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Summary

Zinc (Zn) and copper (Cu) are essential trace elements in animal and human nutrition and also
necessary for normal growth and development of plants and other environmental organisms.
However, farmed animals as pig and poultry receive additional Zn and Cu in their diets due to
supplement of the elements in compound feed as well as Zn medical remedies. This usage
results in considerably content of Zn and Cu in the animal manure.

On request from the Norwegian Food Safety Authority, the Norwegian Scientific Committee
for Food Safety, Panel for Animal Feed has assessed the fate of Zn and Cu from feed and
other sources, via pig and poultry intake to manure, and further to soil, and the long term
effects in the food chain and environment. The assessment starts with a description of the
requirement of Zn and Cu in pigs and poultry. The animals” requirement is compared with
their total exposure including the bioavailability of the compounds and the resulting
concentrations in the manure.

In a model based on two selected levels of application of manure to the soil (20 or 70 kg
phosphorous (P)/ha per year), the Zn and Cu concentrations in soil up to 100 years are
estimated. Three selected areas in Norway, representing typical agricultural fields, are
included in the model. The concentrations in plants from these fields are estimated. The
estimated increment of Zn and Cu in plants together with knowledge on animal and human
diets and intake levels are the basis for estimation of the exposure, which is used in the
characterisation of health risk of Zn and Cu in animals and humans after up to 100 years of
application of the manure. Furthermore are characterised the risks for effects of Zn and Cu for
organisms in soil, water and water sediments. An assessment of the possible risk for
development of bacterial resistance against Zn and Cu and antibiotics is also undertaken.

The requirement of Zn in pigs may vary within 25 — 80 mg/kg diet dependent on the type of
production and the feed composition. The requirement of Zn in poultry may correspondingly
vary within 30 — 60 mg/kg diet. Lower levels are sufficient in feed without whole-grain
products and plant proteins containing phytic acid, a storage form of phosphorus which
reduces the bioavailability of Zn. The requirement of Cu in pigs is 3.5 — 5 mg/kg and in
poultry 4 — 8 mg Cu/kg diet, mainly dependent on type of production.

The data on Zn and Cu in complete compound feed in Norway indicate exposure of Zn and
Cu to pigs and poultry at least two times higher than the requirement but most often several
times above the required level. In addition, piglets are commonly fed complementary feed
with Zn and Cu, as well as Zn in medical remedies. The estimated extra exposure via
complementary feed is rather marginal but the medical use of Zn against diarrhoea and
oedema disease in weaned piglets is considerable. The use of Zn as medical remedy is at a
level of approximately 15-20 times higher than the exposure via complete feed and 30-60
times above the normally required level. The diseases Zn is meant to cure are associated with
the management, housing and husbandry and may possibly be controlled otherwise.

The Zn and Cu in drinking water are normally at low concentrations and not considered to
constitute a significant additional exposure. Zn-coated steel installations as mainly used in pig
barns may release Zn at a considerable amount into the manure but will probably not
contribute significantly to the total Zn exposure of the pigs.

The bioavailabilities of Zn and Cu and other trace elements interfere due to shared carriers for
absorption from the gut, particularly at high exposure levels. Therefore, the feeding of
animals with Zn and Cu in amounts greatly exceeding the required levels may reduce the
bioavailability of Zn and Cu as well as of other essential trace elements. A reduction of Zn

7
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and Cu exposure through feed and feed supplements will correspondingly reduce the
concentrations in manure. This effect will be highest for Zn since this element is poorly
retained in animals, particularly at high exposure levels, whereby high amounts end in the
manure. Proper use, avoiding surplus dosing is therefore important in order to avoid possible
environmental effects.

