





Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Camila Alves de Cremo
Daphynny Pamplona
Gabriel Motomu Teshima 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natalia Sandrini de Azevedo Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o contelido deste livro esta licenciado sob uma Licenca de Atribuicdo
@ Creative  Commons.  Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive nao representam necessariamente a posicao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof? Dr® Alana Maria Cerqueira de Oliveira - Instituto Federal do Acre

Prof® Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie
Prof® Dr® Ana Paula Floréncio Aires - Universidade de Tras-os-Montes e Alto Douro
Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Profe Dr® Carmen Lucia Voigt - Universidade Norte do Parana


https://www.edocbrasil.com.br/
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3F5E45BABA02C0A0194C23F07DFC8AE3.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
https://orcid.org/0000-0001-8138-3776
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w

Prof. Dr. Cleiseano Emanuel da Silva Paniagua - Instituto Federal de Educacao, Ciéncia e Tecnologia de Goias
Prof. Dr. Douglas Gongalves da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof® Dr® Erica de Melo Azevedo - Instituto Federal do Rio de Janeiro

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof® Dra. Jéssica Verger Nardeli - Universidade Estadual Paulista Jilio de Mesquita Filho

Prof. Dr. Juliano Bitencourt Campos - Universidade do Extremo Sul Catarinense

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande

Prof® Dr® Luciana do Nascimento Mendes - Instituto Federal de Educacao, Ciéncia e Tecnologia do Rio Grande
do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof. Dr. Marco Aurélio Kistemann Junior - Universidade Federal de Juiz de Fora

Prof. Dr. Miguel Adriano Inacio - Instituto Nacional de Pesquisas Espaciais

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof® Dr? Priscila Tessmer Scaglioni - Universidade Federal de Pelotas

Prof. Dr. Sidney Gongalo de Lima - Universidade Federal do Piaui

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg
http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
https://orcid.org/0000-0001-6850-3825
https://orcid.org/0000-0001-6850-3825
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8

Collection: applied environmental and sanitary engineering

Diagramagdo: Camila Alves de Cremo
Corregdo: Flavia Roberta Barao
Indexagdo: Amanda Kelly da Costa Veiga
Revisdo: Os autores
Organizador: Cleiseano Emanuel da Silva Paniagua

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

C697 Collection: applied environmental and sanitary engineering /
Organizador Cleiseano Emanuel da Silva Paniagua. -
Ponta Grossa - PR: Atena, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5983-857-8

DOI: https://doi.org/10.22533/at.ed.578221901

1. Environmental and sanitary engineering. |. Paniagua,
Cleiseano Emanuel da Silva (Organizador). Il Titulo.
CDD 628

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacgdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou anadlise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao.; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citacao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edigao da obra, que incluem
os registros de ficha catalogréafica, ISBN, DOI e demais indexadores, projeto visual e criagdo de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.



DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cdédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edicao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sdo doutores e vinculados a instituicdes de ensino superior publicas, conforme recomendacgao da
CAPES para obtenc¢ao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizacdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.



PRESENTATION

The e-book:“Collection: Applied environmental and sanitary engineering” consists of
nineteen book chapters that address different themes, but which converge to an enormous
concern that increasingly threatens the quality and well-being of future generations: use
sustainable environment and its different biotic and abiotic factors. Inthis sense, the organization
and presentation of book chapters was carried out in four thematic areas, providing a better
organization and sequencing, leading to a better understanding and ease in understanding
each chapter in this e-book. Therefore, the e-book was divided into four thematic areas,
namely: /) evaluation of the quality of water resources intended for human consumption; ii)
emission of particulate materials from the combustion of fuels by the fleet of motor vehicles
and the burning of large green areas in order to meet the interest of the agricultural sector; iii)
actions to minimize the amount of waste sent to sanitary landfills, controlled or dumps based
on the practice of segregating recyclable waste; iv) basic sanitation and the increase in the
Human Development index, generation of energy and fertilizers from biodigestion processes
and the presence of pesticides and pharmaceuticals in foods of animal origin.

