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RESUMO

A poluicdo do ar relacionada a odor ambiental pode causar efeitos
adversos na salde humana em exposicdes agudas e cronicas. Conflitos
entre comunidades e fontes de odor sdo geralmente mediados por drgaos
ambientais através de legislagdes. No entanto, disparidades séao
encontradas nas estruturas utilizadas para gerenciar emissdes e impactos
de odor. Essa falta de harmonizacdo e padronizacdo cria lacunas que
urgentemente necessitam ser estreitadas. Deste modo, 0 objetivo geral
desta Tese é colaborar com o aprimoramento de estratégias regulatorias
para gestdo de odor ambiental. Para tanto, dois trabalhos foram
conduzidos: (i) legislacdes de odor em 28 paises ao redor do mundo foram
organizadas e revisadas, e (ii) a variabilidade interanual de distancias de
separacao dependentes da direcdo foi avaliada. A colecéo abrangente de
regulamentos de odor identificou e categorizou as abordagens utilizadas
para legislar sobre odor: padrdo de impacto maximo, padrao de distancia
de separacdo, padrdo de emissdo maxima, padrdo maximo de incébmodo,
padrao tecnolégico. A associacdo de uma série temporal de concentracéo
de odor em ar ambiente, calculada por modelos de dispersdo, com 0s
chamados critérios de impacto de odor (CIO) foi identificada como um
dos instrumentos mais utilizados para avaliar impactos de odor. Os
diferentes componentes dos CIO (i.e. concentracdo de odor limite,
percentil e tempo de média) foram sintetizados, comparados e discutidos.
O estudo de revisdo contemplou por que a legislagdo de odor €
desafiadora de ser estabelecida, como foram coletadas evidéncias para
determinar limites de odor em ar ambiente, consideracao sobre distancias
de separacdo, melhores tecnologias disponiveis e aplicagdo dos CIO.
Além disso, foi demonstrado por que podem ocorrer diferencas na
concentracdo de odor medida entre todas as unidades de odor, apesar das
unidades serem consideradas teoricamente equivalentes. Elementos
mutuos de legislacdes bem-sucedidas foram capturados, e uma estratégia
multi-ferramenta integrada foi recomendada para gerenciar odor
ambiental. Os métodos e ferramentas que contemplam a estratégia
integrada sdo abrangidos em preditivos, observacionais/empiricos e
mitigacdo/controle. Essa estratégia tem potencial para ser uma
contribuicdo chave, em dmbito mundial, de importancia expressiva na
busca por maior harmonizacdo entre leis de odor através de uma base
solida comum. A avaliacdo da variabilidade interanual de distancias de
separacdo dependentes da direcdo investigou se um Unico ano
meteorol6gico é suficiente para obter padrGes de impactos de odor
representativos. O modelo de dispersio AERMOD foi aplicado para



calcular distancias de separagdo para evitar incbmodos de odor em duas
localidades. Os calculos foram realizados para S&o José dos Pinhais
(Brasil, perto de Curitiba) e GroR-Enzersdorf (Austria, perto de Viena)
utilizando 5 anos de observagdes meteoroldgicas horérias para cada local.
Confirmou-se que séries temporais de dados meteorolégicos mais longas
fornecem uma compreenséo das condi¢Bes "médias” e de longo prazo de
como distancias de separacao sdo moldadas no entorno de fontes de odor.
No entanto, tais dados ndo estdo sempre disponiveis, e processar séries
temporais meteorolégicas mais longas demanda mais tempo.
Determinou-se um baixo grau de variacdo ano-a-ano das distancias de
separacao (valores médios do coeficiente de variacdo de 8% a 21%).
Portanto, um Unico ano de dados meteorolégicos é um adequado
compromisso para alcancar uma precisdo confiavel. Esse achado pode
aperfeicoar a relacdo entre tempo/recursos financeiros e precisdo em
estudos de modelagem de dispersdo de odor. Por fim, esta Tese apresenta
potencialidade notoria para aprimorar legislacfes de odor atualmente em
vigor, além de promover o desenvolvimento de novas regulamentacdes
em paises sem instrumentos para atuar sobre incobmodos olfativos de odor
ambiental.

Palavras-chave: Poluicdo do ar. Odor ambiental. Regulamentacéo.
Critérios de impacto de odor. AERMOD. Modelagem de dispersdo
atmosférica. Variabilidade interanual. Distancias de separacao.



ABSTRACT

Environmental odour-related air pollution can cause adverse effects on
human health in acute and chronic exposures. Conflicts between
communities and odour sources are usually mediated by environmental
agencies through regulations. However, disparities are found in the
frameworks used to manage emissions and impacts of odour. This lack of
harmonization and standardization creates gaps that urgently need to be
narrowed. Accordingly, the objective of this Thesis is to contribute with
the improvement of regulatory strategies for environmental odour
management. To this end, two works were conducted: (i) odour
regulations in 28 countries around the world were organized and revised,
and (ii) the inter-annual variability of direction-dependent separation
distances was evaluated. The comprehensive collection of regulatory
instruments identified and categorized the approaches used to legislate on
odour: maximum impact standard, separation distance standard,
maximum emission standard, maximum annoyance standard, technology
standard. The association of a time series of odour concentration in
ambient air, calculated by dispersion models, with the so-called odour
impact criteria (OIC) was identified as one of the tools most used to
evaluate odour impacts. The different components of the OIC (i.e. odour
concentration threshold, percentile and averaging time) were synthesized,
compared and discussed. The review study contemplated why odour
legislation is challenging to establish, how evidence was collected to
determine odour thresholds in ambient air, consideration of separation
distances, best available technologies, and application of OIC. Moreover,
it has been demonstrated that differences in the measured odour
concentration may occur across all odour units, although these units are
considered theoretically equivalent. Mutual elements of successful
legislations were captured, and an integrated multi-tool strategy was
recommended to manage on environmental odour. The methods and tools
that comprise the integrated strategy are encompassed into predictive,
observational/empirical and mitigation/control. This strategy has the
potential to be a worldwide-key contribution of significant importance in
the search for greater harmonization among odour laws through a solid
common basis. The evaluation of inter-annual variability of direction-
dependent separation distances investigated whether a single
meteorological year is sufficient to obtain representative odour impact
patterns. The AERMOD dispersion model was applied to calculate
separation distances to avoid odour conflicts at two sites. The calculations
were conducted for Sdo José dos Pinhais (Brazil, near Curitiba) and Grof3-



Enzersdorf (Austria, near Vienna) using 5 years of hourly meteorological
observations for each site. It was confirmed that longer time series of
meteorological data provide an understanding of the "average™ and long-
term conditions of how the separation distances are shaped around the
odour sources. However, these data are not always available, and
processing longer meteorological time series requires more time. A low
degree of year-to-year variation of the separation distances was
determined (mean coefficient of variation from 8% to 21%). Thus, a
single year of meteorological data is an adequate compromise to achieve
reliable accuracy. This finding can improve the relationship between
time/financial resources and accuracy in odour dispersion modeling
studies. Finally, this Thesis has the potential to effectively improve odour
legislations currently in force, in addition to promoting the development
of new regulations in countries with no instruments to deal with
environmental odour.

Keywords: Air pollution. Environmental odour. Regulation. Odour
impact criteria. AERMOD. Atmospheric dispersion modelling. Inter-
annual variability. Separation distances.
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Unidades de odor europeia por metro
quadrado por segundo

Unidades de odor europeia por metro
cubico

Unidades de odor europeia por segundo
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CAPITULO 1: INTRODUCAO
1.1. Contextualizacdo e justificativa

A poluicdo do ar é uma das principais preocupacfes dos tempos
modernos. Apesar de uma série de fendmenos naturais langarem
poluentes na atmosfera, as atividades antropogénicas séo a principal fonte
de poluicdo. Especialmente a poluicdo do ar relacionada a emissao
antrépica de gases odoriferos é grande interesse recente. Estatisticas de
Orgdos ambientais comprovadamente apontam que a principal causa de
reclamacfes do publico as autoridades, em relacdo a qualidade do ar, €
devido a incomodos ocasionados por odor ambiental. De fato, emissdes
de odor apresentam o potencial de interagir de uma forma tipicamente
negativa com individuos expostos. Conflitos sdo frequentemente
encarados por setores relevantes da economia: criacdo intensiva de
animais, parques petroquimicos, fabricas de papel e celulose, indUstrias
alimenticias, fabricas de processamento de subprodutos de origem
animal, plantas de biogéas, fundi¢des, matadouros, usinas de
compostagem, estacOes de tratamento de esgoto (ETE), aterros sanitarios.

Devido a expansdo de areas urbanas, comunidades e fontes de odor
estdo mais proximos. Como complicador, o resultado dessa aproximagéo
é imprevisivel e complexo e, portanto, dificil de ser abordado. Um odor
ambiental que é emitido por uma atividade antrépica e que pode causar
efeitos adversos na salde humana é geralmente classificado como
poluente atmosférico. Devido as suas particularidades, os odores estdo
sujeitos & legislacdo especifica. A regulamentacdo é, portanto, uma
maneira pela qual as autoridades podem atuar sobre episddios de odor.

A modelagem matematica de dispersdo atmosférica ¢ um dos
métodos e ferramentas disponiveis para auxiliar na realizacdo de estudos
de impacto de odor. Os modelos tém uma longa histdria de ajudar a
explicar fendmenos cientificos e de prever resultados e comportamentos
em ambientes onde as observacdes empiricas sdo limitadas ou ndo estdo
disponiveis. O uso de modelos resultou em grandes avangos no
entendimento cientifico e em melhorias em uma ampla gama de questdes.
No entanto, todos os modelos sdo simplificacdes e aproximagdes do
mundo real. Relagdes complexas sdo muitas vezes simplificadas, e as
relacbes vistas como sem importancia sdo as vezes eliminadas da
consideracdo para reduzir as dificuldades computacionais. E importante
gue a modelagem de dispersdo ndo seja mal utilizada em casos nao
recomendados e os profissionais ndo escondam as limitagfes inerentes
aos estudos de modelagem. Os modelos sempre serdo restringidos por
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limitagcBes computacionais, premissas e lacunas de conhecimento. Eles
devem ser vistos como ferramentas para ajudar no processo de tomada de
decisdo e ndo como maquinas para gerar verdade absoluta. E provavel que
mesmo 0s avancos cientificos mais modernos nunca permitirdo construir
um modelo perfeito, que atenda a todos o0s aspectos da realidade
(NATIONAL RESEARCH COUNCIL, 2007).

Além da modelagem de dispersdo, outro mecanismo regulatério
para gestdo de odor ambiental faz uso de distancias de separacdo. O
objetivo de estabelecer distancias de afastamento é definir areas de
amenidade entre as fontes de odor e a populacdo. Portanto, as distancias
de separacdo podem fornecer orientagdes de zoneamento urbano para as
autoridades. As distancias de separacdo sao classificadas em fixas, dadas
por distancias pré-estabelecidas, ou variaveis, determinadas caso a caso,
como distancias dependentes da direcdo. Cabe ressaltar que as distancias
de separacdo dependente da direcdo podem ser calculadas utilizando
modelos de disperséo.

A complexidade da questdo dos odores nasce essencialmente da
natureza subjetiva do olfato humano. Isso promove limitagfes aos
métodos e ferramentas atualmente disponiveis para conduzir processos de
avaliacdo e suportar tecnicamente as legislagdes. As limitagdes estdo
presentes em todas as fases, desde a formacéo de odor até a manifestacéo
do incébmodo e perda de conforto e bem-estar em comunidades
impactadas. Desta forma, sdo necessérias estruturas mais maduras e
harmoniosas para reduzir as lacunas e aumentar a eficiéncia da gestéo.

Este trabalho tem como objetivo colaborar com o aprimoramento
de aspectos relacionados as estratégias regulatérias utilizadas na gestdo
de odor ambiental. O desenvolvimento deste trabalho foi motivado tendo
como base os pilares para o desenvolvimento das sociedades modernas: o
social, o juridico e o cientifico. Do ponto de vista social, a problematica
do odor ambiental estd diretamente ligada a efeitos adversos na salde
humana, podendo ser considerada uma questdo de saude publica. Do
ponto de vista legal, é necessario promover o desenvolvimento de
legislacBes ou 0 melhoramento de estruturas regulatdrias existentes, no
Brasil e no mundo. Do ponto de vista cientifico, o trabalho traz contetdos
inovadores para a ciéncia em duas vertentes: (i) os resultados apresentam
ampla aplicacdo ndo sendo um estudo puramente local; (ii) a Tese
contribui significativamente para o aumento do conhecimento sobre o
tema, com novos resultados e métodos. Os pilares (social, juridico e
cientifico) se entrelacam quando a ciéncia ataca pontos a serem
melhorados, jurisdigdes promovem legislagdes/regulamentos eficazes
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para gerenciar episddios de odor ambiental, e os efeitos adversos sdo
mitigados/controlados.

O escopo deste trabalho ndo compreende oferecer fluxogramas de
modelo de avaliagdo de impacto ou instrucdes de requisitos
regulamentares em processos de avaliacdo de impacto ambiental. Este
trabalho fornece informagdes e recomendagfes que podem orientar o
desenvolvimento de tais requisitos. As autoridades devem ser
responsaveis por conhecer 0s mecanismos legais de sua jurisdicdo e as
peculiaridades que afetam suas operagfes. Ademais, também ndo é foco
deste trabalho promover um guia explicativo de utilizacdo de ferramentas
de gerenciamento de odor, apesar de ser fornecida orientacdo sobre
algumas situagdes e circunstancias em que as ferramentas podem ser mais
eficazes.

Para que a aplicacdo da lei possa efetivamente resolver ou prevenir
problemas de odor, o primeiro passo é definir uma estratégia de
regulamentacdo. Com uma estratégia acertada em maos, as agéncias
ambientais devem ser capazes de selecionar os métodos e ferramentas
apropriados e definir suas aplicagdes, onde adaptacdes a contextos locais
sdo esperados.

Esta Tese foi desenvolvida no Laboratério de Controle da
Qualidade do Ar (LCQA), pertencente ao Departamento de Engenharia
Sanitaria e Ambiental (ENS) da Universidade Federal de Santa Catarina
(UFSC). O LCQAr desenvolve pesquisas e trabalhos voltados a avaliagdo
e monitoramento da qualidade do ar, e contribui para a formacgéo de
recursos humanos especializados em poluigdo do ar. A linha de pesquisa
deste trabalho se enquadra em uma &rea consolidada do LCQAr, a qual
visa a gestdo de odor ambiental. Consequentemente, este trabalho
também esta em conformidade com as linhas de pesquisa de interesse do
Programa de P6s-Graduacdo em Engenharia Ambiental (PPGEA/UFSC).

1.2. Perguntas da pesquisa

Esta Tese foi elaborada a partir dos seguintes questionamentos
norteadores:

e Quais as abordagens utilizadas para legislar sobre odor
ambiental e como elas podem ser categorizadas?

e Por que a regulamentacdo de odor ambiental é desafiadora de
ser estabelecida?
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Como foram coletadas evidéncias para determinar limites de
odor em ar ambiente?

Como auxiliar no melhoramento da gestdo de odor ambiental?

Um Gnico ano de observagdes meteoroldgicas é suficiente para
derivar padrdes de impacto de odor representativos?

Qual a quantidade de variabilidade interanual em distancias de
separacdo?

1.3. Objetivos

1.3.1. Objetivo Geral

Colaborar com o aprimoramento de estratégias regulatdrias para
gestdo de odor ambiental.

1.3.2. Objetivos Especificos

Organizar e revisar legislacdes de odor em paises selecionados
ao redor do mundo;

Sintetizar, comparar e discutir critérios de impacto de odor;
Recomendar uma estratégia para gestdo de odor ambiental;
Avaliar se um Unico ano de observagcdes meteoroldgicas é
suficiente para derivar padrGes de impacto de odor

representativos;

Determinar a variabilidade interanual de distancias de
separacdo dependentes da direcgdo.
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1.4. Estrutura e organizacao

Capitulo 1 | Apresenta a introducdo do trabalho com
contextualizacdo e justificativa, perguntas da pesquisa, objetivo geral e
objetivos especificos, e esta propria estrutura e organizacdo aqui descrita.

Capitulo 2 | Oferece uma fundamentacéo tedrica com informacdes
de base suficientemente necessarias para o entendimento do restante do
trabalho. Adicionalmente, o Capitulo 3 oferece um artigo cientifico de
revisdo bibliografica, onde, em suas primeiras se¢des, também sdo
apresentados aspectos essenciais sobre o tema da pesquisa

Capitulos 3 e 4 | Estes capitulos exploram artigos cientificos. A
compreensdo de tais capitulos isoladamente é possibilitada sem a
necessidade de informagdes adicionais, pois apresentam secdes
individuais de resumo, introducdo, desenvolvimento, concluséo,
discussdo e referéncias. No entanto, apesar de tais conteddos serem
autossuficientes em seu entendimento, eles estdo inter-relacionados no
dominio deste trabalho de forma a contribuir para o atendimento do
objetivo geral. Os Capitulos 3 e 4 sdo escritos em lingua inglesa, sendo
acompanhados de seus respectivos resumos em lingua portuguesa. Uma
visdo geral dos contetdos desses capitulos é apresentada na Tabela 1.1,
onde as principais contribui¢des do trabalho séo introduzidas ao leitor.

Capitulo 5 | Para o fechamento deste trabalho, as principais
contribuicBes, conclusdo geral e caminhos potenciais para trabalhos
futuros sdo apresentados.
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Tabela 1.1 — Visdo geral dos contetdos de pesquisa da Tese.

Capitulo . — - Metodologia Principais
da Tese Perguntas da pesquisa Obijetivos especificos resumida contribuicaes
Identificacdo e
categorizagdo das
estratégias regulatorias
Quais as abordagens utilizadas de odor em 5 principais
para legislar sobre odor ambiental . . abordagens
Organizar e  revisar
e como elas podem ser .
. legislacbes de odor em X
categorizadas? aises selecionados a0 Sumarizagdo de
P Revisdo critérios de impacto de
x redor do mundo R
Por que a regulamentacgdo de odor bibliogréfica odor de acordo com o
ambiental é desafiadora de ser . . .. nivel de  protecdo
. - Sintetizar, comparar e . )
Capitulo3  estabelecida? discutir  critérios  de Pesquisa requerido e  suas
documental aplicagdes

Como foram coletadas evidéncias
para determinar limites de odor em
ar ambiente?

Como auxiliar no melhoramento
da gestdo de odor ambiental?

impacto de odor

Recomendar uma
estratégia para gestdo de
odor ambiental

Andlise critica

Apresentacdo das fontes
de incerteza envolvidas
em estudos de odor
ambiental

Recomendacdo de uma
estratégia multi-
ferramenta integrada

Fonte: proprio autor.
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Capitulo . . e Metodologia Principais
Perguntas da pesquisa Obijetivos especificos : LA
da Tese resumida contribuicGes
Awvaliar se um Unico ano Coleta e Um dnico ano de
- ~ de observagoes meteorologia é um bom
Um dnico ano de observagdes - . processamento de .
. ) . meteoroldgicas é compromisso para obter
meteorologicas € suficiente para suficiente para derivar dados uma precisao confiavel
derivar padrGes de impacto de ~ P meteoroldgicos em P
. padrdes de impacto de -
odor representativos? . 2 locais .
. odor representativos Observou-se um baixo
Capitulo 4

Qual a quantidade de variabilidade
interanual em distdncias de
separacao?

Determinar a
variabilidade interanual
de distancias de
separacdo dependentes
da direcdo

Modelagens de
dispersdo de odor

Analises
estatisticas

grau de variabilidade
interanual das
distancias de separacdo

(valores médios do
coeficiente de variacdo
de 8% a 21%)

Fonte: proprio autor.
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CAPITULO 2: FUNDAMENTACAO TEORICA
2.1. Entendendo o que € odor

A norma de olfatometria da Unido Europeia, EN 13725:2003,
define odor como um atributo organoléptico perceptivel pelo 6rgéao
olfatorio ao inspirar determinadas substancias volateis. Odorante, por sua
vez, é 0 composto quimico que estimula o sistema olfativo humano para
gue se perceba um odor (CEN, 2003).

Uma distingdo deve ser feita entre o ar livre de odor (ar inodoro),
gue ndo contém substancias odoriferas; e ar fresco (ar com cheiro de
“limpo”), geralmente percebido como ndo contendo contaminantes que
sdo desagradaveis e podem causar efeitos adversos. O ar fresco pode
conter odorantes, no entanto, geralmente é agradavel ao olfato humano
(FREEMAN; CUDMORE, 2002; BULL et al., 2014).

2.2. O olfato

O olfato é um extraordinario sentido em animais. A deteccdo de
compostos quimicos volateis é um atributo importante para qualquer
animal sobreviver e se reproduzir no ambiente natural. Diferentes animais
utilizam diferentes tipos de 6rgdos olfatorios. Por exemplo, 0s seres
humanos detectam odores através do epitélio olfatério do nariz, enquanto
a maioria dos insetos detecta odores através de suas antenas (MORI,
2013).

O olfato humano é capaz de detectar entre potenciais estimulos
sinais de interesse e ajuda a interpretar uma resposta adequada. Em
particular, os odores podem colorir as percepc¢des sobre 0 mundo tanto
positivamente como negativamente através de processos de emogdo e,
portanto, podem modular o humor e o comportamento (BILLOT et al.,
2017). Durante o processamento de informagdes olfativas, misturas de
odorantes sdo frequentemente tratadas como uma das areas de estudo
mais intrigantes devido as complexidades envolvidas na identificacdo do
produto resultante ou aos atuais limites presentes em nosso conhecimento
para oferecer uma descri¢do quantitativa de tal fenémeno (KIM, 2011).

Basicamente, o sistema olfativo humano é composto por trés
subsistemas principais: a mucosa olfativa; o bulbo olfatério; e o cortex
olfativo. Os receptores sensoriais do nariz ao entrar em contato com o(s)
odorante(s) enviam um sinal para o cérebro que interpreta esse sinal como
um odor. As células nervosas olfativas em humanos sdo instrumentos
altamente sensiveis, capazes de detectar concentragcdes extremamente
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baixas de uma vasta gama de odores (ha ordem de 10 mil diferentes tipos).
Durante o processamento do sinal enviado para o cérebro, o tipo e
guantidade (ou intensidade) de odor sdo parametros relevantes (PEARCE,
1997; MCGINLEY; MCGINLEY; MANN, 2000; FREEMAN;
CUDMORE, 2002). O sentido do olfato em seres humanos pode ser
resumido pragmaticamente por dois processos:

i.  Odorantes se ligam a receptores olfativos que séo sensiveis as
suas estruturas quimicas especificas;

ii.  Receptores olfativos enviam um sinal para o cérebro, que faz
associacdes e determina a rea¢do ou sensacao de uma pessoa
formando o que chamamos de “odor”.

2.3. Estimulos olfativos

A literatura cientifica tipicamente afirma que o nariz humano pode
identificar aproximadamente 10.000 odores. Durante testes psicofisicos
de discriminacdo de misturas de odor, Bushdid et al. (2014) afirmam que
0s seres humanos podem distinguir entre mais de 1 trilhdo de diferentes
cheiros.

O estudo Bushdid et al. (2014) determinou a resolucéo do sentido
olfatério humano, testando a capacidade de seres humanos em discriminar
misturas de odor com um numero variavel de componentes
compartilhados. Bushdid et al. (2014) reduziram a complexidade do
experimento investigando apenas misturas de 10, 20 ou 30 componentes
retirados de um conjunto de 128 moléculas odoriferas; este nimero
surpreendentemente grande é provavelmente o limite inferior do nimero
potencial de estimulos olfativos que os humanos podem diferenciar. Os
participantes do experimento (i.e., 26 pessoas) deveriam identificar um
aroma a partir de trés amostras. Basicamente, os envolvidos deveriam
afirmar qual frasco ndo era igual aos outros dois. Em seguida, andlise
combinatoria foi utilizada para deduzir matematicamente o ndmero de
diferentes odores percebidos. O trabalho de Bushdid et al. (2014)
demostrou que o olfato humano, com suas centenas de diferentes
receptores olfativos, de longe supera 0s outros sentidos no nimero de
diferentes estimulos fisicos que pode distinguir. Por exemplo, 0s seres
humanos podem discriminar varias milhGes de cores diferentes, enquanto
que o ouvido pode ouvir quase meio milhdo de tons.

No entanto, duas publica¢cbes (GERKIN; CASTRO, 2015;
MEISTER, 2015) demonstram o contrario. Gerkin; Castro (2015)
mostram que esta alegac&o é resultado de uma estimativa fragil capaz de
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produzir quase qualquer resultado a partir dos dados relatados, incluindo
valores de dezenas de ordens de magnitude maior ou menor do que o
originalmente reportado em Bushdid et al. (2014). Meister (2015), por
sua vez, afirma categoricamente que a alegacdo € desacertada e que a
falha reside no método matematico utilizado para inferir o tamanho do
espaco de odor a partir de uma amostra experimental limitada. De acordo
com Meister (2015) e Gerkin; Castro (2015), ainda ndo ha evidéncias
concretas para afirmar que 1 trilhdo seja o nimero de diferentes odores
gue humanos podem discriminar.

