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Composting of swine waste in the treatment of veterinary drug
residues

Compostagem de efluente suino no tratamento de residuos de
farmacos veterinarios

Robson Evaldo Gehlen Bohrer!”; Elvis Carissimi?; Diosnel Antonio Rodriguez
Lopez’; Delmira Beatriz Wolff*; Danni Maisa da Silva'; Osmar Damian Prestes?

Highlights:

Composting is an inexpensive, effective and sustainable process;

The composting process has the capacity to remove antibiotics for veterinary use;

Environmental regulations do not foresee the contamination of environmental matrices by residues of veterinary
drugs;

Contamination by veterinary drugs in environmental matrices such as soil and water have already been detected
around the world.

Abstract

The increasing need for animal protein has exerted pressures on the current animal production system.
One of the alternatives found by producers to improve animal performance has been the use of veterinary
drugs, especially antibiotics. However, its indiscriminate use can be a risk to the environmental balance
of the producing locations since Brazil has approximately 42 million pigs. With this herd, pig farming
represents a great potential for generating environmental impacts. As an alternative use of the large
volume of liquid pig manure generated, many producers have been using this slurry in the soil as a
bio fertilizer. Residues of veterinary drugs are capable of accumulation with environmental matrices
and leach into water resources. In this sense, it is mandatory to dedicate more efforts on the study of
techniques and processes for the treatment of organic effluents contaminated by veterinary drugs. Low-
cost and environmentally friendly alternative treatment systems are necessary, in order to minimize the
entry of these contaminants into the environment. Therefore, the composting process, defined as acrobic
microbial decomposition process of organic matter, can be an alternative for treating the effluents
contaminated by veterinary drugs. This review to aims to create awareness in the academic community
regarding the veterinary drug residues and their contamination potential in different environmental
matrices, as well as evaluating the composting process as a technique to minimize the impacts of the
swine activity waste on the environment.
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A crescente necessidade por proteina animal tem exercido pressdes no atual sistema produtivo
animal. Uma das alternativas encontradas pelos produtores para melhorar o desempenho animal tem
sido a utilizagdo de medicamentos veterinarios, principalmente os antibidticos. No entanto, seu uso
indiscriminado, pode ser um risco ao equilibrio ambiental dos locais produtores, pois o Brasil possui
aproximadamente 42 milhdes de cabega de suinos. Com este rebanho, a atividade suinicola representa
um grande potencial de geragdo de impactos ambientais. Como alternativa de uso para o grande volume
dos dejetos liquidos de suinos gerados, muitos produtores vém utilizando o chorume no solo como
biofertilizante. Os residuos de medicamentos veterinarios possuem capacidade de acumulagao junto as
matrizes ambientais, de serem lixiviados para os recursos hidricos. Neste sentido fazem-se necessarios
maiores estudos sobre técnicas e processos de tratamento de efluentes organicos contaminados por
farmacos veterinarios. Sistemas alternativos de tratamento de baixo custo e ambientalmente viaveis,
sdo necessidades para a minimizagdo da entrada no ambiente destes contaminantes. Logo, o processo
de compostagem que pode ser definido como um processo de decomposicdo microbiana aerdbia da
matéria organica pode ser uma alternativa para o tratamento dos efluentes contaminados por farmacos
veterinarios. O presente trabalho revisional tem como objetivo esclarecer a comunidade académica
quanto aos residuos de medicamentos veterinarios e sua potencialidade de contaminag@o nas diversas
matrizes ambientais e avaliar a compostagem como técnica para a minimizacdo dos impactos dos
residuos da atividade suinicola junto ao meio ambiente.

Palavras-chave: Antibioticos. Contaminagdo. Meio Ambiente. Tratamento. Acumulagao.

Introduction

The indiscriminate use of antibiotics in animal
husbandry, especially in pig farms, has become a
gateway for these pollutants into the environment
(NGUYEN et al., 2017). Antibiotics may be used
for different purposes, from the therapeutic and/or
preventive use in the treatment of diseases, such as
infections, diarrhea, or even as growth promoters
(CHENG et al., 2019; BEN et al., 2017; TASHO;
CHO, 2016; GUO et al., 2016; QIAN et al., 2016a).