The first theme consists of six book chapters dealing with the importance of continuous
monitoring of water quality for drinking purposes, with studies being presented that prove
the lack of efficiency in removing microorganisms with pathogenic properties. Furthermore,
the importance and creation of public policies in order to avoid the eutrophication of
aquatic bodies that are increasingly common in urban areas. The second consists of four
chapters that evaluated the air quality from the emission of particulate materials from human
activities, including the burning of fuels and fires in different biomes and how these have
been influencing the increase in the formation of islands of heat in urban centers.

The third theme consists of four book chapters that address the importance of carrying
out the construction of residential works (condominiums) in order to encourage residents
to develop an environmental awareness in relation to the segregation of waste, especially
organic and recyclable ones, and the latter would be intended for people who work and with
recycling and who contribute significantly to the reduction in the final disposal of waste. Finally,
the fourth theme consists of five chapters that present works that discuss the importance of
biodigestion in rural areas, basic sanitation as an important factor in determining the HDI and
the importance of monitoring the presence of pesticides and drugs in food of animal origin.

In this perspective, Atena Editora has been working with the aim of stimulating
and encouraging researchers from Brazil and other countries to publish their work with
a guarantee of quality and excellence in the form of books and book chapters that are

available on the Editora’s website and elsewhere. digital platforms with free access.

Cleiseano Emanuel da Silva Paniagua
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OF SAMPLES

ABSTRACT: Contaminants of Emerging
Concern (CECs) began to be detected and
quantified in the 1990s, after the advent and
improvement of analytical techniques capable of
quantifying on trace (ug/L) and ultra-trace (ng/L)
in agueous matrices. The unrestrained growth of
the human population and the need to increase
the production of food of plant and animal origin,
led to the improvement of methods for sample
preparation and multi-residue determination
such as QUuEChERS (Fast, Easy, Cheap,
Effective, Robust, Safe). Therefore, the detection
and quantification of CECs residues in living
organisms used for human consumption raised
an alert by developed countries that aroused the
interest of the scientific community and enabled
both the inclusion of new contaminants, as well
as the change of Maximum Allowed Values (MAV)
by environmental agencies in the United States
(USEPA), European Union (EU). Asian countries
that started to require agricultural commodities
destined for human consumption to present a
quality assurance seal in relation to waste MAV
in accordance with legislation. In this sense,
this work aims to present and discuss several
studies that prove the presence of pesticide and
pharmaceuticals residues in foods of animal
origin, present in human food.

KEYWORDS: Contaminants Emerging Concern,
trace and ultra-trace analysis, food, multi-waste
and agricultural commodities.

11 INTRODUCTION

The unrestrained and disorganized
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growth of the world population has been contributing to the greater extraction of minerals
from resources and foods of plant and animal origin and their derivatives. The production
of fish, cattle, pigs and poultry (chickens) in 2020 is illustrated by the graphs in Figure 1.

Figure 1: (a) World fish production; (b) beef; (c) swine and (d) birds (chicken) in 2020
Source: EMBRAPA (2020).

These percentages are equivalent to: /) 987.5 million (beef); i) 103 million (swine);
iif) 133.3 million (chickens) and; iv) 179 million tons of poultry (chickens). The perspective is
that these values will increase annually due to the higher consumption of a population that
grows at a fast pace and that until December 30, 2021; reached a population of 7.9 billion
people, according to Worldometer.

Therefore, there is an enormous need to produce more and more in a shorter period
of time, using substances such as drugs and pesticides that reach the animals through the
following ways: i) application of medicines and vaccines in different herds in order to ensure
the animal’s health; ii) administration of drugs with different properties in order to ensure the
acceleration of the animal’s development for slaughter; jii) drugs and pesticides present in
the composition of administered feeds and supplements; iv) use of pesticides to reduce and/
or eliminate pests that attack different breeding stocks (ARISEKAR. et al. 2019; BARBIERI
et al., 2019; CASTRO; POCURULL; BORRULL, 2020; HAN et al., 2021). In this way, drugs
and pesticides are eliminated in the environment through different routes, as shown in the
flowchart in Figure 2.
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Figure 2: Possible routes of entry and distribution of pharmaceuticals and pesticides in the environment
that affect animals destined for slaughter

Source: The authors (2021).