Several reports indicate that Zn and Cu from organic complexes have almost equal
bioavailabilities as inorganic Zn and Cu, e.g. Zn-sulphate and Cu-sulphate. The
bioavailabilities of Zn and Cu from organic complexes may, however, vary with i.e. pH.
Experimental studies on the pharmacological effects of Zn or Cu to reduce post-weaning
scouring and improve body weight gain have shown that formulations of Zn or Cu in organic
form or lipid-encapsulated Zn may be effective at relatively low concentrations - achieving
comparable effect as far higher concentrations of inorganic Zn or Cu. This indicates that the
bioavailability and retention of Zn and Cu may be increased, and the concentrations in
manure reduced by use of suitable formulations.

Zn and Cu adsorb strongly to soil, and repeated application of manure with a high content of
these metals will cause accumulation in the soil. The amounts of accumulated metals have
been calculated based on various levels of Zn and Cu in the manure and different application
doses of manure applied annually for 100 years. Application of high doses,70 kg P/ha, of pig
manure containing the present high concentrations of Zn may result in toxic effects to soil
living organisms (invertebrates, plants and microorganisms) after long-term use (100 years).
The risk of toxic effects on soil living organisms is somewhat less using poultry manure. The
present level of Cu in pig and poultry manure will not result in toxic effects on soil living
organisms even at high application rates of manure.

Leaching of Zn from fields that have been fertilised for 100 years with pig or poultry manure
with a high content of Zn may pose a risk to aquatic organisms in local water bodies such as
small streams or ponds where the dilution level is less than a factor 50. Also sediment
dwelling organisms may be adversely affected by Zn under worst case conditions. Cu is not
expected to reach concentrations that are harmful to aquatic or sedimental biota.

The predicted increase of Zn in plants grown in selected Norwegian areas intensively
fertilised with manure from pigs for 100 years, varied from 2.4 to 5.8 times the background
levels. The corresponding predicted increase of Cu in plants varied from 1.8 to 3 times the
background levels. The increases of Zn and Cu by use of poultry manure were somewhat
lower.

By intensive use of pig (or poultry) manure for 100 years the Cu concentration in feed plants
may increase and give livestock a total exposure level of approximately 10 mg Cu/kg diet.
Above this level an elevated risk for adverse accumulation and toxicity of Cu in sheep would
be expected. Such Cu exposure is not of health concern for other livestock species. The
elevation of Zn exposure from plant feed is not of toxicological concern in livestock.

A higher exposure of livestock with Zn and Cu due to intensive use of manure from pigs or
poultry on fields is not considered to give significant increment in the concentrations of Zn or
Cu in animal products such as meat, milk or eggs.

The consumption of vegetable food produced in areas where manure from pigs or poultry has
been used over time leads to an increased human intake of Zn and Cu via particularly cereals
and vegetables. By intensive use of pig manure for 100 years the predicted Zn intake of mean
consumers will exceed the Upper Intake Limit (UL) and the Zn intake of high consumers will
exceed NOAEL (No Observed Adverse Effect Level). Such exposure of Zn may be of
concern for human health. For Cu the predicted intake of mean consumers is below UL,
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whereas high consumers exceed UL. Such exposure of Cu may be of low concern for human
health.

Soil bacteria and enteral bacteria in farmed animals are shown to develop resistance to trace
elements such as Zn and Cu. Resistance to Zn is often linked with resistance to methicillin in
staphylococci and Zn supplementation to animal feed may increase the proportion of multi-
resistant E. coli in gut microbiota. Resistance to Cu in bacteria, in particular enterococci, is
often associated with resistance to antimicrobial drugs, like macrolide antibiotics and
vancomycin. There is lack of data which could demonstrate whether Zn/Cu-resistant bacteria
may acquire antibiotic resistance genes / become antibiotics-resistant, or if antibiotics-
resistant bacteria are more capable to become Zn/Cu-resistant than antibiotics-susceptible
bacteria. Data on dose-response relation for Zn/Cu exposure and resistance is also lacking.
However, it seems more likely that a resistance driven effect occurs at high trace element
exposure than at more basal exposure levels.