Several authors (CHENG et al., 2019; TASHO;
CHO, 2016; GUO et al., 2016; GELBAND et
al., 2015; DAGHRIR; DROGUI, 2013; DU;
LIU, 2012), indicate that, on average, 60% of the
veterinary drug administered to the animals is
excreted through urine and feces (PULICHARLA
et al., 2017), and the most commonly used group of
drugs is antibiotics (TASHO; CHO, 2016. Among
them, tetracycline, sulfonamides, macrolides, and
fluoroquinolones stand out (CHENG et al., 2019;
SOLLIEC et al., 2016).

Veterinary drug residues can reach the soil and
the water resources (QIAN et al., 2016b; GUO et
al.,, 2016; SOLLIEC et al., 2016) as unchanged
substances or metabolites (SOLLIEC et al., 2016).

The occurrence of pharmaceutical products in
water environments is causing increasing concern
in the scientific community, since there is a lack
of information on the risks and effects on the
environment, and to public health (REIS et al.,
2019). In this context, the use of swine waste as a bio
fertilizer may be contributing to the dissemination
of these residues into the environment (NGUYEN
et al., 2017; PULICHARLA et al., 2017). Several
studies have already confirmed the environmental
contamination, in many countries, by antibiotics,
one example being the tetracycline contamination
in Brazil, Canada, and China, (PINHEIRO et al.,
2013; PULICHARLA etal.,2017; WEI etal., 2016).
Other cases are: contamination by sulfonamine in
Bolivia, the Czech Republic, and the United States
of America (ARCHUNDIA et al., 2017; HO et
al., 2013; KOBA et al., 2016); contamination by
macrolide in South Korea, United Kingdom, and
Hong Kong (KIM et al., 2015; PETRIE et al., 2016;
WU et al., 2016); by fluoroquinolones in Poland,
Austria, and Thailand (GBYLIK-SIKORSKA et
al., 2015; MARTINEZ-CARBALLO et al., 2007;
RICO et al., 2014); and by quinolones in China and
Malaysia (HO et al., 2013; LI et al., 2015).
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Considering the problem of veterinary drug

residues and their potential impacts on the
environment, this article sought to contextualize
the contamination potential of the environmental
matrices by these residues in liquid swine manure,
the used analytical detection techniques and finally
to evaluate the potential of the composting process
as an alternative for treating and reducing the

concentrations of these pollutants.

Veterinary drugs and their uses

The use of veterinary drugs, and their benefits
for animal production, comes from the 1950s
(TASHO; CHO, 2016). With the increasing appeal
for the production of animal protein, the need to
use veterinary drugs to optimize the production
of animals in confinement arose (TASHO; CHO,
2016). The purpose and uses of veterinary drugs
are diverse, being used both for therapeutic use
and for the prevention and control of diseases, or
even as promoters of animals’ growth (CHENG et
al., 2019; TASHO; CHO, 2016; GUO et al., 2016;
GONZALEZ RONQUILLO; HERNANDEZ,
2015; GELBAND et al., 2015).

Araujo et al. (2010), report the existence of
approximately 4,000 types of veterinary drugs,
utilized for over 10,000 purposes. The North
American Food and Drug Agency (FDA) estimates
that there are over 400 active ingredients, used
in more than 2,000 veterinary products (FDA,
2017). Among the veterinary drugs, antibiotics
represent the highest consumption demands, with
tetracyclines, sulphonamide and macrolides being
among the main classes, representing 90% of
the total antibiotics used in the United Kingdom
and 50% in South Korea (TASHO; CHO, 2016).
Solliec et al. (2016) agree that tetracyclines are
among the most widely consumed antibiotics in
animal production. However, they disagree in
relation to other compounds, pointing to -lactams,
sulfonamides, lincosamides, and macrolides as the
most used.