QuEChERS Method

The growing demand for food of plant and animal origin due to population growth
in a disorderly way, requires the production of food on increasingly larger scales in an
increasingly shorter time span. Therefore, quality control in relation to the presence of multi-
residues from pharmaceuticals and pesticides generated the need for the search for sample
preparation methods that were faster, lower costs, reduced solvent use, greater versatility
and diversity to analyze a greater number and variety of samples (HAN et al., 2021; Ll et al.,
2021; MNYANDU; MAHLAMBI, 2021; PANIAGUA, 2021a; PANIAGUA; SANTOS, 2021a).

Over the past 25 years, the scientific community has dedicated itself to the search
for a method of sample preparation that contemplates the characteristics described above,
as consumers started to demand foods with less diversity and quantity of residues in order
to guarantee greater food safety and a greater balance for the environment. Therefore,
methods capable of determining residues in low concentrations in samples of high
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complexity were emerging, being necessary to promote a sample preparation that aims: the
removal of interferents, the promotion of extraction and enrichment of the analytes of interest
(PANIAGUA, 2021a; PANIAGUA; SANTOS, 2021a; PRESTES; ADAIME; ZANELLA, 2011).

Faced with this challenge, Anastasiades et al. (2003) presented na extraction method,
based on adjusting the ionic strengt of the sample solution, inthe middle of a mobilie-phase
chromatographic, by additing suitable salts, and thus causing thus causing the salting-out
effect capable of extracting, in principle, a variety of pesticide residues. This method was
called QUEChERS, na acronym for: Quick, Easy, Cheap, Effective, Rugged and Safe, which
can be presented in simplified form in the flowchart of Figure 3.

10 g of sample
(all 50 mL teflon)

Shake vigorously for 1 min

4 g MgSO, and 1 g of NaCl
Shake vigorously for 1 min

Add the internal standard
(triphenylphosphate)

Shake for 30s and centrifuge

Transfer to another 1 mL tube of extract
and add 150 mg of MgSO, and 25 mg PSA

Shake for 30s and centrifuge
Chromatographic Analysis

Figure 3: Representative flowchart of the original QUEChERS method

Source: Adapted from Anastassiades et al (2003).

The QUEChERS method has a sample:solvent ratio of 1 g/mL when compared to
traditional methods that demand a ratio of 2 to 5 g/mL using nonpolar solvents. Since then,
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this method has been increasingly applied to samples of different nature and complexity,
such as: pharmaceuticals and pesticides in water, honey and bees, plant foods (PANIAGUA,
2021a; PANIAGUA; SANTOS, 2021a) and those of animal origin that will be presented and
discussed in this work.

2| LITERATURE REVIEW

The present work was limited to presenting and discussing some results obtaining
using QUEChERS method, regarding the presence of pesticide and pharmaceuticals
residues found in samples of food of animal origin (fish, cattle, pigs and chickens) between
the years 2017 to 2021. The works carried out to be represented only a small portion in
relation to the quantity and diversity of the world. It is not the objetctive of this work to
exhaust the presentation and discussion of the topic under discussion. Furthermore, the
works seek to present the importance of the QUEChERS method in the determination of
multi-residues in the different samples that were the objetc of investigation in this work.
Therefore, Tables 1 and 2 present some works and their main results, as presented and
highlighted below.

Result County Reference

From a QUEChERS method developed to determine 340
types of pesticides in samples from fish muscle and liver with
a detection limit (from 0.05 to 1.2 pg/kg). In 54 fish samples, [KAZYNSKI et al., 2017]
ten types of pesticides were detected at concentrations Poland
ranging from 5 to 47 ug/kg, being superior to the proposed
method.

A QUEChERS method was applied to determine 13
organochlorine pesticides in fish muscle samples. Being
quantified a concentration in a range of 1 to 100 pg/kg, China [WANG et al., 2017]
being below the limit of quantification (LOQ) of the proposed
method (1.94 to 4.93 ug/kg).

From the development and validation of a QUEChERS
method to quantify 80 types of pharmaceuticals for veterinary ~
use in psyculture for the species Oplegnathus punctatus. The China [ZHAO et al., 2017]
results showed a concentration below the LOQ (0.25-25 g/
kg) of the validated method.