Independentemente do nimero de estimulos olfativos que seres
humanos sdo capazes de discriminar, ressalta-se que, durante o processo
de evolugdo, humanos desenvolveram uma resposta incrivelmente
sensivel a odorantes (na ordem de partes por trilhdo). Nosso nariz é um
poderoso e sofisticado sensor de gases ambulante que através da deteccdo
de odorantes nos proporciona experiéncias formidaveis como
mecanismos de autodefesa, resgate de memorias passadas, desfrute de
alimentos e bebidas.

2.4. Interacdes de mistura

A percepcéo de odor pode ocorrer quando um ou mais odorantes
estdo presentes em uma mistura gasosa (MCGINLEY; MAHIN; POPE,
2000). No entanto, a maior parte dos odores resulta de uma combinagdo
complexa de odorantes (FREEMAN; CUDMORE, 2002).

Misturas gasosas de odorantes podem interagir de muitas maneiras
distintas e inesperadas. Existem evidéncias suficientes para sustentar que
tos efeitos de mistura de odorantes podem ter resultados em todas as
possiveis direcdes imagindveis (KIM; KIM, 2014). De fato, diversos
efeitos sdo observados para odores ambientais (WU et al., 2016). Este é
mais um dos aspectos que torna a gestdo de odor um desafio.

Os efeitos decorrentes de interagdes de mistura podem ser
categorizados da seguinte forma: supressdo, hipo-aditividade, sinergismo
e adigdo linear (KUEBLER et al., 2011; CAPURRO et al., 2012). O
primeiro tipo de interacdo de mistura é a supressao, em que a resposta a
mistura é inferior a pelo menos um dos componentes isolados. Outra
categoria relacionada, na qual a mistura desencadeia uma resposta que é
equivalente ao componente Gnico mais eficaz, é conhecida como hipo-
aditividade (hypoadditivity). Quando a interacdo é por sinergismo, a
mistura induz uma resposta que é maior do que a adi¢ao das respostas aos
componentes individuais. J& na adigdo linear, ndo ha interagdo entre os
componentes de modo que a mistura provoca uma resposta que é igual a
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soma dos componentes (CAPURRO et al., 2012). Em outras palavras,
considere uma resposta neuronal (em Hz) a duas substancias volateis x e
y, sendo que o padréo de resposta de x é maior que y (KUEBLER et al.,
2011):

e Se ndo houver interacGes entre 0s componentes, a mistura de x e
y seré percebida como a soma da resposta a x e y isoladamente.
Esse tipo de interacdo de mistura é conhecido como adicdo
linear;

e Alternativamente, casa ocorra sinergismo entre o0s dois
compostos, a mistura de x e y produzird uma resposta maior do
gue a resposta maxima dos componentes individuais da mistura
(neste caso, X + X);

e A supressdo provoca uma resposta de mistura que é inferior a
pelo menos um dos componentes individuais;

e A hipo-aditividade ocorre quando pelo menos um dos
componentes da mistura € ignorado e a resposta da mistura €
comparada a resposta do componente (nico mais poderoso.

Devido as complexidades envolvidas nestes fendmenos néo
estequiométricos, descrever ou demonstrar os resultados/efeitos de uma
mistura de odorantes sistematicamente e previsivelmente ndo é algo ainda
rotineiro (KIM, 2011).

2.5. Limites de odor

Fundamentalmente, trés diferentes tipos de limites de odor podem
ser categorizados: limite de percep¢do/deteccdo, limite de discriminacao
e limite de reconhecimento/identificacdo.

Os valores de limites de odor reportados na literatura séao
essencialmente relacionados a estimulos olfativos, os quais sao
fornecidos a um painel de avaliadores principalmente em condicdes
laboratoriais.

Os limites de odor sdo frequentemente expressos em unidades de
odor (UQO). Entretanto, os limites de odor para compostos quimicos
individuais podem ser expressos em unidades massicas como
microgramas por metro ctbico (ug m?), ou em proporcdo de volume
como partes por milhdo (ppmy) e partes por bilhdo (ppby). Mais
informac0es sobre limites de odor sdo apresentadas a seguir.
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Limite de percepcao

Os limites de percepcdo de odor (LPO) encontrados na literatura
sdo caracterizados por variancia extrema, tanto dentro como entre
laboratérios. Essa variacdo €, sobretudo, produto de diferencas nos
métodos de apresentacdo de odorantes e na aplicacdo de critérios
estatisticos. Entretanto, existe um consenso geral de que LPO de humanos
sdo muito baixos. Por exemplo, se apenas trés gotas de etilmercaptana
fossem adicionadas em uma de duas piscinas olimpicas, uma pessoa
comum seria capaz de detectar ou perceber qual piscina apresentava a
etilmercaptana adicionada (JOHNSON; KHAN; SOBEL, 2008).

O sulfeto de hidrogénio (H2S) é um exemplo classico de odorante.
Esse poluente destaca-se por ser um gas incolor, inflamavel, téxico,
corrosivo e com cheiro de ovo podre caracteristico (TOMAR,;
ABDULLAH, 1994; GODISH, 2004; OSHA, 2005). Diversos valores de
LPO para o0 H2S séo reportados, variando de 0,0005-0,3 ppmy (ATSDR,
2006). Os valores tipicos estdo na faixa de 0,4-0,5 ppby (MILLS, 1995;
GOSTELOW; PARSONS, 2001; GODISH, 2004).

Mais informacdes sobre LPO no &mbito da olfatometria de dilui¢do
dindmica e da norma EN 13725:2003 séo fornecidas no Capitulo 3.
Brevemente, o LPO é a minima concentracdo na qual 50% de um painel
de assessores é capaz de detectar a amostra gasosa diluida de odor em
condicdes laboratoriais (CEN, 2003).

Limite de discriminacao

Em relag&o a discriminag&o olfatéria, humanos podem discriminar
diferengas muito pequenas na concentracdo ou estrutura molecular entre
diferentes estimulos olfativos. Por exemplo, aumentos na concentracao de
odorante sdo percebidos como aumentos na intensidade odorante. Quando
se utiliza uma concentracdo supralimiar (suprathreshold) de alcool n-
butilico como padréo, os seres humanos podem discriminar alteracdes de
concentracdo t&o pequenas como 7%. Do mesmo modo, a menor alteracéo
na estrutura molecular do odorante, tal como a adicdo de um Unico
carbono a uma cadeia de carbono, resulta em estimulos claramente
discriminaveis (JOHNSON; KHAN; SOBEL, 2008). Segundo NICELL
(1986), o limite de discriminacéo representa o primeiro nivel de diluicio
(i.e, concentracdo) a partir do qual 50% de um painel continuam a estar
certos da presenca de um odor. Portanto, apds ter detectado ou percebido
0 odor.
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Limite de reconhecimento

Em relacdo a identificacdo olfatoria, a percepcao de odor sugere
que o sistema olfativo identifica “objetos de odor” cuja formagdo depende
das associacBGes anteriores. As regras subjacentes a ligacdo entre
propriedades odorantes estruturais particulares e identidade de odor estéo
sendo dificeis de demonstrar, devido em parte a variabilidade no uso da
linguagem para descrever o odor. Entender essas regras continua sendo a
maior questdo na psicofisica olfatoria, e sem duvida no olfato em geral
(JOHNSON; KHAN; SOBEL, 2008). Tecnicamente, a norma EN
13725:2003 define limite de reconhecimento ou identificacdo como a
concentracdo de odor que apresenta uma probabilidade de 0,5 de ser
reconhecida ou identificada nas condi¢Bes do ensaio (CEN, 2003).
Reconhecer ou identificar significa descrever qualitativamente o odor
através do seu caréter (i.e., tipo do odor).

Um Unico estimulo odorante (e.g. H2S, CI) pode ser prontamente
reconhecivel e facil de descrever. Contudo, o sistema olfativo de uma
pessoa pode ndo reconhecer os odorantes individuais numa mistura de
varios odorantes (e.g. odor de um aterro sanitario). No entanto, as pessoas
podem descrever o odor de uma maneira geral, por exemplo, como peixe
(para aminas), ou ovo podre ou repolho (para compostos de enxofre)
(CASA, 2015a).

Visdo geral sobre limites de odor

Vasta literatura reportando limites de odor pode ser encontrada
(e.g. USEPA (1992), VAN GEMERT (2011)). No trabalho de VVan Huffel
et al. (2016) é fornecida uma compilacdo abrangente de LPO para 21
odorantes de interesse em processos de criagdo de suinos. Um trabalho
classico e pioneiro da década de 60 (LEONARDOS; KENDALL;
BARNARD, 1969) determinou limites de reconhecimento para 53
odorantes de interesse em atividades de fabricacdo de produtos quimicos.
No entanto, o protocolo adotado nesse trabalho considerou limite de
reconhecimento como a minima concentracdo na qual 100% do painel era
capaz de reconhecer o odor. Além disso, o método utilizado para
apresentacdo de odorantes foi baseado na insercdo de liquidos de
compostos puros em uma sala de ensaio utilizando seringas
cromatogréaficas. Esse método é atualmente considerado obsoleto quando
comparado a apresentagdo de odorantes por olfatometria dindmica, o que
pode ter resultado em valores imprecisos de LPO. Nagata (2003), por sua
vez, determinou limites de detec¢do para 223 substancias. Esses valores
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foram medidos utilizando o método olfatométrico para apresentacdo de
odorantes conhecido como Japanese triangular odour bag method.

No passado, as limitacGes nos ensaios de determinacdo de valores
de limites de odor eram vérias. Por exemplo, os individuos que formavam
0 painel de teste ndo eram selecionados por métodos padronizados; 0s
limites de odor provavelmente ndo foram obtidos nas mesmas condic¢des
de precisdo metodolégica que atualmente sdo adequadas; os limites de
odor ndo eram rastreaveis para uma unidade massica definida (RUIJTEN;
VAN DOORN; VAN HARREVELD, 2009). Destaca-se que, em 1980,
Dravnieks e Jarke apontaram parametros relevantes de operacao para a
determinacdo de LPO utilizando olfatometria dindmica, além de
comparar esse método com as tecnologias da época (DRAVNIEKS;
JARKE, 1980). Os pardmetros de operacdo investigados foram a vazao
de ar para apresentacdo da mistura odorante, selecdo do painel e
procedimento estatistico de calculo. Os principais fatores identificados
foram posteriormente confirmados como pontos essenciais para a
melhoraria da reprodutibilidade dos resultados de testes olfatométricos
(RUIJTEN; VAN DOORN; VAN HARREVELD, 2009). Um exemplo de
trabalho que utilizou os conceitos atuais e padronizados da norma
EN 13725:2003 para a determinacdo do LPO pode ser encontrado em
Bokowa; Bokowa (2014).

Sintese dos principais limites de odor

Os trés principais limites de odor (odour thresholds) podem ser
sumarizados da seguinte forma:

e Limite de percepcdo (ou deteccdo): minima concentracdo a
partir da qual 50% de um painel percebe ou detecta um odor;

e Limite de discriminacgdo: minima concentracdo a partir da qual
50% de um painel continua a estar certo da presenca de um
odor;

e Limite de reconhecimento (ou identificacdo): minima
concentracdo a partir da qual 50% de um painel é capaz de
descrever qualitativamente o estimulo olfativo através do seu
carater.

Deste modo, para um mesmo odor é esperado fundamentalmente
que os valores de limites de reconhecimento sejam maiores que valores
de limites de discriminagdo, 0s quais, por sua vez, deverdo ser maiores
gue os valores de LPO. De fato, para reconhecer o carater de um odor,
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uma concentra¢do mais elevada é necesséria, tipicamente na faixa de 1,5
a 10 vezes maior (DRAVNIEKS; JARKE, 1980).

Outros limites de odor

Outras métricas que podem ser utilizadas para caracterizar a
concentracdo de odor sdo descritas a seguir (BOKOWA, 2008):

e Limite de ofensividade: minima concentragdo na qual 50% de
um painel indica que o odor detectado é ofensivo. Um odor pode
ser agradavel ou desagradavel, o que significa que odores
agradaveis podem se tornar ofensivos ap6s exposicao frequente
ou longa;

e Limite de queixa: minima concentracdo na qual 50% de um
painel registra uma queixa para o odor detectado.

Outro limite de odor é o nivel de limite de incdmodo (nuisance
threshold level) que a Organizacdo Mundial da Satide (OMS) define como
a concentracdo em que ndo mais do que uma pequena proporcdo da
populacdo (menos de 5%) sofre incdmodos em uma pequena parte do
tempo de exposi¢do (menos de 2%) a um odor (CASA, 2015a). Portanto,
de acordo com a OMS, uma avaliacdo de impacto de odor utilizando o
percentil 98 é um indicador de nivel de limite de incomodo em receptores.

2.6. Fatores que afetam a percepcéo de odor

Apesar das regides gerais do cérebro envolvidas no sentido do
olfato terem sido identificadas, ainda ndo é totalmente compreendido
como o cérebro humano descodifica os odores. Complicagdes adicionais
ainda existem: diferentes areas do cérebro podem estar envolvidas na
decodificacdo dos sinais dependendo das propriedades do odor (e.g.
ofensividade) ou da realizacdo de um trabalho especifico (e.g. identificar
um odor especifico ou discriminar entre cheiros) (CASA, 2015b). Devido
ao olfato humano e a resposta emocional a odores serem sintetizados pelo
cérebro, experiéncias de vidas distintas e variacdes naturais na populacao
podem resultar com que individuos apresentem diferentes sensacfes e
rea¢fes emocionais para um mesmo odor. Além disso, outras informagdes
sensoriais, como viséo e paladar, podem influenciar a sensa¢éo particular
de um odor que o cérebro humano cria, mesmo quando estimulos
guimicos ndo estdo presentes (FREEMAN; CUDMORE, 2002).
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A seguir sdo listados fatores que podem afetar o olfato e a
capacidade de perceber o odor. Esta listagem foi elaborada a partir de uma
revisdo de literatura de publicagdes entre 1950 e 2012 (GREENBERG;
CURTIS; VEARRIER, 2013, CASA, 2015b):

Genética/populacdo: a origem étnica esta associada a limites
de deteccdo de odor muito abrangentes;

Género: as mulheres geralmente apresentam desempenho
melhor do que 0s homens em avalia¢Ges de odor;

Idade: o olfato geralmente diminui com a idade. Pessoas idosas
sdo tipicamente menos capazes de detectar ou identificar
odores do que adultos mais jovens;

CondigBes médicas: uma variedade de condi¢fes médicas
pode reduzir ou eliminar o sentido do olfato, incluindo doencas
no nariz e sinusites, esclerose miltipla e esquizofrenia;
Alcoolismo e tabagismo: o abuso de alcool resulta em um
olfato deficiente e os produtos da combustédo de tabaco alteram
0 LPO de uma forma relacionada com a dose;

Fatores ocupacionais e ambientais: a inalacdo repetida de
qualquer composto quimico resulta em fadiga olfativa durante
periodos de tempo relativamente curtos, o que leva a uma
diminuicdo da capacidade de detectar e identificar com
precisdo um odor. A exposicdo recente a concentracdes
relativamente elevadas de uma substancia demonstrou afetar a
sensibilidade a esse odorante particular, alterando os limites de
deteccdo subsequentes em até trés ordens de grandeza.
Aplicabilidade dos limites de odor propostos: os humanos s
conseguem identificar de trés a quatro componentes de
misturas olfativas complexas e o0s odorantes presentes na
mistura afetam o0s componentes individuais que sdo
detectados. Os odorantes presentes em concentracdes
supraliminares numa mistura podem efetivamente mascarar a
presenca de odorantes presentes em concentracdes
periliminares (perithreshold concentrations).

Além disso, o trabalho de Greenberg; Curtis; Vearrier (2013)
reuniu importantes achados:

A autoavaliacdo da func¢do olfatéria pode ndo se correlacionar
com a capacidade olfativa real. E ainda mais dificil determinar
com precisdo a intensidade de um odor de uma forma
quantificavel. Por exemplo, sob condi¢des de estimulagéo
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constante com H»S, a intensidade de percepc¢do diminui
exponencialmente com o tempo de fornecimento do estimulo;

e A concomitante estimulagdo visual também afeta a intensidade
do odor;

e Algumas substancias quimicas, como o H,S, podem induzir
reacGes nos seres humanos relacionadas apenas ao seu odor,
mesmo quando estdo presentes em  concentracdes
substancialmente inferiores aos niveis normalmente
associados ao desenvolvimento de efeitos adversos;

e H& uma vasta literatura que sugere que a intensidade do odor
percebido, o grau de incobmodo e os efeitos adversos na salde
humana relatados da exposicdo a um composto quimico
odorante sdo afetados pelo estado psicolégico e pré-
julgamento;

e O conceito de odor tem sido reportado para ser
intrinsecamente e cognitivamente associado com a doenca e
ndo com a salde;

e Atribuir viés negativo a um odor antes de uma exposi¢do
resulta em sintomas de salde significativamente maiores apds
essa exposicdo. Isso sugere que esses sintomas nao sdo
mediados pelo odor diretamente, mas sim pelas associacdes
cognitivas de um individuo entre odor e salde.

Greenberg; Curtis; Vearrier (2013) concluiram que as tentativas de
verificar a intensidade da exposicdo com base em um relato de um odor
percebido ndo sdo confidveis e ndo tém aplicacdo atil em legitimar
paradigmas de avaliagdo de exposicdo. A deteccdo de um odor nédo
implica em uma exposi¢do medicamente significativa a um toxico e,
devido ao viés do individuo e a dificuldade de detectar odorantes
individuais em misturas, pode ndo constituir uma exposi¢do a substancia
almejada.

Individuos podem considerar diferentes odores ofensivos a
diferentes concentracfes, uma vez que a resposta a um odor é de natureza
subjetiva. ComplicacGes adicionais sdo decorrentes devido ao fato de
emissdes de odor consistirem, na maioria das vezes, de uma mistura
gasosa formada por multiplas substéncias. Deste modo, a apreciacéo de
odores constituidos por misturas complexas ndo é prontamente medido
(GOSTELOW:; PARSONS; STUETZ, 2001).

Portanto, a percepcao fisiologica a odores difere de individuo para
individuo. Apesar de uma variacdo aleatéria na sensibilidade ser
inevitavel, algumas influéncias gerais sobre a sensibilidade odorante
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foram identificadas (GOSTELOW; PARSONS; STUETZ, 2001).
Estudos de exposicdo a odores no meio ambiente — a diferentes
concentragcBes em diferentes periodos — conduziram a uma série de
conclusdes sobre a maneira pela qual individuos percebem um odor, e
como este é estabelecido para, em seguida, ser armazenado na memoria
(DEFRA, 2010). Enquetes em comunidades demonstraram que onde um
incémodo olfativo € atenuado/mitigado, a percepc¢éo ao impacto de odor
é reportada por periodos prolongados pelos residentes da area impactada,
mesmo por anos apds o odor ndo estar mais presente (STEINHEIDER;
BOTH; WINNEKE, 1998). Essas observacdes permitiram concluir que:

e Comumente os incobmodos olfativos ndo sdo causados por
exposicdo em curtos periodos e da mesma forma ndo sdo
reduzidos aplicando medidas de mitigagdo/prevengdo
passageiras. Incbmodos tendem a ser causados por exposi¢do
de odores intermitentes em longo prazo;

e A associagdo entre uma particular fonte de odor e a percepc¢ao
individual de incébmodo de um individuo com histérico de
reclamacao desta mesma fonte é persistente e prolongada. Para
estes individuos, a exposicio ao mesmo odor, em
concentracBes mais baixas, pode causar maior incomodo do
que para 0s outros sem histérico de exposicao;

e O incbmodo tende a ser cumulativo e desenvolvido ao longo
de longos periodos de tempo. Memoérias olfativas de episédios
de exposi¢des intensas, aliado a um estado comportamental
desfavordvel do individuo, parecem dominar a percepgdo
global do impacto e histérico de queixas.

Apesar da dificuldade de avaliar a interrelacdo entre preditores de
odor, uma série de fatores individuais que apresentam capacidade de
influenciar incdmodos olfativos podem ser destacados. Estes parametros
podem ser tratados como preditores de sensibilidade ao incémodo,
conforme apresentado na Tabela 2.1.

Evidentemente, a exposi¢cdo a odores ofensivos por periodos
prolongados, pode afetar negativamente o bem-estar e sensibilizar
individuos. Onde exposicGes odorantes ocorrem frequentemente, a
percepcdo do impacto pode ir além do periodo de exposicdo direta
(DEFRA, 2010). Deste modo, uma exposi¢do prolongada ou frequente
pode aumentar a sensibilidade de um individuo a esse cheiro e até odores
agradaveis, como os de padarias ou de café, podem tornar-se ofensivos.
A sensibilidade e a capacidade de distinguir odores, em geral,
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enfraquecem rapidamente durante a exposicdo ou adaptacdo continua,
porém se recuperam também rapidamente apds o estimulo ser removido
(CASA, 20153).

Tabela 2.1 — Preditores de sensibilidade ao incomodo de odores.

Preditor Descricdo

Idade A probabilidade de sofrer incdémodos de
emissdes de odor diminui com a idade

Ansiedade Individuos que sentem ansiedade a gases

odorantes por relaciona-los a riscos de salde tém
maior probabilidade de sofrer incbmodos
Estratégia de Individuos que empregam o enfrentamento
enfrentamento focalizado no problema apresentam maior
probabilidade de sofrer incomodos do que
aqueles que utilizam o enfrentamento focalizado

na emogao
Dependéncia Individuos com interesse econdmico na
econdmica atividade associada a fonte de odor estdo menos
propensos a incdmodos olfativos
Historico de A sensibilidade ao incdmodo aumenta em
exposicao pessoas com histdrico de exposicao
Estado de saude No mesmo nivel de exposicdo, individuos com

problemas de sadde tém uma maior
probabilidade de sofrer incémodos olfativos do
que pessoas mais saudaveis

Personalidade Individuos que acreditam ter controle sobre o
ambiente em que vivem estdo mais propensos a
sofrer incbmodos em algumas circunstancias

Satisfacdo residencial  Quanto mais um individuo est4 satisfeito com a
sua situacdo residencial, menor a probabilidade
de sofrer incbmodos olfativos

Fonte: CAVALINI (1992) apud EA (2002).

2.7. Efeitos adversos na salide humana

A extensdo em que um odor se torna uma questdo estética contra
uma ameaca a salide é um assunto de investigacao cientifica e litigio que
tem implicagfes importantes (WING et al., 2008). Preocupacdes de salde
publica que os odores podem nédo simplesmente servir como um aviso de
potenciais riscos a saude, mas que as sensacdes de odor em si podem
causar sintomas de salde sdo historicamente crescentes (SCHIFFMAN;
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WILLIAMS, 2005). De acordo com a OMS (OMS, 2017), saude €
definido como:

e A saude é um estado de bem-estar fisico, mental e social
completo e ndo meramente a auséncia de doenga ou
enfermidade;

e O grau que um individuo ou um grupo é capaz de realizar
aspiracOes e satisfazer necessidades, e mudar ou lidar com o
ambiente. A salde é um recurso para a vida cotidiana, ndo o
objetivo de viver; € um conceito positivo, enfatizando os
recursos sociais e pessoais, bem como as capacidades fisicas;

e Um estado caracterizado por integridade anatdémica,
fisioldgica e psicoldgica; capacidade de desempenhar papéis
familiares, profissionais e comunitérios; capacidade de lidar
com o estresse fisico, biolégico, psicoldgico e social e uma
sensacdo de bem-estar e livre do risco da doenca e da morte
prematura;

e Um estado de equilibrio entre os seres humanos e o ambiente
fisico, bioldgico e social, compativel com a plena atividade
funcional.

Incdmodos olfativos de emissdes de odor ambiental apresentam o
potencial de afetar negativamente a qualidade de vida causando efeitos
fisicos, mentais e sociais, caracterizando, portanto, um problema de satde
publica.

Modo de exposi¢do

Exposicdo aguda é geralmente utilizada para descrever baixa
frequéncia de impactos de intensidade alta. Exposicéo cronica é utilizada
para descrever ambientes com alta frequéncia de impactos de intensidade
baixa (GRIFFITHS, 2014).

Um efeito adverso pode ocorrer mesmo quando ha baixas
concentrac@es de odor, geralmente menores que a concentracao que possa
prejudicar a saude fisica: efeito cronico. Quando um odor é causado por
elevadas concentragdes, 0s compostos quimicos presentes na mistura
gasosa podem causar efeitos adversos diretos na salde humana: efeito
agudo (MFE, 2003).

Independentemente do modo de exposi¢do (agudo ou crdnico),
odores que produzem uma apreciacdo olfativa negativa induzem
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mudangas no comportamento das pessoas. Essa conduta pode
desencadear uma resposta mediada pelo estresse e se transformar em um
assunto de satde publica (PETTARIN; CAMPOLO; SOLDATI, 2015).
Portanto, exposicGes de odor tanto de curto como de longo prazo podem
causar efeitos adversos na saude humana, o que inclui o bem-estar e
qualidade de vida de uma forma geral. Os efeitos adversos podem ser
classificados da seguinte forma (SUCKER; BOTH; WINNEKE, 2009):

e Lamentagdes gerais de saude: dificuldades para dormir, dor de
cabeca, tosse, sentir-se infeliz;

e Sintomas gastricos: vémito, nausea, perde de apetite;
Sintomas irritantes: desconforto, irritagdo nos olhos/nariz.