Nevertheless, regarding consumption, it
should be noted that in 2010 alone, approximately
63,151 tons of antibiotics were used for animal
production (VAN BOECKEL et al., 2015). The
main consuming countries were China (23%), the
United States of America (13%), Brazil (9%), India
(3%) and Germany (3%). Projections estimate that
the consumption of these compounds could reach
105,596 tons until 2030 (VAN BOECKEL et al.,
2015), distributed between China (30%), United
States of America (10%), Brazil (8%), India (4%),
and Mexico (2%). Zhang et al. (2019) states that
China alone, in 2013, produced 163,000 tons of
antibiotics, consuming around 52 % of these drugs
in animals raising.

Antibiotics can be characterized as drugs that
destroy or inhibit the growth of bacteria, with
small dosages (GONZALEZ RONQUILLO;
HERNANDEZ, 2015),
as natural, semi-synthetic and synthetic, being

and can be classified

administered orally, or added together with water and
animal feed (GBYLIK-SIKORSKA et al., 2015).
There are more than 6,500 products registered,
for veterinary purposes, with the Ministry of
Agriculture, Livestock and Supply (MAPA, 2015)
in Brazil. Approximately 10% of these products
are antimicrobial, antibiotic, and antiparasitic
compounds, which are used in the productive
processes of cattle, pigs, goats, poultry, and sheep,
consisting of different groups such as avermectins,
B-lactams, aminoglycosides, tetracyclines, and

sulfonamides (PACHECO-SILVA et al., 2014).

After being used, these compounds can reach the
soil and water resources through the use of organic
waste from animals, such as bio fertilizer (QIAN
et al., 2016; GUO et al., 2016; SOLLIEC et al.,
2016) or even as untreated waste (DU; LIU, 2012;
GONZALEZ RONQUILLO; HERNANDEZ,
2015), occurring as unchanged substances or
metabolites (SOLLIEC et al., 2016).
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Contamination of the environment by
veterinary drug residues

The possibilities of environment contamination
by veterinary drug residues are varied, with
different ways of introducing these products into
the environment (Figure 1), which can start from
the incomplete removal in the Sewage Treatment
Plants (STP) (AMERICO et al., 2012), since most
of STPs are not designed for antibiotic removal (HU
et al., 2018). Other routes are the direct discharge
into domestic sewage, hospital and pharmaceutical
industries effluents disposed in water bodies and
the inadequate disposal of drugs, directly into the

environment, after the expiry of their expiration
date (CARVALHO et al., 2009).

Due to the use of high doses of veterinary
drugs (SOLLIEC et al., 2016), and the incomplete
metabolism of these products by the organism,
most of them come into contact with environmental
matrices. Researches estimate that between 30 and
90% of veterinary drugs are not absorbed by the
animal organism, going to treatment systems or
being discarded in the environment (TASHO; CHO,
2016; GUO et al., 2016; GELBAND et al., 2015;
DAGHRIR; DROGUI, 2013; DU; LIU, 2012).

Figure 1. Main entry routes of veterinary drugs into the environment.
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Environmental effects of veterinary drugs
from the pig sector

The utilization of animal waste, directly or
indirectly applied on the soil as organic fertilizers
(LI et al., 2015), has caused a number of
environmental effects comprising modifications
in the biotic community of the soil and in soil
structure, soil contamination by heavy metals, and
even the contamination of water resources (SUI
et al., 2016; SEGURA et al., 2015)we decided to
investigate the impact of income inequality between
countries on the occurrence of anti-infectives in
surface waters. In order to perform such study, we
gathered concentration values reported in the peer-
reviewed literature between 1998 and 2014 and
built a database. To fill the gap of knowledge on
occurrence of anti-infectives in African countries,
we also collected 61 surface water samples from
Ghana, Kenya, Mozambique and South Africa, and
measured concentrations of 19 anti-infectives. A
mixed one-way analysis of covariance (ANCOVA.
They also potentialize the microorganism resistance
to antibiotics (BONDARCZUK et al., 2016;
CENTNER, 2016; LUCAS et al., 2016; RHOUMA
et al., 2016; WANG et al., 2016a; HU et al., 2018)
namely, tetracyclines (TCs, endangering the human
health (LI et al., 2015; REGITANO; LEAL, 2010).

