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Código do Produto: 4900 
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Telefone de Emergência: 0800 722 6001 – DISQUE INTOXICAÇÃO 

 

 

 
Perigos mais Importantes: Este produto não causa danos ao meio ambiente se utilizado conforme as 

recomendações. 

Efeitos do Produto:  

 

 Efeitos Adversos à Saúde Humana: Por apresentar efeito desengordurante, o contato direto e prolongado 

com o produto pode causar irritação nos olhos e ressecamento da pele, principalmente em pessoas com alta 

sensibilidade.  

 

Principais sintomas: Nenhum efeito adverso é esperado se utilizado conforme recomendação. A ingestão do 

produto provoca irritação do trato gastrointestinal e náusea.  

 

 
 

 

 

 

 

 

SEÇÃO 2 - IDENTIFICAÇÃO DE PERIGOS 
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SEÇÃO 1 – IDENTIFICAÇÃO DO PRODUTO E DA EMPRESA 
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Natureza Química:  

Mistura de terpenos originados de laranja, alfa terpineol, tensoativos, álcool e água 

Nenhum dos componentes da formulação é reconhecido como carcinogênico ou mutagênico. 

 

PRODUTO CAS CONCENTRAÇÃO (%) 

Mistura de terpenos de origem cítrica 5989-27-5 10 - 20 

Mistura de óleos essenciais terpênicos Trade Secret 5 - 10 

Alfa Terpineol 98-55-5 1 - 8 

Ácido Cítrico Anidro 77-92-9 2 - 8 

Derivado de Álcool Laurílico  68439-50-9 12 - 25 

Lauril Éter Sulfato de Sódio 9004-82-4 18 - 24 

Álcool Etílico 64-17-5 8 - 15 

 

Este produto contém mais que 20% de água. 

 

 

 
Contato Ocular 

 

Pode haver irritação e vermelhidão nos olhos caso haja contato direto e prolongado com o produto. 

Enxaguar imediatamente os olhos com grande quantidade de água por um período de 10 a 15 minutos 

ou até remoção completa do produto. Caso exista, remova as lentes de contato. Se os sintomas 

persistirem procurar assistência médica. 

 

Contato Dermal 

 

O produto pode causar irritação na pele. Caso haja contato direto e prolongado com o produto, pode 

causar vermelhidão reversível devido ao seu poder solvente. Lavar a área atingida com água em 

abundância. Se os sintomas persistirem procurar assistência médica. 

 

Ingestão 

Pode causar irritação se ingerido. Caso haja ingestão de grande volume do produto, não induzir o 

vômito e ingerir bastante água. Se houver dores estomacais ou diarréia, procurar ajuda médica. 

 

 

SEÇÃO 3 – COMPOSIÇÃO E INFORMAÇÃO SOBRE O PRODUTO 

SEÇÃO 4 – MEDIDAS DE PRIMEIROS SOCORROS 
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Inalação de vapores 

 

Produto pode causar irritação. Caso haja inalação de grande volume de névoa do produto e esta cause 

irritação das vias respiratórias, procurar assistência médica. 

 

 

 
Meios de Extinção Apropriados: Em caso de incêndio usar pó químico, dióxido de carbono, espuma para alcoóis 

ou hidrocarbonetos. Usar neblina de água para resfriar as embalagens.  

 

Meios de Extinção Contra Indicados: Não conhecido. 

 

Métodos Específicos: Em caso de incêndio no local de armazenamento, manter a embalagem longe da fonte de 

calor, resfriá-la com neblina de água e removê-las para área segura. 

 

Equipamentos Especiais para Proteção dos Bombeiros: O produto não é inflamável e não requer equipamentos 

especiais para seu manuseio. Usar equipamentos de proteção habituais. 

 

 

 
Precauções Pessoais: Evitar contato com os olhos e lavar as mãos após manuseio. 

 

Precauções para o Meio Ambiente: Por se tratar de produto a base de água, não tóxico e não inflamável, não é 

necessária utilização de cuidados específicos na manipulação. Em caso de grande derramamento, utilizar os 

métodos usuais. 

 

Métodos para Remoção e Limpeza: Caso ocorra um derramamento de grande quantidade de produto utilizar 

materiais absorventes como areia e serragem para recolhimento e contenção, destinar os resíduos conforme 

legislação vigente.  

 

Neutralização: Não necessário. 

 

Descarte: A eliminação de resíduos deve obedecer às regulamentações federais, estaduais e municipais vigentes. 

 

 

 
Manuseio 

 

 Prevenção de Fogo ou Explosão: O produto não é inflamável e nem explosivo. 

 

SEÇÃO 5 – MEDIDAS DE PREVENÇÃO E COMBATE A INCÊNDIO 

SEÇÃO 6 – MEDIDAS DE CONTROLE PARA DERRAMAMENTO / VAZAMENTO 

SEÇÃO 7 – MANUSEIO E ARMAZENAMENTO 
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 Precauções para Manuseio Seguro do Produto Químico: Não requer equipamentos especiais para 

manuseio. Para exposição prolongada e constante ao produto, usar equipamentos de proteção individual. 

 

 Avisos de Manuseio Seguro: Evitar o contato com oxidantes enérgicos e ácidos fortes em alta concentração. 

 

Condições de armazenamento 

 

 Adequadas: Manter em local ventilado e ao abrigo de fontes de calor e de ignição. 

 

 Produtos incompatíveis: Não armazenar junto com alimentos e bebidas para que não ocorra transferência 

de odor, inclusive os destinados a animais. Evitar o uso concomitante com ácidos e bases fortes para não 

prejudicar a eficiência do produto. 

 

Materiais para embalagens 

 

 Recomendados: Polipropileno, polietileno alta densidade, aço, polietileno tereftalato (PET). 

 

 Inadequados: PVC, poliestireno. 

 

 

 

 
Parâmetros de controle 

 

Limites de exposição: Para o produto foi calculado segundo a ABNT 14725: 

 

DL50 oral > 5000 mg/kg 

 

 

Equipamentos de Proteção Individual: O uso adequado do produto puro requer a utilização de equipamentos de 

proteção individual habituais, como óculos de proteção e luvas. Quando diluído e formulado não apresenta riscos. 

 

Ventilação: Usar em local ventilado.  

 

Proteção Dermal: O produto irrita a pele, mas se utilizado adequadamente, não se espera reação indesejada. Após 

contato, lavar bem o local com água. 

 

Proteção para os Olhos: Pode causar irritação reversível caso haja contato direto com os olhos. Neste caso lave 

com água em abundância até remoção completa do produto. 

SEÇÃO 8 – CONTROLE DE EXPOSIÇÃO E PROTEÇÃO INDIVIDUAL 
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Medidas de Higiene: Após o manuseio recomenda-se lavar as mãos. 

 

 

 
Estado Físico: Líquido. 

 

Cor: Amarelo. 

 

pH: 3,0 – 4,0 (solução à 1%). 

 

Temperatura especifica ou faixas de temperatura nas quais ocorrem mudanças de estado físico: 

 

 Ponto de Ebulição: Não disponível. 

 

 Ponto de Fulgor: 82,8ºC 

 

Densidade: 0,96 g/mL. 

 

Solubilidade: Miscível com solventes orgânicos; miscível com água formando emulsão. 

 

 

 
Estabilidade: O produto é estável à temperatura ambiente e ao ar, sob condições normais de uso e armazenagem. 

Não se polimeriza.  

 

Reações perigosas: Não há reações perigosas conhecidas. 

 

Condições a evitar: Temperaturas elevadas e reações com ácidos, bases fortes e oxidantes. 

 

Produtos Perigosos de Decomposição: Em caso de incêndio pode emitir gases tóxicos e irritantes. 

 

 

 
Inalação: Irritação das vias respiratórias. 

 

Contato com e Pele: O produto pode causar irritação da pele. 

 

Contato com os Olhos: Apresenta irritação reversível aos olhos quando em contato direto. 

 

SEÇÃO 9 – PROPRIEDADES FISICO-QUÍMICAS 

SEÇÃO 10 – ESTABILIDADE E REATIVIDADE 

SEÇÃO 11 – INFORMAÇÕES TOXICOLÓGICAS 
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Ingestão: Irritante ao trato gastrointestinal e pode causar dores estomacais ou diarréia. 