Assim, odores ambientais podem afetar o0 humor e apresentam a
capacidade de provocar alteragdes psicoldgicas e fisiologicas sobre o
cotidiano de pessoas (GALLEGO et al., 2008). Outros autores destacam
gue entre as queixas de salude mais frequentemente reportadas estdo
irritacdo nos olhos, nariz e garganta, dor de cabeca, nduseas, diarreia,
rouquiddo, dor de garganta, tosse, aperto no peito, congestdo nasal,
palpitacdes, falta de ar, estresse, sonoléncia e alteragBes no humor
(SCHIFFMAN et al., 2000). Normalmente, tais sintomas ocorrem no
momento da exposicdo e desaparecem apds um curto periodo de tempo.
No entanto, para individuos sensiveis, como os doentes asmaticos, a
exposicdo a odores pode induzir efeitos adversos na salde que persistem
por periodos mais longos de tempo, bem como agravar condi¢des médicas
existentes (SCHIFFMAN et al., 2000).

Estes sintomas contribuem para a reducéao da qualidade de vida em
individuos expostos a episédios de odor. Mesmo quando a exposi¢éo
odorante é muito mais baixa do que a normalmente necessaria para
provocar efeitos de salde diretos, as pessoas podem desenvolver efeitos
fisiolégicos. Esta situagdo é conhecida como preocupagéo de odor (odour
worry) e é devida a percepcdo de que, se houver um cheiro, este deve
causar dano fisico (MFE, 2003). Destaca-se, finalmente, que odores
ofensivos também podem causar danos ambientais como a depreciagéo
de valores de propriedades.

Fontes de odor e efeitos adversos
Diversos trabalhos reportados na literatura estabeleceram ligagdes

de causa entre fontes de odor e efeitos adversos (SUCKER; BOTH,;
WINNEKE, 2001; SUCKER; BOTH; WINNEKE, 2009; BRANCHER;
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DE MELO LISBOA, 2014; BULL et al., 2014; PALMIOTTO et al.,
2014; SIRONI et al., 2014). Os compostos odorantes podem afetar a
salde humana através de varios mecanismos (SHUSTERMAN, 1992;
SCHIFFMAN et al., 2000). Os mecanismos conhecidos sdo pelo menos
trés, 0s quais sdo descritos abaixo (SCHIFFMAN; WILLIAMS, 2005;
WING et al., 2008):

i.  Primeiramente, em concentragGes suficientemente elevadas
para estimular o nervo trigémeo?!, substancias quimicas
odoriferas podem provocar irritagdo dos olhos, nariz e
garganta ou outros efeitos toxicol6gicos. Ou seja, irritacdo, ao
invés do odor, é a causa dos sintomas de saude, e odor (a
sensacdo) simplesmente serve como um marcador de
exposi¢ao;

ii.  Através de aversao inata (innate aversion), condicionamento
ou resposta ao estresse, compostos odorantes podem induzir
sintomas como nauseas, vomitos, dores de cabeca, estresse,
humor negativo e uma sensagdo pungente em concentracdes
superiores ao limiar do nervo olfatério, mas abaixo do limiar
do nervo trigémeo;

iii.  Os sintomas que ocorrem em resposta a misturas de odorantes
podem ser devidos a um componente nao-odorante parte da
mistura tal como endotoxina, que pode induzir inflamacéo e
obstrugéo do fluxo aéreo.

Atualmente a toxicidade quimica é melhor entendida para
compostos quimicos individuais — ainda existe uma compreensao
incompleta da toxicologia de misturas de odorantes. Além disso, estudos
epidemioldgicos sdo mais escassos que estudos toxicoldgicos de
exposicdo de odor, sendo que esses dois tipos de estudos apresentam
lacunas. Os estudos epidemioldgicos sdo prejudicados principalmente
pela aplicacdo de medidas subjetivas para coletar resultados. Por outro
lado, a pesquisa toxicologica é limitada pela falta de métodos de
exposicdo padronizados, pela dificuldade em realizar estudos cegos
(blinded studies), preconceitos e influéncia nas respostas causadas por

L A cavidade nasal também contém neurdnios trigeminais, que transmitem
informacOes sobre temperatura, pressdo e dor, além de responderem a estimulos
nocivos. Compostos quimicos individuais volateis podem acionar os neurdnios
olfativos ou os neurdnios trigeminais, no entanto odores geralmente acionam ambos
simultaneamente. Portanto, a estimulacdo de neurénios trigeminais por odorantes
pode causar efeitos irritantes, enquanto a estimulacdo de neurénios olfativos por
odorantes pode causar efeitos incomodativos (CASA, 2015a).
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fatores pessoais, tais como predilecGes e experiéncias passadas (CASA,
2015b).

Até que as formas como odores ambientais afetam a satide humana
sejam melhores compreendidas, é importante responder a queixas de odor
avaliando, quando viavel, a presenca de compostos quimicos no ar
ambiente para identificar potenciais efeitos adversos na salide humana
(CASA, 2015b).

2.8. Dimensées CICOP

As 5 principais dimensdes utilizadas para caracterizacéo de gases
odorantes sdo: concentracdo; intensidade; carater; ofensividade; e
persisténcia (CICOP). Essas dimensdes referem-se as caracteristicas que
podem ser mensuradas através de (GOSTELOW; PARSONS; STUETZ,
2001; CAPELLI et al., 2008):

e Métodos analiticos:  andlises  fisico-quimicas como
cromatografia gasosa;

e Métodos sensoriais: olfatometria de diluicdo dinamica;

e Métodos senso-instrumentais: nariz eletronico.

A avaliacdo de odor utilizando a percepgdo sensorial, juntamente
com quantificagdes analiticas, constitui 0 conjunto de métodos mais
utilizados para caracterizar odores. Ademais, atualmente trabalhos estdo
sendo desenvolvidos para demonstrar a aplicabilidade de narizes
eletrdnicos para monitoramento de odor e odorantes (STUETZ,
FENNER; ENGIN, 1999; SIRONI et al., 2007; CAMPO et al., 2016;
EUSEBIO; CAPELLI; SIRONI, 2016).

Devido a grande variabilidade na ofensividade e no carater
quimico de emissdes odoriferas, nenhuma técnica analitica pode ser
aplicada universalmente para a medicdo de odor em sistemas de
tratamento de gases. As técnicas atualmente utilizadas para caracterizar
odor devem ser consideradas como complementares e ndo excludentes,
uma vez que a informagao fornecida por cada método ird cobrir diferentes
necessidades (MUNOZ et al., 2010).

Portanto, quando os métodos supracitadas sdo combinados é
possivel obter uma imagem melhor da situacdo, i.e., os odores sdo
caracterizados em termos de seus efeitos percebidos e sua composicao
guimica (GOSTELOW; PARSONS; STUETZ, 2001). Maiores detalhes
sobre cada uma das dimensdes CICOP podem ser encontradas no
Capitulo 3.
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2.9. Fatores FIDOL

Os fatores que englobam o padrdo de impacto de odor e do meio
receptor onde estes ocorrem sdo coletivamente conhecidos como FIDOL
(WATTS; SWEETEN, 1995; FREEMAN; CUDMORE, 2002; NICELL,
2009): Frequéncia; Intensidade; Duracéo; Ofensividade; Localizagdo. Os
fatores FIDOL influenciam a extensdo em que os odores afetam
adversamente comunidades e este tipo de informacdo também pode ser
utilizada como base para a realizagdo de estudos de avaliacdo de impacto
(FREEMAN; CUDMORE, 2002; NICELL, 2009). Portanto, os fatores
FIDOL fornecem uma base frequentemente aceita para o
desenvolvimento de critérios de impacto de odor (GRIFFITHS, 2014).
Maiores detalhes sobre os fatores FIDOL podem ser encontrados no
Capitulo 3.

2.10.  Critérios de impacto odor e sua relagdo com o FIDOL

Critérios de impacto odor (ClO) estabelecidos em regulamentacdes
seguem, tanto explicitamente como por inferéncia, a abordagem FIDOL.
A frequéncia é geralmente relacionada através de um percentil (P), que
fornece o nimero permitido de excedéncias de uma concentracdo de odor
limite (Cy). A duracdo refere-se ao tempo decorrido durante o qual um
odor é percebido. Receptores podem ser expostos a odores
intermitentemente por periodos curtos ou por periodos prolongados e
continuos. A ofensividade pode ser designada pelo carater do odor,
usando um fator para reduzir o CIO devido ao tom hedbnico. A
localizacdo esta relacionada com o uso do solo na area circunvizinha a
uma fonte de odor; refere-se a localizagdo de um cidaddo ou comunidade
(fora dos limites da instalacdo) ou receptores sensiveis (pontos de
interesse predeterminados, por exemplo, escolas, hospitais, locais de
queixas); o fator localizacdo também pode considerar questbes
socioecondmicas, de tolerancia e de expectativa do receptor (MFE, 2003;
DEFRA, 2010; ERM, 2012; BULL et al., 2014). Maiores detalhes sobre
a sensibilidade de receptores (L do FIDOL) é apresentada no tdpico a
seguir.

Sensibilidade de receptores
Receptores sdo aqui definidos como os usuarios (pessoas) do solo

adjacente a uma fonte de odor. Os estudos de avaliagdo de odor devem
ser conduzidos considerando os receptores existentes e/ou futuros
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provaveis na circunvizinhanca da instalagdo emissora. Basicamente, 0s
receptores podem ser divididos em trés categorias dependentes da
sensibilidade ao odor, conforme demonstra a Tabela 2.2.

Tabela 2.2 — Sensibilidade de receptores a odores ambientais.
Sensibilidade Descricdo
do receptor
Alta Os individuos podem razoavelmente desfrutar de um
sensibilidade alto nivel de amenidade. Exemplos: areas com
habitacOes residenciais/comerciais, hospitais,
escolas/educacdo e turismo/cultural.
Média Os individuos esperam razoavelmente desfrutar de
sensibilidade  um nivel intermediario de amenidade. Exemplos:
areas residenciais em conjunto com areas industriais.
Baixa A amenidade publica ndo seria razoavelmente
sensibilidade esperada. Exemplos podem incluir areas industriais e
rurais, rodovias publicas.
Fonte: adaptado de MFE (2003); DEFRA (2010); EA (2011).

Por consequéncia, a sensibilidade de receptores esta habitualmente
relacionada ao zoneamento urbano e a tolerancia/expectativa que um
cidaddo apresenta a uma exposicdo de odor dependendo de onde ele se
encontra. Consequentemente, uma &rea residencial ou comercial podera
apresentar maior sensibilidade e uma darea industrial ou rural uma
sensibilidade menor.

Odores associados a operagdes industriais, e.g. s80 mais propensos
de serem tolerados em zonas industrializadas, onde h& uma expectativa
de que tais atividades serdo realizadas. Alternativamente, se uma pessoa
exposta a um odor associa essa exposi¢ao a uma ocorréncia natural, como
de pantanos, ou com atividades agricolas rurais, frequentemente ela nao
considera o odor ofensivo ou censuravel. Por outro lado, caso o odor
estiver vinculado a uma atividade reconhecivel, como tratamento de
efluentes, aterro, compostagem, atividade industrial, criacdo intensiva de
animais, € mais provavel que acarrete em resposta adversa nos receptores
(NICELL, 2009). Dessa forma, ajustes na sensibilidade do receptor para
acomodar o fator localizagdo do FIDOL podem ser incluidos no
desenvolvimento de regulamentacGes de odor.

2.11. Responsabilidade legal e competéncia
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As responsabilidades de mediar episodios de odor sdo enderegadas
geralmente a drgdos ambientais. No Brasil, por exemplo, onde odor nao
é um poluente atmosférico regulamentado por legislacdes especificas em
ambito federal, problemas de odor séo tipicamente mediados por 6rgaos
ambientais municipais e estaduais.

Existem alternativas de gestao integrada entre drgaos ambientais e
o foco deve ser na integracdo de demandas para proporcionar planos e
tomada de decisdo conjunta. Para garantir que ndo haja lacunas na gestdo
de odor ou qualquer duplicacdo de esforgos, um protocolo claro entre
autoridades regulatérias sobre seus papéis é recomendado, e 0
compartilhamento de informacdes e discussfes devem ser realizadas
regularmente. Conselhos sobre como lidar com conflitos e sobreposigédo
de fungdes em areas rurais devem também ser levados em consideragao.
Onde existem potenciais funcBes sobrepostas, conselhos regionais e
municipais devem estabelecer um protocolo claro delineando atribuicfes
e responsabilidades para evitar a duplicacdo de esforcos, regras
inconsistentes e regulamentagdo excessiva (MFE, 2003).

2.12.  Exemplos de fontes de odor

Exemplos tipicos de fontes potencialmente emissoras de odores
ofensivos incluem atividades industriais e agricolas, tais como ETE,
industrias de alimentos, fabricas de processamento de subprodutos de
origem animal, aterros sanitarios, criacdo intensiva de animais, fundicdes,
parques petroquimicos, matadouros, fabricas de papel e celulose, usinas
de compostagem (BRANCHER et al., 2016; BRANCHER et al., 2017).
Os exemplos listados ndo sdo exaustivos, contudo ilustrativos, uma vez
gue outros processos agroindustriais podem também apresentar fontes de
odor.

A maior parte das jurisdi¢cbes ndo atuam sobre odores ambientais
emitidos por trafego rodoviario, da queima de combustivel para
aquecimento domeéstico, da vegetacdo, do espalhamento de estrume e de
fontes semelhantes (e.g. Alemanha — GOAA (2008)). Portanto, fontes
agroindustriais respondem pela maioria dos tipos de fontes passiveis de
controle por regulamentacdes de odor ambiental.

Aspectos relevantes associados a episddios de odor incluem definir
a origem de um alegado mau cheiro, e identificar a(s) fonte(s) de odor da
instalacdo emissora, além de utilizar métodos analiticos, sensoriais e
senso-instrumentais para determinar concentragéo e taxas de emissdo. A
capacidade de reconhecer e discriminar entre potenciais fontes de odor é
determinante para, entre outras coisas, identificar as origens de um
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problema e a eficécia relativa de medidas de controle e mitigacdo. No
entanto, dificuldades emergem em varias instancias. Fontes de odor
podem apresentar alta variabilidade em termos de concentracdo,
ofensividade e carater odorante, mesmo para tipos de fontes iguais
(DEFRA, 2010).

Destaca-se que fontes de odor podem ser avaliadas utilizando
metodologias especificas para determinacdo de cada umas das dimensdes
CICOP. Os possiveis impactos em receptores, por sua vez, podem ser
avaliados com base nos fatores FIDOL.

2.13. Tipologias de fontes de odor

Tecnicamente, uma fonte de odor pode ser definida como um local
ou objeto que emite odorantes. Existem trés categorias principais de
emissdes para a atmosfera (PULLEN; VAWDA, 2007):

e Emissbes controladas: as emissfes sdo geridas de alguma
forma, seja como parte de um processo ou como parte de um
mecanismo de controle/reducédo e as emissdes sdo, portanto,
guantificaveis;

e Emissbes difusas: aquelas com dimensbes conhecidas
(principalmente fontes superficiais) e que ndo tém um fluxo de
ar definido, tais como aterros sanitarios, lagoas, pilhas de
compostagem;

e Emissbes fugitivas: literalmente, sdo langamentos que néo
podem ser capturados. Fontes fugitivas sdo fontes elusivas ou
dificeis de identificar, liberando quantidades indefinidas de
odorantes (por exemplo, vazamentos em valvulas e flanges,
aberturas de ventilagdo passivas). Elas ndo possuem controle e
muitas vezes sdo dependentes de condicbes externas (e.g.
vento) que as tornam dificeis de quantificar com qualquer grau
razoavel de certeza. Outra definigdo de uma emissdo fugitiva
é um lancamento que néo é intencional.

As emissdes atmosféricas também podem ser subdivididas em
termos de suas caracteristicas espaciais, geralmente como (CASA,
2015a):

e Fonte pontual: fonte estacionaria discreta de gases residuais
na atmosfera através de dutos canalizados de dimensao e vazdo
de ar definidas como, por exemplo, chaminés. A maioria das
emissdes controladas sdo de fontes pontuais;
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e Fonte éarea: fonte bidimensional sem altura fisica. As
dimensdes de superficie sdo conhecidas; contudo, a emissédo
de odor é difusa e pode ndo ser uniforme ou bem
compreendida (e.g. biofiltros aberto, lagoas de tratamento de
aguas residuarias, decantadores);

e Fonte volumétrica: semelhante as fontes &rea, entretanto
apresentam uma dimensdo de altura conhecida. O odor que
emana de uma fonte volumétrica pode ser difuso, ndo uniforme
e dificil de determinar (e.g. pilhas de compostagem, aberturas
em instalacOes de criagcdo de animais);

e Fonte linha: fontes longas e estreitas e este tipo de fonte ndo
é comum para odores. A exaustdo de gases pelo escapamento
de veiculos em estradas pode ser classificada como uma fonte
linha.

E importante reconhecer que tais fontes podem possuir emissdes
controladas, difusas ou fugitivas. Contudo, as fontes pontuais controladas
sdo as mais frequentemente monitoradas e modeladas (PULLEN;
VAWDA, 2007).

Outra definicdo importante para fontes de odor diz respeito a
classificacdo entre fonte ativa ou fonte passiva. Se a velocidade de
emissao dos gases é significativamente maior que a velocidade de difusdo
causada pela difusdo atmosférica, a fonte é denominada "fonte ativa". Se
ndo, é uma "fonte passiva" (VDI 3880, 2011).

Para distinguir entre fonte ativa e fonte passiva, a norma Alema
VDI 3880:2011 define um limite, por convencdo, para a velocidade do
fluxo que emana de uma fonte de odor como sendo igual a 30 m h™* (ou
30 m® m2 ht). Esse limite deve ser tomado como a média aritmética sobre
toda a superficie da fonte. Por conseguinte, as fontes com uma vazao
volumétrica superior a este valor devem ser consideradas como fontes
ativas, caso contrario sdo consideradas passivas (VDI 3880, 2011;
GUILLOT, 2012; CAPELLI et al, 2013). Essa classificacdo €
especialmente importante para o caso de fontes area e volumétrica, onde
as emissdes geralmente ocorrem a partir de superficies sélidas ou liquidas
estendidas com a presenca ou ndo de aeracgao.

A norma VDI 3880:2011 esta, no momento da redacdo deste
trabalho, em processo de revisdo. Desta forma, em um futuro préximo
alterac@es nas definicdes de fontes ativa e passiva, entre outras defini¢cbes
apresentadas nesta norma podem ser esperadas.
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2.14., Taxa de emissao de odor

A emissdo de odorantes ocorre a partir da interface entre a fonte de
odor e a atmosfera livre. A estimativa da taxa de emisséo de odor (TEO)
de uma fonte de odor depende da tipologia da fonte, i.e., diferentes
métodos e estratégias de amostragem sdo necessarios dependendo da
configuracdo desta interface (FRECHEN, 2009; CAPELLI et al., 2013).
A sequir, o procedimento de determinacdo da TEO das principais
tipologias de fontes de odor ¢é apresentado.

Mais informac@es envolvendo a amostragem de odor como, por
exemplo, materiais, armazenamento, estratégias e planejamento de coleta
de amostras podem ser encontrados nas normas EN 13725:2003 (CEN,
2003) e VDI 3880:2011 (VDI 3880, 2011). Atualmente estas normas séo
consideradas os documentos de referéncia para amostragem de odor. Um
resumo dos aspectos gerais e pontos mais relevantes dessas normas, com
destaque para pontos problematicos atualmente em investigacdo e que
ainda requerem padronizacdo, pode ser encontrado em CAPELLI;
SIRONI; ROSSO (2013).

Fontes pontuais

No caso de fontes pontuais, onde o odor é emitido a partir de um
Unico ponto, geralmente de forma controlada através de uma chaming, a
amostragem ¢é realizada extraindo-se volumes adequados de parte do
fluxo gasoso de modo que as propriedades tipicas da fonte sdo registradas
representativamente.

O fluxo gasoso emitido (i.e., vazdo volumétrica) pode ser calculado
medindo a velocidade de ar e a se¢do transversal do duto. Deste modo, a
TEO ¢é obtida da seguinte maneira (VDI 3880, 2011; CAPELLI et al.,
2013):

TEO = Qur.Coq (2.1)
Onde:
TEO = Taxa de emiss&o de odor (UOg s);

Qar = Vazéo volumétrica do efluente gasoso (m? s2);
Cod = Concentracgdo de odor (UOg m™3).



61

Fontes area

Via de regra, duas abordagens podem ser adotadas para a
estimativa dos valores de TEO de fontes area (HUDSON; AYOKO,
2008):

i.  Medigdes indiretas: utilizando métodos micrometeorol6gicos,
onde as taxas de emissdo sdo derivadas de medigdes
simultdneas de velocidades do vento e de concentracBes
através do perfil da pluma a sotavento da fonte de odor;

ii.  Medicdes diretas: utilizando um invélucro para cobertura de
uma fracdo da fonte ou cobertura total da fonte. As taxas de
emissdo sdo derivadas de dados relativos a concentracdo dos
compostos de interesse medidos nas amostras coletadas na
saida do dispositivo de amostragem combinado com as
dimensdes do dispositivo e as condic¢Bes de operacdo.

Em geral, as medicdes diretas sdo as técnicas mais utilizadas para
a determinacdo de TEO principalmente de fontes area (CAPELLI et al.,
2013). Por este motivo, abaixo sdo abordados exemplos de métodos
diretos utilizados em fontes ativas e passivas. Ressalta-se que 0s métodos
indiretos podem ser utilizados para qualquer tipologia de fonte. Isso inclui
fontes pontuais quando a determinagdo da TEO pode ndo ser confiavel e
precisa (e.g. processos nao-continuos com grande variabilidade nas
emissoes).

Fontes area ativas

A concentragdo de odor de fontes &rea ativas pode ser determinada
basicamente de duas maneiras (VDI 3880, 2011):

e Pela cobertura total da fonte;
e Por amostragem seletiva de superficies parciais da fonte.

A cobertura completa da fonte é preferivel a amostragem seletiva
se a area for de um tamanho tecnicamente passivel de cobertura.
Tipicamente para a cobertura deverdo ser utilizados materiais livre de
odores como, por exemplo, mantas de polietileno. A vantagem de uma
cobertura completa é que todo o fluxo gasoso emerge através de uma
abertura. Dessa forma, a concentracdo de odor pode ser estimada
coletando amostras em ftriplicata e a TEO determinada de maneira
fidedigna (VDI 3880, 2011).
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A amostragem seletiva de partes representativas de uma fonte area
ndo homogénea (velocidade de fluxo, concentracdo de odor) proporciona
uma melhor imagem do estado dessas subareas e suas regides. Isto é
sempre benéfico se, além da TEO, for necessaria uma investigacao
significativa sobre a condicdo e conjuntura da fonte (VDI 3880, 2011).
Um exemplo de aplicagdo da amostragem seletiva em um biofiltro aberto
utilizado para o tratamento de odor de uma indUstria téxtil pode ser
encontrado em Brancher; De Melo Lisboa (2014). Para este caso, de
fontes area ativa, a amostragem foi conduzida utilizando uma campanula
"estatica". Esse equipamento isola uma parte da superficie emissora de
modo a canalizar o fluxo de gases para o interior do duto de saida de modo
a reproduzir uma chaminé. Portanto, a campanula faz uso do mesmo
principio aplicado para fontes pontuais. Consequentemente, a TEO pode
ser estimada aplicando a mesma expressao usada para fontes pontuais —
Equacdo 1 (CAPELLI et al., 2013), ap6s a Coq ser especificamente
determinada para fontes area ativas (com distribuicdo de fluxo
homogéneo ou com distribuicdo de fluxo ndo-homogéneo) conforme
descrito em VDI 3880:2011 e sumarizado em CAPELLI; SIRONI;
ROSSO (2013).

Os métodos de cobertura total da fonte e amostragem seletiva
também podem ser aplicados para fontes volumétricas como, por
exemplo, pilhas de compostagem com aeragdo forgada. Entretanto, nao
devem ser aplicadas para fontes volumétricas como, por exemplo,
aberturas para ventilagdo natural em instalacBes de criagdo de animais. A
determinacdo da TEO para este Gltimo caso de fonte volumétrica nédo é
aqui abordada e pode ser encontrada em VDI 3880:2011. De fato, outras
fontes de odor que profissionais podem se deparar sdo fontes volumétricas
difusas, que sdo tipicamente encontradas em edificios de criacdo de
animais dos quais os odores emanam, intencionalmente, através de dutos
naturalmente ventilados, bem como involuntariamente, através de portas,
janelas ou outras aberturas. Nem sempre é possivel caracterizar
corretamente as emissdes de tais fontes, uma vez que é dificil medir uma
concentracdo de odor representativa e, muitas vezes, ndo é plausivel
definir uma vazéo volumétrica precisa (CAPELLI et al., 2013).

Fontes area passivas

No caso de uma fonte &rea passiva, a estimativa da TEO é um
processo mais complicado, devido a dificuldade em medir uma
concentracao de odor representativa e, sobretudo, determinar uma vazao
de fluxo de ar bem definida (CAPELLI et al., 2013). Da mesma forma
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que fontes area ativas, um dispositivo de amostragem deve ser utilizado
para isolar uma parte da fonte e coletar a emissdo. Um fator importante
para a qualidade do resultado é o nimero de pontos de amostragem a
considerar, de modo a obter representatividade das emissdes. Para fontes
area ndo-aeradas (geralmente caracterizadas como passiva), 0S
dispositivos utilizados para amostragem sdo mais complexos que para
fontes area ativas (GUILLOT, 2012). Para esse propdsito, 0s
equipamentos conhecidos como camara de fluxo dindmica
(KIENBUSCH, 1986) e tunel de vento (FRECHEN et al., 2004;
HUDSON; AYOKO, 2008; PARKER, D. B. et al., 2013) sdo usualmente
aplicados. Tem havido um debate de longa data sobre a adequacédo e
precisdo de tuneis de vento portateis e camaras de fluxo para quantificar
as emissOes de odores de fontes area (PARKER, D. et al., 2013) e até o
momento ndo ha consenso na literatura cientifica sobre essa questao.