In conclusion, Zn and Cu are essential trace elements in plant, animal and human nutrition,
and animal manure is a source of great value for fertilisation of agricultural soil. The results
of the present suggested overload of Zn and Cu in feed for pigs and poultry and reduced
bioavailability of Zn and Cu as well as of other essential trace elements in the animals are
high levels of these elements in the manure. Zn and Cu exposure of bacteria in livestock and
the environment may develop resistance to Zn and Cu and there are links to antibiotic
resistance. In the long run, elevated concentrations of Zn and Cu in manure may adversely
influence organisms in the environment and the food chain and be of health concern for
human consumers. Reduction in animal intakes of Zn and Cu via feed, additives and medical
remedies is possible to carry out respecting animal health and seems necessary respecting
adverse effects in the environment and food chain.
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Norsk sammendrag

Sink og kobber i produksjonen av gris og fjgrfe — stoffenes skjebne og effekter i
naeringskjede og miljg

Sink (Zn) og kobber (Cu) er essensielle sporelementer i foret til dyr og i menneskers mat. De
er ogsa ngdvendige for normal vekst og utvikling av planter og andre organismer. Husdyr
som griser og fjgrfe far imidlertid ekstra tilfgrsel av Zn og Cu i foret. Zn gis ogsa som
medisinsk tilskudd. Denne bruken resulterer i betydelige konsentrasjoner av Zn og Cu i dyras
gjgdsel.

Pa oppdrag fra Mattilsynet har Vitenskapskomiteen for mattrygghet, Faggruppen for for
vurdert hva som skjer med Zn og Cu nar gris og fjgrfe far stoffene i foret eller fra andre
kilder, sa via gjgdsel fra disse dyra til jorda og deretter mulige effekter i neringskjeden og
miljget etter lang tids bruk av slik gjgdsel.

Vurderingen starter med beskrivelse av behov for Zn og Cu hos gris og fjgrfe, deretter dyras
totale eksponering, inkludert hvor stor andel av stoffene som er biotilgjengelig for dyra og
hvor mye som havner i gjgdslen. I en modell basert pa to gjgdslingsnivaer (20 og 70 kg
fosfor (P)/hektar pr ar), er konsentrasjonene av Zn og Cu i jorda beregnet i opp til 100 ar. Tre
utvalgte omrader i Norge, som representerer typiske jordbruksomrader, er inkludert i
modellen.

Konsentrasjonene av Zn og Cu i plantene som dyrkes pa disse omradene er beregnet. Basert
pa disse resultatene, kjente data om diettens sammensetning, stgrrelse pa husdyr og
mennesker, er eksponeringen og helserisikoen vedrgrende Zn og Cu for husdyr og mennesker
vurdert ved bruk av slik gjgdsel i opp til 100 ar. Videre er risikoen for effekter av Zn og Cu
for organismer i jorda og 1 vann og i sedimenter i nedslagsfeltet vurdert. Sist men ikke minst
er det en vurdering av den mulige risikoen for utvikling av bakteriell resistens mot Zn og Cu,
samt mot antibiotika.

Totalbehovet for Zn hos griser varierer mellom 25 — 80 mg/kg for avhengig av
produksjonsform og forets sammensetning. Totalbehovet for Zn hos fjgrfe varierer tilsvarende
mellom 30 — 60 mg/kg for. Lavere konsentrasjoner vil vere tilstrekkelig i for som ikke
inneholder produkter av hele korn eller andre planteprodukter som inneholder fytinsyre. Dette
er en lagringsform for fosfor i planter, somreduserer utnyttelsen av Zn. Totalbehovet for Cu
hos griser er 3,5 — 5 mg/kg og hos fjgrfe 4 — 8 mg/kg for, hovedsakelig avhengig av
produksjonsform.

