mineral
density from 1998 to 2006 increased with increasing urinary and blood cadmium and
were significant at urinary cadmium concentrations above 5 pg/g creatinine and at blood
cadmium concentrations above 10 pg/l as compared to the low-exposure groups (urinary
cadmium <2 pg/g creatinine and blood cadmium <2 pg/L) in all subjects (after
stratification by sex these differences were significant in the women alone, P < 0.001).
Analysis of the z-score revealed that the prevalence of osteoporosis in 2006 was higher
than that in 1998 and increased along with the level of urinary and blood cadmium in
both men and women, especially for those subjects with the higher blood cadmium
[blood cadmium >5 pug/L, OR =3.45 (0.95-13.6); blood cadmium >10 pg/L,OR =
4.51(1.57-13.54)] and urinary cadmium [urinary cadmium >10 png/g creatinine, OR =
4.74 (1.82—-12.81)] in women The authors concluded that decreasing dietary cadmium
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exposure at the population level is not associated with bone recovery at the individual
level ™.

Swedish Mammography Cohort

Description of study population: Based on data from the Swedish Mammography
Cohort ' (i.e. the same study population as was used for the toxicokinetic modeling °),
the association between urinary cadmium and bone mineral density and fractures were
evaluated. During 2003 to 2009 all women in the cohort living in the town of Uppsala
were invited to undergo total body bone mineral density measurements (by DXA) to
provide blood and urine samples, and to complete a detailed questionnaire on diet and
lifestyle factors (participation rate 65%). Register-based information on fractures was
retrieved from 1997 to 2009. All women 56-69 years of age (n=2688) were selected and
urinary cadmium was measured using inductively-coupled plasma mass spectrometry
with collision reaction cell. Associations were evaluated by multivariable regression
analyses. Models were adjusted for all relevant factors associated with bone health; age,
education, height, total fat mass, lean body mass, parity, use of postmenopausal
hormones, ever use of corticosteroids, total physical activity (MET-hours/day), smoking
status, alcohol intake, inflammatory joint disease, kidney diseases, liver diseases,
malabsorption. Osteoporosis was defined as a T-score <-2.5. Fractures were categorized
as any first fracture, first classical osteoporotic fracture (i.e. hip, spine, distal forearm,
proximal humerus and pelvic fractures) and the most common first fracture (distal
forearm). For multiple fractures (i.e. multiple incident fracture occasions), a validated
method with a prediction model was used to identify incident injuries admissions from
resubmissions.

Results: The distribution of the urinary cadmium concentrations (median 0.35 pg/g
creatinine) and the proprotions of smokers in each exposure group are shown in Figure 9
& 10. Urinary cadmium was adversely associated with bone mineral density at all sites.
In multiple linear regression analyses, urinary cadmium was statistically significant
negatively associated with bone mineral density of the total body, femoral neck and total
hip and close to significantly associated with bone mineral density of lumbar spine In
figure 11, the adjusted mean bone mineral density is shown for each category of
cadmium. The adjusted mean bone mineral density was lower in the highest exposure
category (>= 0.75 ng/g creatinine) as compared to the lowest (<0.5 pug/g creatinine)
(Figure 11). This magnitude of difference in bone mineral density between high and low
exposure, was similar to that decrease observed for a 5 to 11 year increase in age (the
variation depend on site. Further adjustments of the models for calcium excretion and
dietary supplement use did change the results, supporting that the association were stable
and that they were not due to an association between calcium and bone.
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Figure 9. Distribution of cadmium in urine in the Swedish Mammography Cohort.
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Figure 10. The proportion of smokers within each group showed in figure 9.
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Figure 11. Adjusted mean bone mineral density per categorized cadmium.

Per 0.42 ng/g creatinine increment in urinary cadmium (corresponding to 2 standard
deviations, SD), a multivariable adjusted odds ratio (OR) of 1.58 (95% confidence
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interval, CI 1.22-2.05) for osteoporosis at femoral neck and OR 1.41 (95% CI 1.10-1.81)
for osteoporosis at lumbar spine were observed (Figure 12). In comparison to women
with U-Cadmium <0.50 pg/g creatinine, those with U-Cadmium >0.75 pg/g creatinine
had an OR of 2.45 (95% CI 1.51-3.97) and an OR 1.97 (95% CI 1.24-3.14) for
osteoporosis at the femoral neck and lumbar spine, respectively (Figure 12). The
corresponding ORs among never-smokers were higher, i.e., 3.45 (95% CI 1.467-8.23)
and 3.26 (95% CI 1.44-7.38), respectively (Figure 13). Several sensitivity analyses was
performed which supported the robustness of the results, for instance results were found
to be consistent when exposure tertiles were used in the analysis implying that the chosen
exposure categories did not affect the results. This study has also several other strengths
such as a large age-homogenous study group from a well-characterized population-based
female cohort, with no occupational exposure to cadmium and with extensive data on all
relevant factors important for bone health. Bone mineral density was assessed by DXA
(reference standard for bone mineral density measurements ) at sites not previously
studied in relation to cadmium as well as the risk of various types of fractures, including
multiple incident fractures (see below). Urinary cadmium was assessed with high
analytical precision giving low uncertainty even in the low-dose range. In addition, as
calcium excretion was controlled for the possibility that the results were due to
confounding by a parallel increased excretion of calcium was reduced.
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Figure 12. Risk of osteoporosis at femoral neck, lumbar spine and hip or spine in relation to
urinary cadmium concentrations. Odds ratios are expressed per continuous increase (2SD
increment, left part) and per category: 0.5-0.75 and >0.75 ug/g creatinine as compared to the
reference (<0.5 ug/g creatinine) (right part of the figure). All women.
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Figure 13. Risk of osteoporosis at femoral neck, lumbar spine and hip or spine in relation to
urinary cadmium concentrations. Odds ratios are expressed per continuous increase (2SD
increment, left part) and per category: 0.5-0.75 and >0.75 ug/g creatinine as compared to the
reference (<0.5 ug/g creatinine) (right part of the figure). Never smoking women only.

Three studies observing “no convincing” or “no” associations

Two other, fairly small studies have failed to establish any association between urinary
cadmium levels and bone mineral density. In 196 men (median age 59 years) and 184
women (median age 62 years) (Swedish fishermen and their wives), no significant
association between urinary cadmium concentration and forearm bone mineral density
could be detected ”°. In a study comprising 170 women and 100 men in Poland, urinary
and blood cadmium concentrations and the markers of renal tubular dysfunction and
forearm bone mineral density were measured. The results of the multivariate analysis did
not indicate an association between exposure to cadmium and a reduction in bone density
76 A third study included 908 Swedish women with data on single photon absorptiometry
in the non-dominant forearm. Cadmium level in blood, an indicator of recent exposure,
was negatively associated with bone mineral density and parathyroid hormone level and
positively associated with the biochemical marker of bone resorption (CTx). However,
this association disappeared after adjustment for smoking, and it was concluded that no
convincing associations were observed between cadmium concentration in blood and
bone mineral density '’

44



Fractures

CadmiBel

In their prospective cohort, including 506 subjects, the observed RRs associated with
doubled urinary cadmium concentrations was 1.73 (95% CI 1.16-2.57; P =0.007) for
fractures in women and 1.60 (95% CI 0.94-2.72, P = 0.08) for height loss in men.
Similar risk estimates were observed if cadmium concentrations in soil, leek and celery
sampled in the relevant districts of residence were used as proxy of cadmium exposure
instead of the urinary cadmium concentration

OSCAR

Fracture incidence was also assessed retrospectively in the Swedish OSCAR study. For
fractures occurring after the age of 50 years (n = 558, 32 forearm fractures), the fracture
hazard ratio, adjusted for sex and other relevant covariates, increased by 18% (95% CI
1.0-38%) per unit urinary cadmium (1 nmol/mmol creatinine; ~ 1 pg/g creatinine). When
subjects were grouped in exposure categories, the hazard ratio reached 3.5 (90% CI 1.1—
11) in the group of subjects with urinary cadmium concentrations between 2 and 4
nmol/mmol creatinine and 8.8 (90% CI 2.6-30) in the group of subjects with urinary
cadmium concentrations greater than or equal to 4 nmol/mmol creatinine (mainly men).
The relatively the high cadmium exposure in this study could be attributed to the
inclusion of workers occupationally exposed to cadmium. Associations between
cadmium and fracture risk were absent before the age of 507,

Swedish Mammography Cohort

For any first fracture (n=395) OR was 1.16 (95% CI, 0.89-1.50) comparing U-Cadmium
>(0.5 ng/g creatinine with lower levels (Figure 14). Among never-smokers, the ORs (95%
Cls) were 2.03 (1.33-3.09) for any first fracture, 2.06 (1.28-3.32) for first osteoporotic
fracture, 2.18 (1.20-3.94) for first distal forearm fracture and 1.89 (1.25-2.85) for
multiple incident fractures. *’ (Figure 15).
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Figureld. Risk of any fist fracture, first osteoporotic fracture, first distal forearm fracture and
multiple fractures in relation to urinary cadmium concentrations. Odds ratios are expressed per
continuous increase (2SD increment, left part) and in relation to concentrations of 0.50 ug/g
creatinine or above as compared to the reference (<0.5 ug/g creatinine) (right part of the figure).
All women.
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Figure 15. Risk of any fist fracture, first osteoporotic fracture, first distal forearm f racture and
multiple fractures in relation to urinary cadmium concentrations: Odds ratios are expressed per
continuous increase (2SD increment, left part) and in relation to concentrations of 0.50 ug/g
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creatinine or above as compared to the reference (<0.5 ug/e creatinine) (right part of the figure).
Never smoking women only.

The cohort of Swedish Men

A study concerning cadmium and fractures in Swedish men is in progress at the
Karolinska Institute. Within a population-based prospective cohort of 22,000 Swedish
men the individual dietary cadmium exposure, estimated using food frequency
questionnaire data collected at baseline (1997), will be used to estimate the risk of
fractures (Thomas et al., submitted). Preliminary results support an association with

fracture risk.

Table 6. Summary of studies Critical U-Cadmium dose levels for bone effect markers.

Study Effect measure Threshold/U-Cadmium critical | Reference
. dose level
(study size)
Belgium (PheeCad) | RR of fractures. No threshold reported The RR Staessen et al.,
. . . 65
(n = 506) Also assessed bone mineral assomate@ with 2—folfi increase of | 1999
densit U-Cadmium at baseline was
ensity 1.73. The mean U-Cadmium was
1.0 pg Cadmium/g creatinine
Sweden (Oscar) 10 % excess prevalence of 0.5-3 pg U-Cadmium/g Alfvén et al.,
(n = 1,064) low bone mineral density creatinine as compared to <0.5 2000 *
=24 (osteoporosis, Z-Score<-1) ng/g creatinine
Sweden (Oscar) RR of fractures RR 3.5(1.1-11) for 2-4 pg U- Alfvén et al.,
. .. 78
(n = 1,064) Cadmium/g creatinine 2004
China (n = 790) Osteoporosis (T-Score <-2.5) | Mean 2.3—13 pg U-Cadmium/g Wang et al.,
creatinine 2003 ™

Sweden (Lund) (n
= 820)

Bone mineral density and
several bone effect markers

BMDLS5 (5% additional risk =10
pg cadmium/g crea

BMDL10 (10% additional risk =
1.6 pg cadmium/g creatinine

Akesson et al.
2006 Suvazono
etal. 2010 "

Belgium (n = 294)

Bone mineral density and
several bone effect markers

Negative associations between
U-Cadmium and bone mineral
density in postmenopausal
women < 12 nmol Cadmium/day
(approximately 1.3 pg U-
Cadmium/g creatinine)

Schutte et al.
(2008) ¢

NHANES, USA (n
=4,257)

Bone mineral density defined
osteoporosis of the hip in
women

0.5-1 pg/g creatinine gave higher
risk of osteoporosis (43 %)

Gallagher et al.
(2008)

NHANES III, USA

Osteoporosis of the hip (T-

1.00-1.99 pg/g creatinine. 78%

Wu et al., 2010
69

(N=10,978) score <-2.5) increased risk
Radiator factory Osteoporosis of the hip (T- >U-Cadmium 1.88 pg/g Nawrot et al.,
workers (n=83) score <-2.5) at either distal creatinine (10-fold increased 20107

forearm, hip or lumbar spine

risk).
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SMC (n=2,700)

Osteoporosis (T-score <-2.5)
and fracture risk

0.50-75 pg/g creatinine

Engstrom et al.,
2011 %

Cohort of Swedish
men (n=20,000)

Fracture risk

Work in progress

Thomas et al.,
under review

Sweden fishermen | Bone mineral density - Wallin et al.,

+ wife (n=380 2005

Malmé diet and Bone mineral density - Rignell-

cancer study Hydbom et al.,

(n=908) 2009 77

Poland (n=270) Bone mineral density - Trzcinka-
Ochocka et al.,
2009

Conclusion bone effects

The data supporting an adverse effect of the present exposure to cadmium in Sweden on
the risk of osteoporosis have increased substantially during the last few years. Only a
couple of under-powered studies failed to show any association.

Irrespective of whether the studies employed a decrease in the bone mineral density,
increased risk of osteoporosis or increased risk of fractures, these changes seem to occur
at very low urinary cadmium concentrations.

Both the new Swedish (SMC) and the new American (NHANES) studies suggest that
even a concentration around 0.5 pug/g creatinine is associated with increased risk of
osteoporosis and fractures.

There are increasing data suggesting that the effect of cadmium on bone is independent of
kidney damage - and recent data support that these effects occur even before the kidney
damage. Furthermore, the Swedish studies showed very clear increased risk of
osteoporosis and fractures even among those who never smoked. This finding suggests
that dietary cadmium alone contribute to the risk.
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Cardiovascular disease (CVD)

The influence of cadmium on the cardiovascular system remains controversial. Cross-
sectional and prospective studies from Belgium showed that conventional or 24-h
ambulatory blood pressure, or the risk of hypertension or cardiovascular disease risk in
environmentally exposed populations were not associated with urinary cadmium . Some
studies have however, shown some associations. Recent large studies from US found an
association between urinary cadmium and myocardial infarction ** and between blood
cadmium and risk of reported stroke and heart failure *'. In subjects with environmental
cadmium exposure in Belgium, the urinary cadmium excretion was correlated with
changes in some physiological indicators of cardiovascular function, i.e. pulse wave
velocity, arterial pulse pressures, and arterial compliance and distensibility %2 The
pathogenesis of these cadmium-associated abnormalities is unclear at present. In a
Korean study, blood cadmium was associated with increased risk of hypertension *

In a recent review of previously published articles on blood or urinary cadmium and
blood pressure or hypertension in non-occupationally exposed populations the evidence
was re-evaluated. Twelve studies met the inclusion criteria **. Eight of the studies
provided adequate data for comparison, and five for meta-analysis. Individual studies
reported significant positive associations between blood cadmium and systolic blood
pressure in non-smoking women (f=3.14 mmHg per 1 pg/L untransformed blood
cadmium; 95% CI=0.14, 6.14) and in pre-menopausal women (f=4.83 mmHg per 1
nmol/L log-transformed blood cadmium; 95% CI=0.17, 9.49); and between blood
cadmium and diastolic BP blood pressure in women (=1.78 mmHg comparing blood
cadmium in the 90th to 10th percentiles; 95% CI=0.64, 2.92), and in pre-menopausal
women ($=3.84 mmHg per 1 nmol/L log-transformed blood cadmium; 95% CI=0.86,
6.82). Three meta-analyses, each of three studies, showed positive associations between
blood cadmium and systolic (p=0.006) and diastolic (p<0.001) blood pressure among
women, with minimal heterogeneity (12=3%); and a significant inverse association
between urinary cadmium and hypertension among men and women, with substantial
heterogeneity ( 12 =80%). The authors concluded that the results suggest positive
associations between blood cadmium and blood pressure among women; however, results
are inconclusive due to the limited number of population-representative studies of never-
smokers. Associations between urinary cadmium and hypertension suggest inverse
relationships, but inconsistent outcome definitions limit interpretation. Therefore,
longitudinal studies are merited.

Conclusion cardiovascular effects

Based on existing data there is not enough evidence to draw any firm conclusion with
respect to risk of CVD in relation to cadmium exposure, but the data are in support of the
need for precaution.
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Diabetes

Data from the national health and nutrition examination (NHANES) III survey in the
United States was used to evaluate the hypothesis, supported by some animal studies, that
the risk of type II diabetes is increased by exposure to cadmium *°. Cadmium was
measured in spot urine samples. On the basis of fasting plasma glucose (FPG) (8-24 h),
8722 subjects were classified as normal, having impaired fasting glucose (IFG, or
prediabetes, concentration of FPG of 110— 126mg/dl), or having diabetes (FPG
>125mg/dl or use of insulin or oral medication for hypoglycaemia). In order to exclude
individuals with type I diabetes, analyses were restricted to individuals aged 40 years.
Urinary cadmium was modeled both as a continuous variable and as categories (0.0-0.99,
1-1.99, >1.99 ug/g creatinine), and analyses were adjusted for age, race, sex, and body
mass index. For both IFG and diabetes, prevalence increased with increasing urinary
cadmium in a dose-dependent manner, after adjusting for age, sex, ethnicity, and body
mass index. For IFG, the odds ratios were 1.5 (95% CI, 1.2-1.8) and 2.1 (95% CI, 1.4—
3.0) for the groups with urinary cadmium concentrations of 1-1.99 and >1.99 ng/g
creatinine, respectively (p for trend, <0.0001). For diabetes, the odds ratios were 1.2
(95% CI, 1.1-1.5) and 1.5 (95% CI, 1.1-2.0), respectively (p for trend, <0.0001).
Excluding individuals with renal disease did not appreciably affect the results, and
similar relationships were seen in smokers and in non-smokers. The authors concluded
that these analyses suggest an increased risk of type Il diabetes associated with exposure
to cadmium; the association between urinary cadmium and IFG among individuals
without renal disease suggests that the increased urinary cadmium was not the result of
the development of diabetes but rather preceded it. Prospective evidence linking
cadmium with diabetes is lacking. However, subjects with diabetes appear to be more
susceptible to cadmium-induced renal effects " .

Conclusion Diabetes

There is not enough evidence to draw any conclusion with respect to risk of diabetes, but
in line with the data on cardiovascular effect a precautionary approach should be taken. It
is important to stress a possible increased susceptibility for cadmium-induced kidney
effects among subject with diabetes.
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Cancer

Cadmium is classified as a cancer-causing agent in humans based on three lines of
evidence

1) several but not all studies showed a positive association between occupational
exposure to cadmium and risk of lung cancer. Occupational exposures have historically
been through inhalation [International Agency for Research on Cancer *’. The IARC
Working Group reaffirmed the classification of cadmium and its compounds as
“carcinogenic to humans” (Group 1) with sufficient evidence for the lung and limited
evidence for prostate, and kidney *’. Studies involved complex occupational exposures to
the metal and its compounds, making it impossible to separately assess their
carcinogenicity. In a meta-analysis which summarizes occupational cohorts, the
combined estimate showed a 20% statistically significant increased risk as compared to
non-exposed .

2) Data in rats show that the pulmonary system is a target site for carcinogenesis after
cadmium inhalation.

3) Several in vitro studies have shown that most likely, cadmium induces cancer by
multiple mechanisms, the most important being aberrant gene expression, oxidative stress,
inhibition of DNA damage repair *°, and inhibition of apoptosis °°, possible also
epigenetic effect °'. Also, in vitro and in vivo studies provide evidence that cadmium may
act as an estrogen *~ (see below)

The previous evidence with regard to prostate cancer has not been regarded as convincing
8893 but the available human studies have limited ability to detect an effect **. A recent
case-control study (40 cases and 58 hospital-based controls from two provinces in
southern and northern Italy) showed a relation between the toenail cadmium
concentration and prostate cancer risk *°. An excess cancer risk in subjects in the third
and fourth (highest) quartiles of toenail cadmium concentration (odds ratio 1.3 and 4.7,
respectively) compared with subjects in the bottom quartile was observed. Results were
basically unchanged when limiting the analysis to each province or entering toenail
cadmium concentrations as continuous values in the regression model (P=0.004). Despite
the limited statistical stability of the point estimates, these findings appear to support the
hypothesis that cadmium exposure increases prostate cancer risk -, but these type of case
control studies must be interpreted with caution because the result is dependent on how
the cases and controls were selected. Also the relevance of cadmium in toenails as a
marker of exposure is less clear.

A prospective cohort study from Belgium assessed the association between
environmental exposure to cadmium and cancer incidence. This study was a prolongation
of the Flemish part of the CadmiBel-study including 6 districts with high cadmium
exposure close to zinc smelters and 4 districts with low exposure. In total, 994 subjects
were included at baseline. Occupationally exposed were not excluded, but a sensitivity
analysis was performed based on environmentally exposed alone. The population-
attributable risk of lung cancer of 67 % (95 % CI 33-101) in a high-exposure area,
compared with that of 73 % (38-108) for smoking. In total 19 lung cancer cases occurred
whereof 18 in the high exposure area. For lung cancer, the adjusted RR was 1.70 (95 %
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CI, 1.13-2.57: p = 0.011) for a doubling of the 24-hour urinary cadmium excretion. The
corresponding results for a doubling of cadmium concentration in soil was 1.57 (95 % CI,
1.11-2.24 : p=0.012). The RR for residence in the high-exposure area versus the low
exposure area was 4.17 (1.21-14.4: p = 0.024) *°. Overall cancer (N = 70) was also
increased in the high-exposure group, but a clear excess was seen only with regard to
lung. The median urinary cadmium excretion in this study was 0.8 pg/g creatinine, and
the 25" and 75th percentiles were about 0.5 and 1.4 pg/g creatinine °. As the exposure
might have been caused by both inhalation and ingestion, the exact relevance for dietary
cadmium exposure is not clear.

A Belgian case—control study of bladder cancer (172 cases and 359 population controls)
showed an OR of 5.7 (95% CI 3.3-9.9) for bladder cancer comparing highest tertile of
blood cadmium (>1 pg/L) with lowest (<0.2 ug/L) after adjustments for sex, age,
smoking status (current/non-current), number of cigarettes smoked per day, number of
years sr&oking and occupational exposure to polyaromatic hydrocarbons or aromatic
amines .

More recently, a US case-control study (246 cases and 254 controls) showed that women
in the highest quartile of creatinine-adjusted urinary cadmium levels (>0.58 pg/g
creatinine) had twice the breast cancer risk (OR 2.29 (95% CI 1.3-4.3) of those in the
lowest quartile (<0.26 pg/g creatinine) after adjustment for established risk factors, and
there was a statistically significant increase in risk with increasing cadmium level *°.

The significance of the estrogen-mimicking effects such as the well-characterized
estrogenic responses of the endometrial lining (hypertrophy and hyperplasia) observed in
animals exposed to environmentally relevant doses of cadmium *°, was further explored
in humans. In a large population-based prospective cohort among Swedish
postmenopausal women (n = 32,210) the association between dietary cadmium intake and
endometrial cancer incidence, the cancer form most suited to explore potential estrogenic
effects, was assessed ', This is the first study exploring health effects in relation to the
dietary cadmium intake, which is in contrast to smaller studies where cadmium has been
monitored in urine. Thus, based on the construction of a food-cadmium database in the
cohort, a large study population was utilized and the incidence was assessed
prospectively. This design reduces the selection bias that often occurs in case-control
studies, but is on the other hand, dependent on the assumption that estimated dietary
cadmium intake is a valid reflection of the internal dose. The average estimated cadmium
intake was 15 pg/day (1.5 pg/kg bw per week). During 16 years of follow-up, 378 cases
of endometroid adenocarcinoma were ascertained through computerized linkage to the
Swedish Cancer Registry with virtually no loss to follow-up. The highest versus lowest
percentile of cadmium intake was associated with risk of endometrial cancer, RR 1.39
(95 % confidence interval; CI) 1.04-1.85; P for trend 0.02). To reduce the influence of
endogenous estrogen exposure, analyses were stratified by body mass index and by use of
postmenopausal hormone use. Analyses were also stratified by smoking status because an
anti-estrogenic effect of cigarette smoking is shown on circulating estrogen
concentrations due to increased metabolic clearance, a reduction in relative body weight,
and an earlier age at menopause '°'. Among never-smoking, non-overweight women the
RR was 1.86 (95 % CI 1.13-3.08; P for trend 0.009). A 2.9-fold increased risk (95 % CI
1.05-7.79) was observed with long-term cadmium intake consistently above the median
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intake in both 1987 and in 1997 in never-smoking women with low available estrogen
(non-overweight and non-users of postmenopausal hormones). Although the data support
the hypothesis that cadmium may exert estrogenic effects and possibly increase the risk
of hormone-related cancers this needs to be confirmed by other studies.

In a collaboration project between toxicologists and epidemiologists the possible
mechanism of such estrogenic effect was investigated. In a rodent uterotrophic bioassay
to transgenic (estrogen-receptor element) ERE-luciferase reporter mice, the animal were
exposed to cadmium chloride subcutaneously for four days before puberty. Cadmium was
unable to induce uterotrophic response in vivo and was unable to induce estrogenic
responses via classical estrogen-receptor-signaling through ERE-driven genes. However,
luminal epithelium height of the endometrium was significantly increased in a dose
dependent manner after cadmium chloride (and estradiol treatment). It was concluded
that cadmium can induce estrogen-like responses maybe via non-classical estrogen-
receptolg-zsignaling pathway and that cadmium may promote tumor development in the
uterus .

In the same study population as for the study on endometrial cancer incidence (Swedish
Mammography Cohort; a population-based prospective cohort), the association between
dietary cadmium exposure and risk of overall and estrogen receptor defined (ER+ or ER-)
post menopausal breast cancer was assessed. In 58 530 postmenopausal women who
completed a food frequency questionnaire at baseline in 1987 a total of 2210 incident
cases of invasive breast cancer were ascertained (1693 ER+ and 308 ER-) during an
average follow-up of 12.2 years (Julin et al., submitted for publication). The preliminary
results are in line with the results of the endometrial cancer study.

Conclusion cancer

Cadmium is classified as human carcinogen by IARC, mainly based on lung cancer
among occupationally exposed people. More recent studies suggest an association also
based on dietary cadmium exposure. Results from experimental and epidemiological
studies clearly raise concern that cadmium might act as a metalloestrogen and possibly
increase the risk of hormone-related cancers in humans.
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Reproductive toxicity

During pregnancy, DMTT is up-regulated to provide sufficient iron for placental and fetal
development, and this result in elevated gastrointestinal cadmium absorption as well *°.
On average, blood cadmium increased about 20% from early pregnancy to 6 months
postpartum in non-smoking Bangladeshi women °. Although cadmium in cord blood
increases with increasing maternal blood cadmium concentration, with coefficients of
correlation of 0.5-0.6, "% the cord-blood cadmium concentrations are usually less than
10% of those in maternal blood '** ', Maternal iron deficiency in pregnancy aggravates
the increase in cadmium absorption and the transfer to the fetus. Experimental studies
showed that cadmium accumulates in embryos from the four-cell stage onwards, and that
higher exposure levels may inhibit progression to the blastocyst stage with apoptosis and
breakdown in cell adhesion. Following implantation, exposure of experimental animals to
oral or parenteral cadmium has shown a wide range of abnormalities in the embryo,
depending on the time and level of exposure. However, often the doses given were fairly

high and human studies are needed for confirmation of the results '*’.

It is well documented that cadmium accumulates in the placenta. Studies of Swedish
women showed a median of 5 pg/kg in placentas of women with 0.16 pg/L in blood .
Thus, cadmium may affect pregnancy outcomes as a result of adverse effects on placenta
functioning besides direct effects on the developing embryo and fetus. The concentration
of cadmium in the placenta was negatively associated with zinc concentration in cord
blood (spearman correlation coefficient =—0.30, P = 0.05) of newborns to Bangladeshi
mothers in whom zinc deficiency is prevalent and a possible cause of impaired fetal
growth '™, However, a similar relationship was not observed in Swedish mothers, in
whom zinc deficiency is rare '*°. Cadmium-induced retardation of trophoblastic
development, suppression of steroid biosynthesis, and impaired placental transport of
nutrients may contribute to implantation delay and possible early pregnancy loss '°*.
Especially, in vitro studies using human placental trophoblast cells '* showed that
cadmium at 1 uM (112 pg/kg), a concentration seen among smokers and non-smoking
women with rice as staple food ', decreased the 11B-hydroxysteroid dehydrogenase type
2 activity, which is causally linked to fetal growth retardation. Cadmium may also disturb
other functions of the placenta, e.g. impaired leptin synthesis, which may affect fetal
organogenesis and development .