O procedimento geral para a estimativa da TEO em fontes area
passivas requer o calculo de outro parametro significativo: a taxa de
emissdo de odor especifica (TEOE), expressa em unidades de odor
emitidas por area e unidade de tempo (UOe m2 s1), de acordo com a
seguinte equacdo (CAPELLI et al., 2013):

Qar' Cod

base

TEOE =

2.2)

Onde:

TEOE = Taxa de emisséo de odor especifica (UOg m 2 s2);
Qar = Vazéo volumétrica de ar de arraste (m® s™2);

Cod = Concentracéo de odor (UOe m™3);

Anase = Area da base do equipamento (m2).

A TEOQ é posteriormente calculada multiplicando a TEOE pela area
da superficie emissora da fonte considerada:

TEO = TEOE. A te (2.3)
Onde:
TEO = Taxa de emissdo de odor (UOg s%);

TEOE = Taxa de emissao de odor especifica (UOg m™ s);
Aronte = Area da superficie emissora da fonte de odor (m?).
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A comunidade cientifica concorda satisfatoriamente sobre a
técnica analitica utilizada para a medicdo de odor: olfatometria de
diluicdo dindmica para a determinacdo da concentracdo de odor
(LUCERNONI; CAPELLI; SIRONI, 2016a). A amostragem de odor é
ainda muito debatida, especialmente no caso de emissdes difusas e fontes
area. Por exemplo, a avaliacdo das emissdes de odor em aterros sanitarios
¢ ainda mais complicada, devido as caracteristicas especificas deste tipo
de fonte, que certamente ndo é uma fonte area ativa, mas nao é
propriamente uma fonte area passiva, pois a superficie do aterro sanitario
é tipicamente atravessada por um baixo fluxo (LUCERNONI; CAPELLI;
SIRONI, 2016a). Alguns autores, inclusive, classificam os aterros
sanitarios como fontes area “semi-passivas” (LUCERNONI; CAPELLI;
SIRONI, 2016b). Portanto, atualmente ndo existe um método
amplamente aceito para a avaliacdo de odor em aterros sanitarios
(LUCERNONI; CAPELLI; SIRONI, 2016b).

2.15. Métodos de controle de odor

As oportunidades para promover o controle de odor podem ser
categorizadas em trés componentes: fonte, caminho e receptor (DEFRA,
2010; BULL et al., 2014):

i. Uma fonte de emissdo: um meio para o odor entrar na
atmosfera apos ser gerado ou produzido;
ii.  Umcaminho: uma via para o odor ser transportado através do
ar para locais fora da instalacdo emissora;
iii. A presenca de receptores (pessoas) que podem desenvolver
um efeito adverso.

O modelo Fonte-Caminho-Receptor (Source-Pathway-Receptor),
além de categorizar oportunidades para controle de odor, define 0 modelo
de impacto atual amplamente aceito (Figura 2.1).



65

Figura 2.1 — Modelo de impacto Fonte-Caminho-Receptor.

Caminho

Fonte emissora Receptores

Fonte: proprio autor.

Os trés componentes devem estar presentes e conectados no
momento do evento para resultar em exposicdo ao odor. Se essa corrente
for quebrada por qualquer motivo, consequentemente a exposi¢do ndo
ocorrerda e ndo havera impacto do odor (DEFRA, 2010). Portanto, 0s
mecanismos de controle de odor dependem da capacidade de intervir
eficazmente em uma ou mais etapas do modelo Fonte-Caminho-Receptor.

Conforme apresentado, para reduzir a exposicao e, dessa forma, o
impacto, medidas de controle sdo utilizadas para intervir em pelo menos
um dos componentes Fonte-Caminho-Receptor. Por exemplo, uma
mistura de odorantes pode ser emitida a partir de uma chaminé elevada,
aumentando o caminho entre a fonte e o receptor. Isso proporcionard o
aumento da diluicdo e dispersdo a medida em que a pluma de odor é
transportada na atmosfera e se distancia da fonte emissora. Logo, a
concentracao de odor que atingira os receptores sera reduzida e, portanto,
acarretara em reducdo da exposicao. A prevencdo da emissdo ou a atuacao
direta na emissdo continua sendo o método mais direto para alcancar o
controle. Para muitos processos essa estratégia é administrada sem
grandes problemas. No entanto, para fontes difusas e com grandes
dimensfes podem surgir complicacfes significativas, além de ser
oneroso. Influenciar o caminho de dispersdo de odor é habitualmente
realizado por enclausuramento dos processos geradores de odor e
canalizacdo e dispersdo através de chaminé. Impedir que os receptores
sejam expostos a um odor € muito mais dificil e desafiador em locais onde
as pessoas tém acesso ou vivem dentro do alcance do caminho de
exposicdo (DEFRA, 2010; BULL et al.,, 2014). Uma abordagem
interessante para, por exemplo, zoneamento urbano, é a aplicacdo de
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distancias de separacdo. A distancia de separacéo divide a entorno de uma
fonte de odor em 2 areas: (i) uma area que € protegida contra incémodos,
e (i) uma area mais préxima do que a distancia de separacdo, onde a perda
de amenidades publicas pode ser esperada e devera ser tolerada.

Portanto, alternativas de controle de odor conscientes devem visar,
em primeira instancia, a prevencao seja através da eliminagéo, reducéo,
segregacdo. Algumas dessas alternativas sdo exemplificadas a seguir
(DEFRA, 2010):

e Substituicdo de matérias-primas para minimizar a geracao de
emissdes odoriferas;

e Alteracdo do processo de producdo para reduzir a geracédo de
odorantes;

¢ Planejamento territorial urbano para segregar zonas industriais
e residenciais;

e Otimizagdo da dieta de animais para limitar o odor gerado a
partir dos dejetos (e.g. SHARMA et al. (2015)).

De fato, prevenir é melhor do que remediar. Portanto, esta é de
longe a melhor estratégia, caso puder ser implementada. A prevengéo
pode ser mais cara que algumas das técnicas de tratamento, mas
normalmente resulta em melhor controle e operagdo do processo, um
ambiente de trabalho melhorado e outros beneficios de produto (MILLS,
1995).

No entanto, uma vez gerado, o impacto de odores pode ser
reduzido promovendo a diluicdo e dispersdo como, por exemplo,
utilizando chaminés elevadas. Essa medida deve ser entendida como uma
medida adicional e ndo a solucdo para o problema, pois podem existir
padrdes de emissdo a serem respeitados. Por fim, odores podem ser
efetivamente removidos ou tratados utilizando os seguintes métodos
(DEFRA, 2010):

e Fisico: enclausuramento, diluicdo, adsorcdo fisica,
mascaramento;

e Quimico: lavagem (absorcdo), ozonizacdo, fotolise,
incineragdo, fotocatélise;

e Bioldgico: biofiltracéo, biolavadores.

A Tabela 2.3 apresenta um resumo de métodos de controle de odor
aplicaveis a alguns dos processos odoriferos frequentemente encontrados.
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Tabela 2.3 — Comparacdo de métodos de controle de odor.

Fonte de odor Enclausu- Dispersdéo  Adsor¢do  Lavagem  Bio- Lavagem  Oz6ni- Incine- Plasma  Neutra-

ramento por de gases filtracéo biolégica  zacdo & racdo lizacéo
chaminés uv

Tratamento de *kk *x *x *ox wox o = * 5 £

aguas residuarias

IndUstrias Hkk *x wxk * - * ok ; B *

alimenticias e

cozinhas

industriais

Solventes e tintas ~ *** TS ok H * *ke * Hok * *

Criacdo intensiva ~ *** *k *k * *ox * * i} _ *

de animais

Indﬂst”as *kk *kk *%x *kk *kk KKk *%x *% *% ok

quimicas

Armazenamento Hkx *x *okk * * * * * * okk

de liquidos e

derramamentos

Fabricacéo de *kk *% * *% *x * * * * *

racéo animal

* Método mais comum, tipicamente utilizado e estabelecido
** O uso pode estar limitado a escala e processo especifico

*** Raramente utilizado
I B R R R RN R RN RRRRRRRRRRRRRERERRRRRRRRRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRNRNENN]

Fonte: Adaptado de DEFRA (2010).
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Principios, vantagens, desvantagens e custo-eficicia dos métodos
de remoc¢do de odor estdo disponiveis na literatura (MILLS, 1995;
SCHLEGELMILCH; STREESE; STEGMANN, 2005; DEFRA, 2010;
ESTRADA et al., 2011; ESTRADA et al., 2012; CASA, 2015a) .

Destaca-se que os métodos fisico-quimicos foram amplamente
implementados como consequéncia de sua rapida montagem em campo,
tempo de residéncia geralmente baixo e experiéncia e know-how
consolidado na concepcao e operacao. Estas técnicas sdo, habitualmente,
baseadas na transferéncia de odorantes da fase gasosa para uma fase
solida (adsorcéo) ou liquida (absorgéo). Quando ocorre a transferéncia de
fase do poluente, um novo residuo é gerado que necessitara de atengdo.
Além disso, ha a possibilidade de formacdo de subprodutos ainda mais
toxicos que os poluentes originais.

Nas ultimas décadas os sistemas bioldgicos tém sido cada vez mais
utilizados devido a sua capacidade de tratar com eficiéncia emissdes de
odor com baixos custos operacionais. As principais vantagens dos
bioprocessos em relagdo as suas contrapartes fisicas/quimicas derivam da
sua baixa geracéo de residuos secundarios e baixa demanda de recursos,
tais como produtos quimicos ou meios adsorventes. Por outro lado,
usualmente os processos bioldgicos necessitam tempos de residéncia
maiores (ALFONSIN et al., 2015).

A aplicabilidade dos diferentes métodos de tratamento depende
principalmente da composicdo e quantidade (vazdo volumétrica) do
efluente gasoso. A temperatura, umidade e o teor de particulas devem
também ser considerados. A condicdo local especifica podera também
influenciar na aplicabilidade de cada método. Parametros cruciais para a
viabilidade do dimensionamento de um projeto sdo a demanda e
disponibilidade de area de terra e o orcamento financeiro. Quase todo
sistema de tratamento pode ser projetado de maneira superdimensionada
para satisfazer as eficiéncias requeridas. No entanto, a selecdo e
concepcao de processos de tratamento adequados devem ter por objetivo
encontrar um 6timo onde a eficiéncia de tratamento requerida seja
alcangada com a melhor relagdo custo-eficécia possivel, utilizando uma
tecnologia adaptada as condiges especificas (SCHLEGELMILCH,;
STREESE; STEGMANN, 2005).

O trabalho de Talaiekhozani et al. (2016) apresenta uma visédo geral
dos principios de producéo, emissdo e controle de odor nos sistemas de
coleta e tratamento de aguas residuarias. Neste trabalho, duas estratégias
principais para controlar as emissdes de odor deste tipo de fonte sdo
apresentadas: a prevencdo de geragdo de odores e tratamento de
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compostos odoriferos. A prioridade é evitar a producdo de substancias
odoriferas. Varios métodos foram desenvolvidos para prevenir a
producdo de odor, como 0 aumento do potencial de oxidagdo-reducéo;
inibir a atividade de bactérias redutoras de sulfeto; remocao quimica de
H2S; aplicacdo de formaldeido e paraformaldeido para evitar a produgéo
de H;S; utilizacdo de células combustiveis na inibicdo de HS e liberacéo
gradual de oxigénio em fase gasosa usando MgO, ou CaO,. Além de
prevenir compostos odoriferos em ETE, muitos outros métodos foram
introduzidos para remover odorantes presentes nas emissdes, tais como
0s métodos biologicos (e.g. biofiltros, biolavadores, filtros percoladores,
biorreatores de membrana). Existem muitos métodos para eliminar os
compostos causadores de odor, tais como combustdo em altas
temperaturas, combustéo catalitica e adsorcao (TALAIEKHOZANI et al.,
2016).

Diversos métodos para prevenir ou tratar as emissdes de compostos
odoriferos em ETE enfatizam esse processo em um (nico composto
qguimico: o H»S. Novamente, a prioridade estratégica € a prevencdo da
producdo de H,S. Por exemplo, a prevencao do crescimento de bactérias
sulforredutoras é conseguida pela adicdo de doadores de elétrons, tais
como nitrito e nitrato, ou adicionando germicidas ou aumentando o pH do
efluente liquido. Estes sdo os métodos mais importantes para prevenir a
geracgdo de H,S (TALAIEKHOZANI et al., 2016).

A adocdo de Melhores Tecnologias Disponiveis (MTD) para
mitigar emissdes de odor ndo deve ser considerada isoladamente do
potencial de efeitos adversos gerados pela atividade. Da mesma forma, os
guias de boas praticas de industrias ndo devem ser apenas utilizados como
prova de que os efeitos de odores sdo aceitaveis. As MTD devem ser
claramente definidas e se relacionar com métodos e tecnologias
especificas utilizadas para minimizar as emisses de odor. Deve haver
certa flexibilidade para permitir alteracfes, desde que os efeitos
(impactos) permanecam 0s mesmos ou reduzam. Os padres de
desempenho relativos as MTD devem ser requeridos nas condicbes de
licenciamento ambiental, incluindo eficiéncia de remogdo de odor e
especificacdo de operagdes para assegurar que 0s sistemas de engenharia
sejam apropriadamente projetados (MFE, 2003).

Para o tratamento de odor, comumente métodos hibridos ou
combinados sdo utilizados (EA, 2011). Geralmente, uma combinacao de
diferentes métodos de tratamento é vantajosa em termos de remogdo de
poluicdo odorifera (SCHLEGELMILCH; STREESE; STEGMANN,
2005). Por exemplo, tecnologias & base de carvdo ativado podem ser
impregnadas com TiO, aliando adsorcdo com fotocatélise (CHEN et al.,
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2016; SHARMA; LEE, 2016); enclausuramento de fontes de odor
seguido de absorcédo e biofiltracdo; enclausuramento de fontes de odor
seguido de incineracdo térmica ou catalitica aliado a dispersdo por
chaminé elevada; processos biolégicos combinados como biolavadores
seguidos de biofiltros (SCHLEGELMILCH; STREESE; STEGMANN,

2005).

Algumas observacGes de ordem préatica para controle de odor
podem ser listadas a seguir (DEFRA, 2010; SEPA, 2010; EA, 2011):

E tipicamente mais barato e mais eficaz tratar pequenas
quantidades de ar altamente odorifero do que tratar grandes
volumes de ar menos odorifero;

E mais viavel enclausurar fontes de pequenas dimensdes do
que fontes grandes e difusas;

E recomendado utilizar sistemas de pressdo negativa para
evitar vazamento de odor. Se um edificio de processo é
colocado sob pressdo negativa, deve-se considerar primeiro a
salde e a seguranca dos operadores dentro do edificio;

Se uma instalacdo apresenta dois fluxos gasosos odoriferos
com caracteristicas quimicas muito diferentes, ¢
frequentemente mais barato e mais eficaz trata-los
separadamente;

Biofiltros necessitam cuidadosa manutencdo da salde
microbiana para manter a sua eficacia;

Alguns processos contém particulados, e o odor pode estar
associado as particulas. Exemplos incluem alguns processos
farmacéuticos, criacdo intensiva de animais e fabricas de racao
animal. Deste modo, a redugdo de odor pode ser atingida por
filtrac8o ou absorgdo. Determinados equipamentos de controle
de odor carecerdo de controle preliminar de particulas;

O tratamento quimico de odor pode ser eficaz em lugares
confinados, onde ha tempo suficiente para a mistura ocorrer.
No ar ambiente eles sdo menos eficazes, pois ha um controle
limitado sobre a mistura;

A maioria dos produtos comercializados para “neutralizagdo”
de odor inclui alguma forma de "perfume™ ou odor artificial
(geralmente de origem vegetal — 6leos essenciais), de tal modo
que existe risco de que, se forem utilizados a uma
concentracdo demasiada elevada efou na proximidade
imediata de receptores, 0s proprios produtos poderdo causar
incomodos olfativos. H& pouca evidéncia concreta para
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demonstrar a eficacia desses produtos e sistemas, mas ha
relatos anedoticos de muitos operadores de instalagdes que
eles ajudam a controlar o impacto de odor, especialmente em
industrias que lidam com residuos organicos (e.g. usinas de
compostagem).

Face ao exposto, 0s pontos chave a respeito das tecnologias de
controle de odor podem ser sumarizados da seguinte forma (DEFRA,
2010):

e Prioridades na mitigacdo de impacto do odor:

i.  Evitar a formacdo de odorantes na fonte, dentro do
processo;

ii. Evitar o lancamento de gases odoriferos para a
atmosfera através de enclausuramento e controle de
odor na fonte;

iii.  Prevencdo ou controle do transporte de odorantes
provenientes da fonte e que atingem receptores, e.g.
dispersdo através de chaminés;

iv.  Influenciar o cardter ou concentracdo de odor para
reduzir a percepcdo de odores como um impacto nos
receptores, i.e., tecnologias de fim de tubo (tratamento).

e Quando os passos (i) e (ii) ndo sdo vidveis ou ndo atendem ao
esperado, logo otimizar a altura de chaminés deve ser uma das
primeiras decisdes de projeto na elaboracéo de especificacdes
de desempenho de controle de odor;

e Os planos de gestdo de odor (também chamados de planos de
mitigacdo de odor) devem ser elaborados pelos responséaveis
pelas fontes de odor. Os requisitos minimos devem ser a
identificacdo das responsabilidades de gestdo para controlar as
emissdes de odor, uma rotina para verificacfes periddicas de
equipamento de controle de odor e planos de contingéncia para
falhas e manutencdo dos equipamentos de controle;

e Os responsaveis pelas fontes de odor e 6rgdos ambientais
devem estar cientes de que sistemas de controle de odor
raramente fornecem controle total.
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2.16. Exposicdo

Anteriormente a ocorréncia de um efeito adverso deve haver,
obviamente, exposi¢do ao odor (BULL et al., 2014). A sequéncia de
eventos relacionados a exposicdo podem ser definidas em 4 etapas
(GOSTELOW; PARSONS; LOVELL, 2004):

i.  Geracdo de gases odorantes na fonte;
ii.  Emissdo atmosférica a partir da fonte de odor;
iii.  Transporte e dispersdo na atmosfera;
iv.  Percepcdo e avaliagdo/julgamento do odor pelos
receptores.

Da mesma forma, 0s processos que comegam com a emissdo de
odor a partir de uma fonte e terminam em queixas sdo resumidos por
PULLEN; VAWDA (2007) como:

e Estimativa da taxa de emisséo de odor;

e Modelagem de dispersdo para estimar a exposic¢do odorante;
Correlagdo da exposicdo prevista com o grau esperado de
incobmodo;

e Correlagdo com comportamentos de enfrentamento negativos
(incbmodo e queixa).

Fatores que contribuem para dificuldades no estabelecimento de
ferramentas  preditivas robustas para avaliagho de novos
empreendimentos surgem em todos os estagios do modelo de impacto
Fonte-Caminho-Receptor (BRANCHER et al., 2017). Conforme visto
anteriormente, para uma exposicao de odor ocorrer, os trés elos da cadeia
Fonte-Caminho-Receptor devem estar presentes e associados (BULL et
al., 2014).

O processo envolvido desde a formacdo do odor até o
estabelecimento de queixas em individuos expostos é complexo,
envolvendo varias etapas e fatores (VAN HARREVELD, 2001),
conforme apresentado na Figura 2.2. Para algumas situagGes é importante
conhecer as diferencas técnicas entre os termos aborrecimento (do inglés,
annoyance) e incdmodo (do inglés, nuisance). Aborrecimento representa
o efeito adverso que ocorre a partir de uma exposicdo imediata; j& o termo
incomodo é o efeito adverso causado cumulativamente, por repetidos
eventos de aborrecimento (VAN HARREVELD, 2001).
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Figura 2.2 — Da geracdo do odor & queixa.
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2.17. Modelagem de dispersdo de odor

Os modelos computacionais apresentam capacidade proeminente
no processo de tomada de decisdo ambiental porque seu valor
declaradamente supera suas imperfeicdes inerentes. A natureza imperfeita
da modelagem significa que os modelos sempre terdo o potencial de
melhoria através da integragdo de novos entendimentos cientificos e
dados de entrada. No entanto, é certo que nenhum avancgo na ciéncia, ndo
importa o quao grande, tornara possivel construir um modelo perfeito que
ird se provar correto em absolutamente todos os aspectos.

Um modelo completo e complexo ndo é necessariamente a melhor
alternativa principalmente para elaboracéo de politicas publicas, caso dos
odores ambientais. Um bom modelo é aquele que alcanga o adequado
equilibrio entre simplicidade e complexidade para abordar o problema em
questao.

O uso de modelos matematicos para prever concentracfes de odor
em ar ambiente no entorno de uma fonte emissora é a ferramenta mais
comumente aplicada em estudos de odor (NICELL, 2009). Atualmente, a
maioria das regulamentacgdes de odor em todo 0 mundo séo definidas com
base na aplicagdo da modelagem de disperséo para avaliagdo de impacto
(CAPELLLI et al., 2013). Modelos de dispersdo podem consumir menos
tempo e recursos financeiros do que medigBes de odores em campo
(RANZATO et al., 2012).

Diferentes tipos de modelos podem ser utilizados para simular a
dispersdo de poluentes na atmosfera. Em geral, os modelos mais
comumente aplicados para fins de modelagem de dispersdo de emissdes
de odor sdo os de pluma de gaussiana (e.g. AERMOD) e de puffs
gaussianos (e.g. CALPUFF) (CAPELLI et al., 2013). Outro programa de
computador utilizado para simular a dispersdo de odor é o modelo de
dispersdo Lagrangeano de rastreamento de particulas AUSTAL2000
(VDI 3945 PART 3, 2001). O AUSTALZ2000 é o modelo regulatério
alemdo previsto no Anexo 3 da InstrugBes Técnicas sobre Qualidade do
Ar (TA-Luft, Technical Instructions on Air Quality) (TA-LUFT, 2002).
Maiores detalhes dos modelos de dispersdo regulatérios utilizados em
diversas jurisdicbes sdo fornecidos no Capitulo 3. Adianta-se que em
algumas jurisdi¢bes o uso de um modelo de dispersdo especifico néo é
obrigatdrio. Neste caso, 0 modelo selecionado para as avaliages deve ser
justificado caso a caso (BRANCHER et al., 2017).

A aplicagdo da modelagem de dispersdo de odor pode fornecer
resultados mais confidveis e acurados quando (BULL et al., 2014):
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As fontes de odor sdo claramente identificaveis;

Quando as caracteristicas fisicas (dimensfes) e de emissédo
(temperatura do fluxo gasoso e velocidade do ar) da fonte estdo
claramente definidas;

As taxas de emissdo de odor podem ser razoavelmente
determinadas;

As taxas de emissdo de odor ndo estdo sujeitas a grandes
variacoes;

A area ndo tem outras fontes de odor relevantes que podem ser
dificeis de modelar;

O dominio de modelagem é adequado para a modelagem de
dispersdo, ou seja, ndo ha extremos de altura do terreno, dados
meteoroldgicos apropriados estdo disponiveis, ndo ha
caracteristicas locais que significariam resultados de
modelagem de dispersao ndo confiaveis.

Especificamente com relagdo a modelagem de disperséo de odor,
por exemplo, o Guia de Boas Préticas para Avaliacdo e Gestdo de Odor
da Nova Zeléndia (MFE, 2003) aconselha:

N&o usar modelagem de disperséo de odor para tentar provar
a auséncia de um efeito adverso quando dados da comunidade
podem ser coletados, ou estdo disponiveis para demonstrar o
nivel atual de efeito;

Utilizar preferencialmente a modelagem de disperséo de odor
para novas atividades em que o efeito predominante de odor é
devido a descargas normais do processo que sdo continuas ou
semi-continuas e estdo disponiveis taxas de emissao de odor
confiaveis.

Isso reconhece a dependéncia de séries temporais de concentragfes
de poluentes calculadas utilizando modelagem em dados de emisséo
robustos. Além disso, distingue a forca de dados dose-resposta em
comparacgao com previsdes de modelagem. No entanto, no Reino Unido,
por exemplo, a modelagem de dispersdo de odor é frequentemente
aplicada em casos que ndo atendem a esses critérios rigorosos (PULLEN;
VAWDA, 2007). Os elementos comentados realgam primariamente a
parte técnica de estudos de avaliacdo de odor. Destaca-se que na pratica
estudos de campo geralmente demandam mais tempo que estudos de
modelagem, além de serem mais onerosos.
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Os modelos, por sua vez, podem ser aplicados basicamente de
quatro maneiras distintas em avalia¢cbes de odor (SHERIDAN et al.,
2004):

e Avaliar conformidade de um novo empreendimento ou
instalacédo existente em relacdo a um determinado CIO;

e Correlacionar os resultados de modelagem de dispersdo de
odor com queixas (calibracdo de modelos);

e Hierarquizacéao de fontes de odor;

e Em um modo "reverso", para estimar as emissdes de odor
maximas que podem ser permitidas a partir de um local, a fim
de prevenir queixas.

