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Summary

Potentially toxic metals (PTM), along with PTM-resistant bacteria and PTM-resistance genes
may be introduced to soil and water through sewage systems, direct excretion, land
application of biosolids (organic matter recycled from sewage, especially for use in
agriculture) or animal manures as fertilisers, and irrigation with wastewater or treated
effluents.

The Norwegian Food Safety Authority (NFSA) asked the Norwegian Scientific Committee for
Food Safety (Vitenskapskomiteen for mattrygghet, VKM) for an assessment of the link
between antimicrobial resistance (AMR) and potentially toxic metals (PTM) in soil and
fertilising products.

The NFSA would like VKM to give an opinion on the following question related to the
influence of potentially toxic metals on antimicrobial resistance:

e Can the content of arsenic (As), cadmium (Cd), chromium (CrIII + CrVI), copper
(Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn) in soil and fertilising products
that are relevant for Norway play a role in the development, spreading, and
persistence of bacterial resistance to these elements, as well as cross or co-resistance
to antimicrobial agents?

VKM appointed a working group, consisting of two members of the Panel on Biological
Hazards, to prepare a draft Opinion document and answer the questions. The Panel on
Biological Hazards has reviewed and revised the draft prepared by the working group and
approved the Opinion document “The link between antimicrobial resistance and the content
of potentially toxic metals in soil and fertilising products”.

In this report we assess the following PTM: arsenic (As), cadmium (Cd), chromium (Cr),
copper (Cu), nickel (Ni), mercury (Hg), lead (Pb), and zinc (Zn), because of their possible
presence in fertilisers and their potential to induce AMR in bacteria.

This assessment is based on internationally published data. There is no systematic
monitoring for toxic metals in soils in Norway, and the levels are expected to be highly
variable depending on the input sources, previous and current agricultural practices, and the
characteristics of the soil. Data on PTM in fertilising products added to soil are also
fragmented and limited. Fertilising materials, in the form of sewage sludge or livestock
manure, will add toxic metals to the existing levels in soil, and in areas of intensive
agriculture, the levels will be expected to be highest. The additive effect of toxic metals in
fertilising materials must be assessed from a long-term perspective, as these metals
accumulate in the environment.

Development of AMR can be partly regarded as a dose- and time-dependant response to
exposure to different drivers for resistance. There is an indication that the presence of
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potentially toxic metals is a driver for development of AMR in exposed bacteria, but the dose
and time exposure most likely to cause this effect is not known. Investigation of PTM-driven
co-selection of AMR in environments impacted by agriculture and aquaculture should focus
especially on Cu and Zn, which are added to animal feed, and on Cd because of its high
concentration, in comparison with other PTM, in inorganic fertilising products. The naturally
occurring background resistance in environmental bacteria complicates the estimation of the
effect of PTM exposure on development of resistance. In addition, it is difficult to distinguish
between the natural resistome and an elevated abundance of AMR in environmental
samples.

Spreading of resistance towards the PTM evaluated in this assessment involves cross- and
co-resistance to antimicrobial agents used in prophylaxis and therapy in animals and people.
Most important are those cases where toxic metal resistance is coupled to resistance towards
highly important and critically important antibiotics. This has been described in some of the
published articles included in this assessment. We do not fully understand the mechanisms
behind persistence of AMR, and removing drivers for development and spread of resistance
may result in a decrease in the levels of resistance, but not necessarily full disappearance.

There is lack of knowledge regarding links between the level and concentration of PTM in
fertilising products and soil and development of resistance in bacteria. Data regarding the
routes and frequencies of transmission of AMR from bacteria of environmental origin to
bacteria of animal and human origin were lacking in the published articles reviewed here.
Due to the lack of such data, it is difficult to estimate the probability of development,
transmission, and persistence of PTM resistance in the Norwegian environment. More
research is needed to explain the relationship between development of resistance against
potential toxic metals and resistance toward antimicrobial agents in bacteria.

Key words: VKM, risk assessment, Norwegian Scientific Committee for Food Safety,
potentially toxic metals, heavy metals, antimicrobial resistance
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Sammendrag pa norsk

Potensielt toksiske metaller (PTM), potensielt toksisk metall-resistente bakterier og potensielt
toksisk metall-resistensgener, kan bli overfgrt til jord og vann gjennom kloakk eller
dyregj@dsel, og gjennom bruk av gjadsel i landbruket.