 

 

 
Mobilidade/Bioacumulação: A persistência do produto no meio ambiente é baixa em virtude da 

biodegradabilidade de seus componentes. 

 

Persistência / Degradabilidade: Não aplicável. 

 

Ecotoxicidade: De acordo com a NBR14725-2-2009, baseada nas informações de segurança de produtos químicos 

perigosos do GHS (Sistema Globalmente Harmonizado) o limoneno, componente principal, está classificado na 

categoria de substâncias perigosas para o meio aquático com o nível mais baixo possível, nível 3. Essa classificação 

concorda com todas as referências publicadas em trabalhos acadêmicos e revistas indexadas nacionais e 

internacionais. 

 

 

 
Resíduos do produto: Descartar segundo as regulamentações ambientais federais, estaduais e municipais. Não 

deixar que resíduos contaminem mananciais. 

 

Embalagens utilizadas: As embalagens vazias, depois de enxaguadas internamente com água, podem ser 

descartadas normalmente junto com os resíduos plásticos e enviadas para reciclagem, de acordo com a legislação 

local. 

 

 

 
Transporte Rodoviário no Brasil 

 

PRODUTO NÃO ENQUADRADO NA RESOLUÇÃO EM VIGOR SOBRE TRANSPORTE DE 

PRODUTOS PERIGOSOS 

 

Nome apropriado para embarque: Emulsão de terpenos cítricos. 

 

Número ONU: Não classificado. 

 

Classe de risco / divisão: Não classificado. 

 

 

 

SEÇÃO 12 – INFORMAÇÕES ECOLÓGICAS 

SEÇÃO 13 – CONSIDERAÇÕES SOBRE TRATAMENTO E DISPOSIÇÃO 

SEÇÃO 14 – INFORMAÇÕES SOBRE TRANSPORTE 
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Regulamentações 

 

Notificação Anvisa/MS: 21351.922431/2020-21 

 

Limoneno 

 

O FDA lista o Limoneno como GRAS (geralmente reconhecido como seguro) em 21CFR 182.20 e 182.6. 

- Proposição 65: este produto não contém substâncias químicas listadas como carcinogênicas ou tóxicas ao sistema 

reprodutor. 

 

 

 

 

As informações contidas neste documento refletem com exatidão o nosso melhor conhecimento para o manuseio 

apropriado deste produto de acordo com as especificações constantes no rótulo. Quaisquer outros usos do produto 

que não os recomendados, serão de responsabilidade do usuário. 

 

Esta ficha está de acordo com a NBR 14725-4 (ABNT - Associação Brasileira de Normas Técnicas). 

 

SEÇÃO 15 – REGULAMENTAÇÕES 

SEÇÃO 16 – OUTRAS INFORMAÇÕES  
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HN Aspersão – Aromatizante de Ambientes 

Descrição: Produto cosmético notificado na Anvisa como Aromatizante de Ambientes sob o nº 

25351.922431/2020-21, possui em sua composição óleos essenciais e os mesmos ativos terpênicos 

encontrados no produto 3089 da Terpenoil.  

 

 

Indicação: Indicado para aplicação por aspersão, nebulização e atomização, permitindo grande faixa de 

diluição de uso com manutenção das propriedades aromáticas. 

 
 

Composição: Mistura de frações terpênicas, óleos essenciais, tensoativos de rota vegetal, álcool, ácido 

cítrico e água. 

Propriedades 

Aspecto Líquido laranja 

Densidade (g/mL) 0,94 – 0,99 

pH (solucão 1%) 3 – 4 

Flash point (open cup) 82,5 ºC 

Viscosidade 80 mPa.s 

Ponto de Congelamento abaixo de -10 ºC 

 Características físico-químicas: 

 Preparação: Diluir conforme tabela abaixo: 

 Instruções de Uso:  Aplicação por métodos de aspersão, nebulização e atomização. 

 Apresentação: disponível em embalagens de 1 e 5 litros. 

 Validade: 12 meses após a data de fabricação impressa no rótulo. 

Concentração de Uso 

De 5 a 10 mL por Litro 

Ficha Técnica  

Possui os mesmos componentes e ativos terpênicos do produto 3089 da Terpenoil. 

 Conservação: não reutilize a embalagem vazia para outros fins. Mantenha o produto em sua embalagem 

original, sempre fechado, protegido da luz e calor. 

http://www.terpenoil.com.br/
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Produto à base de Terpenos e a Qualidade do Ar 
 

Nos últimos anos, cada vez mais é evidenciado que o ar que respiramos 

apresenta uma qualidade muito inferior daquela que deveríamos respirar. As 

atividades industriais desenfreadas e sem tratamento de poluentes, carros em 

abundância emitindo gases e partículas tóxicas são apenas alguns exemplos de 

contaminantes no ar que respiramos. 

Além desses agravantes para a qualidade, cientistas observaram outro: a 

qualidade microbiana do ar. Nos últimos anos observou-se um aumento representativo 

de cargas microbianas no ar que respiramos. Fungos e bactérias são encontrados na 

superfície de pequenas partículas e podem ser carregados por um longo caminho até 

chegar ao pulmão de quem as respira, assim como vírus. Portanto, a qualidade do ar 

não está somente relacionada à emissão de poluentes atmosféricos. 

Pensando nessa nova condição do ar que respiramos e nos riscos inerentes 

relacionados a ambientes confinados, a Terpenoil Tecnologia Orgânica, empresa 

com mais de 13 anos com expertise em formulação de produtos derivados de 

fontes naturais renováveis, em parceria com o Laboratório de Microbiologia do 

Instituto Adolfo Lutz (IAL), um dos institutos de pesquisa referência na América 

Latina, desenvolveu uma tecnologia para aplicação do produto antimicrobiano.  

Quem nunca entrou numa floresta e respirou o ar puro não sabe que este ar é 

livre de microorganismos e, o principal, os agentes antimicrobianos são os terpenos 

expelidos pelas folhas das árvores. Esses mesmos terpenos nós utilizamos na 

formulação do produto natural à base de óleos essenciais, sendo uma alternativa 

totalmente verde para a redução da carga microbiológica presente no ar. 

No estudo realizado pela Terpenoil e Instituto Adolfo Lutz, o ar de diferentes 

ambientes foi coletado e observou-se uma importante redução microbiológica presente 

no ar, segundo a Tabela 1. Dentre os microorganismos presentes estão àqueles 

resistentes a antibióticos, principais causadores de infecções pulmonares.  

Este estudo, que foi aceito para publicação na revista internacional Current 

Fungal Infection Reports, mostra que a aplicação do Desinfetante Natural no ar 

reduziu a carga microbiana em 85%. A previsão de publicação é na Edição de Julho 

de 2020. Assim que feito, será disponibilizado ao público. 
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Tabela 1: Número de UFC (Unidades Formadoras de Colônia) de fungos e bactérias, antes e depois da 

aplicação do Desinfetante Natural. 

 
Antes Depois 

Fungos 234 ufc/m3 54 ufc/m3 

Bactérias 370 ufc/m3 38 ufc/m3 

 

Silva, D. M. C. et al. Antifungal and antibacterial activity of terpenes for improvement of indoor 

air quality. Current Fungal Infection Reports, 2020 

 

Esses mesmos ativos encontrados no produto para desinfecção do ar deram 

origem a um produto desinfetante natural para superfícies que também foi testado 

contra os principais microorganismos e apresentou resultados extraordinários em 

apenas 30 segundos após aplicação na superfície, como pode ser observado na 

Tabela 2. 

 

Tabela 2: Ação antimicrobiana do Desinfetante Natural em 30 segundos e 5 minutos sobre 

microorganismos de importância sanitária. 

Microorganismo 
Redução em  

30 s 

Redução em  

5 minutos 

Escherichia coli 99,9% 99,999% 

Staphylococcus aureus 99,999% 99,999% 

Pseudomonas aeruginosa 99,9% 99,999% 

Salmonella typhimurium 99,99% 99,99% 

Salmonella enteritidis 99,99% 99,99% 

Clostridium difficille 99,99% 99,99% 

Clostridium perfrigens 99,99% 99,99% 

 

Vale ressaltar que este produto é o único desinfetante 100% natural aprovado 

pela Anvisa. Máxima eficiência nos testes antimicrobianos, menor toxicidade 

apresentada para um produto garantem a efetividade e segurança do mesmo. 

https://drive.google.com/file/d/1XxFVZBSIqn35HF5FE3x1xSh5JduCRPwu/view?usp=sharing
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O Desinfetante de Uso Geral da linha Higiene Natural (Cód. 3089) da Terpenoil 

Tecnologia Orgânica é um produto derivado de uma tecnologia patenteada.  