Para a aplicacdo de um modelo de dispersdo atmosférica
tipicamente sdo necessarios trés tipos diferentes de dados de entrada:
dados meteoroldgicos, topograficos e de emissdo. Informacdo extensa e
detalhada sobre tais dados pode ser encontrada na literatura (DEC (2005);
LEDUC, 2005; SAEPA (2007); OMOE (2009); EPA IRELAND (2010);
CAPELLI et al., 2013). Além disso, mais informagdes sobre modelagem
de dispersdo de poluentes atmosféricos e razdo de pico/média sao
apresentados no Capitulo 3 e néo serdo aqui detalhados.

A seguir um procedimento que pode ser Util para casos praticos de
gestdo de odor envolvendo a agdo combinada de caracterizagdo de
emissbes de odor e modelagem de dispersdo é apresentado.

Caracterizacdo de fontes e modelagem de dispersdo para
avaliacdo de impacto de odor

A olfatometria e modelagem de dispersdo podem ser utilizadas
para identificar, caracterizar, priorizar e hierarquizar fontes emissoras de
odor. A elaboracgdo de um diagndstico e estudo de impacto ambiental, por
sua vez, permitem avaliar, especificar e testar medidas de controle. Essas
metodologias podem ser especialmente Uteis de serem aplicadas em
instalaces com indmeras fontes de odor. Uma abordagem tipica
envolvendo olfatometria e modelagem de dispersdo que poderia ser
adotada para quantificar emissdes e hierarquizar fontes de odor € listada
a seguir (DEFRA, 2010):

e Em locais com grande ndmero de instalagBes emissoras de
odores podem ocorrer conflitos sobre a responsabilidade dos
incomodos. Relacionar resultados de queixas com o carater
odorante pode fornecer indicativos da fonte de odor.
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Alternativamente, a coleta de amostras (em sacos de
amostragem) para apresentacdo aos individuos expostos pode
ser utilizada para identificacdo da fonte emissora;

e Identificar as partes mais odoriferas da instalacdo através de
amostragem e andlise olfatométrica;

Comparar as concentrac@es de odor das fontes emissoras;

e Calcular as taxas de emissdo de odor das fontes emissoras
através da multiplicacdo da concentracdo de odor pela vazédo
volumétrica;

e Hierarquizar as fontes emissoras através das taxas de emissao
de odor;

e Utilizar modelagem de dispersdo atmosférica para avaliar o
impacto sobre os receptores. Os resultados podem ser
comparados com CIO, por exemplo, 1 UO m~ em ndo mais
que 2% do tempo (percentil 98);

e Realizar rodadas de modelagem screening? para avaliar a
viabilidade de possiveis solucfes. Esse tipo de analise fornece
respostas rapidas e de baixo custo para perguntas "e se...";

e Realizar modelagens de dispersdo completas para demonstrar
a eficacia da solugdo proposta(s). Os resultados devem ser
comparados com o cenario originalmente modelado para
demonstrar as melhorias potenciais;

e Determinar especificacbes de desempenho para alteragdes de
processo ou outras melhorias. A modelagem, se bem aplicada,
devera fornecer uma base solida para a revisdo de altura de
chaminés, velocidades de saida dos gases e eficiéncia de
equipamentos de controle. Analises fisico-quimicas (e.g. CG-
EM) dos compostos quimicos presentes na mistura gasosa
podem também ser (teis;

e Definir limites de taxa de emissdo de odor para fontes
individuais de forma a estabelecer conformidade com os
requisitos internos de melhoria e legislages;

2 Um estudo de modelagem de dispersao pode ser conduzido em diferentes niveis de
sofisticagdo. O método screening é aplicado para condi¢cdes meteoroldgicas particulares e por
isso pode ndo ser representativo da meteorologia local. Modelagens screening podem ser
utilizadas para simular preliminarmente condi¢@es e cendrios criticos de dispersdo de poluentes,
além de testar alternativas de reducéo de impacto na qualidade do ar de cendrios previamente
modelados.
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e Realizar novas medicbes (monitoramento) para confirmar a
eficiéncia das alteracdes promovidas, tanto inicialmente como
depois periodicamente.

2.18.  Visdo geral do sistema de modelagem AERMOD

Neste topico a descricdo geral do sistema de modelagem
AERMOD ¢ apresenta porque ele foi utilizado como ferramenta para o
desenvolvimento do Capitulo 4. Em fevereiro de 1991, a Agéncia de
Protecdo Ambiental Norte-americana (U.S. EPA) em conjunto com a
Sociedade Americana de Meteorologia (AMS), formaram o grupo de
trabalho AMS/EPA Regulatory Model Improvement Committee
(AERMIC) com o objetivo de incorporar avangos cientificos da década
de 1970 e 1980 em um modelo de dispersdo atmosférica state-of-the-art
para aplicacbes regulatdrias. Para aprimorar as parametrizacdes da
camada limite planetaria (CLP), outras preocupagdes, como a interacao
da pluma com o terreno, emissfes de fontes superficiais, decaimento da
pluma devido a presenca de obstaculos, e a dispersdo em ambiente
urbano, foram investigados. Tais esfor¢os resultaram no sistema de
modelagem conhecido como AERMIC Model, ou melhor, AERMOD
(CIMORELLI et al., 2005).

Uma descri¢do abrangente da formulacéo basica do modelo de
dispersdo AERMOD ¢ apresentada em USEPA, 2016a. Inclui-se: 1) uma
descricdo completa dos algoritmos do AERMET que fornecem
pardmetros quantitativos horérios da CLP; 2) a forma geral da equag&o de
concentragcdo com ajustes para o terreno; 3) algoritmos de elevacéo de
pluma e dispersdo apropriados para as camadas limites convectivas e
estaveis; 4) tratamento da falta de homogeneidade da camada limite; 5)
algoritmos para o desenvolvimento de perfis verticais dos parametros
meteorol6gicos necessarios; 6) um tratamento da CLP em ambiente
urbano noturno; 7) tratamento do efeito de decaimento da pluma devido
a obstaculos, building downwash, (incorporacdo do PRIME); e 8)
aumento da disperséo lateral devido ao serpenteamento da pluma, plume
meander.

Mais conceitos e informag6es sobre modelagem de disperséo e os
principais modelos utilizados até esta data, além de conceitos de
turbuléncia, podem ser encontrados em Hoinaski, 2015. No trabalho de
Hoinaski, 2015 também sdo apresentados mais detalhes sobre
coeficientes de dispersdo em modelos analiticos e limitagdes dos modelos
na estimativa de concentragdes em tempo de média na ordem de
segundos.
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AERMOD

O AERMOD ¢ um modelo estacionario de pluma gaussiana na
medida em que assume que as concentragdes previstas em todas as
distancias durante uma hora modelada sdo regidas pela meteorologia
média da hora. O pressuposto de estado estacionario produz resultados
Uteis porque as estatisticas da distribuicdo da concentracgao sdo a principal
preocupacdo ao invés de concentracBes especificas em determinados
tempos e locais (USEPA, 2016a). O AERMOD ¢ uma atualizagéo do
modelo Industrial Source Complex (ISC3) proposto pela U.S. EPA para
avaliar o impacto de fontes industriais na qualidade do ar. A abordagem
Gaussiana é baseada em uma equacao geral que descreve um campo de
concentracdes tridimensional (CIMORELLI et al., 2004):

) —y2 _(z-H)y _(z+Hy
C“vyv“_uzmyaz exp[ > ZJ[exp[ 200 ]+aexp( 2.2 D (2.4)

y

Onde x é a distancia horizontal a fonte emissora; y distancia
horizontal perpendicular ao eixo central da pluma; z altura em relacéo ao
solo; C (x y, 2 concentracdo do poluente a sotavento da fonte, no ponto X,
Y, Z; Qs vazdo massica de emissdo de poluente; u velocidade média do
vento na direcdo do escoamento; H altura efetiva da chaminé; o
coeficiente de reflexdo; oy e o, coeficientes de dispersdo lateral e vertical
em relacdo ao eixo central da pluma, respectivamente. A deducdo
matematica da Equacdo 2.4 pode ser encontrada em Souza (2014).

Na camada limite estavel (stable boundary layer, SBL), o modelo
assume que a distribuicdo da concentracdo seja Gaussiana tanto na
vertical quanto na horizontal. Na camada limite convectiva (convective
boundary layer, CBL), a distribui¢do horizontal também é considerada
Gaussiana. No entanto, a distribuicéo vertical é descrita com uma fungéo
de densidade de probabilidade bi-gaussiana. O AERMOD pode estimar
concentracBes horérias, diarias, mensais e/ou anuais de poluentes em ar
ambiente. O modelo oferece a possibilidade de simular a dispersao de
diferentes tipologias de fontes emissoras em diversas configuracdes,
como dispersdo em ambiente rural e urbano, e terreno plano e complexo
(USEPA, 2016a). Usando uma abordagem relativamente simples, o
AERMOD incorpora conceitos atuais sobre fluxo e dispersdo em terrenos
complexos. Quando apropriado, a pluma é modelada como impactando
e/ou seguindo o terreno (USEPA, 2016a).
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O AERMOD é concebido para funcionar com um minimo de
parametros meteorolégicos observados. O modelo requer como entradas
medicBes de velocidade do vento, direcdo do vento e temperatura
ambiente, além de cobertura de nuvem. No entanto, se a cobertura da
nuvem nao estiver disponivel, duas medi¢Bes verticais de temperatura
(tipicamente em 2 m e 10 m da superficie) e medicdo da radiacdo solar
podem ser utilizadas para estimar a cobertura de nuvem. Sondagens da
atmosfera (upper air data) sdo necessérias para calcular a altura da
camada de mistura (convective mixing height) ao longo do dia. Para
caracterizacdo da CLP, perfis verticais de varidaveis meteoroldgicas
requeridas com base em medigBes e extrapolacGes dessas medigdes
utilizando relacGes de similaridade (escala) sdo construidos. Os perfis
verticais da velocidade do vento, dire¢do do vento, turbuléncia,
temperatura e gradiente de temperatura sdo estimados usando todas as
observagfes meteoroldgicas disponiveis (USEPA, 2016a).

O AERMOD ¢ um modelo integrado. O sistema de modelagem
consiste em uma estrutura modular de dois pré-processadores e 0 modelo
de dispersdo. O pré-processador meteorolégico (AERMET) abastece o
AERMOD com informagbes meteoroldgicas que ele precisa para
caracterizar a CLP. O pré-processador de terreno (AERMAP) caracteriza
0 terreno e gera redes de receptores para 0 modelo de dispersdao
(AERMOD).

AERMET

O AERMET usa dados meteorologicos e caracteristicas de
superficie para calcular os parametros da camada limite (e.g. altura de
mistura, velocidade de friccdo). Estes dados, quer sejam medidos fora do
local ou no local da fonte, devem ser representativos da meteorologia no
dominio da modelagem (USEPA, 2016c). Mais especificamente, as
caracteristicas da superficie (comprimento de rugosidade superficial,
albedo e razdo de Bowen?), além de observacoes meteorolégicas minimas

% O comprimento de rugosidade esta relacionado a altura dos obstaculos
ao fluxo do vento e é, por definicdo, a altura em que a velocidade média do vento
horizontal é zero com base em um perfil logaritmico. O tamanho da rugosidade
de superficie influencia o esforco de cisalhamento superficial e é um fator
importante na determinacdo da magnitude da turbuléncia mecénica e da
estabilidade da camada limite. O albedo é a fragdo da radiacdo solar incidente
total refletida pela superficie de volta ao espago sem absorgéo. A razdo de Bowen
durante o dia, trabalha como um indicador de umidade superficial, sendo a razdo
entre calor sensivel e o calor latente. A razdo de Bowen é usada para determinar
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(velocidade do vento, direcdo do vento, temperatura e cobertura de
nuvem), sdo inseridas no AERMET que calcula os parametros da CLP:
velocidade de friccdo, comprimento de Obukhov, escala de velocidade
convectiva, temperatura potencial, altura de mistura e fluxo de calor
sensivel na superficie.

Um conjunto de rotinas dentro do AERMOD utiliza relages de
similaridade com os parametros da camada limite, os dados
meteoroldgicos observados e outras informacGes especificas do local de
estudo fornecidas pelo AERMET para calcular perfis verticais de:
1) direcdo do vento, 2) velocidade do vento, 3) temperatura potencial, 4)
gradiente de temperatura potencial, 5) turbuléncia vertical e 6) turbuléncia
lateral (USEPA, 2016c).

O AERMOD, diferentemente de outros modelos que utilizam
classes de estabilidade atmosférica, utiliza a teoria da similaridade de
Monin-Obukhov na parametrizacdo da estabilidade atmosférica. A teoria
da similaridade de Monin-Obukhov €é atualmente a U(nica teoria
universalmente aceita para a determinacdo dos perfis verticais do
escoamento médio dentro da camada superficial (TEMEL; VAN BEECK,
2017).

O parametro-chave utilizado para estimar a estabilidade
atmosférica é conhecido como comprimento de Obukhov (L). O
pardmetro foi descrito pela primeira vez por Alexander M. Obukhov em
1946 e, segundo algumas literaturas, ndo deve ser chamado de
comprimento Monin-Obukhov. O comprimento de Obukhov foi utilizado
como base para a derivacdo da teoria da similaridade de Monin-Obukhov
em 1954 (FOKEN, 2006). O valor de L é calculado da seguinte forma:

L= — p. CP . Tref' u*3 (25)
k.g.H
Onde H ¢ o fluxo de calor sensivel (proveniente de um balango de
energia de radiagéo e das propriedades da superficie), k constante de von
Karman, g aceleracdo da gravidade, Trs temperatura do ar representativa
da superficie, p densidade do ar e C, calor especifico do ar a pressdo
constante; u- velocidade de friccdo calculada através do perfil de

parametros da CLP para condigcfes convectivas conduzidas pelo fluxo de calor
sensivel & superficie.
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cisalhamento vertical (flutuacGes verticais e horizontais da velocidade do
vento).

O L informa a razdo entre geracdo de turbuléncia por meios
mecanicos (cisalhamento do vento) e convectivos (fluxo de calor na
superficie). Consequentemente, um valor de L negativo, atmosfera
instavel, indica que as forcas de empuxo se sobressaem as mecanicas
(HOINASKI, 2015). Durante o dia, especialmente em dias ensolarados e
sem nuvens, o fluxo de calor H é alto. As massas de ar proximas a
superficie agquecem-se rapidamente ocasionando um fluxo de ar
ascendente quente (mais leve) e um descendente de ar frio (mais pesado),
gue ocupa o lugar do ar que subiu. Isso significa que ha predominancia
de efeitos convectivos, o que caracteriza uma atmosfera instavel. A
medida que o fluxo de calor diminui, os efeitos mecéanicos passam a
predominar, i.e. a velocidade de friccéo torna-se a grandeza predominante
no calculo de L (SOUZA, 2014). A noite, 0 processo inverso é observado,
o fluxo de calor H é negativo pois a terra agora libera a energia que
absorveu durante o dia para a superficie, e o valor de L na Equacéo 2.5 se
torna positivo, 0 que caracteriza atmosfera estavel. Em outras palavras,
guando o gradiente de temperatura normal para a superficie é negativo, o
fluxo de calor da superficie torna-se positivo e o termo de
producdo/destruicdo de flutuacdo (empuxo) dentro da equacdo de
transporte atua como fonte de turbuléncia: a CLP ¢ instavel. Quando o
fluxo de calor da superficie é negativo, a turbuléncia esta sendo
amortecida pela flutuabilidade negativa: a CLP torna-se estavel (TEMEL,;
VAN BEECK, 2017). Em suma, tipicamente, L é positivo para atmosfera
estavel e negativo para atmosfera instavel, e tende a se tornar infinito em
atmosfera neutra.

AERMAP

O AERMAP usa dados de terreno por gradeamento para a area de
modelagem para calcular uma altura representativa de influéncia do
terreno associada a cada local receptor. O pré-processador de terreno
também pode ser usado para calcular elevacdes tanto para receptores
discretos como para redes de receptores. Geralmente, em fluxos estaveis,
desenvolve-se uma estrutura de duas camadas em que a camada inferior
permanece horizontal enquanto a camada superior tende a subir sobre o
terreno. Essas camadas sdo distinguidas, conceitualmente, pela dividing
streamline. Em condi¢Bes neutras e instaveis, a camada inferior
desaparece e todo o fluxo (com a pluma) tende a subir ao longo do terreno.
Esta abordagem foi concebida para ser fisicamente realista e simples de
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implementar, onde o terreno é manuseado de forma consistente e
continua. O AERMAP calcula uma altura representativa de influéncia do
terreno, também conhecida como a escala de altura do terreno (terrain
height scale). A escala de altura do terreno (hc), que é definida de forma
exclusiva para cada receptor, € usada para calcular a dividing streamline
height (Hc) (USEPA, 2016b).

Os dados de grade necessarios para 0 AERMAP séo selecionados
a partir dos dados de um modelo digital de elevacdo (DEM). O AERMAP
também é usado para criar grades receptoras. A elevacdo para cada
receptor especificado é automaticamente atribuida através do AERMAP.
Para cada receptor, 0 AERMAP passa as seguintes informagdes para o
AERMOD: a localizacéo do receptor, a altura acima do nivel médio do
mar e a dividing streamline height Hc especifica do receptor.
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Nota ao leitor

As normas do PPGEA e UFSC ndo incluem um ndimero maximo
de péginas para Teses e Disserta¢cdes. No entanto, o tdpico que aborda as
legislacGes de odor ndo é aqui apresentado em sua totalidade devido ao
seu tamanho significativamente longo.

Caso o leitor sinta a necessidade de compreender a sintese das
jurisdicdes dos 28 paises selecionados, recomenda-se a leitura de
“6. Odour regulations” disponivel em Brancher et al. (2017). As demais
SecOes e referéncias bibliograficas, no entanto, sdo preservadas neste
Capitulo.

Ajustes de texto foram realizadas em relacdo ao artigo original
apenas para aumentar a precisao da escrita cientifica sem, no entanto,
alterar o contetido e elementos utilizados nas anélises.

Note to the reader

The PPGEA and UFSC guidelines do not include a maximum
number of pages for Theses and Dissertations. However, the section
dealing with odour legislations is not presented herein all together
because of its significantly long length.

If the reader feels the need to understand the synthesis of the
jurisdictions of the selected 28 countries, it is recommended the reading
of “6. Odour regulations” available in Brancher et al. (2017). Other
Sections and the bibliographical references, however, are preserved in
this Chapter.

Text adjustments were performed relative to the original article
only to increase the accuracy of scientific writing without, however,
changing the content and elements used in the analyzes.
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Resumo em portugués

Exposicdo a odor ambiental pode resultar em aborrecimento, efeitos na
salde e depreciacdo de valores de propriedades. Portanto, muitas
jurisdicdes classificam odor como um poluente atmosférico e
regulamentam as emissdes e/ou 0s impactos das atividades geradoras de
odor em nivel nacional, estadual ou municipal. Neste trabalho, uma
revisdo de legislacdes de odor em jurisdicGes selecionadas de 28 paises €
apresentada. As abordagens individuais foram identificadas como:
comparar concentracdo de odor em ar ambiente e as estatisticas de
compostos quimicos individuais com critérios de impacto (padrdo de
impacto maximo); usar distancias de separacéo fixas e variaveis (padréo
de distancia de separacdo); taxa de emissdo maxima para misturas de
odorantes e de espécies quimicas individuais (padrdo de emissao
maximo); ndmero de queixas recebidas ou nivel de incdmodo
determinado através de enquetes comunitarias (padrdo de incobmodo
maximo); e exigir o uso de melhores tecnologias disponiveis (MTD) para
minimizar as emissdes de odor (padrdo tecnoldgico). A comparagdo de
estatisticas de concentracdo de odor previstas por um modelo de dispersao
com os critérios de impacto de odor (CIO) ¢ identificada como uma das
ferramentas mais utilizadas para avaliar o risco de impactos de odores em
avaliacBes de planejamento e também é usada para tomar decisdo em
avaliacio de impacto de odor de instalagBes existentes. Enfase é dada na
sintese de CIO (concentracdo de odor e percentil) e a forma como eles sdo
aplicados. A maneira pela qual picos de odor de curto prazo sdo utilizados
para modelar os efeitos de tempo de média (peak-to-mean) também é
capturada. Além disso, os fundamentos das propriedades odorantes,
dimensoes de odores ofensivos, métodos de amostragem e analise de odor
e orientagdo de modelagem de dispersdo sdo fornecidos. Elementos
comuns de estruturas regulatérias de odor maduras e eficazes sdo
identificados e uma estratégia integrada multi-ferramenta é recomendada.

Palavras-chave: Poluicdo do ar; Regulamentagdo; Odor; Critérios;
Modelagem de dispers&o.
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Abstract

Exposure to environmental odour can result in annoyance, health effects
and depreciation of property values. Therefore, many jurisdictions
classify odour as an atmospheric pollutant and regulate emissions and/or
impacts from odour generating activities at a national, state or municipal
level. In this work, a critical review of odour regulations in selected
jurisdictions of 28 countries is presented. Individual approaches were
identified as: comparing ambient air odour concentration and individual
chemicals statistics against impact criteria (maximum impact standard);
using fixed and variable separation distances (separation distance
standard); maximum emission rate for mixtures of odorants and
individual chemical species (maximum emission standard); number of
complaints received or annoyance level determined via community
surveys (maximum annoyance standard); and requiring use of best
available technologies (BAT) to minimize odour emissions (technology
standard). The comparison of model-predicted odour concentration
statistics against odour impact criteria (OIC) is identified as one of the
most common tools used by regulators to evaluate the risk of odour
impacts in planning stage assessments and is also used to inform
assessment of odour impacts of existing facilities. Special emphasis is
given to summarizing OIC (concentration percentile and threshold) and
the manner in which they are applied. The way short term odour peak to
model time-step mean (peak-to-mean) effects is also captured.
Furthermore, the fundamentals of odorant properties, dimensions of
nuisance odour, odour sampling and analysis methods and dispersion
modelling guidance are provided. Common elements of mature and
effective odour regulation frameworks are identified and an integrated
multi-tool strategy is recommended.

Keywords: Air pollution; Regulation; Odour; Criteria; Dispersion
modelling.
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Highlights
e  Odour regulations from 28 countries are reviewed.
e Worldwide, odours are regulated by different approaches.

e Limits of odour concentration in ambient air differ substantially
among jurisdictions.

e The international regulatory framework on odour impact criteria
calculated by dispersion models is summarized.

e An integrated multi-tool strategy for odour impact assessment is
recommended.

Graphical abstract
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3.1. Introduction

Odour can be defined as a sensation resulting from the interaction
of volatile chemical species inhaled through the nose, including sulfur
compounds (e.g. sulfides, mercaptans), nitrogen compounds (e.g.
ammonia, amines) and volatile organic compounds (e.g. esters, acids,
aldehydes, ketones, alcohols) (Leonardos et al., 1969). Environmental
odours from the anthropogenic origin are usually emitted from industrial
and agricultural activities, including wastewater treatment plants
(WWTP), food industry, rendering plants, landfills, livestock buildings,
foundries, petrochemical parks, slaughterhouses, paper and pulp
facilities, composting activities. After emission, odorous gases have the
potential to interact with receptors generally in a negative fashion. This
impact often results in complaints to authorities and, therefore, the
regulation of odour pollution is essential to address conflicts. Complaints,
in turn, arise from annoyances, adverse effects on human health and price
depreciation of properties.

Miscellaneous approaches are used internationally within odour
regulatory systems, with methods and tools for management and control
supported by ambient air odour concentration and individual chemicals
(maximum impact standard); fixed and variable separation distances
(separation distance standard); maximum emission rate for odours and
individual chemicals (maximum emission standard); number of
complaints or annoyance level (maximum annoyance standard); best
available technologies — BAT (technology standard). Jurisdictions which
did not promulgate regulations with standardized odour methodologies
and objective criteria commonly use the principles of Nuisance Law to
fundament the management of odour episodes. Therefore, in this work,
we recognized 5 different approaches used by the jurisdictions for odour
assessment and consequently to regulate on environmental odour.

One of the impact assessment techniques most commonly applied
use odour emission rates, given by the odour concentration multiplied by
the volume flow rate of the source, and simulation of topographic and
meteorological data of the site to estimate the odour dilution in the
surrounding environment by using dispersion modelling. This technique
enables prediction of the distance that is likely to be reached by the plume
from the emission source and the ambient air odour concentrations at the
receptors (i.e. immission limits). Once the odour concentrations statistics
are calculated, these are compared against a jurisdictional immission
standard, called odour impact criteria (OIC), to define compliance
(Needham and Freeman, 2009). In this paper, OIC include limits formed
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by three components: odour concentration threshold, percentile
compliance level and the averaging time used to calculate concentrations
by means of atmospheric dispersion models. Within a generalist view, the
odour concentration threshold and the percentile compliance level of this
concentration (i.e. percentile) are usually the two components of OIC
(Sommer-Quabach et al., 2014). Hourly mean concentrations simulated
by dispersion models can mask peak odour episodes because the odour
sensation of the human nose occurs in seconds. Therefore, short-time
peak concentrations, derived from one-hour mean values, can also be
incorporated into odour limits (Schauberger et al., 2012a).