Mattilsynet ba Vitenskapskomiteen for mattrygghet (VKM) om & vurdere sammenhengen
mellom antimikrobiell resistens (AMR) og innholdet av potensielt toksiske metaller, populaert
kalt tungmetaller, i jord og gj@dselprodukter, som kloakkslam og husdyrgjadsel.

Mattilsynet gnsket VKMs vurdering av fglgende spgrsmal:

Kan innholdet av arsen (As), kadmium (Cd), krom (Cr), kobber (Cu), bly (Pb),
kvikksglv (Hg), nikkel (Ni) og sink (Zn) i jord og gjgdselprodukter som brukes eller er
relevant & bruke i Norge spille en rolle i utvikling, spredning og persistens av resistens
mot disse tungmetallene hos bakterier, og kryss eller co-resistens overfor
antimikrobielle midler?

VKM satte ned en arbeidsgruppe bestdende av to medlemmer fra Faggruppe for hygiene og
smittestoffer for & utarbeide et utkast til uttalelse og for 3 svare pad spgrsmalet. Faggruppen
har gjennomgatt, revidert og godkjent uttalelsen.

I denne rapporten vurderer vi fglgende potensielt toksiske metaller: arsen (As), kadmium
(Cd), krom (Cr), kobber (Cu), nikkel (Ni), kvikksglv (Hg), bly (Pb) og sink (Zn). De er vurdert
pa grunn av deres mulige tilstedeveerelse i gjgdsel og deres potensiale til & utlgse
antimikrobiell resistens hos ulike bakteriearter.

Uttalelsen er hovedsakelig basert pa internasjonalt publiserte artikler. Potensielt toksiske
metaller i jord i Norge blir ikke systematisk overvdket men basert pa tilgjengelige data, anser
VKM det at nivdene av potensielt toksiske metaller er svaert variable, avhengig av tilfgrsel av
potensielt toksiske metaller, tidligere og ndveerende landbrukspraksis og egenskaper ved
jorden.

Data om potensielt toksiske metaller i gjgdselprodukter overfgrt til jord er ogsad fragmentert
og begrenset. Basert pa tilgjengelige data, vil gjgdselprodukter fare til atamengden av
potensielle toksiske metaller i jord gker. I omrdder med intensivt landbruk vil nivdene
forventes a vaere hgyere. Mengden av potensielt toksiske metaller i jord ma vurderes i et
langsiktig perspektiv, fordi disse metallene akkumuleres i miljget.

Utvikling av antimikrobiell resistens kan delvis betraktes som en dose- og tidsavhengig
respons for ulike antimikrobielle midler. Mye tyder pd at potensielt toksiske metaller er en
drivkraft for utvikling av metallresistens hos bakterier, men dose- og tidseksponering som
kan bidra til denne effekten, er ikke kjent.
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For d undersgke resistens fordrsaket av potensielt toksiske metaller fra landbruk og
akvakultur, bgr man rette szerlig oppmerksomhet pd kobber og sink som tilsettes dyrefor, og
pa& kadmium pd grunn av relativt hgy konsentrasjon i uroganisk gjgdsel. Det er imidlertid
vanskelig 3 skille mellom resistens mot tungmetaller hos bakterier som skyldes potensielt
toksiske metaller som finnes naturlig i miljget, eller resistens som skyldes tilfarsel via
landbruk og akvakultur.

Resistens mot potensielt toksiske metaller innebaerer ogsé kryss- og ko-resistens mot
antimikrobielle midler som brukes for 3 forebygge og behandle sykdom hos dyr og
mennesker. Det gjelder spesielt ndr resistens mot potensielt toksiske metaller er koblet mot
“viktige” og “kritisk viktige antimikrobielle midler”. Denne koblingen er blitt beskrevet i flere
av de publiserte artiklene som er vurdert.

VKMs har begrenset kjennskap til mekanismene bak resistens mot potensielt toksiske
metaller og deres kobling mot antimikrobieller midler. Selv om eliminering av potensielt
toksiske metaller kan fgre til nedgang i resistensnivdene, vil det ikke ngdvendigvis fare til at
bakterier som er resistente mot toksiske metaller forsvinner.

