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RESUMO

PARASITOS EM DEJETOS SUINOS APOS COMPOSTAGEM
AUTOMATIZADA PARA USO NO PLANTIO DE RUCULA

AUTOR: Mariangela Facco de Sa
ORIENTADORA: Dr2, Silvia Gonzalez Monteiro

A compostagem automatizada é uma técnica que vem sendo utilizada no tratamento de
dejetos de animais, porém a seguranca quanto a eliminacdo de patdgenos zoondticos ainda é
pouco estudada. O objetivo do trabalho foi verificar a contaminagdo do composto quanto a
presenca de parasitos. O experimento foi conduzido na Universidade Federal de Santa Maria,
0 substrato utilizado foi constituido da mistura de maravalha (30%) e serragem (70%) de
eucalipto. Os dejetos liquidos de suinos (DLS) foram provenientes de animais em fase de
terminacdo. Foram avaliados trés tratamentos durante o processo de compostagem
automatizada com revolvedor vertical: T1- Adicdo de dejetos liquidos de suinos (DLS); T2-
Adicdo de DLS e Xisto retortado (XR) e T3- Adicdo de DLS + XR + Dicianodiamida (DCD).
As adicBes dos diferentes DLS foram realizadas semanalmente durante 14 semanas. Foi
realizado o acompanhamento da temperatura, da umidade, compostos nitrogenados e pH de
cada pilha de compostagem. Antes de cada adi¢do na leira, um litro de cada amostra de DLS
foi coletado e avaliado para presenca de parasitos. Para o material compostado foram
coletados 100g em quatro alturas diferentes da leira, que foram misturadas. Uma amostra
desse material foi retirada para analise parasitologica. As analises foram feitas com trés
repeticdes, um dia antes de cada nova adicdo de dejetos na leira. A andlise parasitologica do
composto para recuperacdo de ovos de helmintos no composto foi realizada através do
método de Bailenger Modificado com adaptacdes (BMA). Para identificacdo de
Cryptosporidium sp. foram confeccionadas laminas e realizada a coloracdo de Ziehl-Neelsen.
Para identificacdo de Giardia sp. foi realizada a técnica de Faust modificada. No tratamento
controle (DLS) houve aumento do nimero de ovos entre o inicio e final da adicdo de DLS,
enquanto que no periodo de maturacdo houve reducdo. Ja para os demais tratamentos
(DLS+XR e DLS+XR+DCD) houve reducdo gradual no nimero total de ovos do inicio até o
fim da adicdo de DLS, e também no periodo de maturacdo. O tratamento DLS+XR+DCD
promoveu redugdo total no nimero de ovos no periodo de maturagdo. A compostagem
automatizada mostrou ser um processo eficiente para o tratamento de dejetos liquidos de
suinos eliminando entre 98 e 100% dos ovos de helmintos presentes nos DLS. O potencial
contaminante dos compostos foi avaliado em experimentos de campo, com o cultivo de
rucula. Quatro tratamentos foram avaliados, com 4 repeti¢cbes: T1- Composto DLS; T2-
Composto DLS + XR; T3- Composto DLS + XR + DCD; T4- testemunha (solo + Nitrogénio,
Fosforo e Potéssio (NPK)). Para esta analise foram coletados 100g de folhas de riculas, em
triplicata e foram realizados 3 cortes na rdcula. Nado foram encontrados parasitos nas rdculas
em nenhum dos cortes mesmo quando presentes no composto utilizado.

Palavras Chaves: Helmintos suinos. Suinocultura. Dicianodiamida. Hortalica.



ABSTRACT

RESEARCH OF PARASITES IN PIG MANURE AFTER
AUTOMATED COMPOSTING FOR USE IN ARUGULA
CULTIVATION

AUTHOR: Mariangela Facco de Sa
ADVISOR: Dr2. Silvia Gonzalez Monteiro

Automated composting is a technique applied for treatment of animal manure,
however a safety form for elimination of zoonotic pathogens is still poorly studied. The
objective of this paper was to verify contamination of the compost to presence of parasites.
The experiment was conducted at Universidade Federal de Santa Maria (UFSM), and the
substrate consisted of a mixture of wood shavings (30%) and sawdust (70%). Liquid pig
manure (LPM) was provided from animals in finishing phase. Three treatments were avaliated
during the automated composting process with vertical mixer: T1- Addition of liquid pig
manure (LPM); T2- Addition of LPM and retorted shale (RS) and T3- Addition of LPM + RS
+ Dicianodiamide (DCD). LPM additions were performed weekly for 14 weeks. Monitoring
of temperature, humidity, nitrogen compounds and pH of each compost pile was carried out.
Before each addition in the rows, one liter of LPM sample was collected and evaluated for the
presence of parasites. For composted material, 100g were collected at four different heights of
the rows, which were mixed. A sample of this material was removed for parasitological
analysis. Analyzes were done with three replicates, one day before each new addition of waste
in the row. Parasitological analysis of the compost for the recovery of helminth eggs was
carried out using the Modified Bailenger method with adaptations (MBA). For identification
of Cryptosporidium sp., glass slides were made and Ziehl-Neelsen staining was performed.
For identification of Giardia sp. it was performed the modified Faust technique. In control
treatment (LPM) there was an increase in number of eggs between the beginning and end of
the LPM addition, whereas in maturation period there was a reduction. For the other
treatments (LPM + RS and LPM + RS + DCD) there was a gradual reduction in the total
number of eggs from the beginning to the end of addition of LPM, and from the end to
maturation period. The LPM + RS + DCD treatment promoted a total reduction in number of
eggs in the maturation period. Automated composting showed to be an efficient process for
the treatment of liquid pig manure eliminating between 98 and 100% of the helminth eggs
present. The contaminant potential of the compost was evaluated in field experiments with
arugula cultivation. Four treatments were evaluated, with 4 replicates: T1- LPM compost; T2-
LPM + RS compost; T3- LPM + RS + DCD compost; T4-control (soil + NPK). For this
analysis 100g of leaves of arugula were collected in triplicate and three cuts were made. No
parasites were found in the arugula in any of the cuts even if there were parasites present in
the compost used.

Keywords: Helminths of swine. Swine breeding. Dicianodiamide. Vegetable.
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APRESENTACAO

Os resultados que fazem parte desta tese estdo apresentados sob a forma de artigos.
Essa tese de Doutorado esta organizada seguindo a estrutura e apresentacdo de monografias,
dissertacBes e teses (MDT) 2015. O item CONSIDERACOES FINAIS, encontrado no final
da tese, apresenta as interpretacfes discutidas sob um ponto de vista que buscou estabelecer
uma conectividade entre os objetivos e resultados obtidos. As REFERENCIAS
BIBLIOGRAFICAS se referem somente as citacdes que aparecem nos itens INTRODUCAO
e REVISAO DE LITERATURA desta tese. Os artigos estdo estruturados de acordo com as
normas das revistas cientificas para as quais foram submetidos:

Artigo 1: Ciéncia Rural

Artigo 2: Waste Management

Artigo 3: Food Control

As analises parasitoldgicas descritas nesta tese foram desenvolvidas no Laboratério de
Parasitologia Veterinaria (LAPAVET) e o tratamento de dejetos liquidos de suinos através da
compostagem automatizada no Laboratério de Analises de Biotransformagbes do Carbono e
Nitrogénio (LABCEN) sob a coordenagdo da Prof.2 Silvia Gonzalez Monteiro e Prof. Celso

Aita, respectivamente.
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1 INTRODUCAO

A suinocultura brasileira esta bem consolidada, situando o Brasil como quarto maior
produtor e exportador de carne suina no &mbito mundial (ABPA, 2015), ficando atrds da
China, Estados Unidos e Alemanha. De acordo com IBGE (2014), no ano de 2012 o Brasil
possuia um rebanho de aproximadamente 38 milhdes de cabecas, e a producao de carne suina
chegou a 3,483 milhdes de toneladas. Estes dejetos sdo reservatorios potenciais de nutrientes e
amplamente usados como fertilizantes organicos (BARROS et al., 2011), possibilitando maior
producdo de insumos a um custo mais baixo. No entanto, uma grande variedade de
protozoarios e helmintos podem ser encontradas nessas fezes e representam ameaca a saude
publica (WONG et al., 2009). Consequentemente, 0 aumento na producédo significa também
maior quantidade de dejetos e elevado risco de contaminacdo ambiental. E, estes parasitos
podem permanecer no ambiente criatério por longos periodos, sendo que o risco de
contaminacdo ira depender em grande parte da capacidade de sobrevivéncia destes no
ambiente (JACOBSEN et al., 2012).

Devido a isso, os residuos da producdo suinicola requerem atencdo especial. Varias
séo as tentativas pesquisadas para mitigar este problema. O fato dos animais permanecerem
confinados durante todas as fases do ciclo produtivo, acumula um significativo volume de
dejetos com alto teor de dgua oriunda do derramamento dos bebedouros, lavagem das baias e
urina (SA et al., 2014). Assim, cresce a cada dia a importancia de manejar adequadamente
estes dejetos, além aumento das exigéncias dos d6rgaos fiscalizadores e da sociedade em geral
(SEMENOV et al., 2010) minimizando, desta forma, os riscos de poluicdo advinda de uma
maior consciéncia ambiental dos produtores.

Uma das alternativas, utilizada em paises como a Italia (CHIUMENTI et al., 2007),
Franca (PAILLAT et al., 2005), China (ZHU, 2007; JIANG et al., 2013), Espanha (ROS et
al., 2006) e introduzida recentemente no Brasil (NUNES, 2003; DAI PRA, 2006; OLIVEIRA
& HIGARASHI, 2006; KUNZ et al., 2008; GIACOMINI et al., 2014) é a compostagem dos
dejetos liquidos, juntamente com substratos com elevada relacdo Carbono/Nitrogénio (C/N),
como a maravalha e serragem.

Com essa tecnologia de manejo e tratamento dos dejetos € possivel: a) converter 0s
dejetos liquidos em uma matriz sélida, a qual pode ser facilmente exportada de areas com

elevada densidade de suinos e concentracdo de dejetos para &reas menos impactadas



15

(OLIVEIRA & HIGARASHI, 2006); b) concentrar nutrientes no composto, agregando maior
valor ao produto final para uso como fertilizante (DAl PRA, 2006); c)

sanitizar os dejetos, pela reducdo da populacao de microrganismos patogénicos em funcéo das
elevadas temperaturas durante a fase termofilica da compostagem (DAl PRA et al., 2009; SA
etal., 2014).

Entretanto, um dos maiores entraves a adocdo da compostagem como manejo dos
dejetos liquidos de suinos é o grande dispéndio de mao de obra para incorporar os dejetos
sobre os substratos, bem como, para o revolvimento das leiras. Para contornar esse problema,
foi introduzida, no Sul do Brasil, uma tecnologia inovadora no processo de compostagem, a
qual consiste em um equipamento que faz, de maneira simultdnea, a adicdo dos dejetos
liquidos a materiais organicos com elevada relacdo C/N e o revolvimento mecanico das leiras.
O referido equipamento possui uma bomba que faz a succdo dos dejetos diretamente da
esterqueira, ou do local onde os mesmos estdo armazenados, aplicando-os sobre a leira de
compostagem. Simultaneamente, ocorre o revolvimento da leira com helicoides, os quais
movimentam o material desde o fundo até a superficie das leiras. Todo esse processo é
realizado de maneira automatizada, o que representa uma grande economia de méao de obra ao
suinocultor.

Apesar das inimeras vantagens atribuidas ao processo de compostagem automatizada,
nota-se que as mesmas ainda carecem de um respaldo maior da pesquisa, sobretudo para as
condicdes do Rio Grande do Sul, onde o processo apresenta clara tendéncia de expansao a
curto e médio prazo. Para isso, € indispensavel ampliar a base de conhecimento em diversos
pontos fundamentais da compostagem automatizada dos dejetos liquidos de suinos. Com isso,
0 objetivo deste estudo foi avaliar a sanitizacdo dos dejetos liquidos de suinos quanto a

presenca de parasitos através do processo de compostagem automatizada.
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2 CAPITULO I: REVISAO DE LITERATURA

2.1 COMPOSTAGEM DE DEJETOS LIQUIDOS DE SUINOS (DLS)

A compostagem automatizada de DLS é uma tecnologia emergente no que diz respeito
a sistemas de tratamento para residuos da suinocultura. Atualmente a literatura em relacéo a
eficiéncia de sanitizacdo desta pratica ainda é escassa ou inexistente, principalmente sobre a
sobrevivéncia de parasitos ap0s o0 processo de compostagem. A atividade microbiana, além de
promover as transformacdes quimicas e fisicas do material compostado proporcionando um
produto parcialmente mineralizado (SOUZA et al., 2008), determina a eficiéncia do processo
de compostagem devido a temperatura no interior da leira. Temperaturas mais elevadas
podem promover a deshaturacdo proteica ou a inativacdo de enzimas essenciais ao
desenvolvimento do organismo (ANDREOLLI et al., 2006). Em temperaturas acima de 50° o
ambiente torna-se desfavoravel para a sobrevivéncia e o desenvolvimento de organismos
patdgenos que geralmente sdo mesofilicos (VALENTE et al., 2009). Dessa forma, o principal
fator sanitizante séo as altas temperaturas que o material a ser compostado atinge durante a
fase termofilica, sendo capaz de reduzir em 99% a incidéncia de patdégenos como coliformes e
ovos de helmintos (ORRICO et al., 2007).

A maioria dos trabalhos realizados analisando os beneficios da compostagem se refere
a reducdo de gases de efeito estufa liberados para atmosfera (BAUTISTA et al., 2011,
ANGNES et al., 2013; AITA et al., 2014), reducio de coliformes fecais (SA, et al., 2014) e
reducdo da evaporacdo da dgua (JIANG et al., 2013).

Estudos realizados por Luchese et al. (2007) e Hahn et al. (2012) verificaram que a
contagem de oocistos de Eimeria sp. encontrados no inicio do processo ndo diferiu durante o
periodo de compostagem analisado. Estes autores encontraram uma reduc¢do menor que 50%
em relacdo ao numero de oocistos encontrados na contagem inicial, 0 que comprova a baixa
eficiéncia da compostagem para reduzir a contaminacao por estes organismos, sugerindo alta
resisténcia deste protozoario.