Opplysningene om Zn og Cu i fullfor til gris og fjgrfe indikerer at inntaket av Zn og Cu er
minst to ganger hgyere enn behovet, men som oftest betydelig hgyere. I tillegg far smagriser
ofte tilskudd av Zn og Cu, samt Zn som tilskuddsfor. Den ekstra eksponeringen via
legemidler er beregnet a veere relativt liten. Den medisinske bruken av Zn mot diare og
gdemsjuke hos avvente smagris innebzrer imidlertid en betydelig ekstra eksponering — ca.
15-20 ganger hgyere enn via fullforet og 30-60 ganger over det som karakteriseres som
normalt behov. Disse smagrissjukdommene er knyttet til driftsforhold som dyretetthet,
renhold og stell og kan muligens kontrolleres pa alternativ mate.

Konsentrasjonene av Zn og Cu i drikkevann er vanligvis lave og vurderes til ikke a vare en
betydelig tilleggseksponering for gris og fjgrfe. Derimot kan innredninger av galvanisert stal i
grisehus frigjgre Zn 1 betydelige mengder til gjgdselen, men Zn fra denne kilden vil antakelig
ikke gi noe betydelig bidrag til den totale Zn-eksponeringen hos gris.
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Biotilgjengeligheten (utnyttelsen) av Zn og Cu og andre sporelementer er knyttet til samme
mekanisme for opptak fra tarmen, som serlig interferer ved hgye eksponeringsnivaer. Foring
av dyra med Zn og Cu i nivaer som langt overstiger behovet, kan derfor redusere opptak og
biotilgjengelighet av Zn of Cu og andre essensielle sporelementer. En reduksjon av Zn- og
Cu-eksponering via for og tilskudd vil derfor tilsvarende redusere nivaet i gjgdselen. Denne
effekten vil vere hgyest for Zn, da stoffet har lav retensjon (tilbakeholdelse) i dyra, og ekstra
lav retensjon ved hgy eksponering. Detbetyr ekstra store mengder i gjgdselen. A bruke Zn og
Cu i tilpassede r mengder i foret og a unnga ungdvendig hgye doseringer vil derfor vaere
viktig for & hindre mulige effekter i miljget.

Flere rapporter viser at Zn og Cu fra organiske forbindelser ser ut til a ha omtrent tilsvarende
biotilgjengelighet som uorganisk Zn og Cu, som for eksempel Zn-sulfat og Cu-sulfat.
Biotilgjengeligheten til Zn og Cu 1 organiske komplekser kan imidlertid variere med bl.a. pH.
Eksperimentelle studier av farmakologiske effekter av Zn og Cu for a redusere
avvenningsdiare og gke tilveksten, har vist at moderate konsentrasjoner av Zn eller Cu i
organisk form, eller som Zn innkapslet i lipider, kan vere like effektive som langt hgyere
konsentrasjoner av Zn eller Cu i1 uorganisk form. Dette indikerer at biotilgjengeligheten og
retensjonen av Zn og Cu kan gkes med tilpassede formuleringer, som da vil innebare lavere
total tilfgrsel til dyra og mindre mengder 1 gjgdselen.

Zn og Cu bindes sterkt til jord og gjentatt tilfgrsel av gjgdsel med hgyt innhold av disse
stoffene medfgrer at de akkumulerer i jorden. Mengden av Zn og Cu akkumulert i jorda er
beregnet pa bakgrunn av ulike nivaer av Zn og Cu i gjgdselen og ulike tilfgrselsnivaer av
gjgdselen i opp til 100 ar. Kraftig gjgdsling, 70 kg P/ha i form av grisegjgdsel med dagens
innhold av Zn, kan resultere i toksiske effekter av Zn hos jordlevende organismer (planter,
virvellgse dyr og mikroorganismer). Effektrisikoen er noe lavere ved bruk av gjgdsel fra
fjorfe. Dagens niva av Cu i gjgdsel fra gris og fjgrfe vil ikke resultere i toksiske effekter hos
jordlevende organismer, selv ved kraftig gjgdsling.