The pharmaceutical sulfamethazine (SMZ) was administered
to tilapia (Oreochromis niloticus) for 11 days at a
concentration of 422 mg/kg using a QUEChERS method. After
10 days, the Maximum Allowed Value - MAV - (100 mg/kg)
was reached in accordance with European Union legislation. Brazil [NUNES et al., 2018]
In 10 days there was an accumulation of SMZ in the Tilapia
muscle in the order of 1.6 mg/kg, which allowed us to infer
that SMZ is rapidly excreted by the fish’s body.

A QUEChERS method was applied in the determination of
four tetracyclines in fish samples (salmon and panga) that [GRANDE-MARTINEZ et
presented concentrations below the LOQ (4.4g/kg) of the Spain al., 2018]

proposed method.
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A QUEChERS method was applied to determine pesticides
in fish samples. The results showed a concentration of 0.01
to 26.05 pg/kg (fish muscle); 0.01 to 40.56 pg/kg (in the ]
gills) and 0.01 to 65.14 pg/kg (liver), which are above the India [ARISEKAR et al., 2019]
established by the World Health Organization (WHO).

A QUEhERS method was developed to determine five types
of ivermectin and a milbemycin with a quantification limit,
on average, from 0.07 to 1.3 pg/kg, according to European [MOSCHOU;DASENAKI;
legislation. The methodology was applied to fish samples, Greece THOMAIDIS, 2019]
with values below the method limit being quantified.

A QUEChERS method was developed for 52 types of
pesticides in fish samples with a limit of quantification of 10 Spain [BARBIERI et al., 2019]
ng/g. When applying the method, eight pesticides whose
concentration was below the limit of the proposed method
were quantified.

From a proposed QUEChERS method to determine
organophosphate esters (OPEs) in fish samples. The method
has a limit of quantification from 0.05 to 2.0 ng/g which after Spain [CASTRO; POCURULL;
being applied to fish samples obtained 5.31 ng/g, above that BORRULL, 2020]
established by the method.

A QUEChERS method validated for 219 target compounds,
detecting six pesticides and one PAH in 22 fish samples that [HANA; SAPOZHNIKOVA,
presented values below those established by USEPA. United States 2020]

A QUEChERS method was developed for detection and
quantification of 66 pesticides. When applied to 78 fish Republic of [SHIN; KIM; KANG, 2021]
samples, it was tested positive for 10 samples, whose Korea
concentrations were below the Quantification Limit of the
method (10 pg/kg).

Table 1: Some works involving the QUEChERS method to monitoring residues of pesticides and
pharmaceuticals present in fish samples in the period between 2017 and 2021

Source: The authors (2021).

Tabele 1 was limited to presenting works carried out with fish samples due to the
high amount and diversity of pesticidde and pharmaceuticals residues present in these
samples, obtained from the commerce of different cities in numerous countries. The results
reveal the contamination of different aquatic biota, since fish is one of the countless living
organisms that inhabit these ecosystems and that may be an indication that multi-residues
have already contaminated countless fauna and flora organisms from different organisms.
aquatic compartments. Therefore, water resources are the main entry point for multi-waste
that contaminate the environment and that, due to different trophic levels, can accumulate
in increasingly higher concentrations along the food chain and in increasingly complex
organisms as shown in Table 2.
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Result

Country

Reference

A QUEChERS method was applied for the determination
of multiresidues of B-antagonist substances in muscles
and viscera of animals, with a limit of quantification (LOQ)
of 1.0 ug/kg. The analyzed samples presented values that
were below the LOQ of theproposed method

Taiwan

[LIN et al., 2017]

Using a QUEChERS method, the presence of drugs
(avermectins, benzimidazoles and nitroimidazoles) was
evaluated in tissue samples from bovine muscle, with a
limit of quantification from 0.011 to 113.674 pg/kg. In all
samples evaluated, the concentration of pharmaceuticals
was below the LOQ of the proposed method.

Brazil

[SILVA et al., 2017]

A QUEChERS method was applied in the determination

of fenobucarb residues in food samples of animal

origin (swine muscle, fish, eggs and milk) with a limit of
quantification of 2.0 pg/kg. In samples acquired in different
places in the country, the target compound of interest was
not detected.