Det er behov for mer kunnsakap om sammenhengen mellom nivdet og konsentrasjonen av
potensielt toksiske metaller i gjgdselprodukter og jord og utvikling av resistens hos bakterier.
Data om eksponeringsveier og om sannsynligheten for at metallresistente bakterier kan
overfgres fra miljget til bakterier hos dyr eller mennesker, er mangelfull i de publiserte
artiklene som denne vurderingen er basert pa. P& grunn av mangelen pa slike data er det
vanskelig @ estimere sannsynligheten for utvikling, overfgring og spredning av PTM-
resistente bakterier i norsk miljg. Det er behov for mer forskning for 3 finne sammenhengen
mellom utvikling av resistens mot potensielt toksiske metaller og resistens mot
antimikrobielle midler hos bakterier.

Nolkkelord: VKM, riskovurdering, potensielt toksiske metaller, tungmetaller, antimikrobiell
resistens
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Abbreviations and/or glossary

Abbreviations

AMR Antimicrobial resistance

ARB Antimicrobial resistant bacteria

ARG Antimicrobial resistance genes

ECDC European Centre for Disease Prevention and Control
EPS Extracellular polymeric substance

EUCAST European Committee for Antimicrobial Susceptibility Testing

HGT Horizontal gene transfer

MCC Minimum metal co-selective concentration

MDR Multidrug resistant

MIC Minimum inhibitory concentration

MRSA Methicillin-resistant Staphylococcus aureus
NFSA Norwegian Food Safety Authority

NORM The Norwegian monitoring programme for AMR in human pathogens
PTM Potentially toxic metals

RND Resistance-nodulation-cell division protein family
ROS Reactive oxygen species

ToR Terms of reference

VKM Norwegian Scientific Committee for Food Safety
VRE Vancomycin-resistant enterococci

WHO World Health Organization
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Glossary

Acquired resistance: Resistance to a particular antimicrobial agent to which the
microorganism was previously susceptible. The change in resistance level is the result of
genetic changes in a microorganism due to mutation(s), the acquisition of foreign genetic
material, or a combination of both mechanisms.

Antibiotics: Traditionally refers to natural organic compounds produced by microorganisms
that act in low concentrations against other microbial species, mostly bacteria. Today
“antibiotics” also includes synthetic (chemotherapeutic) and semi-synthetic compounds
(chemically modified antibiotics) with similar effects.

Antimicrobial agents: A general term for the drugs (antibiotics), chemicals, or other
substances that either kill or inhibit the growth of microbes. The concept of antimicrobials
applies to antibiotics, disinfectants, preservatives, sanitizing agents, and biocidal products in
general.

Antimicrobial resistance: A property of microorganisms that confers the capacity to
inactivate or exclude antimicrobials, or a mechanism that blocks the inhibitory or killing
effects of antimicrobials.

Biofilm: Microbial biofilms are populations of microorganisms that are concentrated at an
interface (usually solid/liquid) and typically surrounded by an extracellular polymeric slime
matrix. Floccs are suspended aggregates of microorganisms surrounded by an extracellular
polymeric slime matrix that is formed in liquid suspension.

Chemotherapeutics: Compounds with antimicrobial effect that are synthesized in the
laboratory and that have no natural reserve in the environment. In modern popular
literature, chemotherapeutics and antibiotics are commonly referred to as “antimicrobials”.

Conjugation: Transfer of genetic material between different bacterial cells by direct cell-to-
cell contact.

Co-regulation: The phenomenon called co-regulation arises when toxic metal exposure
alters the expression of some antimicrobial resistance encoding genes, thus affecting the
phenotype of the bacteria (Yu et al., 2017).

Co-resistance: Resistance occurring when the genes specifying different resistant
phenotypes are genetically linked, for example by being located together on a mobile genetic
element (e.g., a plasmid, transposon, or integron).

Cross-resistance: Resistance occurring when the same or similar mechanism(s) of
resistance applies to different antimicrobials.

Fertilising product: A substance, mixture, microorganism, or any other material, applied or
intended to be applied, either on its own or mixed with other material, on plants or their
rhizosphere for the purpose of providing plants with nutrienst or improving their nutritional
efficiency.

VKM Report 2017:29 11



Heavy/potentially toxic metal: Naturally occurring elements that usually have a high
atomic weight and a density at least 5 times greater than that of water.

Heavy metal resistance: Bacteria are considered to be resistant to heavy metals when: 1)
a strain is not killed or inhibited by a concentration to which the majority of strains of a
organism are susceptible, or 2) when bacterial cells are not killed or inhibited by a
concentration acting upon the majority of cells in that culture.