A manutencdo de temperaturas acima de 70° restringe 0 nimero de microrganismos
durante o processo de compostagem, aumentando o desprendimento de aménia e
insolubilizagdo de proteinas hidrossolUveis quando o material apresentar baixa relagdo C/N
(COTTA et al., 2015). No entanto, o processo de compostagem torna-se mais eficiente na

reducdo de microrganismos patogénicos se houver a manutencdo de temperaturas termofilicas
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uma vez que a eficiéncia da sanitizacdo depende do tempo de exposicdo do material
compostado a altas temperaturas (REBOLLIDO et al., 2008).

2.2 USO DE XISTO RETORTADO E DICIANODIAMIDA COMO REDUTORES DA
CARGA PARASITARIA

O uso dos aditivos Xisto Retortado (XR) e Dicianodiamida (DCD) no processo de
compostagem para reducédo de gases de efeito estufa tem sido bastante estudado na atualidade,
porém a influéncia destes aditivos na sanidade em relagéo a parasitos presentes no composto
ainda necessita de pesquisa.

O XR é resultante do tratamento térmico a altas temperaturas de uma rocha
betuminosa sedimentar para a extracdo de 6leo, apresenta porosidade elevada (PIMENTEL et
al., 2006) e pH baixo, assim, pode-se formular a hipdtese de que o XR contribua para reter o
N amoniacal dos DLS durante a sua compostagem, reduzindo as emissdes de NH3z para a
atmosfera, possibilitando a permanéncia deste por mais tempo na massa de compostagem.

Outro aditivo utilizado para minimizar a volatilizacdo do N amoniacal dos dejetos
inibindo a primeira fase da nitrificagdo e mantendo a aménia na forma livre, temos a molécula
organica dicianodiamida (DCD). Ao utilizar esse aditivo devemos levar em conta que diversos
fatores interferem na intensidade, bem como na duracdo do efeito inibitério da nitrificacdo pela
DCD, com destaque para a temperatura, matéria organica, pH, tipo de substrato e dose do produto
utilizado (RAJBANSHI et al., 1992; KELLIHER et al., 2008).

Até o momento os estudos realizados com XR e DCD sao relativos ao seu potencial
agricola, viabilidade de uso, diminuicdo de gases de efeito estufa em compostagem de DLS,
atividade microbiana do solo e reducdo dos nematoides de plantas com resultados que
evidenciam beneficios ao solo e as culturas. No entanto, ndo hé trabalhos sobre o0 uso do XR e

DCD na compostagem de DLS como agente redutor da carga parasitaria.

2.2.1 Xisto Retortado (XR)

O Brasil é detentor de uma das maiores reservas mundiais de xisto, que sdo rochas
sedimentares resultantes da decomposicdo de materiais minerais e organicos no fundo de
grandes lagos e mares (PIMENTEL et al., 2006). Ao longo de milhdes de anos a agdo de

agentes quimicos e microrganismos transformam a matéria organica presente nessas rochas
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em uma matriz mineral chamada de querogénio, um complexo organico que quando aquecido
produz gas e 6leo semelhante ao petrdleo (DOUMER et al., 2011). Por ser um residuo com
alta concentracdo de Silicio (Si) o XR tem sido estudado como agente controlador de
nematoides em diferentes culturas, como mdltiplas espécies de Meloidogyne sp. (CHAVES,
2006). Na cultura do feijdo o XR reduziu o numero de galhas e de ovos deste parasito; no
tomateiro houve reducdo na reproducdo diminuindo o nimero de ovos do nematoides e no
cafeeiro houve reducdo do numero de galhas (DUTRA, 2004). Em relacdo as caracteristicas
bioldgicas indicadoras da qualidade do solo Doumer et al. (2011) verificaram que a aplicacéo
do XR proporcionou melhor atividade microbiolégica do solo reduzindo a emissdo de CO>
sem causar alteracdo no Carbono (C) da biomassa microbiana e sem impactar negativamente a
atividade enzimatica do solo. Porém, estes autores ressaltam a necessidade de novas pesquisas
para confirmar a acdo do XR sobre o C do solo.

Ao ser beneficiado industrialmente o Xisto gera uma grande quantidade de
subprodutos resultantes da pirélise da rocha entre os quais estad 0 XR que representa 80 a 90%
de toda matéria prima que alimenta o processo, representando um dos maiores entraves para 0
desenvolvimento da indudstria do xisto pelo grande volume gerado e impactos que causa ao
ambiente (PIMENTEL et al., 2006).

Nos Estados Unidos Reddy et al. (1996) verificaram que em locais onde 0 XR era
depositado em grandes quantidades impedia a instalacdo de nova vegetacdo e atribuiram este
fato a forte alcalinidade deste subproduto (pH ~12,0). Bay et al. (2011) ao realizarem estudos
com XR no Brasil encontraram valores de pH bem abaixo, proximos a 5,0 e constataram que
os valores de pH do XR americano ndo condizem com a realidade do XR brasileiro (LEAO et
al., 2014). Ainda, segundo estes autores, o retorno do XR ao ambiente promovido pela
unidade da Petrobrds em Sdo Mateus do Sul ndo prejudica o restabelecimento de plantas
(gramineas, espécies florestais nativas, leguminosas e exdticas).

Visando tornar esse processo mais sustentavel tanto em termos econémicos quanto
ambientais, a busca de novas tecnologias para destinacao deste subproduto tem sido estudada
(SANTOS et al., 2010). Devido as caracteristicas agronémicas que o XR possui, tendo em sua
composi¢do considerdvel teor de matéria organica (MO 15%) e elevado teor de Si (52%)
(PEREIRA et al., 2004) e outros elementos como P, Ca, Mg, S e micronutrientes (CHAVES
et al., 2006) o XR apresenta potencial para ser usado como insumo na agricultura organica
(LEAO et al., 2014).

A pesquisa a respeito da utilizacdo deste material abrange diversas areas. O XR €

bastante usado como adsorvente de varios compostos quimicos organicos e inorganicos em
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areas degradadas, uma vez que é capaz de substituir adsorventes comercias ja utilizados e que
possuem custo elevado, como o carvéo ativado, argilas e silica gel (STACHIW, 2008). No
estudo realizado por Pimentel et al. (2006) a utilizacdo de 1,4 gramas de XR sem nenhum tipo
de pré-tratamento foi suficiente para remover 100% dos 200 mg L™ de chumbo (1) contido
em solugéo aquosa amostrada.

Al-Qodah (2000) utilizou cinzas de xisto como adsorvente para remogao de compostos
coloridos da industria téxtil, e observou que as cinzas apresentaram eficiéncia de remog¢do em
90% dos compostos analisados. Machado et al. (2007) utilizaram zeolitas produzidas a partir
de XR tratado para remogdo de arsénio em &gua e comprovaram a eficiéncia deste material
para purificacdo de 4guas contaminadas. A literatura ndo relata nada sobre o tipo de influéncia
gue o XR exerce sobre parasitos em locais contaminados deixando uma grande lacuna a ser

preenchida.

2.2.2 Dicianodiamida (DCD)

A DCD ¢é uma molécula organica com acao bacteriostatica em Nitrosomonas sp. ao
promover o blogueio nos sitios de acdo da enzima amdnia monooxigenase, responsavel pela
oxidagdo de aménio (NH4" a nitrito (NO2) (FRYE, 2005), durante a primeira etapa da
nitrificacdo (SINGH et al., 2008). Ao inibir a primeira etapa de nitrificacdo, a DCD faz com
que a aménia livre (NHz) presente nos dejetos permaneca por mais tempo disponivel na massa
de compostagem (WHARTON, 1980). Esse tempo maior de exposi¢do dos ovos de helmintos
a amonia na forma livre NH3, possibilita a inativacdo do parasito uma vez que ocorre reducao
na permeabilidade da membrana celular provocada pela baixa concentracdo de oxigénio no
composto (GHIGLIETTI et al., 1997). Este mesmo autor sugere que a baixa permeabilidade
da membrana que protege o ovo de Ascaris suum permite uma maior penetracdo da NHs para
dentro da célula, ocasionando a sua inativagcdo. A intensidade de reducdo da nitrificacdo é
regulada pela temperatura, matéria organica, pH, tipo de solo e dose do produto utilizado
(KELLIHER et al., 2008). A DCD é muito utilizada como estratégia para a preservagao do
nitrogénio (N) contido nos dejetos liquidos de suinos na forma de NHs apos sua aplicacédo a
campo (DAMASCENO, 2010), retardando a nitrificacdo do N amoniacal, reduzindo a
emissdo de dxido nitroso (N20) e evitando a lixiviacdo de nitrato (NOz) (AITA et al., 2014).
A DCD também ¢é utilizada para inibir a nitrificacdo do N amoniacal em camas de aviarios

utilizadas como fertilizante organico (ASING et al., 2008).
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Estudos sobre o efeito da NHs em ovos de helmintos presentes nos residuos
agropecuarios, especialmente ovos de Ascaris sp., comecaram a ser realizados na década de
70. Chefranova (1977) observou que ovos de A. suum em residuos sélidos e liquidos, em
contato com determinada quantidade de NHas, eram inativados em menos de 15 dias e em
temperaturas que variavam entre 18 e 22°C. Em estudos posteriores, Chefranova et al. (1978)
relatou que outros helmintos como Diphyllobothrium latum e Trichuris muris foram ainda
mais sensiveis a toxicidade da NHz sendo inativados em um periodo ainda mais curto.
Mendez et al. (2004) conseguiram a inativacdo de 94% dos ovos de A. suum quando
expuseram dejetos sélidos de suinos, com pH ajustado para 10,74, a altas concentracBes de
amonia (50%) no periodo de duas horas. Estes autores, observaram que pH acima de 8,
associado a baixa temperatura (20°C), diminui o tempo de exposicdo para inativacdo dos
0Vo0s, pois estas condi¢cdes proporcionam maiores niveis de aménia livre no material.

O mecanismo de acdo da amoénia na inativacdo de A. suum ainda ndo estad bem
definido. Pecson et al. (2006) sugerem que a associa¢do do pH alcalino com a temperatura
elevada aumenta a permeabilidade da membrana lipidica da casca do ovo, permitindo a
difusdo da amdnia livre para dentro do reservatdrio, consequentemente ocorre o aumento do
pH intracelular e inativacdo do parasito. Nordin et al., (2009) também relatam que a
inativacdo pela aménia é dependente da temperatura, uma vez que esta influencia a
permeabilidade do ovo potencializando a inativacgéo.

Gonzatto et al. (2016) ao realizarem estudos com o uso da DCD como inibidor de
nitrificacdo a uma taxa de 11,3 kg ha* durante a aplicacéo de dejetos liquidos de suinos no
solo, a nitrificagdo do N amoniacal foi completamente inibida durante os primeiros 12 dias
apos a aplicacdo. O efeito inibidor de nitrificacdo foi atribuido a acdo da DCD no bloqueio do
sistema enzimatico envolvido na oxidacdo da aménia em nitrito (AITA et al., 2013).

No Brasil, ainda ndo foram realizados estudos para determinar a eficiéncia do uso de
inibidores da nitrificacdo como redutores de carga parasitaria em dejetos suinos compostados
e na diminuigdo de impactos ambientais relacionados a esses parasitos no solo (LESSA et al.,
2014; BARNEZE et al., 2014). Por isso, a necessidade de ampliar o conhecimento e

proporcionar solugdes para os riscos ambientais relacionados a suinocultura.

2.3 INTRODUCAO AOS HELMINTOS E SUA RELACAO COM PARASITOSE EM
SUINOS
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Os helmintos de interesse na saude publica caracterizam-se, do ponto de vista
taxiondmico, pela auséncia de segmentacdo e celoma verdadeiro e podem se localizar em
diferentes partes no corpo do hospedeiro. Estes, classificam-se em trés grandes grupos:
Nematodeos, ou vermes cilindricos; Cestdodeos ou vermes segmentados e chatos; e
Trematddeos, providos de ventosas e sem segmentacdo (MONTEIRO, 2010).

Cada helminto possui ciclo evolutivo diferenciado podendo ou ndo necessitar de um
hospedeiro intermediario (HI) para completar o ciclo. Uma espécie de parasito sozinho ou a
associacdo de duas ou mais espeécies trazem maleficios ao organismo parasitado (MENEZES,
2013) podendo incorrer na morte do hospedeiro. A morbidade relacionada a estas infec¢Ges
associada a desnutricdo grave, perda de sangue nas fezes e migracdo de estadios larvais dentro
do organismo pode ocasionar consequéncias desastrosas ao individuo acometido (NORMAN
etal., 2010).

Os primeiros registros de enfermidades ocasionadas por helmintos encontram-se
datadas de 1500 A.C. onde sdo descritas espécies de ténias e lombrigas, os quais ainda séo
bastante incidentes em pleno século XXI, principalmente em regides mais pobres, onde ocorre
a associacdo de fatores como: falta de condi¢cbes de higiene basicas (LOREILE et al., 2003),
inexisténcia de tratamento de esgotos e da agua.

Os suinos sdo afetados por uma ampla gama de parasitos, principalmente helmintos da
Classe Nematoda. Estes parasitos podem ser localizados em praticamente todos os tecidos e
cavidades no corpo do suino (ROEPSTORFF et al., 1998). A morbidade ou mortalidade
destes animais sera diretamente proporcional a carga parasitaria e a resisténcia individual e
idade do hospedeiro, bem como estado nutricional, imunolégico e fatores ambientais (WANG
et al., 2008; DA SILVA et al., 2009). Travassos (1950) relatou que os helmintos pertencentes
a esta classe, possuem corpo normalmente fusiforme, podendo ser subcilindricos ou esféricos,
com simetria bilateral e tubo digestivo completo, ndo apresentando tracos de metamerizacéo.
Apresentam nas linhas laterais musculatura interrompida, em geral possuem dimorfismo
sexual e corpo revestido por uma camada translicida denominada cuticula. Sdo na sua
maioria oviparos, podendo alguns serem viviparos e com dimensfes bem variadas, medindo
de milimetros até 1 metro de comprimento.