Este é o primeiro e único produto natural registrado na ANVISA com ativos à 

base de terpenos, ou seja, óleos essenciais de plantas da flora brasileira. 

Óleos essenciais são conhecidos por seu poder de controlar microorganismos 

na natureza. O ativo derivado da planta Pinus sp, popularmente conhecido como 

pinheiro, é o alfa-terpineol. 

Os laudos de ação antimicrobiana e de toxicidades podem ser consultados 

clicando nos links. O produto foi considerado totalmente seguro para a utilização, 

segundo os laudos de toxicidade. 

O produto está devidamente registrado na ANVISA/MS sob o nº 354850001. 

 

SEGURANÇA E TOXICIDADE 

Adicionalmente aos testes de eficácia, o produto foi testado para verificar a 

segurança e toxicidade. O produto da Terpenoil foi considerado um produto de 

baixíssima toxicidade. A chance de uma pessoa desenvolver uma irritação devido ao 

uso/exposição do produto é considerada muito baixa. 

Irritação/corrosão cutânea  

Realizado segundo método OECD 404. 

Numa escala de 0,0 até 8,0, sendo 0 o menor grau (não irritante), o produto foi 

considerado não irritante. 

Irritação /corrosão ocular primária  

Realizado segundo método OECD 405. 

Numa escala de 0 até 110, sendo 0 o menor grau, o produto obteve uma avaliação 

de 0 sendo considerado como não irritante. O efeito notado foi reversível. 

Toxicidade dermal aguda e via oral 

Realizado segundo método OECD 403. 

A dose de produto testada foi 2000 mg/kg e o resultado obtido foi que o produto 

não apresenta toxicidade oral nessa concentração, concluindo que a toxicidade oral é 

considerada maior que 2000 mg/kg. 

 

DL50 > 2000 mg/kg 

 

https://consultas.anvisa.gov.br/#/saneantes/produtos/25351395835201781/?cnpj=08883727000176
https://drive.google.com/file/d/1k7WlUl01gBLVeOY3rF1GsQXiD8QxbWfe/view?usp=sharing
https://drive.google.com/file/d/1gwpXNOva1apCjkA2qE-z8t7EH_gdgIfh/view?usp=sharing
https://drive.google.com/file/d/13dgoW2H2U2yDT4xaNHP5dGaS0IJqlwIR/view?usp=sharing
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Biodegradabilidade imediata 

Realizado segundo método OECD 301 B. 

O produto apresentou um valor de 83,1% de biodegradabilidade em 28 dias. O 

valor mínimo aceito para este teste é 60% em 28 dias.  

 

1. LAUDOS COMPROBATÓRIOS 

Os testes para a comprovação da eficácia da ação antimicrobiana, testes de 

toxicidade e testes adicionais foram realizados em laboratórios credenciados para 

emissão do certificado (REBLAS – Rede Brasileira de Laboratórios Analíticos em 

Saúde). 

Abaixo são encontrados os laudos referentes aos testes: 

1.1. Ação antimicrobiana frente ao Staphylococcus aureus 

1.2. Ação antimicrobiana frente ao Salmonella choleraesuis  

1.3. Ação antimicrobiana frente ao Salmonella typhymurium, Salmonella 

enteritidis, Clostridium difficille e Clostridium perfrigens em 30 

segundos. 

1.4. Ação antimicrobiana frente ao Pseudomonas aeruginosa, Escherichia 

coli e Staphylococcus aureus em 30 segundos. 

1.5. Biodegradabilidade 

1.6. Irritação corrosão cutânea 

1.7. Irritação corrosão ocular 

1.8. Toxicidade oral  

1.9. Toxicidade dermal 

1.10. Carta ANVISA liberação de uso de Desinfetantes para coronavirus 

1.11. Relatório de atividade do Desinfetante Natural contra o coronavírus 

1.12. Artigo publicado na Current Fungal Infection Reports 

 

DISCLAIMER 

Nota Técnica 34/20 - Avisa  

Nota Técnica 51/20 - Anvisa 

https://drive.google.com/file/d/1hS2gEsyT_0_mQxHccfUM3NrroJtO0GMH/view?usp=sharing
https://drive.google.com/file/d/16Yx-EJX8HxADZugqZy7dMsPuAoSIMxpS/view?usp=sharing
https://drive.google.com/file/d/11FPIlpSyQodTdPtJ97Rl9c2XCF_eNBef/view?usp=sharing
https://drive.google.com/file/d/1RC7Wgtg25BlKShDzAe6zgsmcQMKklWzA/view?usp=sharing
https://drive.google.com/file/d/1RC7Wgtg25BlKShDzAe6zgsmcQMKklWzA/view?usp=sharing
https://drive.google.com/file/d/1RC7Wgtg25BlKShDzAe6zgsmcQMKklWzA/view?usp=sharing
https://drive.google.com/file/d/1dIzD13jVdJLrRPhRDOyKH-QQJ_N69ZiL/view?usp=sharing
https://drive.google.com/file/d/1dIzD13jVdJLrRPhRDOyKH-QQJ_N69ZiL/view?usp=sharing
https://drive.google.com/file/d/1hS2gEsyT_0_mQxHccfUM3NrroJtO0GMH/view?usp=sharing
https://drive.google.com/file/d/1k7WlUl01gBLVeOY3rF1GsQXiD8QxbWfe/view?usp=sharing
https://drive.google.com/file/d/1gwpXNOva1apCjkA2qE-z8t7EH_gdgIfh/view?usp=sharing
https://drive.google.com/file/d/13dgoW2H2U2yDT4xaNHP5dGaS0IJqlwIR/view?usp=sharing
https://drive.google.com/file/d/18f8Fq0OLSKIlUdyhnc2ddfh0HnOau6Xx/view?usp=sharing
https://drive.google.com/file/d/1lTj424o0yI1w0knDL6-7CFt22etnnfKt/view?usp=sharing
https://drive.google.com/file/d/1yPXOdDSgbhFCXjPm8x_10n_NclLWIoAf/view?usp=sharing
https://drive.google.com/open?id=13LlzZO1KAT7O2hynT14avHsOeslUrVO8
http://portal.anvisa.gov.br/documents/219201/4340788/SEI_ANVISA+-+0976782+-+Nota+T%C3%A9cnica.pdf/1cdd5e2f-fda1-4e55-aaa3-8de2d7bb447c
http://portal.anvisa.gov.br/documents/219201/4340788/SEI_ANVISA+-+1010584+-+Nota+Te%CC%81cnica+51+Tunel+de+Desinfecc%CC%A7a%CC%83o+%28atualizada%29.pdf/51d8c7df-7cd8-4244-ab46-e2349b480a00
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                                                                    Cidade Universitária “ZEFERINO VAZ”, 10 de junho 2020. 
                                                                                  
Ao Sr. 
Rubens Miguel Scavassa 
TERPENOIL- Química VERDE 
Av. Arquimedes, 1070 – Galpão 8 
Condomínio Industrial Siprel CIS 1 
Bairro Casa Branca – Jundiaí – SP 
CEP: 13211-840                                                                                                                                    
                                           
                                         Referente: LAUDO VIRUCIDA “TerpenOil-Desinfetante de uso geral” 
 
Prezado Sr Rubens, 
Vimos por meio desta fornecer laudo do ensaio virucida. 
 

1. Produto: Desinfetante de uso geral/higiene natural (Diluição 1:200) 
Composição: terpenos cítricos e outros terpenos. 

 
2. Empresa:  TERPENOIL Química VERDE 

 
3. Vírus Testado:   

CORONAVÍRUS/MHV-3 (características semelhantes ao SARS, MERS e Covid-19 uma 
vez que pertence ao mesmo gênero). 
 