There is increasing evidence for an association between maternal exposure to cadmium
(cadmium in maternal urine, blood or placenta ) and negative pregnancy outcomes, such
as reduced size at birth '®1% 112153 1% 404 reduced length of gestation ', The largest
study was carried out in Tokyo where urinary cadmium (geometric mean 0.77 pg/g
creatinine, corresponding to 0.62 pg/L) of 78 pregnant women (90% non-smokers)
showed a significant association with birth weight (p=0.021), after adjusting for
gestational age and maternal BMI "4 In non-smoking Bangladeshi mothers (N=41)
cadmium concentrations in placenta (median 20 ng/kg) were negatively associated with
birth weight, after consideration of maternal age, BMI, parity and placental weight),
possibly due to the reduced cord blood zinc concentrations ''°. Among 45 non-smoking
Italian women serum cadmium concentrations in both mother and newborns were
negatively correlated with birth weight, after adjusting for maternal age, parity,
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gestational length and sex 195 However, the average cadmium concentrations in maternal
and cord serum of 0.12 and 0.13 pg/L seem unrealistically high, considering that <10%
of whole blood cadmium is present in plasma. In the Mexican study '®* multiple
regression analysis showed significantly negative association between cord blood
(median 1.2 pg/L; N=49) and birth weight (adjusted for “questionnaire items’’). Among
20 Chilean mothers, those delivering low birth weight neonates showed reduced iron and
increased concentrations of cadmium, lead and arsenic in placentas, compared to those
delivering normal weight babies ''2. Blood cadmium (mean 0.93+0.46 pg/L) of 55
mothers recruited in gestational week 30-32 in Toyama, Japan, showed significantly
inverse correlation with infant length at birth, after adjustment for gestational age and
maternal weight ''*. In an earlier study of 57 Japanese women, the same research group
'3 found that maternal urinary cadmium (on average about 1 pg/g creatinine) was
negatively associated with gestational age at birth, after adjustment for maternal age. No
significant association between cadmium exposure and birth weight was observed in
studies of 50 pregnant women in northern Norway and Russia ''® or among 106 Swedish
women '%. It should be noted that most studies on cadmium and pregnancy outcomes
include few women and some may have residual confounding, especially as several of the
studies report few maternal characteristics.

A wide spectrum of adverse effects of cadmium on the reproductive tissues in both males
and females animals, as well as adverse effects on the developing embryo has been
described. Most studies are experimental in design with high doses of cadmium. However,
steroid synthesis in male and female reproductive organs seems to be affected also by
low-doses of cadmium '% "' 118 Stil1, the results need to be confirmed in human studies.
In one such study, blood and seminal plasma cadmium were significantly higher among
infertility patients than among fertile men; median seminal plasma cadmium was 0.28
ug/L in infertility patients versus 0.09 pug/L in artificial insemination donors and in
general population volunteers (P < 0.001). The percentage of motile sperm and sperm
concentration correlated inversely with seminal plasma cadmium among the infertility
patients (r =-0.201, P <0.036 and r = -0.189, P < 0.05, respectively), but not in the other
two groups. The results were repeated in male Wistar rats and the authors concluded that
the results are consistent with the hypothesis that environmental cadmium exposures may
contribute to reduced human male sperm concentration and sperm motility. Ovarian
cadmium concentrations increase with age, and experimentally, cadmium has been
associated with failure of progression of oocyte development from primary to secondary
stage, and failure to ovulate '"®. Human fetal gonads recovered during the first trimester
(7-11 weeks post conception) and cultured with or without Cadmium showed that 1 uM
significantly decreased the germ cell density in human fetal ovaries, associated with an
increase in germ cell apoptosis ''*. Similarly, in the human fetal testis, | pM cadmium
(112 pg/L) reduced germ cell number without affecting testosterone secretion.

Probably oxidative stress is involved in early-life toxicity of cadmium. In pregnant rats
receiving cadmium in drinking water (10 mg/L) with or without zinc plus vitamins A, C,
E, and B, cadmium exposure increased the production of thiobarbituric acid reactive
substances (TBARS), catalase, and alkaline and acid phosphatase activity in both liver
and kidney '*°. The effects were reduced by the co-administration of vitamins and zinc,
indicating that intake of antioxidants during gestation and lactation could prevent some of
the negative effects of cadmium.
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As mentioned above, there is increasing evidence from experimental animal studies that
cadmium exert estrogen-like activity *°, although the effects seems less evident after oral
exposure compared to parenteral 12! In vitro studies indicate that cadmium also
stimulates decidualization of the endometrium 122, which is the stromal differentiation in
the late secretory phase of the menstrual cycle, essential for implantation of the
developing blastocyst. Estrogen stimulates the decidual endometrial stromal cells to
release prolactin and insulin-like growth factor binding protein-1 (IGFBP-1), which serve
as key markers of decidualization. Cadmium at a concentration of 1 uM released
prolactin in the medium and up-regulated prolactin expression of the endometrial,
indicating that cadmium may disrupt endometrial function. In utero cadmium exposure
mimicked the effects of estrogens . Female offspring experienced an earlier onset of
puberty and an increase in the epithelial area and the number of terminal end buds in the
mammary gland.

Conclusion reproductive toxicity:

Although a number of fairly small cross-sectional studies indicate that cadmium exposure
may have a negative effect of fetal growth, reliable dose-response relationships are not
yet available. Population-based longitudinal studies are underway.
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Neurotoxicity and child development

As part of a study of exposure to fluoride and rates of bone fracture among 1016 elderly
Chinese people, the association between concentrations of cadmium in water and
cognitive function was evaluated, as assessed by the community screening interview for
dementia. Concentrations of cadmium in water were generally low (median, 0.25 pg/l;
maximum, 0.49 pg/l). No association was observed between concentrations of cadmium
in water and cognitive function, either before or after adjustment for age, sex, education,
and presence of other metals '>. A significant interaction with zinc was seen: at low
concentrations of cadmium in water, a higher concentration of zinc was associated with
better cognition, while at high concentrations of cadmium in water, a higher
concentration of zinc was associated with worse cognition.

The distribution of cadmium in the brain of 11 patients with Alzheimer disease, 6 patients
with senile involutive cortical changes (SICC), and 10 normal controls was compared :
no significant differences were found '**. However, in both normal controls and patients
with Alzheimer disease, the concentration of cadmium was significantly positively
correlated with the number of neurofibrillary tangles.

Studies on the potential effects of cadmium on child development are scarce. The
neurotoxicity of Cadmium in children was investigated in several studies in the 1970s and
1980s but has received little attention since. In most of these studies, the biomarker of
exposure was the concentration of Cadmium in hair, which might be influenced by
external contamination. In case-control studies higher hair concentration of cadmium
were reported for children with mental retardation, and learning difficulties or dyslexia
(se review by 125) 'In cohort studies, the concentration of cadmium in hair was inversely
related to adjusted 1Q. Also, an association between hair cadmium and children’s
classroom behavior was reported. Elevated cadmium concentration in children’s hair was

also related to mental retardation in Chinese children '*°.

Cao and co-workers examined the potential effects of low-level cadmium exposure on
intelligence quotient, neuropsychological functions, behavior, and blood pressure among
children at 2, 5, and 7 years of age, participating in a multicenter randomized clinical trial
of lead-exposed children . Cadmium in blood was used as measure of exposure at 2
years of age (average 0.21 pg/L). Spline regression analysis suggested that behavioral
problem scores at 5 and 7 years of age tended to increase with increasing blood cadmium,
but the trend was not significant. A cross-sectional study among children aged 7-16 years
living in three Chinese villages with different degrees of heavy-metal pollution tested for
behavioral problems using the Child Behaviour Check-list '**. Multiple regression
analyses revealed significant effects of hair lead, cadmium and zinc levels on test results.
Log-transformed hair concentrations of lead, cadmium and zinc accounted for an
incremental of 8% to 15% variance in anxious/depressed, withdrawn, somatic complaints,
social problems, thought problems, attention problems, delinquent behavior and
aggressive behavior. The concurrent log-transformed hair lead and zinc levels were
strongly associated with all subscales while the concurrent log-transformed hair cadmium
was only significantly associated with withdrawn, social problems and attention problems.
However, no population-based studies of the neurotoxicity of cadmium, using more
relevant biomarkers of long-term exposure have been conducted in children to date.
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In experimental studies lactating rats given 25 mg/L of cadmium in drinking water (but
not at 5 mg/L) the offspring showed significantly increased spontaneous motor activity,
correlating to the cadmium concentrations in the pups '*°. Previous studies had shown
that 5 mg/L cadmium in the drinking water dams during the lactation period, from
parturition to postnatal day 17, and/or to the offspring reduced the brain concentrations of
serotonin *°. A major decrease in 5-hydroxyindoleacetic acid was found in cortex and
hippocampus in rats exposed to cadmium during lactation.

Interesting mechanistic studies on cadmium-induced neurotoxicity in zebrafish showed
that cadmium-treated embryos developed a smaller head with unclear boundaries
between the brain subdivisions, particularly in the mid-hindbrain region "*'. Embryos
display normal anterior to posterior regionalization; however, the commitment of neural
progenitor cells was affected by cadmium. Unfortunately, the high concentrations used
(100 uM Cadmium Cl, solution; =11 mg/L) makes it difficult to evaluate the relevance
for humans.

Conclusion neurodevelopmental effects:

A few small cross-sectional epidemiological studies indicate an adverse effect of
cadmium exposure on child development, supported by experimental studies showing
cadmium-induced neurotoxicity. Although available data does not allow quantitative
health risk assessment, these effects should be born in mind. Population-based
longitudinal studies are underway.
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Mortality

Data from Europe and United States

Two population-based prospective cohorts have assessed the association between
cadmium exposure and mortality. The recent European prospective cohort study (n =
1,107 subjects at baseline of originally 1,419 invited between 1985 and 1989) assessed
the long-term changes in body burden of cadmium and the incidence of mortality
simultaneously. The study was a prolongation of the Flemish part of the CadmiBel study
including 6 districts with high cadmium exposure close to zinc smelters (>3 mg
Cadmium/kg soil) and 4 districts with low exposure more than 10 km away from the
smelters (<1 mg Cadmium/kg soil). The median urinary cadmium at baseline (at start)
was 1.03 pg/g creatinine and 0.74 ng/g creatinine in high and low exposure areas,
respectively. Individuals reporting possible exposure to cadmium at work were excluded
from the baseline population of 1107 subjects and some subjects did not provide blood or
urine samples, leaving 956 persons to be followed (50 % from low and 50 % from high
exposure areas) Geometric mean blood cadmium at baseline in 1985-89 was 1.2 pg/L.
Besides blood cadmium and 24-hrs urinary cadmium excretion, blood pressure, serum
creatinine, high-density lipoprotein, total cholesterol, serum y-glutamyltransferase (as
index of alcohol intake), urinary creatinine and retinol-binding protein were assessed.
Among the group with data on urinary cadmium concentrations, 208 deaths occurred
during an average 20.3 years of follow-up. Multivariate-adjusted hazard ratios (adjusted
for age, sex, body mass index, smoking serum y-glutamyltransferase and socioeconomic
status) for all cause, non-cardiovascular mortality and the risk of death from all cancers
and lung cancer increased with high urinary cadmium excretion. The risks (p<0.04)
associated with a doubling of baseline urinary cadmium was 20 % (95% CI 4%-39%) and
44 % (95% CI 16%-79%) for total and non-cardiovascular mortality, and 25 % (95% CI
4%-50%) and 33 % (95% CI 1%-75%) for a doubling of B-Cadmium. The authors
concluded that the increased mortality was directly related to the toxic effects of
cadmium, but not directly to renal dysfunction as measured by U-RBP and serum
creatinine and that even if zinc-smelters close, historical environmental contamination
remains a persistent source of exposure and this exposure increase mortality in a
continuous fashion '*2. This study has strong advantage of being a prospective cohort
with longitudinal exposure assessment. The relevance to dietary cadmium exposure alone
cannot be estimated.

Mortality was also assessed in a prospective cohort based on the NHANES (baseline
1988- 1994) data including 13,956 followed through December, 2000. Geometric mean
of urinary cadmium was 0.28 g/g creatinine in men and 0.40 pg/g creatinine in women.
Multivariate models included adjustments for age, race/ethnicity, menopausal status
urban/rural residence, cigarette smoking, alcohol consumption, education, physical
activity, income, serum C-reactive protein, total cholesterol, diabetes, blood pressure, use
of antihypertensive drugs, GFR. The hazard ratios (95 % confidence interval) for all-
cause, cancer, cardiovascular disease, and coronary heart disease mortality associated
with a two-fold higher creatinine-corrected urinary cadmium were 1.28 (1.15-1.43), 1.55
(1.21-1.98), 1.21 (1.07-1.36), and 1.36 (1.11- 1.66), respectively, for men and 1.06 (0.96-
1.16), 1.07 (0.85-1.35), 0.93 (0.84-1.04), and 0.82 (0.76-0.89), respectively, for women.
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Thus, environmental cadmium exposure was associated with an increased risk of all

cause, cancer, and cardiovascular disease mortality among men, but not among women
133

A meta-regression was recently performed based on these two studies . The exposure in
the Belgian study was about three times as high (1 pg/g creatinine) as in the US-cohort.
Based on the three hazard ratios using a random effect model a 17% (95% CI 4-32%;
P<0.0001) increase in the relative risk associated with a doubling of the urinary cadmium
concentrations was revealed.

Conclusion mortality

Two resent studies from Belgium and USA indicate associations between cadmium and
increased mortality which is alarming. Both studies are of high quality (prospective) and
the Belgian study has even included repeated measurements of exposure. Still, it is
difficult to judge whether the results could be due to confounding. For instance, low
urinary creatinine excretion is associated with all-cause mortality and cardiovascular
disease "**. Thus, adjusting a urine-based exposure marker by creatinine may result in
falsely high associations between exposure and disease or mortality. Noteworthy, is that
the Belgian study employed urinary cadmium per 24 hours and blood cadmium.
Nevertheless, these data clearly add to the concern that cadmium might exert severe
effects on human health.
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Rational for concern about cadmium exposure in
Sweden

Introduction

Cadmium accumulates in the kidney and, because of its long half-life in humans, the
cadmium body burden increases throughout life. Previous risk assessments have
considered renal tubular damage to be the fist adverse effect i.e. the effect that the risk
assessment would be based on. Cadmium-associated renal tubular effects based on a
certain effect marker (B2 microglobulin) was also the basis for the recent risk assessment
performed by the European Food Safety Authority (EFSA 2009), which concluded that
the risk of adverse effects on the kidneys is low below a urinary cadmium concentration
of 1 ng/g creatinine. This concentration was then translated to a dietary intake of
cadmium, which formed the new TWI. Several studies with other markers of kidney
dysfunction, including several in Sweden, were not included in the EFSA meta-analysis
and new studies have also occurred since the EFSA evaluation (see below). Thus, by not
including several recent European/US-studies which showed associations at lower
urinary cadmium concentrations it is not possible to rule out that the meta-analysis might
have underestimated the effect.

There are also a number of studies on other outcomes than kidney effects, which are
becoming increasingly important to include in the health risk assessment. In the present
risk assessment, carried out for the Swedish situation, we decided to mainly focus on
cadmium-related bone effects, partly because those studies are not based on urine-based
effects markers and partly because of the high prevalence of osteoporosis and fractures in
Sweden. In addition, there are new data suggesting that the effects on bone may occur
before the effects on kidney.

Studies on the associations between exposure to cadmium and other non-renal health
effects, including diabetes, hypertension, endocrine disruption, carcinogenicity,
reproductive outcomes, neurotoxicity and child development were considered too
preliminary to serve as the basis for risk assessment, although the data in some
circumstances clearly give rise for concern, especially as several of the effects are
supported by experimental studies, giving evidence for likely mechanisms. Further work
is needed to clarify the contribution of exposure to cadmium to these diseases. Recent
data, including data from Swedish studies, suggests associations between dietary
cadmium exposure and hormone-related cancers. These studies have to be considered
preliminary, but are supported by the observed cadmium-induced estrogenic effects in
animal and in vitro studies. Prospective mortality studies are available, in particular one
based on a representative sample of the US population and one comparing data from a
polluted area and a control area in Belgium. Environmental cadmium exposure was
associated with an increased risk of all cause mortality, cancer, and cardiovascular
disease mortality among men, but not among women in the US population. A doubling of
urinary or blood cadmium was associated with 20-40% increased risk of mortality in the
Belgian study. Although alarming, these data needs to be confirmed.
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Kidneys

The EFSA risk assessment was based on a meta-analysis based on 35 publications in
peer-reviewed journal where urinary cadmium was expressed as pg/g creatinine and 32-
microglobulin was used as the marker of tubular effect. Because f2-microglobulin was a
less commonly used marker of tubular effects in European studies, the majority of the
studies included in the meta-analysis were based on Asian populations (both women and
men). As Asian people in general have lower body weight than Europeans, and therefore
lower urinary creatinine excretion, 1 pg/g creatinine among Asian people would
correspond to slightly lower concentrations (probably 75-80%) among Europeans.

Based on the studies using other kidney effect markers, some of which were published
after the EFSA evaluation, we conclud that these support the significant associations
between long-term cadmium exposure (concentrations in urine and/or blood) and
impaired kidney function, mostly impaired tubular function, the risk of which may start
to increase below 1 pug/g creatinine. Also impaired glomerular filtration rate has been
observed, the risk of which seems to start at slightly higher exposure levels, around 1-1.5
ug/g creatinine. It is likely that the reported associations represent causal relationships, as
they are observed for several different markers of kidney effects, in several different
populations, and in both men and women. Also, the mechanistic studies (see above)
support an effect at low exposure. However, the relevance of these findings at low
concentrations is under discussion. Thus, a valid risk assessment for the low dose range
needs to include other endpoints.

Osteoporosis and fractures in Sweden - a large public health
problem

Of the other health effects of cadmium, the effects on bone, such as osteoporosis and
fractures, have been evaluated in several relevant studies, also in Sweden. Those effects
are not associated with the same problems of using urine-based biomarkers of both
exposure and outcomes. Thus, they form an important data-base for the health risk
assessment.

Osteoporosis is characterized by low bone mass and micro-architectural deterioration of
the skeleton, leading to fragility and increased risk of fractures. The high prevalence,
particularly in Sweden, of the main complication of osteoporosis, the fragility fractures,
which result in reduced quality of life and life expectancy, and high costs for society are
of major concern '*°. Statistically, every other women and one out of four men in Sweden
will have an osteoporotic fracture during their lifetime. These fractures are a considerable
public health problem causing a lot of suffering and a burden to society in terms of cost,
morbidity and mortality. Osteoporosis-related fractures do not only lead to high medical
care costs but also to high community care costs. Borgstrom et al, (2007) '*° assessed the
burden of osteoporosis in Sweden including medical care costs, non-medical care costs,
informal care and indirect costs including the value of quality-adjusted life-years
(QALYs5) lost because of fractures. The total annual fracture cost was estimated at 5.6
billion SEK, which is about 3.2% of the total health care costs in Sweden. Community
care was the most important cost category accounting for 66% of the total annual cost
followed by medical care costs (31%), informal care (2%) and indirect costs (1%). By
combining the annual value of QALY lost (10.3 billion SEK) and the annual fracture
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costs, the total annual societal burden of osteoporosis in Sweden was estimated at 15
billion SEK. Assuming no changes in the age-differentiated fracture risk, the annual
burden of osteoporosis was projected to increase to 26 billion in the year 2050 '*°,

The age-adjusted fracture incidence has increased substantially since the 1950ies, but the
geographical variation in incidence is very large in Europe. For instance, the incidence of
hip fractures is more than seven-fold higher in Northern Europe than in the rest of Europe.
In fact, it is higher in men in Scandinavia than in women in Central Europe > . The
number of old and very old people in the population increases, leading to a further
increase in the prevalence of fractures.

Cadmium-related osteoporosis and fractures

Data supporting an adverse effect of long-term exposure to cadmium in the general
population in Sweden on the risk of osteoporosis has increased substantially during the
last few years. Several studies indicate that the cadmium exposure decreases bone
mineral density, and increases the risk of osteoporosis and fractures, at urinary cadmium
concentrations starting from 0.5 pug/g creatinine.

In the recent study of women in Uppsala county (SMC), non-smoking women with 0.50-
0.75 pg/g creatinine (median 0.59 pg/g creatinine) had more than twice the risk of
osteoporosis at femoral neck and twice the risk of fractures, compared to women with
<0.50 pg/g creatinine. Somewhat lower risk levels were obtained for all women
(including smokers). The reason for this is not known, it can only be speculated that the
urinary cadmium concentrations among the smokers varied depending on when and how
much they smoked, possibly introducing some confounding. Similar risk levels were
found in the recent American study (NHANES) with 43% increased risk of osteoporosis
in the hip at urinary cadmium between 0.5 and 1.0 pg/g creatinine in women. Although
no meta-analysis is available and BMDL has not yet been calculated on SMC, it seems
clear that the effects of cadmium on bone among Swedish women starts somewhere
between 0.5 and 1 pg/g creatinine.

In light of the particularly high prevalence of osteoporotic fractures in Sweden (and
Norway and Iceland) - for reasons not known- it cannot be ruled out that these
populations are more sensitive to factors and exposures that increase the risk of fractures,
and to cadmium exposure. It should be noted that even a small increase in the average
cadmium exposure will result in a proportionally large increase in the fraction of the
population with fractures.
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Overall conclusion

Several studies conducted on Swedish populations have shown associations between
long-term low-level cadmium exposure and adverse health effects in the form of kidney
dysfunction, osteoporosis and fractures, and estrogen-dependent cancer. Although
associations with subclinical kidney effects are found at very low exposure levels, we
decided to focus on bone effects in this risk assessment.

Taken together, the recent comprehensive epidemiological studies strongly indicate that
the effects of cadmium on bone among Swedish women starts somewhere between 0.5
and 1 pg/g creatinine in urine. A considerable part of the Swedish women have urinary
cadmium concentrations in this range. It is estimated that somewhere between 20% and
70% of all the women (5-30% of never-smokers) have urinary cadmium concentrations
above 0.5 ng/g creatinine, 2-20% above 1 pg/g creatinine (0.2-6% of never-smokers).

Thus, it is clear that cadmium-related health effects occur at the present exposure levels
in Sweden. Therefore, it is essential not to increase the exposure further. Rather,
mitigation efforts are needed to decrease the exposure to cadmium, the main part of
which is through food.
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1. Summary

Cadmium concentrations in Swedish arable soils and crops have increased during the past
century. Two main sources of Cd to the arable soils have been atmospheric deposition and
mineral fertilisers. The input has decreased from both these sources during the past 20-30
years. For mineral fertilisers, this decrease was achieved by the use of low-Cd fertilisers.
However, in the long term it cannot be excluded that more Cd-rich mineral fertilisers will
be used. This report aims at describing possible future trends of cadmium concentrations in
arable soils and crops. The results are based both on mass-balance modelling and a
literature review. The literature review is mainly intended to analyse whether the
conditions affecting uptake of Cd in crops is different in Sweden as compared to the
Central Europe.

A review of long-term field studies indicates that long-term use of Cd rich mineral
fertilisers will cause increasing Cd concentrations in soils and most likely in crops. The
transfer of Cd from soils to crops depends not only on the soil Cd concentration, but also
on e.g. pH and organic matter concentration in the soils. A mass-balance model for the
topsoil was set up, accounting for Cd input by atmospheric deposition, mineral fertilisers
and lime and Cd output through crop harvest and leaching. Because several of these factors
vary regionally in Sweden, the model was parameterised for the five major Swedish
agricultural production areas. This allows for identifying regions that are more vulnerable
to the input of Cd. The model was used to estimate concentrations in soil and crops after
100 years use of mineral fertiliser. Calculations were performed for mineral fertilisers with
six different Cd concentrations, to illustrate how this parameter influences the predicted
concentrations in soil and crops. The Cd concentrations ranged from the current average of
5-6 mg Cd per kg P, to the highest proposed limit value by the EC of 137 mg Cd/kg P.
Two different crop rotations were modelled, with and without potato. Furthermore, similar
scenarios with sewage sludge as the Cd-containing P- fertiliser was modelled. The results
are summarised below.

Cadmium sources

Atmospheric deposition is currently the major Cd source for Swedish arable soils.
However, this would no be the case if mineral fertilisers with a Cd concentration above ca
20-30 mg Cd/kg P would be used. The exact breakpoint varies with the actual P-load,
which depends on crop rotation, P-status of the soil etc. Using mineral fertilisers with Cd
concentrations in the range 46-137 mg Cd per kg P would lead to major increases in the
total Cd supply to the soils. Such high Cd/P ratios are common in many other EC
countries.

It is possible that the atmospheric deposition of Cd will continue to decrease in a 100 years
perspective. However, an increased Cd input from more Cd-rich mineral fertilisers can
only to a very limited extent be compensated for by lower deposition. Even if atmospheric
Cd deposition would decrease by as much as 50% from current rates, a maintenance of
total Cd supply at current levels means that the Cd concentrations in mineral fertilisers
cannot be higher than 12-25 mg Cd per kg P.

Predicted levels in soil

The modelling of the current situation shows that most soils are close to balance between
input and output of cadmium. Over a period of 100 years concentrations may decrease in
certain areas. The estimated decrease in topsoil Cd concentration is at most ca 8%. Using
mineral fertilisers with a Cd/P ratio of 25 mg/kg will lead to slight increases (up to 8%) in



soils that are poor in plant available phosphorus. For very P-rich soils, net decreases in soil
Cd may occur even at Cd/P =25 mg/kg, since P-fertiliser rates are low on these soils.

The predicted soil Cd concentrations increase sharply at Cd/P ratios in the range 46-

137 mg/kg. Soil Cd concentrations may increase by at most ca 50% over 100 years, or
100% if 200 years are considered. Because the need for P fertilisation will persist in
foreseeable time, it may be argued that none of the scenarios resulting in significantly
increasing soil Cd concentrations are acceptable. From a health perspective, decreasing Cd
concentrations would be desired. Even if all Cd input would stop, the theoretical half-life
for a decrease of soil Cd due to crop harvest and leaching is several 100 years.

The rate of Cd accumulation in soils is higher in P-poor soils than in P-rich soils. The
variation due to this factor is probably larger than regional variations due to other factors.
However, in the long term perspective also soils with high P-AL-class may be depleted in
P, since the removal of P with crops is not fully compensated for. The precautionary
principle may thus be used: the scenarios that results in highest Cd accumulation in soil
determines which Cd/P ratios in fertilisers that can be used sustainably. A Cd/P ratio of
12 mg/kg or less would be desired.

Sewage sludge may be used as an alternative P fertiliser. Application of sludge according
to current practice would lead to slow buildup of soil Cd, also if the Cd content in sludge
would be reduced to 17 mg Cd/kg P. According to recently proposed legislation, the supply
of Cd with sludge will limit the rates of sludge application. If the rate of sludge application
would be decreased to match this proposed legislation, and with P loads similar to those for
mineral fertilisers, a slow buildup of soil Cd may still be expected in soils that are low in
plant available P.

Predicted levels in crops

It was difficult to unambiguously show whether there are specific conditions in Sweden
that make Swedish soils more vulnerable to Cd input than those in Central Europe.
However, pH is a major factor that regulates the uptake of Cd from soils to crops and pH in
Swedish soils appears to be ca one pH unit lower than the general average for Europe. This
is probably related to the scarcity of lime-bearing bedrock in Sweden. Swedish wheat also
contains Cd in levels that are comparable to those in many other European countries, in
spite of the fact that Cd concentrations in Swedish soils are relatively low. Both these
aspects indicate that the transfer of Cd from soils to crops may be somewhat higher in
Sweden than in central Europe.

Based on literature reviews, it is anticipated that Cd in crops will change at the same rate as
Cd in soils, if Cd is supplied from mineral fertilisers. Generally, crop Cd concentrations
will show slowly decreasing trends in the different production areas if mineral fertilisers
with current Cd/P ratios are used. Increasing levels of crop Cd can be expected at Cd/P
ratios equal to or higher than 25 mg Cd per kg P.

If the present use of mineral fertiliser would be replaced by sewage sludge, it can be
expected that Cd in crops will increase slightly over 100 years. This conclusion is valid
even if the Cd content in sludge would decrease slightly. If the rate of sludge application
were lower than at current practice, in line with recently proposed legislation, a slight
increase in crop Cd may still occur in those areas where the soils have low levels of plant
available phosphorus.



2. Sammanfattning

Kadmiumbhalterna i svensk jordbruksmark och groda har 6kat under det senaste
arhundradet. Tva huvudsakliga kéllor till detta kadmium har varit nedfall fran luften
(atmosfarsdeposition) och mineralgddsel. Inflodet fran bdda dessa kdllor minskade under
de senaste 20-30 aren. Anvéindandet av mineralgddsel med laga Cd-halter har haft stor
betydelse for denna minskade tillforsel. Langsiktigt kan det dock inte uteslutas att mer Cd-
rikt mineralgddsel kommer att anvidndas. Denna rapport syftar till att beskriva hur Cd-
halterna i jordbruksmark och vissa grodor kan komma att utvecklas i framtiden. Resultaten
baseras bdde pa en litteraturgenomgang och pd modellering av mass-balanser.
Litteraturgenomgangen syftar framst till att belysa om det 1 Sverige foreligger sarskilda
forhallanden som paverkar upptaget av Cd fran jord till groda.

En genomgang av langsiktiga faltstudier indikerar att lang tids anvéndning av
mineralgddsel med hoga Cd-halter leder till 6kade halter i jord, och sannolikt dven i groda.
Upptaget av Cd fran jord till groda beror inte bara pa halten 1 jord, utan ocksa pé t.ex. pH
och halten organiskt material i jorden. En massbalans-modell for matjorden upprittades.
Modellen hanterar tillforsel av Cd via atmostéarsdeposition, mineralgddsel och kalk, och
utforsel via utlakning och skord. Eftersom flera av dessa faktorer varierar regionalt i
Sverige, simulerades scenarier for de fem storsta produktionsomradena i Sverige. Detta
mojliggor att omrdden som dr mer kénsliga for 6kad tillforsel av Cd kan identifieras. Halter
1 jord och groda efter 100 ars anvindning av mineralgddsel berdknades med modellen.
Berikningarna simulerade anvéndning av mineralgddsel med sex olika Cd-halter, for att
belysa betydelsen av kadmiuminnehallet pa utvecklingen av halter 1 jord och groda.
Koncentrationerna i mineralgddsel varierades fran nuvarande medelniva om 5-6 mg Cd per
kg P till det hogsta av EU foreslagna gransvirdet pa 137 mg Cd/kg P. Tva olika vaxtfoljder
modellerades, med och utan potatis. Dessutom genomfordes liknade berdkningar med slam
som P-gddsel. Resultaten sammanfattas nedan.