Currently, Brazil is the fourth largest pig producer
in the world, behind China, the United States, and

the European Union, with an estimated 42 million
head herd (ABCS, 2014). In the three southern
states of the country, Parana, Santa Catarina and Rio
Grande do Sul, swine farming accounts for 49.3%
of the national production according Brazilian
Institute of Geography and Statistics (IBGE, 2015),
mainly conducted in these states by family farmers
integrated with companies in the sector.

The state that pigs in the termination phase may
produce up to 7.6 liters of waste/day. Considering
the production of urine and manure of pigs between
25 and 100 kg, of gestating and lactating female
pigs, males and weaned piglets, their production is
respectively 4.9 kg/day, 11 kg/day, 18 kg/day, 6 kg/
day, and 0.95 kg/day (OLIVEIRA; HIRAGASHI,
2000).

Some studies suggest that, based on the number
of pigs currently produced in the three southern
states of Brazil, 49.3% of the national production,
(IBGE, 2015), it is possible to generate 300 million
liters of waste daily, which in most cases is disposed
in the surrounding crops, triggering several impacts
to the environment (CADONA et al., 2016).
Several researchers confirmed contamination in
environmental matrices around the world, as shown
in Table 1, which presents some examples of the
main groups of antibiotics found in the literature, in
different types of environmental matrices.
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Table 1. Antibiotic groups and their environmental contamination in different environmental matrices.

Group Location Environmental Matrix (ces) Reference
Austria Soil; animal manure Martinez-Carballo et al. (2007)
USA Soil Ho et al. (2013)
Malaysia Soil; animal manure; Ground water Cheng et al. (2016)
China Soil; animal manure Ben et al. (2017)
a Canada animal manure Pulicharla et al. (2017)
é South Korea Surface water Kim et al. (2015)
i;i Ghana, Ié?)?l}t/fll, Ii\;[r(i)czgmbique, Surface water Segura et al. (2015)
§ Hong-Kong Surface water Wau et al. (2016)
= China Soil; Surface water He et al. (2016)
Thailand Surface water; Sediment Rico et al. (2014)
Germany Soil; animal manure; Ground water Hamscher et al. (2005)
Brazil Surface water Pinheiro et al. (2013)
Poland Surface water Gbylik-Sikorska et al. (2015)
China Soil Wei et al. (2016)
China Soil; animal manure Lietal. (2015)
Czech Republic Soil Koba et al. (2016)
USA Soil Ho et al. (2013)
% Malaysia Soil; animal manure; Ground water Cheng et al. (2016)
E Bolivia Soil; Surface water; Ground water Archundia et al. (2017)
-'g China Soil; animal manure Ben et al. (2017)
E South Korea Ground water Kim et al. (2015)
5 Hong-Kong Ground water Wau et al. (2016)
China Soil; Ground water He et al. (2016)
China Surface water; Sediment Lietal. (2012)
United Kingdom Surface water Petrie et al. (2016)
Taiwan Animal manure Yang et al. (2016)
China Soil; animal manure Lietal. (2015)
E China Soil Zhang et al. (2016a)
= USA Soil Ho et al. (2013)
;“.E Malaysia Soil; animal manure; Ground water Cheng et al. (2016)
?8) China Soil; animal manure; Sui et al. (2016)
§ South Korea Surface water Kim et al. (2015)
Hong-Kong Surface water Wu et al. (2016)
China Surface water; Ground water Lietal. (2012)
@ United Kingdom Surface water Petrie et al. (2016)
g Poland Surface water Gbylik-Sikorska et al. (2015)
8 China Soil Wei et al. (2016)
é Austria Soil; animal manure Martinez-Carballo et al. (2007)
=2 South Korea Surface water Kim et al. (2015)
g Hong-Kong Surface water Wu et al. (2016)
LH China Surface water; Sediment Lietal. (2012)
Thailand Surface water; Sediment Rico et al. (2014)
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The authors listed in Table 1
contamination of several environmental matrices
(Soil; Surface water; Groundwater and Sediment).
As also shown in Table 1, the main studies on this
aspect are in Asia, especially in China. Researches
in South America and particularly in Brazil are
incipient. In this context, stands out the work
of Pinheiro et al. (2013), carried out in Brazil,
evaluating the contamination of surface waters by
veterinary drugs. There is also the study of Reis
et al. (2019), investigating the occurrence of 28
prescribed drugs, of different therapeutic classes,
in six Drinking Water Treatment Plants. However,
there is a need for a more in-depth look by the
scientific community on the issue of veterinary
drugs and their environmental impacts, through
further research, especially in countries where pig
farming plays a prominent role, as in Brazil.