Utvasking av Zn fra jord som har blitt tilfgrt stgrste mengde gj@dsel fra gris eller fjgrfe 1 100
ar med et hgyt innhold av Zn, kan innebzre risiko for vannlevende organismer i lokale
vannomrader som mindre bekker og tjern hvor fortynningsfaktoren er mindre enn 50.
Beregningene fra stgrste mengde gjgdsel indikerer ogsa risiko for effekter pa organismer i
sedimentene. For Cu er det ikke forventet at en vil na konsentrasjoner som er skadelige for
vann- eller sedimentlevende organismer.

Den beregnede gkningen av Zn i planter fra de tre utvalgte geografiske omradene etter kraftig
gjgdsling med grisegjgdsel i 100 ar er 2,4 — 5,8 ganger dagens bakgrunnsniva. Den
tilsvarende beregnede gkning av Cu i plantene i disse omradene er 1,8 — 3,0 ganger
bakgrunnsnivaet. @kningen av Zn og Cu ved a bruke tilsvarende gjgdsling med fjgrfegjodsel
er noe mindre.

@kningen av Cu i plantene ved kraftig gjgdsling med gjgdsel fra gris (eller fjgrfe) i 100 ar
innebzrer at husdyr som beiter eller blir foret kun pa vekster fra disse arealene blir eksponert
for en konsentrasjon av Cu pa ca. 10 mg/kg for. Cu over 10 mg/kg for vil kunne innebare en
gkt risiko for skadelig Cu-akkumulering i leveren og Cu-forgiftning hos sau. Tilsvarende Cu-
eksponering er ikke av helsemessig betydning for andre husdyrarter. @kning av Zn-innholdet
1 plantene vil ikke vere av toksikologisk betydning for husdyra.

Den hgyere Zn- og Cu-eksponeringen for husdyr som beiter eller blir foret pa vekster fra jord
etter kraftig gjgdsling med grise- eller fjgrfegjodsel antas ikke a gi noen signifikant gkning i
konsentrasjonene av Zn eller Cu i animalske matprodukter som kjgtt, melk eller egg.
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Humant konsum av vegetabilske matvarer fra ravarer dyrket i jord gjgdslet over tid med grise-
eller fjgrfegjgdsel, vil fore til gkt inntak av Zn og Cu spesielt via korn, men ogsa via
grgnnsaker. Beregningene viser at kraftig gjgdsling med grisegjgdsel i 100 ar innebaerer at
inntaket av Zn for gjennomsnittskonsumenten vil overstige gvre inntaksgrense (UL) og
inntaket av Zn for hgykonsumenten vil overstige ikke-observert-skadelig-effekt-niva
(NOAEL). Slik eksponering vil vere av helsemessig betydning for mennesker. Nar det
gjelder inntaket av Cu, vil det beregnede inntaket for gjennomsnittskonsumenten vare under
UL, mens hgykonsumenten vil overstige UL. Slik eksponering vil vare av liten helsemessig
betydning.

Bakterier i jord og husdyr er vist & kunne utvikle resistens mot sporelementer som Zn og Cu.
Resistens mot Cu i bakterier, spesielt enterokokker, har ofte blitt knyttet til resistens mot
antimikrobielle midler som makrolid-antibiotika og vancomycin. Resistens mot Zn er ofte
knyttet til resistens mot meticillin i stafylokokker, og Zn-tilskudd i husdyrforet ser ut til a
kunne ha sammenheng med gkt andel av multi-resistente E. coli i pattedyrtarmen. Det
mangler data som kunne vise om Zn/Cu-resistente bakterier erverver antibiotika-
resistensgener og blir antibiotikaresistente, eller om antibiotika-resistente bakterier er mer
utsatt for a bli Zn/Cu-resistente enn bakterier som er fglsomme for antibiotika. Det mangler
ogsa data for dose-respons-sammenheng mellom Zn/Cu eksponering og resistens, men det
kan vurderes som mer sannsynlig at en hgy eksponering vil vere mer resistensdrivende enn
en moderat eksponering.