4. Procedimento experimental: 
a) Os ensaios foram realizados em laboratório NB-2 (Biosafety Level 2) seguindo as 

Recomendações da ANVISA Art. 1 e Art. 3 da IN 04/13 e IN 12/16 e metodologias descritas 
nas normas (BS EN 14476:2013+A2:2019, ASTM E1053 – 11 e do Instituto Robert Koch – RKI) 
e obedecendo as Boas Práticas de Laboratório (BPL).  

 
b) Os testes foram realizados em quadruplicata (quatro repetições biológicas): 

• A primeira etapa dos ensaios foi realizar a “Determinação da Concentração Máxima 
não tóxica (CMNT)” nas diferentes células testadas, para determinar a concentração 
que não causa toxicidade para as células. Pois a substancia teste deve ser ativa 
somente contra o vírus e não às células.  

• positivo (presença do vírus, com o uso do desinfetante e sistema celular); 
• negativo controle de células (apenas sistema celular, sem a presença de vírus e sem a 

presença dos desinfetantes); 
• controle da titulação: vírus e cultivo celular.  
• A mistura vírus e TerpenOil-Desinfetante de uso geral foi submetida a diluição de 

1:200 e diferentes tempos (1, 5, 10 e 15 minutos). 
c) As microplacas com TerpenOil-Desinfetante de uso geral + sistemas celulares + vírus foram 

incubadas a 37oC em Estufa com 5% de CO2 durante 48 hs a 04 dias.   
d) O título do vírus foi expresso como log10TCID50/ml a partir do método Reed-Muench (1938). 
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                                                                           LAUDO VIRUCIDA “TerpenOil-Desinfetante de uso geral” 
 
 

5. Resultados:   
    
                                           

Tabela: Vírus Testado, Tempos de contato, Média da Titulação viral, Título da Atividade Virucida 
e Redução da infectividade viral em relação ao produto “TerpenOil-Desinfetante de uso geral na 
Diluição 1:200”.  

 

Vírus  Tempo de 
contato dos 

Vírus e 
Desinfetante 

Controle 
Título 
viral 

DICT50/ml  
(Log 10) 

* 

Título viral 
DICT50/ml 
(Log 10)  

+ Produto 
testado 

** 

Redução da 
infectividade viral  

DICT50/ml  
(Log 10) (Média) 

*** 

Toxicidade 
Celular 

Coronavírus-
MHV-3 

01 minuto 
 

 
      
    8,5 

 

4,0 4,5 
(99,99%) 

- 

05 minutos  
 

3,0 5,5 
(99,99%) 

+ 

10 minutos  
 

0,0 8,5 
(100%) 

++ 

15 minutos 
 

0,0 8,5 
(100%) 

++ 

 
*Média de 12 diluições do vírus (de 101 a 1012)                                                         Citotoxicidade Celular 
**Média de 12 diluições do vírus (de 101 a 1012), desinfetante e repetições - Não tóxico 

***https://www.klaran.com/what-is-log-reduction 

 

 

 

   +      
++  

Baixa 
Média 
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                                                      LAUDO VIRUCIDA “TerpenOil-Desinfetante de uso geral” 
 

 
 

6. Conclusões: 

 

• Considerando que o houve inibição da infecção viral, pode-se concluir que o produto 

TerpenOil-Desinfetante de uso geral foi eficaz para a inativação/destruição de 

partículas virais, e, portanto, recomendamos o uso na forma DILUÍDA 1:200 como 

potencial agente virucida para o Grupo Coronavírus. 

 

• Os tempos de 01 minuto e 05 minutos de contato com o produto “TerpenOil-

Desinfetante de uso geral”  inibiu  99,99% do vírus. 

 
 

• Os Tempos de 10 e 15 minutos de contato com o produto “TerpenOil-Desinfetante 

de uso geral” inibiu 100% do vírus. 

 

• Em relação a “redução de infectividade viral”*** a mesma foi de ≥ log 4 para 

Coronavírus/strain MHV-3, já o tempo de contato (vírus e produto TerpenOil-

Desinfetante de uso geral) o produto mostrou ser ativo a partir de 01 MINUTO. 

 

Atenciosamente, 

                                                          
                                                         Profa Dra Clarice Weis Arns 
                                                            Responsável pelo Laudo  
  
 
 
                                                                                                                Cidade Universitária “ZEFERINO VAZ”, 10 de junho 2020. 
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Abstract 

Purpose of Review. We summarized the studies on the usage of and some essential oils on mold 

and bacterial concentrations in air samples. There was a strong action of the product to decrease 

total microbial load. The investigation of antifungal activity in indoor environments validates 

the translation of laboratory-based outcomes showing a statistically significant reduction of 

bacterial and fungal concentration in the tested areas 
 

Recent Findings has recently generated interest for its in vitro antimicrobial efficacy but has not 

been widely evaluated in situ. There are limited studies that scale-up laboratory experiments and 

assess the efficiency of antimicrobial agents within building environments. Our findings provide 

a basis to reduce microbial burden, including drug-resistant fungi, by washing the indoor air 

with a solution. This strategy could diminish health adverse effects, such as allergy or 

pulmonary infection, produced by inhalation of etiologic agents. 

 
Summary have an effect on the indoor microbial burden and may be used to reduce fungal 

and bacterial contaminants in workplaces, hospital and houses.    
  

Keywords: airborne microbes, fungicidal, fungi, antifungal resistance, asthma, occupational 

exposure 

 

 

Introduction 

Air quality is a critical factor in indoor space, and bioaerosols including bacteria, fungi, besides 

viruses and pollens, represent an important factor that influences indoor air quality
1,2

. 

Bioaerosol exposure can lead to several pathologies, hence additional monitoring should be 

performed to evaluate the effectiveness of implemented measures, and as a way to consider 

alternative strategies if the contamination problems remain. Fungi as ubiquitous 

microorganisms, is part of indoor bioaerosols and early intervention for fungal contamination is 

essential to avoid visible fungal growth requiring more severe professional remediation 

mailto:melhemmr@uol.com.br
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measures
3,4

. Improper indoor air quality may lead to infections, hospital syndrome, and various 

occupational risks demanding contamination management.  Control measures include 

dehumidification of the air and high-efficiency particulate arrestor filtration in critical settings. 

Upper-room ultraviolet light and negative air ionization to prevent bacterial transmission were 

also previously reported. Potential excess moisture indoors must be low or controlled by 

ventilation to prevent condensation inside the structures
5
. Chemical control by reducing fungal 

burden in indoor environments is proposed, and the potential for essential oils to reduce fungi is 

gaining interest as they are seen as a “natural” alternative to synthetic chemical fungicides
6
.  

 

Antifungal activity of essential oils for clean the atmospheric air 

Some evidence supports the existing antifungal properties of essential oils from the clove, tea 

tree, oregano, thyme, heartwood, marjoram, cinnamon, lemon, lemon basil, caraway, bay tree, 

fir, peppermint, pine, cedar leaf and manuka. Essential oils are extensively employed in 

medicine and in the food industry for their antimicrobial properties. Data on their use for control 

of indoor air quality is limited since information exists mainly on the analysis of their 

effectiveness against fungal isolates from indoor environments. However, there are limited 

studies or advice on essential oils suitable for indoor bacterial or fungi control. So, we assessed 

fungal and bacterial contamination in 4 indoor settings, before and after cleaning procedures 

with a commercially available cleaning product (Swash®, Terpeneoil, Br) agent to analyze the 

effectiveness of this procedure.  The cleaning agent included plant-derived compounds resulting 

in a blend of terpenes. We also assessed the potential for the 24h-term antifungal that affect the 

product in the indoor atmosphere. Additionally, the diversity and antifungal profile of the 

microbiota from indoor air were characterized. The air sampling procedures included of 250 L 

of air (Merck® Mas-100 equipment), collected through an impaction method, which is a 

process in which particles are removed from an air stream. The trials were 24 hours in duration, 

beginning with a single sampling before apply air-cleaning measures followed by atmospheric 

air sampling performed every 3 hours, totaling 8 samples per each study site. For counting of 

fungi, we used the culture medium Dicloran Rosa Bengal (Difco, USA) and for counting of 

bacteria, chromogenic media (CHROMagar Orientation Medium, Beckton Dickinson, 

USA) was employed. The fungal colonies representing the dominant morphotype of filamentous 

fungus, after 4 weeks of incubation, were characterized to genus or species level
7
. Species of the 

genera with potential medical interest were identified by Matrix-Assisted Laser Desorption 