Indicator bacteria: Bacteria that are used to measure the hygienic conditions of food,
water, processing environments, etc. Indicator bacteria are not usually pathogenic, but their
presence indicates that the product or environment tested may be contaminated with
pathogenic bacteria, often originating from the same reservoirs as the indicator organisms.

Integron: Integrons are assembly platforms - DNA elements that acquire open reading
frames embedded in exogenous gene cassettes and convert them to functional genes by
allowing expression through a shared promoter.

Intrinsic resistance: A natural property of an organism resulting in decreased
susceptibility to a particular antimicrobial agent.

Isolate (bacteria): A bacterial isolate is a single isolation in pure culture from a specimen.

Microbiome: The genes and genomes of the microbiota, as well as the products of the
microbiota. This can also be referred to as the metagenome of the microbiota

Microbiota: Collective term for microflora (i.e., any type of microorganism) that may be
found within a given environment.

Minimum Inhibitory Concentration (MIC): The lowest concentration of a given agent
that inhibits growth of a microorganism under standard laboratory conditions.

Minimum co-selective concentration (MCC): Heavy metal concentration, which
correlates with a detection of increased bacterial antibiotic resistance (the minimum co-
selective concentration (MCC) of a metal) (Seiler and Berendonk, 2012).

Normal flora: Indigenous microbiota of human/animal external and internal surfaces like
the skin, mouth, and gastrointestinal tract, and the upper respiratory tract. The normal flora
contains numerous bacterial species, and numerous variants within each species.

Resistome: The collection of genes that could contribute to a phenotype of antimicrobial
resistance.

Sanitizer: A chemical agent that reduces microbiological contamination.

Selection (bacteria): A process by which some bacterial species or strains in a population
are selected for due to having a specific growth or survival advantage over other
microorganisms. Antibacterial substances may provide a more resistant sub-population with
such an advantage, enabling them to increase their relative prevalence.

Sterilization: The process of destroying all microorganisms (including spores).
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Strain (bacteria): A strain is really a laboratory construction, and not a natural
phenomenon, and is a subset of a bacterial species that differs from other bacteria of the
same species by some minor, but identifiable, difference.

Susceptibility: Describes the response or vulnerability of a target microorganisms to an
antimicrobial agent.

Sub-inhibitory concentration: A concentration that is below one capable of inhibiting
detectable growth and replication of a microorganism within a defined time period.

Transduction: Transfer of genetic material from one bacterial cell to another via
bacteriophages (viruses that infect bacteria).

Transformation: Direct uptake from the environment of fragments of naked DNA and their
incorporation into the bacterial cell’'s own genome.

Transposon: A segment of DNA that is capable of moving into a new position within the
same or another chromosome or plasmid. Also called jumping gene.
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Background as provided by the
Norwegian Food Safety Authority

There are three Norwegian regulations regulating the maximum levels of potentially toxic
metals in fertiliser products. In both the national regulation on marketing of fertilisers and
liming material and the Norwegian regulation implementing the EU Fertilisers Regulation (EC)
No 2003/2003 there is a limit value for cadmium (Cd) in phosphorus (P) fertilisers. The limit
value is 100 mg Cd/kg P. There are no maximum levels for other potentially toxic metals in
these regulations.

When it comes to organic products, the products are divided into four categories based on
the content of potentially toxic metals as shown in Appendix I. There are use restrictions
coupled with the different categories. Category III products are, for example, not allowed to
be used in agriculture. Products in categories I and II can only be used in agriculture if the
heavy metal content in the soil is below the maximum levels given in § 26
(https://lovdata.no/forskrift/2003-07-04-951/8§26-Forskrift 4. juli 2003 nr. 951 om
gjgdselvarer mv. av organisk opphav).

As part of the focus on a circular economy, the European Commission released a draft
template for a new regulation on fertilising products in March 2016. The draft is currently
under discussion, so it is still uncertain what will be the outcome. Several changes in the
maximum levels for potentially toxic metals have been suggested in the discussions. The
maxium levels suggested differ between product categories, as well as subcategories. The
maximum levels suggested are based on maximum levels that are common to find in
European fertiliser regulations today. Which levels that are achievable for the industry are
also taken into account. The exception is cadmium (Cd), for which some risk assessments
have recently been conducted and are used as a basis for the suggested maximum levels.