Samlet sett er Zn og Cu essensielle sporelementer for planter, dyr og mennesker, og
husdyrgjgdsel er en viktig kilde for gjgdsling av landbruksarealer. Resultatene av dagens
tilsynelatende overforbruk av Zn og Cu i foret til griser og fjgrfe er redusert biotilgjengelighet
av Zn og Cu og av andre essensielle sporelementer i dyra. Det resulterer i hgye nivaer av Zn
og Cu gjadselen. Bakterier i husdyra og miljget som eksponeres for Zn og Cu, kan utvikle
resistens mot Zn og Cu, og det er sammenhenger med antibiotikaresistens. Lang tids bruk av
gjedsel med hgye konsentrasjoner av Zn og Cu kan skade organismer i miljget og i
naringskjeden og ogsa bli av betydning for menneskers helse. En reduksjon av inntaket av Zn
og Cu via for, fortilskudd og medisiner er forsvarlig nar det gjelder dyrehelsen og synes
ngdvendig med tanke pa skadelige effekter i miljg og nzringskjede.
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Literature search

The present report is an assessment of Zn and Cu in pig and poultry production and the fate
and effects in the environment and food chain from this use of Zn and Cu. The assessment of
Zn and Cu in pig and poultry production includes the requirement of Zn and Cu of these
animals and their present exposure in Norwegian farming.

The main literature base on requirement including bioavailability, retention, excretion,
deficiency and toxicity includes updated books and reports written by international experts
and expert groups available from the library at Norwegian University of Life Sciences
(NMBU) School of Veterinary Science, and publications from European Food Safety
Authority (EFSA). In addition, literature searches made in Web of Science in January 2014
were necessary. [Zinc retention pigs] gave 87 hits [copper retention pigs poultry] gave 4 hits.
Background information for assessment of Zn and Cu exposure in pigs and poultry was
mainly collected from the feed industry and other agricultural industry, as well as the
Norwegian Food Safety Authority (NFSA).

The assessment of the fate and effects in the environment and the food chain of Zn and Cu are
mainly estimated by use of modelling where scientific recognised variables were used in the
models. In addition, local reported variables were used by modelling the fate of Zn and Cu in
the three selected agricultural regions.

Environmental effects of Zn and Cu have been exhaustively revised in connection with recent
risk assessments under the European community programs for regulation of chemicals
(EC1498/94 and EC 1907/2006), and the results are compiled in risk assessment reports
(RAR), (ECI 2008, EU 2010). The sections on toxicity to freshwater and soil organisms are
mainly based on information from these reports and the toxicity databases compiled for the
RARSs have been used as a basis for the current environmental risk assessment of Zn and Cu.
Additionally a literature search on Zn and Cu application to soils, high soil concentrations and
plant uptake was performed. The topic is well investigated connected to e.g. use of sewage
sludge and pig manure in agricultural plant production.

For risk characterisation of Zn and Cu in animals internationally recognised maximum
tolerable levels were used (NRC, 2005). For risk characterisation of Zn and Cu in humans
updated upper intake levels (ULs) by international scientific bodies were used (references in
text).

A literature search using relevant terms such as; Zn AND animal feed, bacteria, (antibiotic
resistance OR antimicrobial resistance), manure, requirement, bioavailability using the
Advanced Search Builder provided by PubMed (www.ncbi.nlm.nih.gov/pubmed) or Web of
Science was performed. A similar search using the same terms, but Cu instead of Zn was also
performed. The reference lists in the selected citation were scrutinized to identify additional
articles or reports, overlooked by the searches. Titles and abstracts of all identified citations
were screened and were excluded if they did not relate to the terms of reference. The titles of
all hits were scanned, and for those that were of potential relevance, the abstracts were also
scanned. Of these, for those of potential relevance, the full text was obtained and assessed
whether it was of relevance to this Opinion. Original and review articles, and textbook content
were included in this assessment.