Dispersion models typically calculate odour concentrations at each
receptor point of interest within the modelling domain. If a percentile
compliance level of 99.5 (99.5% of the time) is required — considering an
hourly meteorological dataset over a year —, 8760 concentrations in
ambient air for each receptor are calculated. This means that the 44
highest 1-h odour concentrations exceeding the specified concentration
threshold are allowed. Consequently, the odour impacts of these
exceedances must be tolerated in this period (Brancher et al., 2016).

The FIDOL factors or dimensions of nuisance odour provide a
commonly accepted basis for the development of jurisdictional criteria of
environmental odours (Griffiths, 2014). This acronym stands for
frequency (F), intensity (1), duration (D), offensiveness (O), and location
(L) (Freeman and Cudmore, 2002; Watts and Sweeten, 1995). When it
comes to odours, the technical differences between annoyance and
nuisance need to be clarified. Annoyance is the adverse effect occurring
from an immediate exposure; and nuisance is the adverse effect caused
cumulatively, due to repeated events of annoyance typically over an
extended period (Van Harreveld, 2001). These terms, together with
disamenity, are sometimes used as synonyms.

The benefits of implementing objective and scientifically
supported quantitative air quality standards that adequately protect the
population from odour impacts are widely acknowledged. Such criteria,
established by regulations, provide to the public an understanding of the
degree of protection against odours as society increasingly demands
transparent and uniform environmental regulations. Furthermore,
numerical guidelines with which success in preventing or mitigating
odour episodes could be effectively measured by those responsible for the
odour sources. In some instances, calibration of these numerical
guidelines might be undertaken by those industry sectors associated with
odour generating activities. The industry and livestock sectors necessitate
a predictable and clear set of performance criteria, to be able to plan
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investments in environmental management. Specially, the adoption of
objective limits shifts the emphasis from pollution removal to pollution
prevention (Nicell, 2009; Van Harreveld, 2003).

The aim of this work is to provide a comprehensive and critical
review of the odour policy in 28 selected countries throughout the world.
Five main approaches to assess odour impact risk within the odour
regulations reviewed were identified. Efforts were placed to summarize
the OIC categorized by the maximum impact standard approach. In this
regard, the OIC set by the regulations to protect the public from olfactory
nuisances were analysed and compared according to the targeted level of
protection. However, the review of each jurisdiction’s legislation
contemplates more topics, such as the requirement of BAT, consideration
of separation distances, use of different odour concentration units and
other pertinent aspects. Additionally, an integrated multi-tool strategy that
covers all the 5 identified approaches used within current regulatory
frameworks is recommended. This integrated strategy can assist the
development of odour regulations and make available a solid common
basis for setting robust and harmonious regulatory approaches.

3.2 CICOP dimensions

The CICOP dimensions of odours refer to the characteristics that
can be effectively measured by analytical (e.g. physicochemical
analyses), sensorial (e.g. dynamic olfactometry) and sense instrumental
methods (e.g. electronic nose) or their combinations (Gostelow et al.,
2001; Capelli et al., 2008). The most widely used methods for the
characterization of odours are the sensorial perception in conjunction with
analytical measurements. When these techniques are combined, odours
are described in terms of perceived effects and chemical composition
(Gostelow et al., 2001). The five main dimensions classically used to
characterize odorous gases are herein designated by the CICOP acronym:
concentrations (C), intensity (I), character (C), offensiveness (O), and
persistency (P).

3.2.1 Concentration

The odour concentration is the most commonly used dimension to
characterize odours for regulatory purposes. Detectability refers to the
minimum concentration of odorant required for detection by a specific
percentage of the population under investigation (Ruijten et al., 2009).
The determination of the odour concentration provides directly



99

comparable data among odour sources. Additionally, the odour
concentration is used to calculate odour emission rates and provide input
data for atmospheric dispersion models (Bockreis and Steinberg, 2005).

The odour concentration is typically determined in a laboratory
environment by dynamic dilution olfactometry (Laor et al., 2014) using
an apparatus known as olfactometer. The sensors are the noses of human
assessors trained to perform such evaluations. As there are no
instrumental methods that predict the olfactory responses to a satisfactory
level, the human nose is still used as the most suitable sensor (Ruijten et
al., 2009).

The determination procedure of odour concentration by dynamic
olfactometry was standardized in some countries by the following
standards: Australia and New Zealand: AS/NZS 4323.3:2001 (AS/NZS,
2001); Europe: EN 13725:2003 (CEN, 2003); U.S.: ASTM E679-04
(ASTM, 2011). Germany adds additional instructions to the application
of EN 13725:2003 through VDI 3884 — Part 1:2015 (VDI, 2015). In the
European standard EN 13725:2003 (CEN, 2003), one odour unit (1 oug)
is associated with a specific concentration of a reference odorant (i.e. n-
butanol), which is a certified reference material. European reference
odour mass (EROM) is the accepted reference value for the European
odour unit, which is equal to a defined mass of n-butanol. This means that
one EROM is equivalent to 123 pg n-butanol (CAS-Nr.71-36-3). In other
words, 1 EROM evaporated in 1 m® of neutral gas gives a concentration
of 0.040 umol.mol* (equal to a volume fraction of 40 ppb,). Therefore, it
is defined that 1 ous m? (European odour unit per cubic meter)
corresponds to a concentration of 40 ppby or 123 ug of n-butanol
(1 EROM) evaporated in 1 m? of odorless air at standard conditions
(Bockreis and Steinberg, 2005; CEN, 2003; Ruijten et al., 2009). The
traceability of odour units for any odorant to that of the reference odorant
is based on this linkage. According to CEN (2003), odour concentrations
in terms of 'n-butanol mass equivalents' are effectively expressed by this
coupling. This relationship is defined only at the odour perception
threshold (OPT). The OPT is also called Zso or detection threshold, which
differs from the recognition threshold. Under the EN 13725:2003, the
standard conditions for olfactometry are established at room temperature
(293 K), normal atmospheric pressure (101,3 kPa) on a wet basis —
derived from 1SO 10780. This applies both to the measurement of odour
concentration and the volume flow rate of odour emissions. These
conditions were chosen by convention to reproduce typical conditions for
odour perception.
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In odour evaluations, the human sensitivity is the core of the
analysis. Therefore, guidelines for selecting panelists are part of the odour
standards. The panel should reflect the average odour perception of a
population considered “normal”. Only panelists with average sensitivity
to n-butanol comprised in the range of 20-80 ppby and a defined standard
deviation are selected for the evaluations (Laor et al., 2014). The
European standard for olfactometry is based on the principle of dilution
to the OPT. A sample of odorous air can be described in terms of the
volume to which it must be diluted for its intensity to be reduced at the
level of OPT. This means that the more dilution necessary to make an
odour sample undetectable, the higher the odour concentration. The
dilution factor necessary to achieve the OPT is known as the odour
concentration (Nicell, 2009). The OPT of a complex mixture of odours or
single chemical compound is the concentration at which 50% of a panel
is able to detect the diluted sample of odorous air under laboratory
conditions (CEN, 2003). Accordingly, if the odour concentration was
determined to be 210 ou (or 210 oug m™3), it implies that the sample should
be diluted to 1/210 of the original concentration to be reduced to the level
of the OPT.

The key elements of EN 13725:2003 are the quality criteria for
accuracy and repeatability (Klarenbeek et al., 2014). This standard was
subjected to an extensive development and testing period and became the
most widely accepted worldwide (Nicell, 2009). The guidelines prescribe
sampling and analysis equipment and methodologies to ensure consistent
procedures among laboratories, provide comparable inter-laboratory
results, and connect the results to a reference material (i.e. n-butanol).
Currently, the EN 13725:2003 is under review. The working group
responsible for conducting the upgrading process is entitled CEN
Technical Committee TC264 Air Quality (Van Harreveld, 2014).

Odorous pollutants can also be measured in terms of their chemical
composition (i.e. mass concentration) by physicochemical methods such
as gas chromatography coupled with mass spectrometry (GC-MS).
Newer techniques are now available as, for instance, gas
chromatography-time of flight-mass spectrometry (GC-TOFMS) for the
identification and quantification of compounds at very low
concentrations. GC-TOFMS is a fast and highly sensitive method that
differs from conventional GC-MS because about 50% more chemicals on
the same air sample can be determined (Gutiérrez et al., 2015).
Furthermore, direct measurement instruments can be used to evaluate
individual chemical compounds (e.g. DRAGER X-am 7000, Jerome 631-
X). Nevertheless, odours cannot be properly evaluated using these
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methods. The use of chemical sensors for purposes of impact assessment
would require the acquisition of highly time-resolved, compound-
specific, qualified low-concentration data which are challenging to
accomplish experimentally (Pettarin et al., 2015). However, the nuisance
impact of odorous substances also depends on the character or hedonic
tone of the constituent compounds, the way that these compounds interact
in a mixture, as well as sensitivity and the subjective attitudes of exposed
individuals. Due to these limitations, different measurement approaches
are necessary to quantify odours when compared to conventional air
pollutants (Nicell, 2009).

3.2.2 Intensity

The intensity is defined as the strength of odour perception or the
magnitude of the stimulus that causes the sense of smell. The relationship
between the intensity and the logarithm of the odour concentration is
linear and can be described as a logarithmic function derived
theoretically, in accordance with the Weber-Fechner Law:

[=alogC+b (3.1)

The dependence between intensity and odour concentration can
also be represented as a power function, as demonstrated by Steven's Law
(Stevens, 1960):

[ = kCP (3.2)

A logarithmic transformation applied to this function is graphically
represented by a straight line:

logl =nlogC + logk (3.3)

where | is the odour intensity; C is the odour concentration; a, b, k, and n
are constants. Steven's Law and the Weber-Fechner Law are examples of
formulas that have wide acceptance to describe intensity—concentration
relationships for a particular odorant or complex mixtures (DEP, 2002).
These laws may also be used to describe the nuisance-concentration
relationship.

Odour intensity is quantified based on reference scales, where the
perceived intensity of an odour is compared to the intensity of a standard
chemical substance (n-butanol for olfactometry). The main reference
scales standards for odour intensity measurement are from Germany: VDI
3882 — Part 1:1992 (VDI, 1992); U.S.: ASTM E544-10 (ASTM, 2010);
France: AFNOR X 43-103 (AFNOR, 1993). The principle of German
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standard VDI 3882 — Part 1:1992 is to present the odour sample to a panel
at different degrees of dilution, using a dynamic dilution olfactometer.
Assessors are instructed to indicate a value for the perceived intensity of
each exposure based on a 7-point scale. The American standard ASTM
E544-10 presents two methods: dynamic-scale method and static-scale
method. The dynamic-scale method uses a dynamic olfactometer with a
continuous flow of n-butanol (standard odorant) for presentation to a
panel. The assessors compare the perceived intensity of an odorous air
sample to a specific concentration level of the standard odorant arising
from the olfactometer. The static-scale method utilizes a set of
Erlenmeyer flasks with fixed dilutions of n-butanol in water to generate
standard atmospheres of the odorant. The scale of the static method can
be constructed by applying a geometric progression of ratio, for example,
equal to 2. This type of scaling is based on the recognition that odour
intensities are not linearly related to the odour concentration, on the other
hand, follow a power function (i.e. Steven's Law) (Nicell, 2009). The
French standard AFNOR X 43-103 is based on a static method using a 5-
point scale constructed from different concentrations of n-butanol in
water solution.

The static-scale procedure has been incorporated as a standard
practice by odour laboratories because presents low-cost configuration
and it is easier to be implemented compared to the dynamic-scale method.
In addition, field assessments frequently apply the static-scale method to
determine odour intensities near odorous sources. For this case, one
example is the application of German standard VDI 3940 — Part 3:2010
(\VDI, 2010). When using this standard caution is necessary because of
the VDI 3940 — Part 3:2010 intensity scale is different from VDI 3882 —
Part 1:1992 intensity scale. It’s stated that the method within the
VDI 3940 — Part 3:2010 is only applicable to grid or plume measurements.

3.2.3 Character

The quality of an odour is a nominal scale of measurement range
(category), in which the odour is characterized by using a reference
vocabulary. Among the numerous odour descriptors available in the
literature (DEFRA, 2010; Suffet et al., 2004; Suffet et al., 2009; Suffet
and Rosenfeld, 2007), we can cite the odour wheel developed by
McGinley and McGinley (2002) for a description of environmental odour
air samples. This wheel presents eight categories admittedly used for the
characterization of odours (i.e. vegetable, fruity, floral, medicinal,
chemical, fishy, offensive, earthy), with specific descriptors for each
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category. The result of the odour character can be represented by a radar
plot or a histogram. Odour wheels can also be used to support other
methods of analysis, such as instrumental techniques (GC-MS), to better
outline the nature of odour impact (Hayes et al., 2014).

3.2.4 Offensiveness

Offensiveness (or hedonic tone) is a measure of the pleasantness
and unpleasantness of an odour in a certain concentration/dilution.
Additionally, odour offensiveness is related to its character. Assigning a
hedonic value to a sample is subjective to each assessor as personal
experiences, recent olfactory memories, events in childhood where
certain odours are remembered with nostalgia or disgust can be
considered during the evaluation. Thus, according to McGinley and
McGinley (2002), the offensiveness determined by a panel should not be
reflected as expressing the opinion of the general population and the
results should be used primarily for comparing the relative pleasantness
among odour samples of the same test session since the evaluations were
performed by the same assessors.

A diversity of methods was developed for quantifying the hedonic
tone of odours, which typically uses numeric scales as exemplified in
Table 3.1.

Table 3.1 — Numeric scales of odour offensiveness.

Type Range Reference

9 points From -4 (extremely VDI 3882 — Part 2 (VDI,
unpleasant) to +4 1994), NVN 2818:2005 nl
(extremely pleasant) (NEN, 2005)

10 points  From 1 (tolerable) to 10 Nicell (1986)

(insupportable)
21 points ~ From -10 (unpleasant) to McGinley and McGinley
+10 (pleasant) (2002)

The offensiveness can be determined by a dynamic-scale method
and a static-scale method, as applied for the odour intensity
determination. To date, there is no widely recognized and accepted scale
to assess the odour offensiveness (Nicell, 2009). The German standard
VDI 3882 — Part 2 and the Dutch standard NVN 2818:2005 nl (NEN,
2005) follow a suprathreshold dynamic dilution method to evaluate the
hedonic tone of odorous air samples utilizing a 9-point scale. Despite the
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intrinsic  subjectivity involved in the determination of odour
offensiveness, by using a standardized approach that includes a
preselected panel with principles for participation, as applied in the
determination of odour concentration under the EN 13725:2003, the
results may be considered representative. Furthermore, different
standards can apply to laboratory or field conditions for the determination
of hedonic tone. The German standard VDI 3882 — Part 2 is used with a
laboratory-based olfactometer, while VDI 3940 — Part 3 is used in the
field by human assessors. Also noteworthy is that the VDI 3940 — Part 4
(polarity method) is an alternative to VDI 3940 — Part 3.

3.2.5 Persistency

The persistency describes the rate at which an odour’s perceived
intensity decreases as the odour is diluted in the atmosphere downwind
from the source (McGinley et al., 2000b). Hence, the greater the volume
of air necessary to dilute an odour below its OPT, the more persistent the
odour is. Using Stevens' Law (Equation 3.2 and 3.3), the odorant
concentration (dose), expressed as the logarithm of the dilution ratio, and
the odour intensity (response), expressed as the logarithm of n-butanol
concentration, generates a log-log graph with a negative slope. The slope
of the line (given by the value of the exponent n) represents the relative
persistency. The logarithm of the constant k is related to the intensity of
the odour sample at full strength. Therefore, the persistency of an odour
can be denoted as a Dose-Response function (McGinley et al., 2000Db).

3.2 FIDOL factors

Historically, the factors that comprise the pattern of environmental
odour impacts were described in terms of its frequency, intensity, duration
and offensiveness, creating, therefore, the FIDO (Watts and Sweeten,
1995). Subsequently, the sensitivity of the receiving environment where
the odour impacts occur (i.e. location) was added and the well-known
FIDOL acronym was established (Freeman and Cudmore, 2002). The
FIDOL factors influence the extent to which odours adversely affect
communities and this information can be used as a basis for conducting
odour impact assessment studies (Freeman and Cudmore, 2002; Nicell,
2009). Odour criteria established in regulations follow, both explicitly
and by inference, the FIDOL approach. The frequency is usually related
through a percentile (P), which provides the permitted number of
exceedances of a specific odour concentration threshold (C:). The
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duration refers to the elapsed time during which an odour is perceived.
Individuals may be exposed to odours intermittently for short periods or
for prolonged and continuous periods. The offensiveness can be
designated by the odour character, using a factor to reduce the criterion
because of hedonic tone. The location is related to the land use in the
surrounding area of an odour source; refers to where a citizen or
community (outside the boundaries of the facility) or sensitive receptors
(predetermined points of interest, e.g. schools, hospitals, places of
complaints) are situated; the location factor can also consider
socioeconomic, tolerance and expectation issues (Bull et al., 2014;
DEFRA, 2010; ERM, 2012; MfE, 2003). The FIDOL factors are briefly
outlined in Table 3.2.

Table 3.2 — Summary description of the FIDOL factors.

Factor Description

Frequency How often receptors are exposed to odours

Intensity Perception of the odour strength or odour
concentration

Duration Elapsed time during a particular odour episode

Offensiveness  The subjective rating of the (un)pleasantness of an
odour

Location Sensitivity of the receptor; related to the land use

3.3 Atmospheric dispersion modelling

The transport and dispersion of pollutants are affected by different
scales of atmospheric motion. Scales, in turn, are classified according to
their size in microscale, mesoscale, synoptic and planetary scale or
macroscale (Godish, 2004). The planetary boundary layer (PBL) is the
portion of the troposphere that is directly influenced by the Earth's surface
and responds to the combined action of mechanical and thermal forcings,
in the order of 1-h timescale (Stull, 1988). The troposphere can be divided
into PBL, which extends from the Earth's surface to about 1 km, and the
free troposphere, extending from about 1 km to the tropopause. The air
that moves vertically undergoes temperature changes as a consequence of
the local atmospheric pressure. For dry air, the rate of change of the
temperature with altitude is around 1 °C per 100 m — also called Lapse
Rate (Seinfeld and Pandis, 2006). The transport of a pollutant emitted into
the PBL suffers the action of mechanical turbulence (wind speed, the
presence of obstacles, topography) and/or thermal turbulence (heating
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and cooling of the Earth's surface). Within the PBL terrestrial life is
developed. Additionally, it is the region which contains most of the
emission sources of air pollutants (Turner, 1994). Indeed, most of the
gases and vapors from anthropogenic activities or natural processes enter
the atmosphere through the lower level of the troposphere (i.e. PBL).
After emission, the pollutants can be dispersed and diluted quickly,
resulting in low concentrations levels; at other times, they can be
concentrated in a relatively small volume, which leads to an episode of
air pollution. This extent of the mixture is largely determined by the
temperature profile of the atmosphere and the wind speed (Seinfeld and
Pandis, 2006). It is undoubtedly agreed that air quality depends not only
on emission sources but also more decisively, on meteorological
parameters with multifaceted characteristics over various spatiotemporal
scales (Juneng et al., 2011).

One of the core purposes of the study of atmospheric behavior is
to mathematically describe the spatial and temporal distribution of
pollutants emitted into the atmosphere (Seinfeld and Pandis, 2006). The
qualitative aspect of dispersion theory is to describe or predict the fate of
atmospheric emissions from a source (e.g. point, area or line).
Quantitatively, the dispersion theory provides a means to estimate
concentrations of a pollutant in the atmosphere using meteorological
parameters, source characteristics and topographical features. The most
frequently approaches applied to describe the turbulent diffusion and
develop air pollution models are (Colls and Tiwary, 2010; Seinfeld and
Pandis, 2006; Zannetti, 1993):

e Lagrangian: variations in concentration are described in relation
to the moving fluid;

e Eulerian: the behavior of the species is described in relation to a
fixed coordinate system. The Eulerian description is a common
form to describe heat and mass transfer phenomena;

e Gaussian: these models are constructed based on the normal
probability distribution of fluctuations in the wind vector (and
therefore pollutant concentration). Strictly speaking, this
approach is a subset of the Eulerian models. However, generally
Gaussian models are treated separately;

e Semi-empirical: mainly based on empirical parameterization;

e Stochastic: semi-empirical or statistical methods used to analyze
periodicities, trends, and interrelationships of air quality
measurements and to forecast episodes of air pollution;
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e Receptor: considers the concentrations observed in a receptor
point to estimate contributions of different emission sources.

Among the methods applied for odour impact assessment, the use
of mathematical models to predict concentrations in ambient air
downwind of the emission source is the most commonly used (Nicell,
2009). Consequently, the majority of odour regulations around the world
nowadays are based on the application of the dispersion modelling
(Capelli et al., 2013a). Dispersion models can consume less time and
financial resources than measurement of odours in the field (Ranzato et
al., 2012). Many modern dispersion models provide graphical results of
concentration and frequency isolines (contour plots). The concentration
isolines display the spatial distribution of odour concentrations in
accordance with the permitted level of exceedance of this concentration
(i.e. percentile). They are used to demonstrate where the maximum
ground-level impacts occur. It is also possible to extract tabular results
and perform statistical analyses specific by receptor point and to rank the
calculated concentrations on receptor points. These outputs are relevant
tools in forming a basis for assessing the extent and degree of odour
impacts on a community and for the establishment of compliance with
regulatory criteria (EHP, 2013; Nicell, 2009).

In general, the most common models used to simulate the
dispersion of odorous compounds are those of Gaussian plume (e.g.
AERMOD) and Gaussian puffs (e.g. CALPUFF) (Capelli et al., 2013a).
AERMOD is a Gaussian plume model that considers no meteorological
fluctuations within space and the time interval (wind field is
homogeneous). Therefore, steady-state conditions are adopted for this
period (Cimorelli et al., 2004; Cimorelli et al., 2005). CALPUFF is a
multi-layer and multi-species non-steady state Gaussian puff dispersion
model, which can simulate the effects of time and space-varying
meteorological conditions with three-dimensional fields on pollutant
transport, transformation and removal (Scire et al., 2000). Another model
used for odour dispersion is AUSTAL2000. This model is a Lagrangian
particle tracking air dispersion model that has implemented its own
diagnostic wind field model. AUSTAL2000 takes into account the
influence of terrain on the wind field and, consequently, on the dispersion
of pollutants. In some jurisdictions, the use of a dispersion model, in
particular, is not mandated. However, the model selected for assessments
needs to be justified on a case-by-case basis.
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3.4 Basic peak-to-mean theory

Because a typical human inhalation occurs on average in 1.6 s
(Mainland and Sobel, 2006), odour episodes, characterized by high
concentration peaks, frequently are experienced in the short term,
exposing individuals living adjacent of odour sources to olfactory
nuisances. Dispersion modelling is a recognized methodology for odour
impact assessment, where two approaches can be adopted: (i) calculate
hourly mean concentrations, which may underestimate odour
concentration peaks and thus mask nuisances; (ii) calculate short-term
odour concentrations from the one-hour mean values (Drew et al., 2007).
Therefore, dispersion models, which generally calculate hourly mean
concentrations of pollutants need to be adapted somehow to parameterize
the short-term peak odour concentrations. In this sense, the peak-to-mean
approach is a solution to parameterize short-term concentrations in
dispersion models applied in several European countries as well as USA
and Australia (Piringer et al., 2014). Early works on concentration
fluctuations in atmospheric dispersion plumes were presented by Frank
Gifford (Gifford, 1959, 1960), where the peak-to-mean ratio approach
generally expressed the fluctuations (Ramsdell Jr and Hinos, 1971).
Subsequently, Hogstrom (1972) reported that despite the hourly mean
odour concentration is lower than the OPT in some circumstances, odour
concentration peaks above the OPT may occur during this period, leading
to odour episodes. Figure 3.1 presents odour concentration values for
different averaging times. For the one-hour mean value, the OPT
(illustrated as 1 oug m3) is not exceeded. For the 12-min mean values,
one concentration value is superior to the OPT. For short-term
concentrations (12 s), values in the range of 5-6 oug mcan be expected,
which means a distinct odour perception over several breaths. Figure 3.1
shows that the shorter the selected time interval, the greater the maximum
concentration. For the shorter period, corresponding to 12 s, a new time
series pattern is demonstrated. Over the 300 intervals of 12 s included in
one hour, a certain percentage of null observations (i.e. concentrations
equal to 0 oug m™3) can be expected. The frequency of intervals different
from zero is called intermittency (Schauberger et al., 2012a). Notably,
odour episodes may occur at intervals of less than 12 s because the single
breath by the human nose takes place in a fraction of seconds,
characterizing an instantaneous perception. Therefore, the real odour peak
concentrations that are experienced on receptors can be superior to the
12 s mean values reported in Figure 3.1. This demonstrates the relevance
of the averaging time for the assessment of odour impacts (De Melo
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Lisboa et al., 2006; Nicell, 2009). The peak-to-mean concept is the most
widely adopted method for adapting long-term concentrations calculated
using dispersion models into short-term concentrations. It is assumed that
the determination of the peak concentration is more appropriate to
describe the smell of the human nose than the average long-term value
(De Melo Lisboa et al., 2006; Schauberger et al., 2012a; Sommer-
Quabach et al., 2014).