Em casos de baixa infeccdo principalmente em suinos na fase adulta, sinais clinicos
dificilmente sdo observados, no entanto acarreta em perdas econdmicas significativas dentro
da cadeia produtiva, principalmente em relagdo ao desempenho reprodutivo dos suinos
(PEDERSEN et al., 2002; THOMSEN et al., 2006).
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2.3.1 Principais Ordens de interesse e potencial contaminante

2.3.1.1 Ordem Ascaridida

Dentre os parasitos pertencentes a Ordem Ascaridida esta o Ascaris suum, que parasita
suinos, causando consideravel prejuizo dentro da cadeia produtiva. Este parasito foi descrito
pela primeira vez por Goeze em 1782 ao perceber caracteristicas morfoldgicas muito
semelhantes ao Ascaris lumbricoides que parasita humanos. Devido a esta semelhanga, houve
a necessidade de conhecer o potencial zoondtico do A. suum e este helminto foi amplamente
estudado e, por muito tempo, parasitologistas acreditavam que o ciclo evolutivo de ambos era
idéntico (LOREILLE et al., 2003).

Murrell et al. (1997) em seus estudos relataram que as larvas de A. suum no estagio L3
tem preferéncia em parasitar a regido do ceco e mucosa do célon em suinos, enquanto o A.
lumbricoides tem predilecdo pelo intestino delgado. Esta descoberta questiona ndo s6 o fato
de que ambos helmintos possuem padrées migratorios e de desenvolvimento semelhantes em
seus hospedeiros, mas também se o mesmo parasita evoluiu originando duas espécies
diferentes (LOREILLE et al., 2003). Atualmente ndo existe um método confidvel para
diferenciar ovos de A. lumbricoides e A. suum, uma vez que morfologicamente sdo muito
parecidos.

Uma das maneiras de verificar se sdo da mesma espécie seria recuperar exemplares
deste helminto de humanos e de suinos, e ver se ao acasalarem podem produzir descendentes
férteis, baseando-se no Conceito de Espécie Bioldgica (CEB) (DOBZHANSKY, 1937). Na
literatura, sdo descritos numerosos estudos utilizando caracteres morfoldgicos (SPRENT
1952, ANSEL et al., 1973), imunoldgicos (KURIMOTO 1974, NADLER 1987),
caracteristicas de cariotipo (HE et al., 1986) e abordagens bioquimicas (PAGGI et al., 1985)
para caracterizar os helmintos adultos, porém os resultados ainda sao dificeis de interpretar,
pois a localizagdo geografica do parasito exerce forte influéncia sobre estas caracteristicas.

A especificidade de hospedeiro é crucial para determinar se ambos Ascaris tem um
unico ciclo de transmissdo tendo suinos e humanos como hospedeiros alternativos ou se
possuem ciclo de vida simpatrico com A. lumbricoides utilizando humanos como hospedeiros
e 0 A. suum utilizando suinos (ANDERSEN et al., 1973). Na América do Norte, em condicdes

naturais, humanos foram infectados ocasionalmente por ovos embrionados de A. suum ao
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ingerirem hortalicas adubadas com dejetos de suinos contaminados e ndo tratados
(ANDERSON ,1995).

Buckley (1931) para testar se acontecia infeccdo cruzada, ingeriu um pedaco de péo
contaminado com 20 larvas de A. suum coletadas a partir do pulmdo de um suino infectado e
simultaneamente infectou um primata e dois suinos com uma dose bem maior de larvas. Trés
meses apds a ingestdo, os suinos apresentavam uma grande quantidade de nematddeos
adultos, enquanto Buckley e o primata ndo mostravam nenhum sinal claro de infeccdo. Ja
Takata (1951), Galvin (1968), Crewe et al. (1971) e Lord et al. (1982) repetiram experimentos
com infeccdo cruzada e demonstraram que humanos podem ser infectados com ovos de A.
suum oriundos de suinos e que ovos de A. lumbricoides podem infectar suinos.

Em aldeias na Guatemala, Anderson et al. (1993) constataram que A. lumbricoides e
A. suum possuem isolamento reprodutivo, porém a proximidade existente entre humanos e
suinos associada a falta de higiene tornava a infecgdo cruzada possivel tendo ambos como
hospedeiros. No ano de 2001 estudos de epidemiologia molecular em Ascaris sp. em regides
endémicas na Guatemala e China indicaram que o nivel de infec¢bes cruzadas entre espécies
hospedeiras é baixa ou ausente e que o fluxo de genes é limitado entre diferentes genotipos
(ANDERSON, 2001). Diante destes resultados duas hip6teses foram levantadas para explicar
a discrepancia encontrada nos resultados da Guatemala: ou a infeccdo cruzada é mediada pela
localizacdo geografica ou pela imunidade do hospedeiro entre as populagdes analisadas
(LOREILE et al., 2003).

A fim de identificar diferentes perfis de restricdo para os A. lumbricoides e A. suum
Zhu et al. (1999) utilizaram a regido nuclear ITS1 (Espago Interno Transcrito-1) como alvo de
analise molecular. As variagdes genéticas encontradas nessa regidao nuclear foram atribuidas a
posicdo geografica que as populacdes analisadas estavam inseridas, suportando a hipdtese de
gue ambos helmintos pertencem a mesma espécie. Resultados semelhantes foram encontrados
por Peng et al. (2002) na China, onde ao analisarem helmintos recuperados a partir de
humanos e suinos com o mesmo alvo molecular encontraram cinco genétipos do parasito
(G1-G5). Sabendo que o G1 é um gendtipo associado a humanos e G3 associado a suinos,
gendtipos de Ascaris sp. foram encontrados em ambos hospedeiros.

Peng et al. (2005) propuseram a utilizagdo de outros marcadores moleculares, como
marcadores mitocondriais (citocromo C oxidase subunidade 1 (COX1l) e NADH
desidrogenase subunidade 1 (NAD1)) para o estudo destes helmintos em seis provincias
chinesas. Os autores encontraram dez hapl6tipos diferentes em humanos (H1-H10) e 11 em
suinos (P1-P10) para o gene COX1 de Ascaris spp. e para o gene NAD1 11 (H1-H11) e 15
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(P1-P15) haplotipos diferentes respectivamente. Mesmo sendo considerado pelos autores
como um baixo fluxo génico os resultados mostraram que hd um haplétipo comum entre A.
lumbricoides e A. suum para COXL1.

Em 2011, foi sequenciado o genoma mitocondrial completo (MtDNA) de A.
lumbricoides e A. suum, os pesquisadores encontraram apenas 1,9% de diferenca (DOLD et
al., 2011a). A elevada semelhanca de nucleotideos e aminoécidos no sequenciamento reforgou
a hipdteses de que A. lumbricoides e A. suum pertencem a mesma espécie (LIU et al., 2012).

Leles et al. (2012) analisaram mtDNA em amostras coletadas em areas rurais e
urbanas no Brasil e em comunidades indigenas nos Estados Unidos da América (EUA) de
pessoas que tinham contato direto com suinos. Os dados mostraram que Ascaris sp. oriundo
de amostras de hospedeiros suinos e humanos possuiam haplétipos comuns. Estes autores
reforcam a hipotese de que A. lumbricoides e A. suum pertencem a mesma espécie e que as
diferengas genotipicas e fenotipicas sdo manifestadas a nivel de populagcdo e regido
geogréfica, mas com a mesma origem.

Miller et al. (2015) ao estudarem 14 casos de ascaridiase humana em sete fazendas no
Maine, EUA durante os anos de 2010 a 2013 constataram que o Unico fator comum para a
infeccdo em todos o0s casos era a exposicdo direta ou indireta a suinos. A infeccdo foi
atribuida ao consumo de produtos organicos ingeridos, que cresciam proximo as pocilgas ou
eram oriundos de solos adubados com dejetos de suinos, uma vez que estes humanos nao
tinham histérico de viagens para areas onde ha relatos de incidéncia da parasitose. Para ter
certeza de qual era a espécie de Ascaris encontrada nos trabalhadores estes pesquisadores
analisaram rRNA isolados dos helmintos encontrados e evidenciaram a proximidade genética
reforcando a hipdtese de que A. lumbricoides e A. suum podem de fato ser uma Gnica espécie.

2.3.1.2 Ordem Eucoccidiorida

Os parasitos desta ordem causam a doenca denominada coccidiose. Utiliza-se este
termo, quando pretende-se referir a enfermidades causadas por parasitos da familia
Eimeriidae, que parasitam principalmente aves, bovinos, ovinos, caprinos, suinos, equinos e
coelhos. No entanto, também pode ser utilizado para referir varias parasitoses causada por
parasitos da subclasse Coccidea como 0s pertencentes aos géneros Eimeria, Isospora e
Cryptosporidium. Esta enfermidade acomete principalmente animais jovens, a infecgdo ocorre

através da ingestdo de alimentos e a4gua contaminados com oocistos esporulados (LIMA,
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2004). Temperaturas elevadas e umidade estimulam a esporulacdo destes oocistos, por isso a
coccidiose em suinos pode ocorrer em qualquer estagdo do ano (GOMES, 2009).

S&o descritas mais de 13 espécies de Eimeria e duas espécies de Isospora que
acometem suinos, porém somente a Isospora suis € um agente causador de perdas econémicas
na suinocultura (MORENO et al., 2007). A coccidiose suina causada por este parasito, € uma
das doencas entéricas mais frequentes e que mais se destaca na producdo suinicola
(WORLICZEK et al., 2009). E considerado um parasito comum nas criagbes de suinos e
chega a atingir cerca de 90% da populacdo e até 50% das leitegadas (SAYD & KAWAZOE,
1996).

Segundo Sobestiansky et al. (1999), leitdes infectados com 1. suis apresentam um
quadro clinico de diarreia amarelada e fétida, entre cinco e 21 dias de idade, e que ndo
responde a antibioticoterapia. Esta infeccdo raramente se manifesta em suinos desmamados. A
taxa de morbidade é muito varidvel, podendo chegar a 100% e a taxa de mortalidade
geralmente é menor que 5%, mas ha significativa reducdo no desempenho dos leitdes
(SOBESTIANSKY et al., 1999) sendo indiscutivel seu impacto econémico (SAYD e
KAWAZOE, 1996). Os disseminadores desta enfermidade sdo as leitegadas mais velhas que
eliminam os oocistos para 0 meio ambiente e, estes permanecem no piso da maternidade
(SOBESTIANSKY et al., 1999).

Para aquecer as leitegadas recém-nascidas, utiliza-se o escamoteador com temperatura
que varia de 32 a 35 °C favorecendo a esporulacdo rapida dos oocistos num periodo de 12 a
16 horas, que aliada a ma higienizacao das instalacfes favorece a viabilidade dos oocistos no
ambiente (PAIVA, 1996). Devido ao fato de que estes oocistos ficam esporulados e vidveis no
ambiente ainda é possivel a contaminagdo acidental dos trabalhadores, utensilios e de espécies
animais como roedores, ou aves que, como hospedeiros de transporte, podem eliminar os
oocistos (ACEDO et al., 2004).

Em relagcdo ao género Eimeria sp. as espécies de maior importancia na suinocultura
sédo Eimeria debliecki, Eimeria polita, Eimeria spinosa, Eimeria.porci, Eimeria neodebliecki,
Eimeria scabra, Eimeria perminuta e Eimeria suis (NEVES, 2013). O ciclo de vida deste
coccideo ocorre em 3 fases: esporogonia no meio ambiente, esquizogonia ou merogonia
(reproducdo assexuada) e gametogomia (reproducdo sexuada) no hospedeiro (RADOSTITIS
et al., 2007). Os oocistos esporulados, quando ingeridos, chegam ao estdmago, se rompem e
liberam o0s esporocistos com 0s esporozoitos gracas a acdo do CO, sais biliares e enzimas
(RADOSTITIS et al., 2007; FRONTERA CARRION et al., 2009c). Estes, invadem as células

intestinais e iniciam a esquizogonia. Posteriormente, ocorre a gametogonia onde oS
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microgametas (masculino) sdo liberados por ruptura da célula hospedeira e cada um deles
penetra numa célula epitelial contendo um macrogameta (feminino). Ocorre a fertilizacdo
com formacdo de oocistos ndo esporulados, estes serdo eliminados para ao ambiente junto
com as fezes (FRONTERA CARRION et al., 2009c).

A eimeriose acomete principalmente animais jovens. Em animais adultos quando
aparece, a carga parasitaria € muito baixa o que permite o desenvolvimento de imunidade
contra o parasito (RADOSTITIS et al., 2007; FRONTERA CARRION et al., 2009¢c). Os
protozoarios do género Eimeria spp. tém também distribuicdo mundial, estimando-se que 60 a
90% dos suinos sejam portadores deste parasita (CORDERO DEL CAMPILLO et al., 2002b).
O sistema de producdo, as condi¢cbes de manejo e o status higiénico de cada ambiente
criatorio na suinocultura ttm um importante impacto na prevaléncia desta infeccdo.

A criptosporidiose, que é uma enfermidade causada pelo coccideo Cryptosporidium
spp., que além de infectar seres humanos ainda pode afetar uma variedade de vertebrados
incluindo os suinos (ZORANA et al., 2003). Este parasito em infec¢des experimentais foi
confirmado como agente primario de diarreia em leitbes lactentes (VITOVEC & KOUDELA,
1992). Porém comumente esta associado a outros enteropatdgenos apresentando um carater
secundério no curso da diarreia (VITOVEC et al., 2006).

Este agente foi inicialmente descrito infectando suinos na década de 70 nos EUA
(KENNEDY et al., 1977) e, posteriormente, através de diversos estudos percebeu-se que
possuia distribuicdo mundial (XIAO, et al., 1994; FREIRE et al., 1995; QUILEZ et al., 1996;
IZUMIYAMA et al., 2001; WIELER et al., 2001; SUAREZ-LUEGAS et al., 2007). Duas
espécies deste agente tém relevante importancia no desencadeamento da doenca clinica em
suinos, o Cryptosporidium parvum que é dividido em genotipo bovino, que parasita suinos,
bovinos e inclusive humanos, adquirindo carater zoondticos, e o gendtipo suino, especifico
dessa espécie. Uma nova espécie foi definida através de analises bioldgicas e moleculares, o
Cryptosporidium suis, que é especifico dos suinos (RYAN et al., 2004).