Kadmiumkallor

For nérvarande dr atmosfarsdeposition den huvudsakliga killan till Cd i jordbruksmark.
Mineralgddsel skulle dock vara den huvudsakliga kéllan om dess kadmiuminnehall 6kade
frén dagens virde till 20-30 mg Cd/kg P. Den exakta brytpunkten beror pa P-givans
storlek. Anvindandet av mineralgddsel med halter 1 intervallet 46-137 mg Cd/kg P skulle
leda till markant 6kade halter av Cd i jordbruksmark. Mineralgddsel med sa hogt Cd-
innehall dr det normala i ménga andra EU-lénder.

Det dr mojligt att tillforsel av Cd fran atmosfaren kommer att fortsatta minska i ett langre
perspektiv. En 6kad tillforsel av Cd fran mineralgddsel kan dock endast 1 marginell grad
kompenseras av en ligre tillforsel frin atmosfiren. Aven om atmosfirsdepositionen skulle
minska med s& mycket som 50% frdn dagens virden, kan Cd/P-kvoten i mineralgddsel inte
tillatas oka till mer dn 12-25 mg/kg om den totala tillforseln ska bibehéllas pa dagens
nivaer.

Beraknade halter i jord

Berikningarna visar att det for nidrvarande rader en ungeférlig balans mellan tillfoérsel och
bortforsel av kadmium. Om dessa forhallanden fortgar i 100 ar kan en viss minskning av
matjordens kadmiumbhalter forvéntas i vissa regioner. Som mest kan minskningen uppga
till ca 8%. Om Cd/P 1 mineralgddslet okar till 25 mg/kg kommer halterna i matjorden att
oka med uppemot 8%, i omrdden med ldgre fosforstatus i jorden. I omraden med mycket



fosforrika jordar kan en viss minskning forvintas, eftersom givorna av fosfor ér laga pa
dessa jordar.

I intervallet 46-137 mg Cd/kg P berdknas Cd-halterna i jord 6ka pétagligt 6ver 100 ars sikt.
Som mest beddms 6kningen uppga till ca 50% pa 100 &r, vilket motsvarar en fordubbling
pa 200 ar. D& behovet av fosforgddsling kommer bestd under 6verblickbar tid bedomer vi
att inget scenario dér Cd i jord okar 6ver tid &r acceptabelt. Ur ett hdlsoperspektiv vore
sjunkande halter dnskvirt. Aven om all tillforsel av Cd upphér, sa dr den teoretiska
halveringstiden for Cd i matjord manga 100 &r.

Upplagringen av Cd i matjord dr hogre i1 jord med 1ag dn med hog fosforstatus. Denna
aspekt har troligen avgdrande betydelse for de regionala skillnader i upplagring av Cd som
berdknats. I ett langre perspektiv kommer dock rekommenderade P-givor i fosforrika
jordar inte att vara tillrickliga for att ersitta den fosfor som bortfors med skord av grodor.
Forsiktighetsprincipen kan dérfor vara tilldmplig: de scenarier som leder till hogst 6kning
av Cd 1 jord bor styra vilka Cd-halter i mineralgddsel som kan anvéndas uthalligt. Detta
skulle innebdira att halten 1 mineralgddsel bor vara 12 mg Cd/kg P, eller lagre.

Slam kan anvindas som en alternativ killa av fosfor. Anvéndning av slam enligt rddande
praxis orsakar langsiktigt en viss upplagring av Cd 1 jord. Detta giller &ven om innehéllet
av Cd i slam skulle minska till 17 mg Cd per kg P. Om slamgivorna skulle minska i
enlighet med nyligen foreslagen lagstiftning som begrénsar tillforseln av Cd med slam, och
med samma P-givor som rekommenderats for mineralgddsel, sa skulle en viss 6kning av
Cd 1 matjord anda forvantas i omrdden dér jordarna har laga halter av véxttillgangligt
fosfor.

Beraknade halter i groda

Det dr inte entydigt att Sverige har sdrskilda forhdllanden som leder till ett hogre upptag av
Cd frén jord till groda, jamfort med forhallandena in Centraleuropa. Jordens pH dr dock en
viktig faktor som paverkar upptaget. I svenska jordar dr pH ca en pH-enhet ldgre én i
Centraleuropa, vilket skulle stimulera upptaget av Cd fran jord till groda. Halterna av
kadmium 1 vete dr ocksa jamforbara mellan Sverige och ménga andra europeiska lander,
trots att halter i matjord r relativt 1dga. Bdda dessa aspekter indikerar att upptaget av Cd
frén jord till groda kan vara nagot hogre 1 Sverige én 1 Centraleuropa.

Baserat pa tidigare undersokningar gérs bedomningen att halter i groda kommer att
fordandras 1 ungefar samma takt som halterna i jord, om Cd tillf6rs med mineralgddsel.
Generellt forvéntas halterna av Cd 1 groda att langsamt avta, om mineralgddsel
motsvarande dagens Cd-innehéll anvinds under langre tid. Om mineralgddsel med négot
hogre Cd-halter anvénds (motsvarande Cd/P=25 mg/kg eller mer) sa forvintas halterna i
groda att 6ka pé langre sikt.

Om mineralgddsel skulle erséttas med slam som fosforkélla, forvéintas halterna av Cd i
groda att 6ka ndgot 6ver 100 ar, &ven om Cd-halten i slam skulle minska ndgot. Om Cd-
tillforseln med slam minskar, till f61jd av foreslagen lagstiftning, kan ndgot forhdjda halter
1 groda dnda forvintas 1 de omrdden dér halten av vaxttillgdngligt fosfor 1 jorden &r 1ag.



3. Introduction

The Swedish average human intake of cadmium is slightly less than the acceptable level,
which is exceeded in a smaller fraction of the Swedish population (EFSA, 2009). The
human intake of cadmium is largely due to its presence in cereals, potato and root fruits
(Amzal et al., 2009). The concentration of cadmium in arable soils is a major determinant
of cadmium in crops, although the uptake also appears to depend on e.g. pH, organic
matter and crop specific factors (e.g., Eriksson et al., 1996; Eriksson 2010; Greger and
Landberg, 2008). There is evidence that the concentration of Cd in Swedish arable soils did
increase over the past ca 100 years (Anderson, 1992). In Sweden this increase has been
attributed mainly to the Cd input from atmospheric deposition and mineral fertilisers,
although lime and sludge also contribute (Andersson 1992, ERM, 2000). With regard to
the current health risks from Cd, it is crucial that Cd in soil and crops do not increase
further. A national strategy for decreasing Cd in the chain soil-crop-man was recently
proposed (Eriksson, 2009).

In the present day situation the input of Cd with phosphorus fertiliser to Swedish soils is
almost negligible due to use of low Cd raw phosphates in the production of the phosphate
fertiliser (NPK and NP) mainly used (Eriksson, 2009). This achievement can largely be
attributed to the tax on Cd in mineral fertiliser imposed between 1988 and 2008. The tax
was 30 SEK per each gram of Cd higher than 5 g per ton P. The main producers issued a
“Cd guarantee” for the above mentioned fertiliser types saying that they had less than 5 mg
Cd per kg P. Recently the main producer has raised this guarantee level to 12 mg/kg P.

The tax is however no longer in action. There is also a Swedish upper limit value of
Cd/P=100 mg/kg for fertilisers to be sold. There is currently no general limit value within
the EC, but several member states have national limit values in the range 50-210 mg Cd/kg
P (EC, 2007). The EC has proposed three harmonized limit values of 46, 92 and 137

mg Cd per kg P, respectively, which are presently under discussion.

This report presents an exposure analysis of Cd in arable soils and its transfer to certain
crops. The main goal is to illustrate the consequences of using mineral fertilisers with
different Cd content in a 100 years perspective.



4. Goals and strategy

The overall goals are to describe
the major sources of cadmium to Swedish arable soils.

how cadmium concentrations in arable soils and certain crops are influenced by the
use of mineral fertilisers,

how these concentrations may evolve over time,
how these concentations depend on the Cd concentration of the fertiliser

The report also contains a comparison of sludge and mineral fertiliser as sources of Cd to
soils and crops.

The results and discussion of this report are divided into five sections:
1. A brief review on long-term field studies
2. Current situation and time trends in Sweden
3. Sources and predicted levels of cadmium in soils
4.  Swedish conditions affecting Cd uptake in crops
5. Predicted levels in crops

The results from this work will be used for further characterisation of possible risks to the
soil environment and human health (performed by the National Chemicals Inspectorate and
other partners, see figure 1). Cadmium concentrations in soil will be used in the risk
assessment for soil organisms including plants. This assessment will also be supported by
the discussion of cadmium bioavailability in different sources.

The recent risk characterization for human health done by EFSA (2009) is based on
empirical data for Cd levels in European food items. The current work aims at predicting
levels in certain Swedish food items for selected scenarios. Modelled data are not
necessarily comparable to the empirical data previously used in intake calculations. It is
therefore suggested that the relative change in Cd levels over 100 years are applied to those
empirical data previously used for exposure assessment.

Cdsoil Cdcrops
Crop intake
v rates
Environmental Human health
risks risks

Figure 1. Organisation chart. The boxes in bold represent the work presented in this report.



Long-term use of Cd-rich phosphorus fertilisers may lead to the accumulation of Cd in
soils. Concentrations are therefore predicted for a period of 100 years of mineral fertiliser
use. This time perspective was used by several member states, including Sweden, in the
previous risk assessments of Cd in mineral fertilisers (ERM, 2001). Relative changes over
100 years are determined by relating concentrations at year 100 with the present levels.
The calculations are performed for a number of scenarios that are defined by:

Crops
Fertiliser application rates
Cd content of th fertiliser

Production areas.



5. Review of field studies

When discussing the effect of Cd in phosphorus fertiliser two aspects are of interest, one is
the long term effect of any accumulation of Cd in soil on crop uptake, the other is to which
extent the level of Cd in the fertiliser used is of any significance for Cd-uptake in the crop
to which it is applied.

The first aspect has been studied in long-term field studies in many different countries and
results are as shown by a review by Grant et al. (1998) contradictory. Huang et al. (2004)
state, refering to Grant et al. (1998), that there is no agreement about how continuous
application of P fertiliser over an extended period of time affect the phytoavaliability of Cd
in the soil.

However, a major problem with many of these long-term trials is that they are regular
fertiliser trials originally not designed to investigate uptake of Cd applied with P fertiliser.
This is often not even mentioned in literature reviews on effects of Cd in P fertiliser. Thus
comparison is often made between controls without application of phosphorus and
sometimes also other plant nutrients. If the plants in the control suffer from severe nutrient
deficiency they will not grow normally and yields will be considerably lower. This
commonly results in generally high concentrations of elements in the plant due to low
biomass growth that normally has a diluting effect. Thus the Cd-concentration may be
considerably higher in the control than at least in the treatment with lowest dose of P
fertiliser as in eg. in Mortvedt (1987), Jones and Johnston (1989) and Jeng and Singh
(1995).

Andersson & Hahlin (1981) also studied Cd uptake in barley in a 15 year old trial where P
fertiliser with a Cd/P ratio of around 120 mg/kg in doses from 0 to 45 kg P/ha on annual
basis had been added. Regression analyses indicated that Cd concentration in grain and
straw significantly increased with P fertiliser level. However, also in this case grain Cd
concentration was slightly lower at the lowest P level 5 kg/ha than in the control.
Andersson & Siman (1991) studied trace element uptake in different crops in trials where
in one treatment P (and K) was added in amounts corresponding to offtake with the crop
and in the two other half and twice this amount was added. In cereal grain and leygrass the
Cd concentration was significantly higher at least at the highest P fertiliser level when
compared to the lowest level (n=7). In one trial with oil seed there was no treatment effect.
An uncertainty in the interpretation of these results is that N and K fertiliser levels
increased with P level between treatments. Huang et al. (2004) and Perez & Anderson
(2009) also studied effects of Cd in fertiliser trials with controls without P-fertiliser, and
found significantly higher Cd concentration at least when the highest doses of P fertiliser
were compared with the controls. Longhatan et al. (1995) compared pastures at two
farmlets in New Zeeland. On one the pastures had received low inputs of phosphorus
fertiliser and one that had received approximately 7 times more during a 20 year period.
Estimated Cd inputs were fairly large, totally 42 g Cd/ha in the first case and 284 g/ha in
the second. Cadmium concentrations in the pasture grass were 5 times higher with high P
input than with low. Controls on unfertilised land were also included in the study, but no
data on plant material were presented.

Richards et al. (1998) found no significant differences in Cd concentration in barley grain
in a long- term trial with 4 levels of phosphorus application including a control without P.
They could neither detect any differences between treatments in the accumulation of Cd in
the upper 50 cm of the soil profile and stated that the most likely explanation is that Cd had
moved below 50 cm depth or that it had been removed by the crop. The latter is difficult to
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believe since there were small differences in yield and Cd concentration between
treatments. Francois et al. (2009) studied the effect of P fertiliser on Cd uptake in durum
wheat in the 3™ year of trials at five sites in Canada. MAP (monoammonium phosphate)
fertilisers containing 0.38, 73.7 and 211 mg Cd/kg were compared at application rates of 0,
20, 40 and 80 kg P ha™.The authors found significant increases in grain Cd concentrations
both from increased fertiliser rates and from higher Cd concentrations in the fertiliser. The
increase in Cd uptake by the wheat grain was proportional to Cd added in fertiliser each
year.

Few of the authors of the above mentioned papers question that Cd from P fertiliser
accumulate in soils, but the degree of accumulation depend on a number of factors other
than fertiliser rates and Cd content of the fertiliser. Low pH and/ or light texture may for
example lead to more uptake in crops and more leaching and thus lower accumulation rates
or no accumulation in soil. However, lack of experiments where equal rates of phosphorus
fertilisers that differ only in Cd-concentration are compared makes it difficult to prove a
long term effect of P fertilisation on crop Cd concentration. Results from the above cited
experiments where the effects of different doses of one and the same P fertiliser is
compared indicate that Cd in crops also may increase. In these experiments there were
small differences in yield between treatments, and controls were in most cases supplied at
least with N. Also in EC (2007b) it is concluded that long time P fertilisation increases Cd
both in soils and crops.

According to Williams and David (1973) Cd in P fertiliser is equally available as Cd added
as salt, for example as chloride. However, there is little evidence that Cd in P fertiliser
directly influences the Cd concentration in the crop to which it is applied. One reason can
be that in many of the experiments mentioned above it is difficult to separate short term
and long term effect. Another can be that added amount of Cd in a single dose of P
fertiliser is rather small in comparison to the amount already present in soil. If there is an
effect on uptake it is too small in comparison to the random variation between plots in a
field experiment.

Summary. Addition of significant amounts of Cd with P-fertiliser will in the long term
increase soil Cd concentrations and most likely also crop Cd concentrations.
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6. Current situation and time trends

The primary routes for Cd exposure to humans is through ingestion of foods and for
smokers also inhalation of the smoke. For the population in general it is therefore
important to avoid an increased input of Cd to arable soils and crops in order to avoid a
long term increase in the Cd exposition of the population. Since there is even increasing
evidence that the intake of Cd already in the present day situation is high enough to pose a
risk for the most sensitive individuals (Akesson och Vahter, 2011) it is even desirable to
strive for a long term decrease in arable soils and in crops for human consumption. This
chapter gives a review of the temporal trends of cadmium in soils and crops in Sweden.

Calculations performed by Andersson (1992) indicate that Cd concentrations in the plough
layer of Swedish arable soils on average have increased by 33 % between 1900 and 1990.
Andersson attributes most of this increase, 55 %, to input via (phosphorus) fertiliser. Input
of Cd peaked around 1980. Thereafter international efforts to reduce atmospheric
emissions of heavy metals from metal industries, combustion etc. and use of low Cd P-
fertiliser and lower P doses has lead to a situation where there is more or less balance
between input and output of Cd to the plough layer of Swedish arable soils (Andersson,
1992; Eriksson, 2009). The present concentrations in topsoil in the five major productions
areas are summarised in Table 1, based on Eriksson et al. (2010). The average
concentrations are fairly similar in the five production areas. However, the large standard
deviations indicate a rather large variation within each production area.

The concentrations of Cd in certain crops are measured in the national environmental
monitoring (e.g. Eriksson m.fl., 2010). There are significant regional variations in Cd
concentrations. Data on Cd in certain crops in the five major production areas over the last
years are listed in Table 1. Several factors may contribute to the regional variation in crop
Cd. Such factors include both soil parameters and the crop varieties used.

There is no continuous monitoring program for Cd in potatoes. A compilation of five
Swedish studies, published between 1993 and 2001, showed that average values ranged
from 0.049 to 0.089 mg/kg dw (Naturvardsverket, 2003). A study performed in the year
2000 showed a national average of 0.05+0.03 mg/kg dw. Concentrations per fresh weight
are ca 20% of the dry weight values.

There are few data available on trends in Cd concentrations in crops and food. Andersson
& Bingefors (1985) measured Cd concentrations in stored samples of grain from a variety
of winter wheat that had been used in trials for 60 years (figure 2). The analyses of these
samples indicate an increasing trend in grain Cd concentrations up to around 1980. Other
data from 10 long-term fertiliser trials in south and central Sweden indicate a decreasing
trend from the 1970ties up to 2002 (Kirchmann m.fl., 2009). These trends in grain Cd
concentration are parallel to the trends in input of Cd by deposition and P-fertiliser. Data
from measurements of element concentrations in winter wheat, spring barley and oats in
the Swedish monitoring program on arable soils at 5 occasions between 1988 and 2007
showed no trends in Cd contents. Jorhem et al. (2001) measured Cd concentrations in
wheat flour packs delivered from the two largest mill companies to food stores in three
cities (3 x 2 = 6 samples per year) during 1983-1997. They found an increasing trend
during the first and a decreasing trend during the second half of the period. Also wheat
flour from an organic farm was analysed (one sample per year) but there was no time
trend. Results from samplings and analyses of wheat flour after 1997 show no trend (Lars
Jorhem, Swedish National Food Administration, pers. comm.).
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As is indicated by figure 2 there is a large variation in grain Cd concentrations between
years. This is largely related to differences in weather conditions (Andersson & Bingefors,
1985). An additional source of variation in monitoring data may be the genetic difference
in Cd uptake between crop varieties (Grant et al. 2008). Varieties used change and the
frequency in their use varies over time. These sources of variation makes it difficult to
detect and interpret any trend in crop Cd concentrations.
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Figure 2. Curve with filled circles: Grain Cd concentrations in old provincial wheat variety
“Ultuna lantvete” during the period 1918-1980 (Andersson & Bingefors, 1985). Curve with
unfilled circles: Cd concentrations in winter wheat grain in long-term trials. Mean values of data
from 10 trials in South and Central Sweden. Data are from the treatment with the highest fertiliser
rate (125-150 kg N/ha, 30 kg P/ha och 80 kg K/ha). Wheat varieties used in the trials have varied
over time since the most modern and for each area typical ones have continuously been selected.
(Kirchmann m.fl., 2009).
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Table 1. Statistics on the concentrations of Cd (mg/kg dw) in topsoil and three crops from the
major production areas (data from www-jordbruksmark.slu.se).

Production areas Abbreviation | Average | Std dev. | 25% | 75%
Topsoil
Gotalands sodra slittbygder Gss 0.25 0.15 0.17 0.29
Gotalands mellanbygder Gmb 0.29 0.30 0.15 0.32
Gotalands norra sléttbygder Gns 0.21 0.16 0.12 0.24
Svealands slittbygder Ss 0.27 0.43 0.16 0.31
Gotalands skogsbygder Gsk 0.22 0.28 0.13 0.22
Winter wheat
Gotalands sodra slittbygder Gss 0,054 0,027 0,036 | 0,068
Gotalands mellanbygder Gmb 0,064 0,050 0,032 | 0,076
Gotalands norra slittbygder Gns 0,035 0,017 0,023 | 0,044
Svealands slittbygder Ss 0,049 0,023 0,031 | 0,061
Gotalands skogsbygder Gsk 0,051 0,031 0,035 | 0,068
Spring barley
Gotalands sodra slittbygder Gss 0,017 0,012 0,007 | 0,025
Gotalands mellanbygder Gmb 0,018 0,016 0,006 | 0,022
Gotalands norra slittbygder Gns 0,011 0,011 0,002 | 0,014
Svealands slittbygder Ss 0,022 0,016 0,010 | 0,033
Gotalands skogsbygder Gsk 0,010 0,011 0,003 | 0,012
Oats
Gotalands sodra slittbygder Gss 0,033 0,063 0,010 | 0,028
Gotalands mellanbygder Gmb 0,028 0,018 0,018 | 0,033
Gotalands norra slittbygder Gns 0,014 0,015 0,005 | 0,021
Svealands slittbygder Ss 0,040 0,029 0,018 | 0,056
Gotalands skogsbygder Gsk 0,028 0,021 0,016 | 0,032
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7. Methods and scenarios

7.1 Mass-balance model

The long-term changes of Cd in the topsoil (plough layer) are estimated by a mass-balance
approach. Input and output are quantified for the selected scenarios, as explained in the
following sections. The output of Cd from the topsoil occurs through harvest and leaching.
The magnitude of both these processes are described as linear functions of the soil Cd
concentration, which may vary over time in the model. Therefore, an assessment of long-
term changes is best solved by an analytical approach as proposed by ERM (2000). The
concentration of Cd in the topsoil at time ¢, Cd,(t) [mg/kg dw] is calculated as:

: k, :
Cd, () = Cd (0) % ™" + : 1- e, !
[(1)=Cd (0) o o, 7 ) (M

Cdy(0) [mg/kg dw] is the present concentration, &, and k; [y"'] are the output through plant
harvest and leaching, k; [g ha™ y™'] is the sum of Cd inputs, p [kg m™] is the bulk density of
the soil and d [m] is the mixing depth of the topsoil.

Cdy(t) 1s calculated for the five production areas (chapter 7.3) that differ in several aspects
(Table 2). The method is an analytical solution to the principles shown in EC (2007a), and
is also the method that was used for the mass-balances that were compiled in EC (2007a).

Table 2. Aspects of the production areas that may influence the mass balance calculations.

Aspect Parameter in eq. 1 | Description

Crop rotation K, The output of Cd from the soil varies
due to the fact that crops differ in Cd
concentrations and harvest rates.

Cd in soil at t=0 Cds(0)

Soil conditions K, May influence the accumulation of Cd
in crops

Soil conditions K May influence the solubility and
leaching in the topsoil

Atmospheric deposition | K; The large-scale atmospheric
deposition varies slightly in Sweden

Fertilising rate (P-load) | K; The rate of fertiliser application
influences the rate of Cd input from
fertiliser

The input sources of Cd to arable soils are mineral fertiliser, lime and atmospheric
deposition. Sewage sludge has a relatively high Cd/P ratio but is currently not a major
fertiliser in Sweden. The solubility and bioavailability of sludge derived cadmium may
differ from that in mineral fertilisers (e.g. Bergkvist, 2003). Cadmium in sludge generally
appears to be less bioavailable than Cd in mineral fertilisers (EC, 2007b).
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7.2 Crops

The selection of crops for this assessment were based on two criteria:
1. important dietary source of cadmium;

2. cadmium levels could be predicted based on empirically established relationships to
soil parameters.

According to a recent exposure assessment for the Swedish population (Sand et al., 2010)
potatoes and wheat are responsible for 50% of the Cd intake in the average consumer, and
ca 40 % in the more highly exposed part of the population (95-percentile). Other crops of
certain importance are oats and rye. This is in agreement with Amzal et al. (2009), showing
that on average 79% of the dietary Cd intake in Swedish non-smoking women were due to
bread, potatoes, cereals, root crops and other vegetables.

7.3 Production areas

Statistics on Swedish agriculture are often presented for so called production areas. The
basis for this is 61 natural production areas where each encompass arable land with similar
conditions as regards bedrock, soil texture, topography and climate. In the statistics the
natural production areas are merged together to 18 production areas. The borders of the
production areas are to some extent adjusted to fit existing administrative borders. The 18
production areas are often in turn merged together to 8 larger production areas.

In this report we selected the 5 out of the 8 large production areas that cover the major
Swedish production for each crop (see Figure 3). Therefore Svealands skogsbygder (Ssk),
Nedre norrland (Nn) and Ovre norrland (NO) were excluded from the assessment.

The crop rotations influence both the P-load and the elimination of Cd by crop harvest.
Typical crop rotations for the five production areas were used. These crop rotations are
similar to those used in a previous assessment of metal balances in Swedish arable soils
(Andersson, 1992). The production areas and the crop rotations used are listed in Table 3.
Potatoes are only grown on a few specialised farms. Therefore a general crop rotation
including potatoes was used for estimating Cd in potatoes in all production areas: potatoes
— spring wheat - winter wheat —barley.

Table 3. Production areas considered in this report, and the crop rotations used.

Production area Abbreviation | Crop rotation

Gotalands sodra sléttbygder Gss sugar beet, spring barley, winter rape, winter
wheat

Gotalands mellanbygder Gmb sugar beet, spring barley, winter rape, winter
wheat

Gotalands norra sléttbygder Gns winter rape, winter wheat, oats, winter

wheat, spring barley, oats

Svealands slattbygder Ss spring barley, winter rape, winter wheat, oats,
winter wheat

Gotalands skogsbygder Gsk winter wheat, winter rape, spring barley, oats.
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Figure 3. Swedish production of certain crops during 2009 in the production areas (SCB, 2010a).

7.4 Mineral fertiliser

The Cd load from mineral fertilisers is calculated from the fertiliser application rates
(Table 4) and the Cd/P mass ratio of fertilisers (Table 5).

7.4.1 Application rates

The application rate of mineral fertiliser (kg P ha™ yr'") is a critical parameter in
determining the Cd load from fertilisers. Actual application rates of mineral fertilisers vary
with the crops considered and with the soil conditions. For instance, in 2006 potato soils
were treated with ca 45 kg P ha™! yr! whereas soils for cereals were treated with ca 15 kg P
ha™ yr'' (SCB, 2008). The reported use during the last few years is, however, not
necessarily representative for future long term use. The Swedish recommendations for P
application (Jordbruksverket, 2009) are partly based on the principle that the loss of P
through harvest and leaching should be compensated for by fertilisation, in order to sustain
the long-term productivity of the soils. Economic and environmental aspects of mineral
fertilisers are also considered, why the loads decrease with increasing P content of the soil
(determined by extraction with 0.1 mol/l ammoniumlactate-0,4 mol/l acetic acid with a pH
of 3.75; the "P-AL” class). Because the recommended loads for P-rich soils are relatively
low, the recommended loads for these soils do not fully compensate for loss through crop
harvest. These recommendations do thus not only discriminate between different crops but
also between soils of different P-content, as expressed by the P-AL classes.

When selecting P loads for the Cd mass balance scenarios, the basic principle in this work
is to protect long-term productivity. The current recommended P loads as described above
will be used, acknowledging the limitations for the soils with current high P-AL-classes
(IV A and B). It is therefore uncertain whether the lowest P application rates used could be
representative for a 100 year perspective.

The five production areas considered in this report cover two or more P-AL-classes. Figure
4 shows the areal distribution of the P-AL-classes in the five production areas considered.
The soils of the production areas considered are in the P-AL classes II, III, IV A and IV B.
The highest application rates occur in regions with P-AL-class II, which is represented in
about 30 % of the area in Gns and Ss and 25 % in Gsk .
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Time averaged P application rates for each production area were calculated based on the
recommended rates for those crops included in the general crop rotations used. The
resulting average P application rates are shown in Table 4, and can be compared to values
of 15-45 kg P ha™ yr’' that were used in the previous Swedish assessment (Blombick et al.,
2000).
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Figure 4. Areal distribution of P-AL classes in five Swedish production areas (based on data from
www-jordbruksmark.slu.se).

Table 4.Calculated average mineral P-fertiliser application rates (kg P ha™, yr™) in the different
crop rotations. Values in parenthesis represent the crop rotation with potatoes. P-AL-class 1l was
included for those production areas where it constituted more 25% of the area. Values in grey are
not used in the calculations.

Production area P-AL-class | P-AL-class III | P-AL-class IV P-AL-class
II A IVB

Gss 20 (18) 11 (10) 3,8 (3,8)

Gmb 20 (18) 11 (10) 3,8 (3,8)

Gns 22 (23) 17 (18) 6,7 (10)

Ss 22 (23) 17 (18) 7 (10)

Gsk 23 (23) 18 (18) 7,5 (10)

7.4.2 Cadmium content of the fertilisers

The role of the Cd concentration in mineral fertilisers for the mass balance and long term
changes in soil cadmium pool is illustrated by the limit values proposed by the EC, as well
as some ratios of relevance to the current Swedish situation (Table 5). Because the Cd
concentration is correlated to that of P in mineral fertilisers, the Cd content is expressed as
mg Cd per kg P.

The Cd/P ratio of 5 mg/kg is close to the current average (ca 6, SCB, 2010a) in mineral
fertilisers used in Sweden. This average represents both NPK and PK fertilisers. In
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Sweden, NPK generally holds lower Cd concentrations than PK fertilisers do. The
cadmium concentrations in phosphorus fertiliser used in Sweden are generally low because
the leading manufacturer only use raw phosphates low in Cd for their main products.
Scenarios using the ratio of 5 mg/kg is therefore also representative of the current situation.
The Swedish limit value of 100 mg/kg is used and is also considered as roughly
representative of the proposed EC midvalue of 92 mg/kg. The latter is thus excluded from
the calculations.