disclose

Legislation of veterinary drugs in Brazil and
in the state of Rio Grande do Sul

Anotherimportantaspectthatneedstobeaddressed
is the issue related to the legislation concerning the
quantification of potentially contaminant products.
The current demand, consumption, and production
of some compounds of diversified characteristics

and composition, such as veterinary drugs, create
the need for specific laws for the adequate disposal
of these contaminants, especially for those not yet
standardized (RODRIGUES-SILVA et al., 2014).

Brazil still does not have specific legislation
to regulate maximum residue limits (MRLs) of
veterinary drugs for environmental samples (soil and
water), as well as for the final disposal of effluents.
Current laws just standardize acceptable parameters
for water meant for human consumption and for the
disposal of effluents and their concentrations. These
legislations are, respectively: the Consolidation
Ordinance No. 05/2017 of the Ministry of Health
(MH) addressing the water quality and its potability
(BRASIL, 2017), and the CONAMA 357/2005
and 430/2011 resolutions (BRASIL, 2005, 2011),
on effluents disposal. The CONSEMA 355/2017
resolution relates to the State of Rio Grande
do Sul and establishes the standards for liquid
effluent emission in surface waters. Regarding
the concentrations of substances in soils and
groundwater, Brazil has the CONAMA 420/2009
Resolution (BRASIL, 2009), which addresses the
guiding quality criteria and values in relation to the
presence of chemical substances, but no regulations
or regulation offering any parameter for any class of
antibiotics, as seen in Table 2.

Table 2. Environmental legislations and their maximum chemical substances concentrations in different legislations.

CONAMA resolution
Substances MH Ordinance CONAMA resolution 420/2009 o Cr?sl:lsu l;:il?)’[nA
MH 05/2017 357/2006 ' 430/20112 )
Dry soil Water 355/2017
0.0002 mg L'Hg!
-1 -1 -1
Total mercury 0.001 mg L 0.01 mg L' Hg? 0.06 mg kg 0.1 0.0l mgL
Acrylamide 0.5pgL! 0.5 pugL! - - -
Benzene S5pgL! 1.2mg L 0.06 mg kg ! SpgL! -
Aldrin* Dieldrin? 0.03 pg L 0.005 pg L 0.003' mgkg™ ) 0 (a)*
' ' 0.22mgkg ! ’
DDT lugL! 0.002 pg L' 0.55mgkg’  2pgL! (b)*
Glyphosate 500 pg L 65 ug L - - -

(a)*Aldrin; (b)* DDT: disposal prohibited in water bodies.
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The abovementioned ordinances and regulations
established guidelines and concentrations for some
emerging chemical compounds, such as substances
arising from agrochemicals and fuel spillage.
However, in cases withno pre-established parameters
by the specific legislation, the environmental agency,
through technical advice, may set standards for
other substances not listed in CONSEMA 355/2017
ordinance, due to the constant development of
new substances (RIO GRANDE DO SUL, 2017),
becoming an alternative to the lack of standards
for these compounds. However, considering that
several authors in different countries have already
registered the presence of drug residues, especially
antibiotics, in different environmental matrices,
as contaminants (Table 1), including in Brazil
(PINHEIRO et al.,, 2013) the need for specific
and appropriate legislation regulating MRLs for
veterinary drugs in environmental samples in the
country is essential and urgent.