As matrizes representam a principal via de transmissdo da infeccdo para 0s animais
jovens uma vez que a via de contagio € a fecal-oral (ZORANA et al., 2003). Outra forma de
infeccdo é através da 4gua ou contato com bovinos quando o agente for o C. parvum genotipo
bovino (GUSELLE et al., 2003). Muitas vezes a infeccdo é silenciosa e assintomatica e o
principal fator de risco séo leitegadas com sistema imune debilitado, principalmente neonatos
gue ndo tiveram acesso ao colostro, que uma vez infectados podem apresentar elevada taxa de
mortalidade (GUSELLE et al., 2003).
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Em éreas endémicas as fémeas em lactagdo fornecem imunidade lactogénica nos
primeiros quinze dias de vida dos leitbes e apds, estes desenvolvem uma resisténcia propria
contra o parasito (TZIPORI et al., 1980). De acordo com lzumiyama et al. (2001), isto
explicaria a maior prevaléncia da enfermidade em leitbes recém desmamados quando
comparados a leitdes lactentes, porém, pouco se sabe sobre a real prevaléncia deste agente no
Brasil. Freire et al. (1995) e Calderaro et al. (2001) relataram que em leitfes lactentes com
diarreia o C. parvum apresentou uma prevaléncia de 7,35% e 1,2%. Em paises como a
Republica Tcheca, essa prevaléncia manteve-se baixa, 5,7% de um total de 3368 leitbes
lactentes (VITOVEC et al., 2006).

Por possuirem um ciclo de vida muito semelhante ao de I. suis, membros do género
Cryptosporidium spp. se diferenciam de outros coccideos porque permanecem na superficie
das células das vilosidades intestinais e sdo infectantes no momento da excre¢do (FAYER &
UNGAR, 1986) pois ocorre esporogonia enddgena. Por ocasido do rompimento da célula,
provoca a morte dos enterocitos, sendo considerado um parasito intracelular e
extracitoplasmatico (SOBESTIANSKY et al., 1999). Também ndo apresentam sazonalidade
como é observado na isosporose (SANFORD, 1987).

O Cryptosporidium spp. podem causar lesdes no jejuno, ileo, ceco, cdlon, reto e outros
tecidos como a vesicula biliar (FLETA et al., 1995). No entanto, tem o epitélio do ileo como
principal sitio de localizacdo (VITOVEC et al., 2006).

2.3.1.3 Ordem Diplomonadida

Dentre os protozoarios pertencentes a esta ordem temos a Giardia sp. que parasita uma
ampla gama de mamiferos, incluindo o homem. Em 1681, Anthony van Leeuwenhoek
identificou este género, no entanto a relevancia clinica ndo foi reconhecida até o final do
século XX (LAMANN, 2010). Desde entdo, Giardia sp. é cada vez mais considerado na
medicina humana como a causa mais comum de desordens gastrointestinais, com uma média
de 280 milhdes de infecgdes humanas por ano. Giardia sp. é transmitida pela 4gua e alimentos
contaminados. A via de infeccdo é fecal-oral e causa grande impacto socioecondmico
especialmente em paises em desenvolvimento. Em funcdo disto a giardiase, em 2004 foi
incluida na “Iniciativa de Doencas Negligenciadas” da Organizagdo Mundial de Saude

(SAVIOLI et al., 2006).
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Na medicina veterinaria, o interesse nessa enfermidade é crescente desde a década de
1990, impulsionada por preocupaces de saude publica €, em menor grau, de uma perspectiva
veterinaria, apesar de causar impactos econémicos no sistema produtivo (LAMANN, 2010).
A pesquisa sobre este parasito concentra-se na caracterizacdo molecular de isolados de
diferentes hospedeiros avaliando potencial zoon6ticos, uma vez que animais domésticos sao
considerados reservatorios potenciais para a infeccdo humana (LAMANN, 2010). Em funcéo
disso a relevancia clinica da infeccdo por Giardia sp. em animais de producdo é pouco
conhecida.

Semelhante a outros protozoarios, varias caracteristicas parasitarias facilitam a
infeccdo por Giardia sp., como a alta excregéo de cistos por animais infectados e a baixa dose
necessaria para a infeccdo (WADE et al., 2000a). Além disso, os cistos de Giardia sp. sao
infecciosos logo apos a excrecdo. Os cistos também sdo muito resistentes no ambiente e sdo
capazes de sobreviver durante varias semanas, resultando em um aumento gradual na pressao
de infeccdo ambiental (OLSON et al., 1999; WADE et al., 2000a). Embora os sinais clinicos
associados a uma infeccdo por Giardia sp. tenham sido documentados em varias espécies
animais, a patogénese nao € claramente compreendida (ALOISIO et al., 2006).

Até agora foram descritas trés espécies distintas de Giardia sp., incluindo Giardia
duodenalis com uma ampla gama de mamiferos como hospedeiros (LAMANN, 2010). De
acordo com este autor, a caracterizacdo molecular revelou que G. duodenalis é, na verdade,
um complexo de espécies, que compreende 7 conjuntos (de A a G), alguns dos quais tém
preferéncias distintas de hospedeiro (THOMPSON e MONIS, 2004). Ao lado das associa¢fes
zoondticas A e B, foram identificadas varias associacdes especificas para cada hospedeiro,
sendo que a associacdo E foi identificada principalmente em animais de producdo, as
associacdes C e D em caninos e a associacdo F em felinos (LAMANN, 2010). Globalmente, a
prevaléncia de Giardia sp. varia consideravelmente. Em bovinos, a prevaléncia varia de 9 a
73% e em animais de companhia de 45 a 100%, sendo esta variacdo atribuida principalmente
ao manejo e parametros geograficos e climatolégicos (GEURDEN et al., 2004). Em todas as
espécies animais € em humanos 0s surtos geralmente acometem 0s mais jovens,
provavelmente devido ao lento desenvolvimento da imunidade adaptativa pelo hospedeiro
(NYDAM et al., 2001; LAMANN, 2010). Entretanto, os hospedeiros adultos ndo devem ser
excluidos como fontes de infeccdo, uma vez que um numero limitado de cistos é suficiente
para a infeccdo (BERNANDER et al., 2001).
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2.3.1.4 Ordem Amoebida

As amebas sdo parasitos intestinais e sdo transmitidas de um hospedeiro para outro na
forma de cistos. Possuem duas formas, no intestino encontram-se na forma trofozoita e no
ambiente a forma infectante que sdo os cistos. As amebas de importancia em saide puablica
sdo parasitos do género Entamoeba e a infeccdo ocorre pela ingestdo de agua e alimentos
contaminados (LAMANN, 2010). Neste género, as espécies de maior importancia sdo a
Entamoeba histolytica e Entamoeba coli que pertencem a familia Endamoebidae. Estas
possuem o homem como principal hospedeiro, no entanto, outros mamiferos como suinos,
cdes, gatos, primatas e roedores, podem também ser atingidos (NASCIMENTO et al., 2010).
Possuem ciclo bioldgico idénticos, passando por quatro fases que sao: trofozoito, pré-cisto,
cisto e metacisto. Morfologicamente, diferem na fase infectante, onde a E. histolytica
(patogénica) apresenta quatro ndcleos e a E. coli (comensal do intestino e ndo patogénica)
possui oito nucleos.

Em humanos, a E. histolytica causa a doenca conhecida como disenteria amebiana. As
infecgBes podem ser sintomaticas ou assintomaticas, no entanto os portadores sadios ou nao,
funcionam como reservatorio, ndo so para a espécie humana como também para 0s animais
(LEVECKE et al., 2010). As infeccBGes naturais em animais estdo descritas em varias partes
do mundo, principalmente em cées. Frequentemente sdo infeccBes esporadicas e, muitas
vezes, adquiridas pelo contato com humanos (NASCIMENTO et al., 2010). Estdo ainda
descritas infecgbes experimentais em animais domésticos, como gatos, porquinhos-da-india,
coelhos e suinos.

Muitas espécies de Entamoeba spp. sdo encontradas nas fezes tanto de humanos,
suinos, primatas ndo-humanos cativos (MUNENE et al, 1998; MATSUBAYASHI, 2001) e
animais selvagens (KARERE et al., 2002, GILLESPIE et al., 2005) e embora a maioria destas
sejam consideradas inofensivas, deve-se ter cuidado quando a E. histolytica, aparecer
associada. A infeccdo com este parasito gastrointestinal pode causar disenteria hemorragica
(HAQ et al., 1985; VERWEL et al., 2003) e patologias extraintestinais (por exemplo,
abscessos hepaticos) e morte (MARQUEZ-MONTER et al., 1991; PANG et al., 1993). Em
seres humanos a patologia é semelhante, causando em torno de 100.000 mortes em todo
mundo a cada ano (STAUFFER & RAYDIN, 2003), tornando este parasito um importante

problema de saude publica.
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2.4 USO DO COMPOSTO ORGANICO DE DEJETOS LIQUIDOS DE SUINOS

Devido a tecnificagdo das granjas de suinos ocorre uma grande concentracdo de
animais em pequenas areas, originando grandes quantidades de dejetos, que necessitam de
tratamento e destino. Uma das alternativas de manejo para esses dejetos € a compostagem
automatizada que permite a utilizacdo destes dejetos dentro da propriedade, como
fertilizantes. De acordo com Scherer (2013), o composto pode ser aplicado ao solo sem
necessidade de incorporagdo, principalmente em &reas proximas aos locais de
armazenamento.

Outra vantagem € que a aplicacdo de indices elevados de matéria organica (MO), a
longo prazo pode promover alteragdes nos atributos quimicos do solo como por exemplo,
aumento nos valores de pH e diminuicdo dos teores de aluminio (Al) ou da saturacdo por esse
nutriente (CERETTA et al., 2003; LOURENZI et al., 2011; BRUNETTO et al., 2012),
fazendo com que a qualidade do solo melhore. Nas camadas mais superficiais do solo a
aplicacdo de MO pode promover o incremento dos teores de nutrientes como fésforo (P),
potéssio (K), calcio (Ca) e magnésio (Mg) (GUARDINI et al., 2012; LOURENZI et al.,
2013). Esse incremento de nutrientes proporciona melhoria no ambiente quimico do solo para
0 desenvolvimento das raizes, devido ao aumento da saturacdo de bases e reducdo da
saturacdo por Al (LOURENZI et al., 2011; BRUNETTO et al., 2012). A adicdo de material
organico ao solo também incrementa os indices de carbono (C) no solo e pode causar
mudangas quantitativas e qualitativas na MO do solo (LOURENZI et al., 2011) que ira
contribuir para maior producdo de matéria seca pelas culturas (LOURENZI et al., 2014).
Entretanto, essa MO oriunda dos dejetos pode elevar os teores de metais pesados no solo
como cobre (Cu) e zinco (Zn) que fazem parte da dieta dos suinos (GIROTTO et al., 2010;
MATTIAS et al., 2010; BASSO et al., 2012; TIECHER et al., 2013).

A avaliacdo de atributos quimicos, microbioldgicos e fisicos dos solos com adi¢do de
MO através de material compostado ja estd bem fundamentado na literatura com diversos
estudos. O uso de compostagem para o tratamento de dejetos de suinos no Brasil vem sendo
uma alternativa empregada principalmente em regides de produgdo intensiva, gerando um
composto organico estabilizado quimica e fisicamente, que pode ser utilizado como
fertilizante organico. No entanto, pela quantidade de parasitos presentes nos DLS
demonstrado anteriormente, destaca-se a necessidade de maiores estudos com avaliagdes dos
indices de contaminagdo parasitologica do composto, que ao ser utilizado como fertilizante

organico pode ocasionar Zoonoses.
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2.5 CARACTERISTICAS E BENEFICIOS DA RUCULA

A rucula (Eruca sativa), € uma planta herbacea, anual, de pequeno porte, pertencente a
familia Brassicaceae da qual estdo inclusas mais de trés mil espécies. Nativa do mediterraneo
e introduzida no Brasil com a chegada dos imigrantes italianos, a rdcula tem sido cultivada
por conter folhas comestiveis de sabor picante caracteristico, muito apreciadas por serem
nutritivas e saborosas. Estas folhas, que possuem forma alongada, podem ser encontradas em
tons que variam do verde-claro ao verde-escuro, sendo consumidas em varias partes do
mundo cruas em saladas, como também refogadas, cozidas e como ingrediente de vérias
receitas. Consumida principalmente como salada, é também considerada uma planta
medicinal com propriedades digestivas (STRINGHETA et al. 2006), diuréticas, depurativas e
antiasmaticas, aspecto que valoriza esta folhosa e explica o aumento da quantidade
comercializada, proporcionando maior rentabilidade aos produtores (FILGUEIRA, 2008). A
racula € rica em vitamina A e C, fibras, proteinas, minerais como ferro, calcio, enxofre e
potéssio (OHTA et al., 2016).

O cultivo desta hortalica, tem aumentado em muitos paises da Europa (REGHIN et al.,
2005) e no Brasil o aumento de producdo é de aproximadamente 76% principalmente na
regido sudeste do pais (MAIA et al., 2007). O Brasil explora uma area de aproximadamente
946 mil hectares com hortalicas produzindo um volume de producdo estimado em 19,4
milhdes de toneladas (EMBRAPA HORTALICAS, 2015). Entre as hortalicas cultivadas no
Brasil, a rucula vem ganhando espaco no mercado consumidor desde a década de 90
(OLIVEIRA et al., 2015). Com o aumento no consumo de racula, a qualidade do produto a
ser ingerido torna-se de extrema importancia, principalmente quando o fertilizante utilizado
para o cultivar é de origem organica. Em funcdo da grande demanda por produtos de origem
organica o objetivo desta tese foi tratar dejetos liquidos de suinos através da compostagem
automatizada, padronizar a técnica de recuperacdo de parasitos mais adequada e verificar a

viabilidade de transferéncia dos parasitos remanescentes no composto para a racula.
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Adapted Bailenger method improves the rate of recovery of Ascaris suum eggs

from liquid pig manure compost

3.1 ABSTRACT

Liquid pig manure (LPM) is widely used as a compost fertilizer for vegetable crops
destined for human consumption. However, these wastes may contain the eggs of parasites,
such as the nematode Ascaris suum, that pose serious health risks to humans. We determine
the most appropriate technique for recovering A. suum eggs from LPM compost. Samples
were collected from two waste sources during composting, including 23 samples containing
LPM, sawdust, and wood shavings, and 14 samples of LPM alone-both in triplicate. Samples
were analyzed using several different recovery methods. Recovery of eggs by the modified
Bailenger method with adaptations was significantly more effective and recovered 57% more
eggs than by the modified Bailenger method alone. The Willis-Mollay method, modified
Faust method, and the simple sedimentation technique only recovered 4.38%, 13.86%, and
26% of eggs, respectively, compared with the modified Bailenger method with adaptations,
indicating that the adjustments made to the Bailenger method were key to improving the

recovery of A. suum eggs from compost and LPM.