Republic of
Korea

[ZHENG et al., 2017]

From the application of a QUEChERS method, ractopamine
was determined in samples from different parts of the pig
(muscle, kidney, liver and fat) with quantification limits

from 3.65 to 4.86 pg/kg (kidney samples) and from 6.27 to
7.21 pg/kg (liver samples), which are values far belowthe
established by Codex Alimentarius, which is 90 (kidney)
and 40 pg/kg (liver). Numerous samples were collected
from different places with a concentration of 22.5 (liver)
detected; 92 (kidney) and 1003 pg/kg (lung) of the pig. The
results indicate that for kidney and lung samples from pigs,
they are above both the proposed method and the one
established by Codex.

Brazil

[FEDDERN et al.,
2018]

A QUEChERS method was developed for the determination
of 200 pesticides and 65 environmental contaminants in
bovine, porcine and poultry muscle samples with a limit of
quantification of 5.0 ng/g for 219 target compounds. When
applying to samples, none were found with compounds
within the quantification limit of the method.

United States

[SAPOZHNIKOVA,
2018]

A QUEChERS method was developed and applied for

the determination of the pesticide chlordecone and its
metabolite chlordecol in animal liver samples. In twelve
samples of bovine and porcine liver, concentrations above
the detection limit for chlordecone (1.36 pg/kg) and below
for the metabolite chlordecol (2.50 pg/kg) were found.

France

[SAINT-HILAIRE et
al., 2018]

A QUEChERS method, with a detection limit of 10 pg/

kg, was developed for the determination of endrin and its
metabolite (5-keto endrin) in five types of animal samples
(chicken, swine, bovine, egg and milk), being that the
maximum value allowed by CODEX Alimentarius is 10
times the method limit. In 20 samples collected in different
places in the country, the target compounds were not
detected.

Republic of
Korea

[RAHMAN et al.,
2018]

A QUEChERS method was developed to determine 126
pesticides in chicken muscle, with a limit of quantification of
10 pg/kg. The evaluated samples showed concentrations
below the method limit, with the exception of the pesticides
oxadiazone, clomazone and lactofen.

China

[WENG et al., 2020]

Table 2: Some works involving the QUEChERS method to monitoring residues of pesticides and drugs
present in samples of pork, beef and poultry (chicken) from 2017 to 2020.

Source: The authors (2021).
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The results presented in Table 2 demonstrate that the residues of drugs and
pesticides are present in the extensive activities of raising and slaughtering poultry, cattle
and swine for commercial purposes, the multi-residues that were detected are mostly from
the following sources: i) pharmaceuticals used for the best development of the animal for
slaughter; ii) pesticides used both to control pests that infect the herd and can cause the
animal to become ill, and from the ingestion of animal feed and/or foods of plant origin, such
as in cattle breeding.

Given these results, it is necessary to adopt practices and establish international
legislation in order to reduce the indiscriminate use of pharmaceuticals and pesticides in
the production of food of animal origin. In addition, the excretions of these animals when
in contact with the soil and through leaching are capable of reaching different aquatic
compartments [ground and surface water (stream, river, pond, dam, headwaters, among
others)] that will reach the water and/or sewage treatment plants and will not be removed
by conventional treatment processes, as they were not designed for a specific purpose
(PANIAGUA, 2021a,b; PANIAGUA; SANTOS, 2021b). The treated water will be destined
for public supply, in which man will be contaminated by multi-waste from another source.

31 CONCLUSION

The presence of drug and pesticide residues in samples of animal origin needs to be
urgently addressed by international organizations, in order to curb the indiscriminate use
and management in all countries and with the possibility of suffering sanctions in relation
to consumption and export of these foods.In addition, the health of the environment and
greater food safety need to be addressed in the form of international agreements as a
matter of urgency, since such indiscriminate and even illegal use of drugs and pesticides
are directly impacting the health of people who they live in countries where the resource
destined for this area is little or scarce, such as Brazil.

The QuEChERS method has been helping and providing an even greater advance
in the preparation of increasingly complex samples. This method has contributed to the
reduction of time, energy consumption, reagents and waste generation. The versatility of
this method has enabled the development of specific QUEChERS for a certain class of
residues and samples, enabling an expansion in the detection and quantification of residues,
contributing to the solidification of the twelve principles of Green Chemistry.
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