In the year 2000, the average Cd/P ratio in the mineral fertilisers that were used in ten EU
member states ranged from 2-133 mg Cd/kg P, with most values above 30 (ERM, 2001).
The ratio exceeded 50 mg/kg in five of these MS. Another survey in several EC countries
showed that the mean Cd/P ration was 83 mg/kg and that ca 20% of the samples had ratios
higher than 140 (Nziguheba and Smolders, 2008). In the long term perspective, the access
to low-Cd phosphate rock may become more limited. In the light of the average Cd level in
the MS, it seems likely that Cd/P may reach 50 or more in the future.

Table 5. Cd/P mass ratios in mineral fertilisers (mg Cd/kg P) used in the calculations.

Fertiliser Cd/P Cd/P,0s
Former Swedish limit for the Cd tax 5 2,2
on fertilisers

Upper limit of current NPK fertilisers 12 5,2
from the major producer in Sweden

Current ratio in Swedish P and PK 25 11
fertilisers

EC-low (proposed) 46 20
Current Swedish limit value 100 44
EC-high (proposed) 137 60

7.5 Sewage sludge

Sewage sludge is currently not a major P-fertiliser in Sweden, but the use may increase in
the future. To illustrate the effect on soil Cd balances if mineral fertilisers were to be
replaced by sludge, sludge fertilisation is modelled as a separate scenario. The average
Cd/P ratio in sewage sludge is ca 30 mg/kg at present, but a significantly decreasing trend
in the average Cd/P ratio can be seen over the past 13 years (figure 5). It appears likely that
an average ratio of 25 mg Cd/kg P is reached in the near future. The Swedish certification
organisation for sludge, REVAQ, has an upper limit value of 35 mg/kg and a goal of
achieving 17 mg/kg until the year 2025. The latter value was intended to represent a
situation where wheat was produced and input and output of Cd balanced.

The Swedish EPA has suggested a limit value of 45 mg Cd/kg P (Naturvérdsverket, 2009).
The Cd/P ratios used in the mass balance calculations for the sludge scenario are 17
(REVAQs goal), 25 (probable ratio in the near future) and 35 mg/kg (REVAQs present
limit value).

Figure 5 also illustrate how the Cd/P ratio in sludge vary between the Swedish waste water
treatment plants. The results have not been weighted to account for variations in the
amounts of sludge produced in the different plants. Therefore, the graph do not exactly
represent the total amounts of sludge with a certain concentration. Roughly, about 30% of
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the sludge contains Cd in levels higher than Cd/P=35 mg/kg. Only ca 10% of the sludge
reaches at present REVAQs future goal of 17 mg Cd per kg P.
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Figure 5. Upper graph: Average Cd/P ratios of sewage sludge in Sweden (data from SCB, 2006,
2010b). Lower graph: Cumulative distribution of the Cd/P ratio in sewage sludge during 2009
(based on data from 220 municipal waste water treatment plants).

The permitted rates of phophorus application via sludge on arable soils are in Sweden
determined by the P-AL-class of the soil. This is similar to the case for mineral fertilisers,
with the distinction that sludge application is regulated in law (SNFS, 1994; SNFS, 1998).
The upper permitted rates are 22 kg P ha™ yr! for soils of P-AL-class III and higher, and
35 kg P ha” yr' for soils of P-AL-class I and II. This is higher than the recommended P-
loads for mineral fertilisers (Table 4). In order to make the sludge scenarios comparable to
those of mineral fertilisers, we chose to use the same P-loads for sludge as for mineral
fertilisers.

However, there is also a recently proposed upper permitted Cd supply from sludge of 0,55
g Cd ha™! yr'1 (Naturvérdsverket, 2009). This limit value will most likely entry into force
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soon and will limit the ability to use sludge as a P-fertiliser. If the P-load is 35 kg P ha™' yr
! the Cd/P ratio must not be higher than 16 mg Cd/kg P. Almost no sludge has such low
Cd content at present (figure 5). As a result of this proposed legislation, sludge at the
highest selected Cd/P ratio (35 mg/kg) cannot be used on soils with P-AL-class II or III for
which the recommended P-loads for mineral fertilisers are high (Table 4). Note also that
we used a Cd/P ratio of 25 as representative of the near future but the present average ratio
1s 29 mg/kg.

With sludge P application of ca 20 kg/ha/yr for soil of P-Al class II and III, the proposed
legislation means that the Cd/P ratio must not be higher than ca 25 mg/kg. According to
figure 5, large portions of the sludge would not permitted to be used on soil of P-AL-class
IT and III.

Table 6. Cd loads (g ha yr') from sludge at three Cd/P ratios of sludge. P-loads similar to those
of mineral fertiliser (Table 4). Values in grey are higher than the proposed limit of Cd supply, and
will not be used in the calculations.

P-AL-class P-AL-class P-AL-class P-AL-class

Cd/P =17 mg/kg I1 11X IVA IVB
Gss 0,34 0,19 0,06
Gmb 0,34 0,19 0,06
Gns 0,37 0,29 0,11
Ss 0,37 0,29 0,12
Gsk 0,37 0,31 0,13

Cd/P =25 mg/kg

Gss 0,50 0,28 0,10
Gmb 0,50 0,28 0,10
Gns 0,55 0,43 0,17
Ss 0,55 0,43 0,18
Gsk 0,55 0,45 0,19

Cd/P = 35 mg/kg

Gss 0,39 0,13
Gmb 0,39 0,13
Gns 0,23
Ss 0,25
Gsk 0,26

7.6 Manure

Manure is a major source of phosphorus to arable soils. A major fraction of the manure is
used on farms with animals. Since there are legal restrictions on the amounts that are
allowed to spread per ha, manure is usually the only input on most of the fields with
animals. This report is mainly directed toward Cd balances at farms specialised in cash
Crops.

The Cd/P ratio in pig and cattle manure from Sweden is in the range 7-17 mg Cd/kg P
(Steineck et al., 1999). A large share of this Cd is recycled from the animal feed produced
on the farm. The only net input is via mineral supplements or imported feeds. Previous
mass balance studies have shown that manure is of little importance for the accumulation
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of Cd in soil (Blombick et al., 2000; Eriksson, 2009). Manure was also considered as a
minor source of Cd in the European risk assessment (EC, 2007a).

For the reasons presented, manure it is not considered in this assessment.

7.7 Atmospheric deposition

Data on atmospheric deposition of Cd has been retrieved from SMED (2005), which
calculated the deposition for 18 production areas (PO 18; see chapter 7.3). The deposition
values were based on national survey data on Cd concentrations measured in moss samples
calibrated to data on wet deposition measured by IVL. To fit the deposition values to the
production areas used in this study, mean values were calculated from data in SMED
(2005). The mean values are presented in Table 7.

The atmospheric deposition of Cd in southern Sweden decreased slowly over the period
1985-2005 (Pihl Karlsson, 2006). A scenario of future emissions in Europe suggests that
Cd deposition may decrease further in the nearest future (Pacyna et al., 2009). However, it
1s not possible to predict changes in atmospheric Cd deposition over 100 years. Because
the main focus in this report is to illustrate the role of mineral fertilisers, atmospheric
deposition is treated as constant over time. We do also evaluate how mass-balance of soil
Cd would evolve over time if deposition was 50% of the present rates.

Table 7. Atmospheric deposition data used in the mass balance models. Data for the PO8 were
estimated as average of data for PO18 (SMED, 2005).

Production areas (POS) Production areas (PO18) Cd (g/ha/yr)
Gss 1 0,39
Gmb 2&3 0,31
Gns 4&5 0,33

Ss 5&6 0,34
Gsk 7,8&9 0,36
7.8 Lime

Lime is added to arable soils to compensate for acidifying processes. In the early 1990ies,
acidification was caused by atmospheric N and S deposition, crop uptake, soil respiration
and addition of mineral fertilisers, approximately in equal proportions (Jordbruksverket
2009). As a national average an annual addition of 100-150 kg CaO ha™ was recommended
a few decades ago (Ericsson och Bertilsson, 1982). The so-called acid rain has decreased
since then. However, acidification from mineral fertilisers may have increased due the
replacement of nitrate of lime (Ca(NO3);) by ammonia containing NPK fertiliser. For NPK
fertilisers has 1 kg CaO per kg N been recommended (Jordbruksverket, 2009). This may
however be an overestimate in e.g. clay rich soils, since buffering by mineral weathering is
not accounted for in these recommendations (Bertil Albertsson, Jordbruksverket, pers
comm.).

The annual average N supply from mineral fertilisers is ca 100 kg ha™, although only 40-
50 % of the arable land is treated with mineral fertiliser (SCB, 2008). During the past five
years average liming rates were 40-50 kg CaO ha™', with regional variations from 9 to 107
kg CaO ha™' (SCB, 2009). This liming rate appears thus to be less than required for
maintaining pH in the long-term or means that the pH-level is maintained at a level lower
than the recommended pH 6,0-6,5. The recommended average lime rate of 100-150 kg
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CaO ha™' on annual basis refers to a situation where pH is maintanined at this level. The
underliming is probably explained by economic facts.

In 1982 regional requirements for liming were estimated (Ericsson och Bertilsson, 1982).
As described above, some of the contributing factors may have changed since then.
Nevertheless, most counties showed a requirement of 110 to 180 kg CaO ha™. In relation
to these estimates, the present degree of underliming varies between different counties. In
the present work, a long-term liming rate of 100 kg CaO ha™ yr' is used. A sensitivity
analysis performed by Monte Carlo simulation showed that the uncertainty in this figure
had a minor influence on the mass-balance (appendix 1). The average Cd content in lime
currently on the Swedish market is ca 0,4 mg/kg CaO.

7.9 Leaching

Leaching represents the outflow of Cd from the topsoil (g ha™ yr') and is a function of
water percolation through the topsoil and the dissolved Cd concentrations. In models, it is
attractive to estimate the dissolved concentration from the solid concentration. There are
several algorithms available that also accounts for the influence of soil organic matter, pH
and clay content (e.g. ERM, 2000; Blombéck m.fl., 2000; Bergkvist et al., 2005).

The calculated concentrations of dissolved Cd for typical Swedish soil conditions differs
significantly between different algorithms, and such differences may have a large impact
on the mass balances considered (e.g. Blombick et al., 2000). Furthermore, such models
assumes equilibrium partitioning. Percolation in agricultural soils may occur in
macropores, and under such conditions will all sorbed metals not equilibrate with the soil
water (Bergkvist, 2003; Naturvardsverket, 2006). Slow desorption may also contribute to
soluble concentrations being lower than predicted.

Concentrations of dissolved Cd in the topsoil can also be measured, either in situ by
dialysis or suction cups, or by extraction of soils with MgCl,. There are very few Swedish
datasets of in situ measurements. Some examples of both measured and calculated
concentrations for the soils considered in this report are given in Table 8. The calculated
concentrations presented by Bergkvist et al (2005) are based on international data that also
includes contaminated soils.

The data from Bengtsson (2005) are averages from several hundreds of measurements, but
only at a single farm in northern Sweden. The concentrations range from 0,05-0,15 pg/l
and show a strong correlation to pH (Table 9). The soil Cd concentrations were, however,
lower in these soils than in the soils considered in this report (Table 12). In order to make
these data more comparable to the production areas considered in this report, data should
be adjusted to compensate for higher soil Cd. Empirical Kd values were calculated (Table
9). Applied for the soils considered in this report, a value of ca 0,25 png/l is derived.

Table 8. Modeled concentrations of dissolved cadmium for Swedish agricultural topsoils. pH=6,0-
6,7, TOC=2,5-6%, Cd=0,21-0,27 mg/kg dw.

Data source Range, ng/l | Method
Blombick et al., 2000 0,11-0,17 Calculated from Cd,;, TOC and pH
Bergkvist et al., 2005 0,37-0,50 Calculated from Cds,;, TOC, clay and pH
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Table 9. In situ measured concentrations of dissolved cadmium in topsoils at a farm in northern

Sweden. Data from Bengtsson (2005).

pH Cd soil Cd dissolved K4 empirical
6,5 0,11 0,1 1100
6,2 0,11 0,15 733
7,4 0,11 0,05 2200
7,6 0,1 0,05 2000

The average runoff is typically about 0,2 m yr'1 in the production areas accounted for in
our report (Brandt et al., 1994. We don’t consider that water flow out of the top soil can be
specified with geographic resolution in a comprehensive way in this context. With
dissolved Cd in the soil water in the range 0,15-0,25 pg/l, a leaching of 0,3-0,5 g ha™' yr™!
is estimated. This is comparable to literature data (Table 10), although some data based on
calculated levels of dissolved Cd are higher.

The magnitude of Cd leaching is acknowledged as being very difficult to constrain with
any higher precision (EC, 2007a). It is thus possible both to under- and to overestimate
leaching, depending on the selection of data. In the present context where long-term
changes in soil Cd are assessed, and where the human exposure of Cd is considered as
critical, we suggest that it’s most important to not overestimate the Cd leaching. Therefore,
a general value of 0,4 g ha™ yr' is used.

This gives a ki=0,0006 yr'. A sensitivity analysis indicates that the uncertainty in leaching
is important for scenarios where the predicted change in soil Cd is ca + 3%. At higher rates
of change, the uncertainty in leaching do not effect the direction of change (appendix 1).

Table 10. Reported leaching rates of dissolved cadmium.

Cdsoil, pH Leaching topsoil, | Reference

mg/kg gha yr'

ca 0,25 ca6,5 0,40 Eriksson J., unpublished data
0,11 ca6,5 0,47-0,61 Bengtsson, 2005
0,3 6,5 0,9 Smolders, see EC, 2007a
0,3 6,5 0,3-2,8 EC, 2007a"

#. Based on various general Kd equations.

7.10 Crop yield and crop accumulation

Crop harvest is a major output of Cd from arable soils. The Cd flux is estimated as the
average for the crop rotation in each production area. Crop yields (kg ha™ yr™) for the
different production areas were taken from SCB (2010a). So called “normvirden”, which
are average yields over several years, were used. Cadmium concentrations in the different
crops and production areas were compiled from the Swedish monitoring programme
(www-jordbruksmark.slu.se).

The resulting Cd fluxes (g ha™ yr'") were converted to elimination rates ky (yr'") through
division with the Cd soil pool in the plough layer. Resulting rates are shown in Table 11.
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Table 11. Harvest rates of Cd (k,, ).

without potato | with potato
Gss 0,001 0,00042
Gmb 0,00084 0,00035
Gns 0,00024 0,00031
Ss 0,00024 0,00028
Gsk 0,00023 0,0003
7.11 Soil data

Soil parameters of interest are contents of cadmium, organic matter and clay, pH and
cation exchange capacity (CEC). The average values for these parameters in the different
production areas were retrieved from the Swedish database (www-jordbruksmark.slu.se)
and are summarised in Table 12.

Table 12. Average levels of major soil parameters and cadmium in topsoil (0-20 cm) of the
production areas considered.

Forkortning Gss Gmb Gns Ss Gsk
Clay % dw 17 13 29 37 16

Organic matter % dw 4,2 7,6 5,6 7,1 10

TOC % dw 2.4 4,4 3,2 4,1 5,8

Cd mg/kg dw 0,25 0,29 0,21 0,27 0,22
Exchangable Ca cmol./kg 12 18 13 16 10

dw

CECpH7, cmol/kg dw 16 23 19 24 20

pH 6,7 6,6 6,4 6,2 6,0

8. Sources and predicted levels of cadmium in
agricultural soils

8.1 Sources of cadmium

Mineral fertiliser was on average the major Cd source to Swedish arable soils during the
period 1900-1990, in spite of the fact that atmospheric deposition also was higher
(Andersson, 1992). Atmospheric deposition is however the major source of cadmium to
arable land at present. This is illustrated in figure 6 for soils of P-AL-class III. The
uppermost graph is representative of current average Cd/P ratios (5-6 mg Cd/kg P). Lime is
of minor importance.

Mineral fertiliser becomes the major source even at a moderately higher Cd/P ratio of

25 mg/kg in soils with P class III (figure 6). Using mineral fertilisers with even higher
Cd/P ratios leads to major increases in the total Cd supply, as shown by the lowest graph in
figure 6.
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The major P-AL-classes in the different production areas can be deduced from figure 2 and
are:

Gss and Gmb: IV B ca 55%; III and IV A ca 20% each
Gsk: IV A ca 30%; III ca 25%; IVB ca 20%
Gns and Ss: III ca 50%; II ca 30%.

Figure 7 shows how the P-AL-class influences the load of P from fertilisers and also shows
at which Cd/P ratios fertilisers become a more important source than deposition of
cadmium. If the atmospheric deposition continues to decrease, this breakpoint will appear
at lower Cd/P ratios. When considering which P-AL-classes that are the most common in
the different production areas, it is apparent that the potential for contamination is higher in
the production area Ss than in Gsk. Soils that are poorer in P may therefore be regarded as
having a higher risk for Cd contamination from mineral fertilisers. As discussed in chapter
7.4.1, however, the low P loads in class [IVB may not be realistic in a 100 year perspective.

It can be concluded from figure 7 that higher Cd input from more Cd-rich mineral
fertilisers can only to a very limited extent be compensated for by lower deposition. If it is
hypothesized that atmospheric deposition would decrease by as much as 50% from current
rates, a maintenance of total Cd supply at current levels requires that the Cd/P ratio in
mineral fertilisers are not higher than 12-25 mg/kg. A possible exception are areas with the
class IVB soils, with very low P-loads, where somewhat more Cd-rich fertilisers could be
used.
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Figure 6. The contribution of cadmium to soil from different sources in five production areas at

three different Cd/P ratios of the mineral fertiliser: Note that the range on the y-axis is different in
the lowest graph.
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Figure 7. Comparison between deposition and mineral fertiliser with different Cd/P ratio
regarding input of Cd to the soil for two production areas.

8.2 Predicted levels in soil

Concentrations of cadmium in topsoil have been calculated for each of the five production
areas considered. For each production area calculations were performed separately for the
three major P-AL-classes in soil and for the six Cd/P ratios. Two general crop rotations
were used, with and without potato. In total, resulting Cd concentrations in the topsoil at
time 25, 50 and 100 years were calculated for 180 scenarios with mineral fertilisers and 74
scenarios with sewage sludge.

This chapter intends to summarise how Cd levels in soil may change in future, in response
to different fertiliser scenarios. The soil properties considered represent the average
situation for each production area. In reality, variations within each production area occurs,
with changes over time being more or less pronounced than these scenarios.

The results are summarised as relative changes in soil Cd over 100 years in Table 13. All
results are given in appendix 2. Relative changes in the range + 3% are highly uncertain
due to the uncertainty in leaching rates (appendix 1). The direction of such small changes
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should therefore not be overinterpreted. At higher rates of change, the uncertainty in
leaching is of minor importance for the overall net change.

The predicted changes are very similar for the two crop rotations considered (with and
without potato). Relatively higher changes occur in soils of P-AL-class II and III, due to
the higher P-loads. All changes in soils of P-AL-class IVB are negative, indicating slowly
decreasing concentrations. As discussed in chapter 7.4, however, the P-load recommended
for such P-rich soils means that output of of P with the harvest is only partly compensated
for. This may in a 100 years perspective lead to lower P-AL-class and an increase in the P-
fertiliser demand. Thus, the changes in soil Cd predicted for soils of class IVA and B may
possible underestimate the changes for a long-term scenario.

The Cd/P ratio and P-application rate are major determinants of the development of soil Cd
concentrations over time. This is illustrated graphically in figure 8, for one production area.
The figure shows rapidly increasing concentrations at Cd/P ratios higher than 25 mg/kg. It
is also apparent that the results are very similar for the two crop rotations used. The other
production areas show the same general pattern although the values differ slightly.

Table 13. Range of relative changes (%) in topsoil Cd concentrations over 100 years when using
mineral fertilisers. The ranges are specified for different Cd/P ratios of the mineral fertiliser and
P-AL-classes in soil. The range represent lowest and highest predicted values for the production

areas represented in each P-AL-class. n is the number of production areas.

Cd/P ratio, P-AL-class II | P-AL-class III | P-AL-class IVA | P-AL-class IVB
mg/kg (n=3) (n=5) (n=5) (n=2)
Crop rotation without potatoes
5 -1-1% -8—0% -8-(-1)% -8 %
12 1-3 % -6-2% -7—-0% -8 %
25 5-8 % 3-6% -6-2% -7 %
46 11-16 % 2-13 % 3-5% -6 %
100 27-37 % 16-29 % 4-11 % -3 %
137 38-52 % 25-40 % 10-16 % -2 %
Crop rotation with potatoes

5 -2-0% 3-(-1)% “4-(-1)% -4 %
12 1-3% 2-2% -3-0% -4 %
25 5-8 % 1-6% -1-2% -3 %
46 11-16 % 6-12 % 1-6% -2 %
100 28-37 % 18-29 % 8-15% 0-2 %
137 40-53 % 27-41 % 13-22 % 2-4 %
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Figure 8. lllustration of relative changes in topsoil Cd concentrations in one production area, as a
function of Cd/P in the mineral fertiliser and the P-application rate (kg/ha/yr).
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8.2.1 Current situation

Modelling for the current situation, with an average of 5-6 mg Cd/kg P in the mineral
fertiliser, shows that most soils are close to balance between input and output. Soil Cd in
Gns and Gsk do not change over 100 years, irrespective of the soil P-AL-class. Soils in Ss,
Gss and Gmb show a slight tendency to decreasing levels of soil Cd over this period (Table
13). Previous assessments have concluded that Swedish soils are close to balance at present
(Andersson, 1992; Eriksson, 2009), but that the levels increased during the 20" century.

8.2.2 A situation with higher Cd/P ratios in the fertiliser

Higher Cd/P ratios in the fertilisers leads to less negative or more positive mass-balances,
1.e. the rate of accumulation in soil increases. However, the net balance varies regionally
mainly due to differences in crop uptake and fertiliser application rates. The change of soil
Cd concentrations over time is illustrated for soils of P-AL-class III in two production
areas in figure 9. In the first production area (Gss), concentrations will decrease slightly at
current Cd/P ratios in fertiliser but increase at higher ratios. The relative rate of change at
higher Cd/P ratios is higher in Gns than in Gss.

At the highest Cd/P ratios modelled (100 and 137 mg/kg), soil Cd increases up to 40-50 %
over 100 years in several production areas in the common soil P-AL-class III. Such high

Cd/P ratios are common in most other EC countries, where the mean is 83 mg/kg and ca
20% has ratios higher than 140 (Nziguheba and Smolders, 2008).

The graph clearly illustrates the need for a long-term perspective when assessing which Cd
contents in fertilisers that can be used sustainably. Changes over 25 years are moderate and
will be difficult to identify through time trend analysis of monitoring data. A 100 year
perspective is common in these kind of assessments. However, the need to fertilise arable
soils will of course persist over a much longer time span. For example, a scenario with
50% increase in soil Cd over 100 years will correspond to 100% increase over 200 years. It
is therefore difficult in a risk assessment to state a certain rate of increase in soil Cd that
would be acceptable. Given that current human exposure of Cd from food is judged as
critical, all scenarios showing significant increases in soil Cd may be considered as
unacceptable.

Potatoes, but not wheat, are also produced in smaller quantities in northern Sweden (Figure
3). Human consumption of locally produced potatoes may be of concern, even if the
production is low in a national perspective. In addition to the scenarios presented in this
chapter, we also predicted changes in soil Cd for the production area Nedre Norrland (Nn).
These changes are close to the average of those changes presented in Table 13. Thus, there
is no need for an explicit assessment of the situation in Northern Sweden.
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Figure 9. Changes in topsoil Cd concentration over time in two production areas (Gss and Gns)
and at three different Cd/P ratios. The grey vertical line shows the evolution if concentrations do
not change over time.

8.2.3 Results when using sludge instead of mineral fertiliser

Sludge from municipal sewage treatment plants is to some extent used as a P fertiliser to
arable soils, and this use may increase. It can be estimated that the total phosphorus content
in all sewage sludge annually produced is ca 5500 ton. The annual use of P in mineral
fertilisers were in the range 12 000-15 000 tonnes in the period 2000-2007 (SCB, 2008).
Thus it seems that sludge has not the potential to replace all the mineral fertiliser
phosphorus currently used. The proposed sharper limits on the Cd supply from sludge to
arable soils (chapter 7.5) put additional constraints on the use of sludge.

Two main scenarios are simulated:

1. P loads are similar to those recommended for mineral fertilisers. However, those
scenarios are not considered where these P loads result in exceedance of the proposed
limit for the Cd supply from sludge (Naturvérdsverket, 2009).

2. Sludge application according to current practice.

Predictions on how cadmium concentrations may develop over 100 years in sludge treated
soils are summarised in Table 14. Most of the predicted changes for scenario 1 are
moderate, as compared to certain of the mineral fertiliser scenarios (Table 13). This is
explained by the fact that the range of Cd/P ratios used for the mineral fertiliser scenarios
i1s much wider. Even though this scenario complies with proposed legislation, a certain
increase in soil Cd will be expected in soils of P-AL-class II and III. This is not case when
using mineral fertilisers with current or slightly higher Cd/P ratios.

However, with current practice and legislation sludge is usually supplied at rates that are
higher than what is recommended for mineral fertilisers. The practice is to add sludge
corresponding to 22 kg P/ha/yr in soils of P-class III and higher, and to 35 kg P/ha/yr in
soils of P-class I and II. Changes in soil Cd according to current practice of sludge
application is also presented in Table 14. In the “current practice” scenarios soil Cd
increases in 100 years in all cases, also if the Cd/P ratio is equal to REVAQs long-term
goal of 17 mg Cd/kg P. The changes in soil Cd predicted for current practice are slightly
higher than those predicted if application rates apply to the proposed legislation.
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Consequently, application of sludge according to current practice would lead to slightly
increasing concentrations in soil even if the Cd/P ratio decreases further in sludge. From a
Cd perspective, current practice of using sludge is less beneficial than current use of
mineral fertilisers.

Table 14. Range of relative changes (%) in topsoil Cd concentrations over 100 years when using
sewage sludge in the crop rotation without potato. The ranges are specified for different Cd/P
ratios of the sludge and P-AL-classes in soil. The range represent lowest and highest predicted
values for the production areas represented in each P-AL-class. n is the number of production
areas.

Scenarios 17 mg Cd/kgP | 25 mg Cd/kgP | 35 mg Cd/kg P

1. P loads similar to those recommended for mineral fertilisers and adjusted to
proposed sludge legislation

P-AL-class II (n=3) 2-5% 5-8%
P-AL-class III(n=5) 5-4% 3-6%
P-AL-class IVA(n=5) -T-1% -6-2% -4-3%
P-AL-class IVB(n=2) -8% -8% -7%
2. Current practice
35kgPha yr’ 0 0 o
P-AL class 11 7% 7% 16%
T
22 kg P ha-1 yr 39 6% 9 %

P-AL class [II-1V

8.2.4 Potential for decreasing concentrations

There is a desire for minimizing the human exposure of Cd (e.g. Eriksson, 2009; Akesson
and Vahter, 2011). It is thus interesting in this modelling context to assess the potential for
decreasing concentrations of Cd in arable soils. The output of Cd from these soils are
regulated by leaching and crop harvest. A theoretical half-life can be estimated from the
rates of these processes, &, and k; [y'], see chapter 7.1:

__In2)
1/2 kp +k,

If certain fractions of soil Cd (e.g. crystal bound Cd) are less accessible to these processes,
the half-lifes calculated would be somewhat overestimated. The calculation nevertheless
shows half-lifes of several 100 years. This implies that even if all input of Cd ceased today,
it would take long time to reach significantly lower levels in soils.

It is probably not realistic in the long run to use mineral fertilisers with lower average Cd
content than at present, unless techniques for removing Cd from the fertilisers are applied
at large scale. Nziguheba and Smolders (2008) analysed a large number of mineral
fertilisers available on the European market. The mean Cd/P ratio was 83 mg Cd/kg P and
ca 10% of the samples showed a Cd/P ratio less than 12 mg/kg. As we showed above, a
Cd/P ratio of less than 12 is desired in all soils of P-AL-class II and some soils in P-AL-
class III, in order not to allow for an increase in soil Cd. We also showed above that
mineral fertilisers with a Cd/P ratio up to ca 25 could be used in areas with soil of P-AL-
class IV and occassionally also in P-AL-class III. According to the study of Nziguheba and
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Smolders (2008) a Cd/P ratio less than 25 mg/kg corresponds to ca 30 % of the mineral
fertilisers on the European market.

If the technique of decadmiating P-fertilisers are not applied industrially in the future, the
access to low Cd mineral fertilisers will be limited in the long run. A desired reduction of
soil Cd levels can then only be achieved if atmospheric deposition decreases. Cadmium
deposition has decreased during the past ca two decades but there are still international
efforts being done to further reduce the emissions to atmosphere. Even if the atmospheric
Cd deposition would decrease to 50% of the current rates, soil Cd would only decrease by
2-11 % over 100 years. This prediction is valid if mineral fertilisers with the current
average Cd/P ratio is used. The change in soil Cd is only slightly more negative than what
would be expected at current rates of atmospheric deposition. These figures are not very
sensitive to the uncertainty of leaching.