Key words: helminth eggs, organic decomposition, residues, parasites

3.2 RESUMO

Dejetos liquidos de suinos (DLS) sdo amplamente utilizado como adubo para as
culturas vegetais destinados ao consumo humano. No entanto, estes residuos podem conter 0s
ovos de parasitas, tais como 0 nematodide Ascaris suum, que apresentam riscos graves para a
salde dos seres humanos. Neste estudo, determinamos a técnica mais apropriada para a
recuperacdo de ovos de A. suum no composto de DLS e no dejetos liquidos. Foram coletadas
amostras de dois tratamentos deste residuos, que consiste de 23 amostras de DLS + serragem
+ maravalha e 14 amostras de DLS sozinhos, todos em triplicata. Em ambos, dejetos liquidos

e dejetos compostado foram analisados usando um método modificado Bailenger (BM), um
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método de Faust modificado (FM), o méetodo de Willis-Mollay (WM), sedimentacdo simples
(SS), e pelo método de Bailenger modificado com adaptacGes (BMA). A recuperagdo de ovos
pelo Método BMA foi significativamente mais eficaz do que pela BM, com 57% mais ovos
recuperados usando a técnica de BMA; Além disso, 0 WM, FM, e o0 método SS recuperaram
4,38%, 13,86% e 26%, respectivamente, em comparacdo com o método BMA, indicando que
0s ajustes feitos com o0 método BM foram fundamentais para melhorar a recuperagdo de ovos

de A. suum ovos em dejetos compostados e DLS puro.

Palavras chaves: Ovos de helmintos, decomposi¢do organica, residuos, parasitas.

3.3 INTRODUCTION

Various technologies have been explored to reduce the environmental impacts of pig
manure due to greenhouse gas emissions and microbial contamination. However, few studies
have applied such technologies to reduce contamination of manure by parasites (DOS
SANTOS et al.,, 2015). The great demand for food to meet global population growth
necessitates improvements to food security while simultaneously minimizing environmental
damage (HECK et al., 2013).

Thus, there is a growing need to manage the waste generated by the pork processing
industry appropriately and effectively to reduce environmental damage. Automated
composting, an aerobic process in which liquid pig manure (LPM) is distributed and mixed
with a solid matrix (typically wood shavings and sawdust) that provides aeration and steam
precipitation of the compost, is one potential alternative for treating LPM (SERPA et al.,
2013). For optimal results, the process requires thermophilic temperatures to be attained via
the mixing of substrates with material that has a high carbon:nitrogen (C:N) ratio, thereby
increasing aerobic microbial activity (SA et al., 2014). Such high temperatures are essential to
sanitize composted manure, as they incapacitate any parasites that may be present.

Studies focusing on parasite elimination from LPM remain scarce, limiting the
applicability of LPM as a crop fertilizer (PALHARES, 2012). Techniques for parasite
recovery from the final compost are still inadequately defined. Therefore, it is necessary to
adapt established techniques for the treatment of sewage sludge or LPM through anaerobic
reactors (PINTO et al., 2014). Compost based on LPM is rich in urine, water, fur, feed and
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other material that provide fertile grounds for pathogen egg, larva, cyst, and oocyst fixation
(DOS SANTOS et al., 2011).

The parasitic nematode Ascaris suum, which has a life cycle very similar to that of the
parasite Ascaris lumbricoides, is often present in LPM and represent a risk to human health
(LELES et al., 2012). Several successful experimental infections have demonstrated that A.
lumbricoides can establish in pigs and A. suum can establish in humans, with both exhibiting
full life cycles in the respective hosts (JUNGERSEN et al., 1996). Existing techniques for egg
recovery may underestimate egg loads, given that the final compost usually has low moisture
and high organic matter content.

The goal of the present study was to explore the relative effectiveness of methods that

are currently used to recover A. suum eggs from LPM compost.

3.4 MATERIALS AND METHODS

Automated composting platforms were the experimental unit in the present study. We
used substrates consisting of a mixture of wood shavings (30%) and sawdust (70%) with a
high carbon:nitrogen (C:N) ratio, an essential component of efficient composting. Swine
manure was obtained from pigs in the finishing phase that were raised in conventional
production systems and kept under full confinement until slaughter.

Manure was stored in interconnected polyethylene boxes and pumped onto the
composting platforms. A total of 1 L of sample material was collected and examined for the
presence of parasites, using several different techniques in order to compare them. Compost
samples (100 g) were collected at four heights (20 cm, 40 cm, 60 cm, and 80 cm), with three
replicates (a total of nine samples), 1 day before fresh manure was added to the windrow. The
samples were placed in sterile vials and stored on ice in a Styrofoam box, then transported to
the Parasitology Laboratory of the Federal University of Santa Maria for parasite
identification. A total of 23 samples of compost (composed of LPM, sawdust, and wood
shavings) and 14 samples of LPM alone were collected. A. suum eggs found in the compost
samples were identified by size and specific morphological characteristics, such as shape,
thickness of the outer membrane, inner content, and other structures, in accordance with
established criteria for identification of helminth eggs (STOTT, 1998).

We compared the efficiency of four different methods of A. suum egg recovery: (i) a
modified Faust method (FM) (COELHO et al., 2002), which is based on the principle of
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centrifugal flotation at a density (1:30) larger than that used in the modified method (1:18),
facilitating the gathering of helminth eggs of different densities; (ii) the Willis-Mollay method
(WM) (HOFFMANN, 1987), which is based on the principle of spontaneous flotation in a
solution of saturated sodium chloride (NaCl) at a density of 1:18; (iii) simple sedimentation
(SS) (HOFFMANN, 1987), which consists of mixing the material to be analyzed with water
and then simply allowing gravity to separate denser material from less-dense material
(OLIVEIRA & GERMANO, 1992); and (iv) a modified Bailenger method (BM) (AYRES &
MARA, 1996), which involves of washing of sediments containing helminth eggs in an aceto-
acetic buffer at pH 4.5 and ether to separate the material into distinct phases, after which the
pellets are suspended in a 30% zinc sulfate solution and the resultant supernatant is analyzed
using a McMaster chamber. In addition to these techniques, we also performed a modified
Bailenger method with adaptations (MBA,; described below).

The first adaptation of the modified Bailenger technique occurred early in the process,
immediately after the four aliquots of the compost were homogenized, wherein a 100 g
sample was added to 200 mL of sterile deionized water. The material was agitated for 30 min
in a horizontal roller agitator to promote additional egg recovery, and the process was
repeated in triplicate. Aliquots were strained into a sedimentation cup with a sieve containing
gauze that was folded four times, until the cup contained 1,000 mL of distilled water. After 24
h of sedimentation, the supernatant was discarded and the decanted material was washed three
times with distilled water at 2 h intervals.

The sediment was then placed into 15 mL Falcon tubes; the used cups were washed
with a solution of distilled water and 1% Tween 80 to recover the eggs remaining in the cups.
The samples were then centrifuged for 15 min at 2500 rpm to separate the solid fraction, and
the supernatant was discarded. Recovered pellets were partitioned into four equal aliquots
(volume in weight), to which sterile distilled water was added to reach a total volume of 15
mL. The contents were homogenized by vortexing and then centrifuged again to remove any
Tween 80 residue. For the MBA method, aceto-acetic buffer solution (pH 4.9) was added to
the Falcon tubes at a 1:1 ratio, using diethyl ether to fill the tube to reach a volume equivalent
to twice the amount of sediment.

Tubes were vortexed for 1 min to thoroughly mix the solution. The pH of the solution
was adjusted to 4.9 by adding a large volume of sodium acetate to the aceto-acetic buffer
solution. Controlling the pH optimizes the hydrophilic—lipophilic balance of parasite eggs
relative to the extraction medium, which helps to concentrate helminth eggs (AYRES et al.,

1989). After homogenization, the samples were centrifuged at 2500 rpm for 15 min.
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Following centrifugation, the samples presented four distinct layers. Fatty materials
and heavy fragments, primarily composed of helminth eggs and larvae, as well as protozoa
cysts and oocysts, were concentrated at the bottom of the tube. The other layers were
composed mainly of buffer solution, grease, and other materials that mixed with the ether and
formed a thick, dark-colored buffer layer. The top three layers were discarded and only
material from the bottom layer was collected for analysis.

Zinc sulfate with a density of 1:35 was added to the pellets, at a ratio of 5x the pellet
volume. The sample was further homogenized by vortexing for an additional 1 min and
centrifuged at 3500 rpm for 5 min, which produced superior separation of eggs from the
sediment. After centrifugation, an aliquot of the surface liquid layer was collected with a
Pasteur pipette, placed in a McMaster chamber, and analyzed in triplicate. Readings were
initiated after a 5 min wait to allow all eggs to float to the surface of the counting reticulum
and were performed under 10x and 40x objectives of an optical microscope (Zeiss). Only
eggs within the grid of the McMaster chamber were counted; to ensure accuracy, the
arithmetic average of the scores was calculated. The number of eggs per kilogram of compost
was obtained by multiplying the average number of eggs counted in the three McMaster
chambers by the volume (mL) of the final pellet, dividing that figure by 0.30 (the volume in
mL of the two reticles of a McMaster chamber), and multiplying by 1,000 (AYRES &
MARA, 1996).

The results are presented as means and standard errors. The data from the BM and
MBA methods were analyzed with a Student’s t-test, whereas all other data were subjected to
ANOVA and post-hoc Dunnett’s test, with p < 0.05.

3.4 RESULTS

Figure 1 shows the relative effectiveness of the BM and MBA methods for recovering
eggs in composted material. Egg recovery was significantly higher using the MBA method
than the BM approach [t (21) = 2.02; p < 0.01], with 57% more eggs recovered.
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Figure 1 — Relative effectiveness of the modified Bailenger method with adaptation (MBA) and modified
Bailenger method (BM) in recovering Ascaris suum eggs from liquid pig manure compost. **Significant

difference (p < 0.001). N = 23 samples of compost material.

Figure 2 compared the MBA method with the other techniques for recovering A. suum
eggs from compost (Fig. 2A) and from LPM alone (Fig. 2B). The MBA approach was
significantly (p < 0.001) more effective at recovering eggs from compost than were the WM,
FM, and SS methods (p < 0.01) (Fig. 2A).
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Figure 2 — Relative effectiveness of the modified Bailenger method with adaptations (MBA) and the other
methods, Willis-Mollay (WM), Faust modified (FM), and simple sedimentation (SS) in recovering Ascaris suum
eggs from (A) compost and (B) manure. ** or *** Significant difference (p < 0.001). N = 14 samples of liquid

waste, N = 23 samples of compost ma

The WM, FM, and SS method recovered only 4.38%, 13.86%, and 26%, respectively,
of the number of eggs recovered using the MBA method. The MBA method was also
significantly more effective at recovering eggs from LPM alone than were the WM (p <
0.001) and the SS methods (p < 0.01). The WM and SS method recovered only 30% and 56%
of the number of eggs recovered by the MBA method from LPM. However, no significant
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differences were detected between the MBA method and the FM method (p > 0.05) for egg
recovery from LPM.

3.5 DISCUSSION

Several techniques have been developed to recover the eggs of helminths and
protozoans from sewage sludge and wastewater generated by swine bioreactors (CRISPIM &
BARBOSA, 1994; AYRES & MARA, 1996; JEANDRON et al., 2014; PINTO et al., 2014).
Although a number of these techniques have been shown to be effective for extracting eggs
from feces and water, few studies have focused on their effectiveness at extracting eggs from
waste material consisting of larger particles, which provide larger adhesion areas. Our results
demonstrate the superiority of the MBA technique and advance our knowledge of the use of
manure as fertilizer.

Research on the agronomic potential, greenhouse gas emissions, and pathogens
associated with these types of wastes is quite extensive, with numerous studies published over
the past decade alone (e.g., SA et al., 2014; BROETTO et al., 2015; CARVALHO et al.,
2015; GONZATTO et al., 2016). However, evaluations are needed of the relative
effectiveness of methods applied to waste treated by automated composting, which involves
substrate material that provides a greater adhesion area for helminth and protozoa eggs. The
present study adds to our knowledge of this subject, as we found that modifying the BM
technique improved the efficiency of helminth egg recovery by 57% over the traditional BM
approach.

The BM is widely used to recover parasite eggs from sewage sludge and to treat
manure in anaerobic reactors and biofilters. According to ZERBINI and CHERNICHARO
(2000), the BM does not capture the exact percentage of eggs recovered, but it is superior to
other techniques used for treated sewage. However, the BM is less effective when the
proportions of solids in the waste material are higher, as reported in previous studies, where
helminth egg counts were low (SYLVESTRE, 2013).

We determined that significantly more eggs were recovered from the same sample by
the MBA method than the BM (Fig. 1), from which it can be inferred that agitation with
deionized water and 1% Tween 80 at the beginning of the analysis helped detach eggs that
were adhered to the substrate. Moreover, rinsing the substrate with 1% Tween 80, along with

centrifugation at the end of the procedure, may also have increased the efficiency of egg
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recovery. JEANDRON et al. (2014) achieved similar results, reporting that egg recovery rates
increased from 82.7% to 96.5% when the detergent solution 1% Tween 80 was incorporated
into samples seeded with helminth eggs.

According to AYRES and MARA (1996), increasing the pH of the buffer solution
improves the hydrophilic-lipophilic balance of parasite eggs relative to the extraction
medium. We observed this phenomenon in the present study, as substituting deionized water
for distilled water and increasing the pH of the aceto-acetic buffer solution to 4.9 resulted in
better flotation of eggs than the conventional BM approach, which relies on lower pH.
Similarly, RITCHIE (1948) demonstrated that the effect of pH on egg-recovery efficiency
varies among parasite species.