Figure 3.1 — Timeplot of odour concentrations (oug m) for three intervals: (a)
hourly mean concentration; (b) 12-min mean concentrations (c) 12-s mean
concentration observed at a single receptor during a field inspection. The 12-s
mean concentrations values were recorded and then used to calculate the 12-min
mean and the hourly mean concentrations.

1a 1 hour mean concentration

O a N W
PR

1l 12 min mean concentration

' | | | |

3000

0 600 1200 1800 2400
Time (s)
Source: adapted from Nicell (2009) by Schauberger et al. (2012a).

C 12 s mean concentration

Odour concentration (oug/m?)

Q = N W & O O NO o N w

3600

From the long-term mean concentration, short-term concentration
can be calculated using the relation described by Smith (1973) (Piringer
et al., 2015; Schauberger et al., 2012a):

_ tm\" (3.4)
= Cn % (32)
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where, Cr and Cp are the concentrations for longer and shorter times,
respectively (e.g. in odour units); tm and t, are the longer times (e.g. hours)
and shorter times (e.g. seconds or minutes), respectively; and n is an
empirical exponent (dimensionless) and ranges from 0.2 to 0.5
(Venkatram, 2002) or from 0.18 to 0.68 (Beychock, 1994). A value of
n = 0.28 has been commonly used for this purpose, according to Nicell
(2009). Other authors (e.g. Vieira de Melo et al., 2012) consider n = 0.2
as the most used value in the literature. The CALPUFF model manual
also recommends the usage of 0.2 (Scire et al., 2000). The Australian
regulatory model (AUSPLUME) usually inputs 0.2 for the exponent n
(ERM, 2012). The utilization of a constant factor to mimic the human
nose is a simplification since this number depends on the distance from
the source, atmospheric turbulence (i.e. stability), intermittency, source
configuration. For instance, values for high stacks are typically superior
to 0.3, and for non-point sources values around 0.14 were reported
(Freeman and Cudmore, 2002; Piringer et al., 2015; Schauberger et al.,
2012a; Sommer-Quabach et al., 2014).

According to Equation 3.4, a peak-to-mean factor is defined by
F=Cy/Cm. Asaresult, F can be determined from the relationship (tm/t,)"
that multiplies the concentrations (Cr) simulated by dispersion models to
determine peak concentrations (Cp). The shorter the integration time, the
higher the peak-to-mean factor F (Sommer-Quabach et al., 2014). For
example, the air quality model AUSTALZ2000, developed by the German
Federal Environmental Agency (UBA), calculates one-hour mean
concentrations and multiplying these values by a constant factor of 4 over
all types of source, stability conditions and distances, then “odour-hours”
are derived. If the ambient odour concentration exceeds the limit of
0.25 ou (odour threshold of 1 ou divided by the factor 4) this hour is
computed as one odour-hour (TA-Luft, 2002).

3.5. Odour regulations

Full section available in Brancher et al. (2017) under the following
numbering “6. Odour regulations”.

3.5.1 Brazil

The Brazilian National Environmental Policy, through the federal
Law No. 6938:1981 (Brasil, 1981), launched the concept of environment,
environmental quality degradation and pollution. Article 3 defines
pollution as the environmental quality degradation resulting from
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activities that directly or indirectly harm the health, safety and well-being
of the population; create adverse conditions for social and economic
activities; adversely affect the biota; affect the aesthetic or sanitary
conditions of the environment; release materials or energy in
disagreement with established environmental standards. Consequently,
odour can be interpreted as a form of pollution for the provisions of the
Law. Other legal documents address the issue of pollution similarly, as,
for instance, Decree No. 76389:1975, which presents concepts about the
prevention and control of industrial pollution (Brasil, 1975) and Article
225, from the Constitution of the Federative Republic of Brazil. Article
225 states that “every citizen has the right to an ecologically balanced
environment, common use of the people and essential healthy quality of
life, imposing to the government and society the duty to defend it and
preserve it for present and future generations’’. Based in this Article, the
Public Ministry from Brazil already considered that odour pollution is a
counteraction to a healthy quality of life and, therefore, actions to control
odour-emitting sources were imposed mandatorily. Resolution
CONAMA 436:2011 (Complements Resolutions No. 05:1989 and No.
382:2006) provides emission limits for air pollutants. The values are set
by pollutant and industrial activity. The annoyance caused by odours
beyond the boundaries of the site is only mentioned to cellulose
manufacturing activities. Resolution 436:2011 delegates to the licensing
environmental agency the power to set more stringent emission limits
depending on local features of the area where the pollution source is
located (CONAMA, 2011). Resolution No. 003:1990 of the National
Environment Council (CONAMA, 1990) deals with air quality standards
where maximum concentrations in ambient air for conventional
atmospheric pollutants are set. However, odour limits are not
incorporated. Article 7 remarks that other air quality standards, in addition
to the pollutants considered in this Resolution, may be established by
CONAMA, if necessary (Brancher et al., 2016).

In Brazil, the states have the autonomy to develop their own
regulatory framework regarding air quality. Municipal laws can also be
established; however, no city has a solid and objective odour regulation.
The legislation of the states described below is used herein to exemplify
the current Brazilian situation on odours.

Parana

In the state of Parana, the Resolution SEMA 016:2014, developed
by the Secretariat of the Environment and Water Resources, can be
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considered the reference-odour regulation in Brazil. This Resolution
refers, in Article 12, that odour-generating facilities must be implemented
to a distance considered sufficient to avoid olfactory nuisances in
population centers (Parana, 2014). Resolution SEMA 016:2014 was
issued from the experience acquired in Resolution SEMA 054:2006, in
which a maximum odour emission rate of 5 x 10° ou h'* was set for odour-
emitting activities or a minimum efficiency of 85%, determined by
olfactometry, for abatement systems. Consequently, Resolution
SEMA 016:2014, currently in force, regulates the impact on receptors
(i.e., immission protection) and no longer fix emissions at source.
Nonetheless, criteria to provide an effective and concrete basis to conduct
odour impact studies using dispersion models or field evaluations are not
established (Brancher et al., 2016).

Sao Paulo

The Decree No. 59113:2013 (Sdo Paulo, 2013), from state of Sdo
Paulo, sets air quality standards and gives related provisions for
conventional airborne pollutants. However, odour pollution is not
addressed. The Decree No. 8468:1976 (amended by Decree No.
54.487:2009), which deals with the prevention and control of
environmental pollution, provides in Article 33 the prohibition of the
emission of odoriferous substances in the atmosphere in amounts that may
be perceptible outside the fence line of the facility. The verification of the
perception that this article refers will be performed by qualified
technicians in the field (Sdo Paulo, 1976). Nonetheless, no other guidance
is established for the definition of any method to conduct this
confirmation (Brancher et al., 2016). Article 38 sets that odoriferous
substances resulting from the following sources should be incinerated by
afterburners or using other pollution control system, of equal or greater
abatement efficiency: roasting and cooling of coffee, peanuts, cashew
nuts and barley; autoclaves and digesters used for rendering; drying ovens
or cure for painted, varnished or lithographed parts; asphalt oxidation;
smoking meats or similar; sources of hydrogen sulfide and mercaptans;
rubber regeneration.

The Environmental Agency of S3o Paulo State, CETESB,
published a manual of licensing process for environmental impact
assessment studies (CETESB, 2014). In this document, odours are
referenced to the previous Article 33. Moreover, dispersion modelling
recommendations are provided in Annex I. Regulatory dispersion models
to be used are ISCST3 and AERMOD. However, these recommendations
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fit to conventional pollutants. No specific guidance for odour dispersion
is provided in this manual.

Santa Catarina

The state of Santa Catarina, through the Law No. 14675:2009 —
Avrticle 290, assigned to the Environment State Council (CONSEMA) the
goal to regulate odour criteria and methodologies in a period of one year
from the date of publication of this Law. Article 179 states that the
definition of air quality standards should be provided in federal
regulations, with responsibility given to CONSEMA to establish
additional standards by those existing at the federal level (Santa Catarina,
2009). However, to date, methods and criteria related to environmental
odours were not regulated for the state of Santa Catarina.

Consequently, up to the present time, specific regulatory
instruments, at the federal or state basis, that fix criteria to define legal
limits or target values of odour impacts are not set in Brazil. In addition,
no specific national standards for sampling and analysis of odours,
guidance or technical standards to conduct field impact studies and
atmospheric dispersion modelling of odours are existent (Brancher et al.,
2016).

3.5.2 United Kingdom

The legislative framework in the United Kingdom (UK)*, under
which odours are currently controlled, are the following:

Environmental Protection Act (EPA);

Town & Country Planning Act (TCPA);

Environmental Permitting regulations (EP) (England & Wales);
Pollution Prevention and Control regulations and Waste
Management Licensing regulations (PPC & WML) (Scotland
and Northern Ireland).

The EPA applies to all business and trade premises, including
industry, agriculture, waste management and wastewater treatment assets.
However, in the case of activities are also regulated by conditions
imposed upon a planning permission or in law under the EP (or PPC &

4 At the time of preparation of this paper the UK is in the process of
leaving the European Union. Even though, the UK air quality regulations are still
described herein as part of the European Union.
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WML regulations in Scotland and Northern Ireland), frequently there will
be a legal and procedural debate as to which piece of legislation should
prevail (CIWEM, 2012). In the UK, “benchmark” odour criteria provided
in the Integrated Pollution Prevention and Control directive (IPPC) are
set in Appendix 3 (modelling odour exposure) of the H4 Odour
Management (EA, 2011), as follows:

e 1.5 oug m= for odour emission sources as processes involving
decaying animal or fish remains, processes involving septic
effluent or sludge, biological landfill;

e 3 oug m? for intensive livestock rearing, fat frying (food
processing), sugar beet processing, well aerated green waste
composting;

e 6 oug m3for brewery, confectionery, coffee.

Accordingly, the limits are designated by offensiveness in three
different levels (most offensive, moderately offensive and less offensive).
The 98™ percentile is applied to the hourly mean concentrations over a
year (F = 1). Local factors may influence the values of the benchmark
limits. If the local population, for instance, has already become sensitized,
the C: may be reduced by 0.5 oug m (EA, 2011). Although, scientific
support for this recommendation is not provided.

The use of the BAT is a prerequisite as control measures. Within
the European IPPC legislation (Directive 2008/1/EC) and Industrial
Emissions Directive (IED 2010/75/EU), the BAT Reference Documents,
the so-called BREFs, define the BAT to reduce overall environmental
impacts for a variety of sectors. To clarify, these documents are not only
applied in the UK, but also across other members of European
Community. Approved regulatory dispersion models applied for
calculation of odour concentration in ambient air are Steady state
Gaussian models (e.g. AERMOD, ADMS) and non-steady state
Lagrangian models (e.g. CALPUFF and AUSTAL2000). To demonstrate
the efficacy of the proposed BAT measures and to test uncertainties,
dispersion models are run for different design and “what if” scenarios.
Hourly meteorological data for a period of at least three, preferably five
years, is required (EA, 2011). Other criteria exist for a diversity of odour
assessment methodologies. Nevertheless, as previously stated, this work
focuses on quantitative numerical standards for ambient air odour
concentration calculated using dispersion modelling. Then, guidance —
not described here — from other UK reports also provides technical
background information on basic theory of odours, measurement
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methods, odour management and control, planning purposes (EA, 2002;
DEFRA, 2009, 2010; EA, 2010; SEPA, 2010; NIEA, 2012; Bull et al.,
2014). Determination of odour concentration by dynamic olfactometry is
performed using BS EN 13725:2003. The history of the beginning of the
development of odour criteria in the UK during the early 90s can be found
in Bull et al. (2014).

3.5.2 Germany

The German regulatory framework on air quality is based on
provisions adopted by the European Union (EU) and, consequently,
transposed into German law. This provides harmonisation between EU
and Germany's air quality legislation. Additionally, provisions on air
quality control at state level are also existent. The Act on the Prevention
of Harmful Effects on the Environment Caused by Air Pollution, Noise,
Vibration and Similar Phenomena, short Federal Immission Control Act
(BImSchG - Bundes Immissionsschutz Gesetz) and its administrative
regulations and implementing ordinances mainly drive the air quality
control in Germany. All kinds of odours from any commercial facility are
considered an annoyance, according to BimSchG. The Technical
Instructions on Air Quality Control (TA-Luft, 2002) are an instrument for
authorities to manage air pollution. TA-Luft has the aim to protect the
general public and the neighborhood against harmful effects of air
pollution on the environment and to provide precautions against harmful
effects of air pollution to attain a high level of protection for the
environment altogether. It contains, among other provisions, directives
for the precaution against environmental detriments caused by odour.
However, TA-Luft does not bring objective criteria for protection against
odour episodes. This is observed within a specific national regulation
called Guideline on Odour in Ambient Air (GOAA, 2008).

GOAA deals with odours necessarily arising from industrial and
livestock facilities. Odorous gases from road traffic, domestic heating,
vegetation, manure spreading, and similar sources are not included. The
criteria defined in this guideline are based on the detection of recognizable
odour and the odour-hour concept. Odours in ambient air may be recorded
only if they can be identified during measurement in the field or in odour
exposure prognoses by means of dispersion models. The concept of
odour-hour is applied in the guideline VDI 3940 Part 1:2006 (VDI, 2006)
where, “one odour-hour means one positively assessed single
measurement. A single measurement has a positive result if the fraction
of time during which an odour was unambiguously identified comes up
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to or exceeds a predefined percentage value. This definition was derived
from the general properties of the sense of smell, in particular its
pronounced ability to adapt to stimuli. It is assumed that, although the
summarized duration of all odour episodes is identical, many short
excesses of the odour threshold in one measurement interval have a higher
effect on odour annoyance than only a few continuous stimuli with a
shortened effect due to adaptation. Consequently, the concept of odour-
hours weights many short odour episodes more heavily than fewer long
ones” (GOAA, 2008).

The assessment criteria are determined by exposure limit values in
ambient air. As a rule, the odour exposure is classified as a severe
nuisance if the total odour exposure (EXPiwt) exceeds the regulatory
exposure limit value (EXPjim) set, as follows:

e Residential and mixed areas: 0.25 oug m™ at the 90™ percentile;
e Commercial, industrial, agricultural areas: 0.25 oug m-2at the 851
percentile.

These limit values, classified by the type of land use, are relative
frequencies of odour-hours. A constant F of 4 is applied to address hourly
mean values from short-time peak concentrations of 1 s. A concentration
threshold of 1 oug m=is used, therefore, applying F, a C; = 0.25 oug m3
for 1-h mean concentration is given. The EXPy: is calculated, in this
manner:

EXPtot = EXPexist + EXPadg (3.5)

where, EXPeist is the characteristic value of the existing odour
exposure, and EXPq4qq is the expected additional odour exposure. The
existing exposure is the odour exposure originating from the existing
installation without the expected additional exposure caused by the
development to be licensed. The characteristic value EXPexist is computed
for every assessment square of the area under investigation from the
results of the grid measurements or dispersion calculation.

The exposure limit of the agricultural land use is applicable only
to odours arising from livestock farming considering a nuisance-relevant
characteristic value. Therefore, a nuisance-relevant characteristic value
EXPiwtnr has to be calculated for the assessment of livestock farming-
related odour. The EXPionr Value is then compared with the exposure
limits to verify compliance. The value of EXPin results from the
multiplication of the EXP with the factor fiot:

EXProt,nr = EXProt X frot (3.6)
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The factor fit is calculated in accordance with Section 4.6 of
GOAA. In the determination of fi, weighting factors (f) for individual
types of animals, related to the offensiveness, are included. For poultry
f = 1.5, for fattening pigs f = 0.75 and for dairy cows and young cattle the
factor is f = 0.5. The typical odour frequency of animals not listed will
appear without weighting factor in the calculation of fi. For different
odours, the method of polarity profiles according to VDI 3940 — Part
4:2010 (VDI, 2010b) is included into the guideline for hedonic
classification. If the hedonic tone of an emission is definitely pleasant, its
contribution to the total odour exposure may be weighted by a factor of
0.5. Consequently, the benchmark exposure limit is reduced for
unpleasant odours and increased for pleasant odours.

Environmental compliance is attained without further actions to a
facility under examination if the total odour exposure (characteristic value
of the expected additional odour exposure) using the 98" percentile does
not exceed 0.25 oug M3, If this provision is respected, it can be assumed
that the installation will not significantly increase the annoying effect of
the current reality (i.e. existing odour exposure). This is called the
criterion of irrelevance: the insignificance of the expected additional
odour exposure.

The results of dispersion calculations are area-related values for
the assessment squares according to the framework established by
GOAA. Hence, to provide results in the classic form of concentration
isolines are inadequate to this purpose. Dispersion modelling calculation
is performed in line with the procedure described in Annex 3 of TA-Luft
by using AUSTAL2000. This is the German regulatory dispersion model
set by VDI 3945 — Part 3:2001 (\VDI, 2001). If other dispersion models
are applied, the authority should be consulted first.

3.6. Synthesis of odour impact criteria

Odour concentrations statistics are calculated by dispersion
models and compared against a jurisdictional immission standard, the so-
called odour impact criteria (OIC). Basically, the OIC are limits used to
define compliance. Specifically, the time series of the ambient air odour
concentrations is evaluated against one or more preselected OIC shaped
by three components:

i.  Odour concentration threshold (Cy);
ii.  Threshold percentile compliance value (P) (sometimes
specified as a threshold exceedance probability);
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iii.  The averaging time (A;) used to calculate concentrations
within the atmospheric dispersion model.

If the OIC are specified with short time intervals relating for
example to human nose response time, then a peak-to-mean factor (F) is
normally required to adapt the odour concentration to the typically longer
averaging times used in dispersion modelling. In some jurisdictions,
peak-to-mean values are included in C; values that are specified with
longer term (e.g. 1-h) averaging times. The definition of specific values
of Ct and P is greatly variable between jurisdictions and depends on
technical and economic factors such as land use type, averaging time,
industry type, offensiveness or hedonic tone of the odour and the
olfactometry standard used to measure concentrations.

3.6.1. Odour concentration units

Most countries use units of European odour unit per cubic meter
(oug m™®) to distinguish between odour concentrations determined by the
European standard EN 13725:2003 and other standards. The EN
13725:2003 standard is widely used around the world as the reference
method for determining the odour concentration through dynamic dilution
olfactometry, whilst some jurisdictions have adopted other standards. The
provinces of the Netherlands apply a unique approach that involves the
determination of the odour concentration (in ous m) associated with a
hedonic tone value (H), which is a relationship between suprathreshold
odour concentration and the degree of (un)pleasantness. This implies that
these results are expressed in oug(H) m in accordance with the Dutch
standard NVN 2818:2005. The U.S. adopts the unit of dilutions-to-
threshold (D/T) for field assessments and ou m™ for odour concentration
determined under laboratory conditions using the ASTM E679-04
standard. Japan, China, South Korea, Taiwan also use D/T units derived
from odour measurements using the Japanese triangular odour bag
method as a reference, although each country has renamed its own
standard. For instance, in South Korea, the determination of odour
concentration is performed using the ADS test. In Denmark, the unit of
LE m3 is found, and in the Netherlands ge m™ used to be applied.

Conceptually, 1 oug m=can be considered equivalent to 1 ou m,
lou,1LE m?3 1D/Tand 0.5 ge m?3 as these units of concentration are
all determined using standards that use the concept of the odour detection
threshold. However, differences in concentration may occur across these
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units due to differences in the standard methods used to measure this
threshold (RWDI Air Inc, 2005).

Both similarities and differences can be found when comparing the
odour concentration measurement standards EN 13725:2003 (Europe)
and ASTM E679-04 (U.S.), for example (McGinley and Mann, 1998).
The flow rate of air from the olfactometer ports to the assessors is
standardized at 20 | min"* within EN 13725:2003. The port should be
shaped in such a way that the air velocity across its opening is at least
0.2 ms™. Itis recommended that the presentation face velocity of air from
the cup be kept below 0.5 m s to avoid discomfort to the assessors.
Generally, rounded glass tubes are used (mask dimension: 3-5 cm)
(CEN, 2003). ASTM E679-04 recommends different values for face
velocity and mask dimension. Moreover, ASTM E679-04 specifies a
minimum flow rate of 3 | min but does not specify a maximum value.
The flow rate of 20 | min™ used in the European standard is therefore
consistent with the American standard (Mahin, 2003). However, the
different air flow rates allowed by ASTM E679-04 may lead to results in
the measured odour concentrations that are not consistent with
concentrations measured by EN 13725:2003.

Another difference that may occur between standards relates to the
protocols used to assess the odorous air presented to assessors. Currently,
methods commonly used in Europe, the U.S., Australia and New Zealand
include the yes/no-choice method and the forced-choice method
(triangular and binary presentation). Discussion continues in the scientific
community regarding which is the superior method, although both are
currently accepted by EN 13725:2003 and AS/NZS 4323.3:2001.
Bokowa and Bokowa (2014a), for example, argue that the triangular
forced-choice method is statistically the most accurate method. This
method, however, has the disadvantage of taking a longer time to perform
analysis than the yes/no method. This increases the possibility of
olfactory fatigue in assessors. Over time, this may result in less accurate
concentration measurements. In some South East Asian countries such as
Japan and South Korea, a method referred to as the Direct Triangular Bag
Method is used (Bokowa and Bokowa, 2014a). In this method, assessors
sniff the bags containing different dilutions of the odour sample directly.
Sample concentration is subsequently determined from the dilution ratio
at which the odour can no longer be detected using human olfaction.

Differences in the order of dilutions presented to assessors may
also be present amongst standards. For example, EN 13725:2003, ASTM
E679-04 and AS/NZS 4323.3:2001 use an ascending or random
concentration series to determine odour detection thresholds with a
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dynamic dilution olfactometer while the methods used in some Asian
countries, such as Japan, use a descending concentration (increasing
dilution) series for odour evaluations (Bokowa and Bokowa, 2014a).

Differences also exist in the reference odorants used in
concentration measurement standards. The Danish standard, for example,
uses both HzS and n-butanol as reference odorants, while the European
standard EN 13725:2003 uses only n-butanol. The Japanese method
requires assessors to undertake an aptitude test using five standard
odorants to ensure that people selected for assessing panels do not have
olfaction abnormalities.

As stated previously, primary factors of the EN 13725:2003
standard are the quality criteria for trueness and precision (repeatability).
These criteria are linked to standard values of a single odorant (i.e. n-
butanol). Whenever an odour laboratory meets the mandatory conditions
for n-butanol, the quality level is transferable to other environmental
odours (Klarenbeek et al., 2014). In the work of Klarenbeek et al. (2014),
the statistical analysis of odour from 33 sources totaling 412 odour
measurements, distributed in 10 proficiency tests, established that
laboratories, panels and panel sessions have components of variance that
significantly differ between n-butanol and other odorants (o = 0.05). Their
results do not support the transferability of the quality criteria, as
determined on n-butanol, to other odorants. Klarenbeek et al. (2014)
recommend the reconsideration of the present single reference odorant as
laid down in EN 13725:2003.

Field olfactometers also have similarities and differences that can
lead to variations in the measured odour concentration. This is the case of
odour concentration determined using a Nasal Ranger (St. Croix Sensory
Inc., USA) when comparing to a Scentroid SM100 (IDES Canada Inc.,
Canada), for example.

3.6.2. Application of OIC

The adaptation of the criteria for a given level of protection is
accomplished in three ways, as follows:

i.  Adjust P (frequency related to a percentile);
ii.  Adjust C; (odour concentration threshold);
iii.  Adjust E (hedonic value related to the emissions).

In Germany, the C; is assumed as a constant value, whereas the P
is used to set the criteria for a certain location and offensiveness. Other
countries use a constant P and modify the C; for adjusting the criteria to
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the required level of protection. In this regard, Germany is the only
country where the P values can be adapted depending on the hedonic tone
of the odour by using the polarity profile method. Consequently, other
jurisdictions adapt the C; to the offensiveness. On the other hand, Dutch
jurisdictions (e.g. North Brabant) adjust E for hedonic tone by using
hedonic tone normalised emissions. The analysis of the international
regulatory framework on odour criteria based on maximum impact
standard approach allowed to identify basically three different groups:

i.  High odour concentration thresholds combined with high
percentiles (e.g. Ct = 10 ou; P = 99%");
ii. Low odour concentration thresholds combined with low
percentiles (e.g. Ct= 1 ou; P = 90'");
iii.  Low odour concentration thresholds combined with high
percentiles (e.g. Ct = 1 ou; P = 99™).

The first two groups were also identified by Sommer-Quabach et
al. (2014). The third group can be considered the most restrictive and
conservative, with use intended mainly for new installations, highly
sensitive locations, intermittent emissions and most offensive odours.