In the draft regulation, there is no requirement to label the content of potentially toxic
metals, except for copper (Cu) and zinc (Zn), since these elements also are micronutrients.
This makes it difficult to couple EU fertilising products with restricted use on the basis of the
content of potentially toxic metals. The labelling requirement for organic fertilisers and soil
improvers for Cu is 200 mg/kg dry matter and for Zn 600 mg/kg dry matter.

The Norwegian Food Safety Authority (NFSA) would like to request a risk assessment of the
link between antimicrobial resistance and potentially toxic metals in soil and fertilising
products. There is a need to know more about such metals in soil and fertilising products,
and their influence on antimicrobial resistance.

Like all natural elements, the potentially toxic metals arsenic (As), cadmium (Cd), chromium
(CrIII + CrVI), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn) are present in
soil. These elements are also found as contaminants in fertilising materials.

In recent years, there has been increasing focus on antimicrobial resistance and it is known

that some potentially toxic metals in soil and fertiliser products, like Cu, Zn, and Cd, can play
a role in the development of resistance and cross- or co-resistance in bacteria. These
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resistant bacteria and the resistance genes can possibly be spread, both to those who handle
the manure and to the environment. In addition, the genes associated with resistance may
possibly spread further to those who handle the manure and to the environment.

Terms of reference as provided by the
Norwegian Food Safety Authority

The Norwegian Food Safety Authority would like VKM to give an opinion on the following
questions related to the influence of potentially toxic metals! on antimicrobial resistance:

Can the content of arsenic (As), cadmium (Cd), chromium (CrIII + CrVI), copper (Cu), lead
(Pb), mercury (Hg), nickel (Ni), and zinc (Zn) levels in soil and fertilising products that are
relevant for Norway play a role in the development, spread, and persistence of bacterial
resistance to these elements, as well as cross or co-resistance to antimicrobial agents?

1 We use the term “potentially toxic metals” (PTM) rather than heavy metals in this assessment.
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1 Introduction

In the last decade, we have witnessed a dramatic increase in both the proportion and
absolute number of bacterial pathogens presenting multidrug resistance to antimicrobial
agents. Organizations such as the US Centers for Disease Control and Prevention (CDC), the
European Centre for Disease Prevention and Control (ECDC) and the World Health
Organization (WHO) consider those infections caused by multidrug-resistant (MDR) bacteria
as threatening global disease and major public health concerns (Roca et al., 2015).

In environmental ecosystems, potentially toxic metals (PTM)/heavy metal contaminants may
interact with native microorganisms residing in in the same ecosystems. These organisms
have developed resistance mechanisms that allow them to survive and, in some instances, to
remove/reduce the concentrations of contaminants in their environments. The co-occurrence
of antimicrobial resistance (AMR) and metal resistance in bacteria has been reported in many
review articles (Baker-Austin et al., 2006; Knapp et al., 2011; Nies, 1999; Seiler and
Berendonk, 2012; Yazdankhah et al., 2014). This co-occurrence is caused by cross- and co-
resistance phenomena. Cross-resistance occurs when the same mechanism simultaneously
reduces the susceptibility to metals and antimicrobial agents used in therapy, and co-
resistance occurs when separate resistance genes are situated on the same genetic element
(Baker-Austin et al., 2006). Some studies suggest that metal contamination in natural
environments could have an important role in the maintenance and proliferation of AMR
(Alonso et al., 2001; Summers et al., 1993). This is of particular concern, considering that
PTM/heavy metals of anthropogenic origin, such as agricultural and aquacultural practices,
are currently found at several orders of magnitude greater than levels of pharmaceutically
produced antimicrobials (Stepanauskas et al., 2005). Unlike pharmaceutically produced
antimicrobial agents, metals are not subject to degradation and therefore represent a long-
term selection pressure. Thus, there are concerns regarding the potential of metal
contamination to maintain a pool of AMR genes in both natural and clinical settings.

After use, antimicrobials, including PTM, along with antimicrobial-resistant bacteria (ARB)
and antimicrobial resistance genes (ARGS), including genes encoding resistance against
heavy metals, may enter soil and water through sewage systems, direct excretion, land
application of biosolids (organic matter recycled from sewage, especially for use in
agriculture, included in Norway) or animal manures as fertilisers, and irrigation with
wastewater or treated effluents. The presence of active antimicrobial compounds and their
metabolites and toxic/heavy metals in environmental compartments may also select for
resistance in environmental bacterial communities or microbiota.