Methods for the determination of veterinary
drug residues in environmental samples

The increasing analytical demand, created
by the higher number of studies and research on
environmental monitoring, has raised the need for
techniques capable of detecting drug compounds
(LOPEZ-SERNA et al., 2010). In this sense,
the veterinary drug residues became the class of
emerging pollutants that were analyzed in more
detail in the last decades (BOLEDA et al., 2013).
The technological advances in both equipment and
detection systems are enabling the measurement
and identification of these pollutants in very low
concentrations (IDE et al., 2016), which allows the
generation of knowledge and understanding of their
behavior and their interactions with the different
absorbent media, such as the organic matter (SILVA;
COLLINS, 2011).

The major challenges in the determination and
monitoring of veterinary drugs are related to their

levels of detection, which are usually in the range of
ug/Land ng/LL (BARBOSA etal., 2016; DAGHRIR;
DROGUI, 2013; PACHECO-SILVA et al., 2014;
RIBEIRO et al., 2015). In addition, because of the
difficulty in standardizing the analytical methods,
it is imperative that the methods be efficient and
effective in the identification and quantification of
these substances. Another barrier to be considered
is the variability of the various environmental
samples (SOSA-FERRERA et al., 2013). This
receptor of emerging compounds comprises the
water resources (KIM et al., 2015; RICO et al.,
2014; SEGURA et al., 2015; REIS et al., 2019), the
soil (HAMSCHER et al., 2005; HO et al., 2013;
MARTINEZ-CARBALLO et al., 2007; SUI et al.,
2016), and settleable materials (LI et al., 2015),
making the determination even more complex.

Currently, the most used method for the
identification of veterinary drugs is based on liquid
chromatography (LC) (BOLEDA et al., 2013;
GBYLIK-SIKORSKA et al.,, 2015; IDE et al.,
2016; LOPEZ-SERNA et al., 2010), followed by
the solid phase extraction process (SPE). LC is able
to separate elements in a single sample, facilitating
the simultaneous identification of several chemical
components. The LC technique, coupled to the mass
spectrometry (MS) is being used (LOPEZ-SERNA
et al., 2010), owing to its great sensibility and
accuracy, besides its speed and better cost/benefit
ratio (LOPEZ-SERNA et al., 2010; PRESTES et al.,
2013).

With the advances in LC techniques for the
analysis of these residues, several advantages have
been demonstrated; from the decrease of sample
volume, elimination of loss by the cartridge drought
(column), resulting in the shorter analysis time, to
the minimization of volume of organic solvents
consumed during the analysis (SOSA-FERRERA et
al., 2013). Table 3 presents some studies pursuing
the monitoring of emerging pollutants and their
extraction techniques.
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Table 3. Studies conducted with different types of veterinary drugs in different environmental matrices and their

detection techniques.

Compounds Matrix Cleaning Column Extraction Methods Authors
45 Veterinary drugs ~ Water SPE C18 LC-MS (GBYLIK-SIKORSKA et al., 2015)
13 Veterinary drugs fﬂ“;‘g SPE C18 HPLC-MS/MS (WEI et al., 2016)
15 Veterinary anti- Swine
rinarty waste SPE C18 UPLC-MS/MS (LI etal., 2015)
biotics .
and soil
9 Antibiotics and Broiler
01 veterinary hor- waste SPE C18 LC-MS/MS (HO et al., 2013)
mone
Domes-
Chlortetracycline tic ef- SPE - LDTD-MS/MS (PULICHARLA et al., 2017)
fluent
12 Antibiotics Sv‘igftaecre SPE C18 HPLC-MS/MS (WU et al., 2016)
S sp
o . HLB RRLC-MS
18 Antibiotics Swine EU-SAX - LC-MS/MS (HE et al., 2016)
waste HLB
Soil
o . Ultra-
3 Antibiotics Soil sonic C18 LC-MS/ MS (KOBA et al., 2016)
Surface
water
Antibiotic groups  Ground SPE C18 LC-HRMS (ARCHUNDIA et al., 2017)
water
Soil
90 Emerging com-  Surface SPE -
pounds - antibiotics  water MAE C18 UPLC-MS/MS (PETRIE et al., 2016)