8.2.5 Summary - predicted levels in soil

The modelling results indicate that Cd/P ratios above 25 mg/kg should generally be
avoided in order not cause significantly increasing soil Cd levels over time. In soils with P-
AL-class II and III, it would be preferable if Cd/P ratios were ca 12 mg/kg or less. Higher
Cd/P ratios than ca 50 mg/kg, which is common in most other EC countries, would lead to
soil Cd increases up to 40-50 % over a period of 100 years.

Sludge application at current practice would lead to slow buildup of soil Cd, even if the Cd
content in sludge would be reduced to 17 mg Cd/kg P. If the rate of sludge application
would be decreased to match the recently proposed legislation, and with P loads similar to
those for mineral fertilisers, a slow buildup of soil Cd may still be expected in the soils
with limited plant available P (primarily P-AL-class II).
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9. Vulnerability of Swedish soils

The uptake of Cd from soil to crops is related to several soil factors apart from total soil Cd
concentration. Whether Swedish soils are more vulnerable than those in central Europe is
discussed in this chapter from two perspectives.

1. Empirical relationships between soil parameters and Cd levels in crops from both
Sweden and other countries are evaluated. It also discussed whether those factors that
appear critical are different in Swedish soils as compared to those of central Europe.

2. The ratio between pairwise data of soil and crops can be used as an integrated index of
the net transfer efficiency of Cd from soil to crops. This was used in e.g. EC (2007b) to
calculate a ”conditional” transfer factor.

9.1 Empirical relationships and critical factors

In ERM 2001 it is suggested that measures to avoid negative effects of Cd in fertiliser
could be regionalized. Sharper limits for input of Cd with P fertiliser should be imposed in
zones with vulnerable soils. A lack of easily comparable data makes it difficult to compare
vulnerability between Swedish soils and soils for example in central Europe. One criterion
for vulnerability mentioned in (ERM) is soil cadmium content. Median concentrations of
soil Cd are presented in Table 15. Because these are median values, the Swedish value is
slightly lower than the arithmetic mean presented in Table 12. Swedish soil Cd
concentrations were measured after extraction with 7M HNOs3, while the data compiled by
Uterman et al. (2006) are on aqua regia basis (some are recalculated from total analyses).
Extractions with 7 HNOs are slightly less effective than those with aqua regia, but the data
still indicate that total Cd levels in Swedish arable soils are generally not among the
highest when compared to those in other European countries.

However, plant uptake of Cd from soil also depend on solubility/availability of the total
amount. A factor of great importance for solubility is pH. In EC (2007b) the conclusion
from a literature review is that soil Cd concentration and pH are considered as major
factors determining plant Cd uptake. Plant uptake is generally higher from acid than from
neutral soils. On maps showing relative sensitivity to acidification of European soils the
soils of Scandinavia clearly are among the most sensitive (Chadwick & Kuylenstierna,
1990). This is related to differences in bedrock. In Scandinavia the upper rock layer is
very old magmatic felsic (acid) rock often granitic and rather resistant to weathering, while
in large parts of Central Europe the magmatic rock is covered with thick layers of
sedimentary rock, often calcareous (figure 10), and generally more easily weathered. In
Scandinavia most of the sedimentary rock has been eroded away by the glacial ices, but
there are some smaller areas with calcareous materials in Sweden which are not shown on
figure 10. For example, calcareous materials are found in the areas in the very south and on
the islands in the southern part of the Baltic Sea, where the map indicates a clayey parent
material.

Due to the relatively weathering resistant parent material, soils in northern Europe are
generally more acid than they are in many other parts of Europe (Figure 11). A
contributing factor to acidification is also climatic conditions. Fairly high precipitation in
combination with low temperature gives a water surplus for leaching which promotes
acidification. Low temperature and moist soil condition also result in generally high
organic matter content in the upper soil layer. Organic acids produced in organic matter
turnover promote acidification.
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Table 15. Comparison of median soil Cd concentrations in some European countries. Data from
Sweden from Eriksson, et al. (2010). Data from other countries recalculated from data compiled by
Uterman et al. (2006). Swedish soil Cd concentrations were measured after extraction with 7M
HNO:;, while other data are on aqua regia basis.

Country n Cd mg/kg
Arable soils

Austria 1100 0.20
Estonia 225 0.26
Finland 54 0.13
France 285 0.40
Germany 1400 0.31
Ireland 22 0.36
The Netherlands 1233 0.3
Slovakia 1615 0.16
Sweden 2032 0.18
Romania 428 0.55
All soils

Denmark 94 0.2
England/Wales 5583 0.8
Italy 2051 0.7

Arable soils are generally more fine textured (a large part of the Swedish arable soils are
clays) and/or contain a higher proportion of more easily weatherable minerals than soils in
general. This contributes to buffering pH against acidifying processes. Nevertheless liming
of arable soils is considered as normal practice in Sweden. It is only soils influenced by
lime rich, usually calcareous, sedimentary rock and the heaviest clays that can maintain a
near neutral pH without liming for a long time. To base limits for supply of Cd with
fertiliser, sewage sludge etc. on soil pH, as suggested in ERM (2001), appears a little
strange from a Swedish viewpoint, at least if a long-term perspective is considered.
Prevailing pH tend to be considered as temporary and there is in the long term necessary to
lime more intensively than at present Swedish rates (chapter 7.8). Any heavy metals
accumulated in neutral soil today may be mobilised if the soil is acidified in the future.
The map in figure 11 shows pH for all soils, not specifically arable soils, but the latter is
available from Reuter et al. (2008). They estimated soil pH values across Europe using a
geostatistical framework based on regression-kriging. Input data was a compilation of
12,333 soil pH measurements from 11 different sources. For European soils used for
agricultural the estimated median value for pH measured in CaCl, according to a box and
whisker plot was approximately 6,7. According to a pedotransfer function presented in the
same paper this corresponds to a pH of 7,3 measured in water. According to Eriksson et al
(2010) the median value for pH measured in water is 6,2 in Swedish arable soils and 37 %
have a pH of 6,0 or lower, and 11 % has a pH of 7,0 or higher. Generally pH in Swedish
arable soils appears to be a unit lower than the European average.
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Figure 10. Soil parent material according to European Soil Data Base. Calcareous parent
materials in pink (Uterman et al. (2006).
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Figure 11. pH CaCl, in European soils
(http://eusoils.jrc.ec.europa.eu/library/data/ph/Resources/ph2.pdf)

How a higher organic matter content influences Cd solubility largely depend on the
solubility of the organic matter itself. Cadmium that form surface complexes with organic
matter forming solid particles tend to be immobilized while high level of soluble organic
molecules (high DOC=dissolved organic carbon) has a mobilizing effect. Swedish soils
generally have higher organic matter content than soils in Central Europe mainly for
climatic reasons. Temperature is lower which in itself slow down decomposition of organic
matter. Low temperature also has an indirect effect since it means lower evaporation rate
and thus more moist and less well aerated soil which may also lead to slower
decomposition. Higher organic matter content presumably also means higher level of
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DOC, but also higher amount of organic matter in the solid phase of the soil. The latter
fraction has great capacity to immobilize cadmium in soil. Therefore it is uncertain

whether generally higher organic matter content lead to higher mobility of cadmium
compared to soils low in organic matter.
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Figure 12. Organic carbon content (%) in the surface horizon of soils in Europe (Jones et al
(2004)

Clay contents are high in many Swedish arable soils, 40% have more than 25 % of clay in
the fine earth fraction and 18% have more than 40 % clay (Eriksson et al, 2010). Clay has a
capacity to immobilize Cd, but it is often difficult to detect any correlation between clay
content and plant uptake under field conditions (Eriksson et al, 2010). Also oxides of Al,
Mn and Fe has a capacity to bind and immobilize Cd and other trace metals, but little data
on the difference in oxide contents between soil in Europe is available. Generally oxide
content in soils increase with degree of weathering indicating that the relatively little
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weathered soils in previously glaciated areas like most of Scandinavia should be lower in
oxide content.

It is difficult to draw any definite conclusion whether Swedish soils are more vulnerable to
increased Cd input than soil in the rest of Europe from what is presented above. The lower
pH level strongly points in this direction, while the higher organic matter content
presumably has an effect in the opposite direction and other differing factors probably are
of little importance.

9.2 Average soil to crop Cd ratios

Another approach to evaluate vulnerability is to study empirical data on Cd concentrations
in crops and their relation to concentrations in soils and other soil properties. However, it
appears to be few datasets from pairwise sampling of both soil and crops available. Soils
and crops are often monitored separately. Mean concentrations of Cd in wheat from
different countries are presented in Table 16. Only in few cases were also soils sampled in
these investigations. Cd concentrations in Swedish wheat are in level with those in other
countries.

Table 16. Cadmium concentrations in wheat grain (mg/kg dw) in different countries.

Country Wheat type N Mean Min-max
Finland Bread wheat ? 10,055 Kumpulainen &
Tahvonen, 1989
Italy Bread wheat 35 10,040 0,013 -0,094 | Conti et al., 2000
Italy Durum wheat | 38 | 0,042 Conti et al., 2000
France Bread wheat 16 | 0,058 0,015-0,146 | Mench et al., 1997
Serbia Bread wheat 433 10,029 Skrbic & Cupic, 2005
Great Britain | Bread wheat ? 10,044 0,004 — 0,310 | Chaudri et al., 1995
Great Britain | Bread wheat 162 | 0,077 0,010 - 0,620 | Adams et al., 2004
Sweden Bread wheat 0,047 | <0,003 — 0,239 | Eriksson et al. 2010
USA Wheat, 288 0,049 |<0,002-0,235 | Wolnik et al., 1983
unspecied
Germany Wheat, ? 0,051 Briiggemann &
unspecied Kumpulainen, 1995

With paired observations of soil and crop it is possible to calculate transfer factors (TF),
the ratio between crop Cd and soil Cd concentrations, as indicators on how a certain
addition of Cd to the soil affects uptake in the crop. In EC (2007b) it is concluded that
increasing soil Cd from diffuse sources will lead to a proportional increase in plant-Cd.
Thus it is possible to use actual TFs to predict how fertiliser Cd will affect concentrations
in crops.

In EC (2007b) a few such data have been compiled where it is possible to compare TFs for
Swedish crops and crops from other countries (Table 17). For wheat the TFs are slightly
higher in Sweden than in the other countries. For potatoes the TFs are lower in Sweden
than in Germany and the Netherlands and for carrots they are higher in Sweden than in the
Netherlands. Data on Cd in wheat from different countries (Table 16) can also be
compared to data on Cd in soil (Table 15). TFs are not calculated because the data do not
represent pairwise samples, wheat and soil are represented by different statistical measures,
and certain soil data set includes also soils other than arable. Nevertheless, the comparison
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clearly shows that although Swedish soil Cd is in the low range, concentrations of Cd in
Swedish wheat are in level with those in most in other countries. This is an indication that
the Cd transfer from soil to wheat is higher in Sweden than in many other European

countries.

In EC (2007b) calculations showing the effect of pH on TFs for different crops are also
presented (Table 18). One unit difference in pH can have a considerable effect on the
transfer of Cd from soil to plant.

Summary: The TF values available together with the one unit lower average pH in
Swedish soils when compared to other soils outside Scandinavia indicate that Swedish
soils could be slightly more vulnerable to increased input of Cd. However, there is a great
uncertainty since data that make proper comparisons are so few.

Table 17. The Cd Transfer Factor (TF, plant to soil Cd concentration ratio) in selected
agricultural crops calculated from mean or median values of soil and plant Cd concentrations in
areas at ambient Cd concentrations (EC (2007b). For references on base data see EC (2007b).

Crop | Crop Cd, pug | Soil Cd, | TF dimen- | Comments
kg'1 fresh ug kg'1 sionless)
weight
Wheat | 38 (M, d.w. 700 (m) 0.055 UK, n=393 for grain and n=5,692 for
grain based) soils. Soils and crop do not correspond
58 (M) 435 (m) 0.11(M) | France, mean (or median) and range,
(15-150) (170- (0.02-0.3) | n=16; soils with elevated Cd of
3,500) geological origin; TF’s calculated based
on means of five districts
60 (m) 400 (m) 0.15 The Netherlands, n=84 for grain and
n=708 for soils
40-69 (M) 270-420 0.14-0.20 | Sweden, n=354, range of averages from
M) three data sets; TF’s calculated based on
means in the three data sets
56 (M) 440 (M) 0.13 Germany, n=886 for grain. Soils and
crops do not correspond.
Potato 10.2 (M) 270 (M) 0.038 Sweden, n=69
tuber 30 (m) 400 (m) 0.08 | The Netherlands, n=94 (crops) and
n=708 (soils)
30 (m) 440 (M) 0.07 Germany, n=133. Soils and crops do not
correspond.
Carrots 30 (m) 400 (m) 0.08 The Netherlands, n=100 (crops) and
n=708 (soils)
27 (7-90) 300 0.11 Sweden, median and range, n=72; TF’s
(110-830) | (0.03-0.33) | (median and range) calculated based on 7

county medians for 2 subsequent years

M — mean; m — median.
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Table 18. The Cd Transfer Factor (TF, plant to soil Cd concentration ratio) in selected
agricultural crops calculated from predicted crop Cd concentrations (empirical models) and mean

or median Cd concentrations in corresponding soils. All Cd concentrations in ug/kg
( EC (2007b). For references on base data see (EC (2007b).

Crop TF (Predicted Cd crop concentra- | Predicted TF Comments
tion)/soil Cd; pH 5.8 pH 6.8
(ng kg'1 fresh weight/pg kg'l)
Wheat | TF=(92-10.3pH+0.10 Cdsoil - 0.17 0.14 Sweden, n=192. Soil Cd
grain 0.26Zns0il)/290 concentration is mean of
corresponding soils. Mean
soil Zn concentration (Znsoil)
is 42 mg kg-1
TF=(181-27pH)/100 (pH 5-6.2) 0.24 0.10 US data from 7 long-term
TF=0.1 (pH > 6.2) wheat experiments (n=93).
Soil Cd ranges between 30-
160 ng kg-1 and most
samples contain about 100 pg
kg-1
Carrots | TF=10(3.39-0.29pH-0.01(%C)+3.5 | 0.18 0.09 Sweden, n=72. Soil Cd
E-4Cdsoil)/300 concentration is mean of
corresponding soils. Median
% C is 7% in these soils.
Potatoes | TF=(193-24pH- 0.036" [0.018" | Sweden, =69. Soil Cd
0.94(%0OM)+0.039Cdsoil)/270 concentration is mean of
corresponding soils. Median
% OM is 17% in these soils.

' Data presented in (EC (2007b)) corrected. The equation predicts Cd in potatoes per dry
weight, but TFs are here calculated on fresh weight. Compare TF for Swedish potatoes in
table 16. Average pH for sampled potato soils was 5.7.
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10. Predicted levels in crops

The response of crop Cd to changes in soil Cd is described in this chapter. Multiple
regression of Swedish monitoring data shows that Cd concentrations in wheat, oats, barley
and potato are related to pH, organic matter, clay content and total Cd in soils (Eriksson et
al., 1996; Eriksson et al., 2010). Similar relationships have also been found in other
countries (e.g. Adams et al., 2004). In the scenarios modelled in this report, we assumed
that soil factors other than total Cd in soil did not change over time from present day
average values. Thus changes in total soil Cd is the only factor influencing crop Cd.

An earlier Swedish study suggested that the response between soil Cd and crop Cd was
linear (Eriksson et al., 1996). In the last, more comprehensive study, the response was log-
linear (Eriksson et al., 2010). The multiple regression methods presented in the above
mentioned reports primarily illustrate how the variation in measured crop Cd is related to
variations in measured soil parameters. They do not necessarily show how crop Cd will
respond to Cd supply from mineral fertilisers. It is difficult to study these relationships
experimen-tally under realistic conditions, because the annual additions of Cd through
fertilisers constitute only a very small proportion of the Cd available in the plough layer.
Field studies are rarely designed specifically for studying Cd accumulation from fertilisers.
However, those that have treatments that are comparable from this point of view, indicate
that crop Cd may increase after long term application of Cd-rich mineral fertilisers (see
review in chapter 5).

Also areview in EC (2007b), demonstrating that Cd concentrations in crops increase
linearly with total soil Cd, points in this direction. The authors state that the transfer of Cd
from soil to crops is almost as efficient from mineral bound Cd as from soluble salts. Total
Cd in arable soils is a mixture of fractions with varying bioavailability, from mineral
bound less accessible Cd to easily exchangeable Cd. Mineral fertilisers are easily soluble
salts and the bioavailability is, at least initially, higher than that of bulk soil Cd.

10.1 Results for the model scenarios

With support from the discussion above, the temporal change in crop Cd concentration is
assumed proportional to the temporal change in soil Cd. This is in agreement with the
transfer factor concept used in EC (2007b). The relative change in crop Cd concentration
will be equal to the change in soil (Table 13; appendix 2). The crops primarily assessed
here are wheat, barley and oats. Cadmium concentrations in crops will thus increase by
53% at the most, over a period of 100 years use of mineral fertiliser. If mineral fertilisers
with Cd/P ratios at the current levels (ca 5-6 mg/kg) continue to be used, a slight decrease
(at most ca 8%) can be expected over this period of time. If further reductions in
atmospheric Cd deposition will be achieved, the decrease in crop Cd concentrations may
be somewhat higher than 8%.

Significant increases in crop Cd can be expected in areas with soils with low P-AL-status if
the Cd/P ratio is 25 mg/kg or higher, since such soils need higher P-fertiliser rates. At a
Cd/P ratio of 100 mg/kg, major increases can be expected in all areas with soils of P-AL
class II and III, and moderate increases in soils of P-AL class IVA. Together this

represents a major share of the Swedish arable soils.

As discussed in chapter 7.4.1, the phosphorus application rates recommended for currently
P-rich soils (P-AL-class IV) means that off take of P with the crop is not fully compensated
for. If their P-status decline over time, the rates of P fertiliser application may increase in a
100 year perspective. This would imply that in areas where soils currently are in P-AL-
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class IV, increases of crop Cd over 100 years may approach those predicted for soils with
P-AL-class III (16-37%).

Sludge increases the sorption capacity of the soil by adding organic matter. Thus Cd in
sludge generally appears to be less bioavailable than Cd in mineral fertilisers (EC, 2007b).
Changes of Cd in crops are therefore likely to be less than proportional to changes in soil
Cd. The changes predicted for soil Cd when using sludge are summarised in Table 14. It is
not considered realistic to exactly predict the corresponding changes in crops. However,
continuous use of sludge on the same agricultural field and according to current practice
would most likely cause moderately increasing levels (roughly 5-10 %) of Cd in crops over
100 years. A smaller increase may be expected even if the Cd/P ratio in sludge decreases to
17 mg Cd/kg P.

However, a recently proposed legislation (Naturvardsverket, 2009) will limit the supply of
Cd from sludge, and will also result in lower sludge application rates. Our assessment is
that in areas with P-rich soils (P-AL class IV), Cd in crops will remain at current
concentrations or possibly decrease slightly. Slightly increasing levels of crop Cd can
probably be expected for areas where soils have less plant available P (P-AL class II-11I).

10.2 General changes of Cd in crops

The average relative change of crop Cd concentration was calculated for each production
area. This was accomplished by weighting the relative change in each P-AL soil class to
the abundance of these classes in each production area. The results are shown in Table 19
for the different Cd/P ratios of the mineral fertilisers. There are obviously significant
differences between the production areas. The change in average concentration varies by
ca 8 % units in the five production areas at the present Cd/P ratio. At the two highest Cd/P
ratios, the corresponding regional variation is ca 20 % units. The current concentrations
presented are from Table 1.

The aspect of different vulnerability in different regions is of importance if the human
intake of these crops is based mainly on local or regional supply. However, it also of
interest to predict an average change of crop Cd in Sweden, following 100 years use of
mineral fertilisers. This can be estimated by weighting the regional changes according to
the current harvest levels in each production area. This report is focused on the production
of crops at farms specialised in cash crops, with mineral fertilisers as the main source of P.
Most of the manure is applied to fields used for production of feed crops. Thus, production
of crops for human consumption in areas fertilised with manure is here considered
negligible. The national average changes in crop Cd are listed jointly with estimated
concentrations in Table 20. Compared to the present annual average, there is no significant
change up to a Cd/P ratio of 25 mg/kg. Above that Cd/P ratio do the concentrations
increase.

However, even if a certain region contributes little to the present national production of
e.g. wheat, the soils in that region should still be protected from pollution to ensure
production of safe foods in the future. Thus, we propose that national average values are
not the appropriate basis for setting protective limit values for the Cd content of fertilisers.
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Table 19. The general change in crop Cd in each production area and the highest regional
concentration. The results represent the situation after 100 years of using mineral fertilisers.

Cd/P in the mineral fertiliser (mg/kg)
Production area 5 12 25 46 100 137
Gss, Gotalands sodra sléttbygder -8% -6% -3% 2% 15% 23%
Gmb, Gotalands mellanbygder -8% -7% -4% 0% 11% 19%
Gns, Gotalands norra slittbygder 0% 2% 6% 12% 29% 40%
Ss, Svealands slittbygder -2% 0% 3% 8% 21% 29%
Gsk, Gotalands skogsbygder 0% 2% 5% 10% 23% 32%
Largest relative increase 0% 2% 6% 12% 29% 40%

Highest regional average concentration (mg/kg dw)

Wheat (highest regional average
at present 0.064 mg/kg dw) 0.059 | 0.060 | 0.061 | 0.064 | 0.071 | 0.076

Oats (highest regional average at
present 0.040 mg/kg dw) 0.039 | 0.040 | 0.041 | 0.043 | 0.048 | 0.052

Table 20. Estimates of national average cadmium concentrations in certain crops after 100 years
of using mineral fertilisers with different Cd/P ratios.

Cd/P in the fertiliser, mg/kg

5 | 12 25 46 100 137
Relative change on national basis
Wheat -4% -2% 1% 7% 20% 29%
Oats -2% 0% 4% 9% 23% 32%
Rye -5% -3% 0% 5% 18% 27%
National average concentrations, mg/kg dw

Wheat (current average

0.049' mg/kg dw) 0.047 0.048 0.049 0.052 0.058 0.063
Oats (current average

0.028 mg/kg dw) 0.027 0.028 0.029 0.030 0.034 0.037

10.3 Sensitivity to acidification

Addition of mineral fertiliser containing ammonium, such as NPK, is acidifying through
the nitrification of ammonium. Other causes of soil acidification are atmospheric
deposition, microbial and root respiration and crop uptake of base cations. It was discussed
in chapter 7.8 that the current rates of liming frequently are considered too low to keep soil
pH at a near neutral level over time. Insufficient liming generally poses a risk for higher
accumulation of Cd in crops, because uptake increases with decreasing pH. If the soil Cd at
the same time increases due to large inputs of Cd via fertiliser, this risk is magnified.
Quantitative relationships between pH and Cd in crops were presented by Eriksson (2010)
for Swedish soils. On average, a decrease by 0,5 pH units will lead to a 20% increase of Cd
in wheat and to a 55 % increase in oats. The corresponding values for a decrease of one pH

! The national average concentration in winter wheat is 0.047 mg/kg dw, and the national average in oats is
0.029 mg/kg dw (Eriksson et al., 2010). The values in the table represents the average of the five major
production areas that are considered in this report. The small differences between these different average

values are not significant.
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unit are 40% and 140% for wheat and oats, respectively. This illustrates the potential
hazard with accumulation of Cd in arable soils, in addition to the direct consequence of
increased transfer to crops at stationary pH levels.
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12. Appendix 1. Sensitivity analysis

All input data are characterised by an uncertainty. Certain parameters such as leaching is
probably more uncertain than other. This means that the results of the models, e.g. the
relative change in soil Cd concentration after 100 years, also are uncertain. A simple
Monte Carlo analysis was performed to estimate the magnitude of this uncertainty. We also
used this model for a sensitivity analysis. Each parameter was described as a probability
distribution function (PDF) as shown below. For liming and in particular leaching it was
not considered possible to assess how the probability varied for differnt values. Uniform
distributions were therefore selected.

Parameter Distribution Parameters Units
Cd load from deposition normal variable, CV=10% g/ha/yr
Cd load from lime uniform min:0,03; max: 0,05 g/ha/yr
Cd load from fertiliser normal variable, CV=10% g/ha/yr
Cd removal by crops normal variable, CV=20% yr
Cd removal by leaching uniform min: 0,0003; max: 0,0009 yr B

The uncertainty limits in the relative change over 100 years were represented by the 10-
and 90-percentiles. The results are shown in the table below. Leaching is the major process
causing uncertainty up to Cd/P= 46 mg/kg. Although this assessment of uncertainty is a
rough estimate, it indicates that the direction of changes in the range ca + 3% are not
significant. In reality the decrease may be slightly higher or it may actually be a small
increase.

Cd/P ratio | Average relative | Uncertainty interval Determinants of the
mg/kg change (10- and 90-percentiles) uncertainty

5 -1 4-1 Leaching 88%

25 5 2-17 Leaching 77 %
Fertiliser 12 %;

46 11 8-14 Leaching 63 %
Fertiliser 33 %;

137 38 32-44 Fertiliser 78 %;
Leaching 18 %
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13. Appendix 2. Predicted changes in soil Cd
concentrations.

Relative changes in soil Cd over 100 years of using mineral fertilisers. Crop rotations
without potato.
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. P-AL Cd/P inthe | Relative change
Production area . P-load o
class soil fertiliser over 100 years

Svealands slittbygder 11 22 5 -1%
Svealands slittbygder 11 22 12 1%
Svealands slittbygder 11 22 25 5%
Svealands slittbygder 11 22 46 11%
Svealands slittbygder 11 22 100 27%
Svealands slittbygder 11 22 137 38%
Svealands slittbygder 111 17 5 -2%
Svealands slittbygder 111 17 12 0%
Svealands slittbygder 111 17 25 3%
Svealands slittbygder 111 17 46 8%
Svealands slittbygder 111 17 100 20%
Svealands slittbygder 111 17 137 29%
Svealands slittbygder IV A 7 5 -2%
Svealands slittbygder IVA 7 12 -2%
Svealands slittbygder IVA 7 25 0%
Svealands slittbygder IV A 7 46 2%
Svealands slittbygder IVA 7 100 7%
Svealands slittbygder IV A 7 137 10%
Gotalands mellanbygder 111 20 5 -8%
Gotalands mellanbygder 111 20 12 -6%
Gotalands mellanbygder 111 20 25 -3%
Gotalands mellanbygder 111 20 46 2%
Gotalands mellanbygder 111 20 100 16%
Gotalands mellanbygder 111 20 137 25%
Gotalands mellanbygder IVA 11 5 -8%
Gotalands mellanbygder IV A 11 12 -7%
Gotalands mellanbygder IVA 11 25 -6%
Gotalands mellanbygder IV A 11 46 -3%
Gotalands mellanbygder IVA 11 100 4%
Gotalands mellanbygder IV A 11 137 10%
Gotalands mellanbygder IVB 3,8 5 -9%
Gotalands mellanbygder IV B 3,8 12 -9%
Gotalands mellanbygder IVB 3,8 25 -8%
Gotalands mellanbygder IV B 3,8 46 -7%
Gotalands mellanbygder IVB 3,8 100 -4%
Gotalands mellanbygder IV B 3,8 137 -3%
Gotalands sodra sléttbygder 111 20 5 -7%
Gotalands sodra slédttbygder 111 20 12 -5%
Gotalands sodra sléttbygder 111 20 25 -2%
Gotalands sodra slédttbygder 111 20 46 4%
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. P-AL Cd/P inthe | Relative change
Production area . P-load o
class soil fertiliser over 100 years

Gotalands sodra slédttbygder 111 20 100 20%
Gotalands sodra sléttbygder 111 20 137 30%
Gotalands sodra slédttbygder IV A 11 5 -8%
Gotalands sodra sléttbygder IVA 11 12 -7%
Gotalands sodra slédttbygder IV A 11 25 -5%
Gotalands sodra sléttbygder IVA 11 46 -1%
Gotalands sodra slédttbygder IV A 11 100 7%
Gotalands sodra sléttbygder IVA 11 137 13%
Gotalands sodra slédttbygder IV B 3,8 5 -8%
Gotalands sodra sléttbygder IVB 3,8 12 -8%
Gotalands sodra slédttbygder IV B 3,8 25 -7%
Gotalands sodra sléttbygder IVB 3.8 46 -6%
Gotalands sodra slédttbygder IV B 3,8 100 -3%
Gotalands sodra sléttbygder IVB 3.8 137 -1%
Gotalands norra slittbygder 11 22 5 0%
Gotalands norra slittbygder 11 22 12 3%
Gotalands norra slittbygder 11 22 25 8%
Gotalands norra slittbygder 11 22 46 16%
Gotalands norra slittbygder 11 22 100 37%
Gotalands norra slittbygder 11 22 137 51%
Gotalands norra slittbygder 111 17 5 0%
Gotalands norra slittbygder 111 17 12 2%
Gotalands norra slittbygder 111 17 25 6%
Gotalands norra slittbygder 111 17 46 12%
Gotalands norra slittbygder 111 17 100 28%
Gotalands norra slittbygder 111 17 137 39%
Gotalands norra slittbygder IV A 6,7 5 -1%
Gotalands norra slittbygder IVA 6,7 12 0%
Gotalands norra slittbygder IV A 6,7 25 1%
Gotalands norra slittbygder IVA 6,7 46 4%
Gotalands norra slittbygder IVA 6,7 100 10%
Gotalands norra slittbygder IV A 6,7 137 15%
Gotalands skogsbygder 11 23 5 1%
Gotalands skogsbygder 11 23 12 3%
Gotalands skogsbygder 11 23 25 8%
Gotalands skogsbygder 11 23 46 16%
Gotalands skogsbygder 11 23 100 37%
Gotalands skogsbygder 11 23 137 52%
Gotalands skogsbygder 111 18 5 0%
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. P-AL Cd/P inthe | Relative change

