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h i g h l i g h t s

� Top soil and surface water intake
expose grazing animals to
contaminants.
� Pharmaceuticals in the environment

may be a risk for food safety/security.
� Proposed EQS in surface waters also

seem appropriate for food safety
assessment.
� The use of biosolids on pasture may

represent a risk in free-grazing
species.
� The definition of EQS in soil to

support food safety and food security
is envisaged.
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a b s t r a c t

The environmental presence of pharmaceuticals in top soil and in water where extensive animal farming
occurs may represent an involuntary source of residues in food that might affect both food safety and
food security. We modelled the presence of residues in animal matrices from the inventoried environ-
mental concentration of selected drugs in surface waters (range: 0.1–10 lg L�1) and agriculture soils
(range: 1–100 lg kg�1 dry weight), accounting for animal production parameters (i.e., forages, water
intake and milk and egg production) and drug pharmacokinetics. The results indicate that the contami-
nation of tetracyclines in top soil may represent a major issue both for the compliance with maximum
residue levels in food (100–300 ng g�1) and for the claim of organic products. via surface water, animals
may be vulnerable to the intake of anabolics and growth-promoting agents, such as 17-beta estradiol and
clenbuterol, only under a worst-case scenario. Their identification, which is currently achievable at a
pg g�1 level in animal specimens, is considered proof of illegal treatment and can lead to the prosecution
of farmers. The Environmental Quality Standards that have been proposed for priority substances in sur-
face waters may also be considered protective in terms of food security/food safety; however, a broad-
spectrum characterisation of drugs within the agriculture context could be envisaged to refine the uncer-
tainties in the risk assessment and for combined intakes.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

There is consolidated evidence that intensive farming systems
(fattening calves, pigs, poultry, and aquaculture) represent a source
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for the release of pharmaceuticals in the environment (Jjemba,
2002). Thus far, drugs with antimicrobial/anti-parasitic activity
are the most practicable tools to limit the onset and spread of
infectious diseases to high-density feedlots (EU Commission,
2010). Antimicrobials in medicated feeds and, to a lesser extent,
in feed additive at doses up to g kg�1 in feed, as in the case of sul-
phonamides and tetracyclines, determine the presence of drug res-
idues at the mg kg�1 level in animal dejects. Manure and slurry are
then dressed on agricultural soils as fertilisers (Migliore et al.,
2003, 2010); thus, determining the environmental release is also
extended to endogenous hormones from pig breeding farms
(Pinheiro et al., 2013). In the case of off-shore aquaculture farms,
veterinary drugs and their metabolites are released directly into
water bodies (Cabello, 2006). Therefore, registered veterinary
drugs and additives should comply with an Environmental Risk
Assessment during the authorisation procedure, and possible ad-
verse effects on biota should be reported under pharmacovigilance
programmes underpinned in the EU Commission Directive 2001/
82/EC. Moreover, intensive animal farming settlements could
apply to a voluntary Eco-Management and Audit Scheme (EMAS)
(EU Commission Decision, 2011), i.e., through the application of
the Best Available Techniques (BATs) (EU Commission, 2013), to
mitigate the environmental impact of their activities.

In recent years, the evidence regarding the impact of the envi-
ronmental quality on food-producing animals and their products
in rural and extensive farming systems has progressively arisen.
Priority contaminants, such as heavy metals and persistent organic
pollutants, may affect the compliance with the food safety legisla-
tion of products from grazing cattle and pigs (Edwards, 2003;
Gummow et al., 2006; Smith et al., 2009), free range flocks, (Van
Overmeire et al., 2009), and extensively farmed fish (Miniero
et al., 2013). In such cases, the animals’ intake of contaminants that
are associated with natural resources (top soil and the related fau-
na), grass, surface water and associated sediments, and air deposi-
tion on fodders may result in greater relevance than that
associated with commercial feeds.