A list of the articles on metal driven co-selection of antibiotic resistance, which fulfilled the
inclusion criteria with summary of the findings and main conclusion, is presented in tables in
Appendix I. We have not identified studies, which demonstrate a correlation between the
concentration of Zn/Cu and development of Zn/Cu resistance in bacteria (in vivo). We have
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not identified investigations from Norway, which studied the effect of Zn and or Cu on
microbiota in animal / human or on microorganisms in environment.
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Abbreviations and definitions

AF
ARG:
AVS
BCF
BLM
Ca
CEC
Cu
CuSOq4
czrC:
DM
DMT
DNA
DOC
dwt
EC
ECI
EEA
EFSA
Eq
EQS
EU
ermB:
Fe
FIRFA
ha
HCS
mefA:
Mg
MIC:

MLST:

MRE

Assessment Factor

Antimicrobial Resistant Gene

Acid-volatile sulphides

Bioconcentration Factor

Biotic Ligand Model

Calcium

Cation Exchange Capacity

Copper

Copper (II) Sulfate

One of the genes encoding resistance to Zn in bacteria
Dry matter

Divalent Metal Transporter

Deoxyribonucleic acid

Dissolved Organic Carbon

Dry weight

European Community

European Copper Institute

European Economic Area

European Food Safety Authority

Equation

Environmental Quality Standard

European Union

Gene encoding resistance to erythromycin in bacteria
Iron

Federal Insecticide, Fungicide and Rodenticide Act
Hectare

Hazardous Concentration (5-percentile of a SSD)
One of the genes encoding resistance to erythromycin in bacteria
Magnesium

Minimum Inhibitory Concentration

Multilocus sequencing typing

Manganese

Metal Response Elements
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mRNA messenger Ribonucleic Acid

MRSA: Methicillin resistant S. aureus

MSSA: Methicillin susceptible S. aureus

MTL Maximum Tolerable Levels

NFSA Norwegian Food Safety Authority (Mattilsynet)

NMBU Norges miljg og biovitenskapelige universitet (Norwegian University of Life
Sciences)

NNR Nordic Nutrition Recommendations

NOAEL No Observed Adverse Effect Level

NOEC No Observed Effect Concentration

NOT Norsk overflateteknologi

NRC National Research Council of the National Academies

oC Organic Carbon

P Phosphorous

PCR: Polymerase Chain Reaction

PEC Predicted Environmental Concentration

PFGE: Pulsed field Gel Electrophoresis

PNEC Predicted No Effect Concentration

PRZM Pesticide Root Zone Model

RAR Risk Assessment Report

RCR Risk Characterisation Ratio (PEC/PNEC)

REACH Registration, Evaluation, Authorisation and Restriction of Chemicals

RIP Riverine input program

ROS Reactive oxygen species

SCF Scientific Committee on Food

SOD Superoxide dismutase

Spa-type: The spa typing technique uses the sequence of a polymorphic VNTR in the 3'
coding region of the S. aureus-specific staphylococcal protein A (spa).

SSCmec type:

A mobile genetic element that carries the central determinant for broad-
spectrum beta-lactam resistance encoded by the mecA gene.