Ionization-Time-of-Flight (MALDI-TOF MS, Brucker Daltonics, USA) method
8
. Factors 

recorded simultaneously to sampling included temperature and relative humidity (Digital 

Termo-Hygrometer Internal/External Temperatures -10+60°C, Incoterm, Brazil).  The 

equipment FB 30 Swash® (Terpenoil, Br) was used to wash the air, in a continuous regimen of 

24 h, of four distinct indoor environments located in the São Paulo City region, Brazil. The 

equipment releases a mixture of in an aqueous concentration of 0.5%, as a strategy of washing 

the atmospheric air. It used for atmospheric air washing has a 1 L reservoir, a flow rate of 40 m
3
 

/h, suitable for manual transport (small size) and for use in environments up to 30 m
2
. Its 

operation is based on air collection, washing of the air with the solution and return of the air to 

the environment. It was fired upon completion of the first air collection (time zero) exactly at 

midday time every experiment-day. The total air microbial load ranged from 164 CFU/m
3
 to 

1788 CFU/m
3
 before cleaning and from 124 CFU/m

3
 to 200 CFU/m

3 
after cleaning. Regarding 

bacterial and fungal, the initial (before cleaning) were 116 CFU/m
3 

and 48 CFU/m
3
  and final 

load (after cleaning) were 60 CFU/m
3 
 and 0 CFU/m

3
).  When comparing CFU/m

3
 on air before 

and after cleaning statistically significant differences were detected taken account of all 4 indoor 

tested areas. Residential rural house presented higher fungal air load with results that ranged 
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from 1304 CFU/m
3
 to 48 CFU/m

3
, before and after cleaning, respectively. Air from residential 

urban house harbors the higher bacterial load before cleaning (760 CFU/m
3
) decreasing to 120 

CFU/m
3
 after the cleaning procedures. The measured workplace presented initially 360CFU/m

3 

of fungal load and 504CFU/m
3
 of bacterial load and, after cleaning the load were 48 CFU/m

3
 for 

fungi and 140CFU/m
3
 for bacteria. Taken together these findings showed microbial burden 

decrease in each measure place, but the degree of reduction of microbial load regarding 

individual indoor setting was not statistically significant. In respect to all four tested settings the 

number of colonies forming units per m
3
 (CFU/m

3
) for the microorganisms in relation to the 

exposure time to terpenes, Figure 1 was constructed a graph of the log x log type using the 

logarithmic adjustment as a trend line. We verified that the use of the log x log approach was 

more feasible, that is, it showed a very good fit between the evaluated points, which are 

evidenced by the excellent value of the correlation coefficient (0.9807), and the curve obtained 

was extremely interesting. Temperatures during the sampled day ranged from 24 to 26
o
C in 

residential urban house, 20-21,5
o
C in hospital, 19-22.7

o
C in a residential rural house, and stable 

at 26
o
C in the air-conditioned area of the workplace. The relative humidity was similar for 

residential houses (urban and rural) and hospital setting (mean range 62.8-67.1 %), but superior 

to that measured in the workplace room (mean 53.7%). Diversity and the pathogenic potential 

of the mycobiota cultivable from indoor air samples were assessed. The methodology MALDI-

TOF (BD) was useful for identifying Aspergillus species (A. fumigatus, A.flavus e A. niger) 

besides Curvularia curvata and Trichoderma koningii. Isolates of other genera, including some 

of the toxigenic relevance like Penicillium, could not take advantage of this method to clarity 

species. Before cleaning procedures, 7 different genera/species of fungi were identified in air 

samples, being A. niger (22.1%), Neurospora spp. (22.1%). A. fumigatus, A. flavus, Mycelia 

sterilia, Penicillium spp. and Nigrospora spp. (11.2%, each one). After cleaning procedures, 10 

different genera/species of fungi were identified in air samples with three (Curvularia clavata, 

Trichoderma koningii and Cladophyalophora spp.; 2% each one) different were identified. 

Using the microdilution broth reference methodology we assessed the antifungal susceptibility 

of 29 air indoor fungi and found all 8 Penicillium spp. morphotype two isolate showing high 

MICs for different antifungal chemical classes and MICs above the maximum (8 mg/L) 

concentration value tested for either itraconazole, voriconazole and amphotericin B
1
. 

Furthermore, isolates showed high MICs to Amphotericin B were found in A. fumigatus (1/5; 

20%) and A. flavus (3/7, 42.9%) as showed in Table 1. The inhibitory activity of the blend 

against the 29 fungal isolates recovered from environmental indoor air was depicted in Table 2. 

 

Fungal Bioaerosols Monitoring 

Current bioaerosols studies are primarily focused on the monitoring and control of target 

bioaerosols that requires the efficient collection of microorganisms from the air. A wide variety 

of bioaerosols sampling methods is available, and no standard protocols (e.g., air CFU/m
3
 

versus dust CFU/g sampling) have been established up to now. Principal sampling methods are 

filtration, impaction, and liquid impingement, being filtration one of the most widely used for 

atmospheric analysis
9
. An appropriate technique for air sample analysis was selected for our 

study involving pumping air through a porous membrane filter to capture bioaerosols. The 

advantages of this method include suitability for culture-dependent studies, low cost and 

portability and efficient trapping of microorganisms (~95%) as small as 0.035 μm in diameter
10

. 

Thus, the filtration system employed in our study allowed an efficient collection of bioaerosols, 

from bacteria to fungi. The bioaerosols that were captured remains viable and grew on the 

surface of a Petri dish containing nutrient agar. The airflow over the nutrient agar was controlled 

by holes that are arranged to distribute the airflow evenly over the agar resulting in unit-forming 



4 
 

4 
 

colonies served for counting. Total count enumeration methods are laborious, and the 

identification of microorganisms is problematic. So, we focused on fungi identification and 

characterization regarding resistance to antifungal compounds.  Fungi and bacteria are mainly 

quantified as groups using a variety of viable and nonviable assessment methods
11

. Although 

some studies have recently applied culture-independent methods (high throughput amplicon 

sequencing to target 16S rRNA genes in bacteria/archaea or ITS rRNA in fungi), the traditional 

culture methods have typically been established by standard methods to identify recovered from 

built environment microorganisms and microbial hazards
12

. Limitations of molecular methods 

include the necessity of additional genetic markers for robust species-level identification in 

several fungal genera regularly sampled, such as Aspergillus, Cladosporium, Fusarium, and 

Penicillium, that show little or no ITS variation across sets of species
13,14

. Traditional cultures 

derived methods from indoor sampling have recognized about 90 species of common indoor 

fungi
15

 in contrast with high-throughput DNA sequencing that revealed a vast diversity of 

indoor fungi up to four 4,500 fungal operational taxonomic units
16,17

. Indeed, conventional 

culture-dependent methods have some limitations for environmental studies. Microorganisms 

that are not culturable under our specific growth conditions remain undetected and even may 

induce adverse health effects. The stress of aerosolization and sampling may also result in a loss 

of cultivability. The losses of microbial load were difficult to assess and may vary within and 

among species. Cell debris, dead microorganisms and microbial components, which may also 

have toxic and/or allergenic properties were not detected in this study due to the traditional 

culture-based methods adopted
18,19

. Fungal spores are complex agents that may contain multiple 

hazardous components, producing different allergens and mycotoxins, and some of them can 

infect humans
3
. A variety of fungal components that have been identified in air includes 

mycotoxins, ergosterol, glucans, and microbial volatile organic compounds that require unique 

analysis methods not feasible for our study. In the indoor environments, respiratory conditions, 

such wheeze, cough, asthma, have been not only associated to fungi spores but to these biologic 

components, and within high fungal density buildings infections and intoxications have been 

reported
20,21

. Furthermore, hyphae fragments and sub micrometer fragments dormant and 

passively distributed are of significant interest with regard to health because they remain in the 

air longer and are easily inhaled
22,23

. 