LC: liquid chromatography; MS: mass spectrometry; SPE: solid phase extraction; UAE: ultrasound assisted extraction; MAE:
microwave assisted extraction; DLLME-SFO: dispersive liquid-liquid micro extraction based on the solidification of floated decay
organic mass; HSSE: high speed solvent extraction; UFLC: ultra efficiency liquid chromatography; UHPLC: ultra high pressure
liquid chromatography; SPME: solid phase micro extraction; PLE: pressurized liquid extraction; LPME: liquid phase micro

extraction:

The demand for reducing the volumes of solvents
and other compounds used for the detection of
veterinary drugs has been increasing, with efforts to
adaptand prepare existing samples. Micro-extraction
techniques has allowed the enrichment of samples
and the minimization of solvent consumption, thus
reducing environmental pollution. Examples are
the Solid Phase Micro Extraction (SPME), Stir
Bar Sorptive Extraction (SBSE) and Liquid Phase
Micro Extraction (LPME) (SOSA-FERRERA et

al., 2013). The SPME technique is an extraction
method offering few advantages over the SPE, due
to its high cost, fragility, and lack of selectivity
for extracting compounds from complex matrices.
The major disadvantage of this technique is the
requirement of very clean samples, and hence,
special instrumentation and experienced operators
(SOSA-FERRERA et al., 2013).

With the development of several analytical
techniques, there is a growing use of techniques based
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on the area of liquid chromatography applied to the
detection of emerging pollutants. This technique is
currently of great value for the standardization and
quantification of new environmental standards of
these compounds, thus helping in the analysis and
monitoring thereof, for the purpose of follow-ups
or even inspections, as well as contributing for the
subsequent drafting of regulations and legislation.

Aerobic treatment system of veterinary drug
residues

The proposal of methods and treatment processes
for organic or industrial effluents contaminated
by residues of veterinary drugs is a challenge for
managers and technicians. The current treatment
systems of effluents from chemical industries
have used physicochemical processes due to the
wide range of compounds produced in the effluent
coming from the productive processes, making
the treatment more complex, such as the advanced
processes (RODRIGUES-SILVA
al., 2014). There are also other methodologies,

oxidative et
already being tested, such as the use of biological
and non-biological membranes (Reverse Osmosis,
Ultrafiltration and Nano filtration) (YASSER et al.,
2010).

The organic effluents generated in animal farms
go to biological processes, which are used due to
the potential to treat a large amount of effluent at
the same time. Many emerging compounds, which
are not biodegradable, can reach 50% removal rates
in activated sludge processes and pond systems
(MELO et al., 2009). Effluent treatment plants
have their efficiency of veterinary drugs removal
dependent on the treatment methods applied, as well
as on the other related operation factors, ranging
from the age of the sludge, hydraulic holding time,
temperature, (LOPEZ-SERNA et al., 2010).

Technologies that seek to reduce the residues
of veterinary drugs, mainly antibiotics found in
industrial and organic effluents, disposed as bio
fertilizers in the soil, are a need in order to minimize

the environmental impacts generated by these
compounds (HO et al., 2013),

Among the several technologies and treatment
systems for different origins and compositions of
organic effluents, among them pig waste, composting
stands out as a practical and low-cost proposal (HO
et al., 2013; WEI et al., 2016) also considered a
clean and feasible method (WU et al., 2017) for
the proper management of these residues. This
technique shall be an alternative for the treatment
of effluents in small pig farms, located in regions
with high concentration of pigs and little arable area
available for final disposal of the effluents. It can
also become a viable proposal for the treatment of
veterinary antibiotics (LIU et al., 2015; WEI et al.,
2016; HO et al., 2013; KIM et al., 2012).

The treatment of organic waste through
composting reduces the volume of effluents,
inactivates and immobilizes pathogens, nutrients
and veterinary drugs (LIU et al., 2015; MITCHELL
et al., 2015; QIAN et al.,, 2016a; ZHANG et
al., 2016b), producing a by-product (substrate),
with economic and agronomic value (OMAR et
al., 2014). Veterinary drugs concentration decay
through composting has been investigated by
several authors (LIU et al., 2013; MITCHELL et al.,
2015; MORTIER et al., 2016; OMAR et al., 2014;
QIAN et al., 2016a; WANG et al., 2016b; ZHANG
et al., 2016a; CHEN et al., 2018), for different type

of effluents and organic wastes.