The adjustments to the BM also enabled the recovery of more eggs of other parasite
species not covered in the present study relative to conventional methods. In a comparison of
two solutions with densities greater than 1:20, MAGOTI (2008) did not observe any
differences in egg recovery. However, in our study, increasing the density of the zinc sulfate
solution to 1:35 improved egg flotation compared with the lower 1:18 density used in the
conventional BM. Furthermore, adaptations to the BM enhanced sample clarity at the end of
the process and thus improved egg visibility, which facilitated the McMaster chamber egg

counts.

3.6 CONCLUSION

It is essential to know the extent of helminth egg contamination in LPM compost prior
to using this waste material as a fertilizer for vegetable crops intended for human
consumption. The adjustments we made to the BM greatly improved the technique’s
effectiveness as we measured the degree to which LPM compost was contaminated by A.

suum eggs.
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4.1 ABSTRACT

There are few developed researches that determine the environmental liabilities in
relation to parasites present in the waste after their treatment. Our objectives were to evaluate
the efficiency of automated composting process in obtaining a salubrious compost for later
use in cultivation of vegetables. During the process of automated composting, three
treatments were evaluated: T1 — addition of liquid pig manure (LPM); T2 — addition of LPM
and retorted shale (RS) and T3 — addition of LPM + RS+ Dicianodiamide (DCD). The
addition of LPM was realized weekly during 14 weeks. Control treatment (LPM) showed
increase in egg count between the first and final addition of LPM, while in the maturation
period there was a reduction. For the other treatments (LPM + RS and LPM + RS + DCD)
there was a gradual reduction in total number of eggs from the beginning to the end addition
of LPM, and also in maturation period. The LPM + RS + DCD treatment promoted total
reduction in the number of eggs in the maturation period. The automated composting showed
to be an efficient process for the treatment of LPM eliminating between 98 and 100% of

helminth eggs.

Keywords: Eggs; helminths; treatment; organic matter; composting.

4.2 INTRODUCTION

The increasing technification and expansion of pig farms warns the need to
correctly dispose residues resulting from that activity, directing the scientific community to
seek differential treatment technologies that are efficient, with low cost and possible to be

implanted (Rizzoni et al., 2012).
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Among the researchers there is a consensus about the importance of impacts caused by
the emission of greenhouse gases, agronomic potential and microbiological contamination
generated by swine manure. However, there are few developed researches that determine the
environmental liabilities in relation to parasites present in the waste after their treatment (Dos
Santos et al., 2015). Among the main treatment systems currently used for liquid pig manure
it can be mentioned biodigesters (Kunz et al., 2008), reactors Upflow anaerobic sludge
blanket (UASB) (Pinto et al., 2014), compost row with subsequent soil application (Gonzatto
et al., 2016), lagoon systems, biofilters, composting (Oliveira and Higarashi, 2006) and
automated composting (Sa et al., 2014; Giacomini et al., 2014).

One of the major barrier to adoption of the composting for the handling of liquid pig
manure is the great expense of labor to incorporate them to the substrates and to revolve of the
tracks. In order to solve this problem, it was introduced in South of Brazil an innovative
technology in composting process, an automated embodiment, which represents a large labor
savings for pig farmer.

In this process, it occurs the distribution and homogenization of the LPM in a solid
matrix (shavings and sawdust), which through revolving provides aeration and vapor
precipitation (Serpa et al., 2013). With the technology of handling and treatment of waste
through automated composting it is possible to: Convert liquid manure into a solid matrix
(Oliveira & Higarashi, 2006); Concentrate nutrients in the compost (Dai Pra, 2006); Obtain a
product with acceptable sanity, due the reduction of population of pathogenic microorganisms
during the thermophilic phase of composting (Dai Pra et al., 2009; Sa et al., 2014).

Nevertheless, many advantages attributed to the automated composting process,
there is still lack of greater support for research, especially for the conditions of Rio Grande

do Sul State, where the process presents a clear trend of expansion in short and medium term.
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For this, it is indispensable to know the polluent potential for the environment by composting
in relation to pathogenic parasites and sanity efficiency of the method (Moreira et al., 2015).

In 1980 through the Law 6894 of 16/12, organic substances that provide nutrients
for plants were included as fertilizers (Brasil, 1980). This law has been amended through
Normative Instructions (NI). The most recent, the NI 23 of August 31, 2005, which approved
the definitions and norms of specifications and guarantees, tolerances, registration, packaging
and labeling of the simple, mixed, compost, organomineral and biofertilizers destined for
agriculture (Brasil, 2005) and which is revoked by NI 25 of July 23, 2009 (Brasil, 2009), up
until the present date. This NI establishes the products or raw materials used as organic
fertilizers.

As the mature LPM compost fits within the "A" class organic fertilizers of this NI
and because it has great fertilizing potential (Brugnara et al., 2015), high organic matter
content, which, besides supplying the nutritional needs of different crops, provides recovery
and maintenance of soil quality, the objective of this paper was to evaluate the efficiency of
the automated composting process in obtaining a sanitary compost within the norms required

by current legislation.

4.3 MATERIALS AND METHODS

The experiment was conducted at Universidade Federal de Santa Maria (UFSM),
where the composting platform is located. The equipment "Vertical Composting Reverser"
has three vertical helixes to rotate the substrate, four small metal wheels, responsible for its
horizontal displacement on rails and a system of distribution of waste on the compost line.
The effective working width of the equipment is 1.0 meter. The substrate used consisted of a

mixture of 30% of shavings (360 kg) and 70% of sawdust (840 kg), totaling 1200 kg each.
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Liquid pig manure was obtained from animals in the finishing stage, reared in conventional
system, with total confinement up to the time of slaughter. The procedure for composting
consisted on the construction of three rows with sawdust and shavings, which were revolved
once a week by the equipment, totalizing 22 weeks. During 14 weeks, in each of the rows, the
treatments were added weekly before the mechanized revolving.

Before each addition in the row, 1 L of LPM sample was collected and evaluated for
the presence of parasites. For the already composted material, 100g were collected at four
heights (20, 40, 60 and 80 cm), later these samples were homogenized to compose a single
sample, one day before a new addition of waste in the row. The collected samples were put in
a sterile bottle stored in polystyrene box with ice and taken to the Laboratorio de Parasitologia
Veterinaria for the identification of parasites. Twenty-three samples of the compost were
collected in triplicate during the composting period and 14 samples of LPM were collected.

Treatments evaluated were: T1- Addition of liquid pig manure (LPM); T2- Addition of
LPM and retorted shale (10% RS) and T3- Addition of LPM + RS (10%) + Dicianodiamide
(0.2% DCD). The ratio of DCD and RS was established in relation to the volume of LPM
applied. Each treatment was allocated on a composting platform bed with three replicates of 1
meter each. The amount of LPM applied in each addition was around 0.4 L kg™ of substrate
(established according to the flow of the applicator pump). Each line had a slurry collection
system, which was quantified and returned to the composting process. In addition to revolving
that was carried out at the time of each application of the LPM and additives, in order to
aerate the rows and incorporate the materials into the substrate, an additional revolving was
performed, always three days after the treatments, to keep the system aerated, facilitating
evaporation of water. Addition of LPM was performed weekly, for 14 weeks and after that
time only one weekly revolving without application of LPM, RS and DCD was performed for

eight weeks further, for compost maturation. The composting temperature was monitored
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periodically with thermocouple type K probes, coupled to a data logger, at different battery
heights. The monitoring of gravimetric moisture was performed weekly, through the
collection of the composted material, drying and weighing the material. The pH of each
compost row and the mineral N (NHs* + and NO2" + NOgz") contents were analyzed weekly
according to methodology described by Tedesco et al. (1995). The evolution of these three
attributes values served to indicate the degree of maturation of the organic compost, signing
the moment to finish the experiment. For analyzing the sanity efficacy of the compost, all
parasite eggs found in the process were evaluated using the Modified Bailenger method with

adaptations (SA et al., 2016 article in press).

4.3.1 Statistical Analysis

Statistical analyzes were performed using Statistica version 10 software, assuming p
<0.05 as a criterion of significance. All variables were previously tested for normality and
homogeneity variance and logarithmized when necessary. The charts were created in the
Sigmaplot 12.0 program. Variance analysis was used to verify: the difference in the total
number of parasite eggs among the three treatments; The difference in the total number of
eggs between the beginning and end addition of LPM (1st to 14th weeks) and maturation
period of the compost (15th to 22nd weeks) for each treatments; The difference between the
nitrogen compounds between each of the treatments; The difference in temperature between
treatments and these in relation to ambient temperature; The difference in PH between
treatments; The difference in percentage of dry matter between treatments and difference in
parasites egg abundance of each order for each treatment. Correlation analysis was performed
between total number of parasite eggs and temperature variables, dry matter and pH for each

of the treatments.



51

4.4 RESULTS

There was no significant difference in the total number of parasite eggs per kg of
compost in the weekly analysis between the three treatments (Fig. 1) The three treatments
showed a significant difference in relation to the total number of parasite eggs when
compared to initial period, end of addition (1st to 14th weeks) and maturation period (15th to
22nd weeks) (Table 1): LPM (F = 225.30; p < 0.0001); LPM + RS (F = 116.30, p <0.0001);
and LPM + RS + DCD (F = 184.80; p <0.0001).

Control treatment (LPM) had an increase in number of helminth eggs, cysts and
oocysts of protozoa from the beginning to the end of addition of LPM, however in the
maturation period there was reduction. For the other treatments (LPM + RS and LPM + RS +
DCD) there was a gradual reduction in the total number of helminth eggs, cysts and protozoal
oocysts from the first to the final LPM addition, during the maturation period. The LPM + RS
+ DCD treatment promoted elimination of helminth eggs, cysts and protozoan oocysts during
the maturation period of the compost.

Eggs of helminths of order Ascaridida were more abundant in all treatments (Table 2):
LPM (F = 10.38; p <0.0001); LPM + RS (F = 12.53; p <0.0001); And LPM + RS + DCD (F =
10.43; p <0.0001).

The LPM + RS treatment showed a lower amount of Amoebida cysts at the end of the
experiment in relation to the control treatment (Fig. 2A) (F = 8.25; p <0.001). The LPM + RS
+ DCD treatment showed a lower amount of oocysts of order Eucoccidiorida at the end of the
experiment in relation to the control treatment (Fig 2B) (F = 3.75, p <0.05). The other orders
showed no significant difference between treatments: Ascarididae eggs (F = 0.04; p >0.05);
Strongylida eggs (F = 1.38, p >0.05); and Enoplida eggs (F = 0.28, p >0.05).

Nitrogen compounds that showed a significant difference between the treatments

formed NH4* (Fig. 3A) (F = 4.38, p <0.01) and NO;" (Fig. 3B) (F = 6.69, p <0.005), being
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these compounds being less evidenced in LPM + RS treatment when compared to LPM + RS
+ DCD (p <0.05, for both).The LPM + RS treatment also presented lower amount of NH4 *
and NOy in relation to the control (LPM), however this difference was not statistically
significant. The compound NO3" showed no significant variation between treatments (Fig. 3C)
(F = 2.12, p >0.05).The percentage of dry matter in the compost was lower for the control
treatment (LPM) (Fig. 4A) (F = 27.88; p <0.0001) compared to LPM + RS and LPM + RS +
DCD (p <0.0005, for both).

Humidity was higher in LPM (Fig.4B) (F = 27.88; p <0.0001) compared to LPM + RS
and LPM + RS + DCD (p <0.0005, for both). All treatments had a higher temperature than the
ambient temperature (Fig. 4C), however, only in the LPM + RS treatment, this difference was
significant (F = 111.01; p <0.0001). The LPM showed a higher temperature than LPM + RS
treatment (F = 85.18; p <0.0001) and LPM + RS showed a higher temperature compared to
LPM + RS + DCD treatment (F = 102.65; p <0.0001).

A negative correlation between the dry matter and total amount of helminth egg, cysts
and protozoan oocysts was observed for LPM + RS + DCD treatment (Fig 5A) (r=-0.49; p
<0.05), whereas for the other treatments there was no correlation: LPM (r = -0.15; p >0.05);
and LPM + RS (r = -0.31; p >0.05); a correlation between moisture and total amount of
parasite eggs was found only for LPM + RS + DCD treatment (Fig 5B) (R = 0.49, p <0.05),
while for the other treatments there was no correlation: LPM (r = 0.15; p >0.05); and LPM +
RS (r = 0.31, p >0.05). There was also a correlation between temperature and total parasite
eggs in all treatments: LPM (Fig. 5C) (r = 0.48 p <0.05), LPM + RS (Fig. 5D) (r = 0.61, p
<0.005) and LPM + RS + DCD (Fig. 5E) (r = 0.95, p <0.0001). There was a difference
between the pH of the three treatments (F = 9.29; p <0.0005), as the pH of the control
treatment (LPM) was higher than LPM + RS (p <0.0005) and LPM + RS + DCD (p <0.0005).

The pH did not show correlation with total of parasite eggs for LPM treatments (F = 0.21; p
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>0.05) and LPM + RS (F = 0.24; p> 0.05). However, pH showed a strong correlation with the
total number of helminth eggs, cysts and protozoan oocysts for the LPM + RS + DCD

treatment (Fig 5F) (F = 0.21; p <0.0001).

4.5 DISCUSSION
Despite the innumerable advantages of using liquid pig manure, the presence of

pathogens for man should be taken in account. Thus, the treatment performed prior to its
incorporation into soil should be properly planned and monitored (Da Silva et al., 2015). The
automated composting performed in this study proved to be efficient for sanitizing the
compost with addition of retorted shale and dicyanodiamide (LPM + RS + DCD).

The increase in number of parasite eggs in control treatment (LPM) between the
beginning and the end of the additions can be explained by the incorporation of LPM weekly,
since occurred a reduction during maturation period. In other treatments, the gradual
reduction was probably due the use of additives that inhibit the nitrifying bacteria during the
first nitrification phase, thus retaining NH4* and ammonia in the composting mass (Park et al.,
2004). In the treatment with addition of DCD, total elimination of eggs, cysts and oocysts of
parasites occurred from the nineteenth week of treatment and five weeks after total addition of
manure. In other treatments, the decrease was much slower.