 Among different types of bioaerosols, fungus plays an important role in human health, 

such as eczema development and other clinical issues
24-26

. Airborne fungi contribute to onset or 

worsening of allergic responses include rhinitis, eye irritation, cough and asthma which is of 

emerging significance given that the incidence of asthma in children from developed countries 

is increasing
11

. Other unwanted processes in consequence of high fungal indoor load are food 

spoilage and wall staining. Bacterial and fungal bioaerosols in indoor air environments also 

contribute to microbial superficial load of nosocomial pathogens that can persist on inanimate 

surfaces for variable periods
27

. So, reduction of indoor microbial contamination includes 

treatment of surfaces with an antifungal product, in addition, to remove any visible mould 

contamination, and steps to prevent moisture build-up, which enables future fungal growth. 

Human exposition to bioaerosols may lead to diseases and monitoring activities should be 

performed to assess the effectiveness of control measures.  

 The air treatment of indoor environments with an antifungal agent, in conjunction with 

variable sanitary actions, will improve indoor air quality. An antifungal agent is a compound 

used to kill or inhibit the growth of fungi and those recommended for indoor environments 

should be non-toxic to humans, odorless and hypoallergenic
28

. Moreover, the antifungal agent 

should provide long-term protection to avoid fungal re-growth, especially in humid or moist 

environments
29-31

. As such, essential oils are biosynthesized by plants and are composed of 
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complex mixtures of volatile compounds, mainly, terpenoids and aromatic and aliphatic 

constituents, characterized by low molecular weight, that showed antibacterial and antifungal 

action
3,32,33

.  

 Our increased interest in these natural substances moves us to perform an investigation 

on the antifungal potential of a blend of to improve indoor air quality for building occupants. Of 

note, the concentration of in the cleaning product is so adequate that we did not observed 

significant odor effect resulting in small effect on sensory attributes as early reported
28,34

. When 

considering all 4 settings together in principal coordinate analyses, we demonstrated a strong 

antimicrobial capability of blend. Before the cleaning procedures, microbial load differences 

were within a large range in the four measured areas, and the hospital setting had a significantly 

lower level of microorganism concentration. A drastic effect of reduction in microbial burden 

seems in the first 3 to 6 hours of cleaning procedures in residential urban and rural houses and 

workplace room. After the 6h-cleaning procedures, the microbial differences across the indoor 

measured locals were moderately stable. Similar results were reported previously
35

. Su et al. 

(2011)
36 

investigated the antifungal efficacy of essential oils by evaporating essential oil in 

indoor rooms and measuring the changes in the air. Higher concentrations essential oil was 

required to delay fungal growth and the authors reported a synergic inhibitory effect of the 

surrounding oil vapor. It is difficult to translate these experimental findings into real-world 

recommendations in view of the scarcity of studies that could empower the data. 

 According to the setup design, the equipment should have been maintained washing 

procedures continuously throughout the entire 24h-intervation period. However, the data 

showed that both bacterial and fungal oscillated up and down during short-time periods for 

unknown reasons. Even with this fluctuation, the final result is favorable to the best 

performance of the cleaning method. Indeed, possible bioaerosols from structures would have 

influenced the indoor conditions and might have affected the microbial burden along the day.  

Possibly, disturbance due to entrance of people, or air flow pressure inside the sampled settings 

generated uncontrolled effects on the cleaning process. The measured sites were unoccupied 

during experimental period, but the technician entrance and the necessary sampling procedures 

could have a direct impact on the microbial load. Indeed, the number of people and kind of 

human activities influences the concentration of bacterial and fungal bioaerosols
37

. The air 

sampling period impact the microbial composition, being long sampling period, as weeks, 

yielding shift towards human-associated bacteria in high-occupancy buildings, while hours-

based sampling periods in high outdoor ventilation demonstrating little effect of human 

occupancy on indoor aerial micro biota
38-41

. 

 In particular, residential indoor fungi can be found in dust, furniture, carpets which 

act as sources for re-suspension of fungal particles into the air may play a role in the microbial 

load variation
42

. In a study focusing on fungal species, only half of the species found in the 

house dust were also detected in the indoor air
43

. The effect of carpet is seeming also in retain 

dust associated to fungal material and may depend on the carpet structure, as loop-pile-type 

carpet was found to retain more dust cut pile counterpart
44

. In many studies, higher fungal levels 

were more related to carpets than with smooth flooring
18,45-48

. In residences and workplaces 

carpets is indeed a significant sink of fungi, nevertheless; however, the presence of carpeting did 

not always correlate with higher levels of fungi in indoor air
49,50

.  In the 1-year study with 

schools with carpeted and tile flooring although airborne concentrations of culturable fungi were 

significantly lower in the carpeted places in comparison with tile flooring ones, the measure of 

fungi wall component  (1-3)-b-D-glucan per area of carpet was much higher than that found on 

tile floor
51

. By the other hand the occupants of buildings (humans and pets) are principal source 
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of indoor bacteria due to continuous release of the skin bacteria, as extensively 

demonstrated
38,39,42,52-54

.   

 The factors influencing indoor bioaerosols are more largely studied on airborne 

culturable fungi, which relates with a lot of parameter characteristics, including occupant’s 

lifestyle behaviors and building characteristics, air exchange rate, dwelling characteristics, 

temperature and relative humidity
55

. Temperatures during the study were very stable values 

along the sampled days inside residential urban house, workplace, and hospital being less stable 

in residential rural house. The microbial measured results show no correlation with the indoor 

temperature, being the highest (mean 26
o
C) related to the workplace area, in comparison with 

the residential urban house (24.9
o
C) or rural house (highest microbial load) and hospital settings 

(lowest microbial load) (mean 20.1-20.7
o
C, respectively). The higher bacterial and fungal 

burden observed in the workplace possibly is related to the ventilation systems. Air filters and 

ventilation ducts are also colonized by fungi
56

. The equipment could host fungal concentrations 

ranging from 0-1000 CFU/m
3
 as previously reported

57
.  

 In hospital environments where patients are vulnerable to these infections and in 

workplaces when daily hours are extended, the monitoring and controlling indoor fungi are 

essential
57

. Various studies have investigated the fungal air quality in hospital environments and 

other occupational works and density of airborne fungi range considerately:  19 ± 19 CFU/m
3
 
58

, 

5.5-10.6 CFU/m
3
 
59 

, and 0-319 CFU/m
3
 
60

. In our study, we found the low initial microbial air 

load (40116 CFU/m
3
) remaining to some extent stable all over an after the cleaning process. The 

few number of CFU of both fungi and bacteria prevented any statistical analysis. Moreover, the 

microbial concentration in indoor hospital measured area could be below the limit of efficacy of 

our cleaning method. It counts also for our difficult to compare the relative performance of the 

tested cleaning method in the four measured areas due to great differences in microbial burden.  

 Various factors such as the relative humidity, CO2 concentration, temperature, 

intensity of UV and visible radiation, and wind speed influence on the airborne fungi
61

. Among 

these factors, nutrients, and temperature are the most important factors
62

. We verified the 

relative humidity inside the measure places was similar for residential houses (urban and rural) 

and hospital setting (mean range 62.8-67.1 %), being superior to that measured in the workplace 

room (mean 53.7 %). No correlation was found between microbial burden and relative 

humidity.  High humidity within houses and buildings allows for growth of fungi indoors, 

particularly species of Aspergillus as we identify in the measure settings. Among important 

factors of fungal growth in indoor environments humidity is pointed as a principal in published 

literature, although the season, climatic conditions and outdoor air microbial counts also 

influences the indoor concentrations of fungi
36,63-69

. Rural environments, in particular, farms 

have more rich and diverse fungal in air content in comparison to non-farming ones
43,70

. In our 

study, the contribution of outdoor air in the measure indoor residential rural house probably 

accomplishes something to the higher microbial load. Of note, the rural residence is located is a 

no polluted area and the high microbial burden is not related to suspended particulate matter in 

atmosphere, a characteristic of pollution in crowded cities or intensive cropping areas.  Fungal 

bioaerosols are usually bound to particulate matter
71,72

. Recent studies showed concentration of 

airborne culturable fungi is greatly affected by suspended particulate matter concentrations
73,74

. 

Nevertheless, variations of bacterial and fungal indoor communities are not explained clearly 

and the relationship between bioaerosols and air pollution levels should be a focus of future 

research
75

. 

 The temperature less than optimum level (<21
o
C) caves a decrease in growth of fungi

62
. 