SSD Species Sensitivity Distribution

sulA and

sullll: Two of the genes encoding resistance to sulphonamid in bacteria
tcrB: Gene encoding resistance to Cu in bacteria

tetB(P): One of the genes encoding resistance to tetracycline in bacteria
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tetM:
TGD
TOC
UL
UK
US
USA
VKM

VRE:
WHO
Zn
ZnO

One of the genes encoding resistance to tetracycline in bacteria
Technical Guidance Document

Total Organic Carbon

Upper Intake Limit

United Kingdom

United States

United States of America

Vitenskapskomiteen for mattrygghet (The Norwegian Scientific Committee for

Food Safety)

Vancomycin Resistant enterococci
World Health Organization

Zinc

Zinc oxide
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Background

The content of zinc (Zn) and copper (Cu) in manure has been shown to be especially high in
farmed animals receiving a high portion of their diet from compound feed. This is typical for
pig and poultry farming. A recent research project from Bioforsk (2012) has looked at the
heavy metal contents in manure from farmed animals. The results show some variation
between farms, but that pig and poultry manure often has high Zn and Cu contents. Bioforsk
also pointed out that there might be other sources than feed to the Zn and Cu content in
manure, like drinking water pipes and other building materials.

EU has established upper limits for Zn and Cu in feed. An adaption text allows Norway to
further limit the amount of Cu in compound feed for piglets. Most of the basis feed materials
in compound feed contain rather low concentrations of Zn and Cu. In practice, the amounts
added constitute the dominant part of the Zn ad Cu in complete compound feed. In addition to
what is added in feed, complementary feeds with Zn and Cu are available, and veterinarians
can prescribe Zn supplements to pigs. Zn and Cu are essential trace elements and too low
dietary contents for farmed animals may cause animal health and welfare problems. The
labelling of feed declares the amount of Zn and Cu added, and not the total amount.

In areas with surplus manure from pigs or poultry, such manure may be added to the same
fields every year. Zn and Cu may be accumulated in soil after the spreading of manure
(EFSA, 2010). The long-term effects of such repeated application are sparsely known, and
there are no studies from Norwegian agriculture. There are several exposure routes of Zn and
Cu relevant for the environment and human and animal health when such manure is added to
soil.

Recent research indicates that Zn and Cu in feed may play a role in the development of
antibiotic resistance. This is both relevant for microorganisms living in the soil and disease-
causing microorganisms in farmed animals.

The EU is currently preparing two new regulations which may be relevant for manure and the
Zn and Cu content that is allowed in a fertiliser in the future: a new waste regulation for
organic waste called «end of waste for compost» and a new fertiliser regulation. The limit
values of Zn and Cu provided for in the feed additive regulation are also likely to be re-
evaluated in 2014.
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Terms of reference

The Norwegian Food Safety Authority would like to request a risk assessment on zinc and
copper from feed to soil and food. Zinc and copper are added to feed as essential nutrients.
Samples from manure have shown that there is a high content of copper and zinc in manure,
and therefore it is a need to know the long-term effects of repeated addition of manure to
agricultural land. At the same time there is a need to know the risk for animal health and
welfare if the amount of copper and zinc in feed is reduced.

The Norwegian Food Safety Authority would like VKM to give their opinion on:

1. Reduced exposure of zinc and copper to pigs and poultry to reduce the
concentrations in manure

1.1 The requirement of zinc and copper in the complete feed for pigs and poultry.

1.2 Are other sources (drinking water, barn installation) than compound feed of importance
for the zinc and copper content in manure?

1.3 Is it possible to reduce zinc and copper in feed or veterinary prescriptions without adverse
effects on growth, health and welfare of pigs and poultry? And what is the possible
corresponding gain of reduced concentrations in manure?

1.4 Is it possible to use more biologically efficient chemical compounds of copper or zinc to
increase the animal uptake and reduce the excretion of these elements in urine and
excrements?

2. Application of manure to soil

2.1 Define a moderate and high level of yearly zinc and copper application from manure to
soil under different crop rotations, and calculate the soil concentrations in 10, 50 and 100
years perspective. Addition of zinc and copper from other sources should also be taken into
account.
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2.2 Evaluation of the following exposure routes for the scenarios described in 2.1

Target organism

Description of scenario

Plants

Plants Plants growing on soil where pig or poultry manure has been
used

Animals

Soil organisms

Aquatic organisms

Grazing animals

Animal eating feed

Soil organisms liv