The weekly revolves after the final addition of manure to complete maturation of the
compost proved to be a fundamental factor for reducing parasites mainly in the LPM + RS +
DCD treatment, which at the end was free of these pathogens. It can be seen that the
association of RS with DCD was efficient in reducing helminth eggs throughout the
experiment. The reduction was gradual for the control (LPM) and LPM + RS treatments, and

at the end of the experiment the egg reduction rates were 98% and 99%, respectively.
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The results obtained in the LPM and LPM + RS treatments are in agreement with data
found by Duarte et al. (2008), indicating that even after the composting process, parasite eggs
can remain viable and produce infective larvae. The eggs found at the final of the experiment,
from order Ascaridida had three morulae or more, showing that they were viable, the other
orders of parasites were not found in the maturation compost. However, in the treatment
where RS and DCD were associated to the compost, after maturation, elimination of 100% of
helminth eggs and coccidia oocysts occurred.

This fact must be related to the inhibitory effect of RS and DCD on nitrification,
which contributes to a higher retention of Nitrogen (N) in ammoniacal form (NH4s")
(Damasceno, 2010), making the compost toxic to parasites. Doumer et al. (2011), when
studying the effect of the RS on the biological characteristics of the microbiota indicative of
quality soil, noticed an improvement in microbiological activity of the soil. This improvement
was evidenced by the reduction of CO> emission without changing the carbon (C) of the
microbial biomass and without causing a negative impact on the enzymatic activity of the soil.
However, nothing is known about the effect of RS on helminths eggs, cysts, and protozoan
0ocCysts.

McKinley et al. (2005) tested different levels of ammonia for inactivation of Ascaris
suum eggs and even occurring almost entirely in NH4* composition at relatively low
concentrations (47-207 mg L) were sufficient to inactivate the eggs, with a correlation of
R2=0,87, after a lag phase. Pecson et al. (2007) reported a 99% efficiency rate of inactivation
of A. suum using initially NHs* de 1000 mg L™ and pH 10 for 12 weeks and a final
concentration of 230 mg L, a result similar to our study, where the final NH4* concentration
was 312 mg Kg* at a mean temperature of 40°C and pH 7.3.

Nordin et al. (2009), in conducting inactivation experiments of A. suum eggs, proposed

a threshold concentration for inactivation at 280 mg L. McKinley et al. (2012) indicated in
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their studies that this threshold concentration may have values lower than 280 mg L™ when
exposure times are longer, as occurs in the automated composting process, where the
exposure time is around 180 days. In our study NH4" concentrations ranged from 130 to 3900
mg Kg* of compost throughout the experiment, where the highest concentrations occurred in
the association of LPM + RS + DCD, which may explain the fact that no eggs of A. suum
were found in the matured compost.

The compost row reached thermophilic temperatures from the second addition of
LPM. In all the rows, temperatures remained between 40 and 60°C throughout the period in
which weekly LPM additions were performed to the twentieth week. Subsequently, due to the
revolving and decomposition of organic matter, the temperature gradually fell as the compost
matured. According to Li et al. (2011), this increase in temperature when LPM is added
occurs due to microbial activity, accelerating decomposition of organic matter. Temperature
levels found in this study are lower than those observed by Costa et al. (2009) and Fiori et al.
(2008), which reported temperatures varying from 42 to 71 ° C during the composting
process. A plausible explanation is due the fact that rows were revolved at the time of addition
and three days later, facilitating the evaporation of the water and aerating the composting

mass (Valente et al., 2015).

4.5 CONCLUSION

The automated composting showed to be an efficient process for the treatment of
liquid pig manure eliminating between 98 and 100% of helminth eggs present. The use of
additives such as RS and DCD contributed to the elimination of parasites in general, leaving

the compost with sanity suitable for use as fertilizer in vegetables.
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Fig. 1: Total number of parasite eggs found weekly in the three treatments (Liquid Pig manure (LPM), LPM +

Retorted Shale (RS); and LPM + RS + Dicianodiamide (DCD)) throughout the experiment, by Kg* of compost.
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Comparison between the total number of parasite eggs (kg of compost) throughout the

experiment in the three treatments.

LPM LPM+RS LPM+RS+DCD
N 1,3x10°+ 1,3x10°+ 1,2x10°+
Addition start (A)
1,4x104BC 4,7 x 10%¢ 5,4 x 10% B¢
- 1,6 x 105+ 1,2x10%+ 2,0 x 108 +
Addition end
1,6 x 10*A € 1,6 x10%¢ 6,4x10%AC
(week 14) (B)
29x10°+ 1,1x10°+
0 A B
After addition end (week 15-22) (C) 2,2x 10348 1,1x103A8

Post hoc analysis: significant differences (p < 0.05) between steps are indicated by letters. Each letter represents

a step. Data are expressed as mean * standard errors.
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Comparison between the total number of eggs of each order of parasites (kg compost)

throughout the experiment in the three treatments.

Ascaridida Amoebida Strongylida Eucoccidiorida Enoplida
LPM
. 1,3 x 105+
Addition start 0 0 0 0
1,4 x 103
Addition end 1,3x 108 + 1,4 x10°%+ 3,8x10%% 1,2x10°% + 6,1 x 10%
(week 14) 59 x 10° 3,6 x10° 8,4x 10 7,3x10° 6x10
After addition end 7,7x 10% £ 2,8 x 105+ 0 0 0
(week 15-22) 1,2x103 2,1x10%
LPM+RS
- 1,2 x 108 + 1,4 x 104+ 3,2x10%+
Addition start 0 0
1,3 x 10? 2,4 x10? 3,8x 102
. 1,1x 108+ 1,2 x10% £ 4,4x10% + 25x10%+
Addition end (week 14) 0
1,2 x 10° 5,6 x 10 1,2 x 103 53x10
After addition end 1,1x10%%
0 0 0 0
(week 15-22) 1,1x 108
LPM+RS+DCD
Addition start 1,2x 108 0 0 0 0
54 x 103
Addition end (week 14) 1,1x10%+ 9,4x 105+ 0 0 0
7,9x10 6,3 x 10°
After addition end 0 0 0 0 0

(week 15-22)

Data are expressed as mean + standard errors.



108
Y |—e— LPm —_
1 O LPM+RS "o
— 8x10° \ | -w- LPm+Rs+DCD =
P=) 0
i ‘1;"
w 6x10° Iy
- g
% ©
5 ~
s 4x10° o
3 5
2 2x10° =
E Q
B 3
Qo
0 5
w

0 2 4 6 8 10 12 14 16 18 20 22 24
Weeks

3.5x10°
3.0x10°
2.5x10°
2.0x10°
1.5x10%

10°
5.0x104

0

—a— LPM
‘O LPM+RS
~ ¥~ LPM+RS+DCD

0 2 4 6 8 10 12 14 16 18 20 22 24
Weeks

64

Fig. 2: Total number of protozoan cysts of orders Amoebida (A) and oocysts of Eucoccidiorida (B) found in the

three treatments (Liquid Pig Manure (LPM); LPM + Retorted Shale (RS); and LPM + RS + Dicianodiamide

(DCD)) throughout the experiment by Kg* of compost.
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Fig.4: Variation in dry matter (A), humidity (B) temperature (C) and pH (D) of the compound throughout the

experiment for each of the treatments.



60
58
56
54
52
50
48
46
44
42
40

Dry matter (%)

55

50

%

45
40

35

Temperature (C

30
25

20

55

50

%

45
40

35

Temperature (C

30
25

20

L
-
-
. %
. LI r=-049
p <0.05
106 2x105  3x10°  4x10°

Total eggs (kg")

r=048

. p<0.05

108

2x105 3x105 4x106 5x10% 6x106
Total eggs (kg”)

r=0.95
. p <0.0001

108 2x108
Total eggs (kg”)

3x108 4x108

Humidity (%)

)

Temperature (C

pH

80
58
56
54
52
50
48
46
44
42
40

55
50
45
40
35
30
25

20

67

r=049
p <0.05

108 2x108

Total eggs (kg")

3x108 4x 106

r=0.61
p <0.005

106 2x 106
Total eggs (kg")

3x108 4x108

r=0.21
p <0.0001

108 2x108
Total eggs (kg”)

3x108 4x108

Fig. 5: Relation between: dry matter and Liquid Pig Manure (LPM) + Retorted Shale (RS) + Dicianodiamide
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DCD (E); pH and LPM + RS + DCD (D) for the total eggs per Kg* of compost.
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5.1 ABSTRACT

Fertilizers are necessary inputs that burden agricultural production. The compost from
automated composting provides horticulturists a fertilizer with important nutritional value.
However, as the compost is produced with animal waste, there is a risk of transmitting
zoonoses. In order to determine the sanity of an organic compost obtained from the treatment
of liquid pig manure (LPM), the present work evaluated the presence of parasites in arugula
(Eruca sativa) fertilized with the compost containing eggs of Ascaris. The experimental
design was performed in a randomized block design with four treatments: Control (C) (soil +
NPK), T1 (soil + LPM compost (LPMC)), T2 (soil + LPMC with retorted shale (RS)) and T3
(soil + LPMC + RS with Dicianodiamide (DCD)), in plots of 0.75m?, with three replicates.
Three cuts were made in the arugula. No parasites were found in the arrays treated with the
parasitized compost. However, some contaminants were found in the control group, such as
eggs and adults of insect mites, eggs, larvae and adults, and some protozoa that compound the
soil microbiota. The use of organic compost from LPM treated through the automated
composting process, in the production of arugulas, was shown to be a promising alternative

for organic horticulture.

Keywords: Organic matter, helminth eggs, parasites, automated compost.
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5.2 INTRODUCTION

Fertilization is one of the agricultural practices with the highest costs for the
production of vegetables. Organic fertilization is widely used by horticulturists to recover
soils due to their intense cultivation. The cost of this recovery is high, elevating the price of
vegetables to the final consumer. In search for alternatives that reduce cost of production,
allowing the aggregation of values within the property, it is recommended the diversification
of crops and the substitution of chemical fertilization by organic fertilization at small
properties (Figueira, 2008; Balota et al., 2012).

The final compost from the automated composting, technology used to treat liquid
wastes, provides farmers an organic fertilizer with important nutritional value (Santos et al.,
2012). Because it is a product with high organic matter (OM) already decomposed, popularly
known as humus, it is an important source of nutrients for plants because they have nitrogen,
phosphorus, potassium, sulfur and micronutrients, which are released into the soil by
microorganisms during the processes of decomposition and mineralization (Tu et al., 2006).

The organic fertilizer, when mixed with the soil, provides better aggregation,
facilitating the infiltration of water and aeration of the cropping systems, stimulating the
population density and diversity of microorganisms capable of transforming the organic
matter into assimilable substances by plants (Santos et al., 2012). The nutrient concentration
of an organic fertilizer is five to ten times smaller when compared to the mineral (FARIAS et
al., 2013), but the action of OM is much broader, as it acts on soil structure and conditioning,
with a better cation exchange capacity, which potentiates the nutrient uptake by the crop, and
can be reflected in higher productivity (Mikkelsen, 2000).

In addition to being a sustainable practice, composting is more cost-effective when
compared to the costs of production with chemical fertilizers, reducing considerably the final
product value (Diniz et al., 2007). In Brazil, the vegetables planted area is of 946 thousand
hectares, with an estimated production volume of 19.4 million tons (Embrapa Hortaligas,
2015). Among the crops grown in Brazil, arugula (Eruca sativa) is an edible annual plant,
with short stature, belonging to the Brassicaceae family, which has been gaining ground in the
consumer market since the 1990s (Oliveira et al., 2015).

Mostly eaten as a salad, it is also considered a medicinal plant with digestive, diuretic,
depurative and antiasthmatic action, properties that value the culture and explain the increase
in the quantity sold, which provide profitability to producers (Figueira, 2008). Arugula is rich

in vitamin A and C, fibers, proteins and minerals such as iron, calcium, sulfur and potassium
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(Ohta et al., 2016). The cultivation of this vegetable has increased in many countries of
Europe (Reghin et al., 2005) and has been outstanding in the world scene for its nutritional
and phytotherapeutic properties. In Brazil, this vegetable is very popular in regions of Italian
colonization (Maia et al., 2007).

Conventional techniques in the production of vegetables promotes a marked change in
cultivated soils (Da Cunha, 2015), which makes information about the use of organic
fertilizers a need, based on scientific research, as an alternative to minimize the ecological
imbalance caused by intensive chemical fertilization (Costa et al., 2015). The requirements of
the Inspection bodies influence producers to seek new technologies that allow greater food
production, through systems that comply with the requirements of environmental
sustainability, food security and economic viability (Ragazzi, 2012).

The use of organic compost by horticulturists presents great advantages due to
reutilization of large amounts of nutrients and organic matter, but on the other hand, presence
of pathogenic organisms is one of the main obstacles that limits the use of this fertilizer (Hald
& Baggesen, 2012). Bacteria, fungi, viruses, helminth eggs, cysts and protozoan oocysts can
be introduced into the soil when using this kind of compost obtained from animal waste
(ENVIRONMENT AGENCY, 2003a). The studies available in the scientific literature
evaluating the presence of parasites in vegetables are scarce and the ingestion of these
pathogens can cause public health problems. Aiming to determine the use viability of the
organic compost obtained from the automated treated liquid pig manure, the objective of this
paper was evaluate the presence of parasites with origin on the compost in the plantation of

arugula.

5.3 MATERIALS AND METHODS

The study was carried out on a virgin soil where it was never performed the addition
of any organic fertilizer. The experimental design was performed in a randomized block,
consisting of 4 groups: Control (C) (Soil + NPK), T1 (Soil + Compost of Liquid Pig Manure
(CLPM)), T2 (soil + CLPM + Retorted Shale (RS)) and T3 (soil + CLPM + RS with
Dicianodiamide (DCD)). Each plot had 0.75 m? and three replications were performed.
Groups T1 and T2 contained Ascaris suum eggs in the amounts shown in Table 1. The
amount of compost used in each group varied according to the nutritional value of the same

and recommended dose for cultivation of arugula (Tab.1). The amount in kg was calculated



72

by the formula QD = Ax B /100 x C /100 x D, as required by the culture where: A = amount
of compost; B =% Dry Mass (DM); C =% of nutrient; D = efficiency level (rate of compost
mineralization). The nutrient recommendation for arugula cultivation is around 165 Kg ha™* of
Nitrogen (N), 150 Kg ha® of Phosphorus (P) and 160 Kg ha™ of Potassium (K). In this
experiment, a 20% higher amount was used (Table 1), guaranteeing a safety margin with
sufficient levels of nutrients for the plantation. Compost was incorporated into the soil just

before sowing the arugula.