Bao et al. (2009) noticed a 27% decline in CTC
(chlortetracycline) in swine waste and 92% in poultry
manure in a composting system for 42 days. Mitchell
et al. (2015) analyzed the decline of 4 antibiotics
(florfenicol, sulfadimetoxin, sulfamethazine, and
tylosin) during the composting process for domestic
effluents, finding a decay between 95 and 99% of
the antibiotics after 21 days of testing. Kim et al.
(2012) assessed the decay of antibiotics during the
composting process and recorded a 96% reduction in
tetracycline levels, 99% for sulfonamides and 95%
for macrolides. In a study by Liu et al. (2015), after
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35 days of swine waste composting at bench scale,
antibiotics Cheng et al. (2019) of the sulfonamide
group - sulfametazine (SMZ) and sulfamethoxazole
(SMX) - were not detected. Studies by) indicated
that the efficiency of oxytetracycline (OTC),
sulfamerazine (SM1), and ciprofloxacin (CIP)
antibiotic removal, by composting, when in
mixtures, was >85%. Zhang et al. (2019) showed
that 64.7% of the veterinary antibiotics detected
in animal manure were removed after composting
for 171 days. According to the latter authors, the
rates of removal for different classes of antibiotics
ranged from complete removal, to macrolides, to no
removal, for fluoroquinolones.

However, this process, as a proposal to treat
residues of different classes of veterinary drugs, has
not yetbeen developed in Brazil, evidencing the need
for research aimed at the treatment of these residues.
This is necessary in order to minimize the potential
environmental risks caused by these contaminants,
since in contact with the environmental matrices,
they can accumulate in the soil and be leached to
the water resources with potential contamination
of humans (ZHANG et al., 2016a). Additionally,
although effective antibiotic removal may occur
after composting, this removal is controlled by
activities that vary considerably with environmental
factors, such as C/N ratio, humidity and pH, which
also present variations in the different stages of
composting (CHENG et al.,, 2019). According
to Ezzariai et al. (2018), some changes in the
composting management process would have the
potential to influence the degradation process of the
antibiotics. In this sense, the authors point out that
increasing the composting period could allow more
time for the degradation of antibiotics, especially
during the maturation stage, but this could lead to
the proliferation of antibiotic resistance genes.

According to Zhang et al. (2019), the destiny
of veterinary antibiotics during the composting

process is linked to different monitored
environmental variables, which need further
investigation. Thus, although composting is

considered a promising solution to eliminate or
reduce the discharge of antibiotics, further research
is needed to better understand the mechanisms of
antibiotic transformation and their interactions,
as a requirement for the development of process
management practices that aim at reducing their
load on the environment (EZZARIAI et al., 2018).

Therefore, there is great potential for significant
reduction of veterinary drug residues found in the
swine waste, through the use of the composting
process, thus ensuring a decrease in environmental
effects associated with the use of these products;
however, studies on this topic are required.

Conclusion

The contamination potential of environmental
matrices by residues of veterinary drugs brings
to the fore a problem that has not been properly
addressed in Brazil, which has a large animal
production system, especially associated with
the pig production chain. Several studies point to
the existence of contamination in environmental
matrices around the world, especially in the
major animal protein-producing countries, both
in Asia and in Europe. This reinforces the need
for further studies on this problem, and its impact
on the environment, but also on the optimization
of treatment processes capable of minimizing or
degrading these contaminants. In this regard, the
advance and the advent of technologies for detection
is mandatory, especially the liquid chromatography
coupled with mass spectrometry, which is making
possible the measurement of these compounds, even
in the order of micro and nano-grams. Regarding
the possibility of reducing the veterinary drugs
found in swine waste, one of the main alternatives
to be studied is composting, as an alternative to
treat effluent contaminated with veterinary drug
residues, since it is less expensive and does not
demand specialized labor near the property. In
addition, it is easily implementable, besides treating
large amounts of effluents, allowing the use of the
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compound as organic fertilizer. However, studies on
the use of this practice for monitoring and reduction
of drug residues in swine manure in Brazil need to
be performed.
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