On the opposite, in our study the indoor air residential rural house was low during the sampling 

period, but microbial load was high.  The high relative humidity, as measured in the rural 



7 
 

7 
 

setting, may promote bioaerosols survival in this set.  Since the frequent indoor temperature 

measured in our study was from 20 to 25°C, the growth of mesophilic fungi was promoted. The 

composition of fungal genera/species analysis showed no correlation within the four measured 

areas. On about half (13 out 28) of positive samples, collected after cleaning, we observed the 

same genera/species of fungi growing in plates. This finding suggested that the in-situ action of 

terpenes was not selective for a specific agent but the product was effective in reduce fungal 

burden in general. It is not clear which factors regulate indoor fungal diversity. Using culture-

dependent methods we assume that the organisms should grow and produce classic 

characteristics within a specified period. However, majority isolates did not sporulated and so 

were classified in the sterile mycelium fungi group. Furthermore, several fungi isolates were 

only identified to the genus level due to inconclusive species results obtained through MALDI-

TOF methodology. The performance of MALDI-TOF analysis varies according to the databank 

robustness, and few spectra containing bank result in no identification of isolates
76

. 

  Mycelia sterilia (25%) and Penicillium spp. (21%), followed by A. flavus (15%), 

Neurospora spp. (11%), A. fumigatus, A. niger (10%), were the most found in our study. 

Penicillium and  Aspergillus, in fact, were the most common isolated genera at 27°C for 3 to 7 

days elsewhere; moreover, the air mycobiota contained almost one third of species of 

Aspergillus genus
10,62,77-80

.  

  

Terpenes for Control Fungal Bioaerosols  

Since fungi are also found in buildings where very strict sanitization and filtration regimes are 

applied
81,82

, there is clearly need for research designed to investigate the antifungal efficacy in 

indoor environments, in particular in risk areas, in order to confirm laboratory obtained results. 

We study the efficiency in a hospital setting where it is expected high cleanliness procedures an 

indeed we hardly isolated fungi (Penicillium, Mycelia sterilia, Cladophialophora and 

Curvularia lunata) before and after the washing process in the four positive collected samples. 

Regarding genera fungi occurrence, those with small-sized conidia (<4 μm) of Aspergillus and 

Penicillium species are of ultimate relevance because inhalator particles fall in the range of 0.2-

5.0 μm in diameter. A human adult at rest breathes in an average of 11,000 L of air per day and 

can breathing millions of airborne fungal spores in a week. Smaller (<0.2 μm in diameter) 

particles are commonly exhaled because of the aerodynamics of breathing but can remain 

airborne for long periods and also can be transported readily indoors by air currents over 

considerable distances. Indoor particles >10 μm in diameter may rapidly fall out of the air 

because of their mass under prevailing environmental conditions, particularly temperature
83,84

.   

 Of note, in our study we fall to identify fungal genera commonly found indoor- 

Cladosporium and Alternaria
 84-86

.  These genera, as well as Penicillium and Aspergillus pose a 

respiratory health risk in susceptible populations living in homes with increased fungal 

concentrations, increasing exacerbation of current asthma symptoms in children and adults. 

Nevertheless, data do not provide sufficient detail to assess whether these fungi exacerbated 

asthma symptoms or potential health outcomes resulting from continuous and increased 

exposure to allergenic fungi. It is yet unknown how exposure to fungi influences the allergic 

symptoms. Fungal sensitization has been reported in up to 80% of asthmatic cases and it is 

estimated that more than 6.5 million persons have severe asthma with fungal sensitization and 

up to 50% of adult asthmatic patients attending secondary care have fungal sensitization. 

However, there is limited number of longitudinal studies to explore the risk of new cases of 

asthma symptoms in populations exposed to increased concentrations of indoor fungi
87

.  

 The rank order of the most common indoor fungi is not identical within different areas, 

but the genus Penicillium is usually more common in the indoor air than in outdoor air
47,88,89

. 
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Source of domestic indoor environments includes the handling of organic or biological material 

(potted house plants, root vegetables, fruits, blue cheese) and spoilage (e.g., moldy bread or 

vegetables
46,90

. Storage of household biowaste is a source of biological particles
48

, as is handling 

of firewood
91,92

. Penicillium species are rapid colonizers and efficient in producing and 

releasing spores on wetting or moistening surfaces and materials that lead to mold growth
93

. 

  Aspergillus are responsible for triggering hypersensitivity reactions, including rhinitis, 

sinusitis, and asthma. Aspergillus diseases are not restrict to allergy but affects a broad patient 

population of immunocompromised patients in form of invasive fungal disease-Aspergillosis. 

The mycosis is life-threatening complication for this population. Fungal infections can be 

particularly serious in immunocompromised patients, especially airborne spores of Aspergillus 

spp. that are blown in from natural ventilation sources. Azole antifungal agents are critical in 

long-term therapy for chronic pulmonary Aspergillosis and include itraconazole, voriconazole, 

posaconazole, and recently, isavuconazole. However, high azole MICs has been increasingly 

reported in both clinical and environmental Aspergillus strains
94

. As fungal spores are enabled 

to travel long distances and turn more capable of withstanding environmental insults, such high 

temperatures and xenobiotic compounds or toxic polluters, so the antifungal resistance could be 

derivate from adaptative mechanism to environmental stress
79

. 

 Our study demonstrates isolates with high MICs from indoor air isolates. Using the 

micro dilution broth reference methodology, we assessed the antifungal susceptibility of twenty-

nine air indoor fungi and found all 8 Penicillium spp. morphotype isolates with MICs above the 

maximum (8 mg/L) concentration value tested for either itraconazole, voriconazole and 

amphotericin B. Furthermore, isolates with high MICs to amphotericin B were found in A. 

fumigatus (1/5; 20%) and A. flavus (3/7, 42.9%). Additional research is needed for define the 

possible threat to human health due to these bioaerosols. 

 Of note, in this study the inhibitory activity of terpenes blend used was high for all 

fungal isolates recovered from indoor atmospheric air. In particular, for the most resistant 

species, e.g, Penicillium, the extraordinary in vitro efficacy of stressed the observed fungal 

burden reduction. Moreover, it is worth to demonstrate the impact on resistant species that could 

be relevance in contaminated indoor ambiances.  Against commonly pathogenic species, e.g. A. 

fumigatus, the blend exhibited a good in vitro fungistatic action broadening the industrial, 

hospital and home application of such compounds to clean the indoor air. Limited information 

and diverse methodology for determine the antifungal susceptibility of fungi obtained from 

bioaerosols have prevented proper comparison of our results with previously published data. 

Furthermore, variety of non-standardized methodologies to determine MIC of or essential oils 

prevent comparison with previous existing data on antifungal activity of terpenes
95,96

.  

 

Future perspectives 

The actual inhibitory or fungicidal mechanism of is still under investigation.  Monoterpenes 

concentrations showed higher antimicrobial activity in vapor phase than in direct contact and 

depends on their presence in gaseous form facilitating their solubilization in cell membrane of 

fungi
34

. Changes on microbial cell membrane properties and functions due to increasing 

membrane fluidity are seemed under essential oil exposition. Alterations on membrane 

permeability is according essential oil concentration, and high concentrations cause severe 

damage, loss of homeostasis, leading to death
34,97

. Some essential oils components interfere with 

the amino acid involved in spore germination, and denature the enzymes responsible for 

germination, energy production and synthesis of structural compounds
98

. There is no consensus 

on the phase (vapor or aqueous solution) of essential oils that presents greater antifungal 

activity
29,99,100

. Majority of published paper focused remediation of sick buildings. Sick building 
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syndrome is recognized as a group of symptoms (eyes, nose and throat irritation; dry skin, 

headache and lethargy) in people spending time in a particular building, in particular, offices. 

There have been reports of sick building syndrome in schools, hospitals, care homes and 

domestic houses. Major risk factor of sick building syndrome is dampness, which promotes 

mould growth
101

. The risk for disease in indoor area is higher than outdoor area since the spore 

concentration is likely to increase
102

. 

 

Conclusions 

Indoor air quality is a public health issue of increasing concern, in particular, the presence of 

moulds have been linked to increased risk of adverse health effects mainly various respiratory 

conditions. Furthermore, fungi have also been demonstrated to contribute to sick building 

syndrome besides other building related illnesses. Not only common allergic responses to spores 

and small fungal particles, but serious toxigenic effects have been reported. For certain 

susceptible populations there is actual risk of invasive and lethal fungal infections.  