Table 1 - Characterization of the compost used in sowing of arugula and quantity of Ascaris
suum eggs per g of wet compost.

Dry Content Content Content ~ Ammonium  Compost Egg of Ascaris sp.

Tratamentos Mass of N of P of K sulfate quantity /g of wet compost.
% Kg m2

Compost
LPM (T1) 40 2,69 0,928 2,179 0,028 10,5 7.800
Compost
LPM + RS 60 1,1 0,385 1,638 0,028 17 110.200
(T2)
Compost
LPM +RS + 70 1,2 0,367 1,617 0,056 13,4 0,00
DCD (T3)

Arugula (Eruca sativa), broad leaf variety, was sown in a proportion of 5 g per m? in
rows spaced 0.15 m. Sowing was carried out on March 16, 2016. Three cuts were performed
to analyze the contamination of leaves to existing parasites in the organic compost used. The
first cut was performed on April 15, 2016, when the plants were on average 18 cm high. The
soil was stirred after cutting between the seeded columns. The second cut occurred 22 days
later, when the plants were on average of 22 cm high. Again the soil between the plants was
revolved and 30 days after the second cut the third cut was performed. For parasitological
analysis, 3 samples of 100g of healthy leaves, suitable for human consumption, were collected
in each plot, totaling 36 samples in each cut.

The plants were watered with 10 L m? in each bed, with treated water free of
parasites, whenever necessary. Parasitological analysis of the arugula was performed

according to Takayanagui et al. (2007). After the collect, the leaves were stored in sterile
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plastic bags and taken in a Styrofoam box, to the Laboratério de Parasitologia Veterinaria of
Universidade Federal de Santa Maria (UFSM). At the first wash, 250 mL of sterile deionized
water were added to each package where arugula leaves were stored and then it was shaken
manually for 30 seconds. Subsequently, the lavage water was filtered in 8 layers of sterile
gauze and collected in a sterile container. For the second wash, the arugula leaves were wiped
with a n® 16 brush in a sterile plastic refractory containing another 250 mL of sterile deionized
water. The resulting washing water was also gauze filtered. This material was mixed to the
previous one, completing the volume to 1000 mL in a settling cup and left for decantation by
24 hours (Guimarées et al., 2003).

After the 24 hour period, second stage of the sample processing was performed. Upon
completion of sedimentation, the supernatant was carefully aspirated with the aid of 10 mL
pipettes, the final 15 mL (containing the pellet) being transferred to a centrifuge tube. Next,
the material was centrifuged at 3000 rpm for five minutes, discarding the supernatant.

After centrifugation, the obtained pellet was transferred in 0.2 ml aliquots onto glass
slides with a drop of lugol and covered with cover slip for further examination under an
optical microscope. A 50 pl aliquot of the sediment was transferred to a slide, where Ziehl-
Neelsen staining was performed for Cryptosporidium sp. In the remaining pellet, 1:18 zinc
sulfate was added until the volume of the falcon tube (approximately 12 ml) was complete,
and the modified Faust method was performed for visualization and confirmation of helminth
eggs, cysts and protozoan oocysts. All analyzes were performed in triplicate and the presence
or absence of parasites was considered. In each block, an area of 30 cm? was marked for the
collect of material used for calculating dry mass (kg™ m?). The leaves were packed in paper
sacks for oven drying with forced air circulation at 65 °C for 72 hours (Silva, 2005).

5.4 RESULTS

The demand for vegetables produced through organic fertilization, free of pesticides,
IS growing among consumers. However, great care must be taken when using this type of
fertilization in products consumed in nature, as these may contain pathogens of public health
importance.

By using the organic compost processed from liquid pig manure (LPM) for planting
the arugula, results obtained in the three cuts showed that all samples had some parasitic form,

independent of the compost used, a result similar to those found by Santana et al. (2006).



74

Eggs of Ancylostoma sp. were found in the control treatments, LPM and LPM + RS, as shown
in Table 1. No pig parasites were found in the leaves of arugula, even when they were present
in the compost used.

During all the cuts, in all groups of this experiment, 100% of the samples were
negative for contamination with swine helminth eggs (present in the compost used), Giardia

sp. and Cryptosporidium sp..
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Table 2- Intensity of parasites found in arugula samples. (-) no parasite found per field read in the microscope (+) of one to five parasites per
field read (++) of six to ten parasites per field read (+++) more than ten parasites per field read. The reading was performed throughout all the

glass slide.
Tratament Strongylida Insects Tracks Arachnida Free life larvae
1°cut  2°cut 3°cut 1°cut 2°cut  3cut  1°cut  2°cut  3°cut 1°cut  2°cut 3°cut 1°cut 2°cut  3°cut
Control ++ ++ + +++ 4+ ++ 4+ +++ et ++ + + +++ +++ +++
LPM ++ + _ ++ ++ ++ ++ ++ ++ +++ ++ +++ ++ ++ ++
LPM + RS ++ _ _ +++ ++ ++ + + ++ ++ ++ +++ +++ +++ +++
LPM + RS _ _ _ + + + ++ ++ ++ + + + + + +

+ DCD
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5.5 DISCUSSION

Parasitic contamination of arugula described in this study demonstrates
conditions similar to those reported in other studies. Antunes et al. (2013), when
carrying out studies on vegetables consumed in the south of Rio Grande do Sul, found
out that arugula had the highest number of parasites. However, the constancy of
enteroparasites has a great variation in several studies already carried out on vegetable
samples (Takayanagui et al., 2001, Saraiva et al., 2005, Silvestre et al., 2009, Alves and
Gregorio et al. (2012) Costas-Neto and Rossesignoli, 2013). In general, ingestion of
vegetables in natura, may lead to a large number of enteropathogens (Melo et al.,
2011), becoming an important pathway for transmission of diseases with a significant
impact on public health (Avcioglu et al., 2011).

The results found in this study are also in accordance with data found by
Oliveira et al. (2015), which evaluated 200 arugula samples and found 100% positivity
for some type of parasite. These authors report that the main route of contamination of
these foods comes from the water used in artificial irrigation of vegetable gardens,
another form of contagion is the contact of human fecal wastes or animals like rats and
insects (Arbos et al., 2010). Baruffaldi et al. (1984) found indices of 20% contamination
by ciliate protozoa, helminth eggs, amoeba cysts and Ancylostmidium eggs when
evaluating five arugula samples. Takayanagui et al. (2001) found 40% contamination in
10 samples of this same vegetable, and reported the presence of Toxocara sp.,
indicating that vegetables were contaminated with feces from dogs, a result that
corroborates and may explain the finding of Ancylostmidium eggs, indicating external
contamination.

The degree of contamination is greater in vegetables with multiple leaves, by the
great area of contact, because it allows greater fixation of parasitic forms. In addition to
the plant structure, the cruciferous vegetables have higher contamination because they
are in contact with the soil for a longer period and, therefore, continuously exposed to
contamination (Erdogrul and Sener, 2005).

Guimaraes et al. (2003), when evaluating 120 arugula samples, also found 100%
positivity for some parasitic stage. Vieira et al. (2013) analyzed lettuce, watercress and
arugula samples and found that the arugula had a greater predominance of parasites.

Fernandes et al. (2014) when analyzing 20 samples of arugula collected in supermarkets
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and free fairs of Umuarama, PR, found 15% of contamination by eggs of Toxocara sp.,
this parasite represents a great concern in public health, since its larval form causes
manifestations of the larva migrans visceralis syndrome, with severe pulmonary,
neurological and ocular complications (MacPherson, 2013).

Barbosa et al. (2016) when analyzing 15 samples of different varieties and types
of lettuce cultures collected in four supermarket chains of Teresina, PI, found 80%
contamination rates with a discrete difference between conventional cultivation (100%
in the green leaf lettuce and 60% in Iceberg lettuce variety, positives for parasites and
larvae) and 80% of positive hydroponic lettuces for parasite and larvae, and the highest
frequency of contamination was of fragments or whole forms of insects (such as moths
of the genus Lepisma 53,33%), mites ( adults and eggs, 26.66%), Ancylostoma spp. eggs
(6.66%) and Ascaris spp. Eggs (6.66%).

Pereira et al. (2015) collected lettuce and arugula samples randomly in four
commercial establishments (market and hydroponic gardens) in the city of Ji-Paran4,
RO. They collected 12 samples of arugula and 12 of lettuce and found 100% positivity
for some parasitic structure such as Balantidium sp., Endolimax nana, Ancylostmidium
eggs and mites. These reports from the literature corroborate with the data found in this
study and may explain the contamination with parasite forms found in the control group
and that were not present in the compost added.

Vidigal et al. (1995) report that organic matter added to soil as organic fertilizer
may have immediate effect on soil and/or residual effect, due to a slower decomposition
process. The contamination levels of vegetables are mainly regulated by soil saturation,
which with successive applications of swine manure increases the risk of contamination
with pathogens and excess Nitrogen (N) in the organic form as verified by Dynia et al.
(2006) and Oliveira et al. (2001) in Brazilian soils. The reason for the absence of
helminths in this study can be explained by the fact that arugula was cultivated in soil
that received organic matter from the pig manure compost for the first time. It can also
be explained by the fact that the cruciferous vegetable has developed with enough vigor
and so avoided the prolonged contact of leaves with the soil, which can be proven with
the dry mass production rates per m2.

Resolution n® 12 of 1978 from the National Food Standards Commission
recommends the absence of dirtiness, parasites, eggs and larvae of helminths, so that the
vegetables are considered acceptable for human consumption. Studies point that pig
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manure, since properly stabilized prior to its addition in soil, as an organic fertilizer of
excellence and widely tested in the production of grains and fodder (Konzen, 2002).
This study, besides showing the agronomic and economic benefits that the
producer can obtain when using swine manure as an agricultural input, also
demonstrates the parasitological contamination levels related to its use in the production

of vegetables, especially those from organic cultivation, is rather unexpressive.

5.6 CONCLUSION

The organic compost from liquid pig manure did not promote changes in the
contamination levels for parasitic forms found in arugula. Also, the compost proved to
be efficient for the nutritional requirements of this vegetable. Thus, the uses of organic
compost made from liquid pig manure treated through the automated composting

process for the production of arugula have been proved to be a promising alternative.
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6 CONSIDERACOES FINAIS

A compostagem automatizada de dejetos liquidos de suinos (DLS),
recentemente inserida na regido sul do Brasil, surge como uma alternativa econémica e
ambientalmente viavel para o tratamento desses residuos organicos. O processo gera
como produto final um composto organico que pode ser utilizado na ciclagem de
nutrientes e como fonte de carbono ao solo. Embora este composto tenha potencial para
ser utilizado em horticultura como fertilizante, conforme relatado na literatura
consultada para a elaboracdo dessa tese, 0 conhecimento em relacdo a transmissao de
zoonoses deste material organico ainda é bastante limitado. O desenvolvimento desta
tese focou-se em trés pontos criticos para o eficaz tratamento dos DLS.

Em um primeiro momento o objetivo foi verificar a técnica mais adequada para
recuperacdo dos ovos de helmintos, cisto e oocistos de parasitos durante a compostagem
dos DLS e suas modificacBes para um resultado confiavel. Conforme descrito no artigo
1 onde a técnica de Bailenger com algumas adaptacfes mostrou maior recuperagdo de
ovos, uma vez que o composto final possui baixo indice de umidade e alto teor de
matéria organica, o que poderia dificultar e subestimar a recuperacéo desses parasitos.

A partir da técnica adaptada as amostras coletadas semanalmente foram
analisadas a fim de verificar se o processo de compostagem apresentou eficacia na
eliminacdo dos parasitos contidos nos DLS. Os resultados sdo descritos no artigo 2 onde
verificou-se que a associacdo do aditivo Xisto Retortado (XR) e da molécula orgéanica
Dicianodiamida (DCD) durante o processo de compostagem apresentou significativa
reducdo no ndmero de ovos de helmintos, quando comparado com o0s demais
tratamentos.

Visando determinar se 0 composto organico obtido a partir do tratamento dos
DLS, poderia causar impactos na saide humana, avaliou-se a presenca de parasitos em
racula (Eruca sativa) adubado com o composto de DLS. Todos 0s compostos organicos
oriundos do tratamento dos DLS foram testados em cultivares de rucula e apds analisar
as folhas de rdcula ndo foram encontrados parasitos de suinos mesmo quando estes
ainda estavam presentes no composto no momento da semeadura do cultivar.

No entanto, deve-se levar em consideracdo que foram realizadas somente
analises relativas a presenca e auséncia de parasitos nas folhas de rdcula. Para maior

seguranca em saude publica outras analises bioquimicas, como absor¢cdo de metais
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pesados e andalises microbiolégicas devem ser realizadas, as quais este trabalho nao
contemplou. No Brasil a DCD é disponibilizada na forma do produto Agrotain plus, ndo

sendo comercializada isoladamente, o que encarece a utilizacdo pelos produtores.



84

7 CONCLUSOES

o As adaptagdes realizadas no método de Bailenger modificado foram
fundamentais para uma melhor recuperacdo de ovos de helmintos, cistos e oocistos de
protozoarios no dejeto liquido de suinos compostado.

e A compostagem automatizada mostrou ser um processo eficiente para o
tratamento de dejetos liquidos de suinos eliminando entre 98 e 100% dos ovos de
helmintos presentes nos DLS. O uso dos aditivos XR e DCD contribuiram para a
eliminacdo de parasitos em geral, deixando o composto com sanidade adequada para
utilizacdo como fertilizante em hortaligas.

e O composto organico oriundo de dejetos liquidos de suinos ndo promoveu
alteracdo no indice de contaminacdo para as formas parasitarias encontradas na rdcula.
O composto mostrou-se eficiente em suprir as necessidades nutricionais requeridas por
essa hortaliga.

e A utilizacdo de composto organico oriundo de dejetos liquidos suinos tratados
através do processo de compostagem automatizado para a producéo de raculas mostrou-

se uma alternativa promissora.
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