Organic and inorganic fertilisers

A “fertilising product” is a substance, mixture, microorganism, or any other material, applied
or intended to be applied, either on its own or mixed with another material, on plants or
their rhizosphere (the area near the roots of the plants) for the purpose of providing plants
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with nutrients or improving their nutritional efficiency
(http://www.mattilsynet.no/om mattilsynet/engelsk hoveddokument.22441/binary/Engelsk
%20hoveddokument).

Commercial phosphate (P) fertilisers and “agricultural liming materials” contain low
concentrations of PTM/heavy-metal contaminants. Animal manures and sewage sludge
(biosolids), both treated and untreated, are the main organic fertilisers that may contain
heavy metal contaminants, whereas inorganic fertilisers mainly contain Cd. PTM in biosolids
may be found in the inorganic form or may be organically complexed, which could affect
their toxicological profile and stability, and their chemical reactions in soil. These PTM may
accumulate in soil with repeated fertiliser applications (Mortvedt, 1996).

Heavy metals OR toxic metals

According to the International Union of Pure and Applied Chemistry, the term "heavy metal"
is @ "meaningless term" because there is no standardized definition of a heavy metal
(https://www.iupac.org/publications/ci/2001/november/heavymetals.html). This link lists all
current definitions of the term "heavy metal" that the author (John H. Duffos) has been able
to trace in scientific dictionaries and other relevant literature. It should be noted that the
term is frequently used without an associated definition, presumably by authors who
assumed that there was consensus about the meaning of the term. The list shows that this
assumption is wrong and explains some of the confusion in the literature and in related
policies and regulations. Some light metals or metalloids are toxic, but some high-density
metals are not. For example, cadmium is generally considered a heavy metal, with an atomic
number of 48 and specific gravity of 8.65, whereas gold is typically not toxic, but has an
atomic number of 79 and a specific gravity of 18.88. For any given metal, the toxicity varies
widely, depending on the allotrope or oxidation state of the metal. Most heavy metals are
naturally occurring elements, usually with high atomic weight and a density at least 5 times
greater than that of water.

Because of confusion regarding the term “heavy metals”, we use the term “potentially
toxic metals” (PTM) rather than heavy metals throughout this assessment.

Metals can be classified into four major groups based on their health importance (Kochare

and Tamir, 2015):

e Essential: Cu, Zn, Co, Cr, Mn, and Fe. These metals also called micronutrients and are
toxic in organisms when taken in excess of requirements.

¢ Non-essential: Ba, Al, and Li.

e Less toxic: Sn and Al.

e Highly toxic: Hg, Cd, As?.

2 As is a metalloid with both metallic and non-metallic properties, but will be included under the PTM
group in this document.
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Some heavy metals have been used as antimicrobial agents since antiquity, but their
modes of action differ from those of classical antimicrobial agents. Among these
metals, Zn, Ni, Cu, and Cr are toxic metals with high to moderate importance as trace
elements and As, Cd, Hg, Pb have no beneficial functions in this context and should be
considered entirely as toxic (Nies, 1999).

In this report we assess the following PTM: arsenic (As), cadmium (Cd), chromium (Cr),
copper (Cu), nickel (Ni), mercury (Hg), lead (Pb), and zinc (Zn), because of their possible
presence in fertilisers and their potential to induce AMR in bacteria.

2 Literature

2.1 Literature search strategy

For review articles: the search was conducted in PubMed using the terms: Heavy metals,
AND Antimicrobial resistance AND Review using the Advanced Search Builder provided in
PubMed (www.ncbi.nIm.nih.gov/pubmed), limited to the period 1999-2017. This resulted in
156 hits (20. January 2017).

For original articles: the search was conducted in PubMed using the terms: different heavy
metals listed in Table 1 [Title/Abstract] AND Antimicrobial resistance AND sewage or manure
using PubMed (www.ncbi.nIm.nih.gov/pubmed). This resulted in 89 (sewage=65,
manure=24) hits for all toxic metals assessed in this report (20. January 2017).

For this further search, the terms used were: different potentially toxic metals/ heavy metals,
AND Antibiotic resistance or antibiotic resistant AND organi