Although cleaning solutions to experimentally inhibit fungi grow have been proposed, studies 

are warranted to focus on translating laboratory results into realistic application methods, in 

actual buildings. We studied the culturable number of bacteria and fungi in indoor air from rural 

and urban settings. The results indicate that tested terpenes blend was effective antifungal agent, 

and may have industrial application for reduce of fungal contamination in residential and 

occupational buildings. Taken together, our findings provide a basis to monitor and reduce 

fungal pathogens isolates, including azole drug resistant isolates, with in indoor areas where 

population could be at risk of health adverse effects produced by low susceptible etiologic 

agents.  Further studies are warranted to evaluate the remediation potential of terpenes in sick 

environments.  The degree of microbial load will govern the choice of cleaning equipment and 

work routine. Poorly contaminated stings like the tested hospital indoor area may require slow 

regime of washing procedures. An increase in microorganisms load or prevalence of certain 

species present indoor may point an irregular situation and specific health treat and warrant 

individual measures in the application of cleaning products.  There is also a need to investigate 

the any reapplication requirements in order to maintain the indoor air quality. Considering 

scientific evidence that indoor air may pose a health risk to population, we strongly recommend 

the use of cleaning products with proven microbial action to reduce bacterial and fungal load in 

indoor settings. No doubt, this remains an area of great concern for occupational health 

researchers and the reduction of exposure levels in these environments is of utmost importance. 

Our results add to the paucity of literature in evaluation antifungal effect of natural compounds 

since most of the studies are laboratory based and there is a gap of knowledge on in situ 

experiments within building environments. 
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Table 1. Antifungal susceptibility of 29 fungi isolates from indoor air from houses, hospital and 

workplace settings  

Fungi (n) Antifungal 

Drug 

MIC (mg/L) 

0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 >8 

A. fumigatus (5) ITC 0 0 1 0 1 1 2 0 0 0 0 

 

VCZ 0 0 0 0 1 2 2 0 0 0 0 

 

AmB 0 0 0 0 0 0 4 1 0 0 0 

A. flavus (7) ITC 0 0 1 3 0 0 3 0 0 0 0 

  VCZ 0 0 0 0 0 4 3 0 0 0 0 

  AmB 0 0 0 0 0 0 3 3 1 0 0 

A. niger (5) ITC 0 0 2 0 1 0 2 0 0 0 0 

 

VCZ 0 0 0 1 0 4 0 0 0 0 0 

 

AmB 0 0 0 1 1 3 0 0 0 0 0 

Penicillium spp.[morphotype 

1] (2) ITC 0 0 1 1 0 0 0 0 0 0 0 

 VCZ 0 0 0 0 0 1 1 0 0 0 0 

 AmB 0 0 0 0 0 0 1 0 1 0 0 

Penicillium spp.[morphotype 

2] (8) ITC 0 0 0 0 0 0 0 0 0 0 8 

  VCZ 0 0 0 0 0 0 0 0 0 0 8 

  AmB 0 0 0 0 0 0 0 0 2 1 5 

Trichoderma koningii (1) ITC 0 0 0 0 1 0 0 0 0 0 0 

  VCZ 0 0 0 0 0 1 0 0 0 0 0 

  AmB 0 0 0 0 0 0 0 0 1 0 0 

Cladophialophora spp. (1)  ITC 0 0 1 0 0 0 0 0 0 0 0 

 

VCZ 0 0 0 0 0 1 0 0 0 0 0 

  AmB 0 0 0 0 0 0 1 0 0 0 0 

Total ITC 0 0 6 4 3 1 7 0 0 0 8 

 

VCZ 0 0 0 1 1 13 6 0 0 0 8 

  AmB 0 0 0 1 1 3 9 4 5 1 5 

MIC, minimal inhibition concentration 
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Table 2. Inhibitory activity of terpenes blend against 29 fungal isolates recovered from 

environmental indoor air  

Species 

MIC (blend dilution) 

Aspergillus flavus (n=7) < 1/128 

Aspergillus niger (=5) < 1/128 

Aspergillus fumigatus (n=5) < 1/128 

Trichoderma koningii (n=1) <1/128 

Cladophialophora spp. (n=1) < 1/128 

Penicillium morphotype 1 (n= 1) < 1/128 

Penicillium morphotype 1 (n=1)    1/512 

Penicillium morphotype 2 (n=3)    1/1024 

Penicillium morphotype 2 (n=3)     1/2048 

Penicillium morphotype 2 (n=2)     1/4096 

MIC, minimal inhibition concentration 

 

 

 

 

Figure legends 

 

Figure 1. Effects of 24h-exposition time of terpenes blend on bacterial and fungal load 

(CFU/m
3
) in indoor air of two residential houses (urban and rural) , one workplace and one 

hospital setting.      
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I - OBJETIVOS 
 

O trabalho desenvolvido visa avaliar o espectro de ação dos produtos recebidos sobre os 

microrganismos citados abaixo. 
 

 

II. – METODOLOGIA 
 

Redução Microbiana (TIME KILL TEST) 
 

Metodologia básica: Dilution Neutralization Method – EN 1276 (1997), Phase 2 Step 1 

Dilution Test 

Carga microbiana inicial na amostra: 104 a 105 UFC/g ou mL 

Condições de teste:  Suspensão de microrganismo teste, submetido a tratamento com 

antimicrobianos, à temperatura de 28±2 oC 

Microrganismos teses: Bactérias: E. coli, Pseudomonas aeruginosa e Staphylococcus 

aureus  

 

Metodologia de recuperação:  Plaqueamento direto sobre TSA 

Análise de sobreviventes após:  30 seg,  1 min,   5 min e 10 min 

Reinoculações  Não há 

Critérios de avaliação de resultados: Resultados de contagem expressos em:  

ufc/ml :  unidade formadora de colônias por ml 

 

Redução microbiana expressa em:  

Redução Logarítmica = Log No / N 

Onde: No = Contagem obtida no tubo Controle em 2 horas 

N = Contagem obtidas nos tubos testes nos respectivos tempos de 

contato. 
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IV. – RESULTADOS e CONCLUSÕES 

 

 

Enumeração de Sobreviventes: Escherichia coli 

Amostras 30 segundos 1 minuto 5 minutos 10 minutos 

 Contagem Redução Contagem Redução Contagem Redução Contagem Redução 

Solução 

desinfetante 

(diluição 1:125) 

7,0 x103 99,9% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:150) 

2,5 x 104 99% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:200) 

2,3 x 104 99% 1,2 x 104 99% < 100 99,999% < 100 99,999% 

Solução AT-250 

(diluído 1:150) 
3,8 x 105 90% 2,4 x 105 90% 9,9 x 104 99% 1,4 x 102 99,99% 

Controle  3,6 x 106 
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Enumeração de Sobreviventes: Pseudomonas aeruginosa 

Amostras 30 segundos 1 minuto 5 minutos 10 minutos 

 Contagem Redução Contagem Redução Contagem Redução Contagem Redução 

Solução 

desinfetante 

(diluição 1:125) 

6,8 x103 99,9% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:150) 

4,3 x 104 99% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:200) 

2,7 x 106 - 8,0 x 105 90% 1,9 x 104 99% < 100 99,999% 

Solução AT-250 

(diluído 1:150) 
1,6 x 106 - 1,7 x 106 - 9,1 x 105 90% 3,9 x 105 90% 

Controle  3,0 x 106 

 

Enumeração de Sobreviventes: Staphylococcus aureus 

Amostras 30 segundos 1 minuto 5 minutos 10 minutos 

 Contagem Redução Contagem Redução Contagem Redução Contagem Redução 

Solução 

desinfetante 

(diluição 1:125) 

< 100 99,999% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:150) 

< 100 99,999% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução 

desinfetante 

(diluição 1:200) 

< 100 99,999% < 100 99,999% < 100 99,999% < 100 99,999% 

Solução AT-250 

(diluído 1:150) 
< 100 99,999% < 100 99,999% < 100 99,999% < 100 99,999% 

Controle  6,9 x 106 
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OBS.: Os resultados se aplicam somente às amostras recebidas para análise. 
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