Production area . P-load o
class soil fertiliser over 100 years

Gotalands skogsbygder 111 18 12 2%
Gotalands skogsbygder 111 18 25 6%
Gotalands skogsbygder 111 18 46 13%
Gotalands skogsbygder 111 18 100 29%
Gotalands skogsbygder 111 18 137 40%
Gotalands skogsbygder IVA 7,5 5 -1%
Gotalands skogsbygder IV A 7,5 12 0%
Gotalands skogsbygder IVA 7,5 25 2%
Gotalands skogsbygder IVA 7,5 46 5%
Gotalands skogsbygder IV A 7,5 100 11%
Gotalands skogsbygder IVA 7,5 137 16%

Relative changes in soil Cd over 100 years of using mineral fertilisers. Crop rotations with

potato.
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Production area P-AL. P-load Cd/P. ip the | Relative change
class soil fertiliser over 100 years

Svealands slittbygder 11 23 5 2%
Svealands slittbygder 11 23 12 1%
Svealands slittbygder 11 23 25 %
Svealands slittbygder 11 23 46 1%
Svealands slittbygder 11 23 100 28%
Svealands slittbygder 11 23 137 40%
Svealands slittbygder 111 18 5 2%
Svealands slittbygder 111 18 12 0%
Svealands slittbygder 111 18 25 3%
Svealands slittbygder 111 18 46 8%
Svealands slittbygder 111 18 100 21%
Svealands slittbygder 111 18 137 30%
Svealands slittbygder IV A 10 5 -3%
Svealands slattbygder IV A 10 12 2%
Svealands slittbygder IVA 10 25 0%
Svealands slittbygder IV A 10 46 3%
Svealands slittbygder IVA 10 100 10%
Svealands slittbygder IV A 10 137 15%
Gotalands mellanbygder 111 18 5 -3%
Gotalands mellanbygder 111 18 12 2%
Gotalands mellanbygder 111 18 25 1%
Gotalands mellanbygder 111 18 46 6%
Gotalands mellanbygder 111 18 100 18%
Gotalands mellanbygder 111 18 137 27%
Gotalands mellanbygder IV A 10 5 4%
Gotalands mellanbygder IV A 10 12 -3%
Gotalands mellanbygder IV A 10 25 -1%
Gotalands mellanbygder IV A 10 46 1%
Gétalands mellanbygder IV A 10 100 8%
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Production area P-AL. P-load Cd/P. ip the | Relative change
class soil fertiliser over 100 years

Gotalands mellanbygder IV A 10 137 13%
Gotalands mellanbygder IVB 3,8 5 4%
Gotalands mellanbygder IVB 3,8 12 4%
Gotalands mellanbygder IV B 3,8 25 -3%
Gotalands mellanbygder IVB 3,8 46 2%
Gotalands mellanbygder IVB 3,8 100 0%
Gotalands mellanbygder IVB 3,8 137 2%
Gotalands sodra slattbygder 11 18 5 2%
Gotalands sodra slédttbygder 111 18 12 0%
Gotalands sodra sléttbygder 111 18 25 3%
Gotalands sodra slédttbygder 111 18 46 %
Gotalands sodra sléttbygder 111 18 100 23%
Gotalands sodra slédttbygder 111 18 137 33%
Gotalands sodra slattbygder IV A 10 5 -3%
Gotalands sodra slittbygder IV A 10 12 2%
Gotalands sodra sléttbygder IVA 10 25 0%
Gotalands sodra slédttbygder IV A 10 46 3%
Gétalands sdra slittbygder IV A 10 100 1%
Gotalands sodra slédttbygder IV A 10 137 7%
Gotalands sodra slattbygder IV B 3,8 5 -3%
Gotalands sodra slittbygder IVB 3,8 12 -3%
Gotalands sodra slattbygder IV B 3,8 25 2%
Gotalands sodra slittbygder IVB 3,8 46 1%
Gotalands sodra sléttbygder IVB 3.8 100 2%
Gotalands sodra sléttbygder IVB 3,8 137 4%
Gotalands norra slittbygder 11 23 5 0%
Gotalands norra slittbygder 11 23 12 3%
Gotalands norra slittbygder 11 23 25 8%
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Production area P-AL. P-load Cd/P. ip the | Relative change
class soil fertiliser over 100 years

Gotalands norra slittbygder 11 23 46 16%
Gotalands norra slittbygder 11 23 100 38%
Gotalands norra slittbygder 11 23 137 33%
Goétalands norra sléttbygder 11 18 5 -1%
Gotalands norra slittbygder 111 18 12 2%
Gotalands norra slittbygder 111 18 25 6%
Gotalands norra slittbygder 111 18 46 12%
Gotalands norra slittbygder 111 18 100 29%
Gotalands norra slittbygder 111 18 137 4%
Gotalands norra sléttbygder IV A 10 5 -1%
Gotalands norra slittbygder IV A 10 12 0%
Gotalands norra slittbygder IVA 10 25 2%
Gotalands norra slittbygder IV A 10 46 6%
Gétalands norra slittbygder IV A 10 100 15%
Gotalands norra slittbygder IVA 10 137 22%
Gotalands skogsbygder 11 23 5 0%
Gotalands skogsbygder 11 23 12 3%
Gotalands skogsbygder 11 23 25 8%
Gotalands skogsbygder 11 23 46 16%
Gotalands skogsbygder 11 23 100 37%
Gotalands skogsbygder 11 23 137 S1%
Gotalands skogsbygder 111 18 5 0%
Gotalands skogsbygder 111 18 12 2%
Gotalands skogsbygder 111 18 25 6%
Gotalands skogsbygder 111 18 46 12%
Gotalands skogsbygder 111 18 100 28%
Gotalands skogsbygder 111 18 137 39%
Gotalands skogsbygder IV A 10 5 -1%
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. P-AL Cd/P inthe | Relative change
Production area . P-load o
class soil fertiliser over 100 years
Gotalands skogsbygder IV A 10 12 0%
Gotalands skogsbygder IVA 10 25 2%
Gotalands skogsbygder IV A 10 46 6%
Gotalands skogsbygder IV A 10 100 15%
Gotalands skogsbygder IVA 10 137 21%

59







Bilaga 5

Risk assessment of cadmium in the Swedish
environment

Helena Parkman

Swedish Chemicals Agency
Box 2

172 13 Sundbyberg

Sweden

E-mail:
Helena.Parkman@kemi.se

January, 2011


mailto:Helena.Parkman@kemi.se�

Table of Contents

SUIMIMATY ..eeiiieiiiee et e e e et e e ettt e e e ettt e e e esasaeeesessaeeeeansseeeesnnssaeessnnsseeenns 3
SaAMMANTALINING ..eevieiiieiieie ettt ettt e et e st e et e e eabeesbeesaseenbeeenseenseennnas 4
1. TOETOAUCTION ..o e e e e et e e e e e e e e e e e e e e e e eeeee e aaeeeeaeenaae 5
2. Effects on aquatic OTZanISIMS. .......cccuieruieeiiieriieeiiesieeieeeiteetteeiteeeeeeeaeebeeseaeenseesaseenseesnnas 5
2 B o T or T 15 10 ) WSS 5
2.2 Predicted no effect concentrations (PNEC) .........ccooeeiiiiiiiiiieiiicceeeeeee e 5
2.2.1 Freshwater organisms (PNEC quatic, freshwater) ««-««-«-veveeuerueruererieieieiiesiesese e 5
222 PNEC,quatic, freshwater @S @ function of water characteristics ...........cccocoviviiiiniccinnne. 6
223 Sediment organisms in freshwater (PNECsediment, freshwater)-««-+ceveeeveerveesveesueeseesieeenne 8
2.2.4  SaltWaters OTZANISI......cccuiiiuiieriieeieetieeteeieeeteettesteeseesateesseessseenseessseenseessseensaessseenne 8
2.3 Effects studies in the Swedish aquatic environment............ccccueeevveeeeieesceeeecee e 9
2.4 Sensitivity in SWEAiSh WaETS......c.eeiuieiieiiieiieeie ettt 9
3. Effects on terrestrial OrganiSmS........ueecuveeeciieeeiiieeeieeeeieeesteeesiteeeeeeeeaeeesbeeesreeeseseeennns 10
3.1  Predicted no effect concentration for soil organisms (PNECs)) «.veeeveevieniieniieniiennens 10
3.2  PNEC,, as a function of 01l CharaCteriStICS .ceeuuummmeeeeeeeeieeeeee e e e e 12
3.3  Effects on mammals and DIrdS ......oooeveiieieieieieieieeeee e 12
3.3.1 Effects from exposure via the food chain, PNECa..cvvveeeveiiiiiiiiieciiieeie e, 12
3.3.2  KIANEY EFFCCES ....uieiiiiiieiie ettt ettt ettt e ebae 14
3.3.3  Relation between soil concentrations and kidney effects.........ccccoecvvvvcieincieeennnennee. 15
334 Conclusions - effects assessment on mammals and birds .........cooeevvvevviiieiiiiieeeeeeenene. 15
4. Cadmium concentrations 1IN SWEAEI .....ccevvuunmeeeee et e e e e eeereaeeeeeeeeenens 15
4.1 CONCENITATIONS 11 WALET ...ttt eeeeneeennesennnnnnnememnnnns 15
4.2 Concentrations 1N SEAIMEIIT ....covuunnneee ettt e e e e e e e e et e aeeeeeeeeraenaaaaeeeeeeennans 17
4.3 CONCENLTATIONS 11 SOLLuuuueieieieeeieee e eeesenmnnemsmnnnn 18
4.4 Concentrations 1N aqUAtIC DIOTA ......ccuuieeiiiieiiieeciie ettt evee s re e e sveeesaaeeens 19
4.5  Concentrations in mammals and DIFAS ..........eeeeeeeeeeeeeee e 20
5. Risk characterisation for the Swedish enVIFONMENT .......ccoeeeeeeeeeeeeeeeee e eeeeeeens 23
ST TOAAY .ttt ettt ettt ettt ettt e b et e bt e abeebeeenbeenbeennbeenbeeenbeenseens 23
5.2  Risk estimates for modelled scenarios - cadmium in fertilizers........cuvvmeeeeeeeeeeeennnnn.. 24
6. RETETEIICES oottt e et e e et et e e eeee et e e et eeeeer et eeeeeeeeerereeeeeees 28
7. IS ettt et e e e e e et ——————aeeeeetaa——————————— 30



Summary

In this assessment cadmium concentrations in the Swedish environments (freshwater,
saltwater, soil) are compared with the so-called predicted no effect concentrations (PNEC) for
organisms representative for the respective environment. The PNECs represent the highest
concentration in the environment below which effects are not expected to occur.

The PNEC for fresh water organisms is dependent of hardness, and since Sweden has very
soft fresh waters toxicity in Swedish waters is generally expected to occur at lower cadmium
concentrations compared to in other parts of Europe. When measured concentrations from
monitoring programmes in Swedish surface waters are compared with the PNEC about 1% of
the lakes and 7 % of the coastal waters show higher concentrations than the PNEC, indicating
risk for effects on aquatic organisms. The PNEC for sediment organisms is exceeded in about
20 % of the stations in different monitoring programmes. The results for the sediment
compartment must however be interpreted with care since there is no specific PNEC for
marine sediment organisms and since the bioavailability of cadmium in the investigated
stations are not considered.

Indications of effects on the immune system in fish (eelpout), which have been observed
during the last years in some Swedish coastal areas, correlates with increasing concentrations
of cadmium in the fish.

Comparison of current cadmium concentrations in Swedish agricultural soil with the lowest
proposed PNEC for soil organisms (the lowest value in a range is used because of relatively
higher availability of cadmium in Swedish more acidic soils) show that the mean
concentration as well as the 95™ percentile of the samples are both well below the PNEC for
soil organisms, indicating that current concentrations in agricultural soil are not a threat to soil
organisms. The available cadmium data for forest soil (from 1993-95) showed that some litter
samples had concentrations above the PNEC, indicating risk for effects on soil organisms for
these samples.

Concentrations of cadmium recently measured in kidney from Swedish moose and reindeer
are well below the concentration that is considered harmful for the kidney. Cadmium
concentrations in kidney from Swedish cows and pigs, measured during the later part of the
1990s, were also well below the harmful concentration.

Possible cadmium effects, due to the use of cadmium containing fertilizers, on organisms in
soil and water were assessed for modelled scenarios 100 years ahead assuming different
cadmium concentrations in fertilisers. The situation today was also assessed. No risk was
predicted for soil organisms, neither for the situation today nor for the worst case scenario 100
years ahead. For some situations today and for the scenarios 100 years ahead, possible effects
caused by cadmium are predicted for aquatic organisms in a watercourse receiving drainage
water from agricultural soil. However, this is only likely in watercourses where the dilution of
the drainage water from the agricultural soil is very low.



Sammanfattning

I denna bedomning jamfors kadmiumhalter 1 den svenska miljon (sGtvatten, kustvatten och
jord) med de hogsta kadmiumhalterna (hddanefter bendmnt PNEC= Predicted No Effect
Concentration) under vilka effekter pa organismer representativa for respektive miljo inte
forvantas uppkomma.

PNEC {6r sotvatten beror av vattnets hardhet och eftersom sétvatten 1 Sverige ar
forhdllandevis mjuka forvéntas toxicitet for vattenlevande organismer uppkomma vid lagre
koncentrationer n i andra delar av Europa. Vid jimf6relse av PNEC med kadmiumbhalter fran
olika miljo6vervakningsprogram for svenska ytvatten visar det sig att cirka 1 % av proven
frén sjoar och 7 % av kustvattenproven dverskrider PNEC, vilket indikerar risk for effekter pa
akvatiska organismer. PNEC for sedimentorganismer dverskrids i ca 20 % av stationerna i
olika miljodvervakningsprogram. Sedimentresultaten maste dock tolkas med forsiktighet
eftersom det inte finns nagot specifikt PNEC for marina sedimentorganismer och eftersom
biotillgingligheten av kadmium &r starkt beroende av t.ex. sulfidférekomst i de provtagna
sedimenten.

Indikationer om effekter pa immunsystemet som observerats hos tdnglake 1 nagra svenska
kuststationer under de senaste dren misstanks ha samband med samtidigt 6kande
kadmiumhalter i tanglaken.

Vid jamforelse av uppmitta kadmiumbhalter i svensk dkermark med PNEC for
markorganismer (hir anvinds det ldgsta i ett foreslaget intervall pga. hogre tillgénglighet av
kadmium antas i svenska surare jordar) visades att savdl medelvirdet som 95:e percentilen av
data var lagre &n PNEC. Detta indikerar att dagens kadmiumhalter i jordbruksmark inte utgor
ndgon risk for markorganismer. De data som finns for skogsmark (fran 1993-95) visar att
vissa fornaprover har kadmiumhalter som 6verskrider PNEC, vilket indikerar risk for effekter
pa markorganismer.

Nyligen uppmétta kadmiumkoncentrationer i njure fran svenska dlgar och renar ar alla vl
under den halt dé effekter p& njuren antas kunna uppsta. Aven de koncentrationer som
uppmattes 1 njurar fran kor och grisar 1 slutet av 1990-talet dr l1angt under den antagna
skadliga nivan.

En bedomning har gjorts av huruvida effekter pd mark- och vattenorganismer kan uppsté pa
grund av anvindning av kadmiumhaltiga godselmedel, idag och for modellerade
framtidsscenarier (pa 100 ars sikt) med olika kadmiumbhalter 1 gédselmedlet. For
markorganismer bedémdes det inte forekomma nagon risk, varken idag eller for det vérsta
modellerade scenariot pa 100 ars sikt. For vissa scenarier idag och for scenarier pa 100 ars
sikt kunde det foreligga risk for vattenlevande organismer vilka utsitts for kadmium i
vattendrag som tar emot drdnagevatten fran godslade akrar. Detta var dock bara troligt i
vattendrag med mycket liten utspddning av dranagevattnet.



1. Introduction

This review on possible environmental effects from cadmium in Sweden is based mainly on
former reviews, e.g. European Union Risk Assessment Report on Cd metal and CdO (ECB,
2007, from now on referred to as EU RAR), Assessment of Risk to Health and the
Environment in Sweden from Cadmium in Fertilisers (KemlI, 2000), Cadmium Exposure in
the Swedish Environment (Keml, 1998) and on new data.

For risk assessment purposes a level at which cadmium is not expected to cause any harm in
the environment has to be estimated. This is done mainly based on single-species toxicity
studies. A predicted no effect concentration is calculated.

Predicted No Effect Concentration (PNEC): The concentration below which effects are not
expected to occur.

2. Effects on aquatic organisms

2.1 Speciation

When comparing levels of cadmium at which effects occur in toxicity studies with
concentrations in the environment, differences in speciation of cadmium need to be
considered. Cadmium can be present in an aquatic environment as inorganic species,
including the free metal ion Cd*", as soluble complexes or sorbed on suspended particles. The
free metal ion is considered as the most toxic species. The toxicity of cadmium sorbed on
suspended particles is far less than that of soluble Cd. Soluble Cd is traditionally
distinguished from insoluble forms by membrane (0.45 pm) filtration. Soluble cadmium in
freshwater can be 10%, or even lower, relative to the total cadmium concentration. Data on
Cd speciation in the soluble fraction of freshwater samples are limited (EU RAR). In Swedish
oligotrophic lakes, about 60-100% of the cadmium is dissolved at pH 6.0-4.5, and about 10-
60 % at pH 7-6 (Borg and Andersson, 1984). Borg et al. (1989) studied Cd speciation in five
soft water forest lakes in southern Sweden. Cadmium was predominantly in the soluble form
in all of the lakes .They also measured the dialyzable fraction (separating Cd as free ionic, as
inorganic complexes and as low molecular weight organic complexes). In the more acidic
lakes, 83 to 100% of the soluble Cd was present in these forms, while in the circumneutral
lakes, 35 to 82% of the soluble Cd was present in the dialyzable form.

2.2 Predicted no effect concentrations (PNEC)

2.2.1 Freshwater organisms (PNECaquatic, freshwater)

In toxicity tests, it is likely that most of the cadmium is in soluble form. Therefore it was
concluded in the EU-RAR that filtered water samples should be used in risk analysis when
concentrations are compared with toxic concentrations given in their compilation of data.

In risk assessments of freshwater aquatic environments, organisms are usually divided into
three thropic levels: fish, invertebrates and primary producers. The concentrations at which
these organisms are affected are expressed either as the cadmium concentration when 50% or
more of the studies population are affected, E(L)C,>50, or the lowest cadmium concentration
where significant effects are observed (LOEC) and the highest concentration where no effects
are observed (NOEC). The former is usually reported from acute tests, while the two latter
are reported from chronic tests.




The results of the toxicity data for aquatic organisms used in the EU RAR (2007) are
summarized in Tablel. The acute toxicity data (E(L)Cx>50) range between 0.9 and 74 000 pg
Cd/L. In the chronic toxicity tests, NOEC range between 0.16 and 62 pg Cd/L and LOEC
range between 0.28 and 132 pg Cd/L.

Tablel: Summary table of the high quality toxicity data used in the EU-RAR (2007) for the aquatic toxicity
assessment.

Min 5" percentile | Median Max Number of
studies (N)

ACUTE TESTS, Effects data expressed as E(L)C,>50 (ng Cd/L)
Fish /amphibians 0.9 2 1500 40200 31
Invertebrates 7 24.5 166 74000 61
Primary producers 6.1 9.9 59 1000 12
CHRONIC TESTS, Effects data expressed as NOEC (ug Cd/L)
Fish /amphibians 0.47 0.86 4.2 62 19
Invertebrates 0.16 0.21 2.0 11 22
Primary producers 0.85 1.4 6.9 31 8
CHRONIC TESTS, Effects data expressed as LOEC (ng Cd/L)
Fish /amphibians 0.78 1.7 11 132 20
Invertebrates 0.28 0.29 1.9 25 19
Primary producers 1.9 3.1 18 100 9

From these data it was concluded that the sensitivity to cadmium decreases as:
Invertebrates> Fish /amphibians> Primary producers.

A Predicted No effect Concentration (PNEC) was calculated from these data applying a
statistical extrapolation method: A Species Sensitivity Distribution (SSD) was fitted to the
NOEC data and the fifth percentile (HCs) was calculated from this distribution (HCs= 0.38 pg
Cd/L). To account for uncertainty in extrapolating laboratory data to the field situation and
assuming that the whole ecosystem is protected, an assessment factor (AF) is added to the
HC:s. In this case an assessment factor of 2 was applied on the HCs resulting in a PNECjquatic
= HCs/AF=0.38/2=0.19 pg Cd/L.

This PNEC is higher than the lowest NOEC found for the invertebrates indicating that it may
not be protective enough. However, this PNEC is a generic value that has not been normalised
to water characteristics. It was argued in the EU RAR that the lowest NOECs in the database
were from soft water conditions where a lower PNEC should be applied (see 2.2.2)

2.2.2 PNECyquatic, freshwater @S @ function of water characteristics

As mentioned above, the toxicity of metals is dependent of the speciation of the metal. The
speciation is dependent of other abiotic characteristics in the water. It is therefore preferable
to compare concentrations in the system of concern with toxicity data performed under
similar water characteristics. According to the EU-RAR (2007), toxicity of cadmium
generally increases with reducing water hardness, reducing concentrations of dissolved
organic matter and increasing solution pH. However from the data reviewed in the RAR it




was not possible to describe the relation between Cd toxicity and dissolved organic matter.
Neither, could any clear relation between pH and cadmium toxicity be established. Toxicity
of Cd*" in solution may be lower in more acid conditions because of H/Cd*" competition at
the biological membrane, but the relation with pH is more complex in presence of soluble
cadmium complexes, since pH affects the affinity of Cd** for the biological membrane as well
as for dissolved organic matter in the water. Hence, decreasing pH may increase the
concentration of Cd*" in the solution but simultaneously decrease the uptake of Cd*" at the
biological membrane. A study by Borg et al. (1989, see 2.1) indicates that the dialyzable
fraction of cadmium, usually considered as the bioavailable fraction, increases with
decreasing pH.

The relation between Cd toxicity and water hardness appears clearer. Calcium ions probably
compete with cadmium ions for uptake in organism. Hence, cadmium is more available for
uptake in softer waters. Toxicity studies have been performed under varying hardness
conditions for species from different trophic levels, and based on these data the effect of
hardness on Cd toxicity was quantified by US-EPA (2001, cited in EU-RAR).:

PNECquatic = 0.09(H/50)0'7409 (H is the hardness in the water body of concern)

This relation was used in the EU-RAR, for calculating hardness corrected PNEC. The PNEC
from the EU RAR, and the hardness correction, was adopted as Environmental Quality
Standards (EQS) in the daughter directive (2008/105/EC) to the Water Framework Directive
(2000/60/EC). The annual average — EQS (AA-EQS)' and the maximum allowable
concentration’— EQS (MAC-EQS) that were set for inland surface waters are related to
hardness as shown in Table 2.

Table 2: Annual average — EQS (AA-EQS) and maximum allowable concentration — EQS (MAC-EQS)
for inland surface waters®, in relation to hardness of the water, according to Directive 2008/105/EC.

Hardness (mg CaCOs/L) AA-EQS (nug Cd/L) MAC-EQS (nug Cd/L)
<40 <0.08 <0.45

40 to <50 0.08 0.45

50 to < 100 0,09 0.6

100 to <200 0.15 0.9

> 200 0.25 1.5

Since the toxicity data did not cover hardness conditions below 40 it was concluded that this
equation should not be extrapolated below H=40 mg CaCOs/L, and that further testing was
required to assess risks of Cd in very soft water, i.e. water with hardness below 40 mg
CaCOs/L. Therefore, a testing programme was initiated that assessed chronic Cd toxicity to
fish (Salmo trutta), invertebrates (Daphnia longispina) and algae (Pseudokirchneriella
subcapitata) in various soft waters in which hardness was artificially increased from
background to hardness about 10 and 40 mg CaCOs/L. The results from this testing was
published as an addendum to the EU- RAR (EU-RAR, 2008). The conclusion of that exercise
was that the average slopes of hardness effects on Cd toxicity between H=3-43 mg CaCOs;/L
(0.28-0.41) were not significantly different from zero and are smaller than the slope

! Based on chronic toxicity, should be applied on waters with continues concentrations of cadmium

? Based on acute toxicity, should only be applied on waters with intermittent releases.

3 Inland surface waters encompass rivers and lakes and related artificial or heavily modified water bodies. The
EQS values are applicable on dissolved cadmium (e.g. should be applied on filtered water samples) .




previously found between hardness 40-200 mg CaCOs/L. (0.74). The authors explanation for
this lower slope was that Cd binding to dissolved organic matter (DOM) becomes
increasingly more important at lower hardness which cancels out the hardness effects on the
free ion (Cd*") toxicity (as predicted with the so-called Biotic Ligand Model, BLM, concept).

Since none of these new toxicity data were below the value set for H=40 it was concluded that
no further adjustment of the PNEC in very soft water was necessary and the agreed PNEC of
0.08 ng/L (for H=40) was proposed for waters with hardness 2.7-40 mg CaCOs/L.

2.2.3 Sediment organisms in freshwater (PNECsediment, freshwater)

From the available sediment toxicity data (n=15) ssummarized in the EU RAR, there was
only one chronic data point that was considered reliable and that could be used for calculating
PNEC for sediment organisms. PNECqcgiment Was derived from this NOEC value of 115 mg/kg
dry weight (dw) by adding an assessment factor of 50 (according to the Technical Guidance
Document, TGD 2003) resulting in a:

PNECsediment = 115 /50 mg Cd/kggy = 2.3 mg Cd/kggy

In the absence of ecotoxicological data for sediment dwelling organisms, the PNECggiment may
be calculated using the equilibrium partitioning (EP) method (TGD, 2003). In this method the
PNECatr 1s used and recalculated to PNECqegiment by using the solid-water partition
coefficient for suspended matter. By using this method a PNECqegiment 0f 2.5 mg Cd/kgqw was
derived. This estimated value verified the value based on toxicity data.

The toxicity of Cd in the sediment most likely depends on the mobility of cadmium in the
sediment. The Cd mobility in anaerobic sediments is controlled by the concentration of e.g.
sulphides (acid-volatile, AVS), particulate organic carbon (POC) and by the dissolved organic
carbon (DOC). In aerobic conditions, in which the AVS are virtually absent, Cd mobility
depends on the content of the POC and of Fe- and Mn-hydroxides. Since the beginning of the
90’s the role of AVS on metal toxicity in sediments has been studied intensively. A
relationship was found between cadmium toxicity and the AVS normalized Cd content. In
general, toxicity was expected to be absent when the ratio of the simultaneously extractable
metals (SEM) to the AVS< 1 (molar ratio) and to increase drastically from SEM/AVS > 1.
Metal toxicity above this value furthermore depend on water hardness, pH and solid phase
properties.

The NOEC value on which the PNECqgiment Was based was from a field test with aerobic
sediment, with low content of sulphides (AVS: 0.5 umol/ggy) i.e. with a high bioavailability
of Cd. Therefore, this value should be seen as a worst case PNEC and it is recommended in
the EU RAR that the AVS based normalization should be further validated to refine the risk
characterization to benthic organism.

2.2.4 Saltwater organisms

There are indications that cadmium is less toxic in marine systems compared to freshwater
systems, probably due to the complexation of cadmium with chloride ions resulting in less
free cadmium ions (Cd*") in the marine ecosystems. No specific marine PNEC was calculated
in the EU-RAR. However a Quality Standard for transitional, coastal and territorial waters
was established within the Water framework directive (Substance data sheet for cadmium and
its compounds, web site).

Sixteen long-term NOECs for marine organisms are available for marine fish, crustaceans,
several groups of algae (chlorophyceae, bacillariophyceae, dinophyceae, coccolithophora),
shellfish, annelids, nematoda, and cyanobacteria. The approach followed is in line with the
approach used to derive the HCs for fresh-water. A Species Sensitivity Distribution (SSD)



was fitted to the NOEC data and the fifth percentile (HCs) was calculated from this
distribution (HCs= 0.42 pg Cd/L).

To account for uncertainty in extrapolating laboratory data to the field situation and assuming
that the whole ecosystem is protected, an assessment factor (AF) is added to the HCs. The
same assessment factor as for fresh water was applied on the HCs resulting in a quality
standard QS = 0.21 pg Cd/L.

No PNEC or EQS have been established for marine sediments.

2.3 Effects studies in the Swedish aquatic environment

The data that make up the basis for the PNEC value are mainly from standardized laboratory
test with cultured tests organisms. It is generally difficult to prove that an observed effect in
the environment is caused by a certain compound.

However, a few studies performed during the 1980s have indicated effects of cadmium in the
Swedish environments. Negative relationships were observed between the number of
phytoplankton taxa and cadmium in lake water in the Ronnskér area, sampled in 1984 and
1988 (Lithner and Borg, 1995). In another study, Sjobeck et al. (1984) found strong
indications of disturbed carbohydrate metabolism and white blood cell pattern in perch from
River Eméan. The water in the system, affected by discharge from a battery industry, was soft
(50 mg CaCOs/L) the cadmium concentration in the water was 0.1-0.2 pg Cd/L. Effects on
the pattern of white blood cells has also been shown in laboratory studies where cadmium was
shown to increase the amount of lymphocytes in the blood of exposed fish (Larsson et al.
1985, cited in Naturvardsverket, 2008b)

During the last years increased ratios of white blood cells have been observed in blood from
eelpout captured at the west coast as well as in the Baltic Sea, at three reference stations from
the monitoring of coastal fishing, “Kustfiskedvervakning”. The cadmium concentrations in
the eelpout have also increased during these years (see below). It has not been proven that
cadmium exposure is the reason for the increased ratio of white blood cells but it is concluded
that this possible cause-effect relation need to be investigated (Naturvardsverket, 2008b,
Naturvardsverket 2009a-c).