In this paper, we attempt to assess possible environmental
quality parameters for the presence of pharmaceuticals in the agri-
culture zones that are devoted to extensive farming systems, both
in terms of food safety (levels of authorised drugs in veterinary
medicine below the maximum residue limit in edible tissues)
and food security (presence of unauthorised/undeclared drugs be-
low their analytical thresholds), as far as the involuntary presence
of food residues of an undeclared/unauthorised drug may severely
affect the socio-economics of the farming system, according to the
food safety legislation in place within the European Union. Within
the sustainability policies to reduce the carbon- and water-foot-
prints in food production systems, the proposed use of bio-solids
as top soil enhancers in agriculture (Chen et al., 2012) and the
watering of fodders from reclaimed waters (Arnold et al., 2012),
which both originate from urban waste water treatments plants,
as well as the direct animal intake of pharmaceuticals from fresh-

water, may represent an emerging source of xenobiotics into the
food chain.

2. Materials and methods

2.1. Pharmaceuticals in top soil and surface water are of relevance for
food safety/food security

The group of tetracyclines (oxy-, chlor-, tetra-, doxycycline) have
been considered because these drugs are among the most pre-
scribed antimicrobials in both veterinary and human medicine
and because of their ability to bind humic acids and metals that
are present in top soil (Hamscher et al., 2002; Blackwell et al.,
2009). Their concentration ranges in agricultural soils have been
derived from the international literature, which was reviewed by
the Bio Intelligence Service (2013). Because of their wide consump-
tion in both human and veterinary medicine and because of their
relevance in pharmacoresistance outbreaks, along with their ability
to bind to soil, fluoroquinolones were also accounted for (Leal et al.,
2013). For surface waters, the group of sulphonamides, as drugs
that are more prone to be released in WWTP effluents, have been
chosen according to Loos et al., 2008. Moreover, the concentration
of anti-asthmatic drugs, such as albuterol/salbutamol and clenbu-
terol, have also been considered due to their proposition in the re-
cent past as growth promoting agents in feedlots; their use is
currently forbidden in the European Union and is severely prose-
cuted and fined (EU Directive 96/23/EC, Annex I). Under this per-
spective, estrogens, such as ethinyl estradiol (EES) and 17 beta
estradiol (E2), which are either listed in the above quoted Annex
A or next to be framed within the European Parliament Directive
2013/39/EC as priority substances for their potential harmful ef-
fects in the aquatic environment, have also been accounted for.
Our attention has also been focused on diclofenac, which is a
non-steroidal anti-inflammatory drug licensed in veterinary medi-
cine (EMA, 2009) but of potential eco-toxicological concern in
water bodies (Johnson et al., 2013). Other pharmaceuticals, such
as thiabendazole, which is an anti-parasitic and anti-fungal drug
that is commonly used in animals and in agriculture (Correa and
Escandar, 2006), and lorazepam, which is a short-acting benzodiaz-
epine from human prescriptions (Mendoza et al., 2013), have been
included in this assessment because of the reported concentrations
above 1 lg L�1 in surface waters, which may represent a potential
risk in animal food production systems. The amounts, which refer
to the sales, of the main classes of antimicrobials that are prescribed
in veterinary medicine and that are considered environmental con-
taminants in top soil and surface water are reported in Fig. 1.

2.2. Top soil intake in grazing animals

Several papers examine top soil intake in farmed animals, with
reported differences among species and seasonal variations

Nomenclature

BATs Best Available Techniques
bw body weight
COR carry-over rate
d day
dm dry matter
E2 17 beta estradiol
EE2 ethinyl estradiol
EFSA European Food Safety Authority
EMA (EMEA) European Medicine Agency

EMAS Eco Management and Audit Scheme
EQS Environmental Quality Standard
EU European Union
LC–MS/MS liquid chromatography–tandem mass spectrometry
LoD limit of determination
MoSS margin of food safety/security
MRL maximum residue limit
WWTP waste water treatment plant
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