A number of effects have also been observed in perch from Kvidoéfjarden in the Baltic Sea,
for instance chloride concentration in blood has increased significantly from 1988 to 2006
(Naturvardsverket 2008b). It has been shown in laboratory studies that long-term exposure to
cadmium affects the regulation of chloride ions in fish. Therefore, a possible explanation for
the observed increase in chloride concentrations is the significant increase in cadmium
concentrations in perch that was observed during the 1990s (Naturvardsverket 2008b).

2.4 Sensitivity in Swedish waters

Inland waters in Northern Europe are in general softer and more acidic than waters in central
and southern Europe. As mentioned above, no clear relation between pH and cadmium
toxicity could be established (EU RAR, 2007). However, a negative correlation between Cd
concentrations and pH has been observed in Swedish rivers and in lakes (Johansson ef al.
1995), and cadmium concentrations increase from north to south along with acidification (and
air-borne Cd), indicating that acid conditions results in higher mobility of cadmium and
leakage to surface waters. The fraction of dialyzable Cd also increases with decreasing pH,
resulting in increased levels of bioavailable Cd (Borg & Andersson, 1984).0On the other hand,
lower accumulation of Cd at lower pH was illustrated by experiments performed in Swedish
brook (Lithner et al. 1995 cited in EU RAR 2007). The bryophyte Fontinalis antipyretica was
transplanted from a pristine brook to various polluted brooks, in the Ronnskér area,



containing 0.12 to 0.29 pug Cd/L. After an exposure period of 14 days the BCF of the top
shoots of the bryophytes was determined. An increase in the bioconcentration factor (BCF)
with increasing pH was observed. In acidified brooks (pH < 6) BCF values up to 10,000 L
kg/kgaw were found. In neutral brooks (pH > 6) BCF values of more than 30,000 L/kgg4, were
recorded

Table 3 Water hardness (in mg CaCOjy/L) distribution of surface waters in some EU countries. Data
compiled in the EU RAR.

10th 25th 50th 90th

percentile percentile percentile percentile
Finland 6.5 9 12 25
Sweden 5 8 14 107
Norway 0.7 1.7 4 18
Denmark 14 86 155 272
France 48 83 217 335
Belgium 109 - 240 500
Germany 30 105 210

Sweden, like Finland and Norway, has very soft fresh waters (7able 3). Since the PNECaquaic
(and EQS) is dependent of hardness, toxicity in Swedish waters is generally expected to occur
at lower cadmium concentrations compared to in other parts of Europe. It is therefore likely
that Swedish waters in general are more sensitive to additional cadmium compared to waters
in Central and southern Europe.

3. Effects on terrestrial organisms

3.1 Predicted no effect concentration for soil organisms (PNEC,,;)

In risk assessments of the soil compartment, organisms are usually divided into three trophic
levels; micro flora, higher plants and soil fauna.

The results of the toxicity data for soil organisms used in the EU RAR (2007) are summarized
in Table 4. The acute toxicity data (E(L)Cy > 50) range between 2.8 and 5264 mg Cd/kg. In
the chronic toxicity tests, NOEC range between 1.8 and 3000 mg Cd/kg and LOEC range
between 2.5 and 8000 mg Cd/kg. The data indicates that cadmium more sensitively affects
higher plants than microbial processes or soil fauna. However, the authors stressed that the
low cadmium concentration range (1-10 mg Cd/kg) had been tested in more detail with higher
plants than with the other organisms.
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Table 4 Summary table of the high quality toxicity data used in the EU-RAR (2007) for the derivation
OfPNECm[l

Min 5 Median Max Number of
percentile studies (N)
ACUTE TESTS, Effects data expressed as E(L)C> 50 (mg Cd/kgaw)
Micro flora 7.1 57 283 5264 20
Higher plants 2.8 10 100 320 34
Soil fauna (invertebrates) | 27 38 102 3680 28
CHRONIC TESTS, Effects data expressed as NOEC (mg Cd/kgqyw)
Micro flora 3.6 3.6 50 3000 21
Higher plants 1.8 2.5 10 80 41
Soil fauna (invertebrates) | 5 8 32 320 13
CHRONIC TESTS, Effects data expressed as LOEC (mg Cd/kggw)
Micro flora 7.2 7 100 8000 21
Higher plants 2.5 2.5 40 160 44
Soil fauna (invertebrates) | 5 7.8 59 326 12

The endpoints for microbial processes (5 different processes) are relevant at the ecosystem
functioning level, while the endpoints for soil fauna and plants are relevant at the species
level. Therefore it was decided to split the effects data into two groups: microbial processes
and soil invertebrates + higher plants. Predicted No effect Concentration (PNEC) was
calculated from these data sets by applying the statistical extrapolation method on the two
groups of data. A Species Sensitivity Distribution (SSD) was fitted to the NOEC data and the
fifth percentile (HCs) was calculated from these distributions. The resulting HCs values were
quite similar, 2.3 mg Cd/kgg, for the micro flora and 2.5 mg Cd/kggy, for the plants and
invertebrates data. The HCs from the distribution for the micro flora was used for the PNEC
derivation. To account for uncertainty in extrapolating laboratory data to the field an extra
assessment factor should be added to the HCs. The authors argued that in this case it would be
appropriate to use an assessment factor “ranging from 1 to 2” resulting in a PNEC in the
range 1.2-2.3 mg Cd/kggy.

In the environmental risk characterisation from 2000 for soils contaminated with cadmium in
fertilizers in Sweden (Sternbeck in Keml, 2000), different PNEC values between 0.06 and 2.6
were discussed (these values were based on data that were also discussed in the EU RAR).
Depending on the choice of PNEC, concern was predicted for almost all or none of the
modelled soil scenarios. A value of 0.25, based on the lowest NOEC divided by an
assessment factor of 10, was selected for the risk characterisation. However, it has since then
been agreed among EU member states that the statistical extrapolation method is to be
preferred for data rich substances, such as cadmium. Therefore, the PNEC,,; from the EU
RAR will be used in this risk assessment.
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3.2 PNEC,,; as a function of soil characteristics

Like in water, the abiotic factors influence the toxicity of cadmium in soil. The authors
concluded that a general trend emerged from looking at the effects data; toxicity increases in
soil when mobility of Cd is higher, i.e. soil toxicity increases as soil pH, or soil organic matter
decreases. This was observed from several tests that had been performed on a series of
different soils. However, like for water, no significant correlation between the NOEC values
and the soil pH could be established for the collated data.

An attempt was made to calculate the PNEC for different soil classes based on the available
toxicity data (TableS). The data were grouped into two groups with regard either to pH in the
test soils (pH > 6 and pH <6) or with regard to clay content in the test soils (% clay >10 and
% clay <10). Median NOEC and HC5 were calculated for each group. The median NOEC
values were identical for both groups based on pH but the standard deviation was largest in
the group with pH>6, resulting in a lower HCs. NOEC values in soils with lower clay content
(<10%) was somewhat lower than in test with higher clay content (identical standard
deviation), resulting in a lower HCs (1.5ug Cd/g) for the group with low clay content.

Table5: The PNEC,,; (mg Cd/kg) calculated as the HCS value using the statistical extrapolation
method on the NOEC data sorted by soil characteristics. The NOEC data were sorted either by soil
pH or by clay content. (Table from EU-RAR 2007)

N Min. NOEC Median NOEC | HC5
(mg Cd/kg) (mg Cd/kg) (mg Cd/kg)

classified by pH

pH<6.0 25 1.8 20 2.7
pH>6.0 50 2.5 20 2.0
classified by % clay

% clay < 10 18 2.0 17 1.5

% clay > 10 48 1.8 20 24

The authors also tried to recalculate total cadmium concentrations from test protocols to soil
solution cadmium, but this attempt to normalise the test data to soil solution cadmium
concentration did not reduce the variance in the data. Hence, the authors kept to a PNECg,j
for total concentrations in soil in the range 1.2 to 2.3 mg Cd/kggw, with the lower value
probably being more valid for (acidic) soils with low clay content.

3.3 Effects on mammals and birds

3.3.1 Effects from exposure via the food chain, PNEC,,

Mammals and birds are exposed to heavy metals mainly from their food. The food choice is
therefore a crucial factor for accumulation and effects in these animals. According to TGD
(2003), the method for risk assessment of “secondary poisoning” (poisoning via the food
chain) is based on modelling critical pathways such as the soil-worm-bird or water-fish-bird

food chains. A predicted no effect concentration in food PNEC,,, is derived.

In the EU RAR a PNEC,,, for mammals and birds was based on sub-chronic and chronic
effects derived from nine feeding studies with Cd salt spiked diets, four studies with birds and
5 studies with mammals. The lowest concentrations (LOEC) in food that led to effects ranged
between 10 and 150 mg/kg fresh weight (fw), five of the studies having LOECs between 10
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and 30. The most sensitive end points were growth, kidney lesion and spermatogenesis. The
PNEC,, was calculated from the lowest NOEC (1.6 mg/kg fresh weight) using an assessment
factor of 10 (TGD, 2003), yielding a PNECgya = 0.16 mg/kgsy

The food chain in water

The risk of secondary poisoning of fish eating birds and mammals by Cd is predicted to be
smaller than the direct effects of Cd in the aquatic environment (see 2.2). This is
demonstrated below by using bioconcentration and bioaccumulation factors (BCF and/or
BAF) for fish. Factors affecting the BCF are the water hardness, pH, the Cd concentration and
the presence of Cd*" complexing agents. Whereas bioconcentration is the net uptake due to
water exposure only, bioaccumulation includes all routes (air, water and food) (TGD, 2003).
Comparison of BAFs (related to concentrations in water) and BCFs of aquatic invertebrates
reveals the latter to be significantly lower. However, for fish the BCF values seem to span a
similar range as field derived BAF values of whole fish. The BCF and BAF range between
0.5 and 623 L/kggy.

Cadmium concentrations in whole fish at the proposed PNECyaer = 0.19 pg Cd/L for aquatic
organisms (see 2.2) is predicted to range between 0.0001 and 0.12 mg Cd/kgg, using the range
of BCF/BAF (0.5-623 1/kggy) reported in the EU RAR. These predicted Cd concentrations in
fish are below the PNEC,,, for birds and mammals. Hence, the organisms in the water are
affected at lower water concentrations than when birds and mammals may be affected via the
food chain in water. In the Environmental Quality Standards - Substance Data Sheet for
cadmium (EU web page), a quality standard for water was calculated in order to protect the
higher animals exposed via the aquatic food chain. For this calculation the highest BAF for
fish was used multiplied with the PNEC, resulting in:

QSsccondary poisoning. water = 0.16 [mg Cd/kg]/623 [L/kg] = 0.26 ng Cd /L

The authors of the EU RAR pointed out that this assessment was made for freshwater systems
and should not be used for the marine environment where the bioaccumulation of cadmium
differs from that in freshwater dominated systems. They referred to studies where nephrotoxic
lesions ascribed to Cd had been found in sea birds from areas that were relatively
uncontaminated and where natural Cd may be the source.

The food chain in soil

The risk of secondary poisoning in the soil-worm-bird/mammal food chain is predicted to be
far more critical than the risk of soil Cd affecting plants, invertebrates or micro-organisms.
This is demonstrated using the bioaccumulation factors (BAF= measured concentration in
organism/measured concentration in soil) for Cd in earthworms. Results of cadmium
bioaccumulation studies with earthworms in soil was summarised in the EU RAR and BAFs
ranged from 4 to 32 kggw/kgsy. The BAF increased with decreasing pH, CEC (cat ion
exchange capacity) and soil organic matter content. The soil pH was the most important soil
factor for the BAF.

Cadmium concentrations in earthworms at the proposed no effect concentration for soil
organisms, PNEC.; = 1.2- 2.3 mg Cd/kggyw (see 3.1), are predicted to range between 4.8 and
74 mg Cd/kgy, using the whole range of BAFs (4-32 kg dw/fw). Concentrations of Cd in
earthworms sampled in uncontaminated areas typically range between 1-10 mg Cd/kggy. All
these concentrations are above the PNEC,,, of birds and mammals and also overlap with
margin the LOEC range of the feeding studies. This indicates that birds and mammals are
affected by Cd in soil (via the food chain) at much lower concentrations compared to soil
organisms.
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Comparing the calculated concentrations in earthworms from uncontaminated areas with the
PNEC,, the calculated earthworm concentrations were all higher than the PNEC,,,
indicating risk for effects in these areas. These results made the author of the EU RAR
question the model for secondary poisoning of mammals and birds, in the soil-worm-
birds/mammals food chain, in case of Cd. “It is either possible that soil Cd at background is
indeed at risk for carnivorous mammals and birds or it is possible that the model that
compares earthworm Cd with dietary Cd in feeding studies is overprotective”. One of the key
assumptions in the model is that equal food Cd concentration leads to equal effects in
laboratory and the field. None of the laboratory tests reviewed had fed earthworms to the test
animals as the principal source of Cd. The assumption of equal effects at equal total Cd intake
can be tested indirectly by comparing internal Cd dose (body burden) between laboratory and
field animals at equal Cd intake. This comparison was made for several studies and made the
author suggest that risk of secondary poisoning by Cd may be overestimated when based on
feeding studies where Cd salt had been added to the food. Therefore, an alternative approach
was proposed for mammals, based on renal thresholds se below (no renal studies were
available for birds which could be related to soil concentrations).

3.3.2 Kidney effects

Shrews (Sorex araneus) have a high Cd body burden and a high dietary Cd intake rate. They
feed on invertebrates active at the ground surface and in the soil. Earthworms can be the
major source of dietary Cd in shrews. Kidney Cd concentrations up to 550 mg/ kgg,, have
been observed in shrew. It has been shown from several studies that kidney Cd concentrations
increase linearly with increasing Cd intake rate at low intake rate but levels off at higher
intake (summarised in EU RAR).

The alternative method uses kidney Cd concentrations of wildlife as an indicator of Cd
exposure and risk, since kidney is regarded as the critical organ in chronic Cd toxicity. With
continued exposure, there is a continual increase in Cd concentration in the renal cortex until
a critical value is reached when sublethal effects are observed. The risk of secondary
poisoning was assessed by calculating the exposure at which this critical value is not
exceeded for wildlife.

There are several reviews of the critical kidney Cd concentrations in laboratory animals, but
the critical value chosen in the EU RAR was based on a review by WHO, which concluded
that effects may arise at renal cortex Cd concentration of about 100-200 mg/kgy,. This range
corresponds with whole kidney, dry weight based values of 400-800 mg/kgq. However there
are studies indicating effects at lower concentrations that were rejected for different reasons
by the author of the EU RAR. For instance Leffler and Nyholm (1996) reported indications on
kidney toxicity (proteinuria) in bank voles (Clethrionomous glareolus) collected close to the
smelter in Ronnskédrsverken. The proteinuria correlated with increased kidney Cd
concentrations, and was identified at only 4 mg/kggs, (Whole kidney, about 20 mg/kggw). A
comment on that paper was written by Elinder (1997) about the very low value at which
nephrotoxicity was found, and Elinder concluded that this study was confounded. The authors
have responded to this comment that other factors (other metals, biotope characteristics) may
also have been involved in the proteinuria (Nyholm & Leftler, 1997).

A critical concentration, above which effects may occur in the kidney, was set to 100 mg/kgg,
(400 mg/kggw). This value was based on the lower value where effects may arise according to
WHO. To predict a concentration below which an unacceptable effect will most likely not
occur single — species NOEC values are usually used, divided by an assessment factor. The
assessment factor aims at adjusting the value to cover the uncertainty when extrapolating
from single-species laboratory data to a multi-species ecosystem. The proposed value above
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could be seen as a LOEC (and not a NOEC) and no assessment factor is applied. Hence, this
value may underestimate the risk when applied for all mammals.

3.3.3 Relation between soil concentrations and kidney effects

In the EU-RAR a critical soil concentration for kidney effects in mammals was estimated by
using the lower limit of the WHO suggested critical range of Cd concentration, i.e. 400 mg
Cd/kggw (Which may be an underestimation of the risk for all mammals), see chapter 3.3.2.
The critical soil Cd concentration was defined as the concentration in soil at which the critical
kidney Cd concentration of 400 mg/kgqw (Whole kidney) is predicted using a proportional
extrapolation from each paired soil/kidney Cd concentration set found in the literature (for
details see EU RAR). Twenty values of critical Cd concentrations were derived from 8
different mammal species. This compilation of field data was used to derive a critical soil Cd
concentration for terrestrial mammals (Cdsoi, orit) With statistical extrapolation, which resulted
in a proposal for a critical soil Cd concentration to protect mammals from soil borne Cd as:

Cdsoil,crit =(.9 mg Cd/ kgdw

This value is the 5™ percentile of the extrapolated values at which the critical kidney Cd
concentration (400 mg/kgg,) may be exceeded in the average population of 8 different
species. This value is driven by mole and shrew data derived from acid sandy soils (pH 4.2).

This approach was, however, criticised and not supported by the Scientific Committee
(CSTEE, 2004) as the extrapolations used in the proposal was not considered realistic. Instead
the CSTEE suggested that a possible way forward to assess secondary poisoning for wild
vertebrates could be (1) to estimate the bioaccumulation in different food items as a function
of the Cd concentration and (2) from these data develop a scenario for different birds and
mammals feeding on different food items (as suggested in pesticide risk assessment
guidelines) and (3) to validate this approach by using field data. This has not been done in the
RAR.

3.3.4 Conclusions - effects assessment on mammals and birds

Effect on organisms in the aquatic food chain appears to arise first at lower trophic levels.
Hence, the PNEC,quaic should be protective also for organisms at higher trophic levels.

Effects on the kidney is a critical effect in mammals (and birds), as is the case for humans. In
the EU RAR a critical cadmium concentration in kidney, below which effects would not
occur, was established at 400 mg/kggy, (100 mg Cd/kggy). There are, however, some studies
indicating that this critical kidney concentration might not be protective enough.

The two different relationships between cadmium in soil and effects on birds and mammals
that were derived in the EU RAR (i.e. via the soil food chain or the direct relation between
cadmium in soil and cadmium in kidney) have been debated and may hence not be reliable.
We will make comparisons with these critical values for mammals and birds in the risk
assessment, but we will not draw definitive conclusions of risk from them.

4. Cadmium concentrations in Sweden

4.1 Concentrations in water

Cadmium concentrations are regularly measured in Swedish lakes. The analyses are made on
acidified unfiltered water samples, i.e. cadmium bound to particles may be present in the
samples. However, the acidity is too low for degrading the particles thoroughly which means
that there is only a small difference between measured concentrations and actual dissolved
concentrations (SLU monitoring database — lakes and rivers). In the years 1995 and 2009
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concentrations were measured in > 1000 lakes. The mean concentrations were 0.038 and
0.023 pg Cd/L in 1995 and 2009 respectively. The 90" percentiles were about 0.07 and
0.05ug Cd/L respectively, Figure 1 (SLU monitoring database — lakes and rivers). In 1995, 4.4
% of the lakes had concentrations above 0.15 pg Cd /L and 10.5 % had concentrations above
0.08 pg/L. The corresponding values from 2009 were 0.5 % of the lakes above 0.15 pg Cd/L
and 1.4 % of the lakes above 0.08 pg Cd/L.
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Figure 1: Cadmium in Swedish lake water, measured 1995 and 2009 within Swedish monitoring
programmes.

The cadmium concentration is also measured monthly in 50 river mouths in Sweden. The
yearly means varied in 2009 between 0.005 (Deléngersan, Iggesund) and 0.045 pg Cd/L
(Eman, Emsfors). The mean concentration in 29 smaller rivers or brooks varied between
0.005 and 0.30 pg Cd/L in 2009. In the river with the highest concentration, concentrations
and pH varied markedly during the year. The mean concentration in this river was 5 times
higher than the next highest mean value (0.065 pg Cd/L). The mean of the mean
concentrations (excluding the extremely high value, n=28) was 0.016 pg Cd/L.

Within the screening programme of 2006, SWECO VIAK (2007) measured the occurrence of
Water Framework Directive Priority Substances in freshwater and coastal surface waters of
Sweden. The screening involved sampling all across Sweden at 92 sampling points (Figure 2).
Usually unfiltered water was sampled (n=83) but filtered water was sampled in 27 sites. In
addition Diffusive Gradient in Thin film (DGT) passive samplers were used to sample metals
in the water at 71 sites. DGT is not directly comparable to either total or dissolved
concentrations in ordinary water samples. When sampling metals using DGT, particle-bound
and strongly complexed metals will be excluded in a manner which corresponds to their non-
availability for biota. The median Cd concentration in unfiltered water was 0.012 pg Cd/L.
The corresponding concentrations for filtered and for DGT sampled water were 0.012 and
0.0024 pg Cd/L respectively. The AA-EQS (see 2.2.2) was exceeded in about 7% of the
sampled unfiltered waters (Figure 2) and about 4 % in the filtered as well as DGT sampled
waters. The authors concluded that cadmium levels were elevated (defined as > 0.1* AA-
EQS) in 57% of the surface waters, and that there were no discernible geographic differences
in the frequency of elevated levels indicating that cadmium is an omnipresent pollutant
originating from different sources.
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Figure 2 Cadmium concentrations in unfiltered waters from freshwaters and coastal surface waters,
2006 (from SWECO VIAK 2007).

Concentration levels only reported in relation to EQS

In a report from the Swedish EPA (Naturvardsverket, 2008a) on monitoring of the priority
substances in the WFD it was observed that the concentrations of cadmium in water were
sometimes above the EQS, however, mostly in unfiltered samples and/or close to point
sources such as landfills. Also concentrations in fish were high.

The water districts in Sweden have in a questionnaire from the Commission reported the
extent of failure of the EQS set in the WFD. The EQS was exceeded in 0.3 %, 0.6 % and 6.6
% of the studied rivers, lakes and coastal waters respectively.

4.2 Concentrations in sediment

Sediment samples were collected from the 100 hundred so-called reference lakes in Sweden
during 1998 to 2000 (SLU web-page, sediment). There are no direct emissions to these lakes.
The cadmium concentrations in the surface layer (0-2 cm) ranged between 0.12 and 4.54
mg/kgqw, and were especially high in the southern part of the country (Figure 3). About 20 %
of the lakes had concentrations in the surface layer at or above 2.3 mg/kgy, (the PNEC for
sediment, section 2.2.3). When comparing concentrations in the surface layers with
concentrations in deeper layers (30 cm) it is shown that the concentrations in the surface
layers are largely enhanced in most lakes. Comparing concentrations in the two uppermost
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layers 0-2 and 2-4 cm respectively, showed that the cadmium accumulation had decreased
during the last decades (SLU web-page, sediment).
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Figure 3, Concentrations of cadmium (mg /kg,,) in the sediment surface layer (0-2 cm) of the 100
“reference lakes” in Sweden. The limit values in the legend are “less than” —values (SLU web-page,
sediment).

Within the National Monitoring programme cadmium concentrations were measured in
surface sediments (0-2 cm) at 16 stations in the seas around Sweden, in 2006. The
concentrations ranged between 0.1 and 3.7 mg/kgg, (SGU web page — sediment data base).
Five of the stations had concentrations above 2.3 mg/kggy (the PNECgegiment)-

In a study of sediments in the Stockholm area (Rauch. 2007) sediments samples were
collected in December 2006 from the outflow of the lake Milaren to the Baltic Sea, where
Stockholm is located in between. The sampling included 11 sampling sites from the outflow
of Lake Milaren into the Baltic Sea and 6 samples from lakes and ponds in the Stockholm
area. Two of the sites were considered as background for the study area. Cadmium was
analyses in the surface layer of the sediment (0-2cm). This layer is estimated to represent
approximately 2-5 years of sediment accumulation. Cadmium concentrations in surface
sediments across Stockholm ranged from 0.4 to 4.0 mg/kgqw, with four sites showing
concentrations above 2.3 mg/kgg,. The lowest concentrations were found in the reference
stations.

4.3 Concentrations in soil

Cadmium concentrations were measured in about 220 soil profiles in Swedish forest soils,
sampled 1993-95 (Alriksson, 2001). The concentrations in the litter layer varied between 0.2
and 2.17 mg Cd/kg. The median was 0.69 mg Cd/kg. In the uppermost centimeters of the so-
called B-horizon (enrichment layer in the mineral soil) the concentrations were about 10 times
lower, i.e. 0.005-0.22 mg Cd/ kg, with a mean of 0.062 mg Cd/kg.
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Cadmium concentrations in 2000 agricultural soils were measured during the period 2001-
2007. The mean concentrations for 8 different production areas were 0.2 0.29 mg Cd/kgqy and
the 90™ percentiles for the different areas were 0.23-0.49 mg Cd/kgqyw. Highest concentrations
were found in southern Sweden and lowest concentrations were found in northern Sweden.
The entire range for all soil samples was 0.01- 8.7 mg Cd /kg4y. The mean was 0.24 and the
5™ 50™ and 95™ percentiles were respectively 0.08, 0.18 and 0.52 mg/kgg, (Eriksson e al.
2010).

4.4 Concentrations in aquatic biota

In the EU RAR it was concluded, from a survey of available bioconcentration factors (BCF’s)
for aquatic organisms, that the BCF’s are highest in primary producers and lowest in
secondary consumers.

According to a review from 2008 (Naturvardsverket, 2008b), a marked increase in cadmium
concentrations in liver of perch and herring in the Baltic Sea was observed in the late 1980s
and most of the 1990s. The reasons for these increases are not clear. Nowadays the
concentrations in these species have decreased again but are still at the same levels as in the
beginning of the 1980s, despite different emission reduction strategies and regulations for
cadmium in many uses. Cadmium concentrations in liver from herring captured at the west
coast are much lower than in the Baltic Sea and have been almost constant during the same
time period. One reason for concentrations in fish being higher in the Baltic Sea, compared to
fish from the west coast, could be the lower salinity which results in cadmium speciation with
higher bioavailability (see also 2.2.4). Cadmium is concentrated in internal organs of fish, i.e.
liver, why the concentration in muscle tissue is very low (Bignert et al. 2010). Cadmium
concentrations in soft tissue of blue mussels are also higher in the Baltic Sea compare to at the
west coast. Cadmium in cod liver is higher at the west coast compared to south east of
Gotland. The measurements in marine fish liver and mussels between 1981 and 2003 are
summarized in Bignert et al. (2010), see Table 6.

Table 6 Geometric mean concentrations of cadmium (ug/g dry weight) in various matrices year 2003
and calculated time trends for mean concentrations during 1981-03 (95-03 for eelpout), presented as
yearly %-age change during the period. The age interval for fish, and the length interval for blue
mussels are also presented. Modified table from Bignert et al. 2010.

Matrix age year last year geom. mean trend, yearly %-age
concentration (95% ci) change (95% ci)

Herring liver

Harufj. autumn 34 81-03 1.4 (1.2-1.7)

Angskirskl. aut. 3-5 81-03 2.3(1.7-3.1) 3.0 (.75,5.2)*

-7 spring 3-6 96-03 3.93.34.7)

Landsort 3-5 81-03 2.3(1.8-3.1) 1.8 (-.25,3.9)

Utléngan, aut. 34 81-03 2.4(1.9-3.0) 3.1(1.3,4.8)*

-7 spring 0-4 96-03 2.4 (2.1-2.7)

Fladen 2-3 81-03 0.54 (.48-.59)

Viderdarna 2-4 95-03 0.33 (.29-.38)

Cod liver

SE Gotland 34 81-03 0.027 (.021-.035) -6.4 (-8.3,-4.5)*

Fladen 2-4 81-03 0.12 (.079-.17) -3.5 (-6,4,-.60)*
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Perch liver

Holmoarna 0-7 95-03 0.47 (.35-.62)

Kvédofjarden 95-03 0.60 (.47-.77)

Eelpout liver

Holmoéarna 95-03 1.8 (1.4-2.3) 11 (4.7, 17)*
Kvédofjarden 2-9 95-03 2.1(1.6-2.7) 10 (4.7, 16)*
Viderdarna 3-8 95-03 0.49 (.38-.63) 11 (5.6, 17)
Blue mussel shell 1

Fladen 5-8 81-03 0.96 (.80-1.2) -1.3(-2.7,.19)
Viderdarna 6-10 81-03 1.1 (.94-1.2)

Kvédofjarden 0-3 95-03 4.3 (3.8-4.8)

* significant trend, p < 0.05

As a part of the Swedish coast fishing monitoring programme cadmium concentrations were
measured in eelpout liver between 1995 and 2003 in 3 different reference areas. The
concentrations were lowest at the west coast (Vaderdarna), mean about 0.5 pg/gqy year 2003,
and considerably higher, mean about 2 pg/gqy, in the Baltic Sea (Kvadofjarden) and in the
Bothnian Bay (Holmdn). Although based on few data, the concentrations showed
significantly increasing trends with about 10 % per year at all three stations during the time
period (Naturvardsverket 2009a-c, summarized in Bignert et al. 2010).

Cadmium concentrations in freshwater fish show large geographic variations between
different “reference lakes” and have not decreased markedly during the last years.
Concentrations in pike liver are 4-5 times higher in lake Bolmen in Southern Sweden
compared to lake Storvindeln in northern Sweden. Cadmium concentrations in perch liver
from lake Stensjon in the Givleborgs county is 20 times higher than in the other “reference
lakes” in the county. In the big lakes, Vanern, Vittern and Méilaren, cadmium concentrations
in fish are low (Naturvardsverket, 2008b).

The Baltic Sea Action Plan (HELCOM, 2007) established a strategic goal for a “Baltic Sea
with life undisturbed by hazardous substances”, together with a set of Ecological Objectives
that correspond to good environmental status. The ultimate aim in relation to the prevention
of pollution in the Convention Area is to achieve concentrations in the environment near
background values for naturally occurring substances and close to zero for man-made,
synthetic substances. In HELCOM (2010) data from 1999-2007 were summarized and it was
concluded that cadmium concentrations in biota were largely above the threshold levels
determined for cadmium and therefore the ultimate target of concentrations close to
background levels was not reached. Concentrations of cadmium in fish liver were in a “bad”
status based on the EU food limit for human consumption while concentrations in blue
mussels were mostly in a “moderate” status (above background levels). The only areas with
low levels of cadmium in fish liver and blue mussels were found in the Lithuanian offshore
waters, Finnish coastal waters, and Danish waters.

4.5 Concentrations in mammals and birds

Herbivorous mammals are generally less exposed to metals than small mammals feeding on
invertebrates that inhabit surface soils (Ma, 1994). Nyholm et al. (1996) observed for
cadmium concentrations in animals with different feeding regimes the following trend: small
mammals feeding on soil organisms > omnivores > herbivores > predators.
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Concentrations found in Swedish mammals and birds measured before the year 1997 are
summarized in Keml (1998). Enhanced concentrations of cadmium in kidney of bank vole
and in liver of pied flycatcher were found in the contaminated area around Ronnskarverken,
but also in the most southern part of Sweden (Figure 4).

Figure 4. Concentrations of cadmium (mg kg 1) in kidney of bank vole and in liver of pied flycatcher,
sampled in southern Sweden (Skdne), northern Sweden (Visterbotten), and close to the
Ronnskdrsverken smelters. Figure from Keml 1998 .

Moose (Alces alces), with a diet dominated by twigs and leaves of trees and shrubs is a
representative of biota in the Swedish forest areas. Since the moose is distributed almost all
over the country, it is also ideal for studies of spatial distribution of environmental pollution
and bioaccumulation. Considerable regional differences for yearly increase of cadmium in
moose kidney were observed in Sweden in the beginning of the 1980s. The highest increase
(2.98 mg/ kgsy and year) was measured in southernmost Sweden. Cadmium concentrations in
moose kidney sampled in central Sweden (Grimso and Sigtuna) during 1980-1996, ranged
between 0.5 and 6.1 mg/kgg, (Reviewed in Keml 1998).

The sampling in Grimsé (Orebro county) of muscle, liver and kidney from moose have been
continued since 1980 (n=26/year). In 1996, the monitoring was extended with six further
counties and districts in Sweden: Norrbotten county (n=9/year), Jamtland county (n=7/year),
Vistmanland county (n=9/year), Alvsborg county (n=7/year), Jénkdping county (n=9/year)
and Kronoberg county (n=9/year). Levels and time trends of Cd in liver and kidney was
reported for the period 1996-2004 (1980-2005 for Grimsd) (Odsjo et al. 2007).

Significant increases, annually about 5%, of cadmium concentrations in liver and kidney
tissue from Vistmanland county were observed over the time period. A significant negative
trend (annually about 7 %) was detected for cadmium concentrations in kidney tissue from
Jamtland county. No significant change in cadmium concentrations was found in liver and
kidney tissue, neither for the period 1980-2005 nor for the period 1996-2005 in the Grimso
area. No significant differences in concentrations between the various counties were detected
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although there were indications of differences in mean concentrations. The overall geometric
mean value of cadmium in liver and kidney of moose from Grimso was 0.280 and 0.885
mg/kggy, respectively for the period 1980-2005. In the other counties, the overall mean
concentrations for cadmium in kidney (during 1996-2004) varied between 1.7 and 3.4 mg
/kgsw, but the difference between the counties were not significant. The cadmium
concentrations in kidney tissue were significantly higher, on average 3 to 5 times, compared
to the concentrations found in liver.

In the mountainous area of north-western Sweden, reindeer (Rangifer tarandus) is chosen as a
representative indicator for the fauna living in that part of the country. Samples of reindeer
have continuously been collected in three districts since the early 1980s (Odsjo et al. 2007b).
The cadmium concentrations in muscle of reindeer show a significant decreasing trend
(annually 8.9 %) during the period 1987- 2005, but with a significant variation between the
years, while the concentrations in liver show no significant change during the period. The
overall geometric mean value of cadmium in muscle and liver was 0.010 and 0.440 mg/kgsy
respectively, for the periods 1987-2005 and 1983-2005.

Also Cd in starling has been monitored, at eight reference areas in Sweden. Cadmium was
detected in starling from four out of eight localities. The mean concentration in liver of
starling from those four sites was 0.023 mg/kgys,. The highest levels were found in
Krankesjon, Ottenby and Fleringe. In an earlier trend study (1983-1998) of Cd in young
starling the mean concentration of Cd in Fleringe was found to be 0.422 mg/kgs,, which is far
higher than in 2006; 0.020 mg/kgsy in kidney (Odsjo et al., 2008).

20 Seals from Swedish waters sampled 1979 — 1990 showed a mean value of 2.1 mg/kggy in
kidney, a juvenile ringed seal had 13 mg Cd/kgsy. In another study on ringed seals and grey
seals from the Bothnian Bay (1996 — 1998), concentrations of 2.8 (0.8 — 6.7) mg/kgsy and 3.4
(1.4 — 7.6) mg/kgs, respectively was found in the kidneys.

Cadmium concentrations in kidney measured in 421pigs, from 49 farms in the county of
Skéane (southern Sweden), varied between 0.04 and 0.68 mg/kgg, with a mean of 0.15 mg/kgs,
(Lindén et al. 2003). The pigs were slaughtered during 1998-1999 at an age of about 6
months.

Cadmium in kidney, liver and muscle was measured during 1995 to 1999 in 67 cows, aged
30-95 months, from the Ojebyn Research Station in northern Sweden (Olsson et al. 2001).
The mean concentrations were 0.38, 0.04 and 0.0005 mg/kgy, respectively for the different
organs. The concentrations in kidney varied between 0.14-0.78 mg/kgg.
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5. Risk characterisation for the Swedish
environment
A risk characterisation can be made comparing measured or estimated concentrations in the

environment (Predicted Environmental Concentration PEC) with concentrations above which
effects may occur (PNEC).

A risk characterisation ratio (RCR) can be calculated as:
RCR=PEC /PNEC,

If RCR >1, there is concern of risk motivating risk reduction measures

5.1 Today

Swedish freshwaters are in general softer compared to Central and Southern Europe. This
means that the predicted no effect concentration (PNEC or EQS) in Sweden in general is
lower than in other parts of Europe. When measured concentrations in Swedish surface waters
(chapter 4.1) are compared with the lowest proposed PNEC/EQS values (chapter 2.2), about
1% of the lakes (data from Omdrevsinventering and reported from the water districts) and 7
% of the coastal waters (reported by water districts) (fail to meet the EQS i.e. the RCR is >1.
This means that there may be toxicological effects, caused by cadmium, in lakes and coastal
waters already today

The PNEC for sediment is exceeded in 20 % or more of the stations in the different
monitoring programmes presented in section4.2. The PNEC for sediment is however based on
studies with freshwater organisms and with high availability of the cadmium in the tests
sediment. If sulphides are present they may reduce the availability of cadmium and hence the
actual toxicity may be less than predicted in these sediments. On the other hand there is no
PNEC available based on marine organisms and toxicity predictions based on freshwater
organisms may under or overestimate the actual toxicity.

The authors of the review from 2008 (Naturvardsverket, 2008b) concluded that emission
reduction measures have for most metals led to significant decreased concentrations in aquatic
organisms, but for cadmium (and mercury) the situation is not clear. This should give rise to
continuous attention both regarding cadmium concentrations in biota as well as possible
biological effects caused by cadmium exposure

A tendency of increasing effects on the immune system in fish (eelpout) during the last years
seams to correlate with increasing concentrations of cadmium in the fish. Since it has been
shown in laboratory studies on fish that cadmium can cause effects on the immune system, it
is concluded that this possible cause-effect relation need to be investigated for the eelpouts.

Swedish agricultural soils are somewhat more acidic compared to other parts of Europe
indicating a higher mobility, and with that, possibly higher exposure concentrations in soil
solution for organisms inhabiting the soil. On the other hand, Swedish soils are rather high in
clay which affects the mobility of cadmium in the other direction.

When comparing current concentrations in Swedish agricultural soil (chapter 4.3) with the
lowest proposed PNEC of 1.2 mg Cd/kggy for soil organisms, it can be concluded that the
mean concentration as well as the 95™ percentile of the samples are well below the PNEC.
This is also the case when comparing with the criticised PNEC for mammals based on the
relation between kidney effects and concentrations in soil (0.9 mg/kggy). This indicates that
current concentrations in agricultural soil dose not pose a threat to soil organisms and
mammals. Cadmium concentrations in the litter of forest soil are higher than concentrations in
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agricultural soil while concentrations in the B-horizon are lower. The soil data reported for
1993-95 (chapter 4.3) indicate that some litter samples had concentrations above the lower
range of the PNEC,;, 1.2 mg Cd /kggw (chapter 3.2), indicating effects on soil organisms.

The kidney concentrations recently measured in moose and reindeer in Sweden are well
below the concentrations where effects may arise (see 3.3.2). Studies from the 1990s
indicated kidney effects in small mammals in Sweden close to the Ronnskirsverken area, at
cadmium concentrations in kidney much lower than the proposed critical kidney
concentration. However other metals may have contributed to the observed effects.

Cadmium concentrations measured in kidney from Swedish cows and pigs are also well
below the concentrations where effects may arise.

The concentration in food for birds can be calculated using the range of BAFs (4- 32
kgqw/kgsy) for earth worms reported in the EU RAR (2007). The mean soil concentration in
agricultural soil (chapter 4.3) would then result in concentrations in earthworms ranging
between 0.96 and 7.68 mg Cd/kgsy, which are well above the PNEC,,, calculated for birds
(section 3.3.1) indicating that effects might occur. Also the mean concentration in forest litter
would result in concentrations in earthworms which are well above the PNEC,,, calculated
for birds. However, since the author of the EU RAR, who calculated the PNEC,..;, had doubts
about this value we will not draw any conclusion from this on the extent of possible risks for
birds.

5.2 Risk estimates for modelled scenarios - cadmium in fertilizers

A report by Sternbeck et al. (2011) has been produced with the aim to describe future trends
of cadmium concentrations in arable soils and crops. A mass-balance model for the topsoil
was set up, accounting for Cd input by atmospheric deposition, mineral fertilizers, sewage
sludge and lime. The model was used to estimate concentrations in soil and crops after 100
years use of fertilizer for the five major Swedish agricultural production areas. Calculations
were performed for mineral fertilizers with 6 different Cd content, ranging from the current
average of 5-6 mg Cd/kg P, to the highest proposed limit value by the EU of 137 mg Cd/kg P
in fertilizers. Two different crop rotations were modeled. Furthermore, some scenarios with
sewage sludge as the Cd-containing P-fertilizer were modeled.

Soil organisms

Over a period of 100 years concentrations may decrease in certain areas with application of
mineral fertilizers with low Cd content. The estimated decrease in topsoil Cd concentration is
at most ca 8%. Using mineral fertilizers or sludge with a Cd/P ratio of 25 mg/kg will lead to
increases (up to 8%) in soils that are poor in plant available phosphorus. The predicted soil Cd
concentrations increase sharply at Cd/P ratios in the range 46-137 mg/kg (the Cd/P ratios
proposed by the Commission for harmonized limit values in mineral fertilizers within EU,
including the Swedish national limit value of 100 mg Cd/kg P). Soil Cd concentrations may,
according to the model, increase by at most ca 53%. The 95" percentile for Cd in agricultural
soil today is 0.52 mg/kgaw, and the modeled maximal 53 % increase in 100 years would result
in concentrations about 0.8 mg Cd/kgg,, for the 95t percentile. For soils at today’s mean
concentrations in soil, 0.24 mg/kg,y, the scenario with maximal increase would result in 0.0.4
mg Cd/kggy within 100 years. Hence, when applying the worst case scenario, 137 mg Cd/kg
P, on today’s mean concentration as well as the 95" percentile, the modeled future soil
concentrations are below the PNEC for soil organisms, as well as the criticised PNEC for
mammals (0.9 mg/kgqw, based on the relation between kidney effects and concentrations in
soil). Therefore it is concluded that an increase in Cd/P ratio in fertilisers to 137 mg Cd/kg p
would not adversely affect soil organisms.

24



However, due to uncertainty in the critical effect level for birds and mammals exposed via the
food chain we will not draw conclusions on the extent of the risk, but it cannot be excluded
that birds and small mammals that feed on soil organisms may be affected by the increased
concentrations in soil (see 5.1).

Organisms in surface waters

In the former Swedish risk assessment regarding cadmium in fertilisers (KemlI 4/00) the risk
for organisms in surface water was estimated with two hypothetical scenarios. As a worst case
scenario it was assumed that all cadmium that is leached from the topsoil also passes the
subsoil. This may be valid e.g. if transport mainly occurs through preferential flow or in
regions where subsoils are acidic, i.e. no adsorption in the soil. The drainage water finally
reaches an adjoining brook assuming a dilution of 1:2 in the brook. In the second scenario the
topography and soil conditions allow cadmium to escape by surface runoff rather than by
leaching. It is assumed that surface runoff reaches an adjacent stream during episodes of
heavy rainfall. The second scenario leads to much higher dilution of the cadmium in the soil
water and hence much lower RCR.

The worst case hypothetical scenario described above will be used to estimate the risk for
aquatic organisms, inhabiting waters close to fields fertilised during 100 years ahead.
Sternbeck et al. (2011) have assumed that the concentration in soil water today is about 0.15-
0.25 pg Cd/L. In 2009, small brooks and rivers in Sweden had yearly mean concentrations
ranging 0.005- 0.065 pg Cd/L, with a overall mean of 0.016 pg Cd/L (excluding an extremely
high value, see 4.1).

Estimation of risk for today’s situation with drainage water containing 0.15 - 0.25 pg Cd/L,
background concentrations in the receiving brooks in the range above, and a dilution 1:2 of
the drainage water in the receiving brook water results in the RCR for scenario 1-4 described
in. For waters with hardness (H) below 50 mg CaCOs the RCR is 1 or higher for all scenarios,
indicating that effects occur already today under these premises. Assuming harder water
conditions results in RCR below 1 for all scenarios except for the scenario with high drainage
concentrations and high concentrations in the receiving brook.

Future scenarios are exemplified with some of the scenarios modelled in Sternbeck et al.
(2011). They have assumed constant conditions in the soil during the 100 years of fertiliser
application. This means that a predicted X % increase in the soil would result in X % increase
in the drainage water. For the future scenarios the range 0.15 - 0.25 pg Cd/L in the drainage
water at time O (initial concentration) is used, and the mean value of 0.016 pg Cd/L for the
water in the receiving brook. Risk characterisation is made for the following future scenarios
in Table 7, assuming 100 years of fertiliser application on soils with class P-Al II (worst case):

5) applying fertilisers with 25 mgCd/ kg P which results in 8 % increase of soil and
drainage water concentrations;

6) applying fertilisers with 46 mgCd/ kg P, resulting in 16 % increase;

7) applying fertilisers with 100 mg Cd/ kg P, resulting in 37 % increase;

8) applying fertilisers with 137 mg Cd/ kg P, resulting in 53% increase;

9) worst case scenario for sludge (table 14 in Sternbeck et al. 2011) assuming
application of sludge with 35 mg Cd/ kg P and 35 kg P/ha year, resulting in 16 %
increase.
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Table 7: Risk characterization ratios for aquatic organisms at different scenarios, today and after 100
years of fertilizers application. Drainage water from agricultural soils leach directly into nearby

brook.

Scenario Conc.in | Conc. in brook | Conc. in brook | RCR RCR
drainage !)efore drainage ?fter drainage PNEC = PNEC= 0.15
water inflow inflow (PEC)

0.08 for for
pg Cd/L | pg Cd/L pg Cd/L H<50 100<H<200

1. Today, low 0.15 0.005 0.08 1 0.53

drainage, low

background

2. Today, low 0.15 0.065 0.11 1.4 0.73

drainage high

background

3. Today high 0.25 0.005 0.13 1.7 0.87

drainage, low

background

4. Today, high | 0.25 0.065 0.16 2 1.1

drainage, high

background.

5. mean 0.2 0.016 0.11 1.4 0.73

drainage, mean

background

Future scenarios, 100 years of application with

5. fertilisers 0.16-0.27 | 0.016 0.09-0.14 1.1-1.78 0.6-0.9

with 25 mg Cd/

kg P

6. fertilisers 0.17-0.29 | 0.016 0.09-0.15 1.2-1.9 0.6-1.0

with 46 mg Cd/

kg P

7. fertilisers 0.21-0.34 | 0.016 0.11-0.18 1.4-2.2 0.7-1.2

with 100 mg

Cd/ kg P

8) fertilisers 0.23-0.38 | 0.016 0.12-0.20 1.5-2.5 0.8-1.3

with 137 mg

Cd/ kg P

9. sludge with 0.17-0.29 | 0.016 0.10-0.15 1.2-1.9 0.6-1.0

35mg Cd/ kg P

The RCR for these future scenarios are all above one for waters with hardness below 50 mg
CaCO;, independent of the assumed initial concentration in the drainage water. For waters
with hardness above 100 mg CaCO; the RCRs are below 1 for all scenarios, except for the
fertilisers with 100 and 137mg Cd/kg P, and assuming the higher initial concentration in the
drainage water. The highest RCR calculated with the premises set here was 2.5 for soft
waters. The possible risks indicated by these figures are predicted under worst case
assumptions; a) it is presumed that no Cd is adsorbed during its passage through the subsoil,
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b) the assumed dilution factor is low compared to e.g. dilution factors proposed in TGD
(2003).

In conclusion, it cannot be excluded that there is an increased risk that effects may arise for
aquatic organisms from future long-term application of fertilisers with high Cd/ P content. But
this is only likely in small brooks with low dilution of the drainage water from the agricultural
soil.
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Bilaga 6 Risk characterization of health effects
resulting from increased occurrence levels in
selected food items

By Salomon Sand, Swedish National Food Administration (Salomon.Sand@slv.se) and John
Sternbeck, WSP (john.sternbeck@W SPGroup.se)

A scenario analysis was made to describe how the population exceeding the TWI may
increase with an increasing cadmium occurrence, in selected food items/crops, as result of the
use of mineral fertilizers. These calculations were based on the dietary intake
assessment/model used in Sand et al. (manuscript). Before discussing the results associated
with the scenario analysis, relevant background information and assumptions made in the
process are initially presented.

EFSA determined the critical level in urine to 1 ug/g creatinine. This was based on benchmark
dose (BMD) analysis of human dose-response data from 35 studies (metaanalysis). The dose-
response data used consisted of 165 mean urinary cadmium levels with corresponding mean
levels of beta-2-micgroglobulin (the BMD model was fitted to 165 dose-response data
points). In the BMD analysis, a cut-off, PO = 0.05, was used, and the dose corresponding to an
extra risk of 5% was estimated to approximately 4 ug/g creatinine. An uncertainty factor of 4
was then applied, since data represented group means rather than individual observations, and
this finally resulted in the critical level of 1 ug/g creatinine (EFSA, 2009). The TWI was then
established by toxicokinetic modeling. Estimates of dietary intake for 680 never-smoking
Swedish women were used in this process. Based on the establish toxicokinetic model
between dietary intakes and urinary cadmium, it was estimated that a long-term dietary
cadmium intake of 2.5 ug/kg/week (the TWI) would result in an urinary cadmium
concentration that is lower than the critical concentration of 1 ug/g creatinine for 95% of the
women (Amzal et al., 2009).

The EFSA TWI of 2.5 ug/kg/week is calibrated to the estimated dietary intakes described in
Amzal et al. (2009). Estimates of dietary intake may, however, differ between studies, which
potentially could impact on this type of TWI development. In Amzal et al. (2009), the median
dietary cadmium intake for Swedish women (56-70 years of age) was estimated to 1.4
ug/kg/week. According to a recent assessment by National Food Administration, the median
dietary cadmium intake for adults (males and females, 17-84 years of age) in Sweden is in the
range of 1 ug/kg/week; results were similar for both males and females (Sand et al.,
manuscript). EFSA also estimated the dietary cadmium intake for the different member states,
separate to the establishment of the TWI, and for Sweden the median intake was estimated to
1.7 ug/kg/week (the mean intake was 2.3 ug/kg/week) (EFSA, 2009). Thus, depending on the
assessment considered the median dietary cadmium intake in Sweden is 1.0 (Sand et al.,
manuscript), 1.4 (Amzal et al., 2009), or 1.7 ug/kg/week (EFSA, 2009).

The discrepancy between the assessment in Sand et al. (manuscript) (median 1.0) and that
performed by EFSA for Sweden (median 1.7) is due to the use of different occurrence levels;
the same consumption data was essentially used as basis in these two assessments. While
Sand et al. (manuscript) used Swedish data on cadmium occurrence, EFSA pooled occurrence
data from the different member states.

The discrepancy between the assessment used for TWI development in Swedish women
(median = 1.4 ug/kg/week), and the assessment in Sand et al. (manuscript) in Swedish men
and women (median = 1 ug/kg/week) may be explained by an actual difference in food
consumption between the two populations being investigated. However, the difference may
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also be attributed to differences in the methodology applied for exposure assessment in each
study. In Amzal et al. (2009) consumption data is derived from food frequency
questionnaires, while the consumption data used in Sand et al. (manuscript) is based on a 7-
day dietary record. The occurrence data used is in both instances from the National Food
Administration, but it is derived from different time periods, and any differences in the
matching of consumption and occurrence data may also impact on the estimates of dietary
intake.

While estimated dietary intakes in Amzal et al. (2009) were directly used in the process of
TWI development, the dietary intake assessment/model in Sand et al. (manuscript) was used
for the scenario analysis. The agricultural crops (potatoes, wheat flour, rye flour, and rolled
oats) for which investigations were made regarding how cadmium occurrence is influenced by
the use of mineral fertilizers were included as individual food groups in the Sand et al.
(manuscript) assessment. Because of this, it was most straight-forward to use this intake
model as basis for describing how the dietary intake may increase with increasing occurrence
levels in the considered food items/crops. However, on the other hand, the Sand et al.
(manuscript) assessment may not be well calibrated to the TWI. While differences between
the assessments performed in Sand et al. (manuscript) and Amzal et al. (2009) could be
attributed to actual differences between the two populations being studied, the discrepancy
between the two intake assessments may also result due to differences in the methodology
applied, as discussed above. The latter is to some extent supported by the fact that the body
weight adjusted cadmium intake appears to be fairly constant between males and females, and
across different age groups (Amzal et al., 2009; Sand et al., manuscript).

Based on the various considerations discussed above, individual intakes resulting from the
Sand et al. (manuscript) assessment were adjusted with respect to those used in the process of
TWI development. The median intake in Sand et al. (manuscript) was a factor 1.4 lower than
the median intake in Amzal et al. (2009) (median = 1.0 vs. 1.4). Because of this, all individual
intakes resulting from the Sand et al. (manuscript) assessment were adjusted/multiplied by a
factor 1.4. This adjustment assumes that there is only a systematic difference between the
assessments (different medians, but the same variability in intake). This is supported by the
fact that the ratio between the 95st and 5th percentiles of intake is similar in both assessments;
this ratio is close to a factor 3 (Sand et al., manuscript; Amzal et al., 2009, and personal
communication with Agneta Akesson). In case the discrepancy between the two intake
assessments results due differences in the methodology applied, the performed adjustment is
regarded to make the corresponding intakes better calibrated to the TWI. In case there in fact
is a difference between the two populations being studied it is considered reasonable to
account for that the intake in a critical population is higher, and the Sand et al. assessment
(manuscript) is used as a surrogate for this population after the adjustment.

The fraction of the population exceeding the TWI was calculated after adjusting estimated
intakes in the Sand et al. (manuscript) assessment by a factor 1.4. In Figure 1, the resulting
relationship for how the fraction of the population exceeding the TWI changes with
increasing cadmium occurrence in the four food items considered is shown (the consumption
of the food items is assumed to be constant in this scenario analysis). At baseline, the median
fraction exceeding the TWI is 2.8% (90% confidence interval, 1.6-4.6%). This is in agreement
with observations at the level of urinary cadmium concentrations; i.e. it is estimated that a few
percent of the Swedish population have urinary cadmium concentrations higher than 1 ug/g
creatinine (Akesson and Vahter, 2011).

Predictions on the future development of Cd concentrations in crops were presented by
Sternbeck et al. (2011). The predictions were made for different phosphorus fertiliser



scenarios in a 100 years perspective, recognizing that P-fertiliser is the major factor that may
influence Cd concentrations in soils and thus also in crops. The focus was on mineral
fertilisers with Cd content higher than the present Swedish average (Cd/P = 6 mg/kg). The
consequences of an increased use of sewage sludge as a P fertiliser were also assessed.

If mineral fertilisers with the current Cd content are used for the next 100 years, a slight
decrease in crop Cd can be expected. The magnitude of this change varies between the major
five production areas in Sweden, ranging from -8% to no change. However, it is possible that
future phosphorus mineral fertilisers will have a higher Cd content than at present. The EC
has proposed three harmonized limit values of 46, 92 and 137 mg Cd/kg P.

If mineral fertilisers with a Cd/P ratio of 25 mg/kg were used, crop Cd will increase by at
most ca 6% over 100 years in a single production area. For the part of the population that
consumes cereals from this area, this corresponds to a small increase in the fraction exceeding
TWI (Figure 1). According to the model predictions, crop Cd will decrease slightly in areas
with currently high concentrations. Increases in crop Cd are expected in production areas with
currently low Cd concentrations. Therefore, the highest regional concentration is not expected
to be higher than at present. Assuming that food crops is a homogenous mixture (e.g. wheat
flour) from all the Swedish production areas, the general Cd concentration in wheat and rye is
not expected to increase at a Cd/P ratio of 25 mg/kg in the mineral fertiliser. In oats, an
increase of ca 4% in the Cd concentration is predicted.

At Cd/P ratios equal to the proposed limit values (46, 92 and 137 mg Cd/kg P), the highest
regional change in crop Cd would be 12%, 29% and 40%, respectively. The fraction of the
population exceeding TWI would then approximately increase by 1, 4, and 7%, respectively
(median levels, Figure 1). At these Cd/P ratios, concentrations of crop Cd are expected to
increase in all the major production areas. Assuming that food crops is a homogenous mixture
(e.g. wheat flour) from all the Swedish production areas, the general crop Cd is expected to
increase by ca 7%, 20% and 29 %, respectively. These general increases in occurrence levels
are expected to increase the fraction of the population exceeding TWI by approximately 1, 3,
and 4% (Figure 1).

Larger increases than those cited above may occur in regions where the poor P status of the
soils necessitates higher P loads. The scenarios considered are also based on the assumption
that soil pH is kept constant over time by the addition of lime. Otherwise pH may decrease,
which is likely to cause increased transfer of Cd from soil to plants.

Continuous use of sludge on the same agricultural fields would most probably increase the Cd
levels in crops by 5-10% over a period of 100 years. Such modest changes may also affect the
population by increasing the fraction exceeding the TWI (Figure 1) (the sludge available
today would only cover 20 % of the Swedish acreage of arable land.

Observe that changes in the fraction exceeding the TWI, discussed for the different scenarios
above, are based on specific increases in occurrence levels in potatoes wheat flour, rye flour,
and rolled oats, only (Figure 1). Changes in these four food items may also indirectly imply
increases in other food items, resulting in that the fraction in Figure 1 in reality will be
affected to a higher extent than what is presented here. The four food items considered
contributed to roughly 50% of the total intake (Sand et al., manuscript).

In summary, because the current human exposure of Cd from foods is considered too high in
Sweden (e.g. Akesson and Vahter, 2011) it would be desired that Cd levels in crops intended
for human consumption is decreased. The modeling suggests that continued use of mineral
fertilisers with the current average Cd concentrations would be a small step in this direction.
A possible future decrease in atmospheric Cd deposition would strengthen this tendency to



reduced levels in crops. The use of mineral fertilisers with Cd/P ratios higher than ca 25
mg/kg will cause generally increasing Cd levels in crops. The fraction of the Swedish
population whose Cd intake exceeds TWI would then increase.
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Figure 1. Relationship between the increase of cadmium occurrence in potatoes, wheat flour, rye flour
and porridge oats, and the percent of the population exceeding the EFSA TWI of 2.5 ug/kg/week. The
median, as well as the lower 5th and upper 95th confidence limits are shown. The data and
probabilistic intake model described in Sand et al. (manuscript) have been used as basis. The percent
of the population exceeding the TWI has been calculated after adjusting individual estimates of dietary
intakes in Sand et al. (manuscript) by the multiplication of a factor 1.4. This was done to obtain values
better calibrated to the EFSA TWI; the median intake of about 1 ug/kg/week in Sand et al.
(manuscript) was approximately 1.4 lower than that of the exposure assessment used in the process of
TWI development (Amzal et al., 2009).
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