In Australia, Belgium, Netherlands, U.S., Spain, Italy, Canada and
Brazil the states have autonomy to develop their own odour regulations.
In other countries (e.g. Chile, Colombia, Germany, Austria, France, UK,
Denmark, Ireland, New Zealand, Israel) odour criteria are established
under the national scope. Odours are not regulated at the level of trading
blocs such as the European Union. Colombia, UK, Catalonia (Spain) and
Panama have similar approaches (offensiveness based) to limit offsite
impacts of odours; it appears that H4 Odour Management (from the UK)
was used as reference to develop the criteria of these other jurisdictions.
Countries such as Germany, Ireland, Belgium distinguish the criteria
taking into account the offensiveness of different animal species. Other
countries select the criteria depending on the desired level of protection,
mostly defined by the zoning of residential areas (Sommer-Quabach et
al., 2014). In this respect, there is a tendency to have the lowest C; for
residential areas and higher C; for regions with intensive industrial and
agricultural operations. Likewise, existing installations can be expected
to have higher C;, while for new facilities lower C;. The limits embrace
the different functions of the affected area, with more attention given to
activities that tend to occur in a cleaner air environment (Nicell, 2009).
German regulation explicitly considers background odour concentrations
for impact assessments, called in GOAA (2008) the “characteristic value
of the existing odour exposure”. For some situations, the Netherlands
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considers the cumulative effects due to clusters of odour sources as in
Flanders for clusters of livestock facilities. Germany also discusses the
accumulating effect of combined odour sources. For instance, in scenarios
where the lines of minimum separation distances of various adjacent
livestock farms meet or overlap, or if other emission sources are nearby.

Thresholds of 0.25 oug m?® (Germany) and 35 oug m3
(Netherlands) and 85™, 90™ 99.99™" and 100™ percentiles were found. In
the Netherlands (provinces) limits from 0.05-100 oug(H) m™ are used.
The F considered to estimate the perception of short-term impressions by
the human nose also greatly varies from country to country and can
assume values of 1 (i.e. without peak-to-mean assumption or embedded
in the C; hourly mean value), 10 (e.g. Queensland) and 45 (e.g. for A and
B stability classes in Hong Kong). The result of such divergent F factors
is reflected in averaging times from 1 s to 1 h. Only Austria, to our
knowledge, applies a peak-to-mean concept which varies dynamically
depending on both atmospheric stability and distance from the emission
source. Therefore, F decreases with increasing distance from the source,
caused by turbulent mixing. This decrease with distance effect is stronger
for unstable conditions and is less pronounced for stable conditions
(Piringer et al., 2015). Hong Kong, Israel and Manitoba (Canada) use F
only depending on atmospheric turbulence (stability classes), but
Manitoba for simplification and practical reasons recommends the usage
of a constant factor. Therefore, this variability of odour exposure limits
demonstrates the lack of harmonisation among jurisdictions for the
selection of odour impact criteria (maximum impact standard), without
even mentioning other types of criteria. According to Griffiths (2014),
this lack of agreement constitutes a noteworthy gap in best-practice
standards for odour impact assessment methodology, and creates a
considerable risk of poor assessment results.

Consistent with the review presented in this work and to our
knowledge, the exposure limits used in Denmark and Norway are the only
ones to apply a monthly percentile. All other jurisdictions apply percentile
values on an annual basis. In the latter case, some regulations are not clear
if the criterion is applied for individual years or over the set of
meteorological years. This is a very serious issue as inter-annual
variability in meteorology can lead to different impact patterns.
Moreover, for dispersion modelling studies conditioned to permits, some
regulations set 1 year as a minimum of meteorology (e.g. Manitoba) to
perform the simulation while others require 10 years of weather data (e.g.
Netherlands). The utilization of the BAT is required by most jurisdictions,
especially in the European Union and North America, as a mandatory
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prerequisite for the acquisition of environmental permits regardless of
compliance with odour criteria.

Another area of difference in OICs relates to the number of
percentile thresholds applied. Most jurisdictions use the single percentile
concept. However, some jurisdictions (e.g. New Zealand, Quebec, City
of Boucherville, Austria and historically Western Australia utilize a
multi-percentile concept. Griffiths (2014) shows that a multi-percentile
criterion is conceptually better suited for capturing the influence of both
the frequency and intensity dimensions of nuisance odour than a single
percentile criterion. A well designed and calibrated multi-percentile
criterion framework should in principle have better skill in predicting
odour nuisance incurred by both acute and chronic odour exposure
conditions and variations of these conditions. Furthermore, some
jurisdictions recommend that the odour impact is assessed using a risk
matrix (e.g. state of Victoria — broiler farms, Norway — KVALUR
method). These examples use the multi-percentile concept to delineate
zones of different impact risk.

3.6.3. Summary of OIC

A selection of impact criteria used in international jurisdictions to
regulate odour is summarized in Table 3.3. Some of the criteria may have
been revoked or will be updated in the near future. Current information
about the odour impact criteria (OIC) detailed in Table 3.3 can be found
in Section 6. As discussed, special emphasis was placed on investigating
and comparing immission limits based on time series of odour
concentration calculated by atmospheric dispersion models. Indeed, the
comparison of model-predicted odour concentration statistics against OIC
is identified as one of the most common tools used by regulators to
evaluate the risk of odour impacts at sensitive receptor locations in
planning stage odour impact assessments and is also used to inform
assessment of odour impacts of existing facilities. This type of criterion
is defined as maximum impact standard approach and provides immission
protection.
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Table 3.3 — International regulatory framework on odour impact criteria (maximum impact standard) based on time series of ambient air
odour concentration calculated by dispersion models. Ct: odour concentration threshold; P: percentile (compliance frequency); At
averaging time; F: peak-to-mean factor. When F is equal to one (1), short-term concentrations are not considered, no recommendations for
calculating short-term values were established in the regulations or F is embedded in the hourly mean value.

Odour impact criteria
Jurisdiction At F Protection level Reference
Ct (odour units) P (%)

Australia
0.5 Wake-free stacks EHP (2013)
25 Ground-level sources and wake-affected stacks
Queensland 99.5 1lh 1
1.0 Meat chicken Boundary of a non-rural zone
25 farms Sensitive land use rural zone DAFF (2012)
2 pop. > 2000
New South 3 pop. ~500 At the nearest existing or likely
4 99 ls a pop. ~125 future offsite sensitive receptor DEC (2006)
Wales - :
5 pop. ~30 based on population density
6 pop. ~10
7 pop.<2
i pgp. %;50000 At the nearest existing or likely
South 6 99.9 3 min b pop. 60 future offsite sensitive receptor SAEPA (2007)
Australia pop. based on population density
8 pop. ~12
10 pop. <12
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Odour impact criteria

Jurisdiction At Protection level Reference
Ct (odour units) P (%)
1 At or beyond the fence line S
Victoria 99.9 3 min (EZFZ]'S‘l\)/'CtOHa
5 Animal husbandry (at or beyond the fence line)
Western 2 99.5 - .
Australia and and 3 min Sensitive receptors DEP (2002)
4 99.9
Tasmania 2 99.5 1lh At or beyond the fence line EPA Tasmania
(2004)
1 High sensitivity (unstable to semi-unstable)
2 c High sensitivity (neutral to stable)
New Zealand 5 95 Lh Moderate sensitivity (all conditions) MTE (2003)
5-10 Low sensitivity (all conditions)
1 97 Spa areas
. 1 92
Austria and and 155 Residential areas OAW (1994)
5-8 97
Hungary 3-5 e e Separation distances nearby odour sources Cseh et al. (2010)
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Table 3.3 (continued).

Odour impact criteria
Jurisdiction At F Protection level Reference
Ct (odour units) P (%)

— : - - —
5-10 99 1 min 7.8  Industries  Sensitive receptors DEPA (2002)
Denmark 5 . Urban and recreational zones
¢ Livestock A
7 99 1h 1 Conglomeration in a rural zone DEPA (2009)
farms 2 .
15 Individual properties
1 f Residencial areas: at the nearest neighbor
Norway 2 99 Lh ! Industrial areas: at the nearest neighbor KLIF (2013)
98 . Ctand P are set based on the land use type and
Israel 1,510 99.5  10min h - o IMEP (2013)
100 new or existing facilities
Hong Kong 5 100 5s n Nearest sensitive receptors EPD (2016)
Italy
1
Lombardy 3 98 9 2.3 Sensitive receptors: new and existing facilities Regione
5 Lombardia (2012)
98 . o .
Puglia 12,3, ... 99.9 g 23 WWTP: sensitive receptors, type of land use, new  Arpa Puglia

100 and existing facilities (2014)
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Odour impact criteria

Jurisdiction At Protection level Reference
Ct (odour units) P (%)
5 98 Com_p_ostlng Sensitive receptors JORF (2008)
facilities
France 1lh . —_
5 98 Existing facilities JORF (2003)
5 99.5 Rendering New facilities
15 Al situations Target value
Ireland 3 98 1h New pig production units Limit value (EZIB,SlI)reIand
6 Existing pig production units  Limit value
0.5 WWTP built after 1996 Residential areas
1.0 Industrial areas
98 1h VROM (2007)
15 WWTP built before 1996~ Residential areas
35 Industrial areas
Within a concentration area, within
Netherlands 3(0.1-14) the built-up area
14 (3-35) Wlthlq a concentration area, outside VROM (2006)
. the built-up area
98 1h Livestock Outside a concentration area, within
2 (0.1-8) - ' VROM (2007)
the built-up area
8 (2-20) Outside a concentration area,

outside the built-up area
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Table 3.3 (continued).

Odour impact criteria

Jurisdiction At Protection level Reference
Ct (odour units) P (%)
2.5 Forage dryers
0.7 Livestock feed industry: new facilities
1.4 Livestock feed industry: existing facilities
5 Bakeries and pastry
15 Slaughterhouses
25 98 1h Meat processing
>2.5,>50r<2.5 Cocoa beans processing industry
35 Coffee roasters
15 Breweries
15 Composting of organic waste: new facilities
Netherlands 3.0 Composting of organic waste: existing facilities InfoMil (2014)

1and 98 and New facilities
5 99.99

2 and 98 and Asphalt  Existing facilities
10 99.99 1h mixing

plants

5and 98 and For situations where the above values

25 99.99 are not reasonably feasible or

receptors are located in an area of less
protection
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Odour impact criteria

Jurisdiction At Protection level Reference
Ct (odour units) P (%)
1.5 98
Netherlands g ggg 1h Composting of green waste InfoMil (2014)
Flevoland
Gelderland
Groningen New and existing facilities,
North Brabant 95— Industrial sensitive receptors. The Ct is .
Overijsse 0.05-100 99.99 Lh facilities associated wit% a hedonic InfoMil (2016)
Zealand tone value
South
Holland
15 Most offensive
UK 3 98 1h Moderately offensive EA (2011)
6 Less offensive
Spain
3 Most offensive
Catalonia 5 98 1h Moderately offensive DMAYV (2005)
7 Less offensive
3 Most offensive
Colombia 5 98 1h Moderately offensive MINAMBIENTE
. (2013)
7 Less offensive
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Table 3.3 (continued).

Odour impact criteria

Jurisdiction At Protection level Reference
Ct (odour units) P (%)
3 Most offensive .
Panama 6 e e Moderately offensive :JZF:)‘:’):)OId'ngS
10 Less offensive
98 Irrelevance criterion
Germany 1 90 1s Residential and mixed areas EAOI,-AUX gggg;
85 Commercial, industrial, agricultural areas
Belgium
3 . S . Gouvernement
Composting facilities: nearest dwellings wallon (2009)
Walloon
98 1h L i
6 Piggeries facilities: nearest receptors .
10 Poultry facilities: nearest receptors Nicolas et al.
(2008)
0.5 . . -
2 Industries:  high sensitivity
3 target moderate sensitivity
low sensitivity Very
Flanders 98 1h unpleasant LNE (2008)
2 . - S VITO (2012)
5 Industries;  high sensitivity odours
10 limit moderate sensitivity

low sensitivity
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Odour impact criteria

Jurisdiction At F Protection level Reference
Ct (odour units) P (%)

15 . high sensitivity

3 Industries: moderate sensitivity

5 target low sensitivity

More pleasant

3 dustries: high sensitivity odours

5 :_n ustries:  moderate sensitivity

10 imit low sensitivity

Flanders 0.5 98 1h 1 Target New facilities
1 Single Limit
livestock
farm Existing

15 Limit facilities

3 Clusters Target All land uses

3 of Limit Highly sensitive receptors LNE (2008)

. o . Willems et al.

5 livestock Limit Resid. w/ rural character (2015)

10 farms Limit Rural areas

Canada
Quebec aid agn% 4 min 19 Composting and biogas activities: first sensitive MDDEP (2011)

5 995 ' receptors MDDEP (2012)
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Table 3.3 (continued).

Odour impact criteria

Jurisdiction At F Protection level Reference
Ct (odour units) P (%)
. 10 100 .
City of . T . Boucherville
Boucherville agd ag;wg 4 min 1.9  All facilities: first sensitive receptors (2008)
A Manitoba
Manitoba 2 100 3min 23 ReS|der_1t|aI areas Conservation
7 Industrial areas
(2006)
. . - I - Ferguson and
Ontario 1 99.5 10min 1.65 Existing facilities: sensitive receptors Tebbutt (2015)

a) Fixed peak-to-mean factors (F) are dependent upon the type of source, atmospheric stability and distance downwind.
b) No guidelines are provided to determine F for an integration time that deviates from 1-h mean value.

c) The baseline P is 99.5™, although 99.9™ is also used to assist in the evaluation of model results depending on the type of source and
consistency of emission data (MfE, 2003).

d) Variable: F dynamically depends on the distance from the source and the atmospheric stability (Piringer et al., 2014; Piringer et al.,
2015; Piringer et al., 2007; Schauberger et al., 2000, 2013). In certain circumstances, a constant factor (F = 4) used in Germany is adopted.

e) No guidelines are provided to P, Atand F.

) The maximum monthly 99t percentile should be extracted to verify compliance with the criterion.
g) There is no mention to the short-term At derived from hourly values by using a F = 2.3.

h) F depends on the Pasquill-Gifford atmospheric stability classes. See Section 6.4.4 and 6.5.3.
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3.7. Summary of regulatory approaches and critical discussion

To provide a comprehensive collection of regulatory approaches
and deliver a critical thinking and recommendations of the subject, the
following topics with questions and answers are presented.

3.7.1. Why has odour regulation proved so challenging to establish and
match with community expectations?

The primary goal of odour regulatory frameworks is to limit odour
exposure in the community to levels that protect amenity in both the short
and long term, thus avoiding complaints. However, as noted in EA (2002)
the processes leading from odour formation to annoyance and loss of
amenity in the community are complex and depend on many factors that
affect both perception and appraisal of odour.

The processes that start with the emission of odour from a source
and end in complaints are summarised by Pullen and Vawda (2007) as:

e Estimation of odour release value;

e Dispersion modelling to estimate the odour exposure;

e Correlation of the predicted exposure against the expected
degree of annoyance, and;

e Correlation with negative coping behaviors (nuisance and
complaint).

Factors that contribute to difficulties in establishing robust
predictive tools for assessments of proposed works arise at all stages of
this source — pathway — receptor model of impact and include the
following challenging areas.

Difficulties in estimating odour emission rates

Reliable characterisation of emissions for input into dispersion
models is crucial for robust calibration of exposure criteria against metrics
of annoyance such as complaints. These measurements can be difficult to
obtain, however, due to:

o Difficulty in establishing concentration and flow-rates for the
often fugitive or diffuse nature of emissions;

e Difficulty in characterising temporal variations in emissions
due to process variations and weather;

¢ Significant variability in results depending on equipment used
for sampling for some source types such as area sources;
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e The lack of equipment available for accurately monitoring
odour emissions in real time;

e The significant levels of uncertainty in the concentration
measurement process via dynamic olfactometry.

These difficulties are perhaps even more pronounced for planning
stage assessments as measurements are not able to be undertaken and
exact details of the technology used, process conditions, throughput and
management practices are often not available. In such cases, the use of
conservative emissions models may be warranted.

Uncertainties in dispersion modelling

Difficulties in accurately predicting odour exposure via dispersion
modelling also occur due to uncertainties in the modelling process. These
can occur due to:

o Different methods used to generate meteorology, including the
use of observations and prognostic meteorological models;

e Difficulties in some models in handling particular
meteorological conditions such as light-wind calms;

e Sensitivity of model output to model settings;

o Differences in the physics assumed by regulatory models;

e Differences in the treatment of peak-to-mean considerations
for odour modelling.

The uncertainties associated with odour modelling are treated in
depth by Pullen and Vawda (2007). These authors noted that new
generation models can vary by up to a factor of 8 in output for high
percentile calculations with significant wake effects.

Correlating exposure to annoyance

Calibration of OICs for predictive modelling depends upon linking
exposure to annoyance and complaints. However, perhaps the largest
difference noted in this review in predictive assessment tools used by
jurisdictions relates to the threshold and percentiles of OICs used for
dispersion modelling assessments for this purpose. OICs — in the simplest
form — only addresses the Frequency and Intensity dimensions of FIDOL,
via the percentile and threshold parameters. As noted by Griffiths (2014),
single percentile criteria in common use by jurisdictions may have
significant shortcomings in ability to align well with even these two
FIDOL dimensions, with a multi-percentile concept suggested as a way
of mitigating these shortcomings.
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The hedonic tone (offensiveness) FIDOL dimension is
accommodated in OICs by some jurisdictions by applying adjustments to
the threshold parameter or emissions (the Netherlands). Similarly,
receptor sensitivity adjustments for the Location dimension of FIDOL are
included by some jurisdictions. However, the addition of these
parameters adds further complexity to attempts to robustly calibrate
criteria via dose-response studies.

As noted by EA (2002), individual responses to odour exposure are
highly personal and subjective in nature and factors influencing responses
extend beyond the simple FIDOL dimensions of nuisance odour.
Appraisal of a particular exposure event may, for example, be influenced
by factors such as:

e Personal history of exposure to the same or similar odorants;

e Personal connection with the facility responsible for the odour
source;

e Olfactory memories;

e The psychological impressions of events associated with those
exposure events,

e Mood,;

e Personal coping strategy, and

e Physical attributes including age, health, gender and genetics.

No valid model to comprise these and other factors and predict
annoyance is currently available. Even if such a model existed,
considering the number of variables involved, it would be questionable
whether such an analytical prediction of the annoyance would indeed be
feasible and valid. Therefore, dose-response relationships, established
through real case studies, aim to establish the link between the percentage
of people annoyed and calculated exposure to odours (Hobson and Yang,
2014).

Net effect of factors

The factors described above have contributed to the challenges for
regulators to establish clear causal links between emissions at source,
exposure, and nuisance leading to complaints. These factors have, in the
view of the authors, contributed to the significant diversity present in
jurisdictional OICs used for predictive dispersion modelling and also
other aspects of odour regulation. Many of these factors relate to
properties inherent to odour and are not present for classical air pollutants
such as particulates or hydrogen sulphide.
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3.7.2. How have different regulatory regimes drawn evidence from
communities, regulators and other countries to determine acceptable
limits?

A variety of approaches have been used by jurisdictions in setting
regulatory odour limits. Dose-response studies correlating model-
predicted exposure statistics to population response, for example, have
traditionally provided a desirable means of calibrating modelling OICs
for a given level of protection (e.g. Miedema et al. (2000)). Exposure
limits in countries as Netherlands, Germany, UK were determined in this
fashion. However as demonstrated in this review, OICs in current use are
often based on a single concentration percentile and a consensus as to
which percentile value optimally delineates nuisance odour boundaries
has yet to be reached. This has posed a significant problem for researchers
undertaking dose-response studies and has contributed to a diversity of
OICs that can calculate significantly different distances for similar levels
of protection (Griffiths, 2014; Schauberger and Piringer, 2012a; van
Belois and Both, 2004).

In some jurisdictions, logical considerations are used to set OIC
values. The Australian state of Queensland, for example, notes that the
99.5" percentile value used in its criterion is a statistical parameter that
filters out extreme values (EHP, 2013). The accompanying threshold
value of 5 ou with a nose-response averaging time is selected on the basis
that this level of odour can cause general annoyance. This threshold is
subsequently converted to hourly averaged concentrations of 2.5 ou for
ground-level sources and wake-affected stacks and 0.5 ou for wake-free
stacks on the basis of peak-to-mean arguments.

Health-based exposure limits are sometimes used for single
chemical species (e.g. NSW) where these are more conservative than the
amenity-based limits. As noted elsewhere in this document such limits are
also applied to determine appropriate stack emission limits in some
jurisdictions (e.g. NSW).

Correlation of immission data collected via field observations with
empirical indicators of nuisance is desirable but is difficult to undertake
due to the resources and time periods required to obtain the necessary
data. Difficulties also exist in determining the precise manner in which
the several dimensions of collected immission data (e.g. frequency,
intensity, hedonic tone) relate to nuisance effects. However, in a study
spanning a number of years, immission limits for ambient air in Germany
were determined by comparing odour field data collected by panelists
with community responses (Sucker et al., 2008a; Sucker et al., 2008b).
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Unusually for a jurisdiction, these limits also provided the basis for the
percentile and threshold values in German OICs for modelling (Janicke
et al., 2004) and direction-dependent separation distance equations for
intensive livestock operations (Schauberger et al., 2012b).

3.7.3. Summary of approaches used by jurisdictions

The categorization of the five main approaches used to assess
odour impacts within the odour regulations reviewed in this work is
presented in Table 3.4. When a jurisdiction appears in two or more places,
that is because this jurisdiction uses more than one approach to assess
odour impacts. Therefore, the categories are not mutually exclusive so
one jurisdiction can use different tools for different situations. Table 3.4
is not intended to provide the complete categorization of all approaches
used by the jurisdictions but examples of how the categorization is
addressed.

Currently, another issue facing policymakers is the heterogeneity
of regulatory approaches due to different lines of thoughts adopted, as
shown in Table 3.4. Despite the difficulties and complexities involved in
the field of environmental odour, besides the asymmetry and lack of
harmonization between the jurisdictional odour impact criteria,
standardized methods of sampling, analysis and impact assessment
combined with scientifically supported and well-defined objective and
guantitative exposure criteria, along with the use of BAT and the
application of FIDOL principles, can build a consistent basis for setting
harmonious regulatory approaches. These endeavors can make
implementing odour regulations increasingly affordable.

Furthermore, relevant authorities and regulators should be
committed to the cause to establish public policies. Regulatory processes,
generally, are time-consuming and must go through a review process and
extensive discussion. Accordingly, this work is an opportunity to narrow
the methodological gap between the actual regulations and make this
complicated process more tangible and accessible. Consequently, the
establishment of regulations to adequately protect citizens can be
accessed more readily. Although, within conventional air pollutants,
which is a more evolved field when comparing to odours, constant
progress is observed. Additionally, even more people desire a
progressively healthy environment demanding more stringent air quality
standards every day. Thus, the challenge is also continuous within the
odour field and need to be faced day after day.
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Table 3.4 — Examples of jurisdictions that use one or more of the five approaches for odour assessment.

Approach Description Jurisdiction
Maximum Odour Canadian jurisdictions, Chile, Colombia, U.S. jurisdictions, Panama, Parana
impact (Brazil), UK, Germany, Austria, Lombardy (Italy), Puglia (Italy), Ireland,
standard Netherlands, Israel, Taiwan, Hong Kong, South Korea, China, Japan, Australian
jurisdictions, Hungary, Belgian jurisdictions, Catalonia (Spain), Denmark, Belgian
jurisdictions, France, Austria
Odour-related Canadian jurisdictions, Colombia, U.S. jurisdictions, Sdo Paulo (Brazil), Panama,
individual chemicals ~ South Korea, Japan, Australian jurisdictions, Australian jurisdictions, Denmark,
Puglia (Italy)
Separation Variable U.S. jurisdictions, Parana (Brazil), Austria, Netherlands, Australian jurisdictions,
distance Belgian jurisdictions, Denmark, Belgian jurisdictions, Canadian jurisdictions,
standard Austria, Germany
Fixed Canadian jurisdictions, U.S. jurisdictions, Netherlands, Hong Kong, Australian
jurisdictions, Germany
Maximum Odour France, Italian jurisdictions, China, Australian jurisdictions, Denmark, Germany
emission Odour-related Chile, Panama, Brazil (federal), Puglia (Italy), China, Japan, Australian jurisdictions
standard individual chemicals
Maximum Number of U.S. jurisdictions, Wellington (New Zealand)
annoyance complaints
standard Annoyance level New Zealand
Technology BAT European countries, Canadian jurisdictions, U.S. jurisdictions, Australian
standard jurisdictions, New Zealand, Saudi Arabia, Colombia
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In summary, this work supports that of other researchers in
concluding that numerous areas require additional research to improve
standardisation and harmonisation of odour impact criteria or limits
across jurisdictions (Piringer et al., 2016; van Belois and Both, 2004).

3.7.4. Integrated multi-tool strategy for odour assessment

The regulation of environmental odour proved to be a complex and
challenging matter to face for several reasons, as the strict connection
with human appraisal. The human response to odours is essentially
subjective in nature. The appraisal is influenced by many factors as
previously described (e.g. emotion, olfactory memories, individual
sensorial perception, gender). Besides, a diversity of approaches to assess
and manage odour impacts to avoid nuisance are used under the
international regulatory framework.

Unlike noise, there are no “simple” instruments which can be used
to accurately measure odours in the field. Practitioners should try,
however, to evaluate actual and potential odour impacts in an objective
and impartial way. Thus, that will be fair and reasonable to both site
operators and sensitive receptors (DEFRA, 2010). When comparing
odours with conventional air quality pollutants, conventional pollutants
are often assessed using a single tool. Nevertheless, the preference
towards combining different tools for odour assessments is also an aspect
that distinguishes this type of pollutant from the others (Bull et al., 2014).
Currently, successful legislations use a combination of approaches with
different tools and methods to address odour issues. In this work, an
integrated multi-tool strategy for odour assessment studies is
recommended. These studies are encompassed into three categories,
which form the integrated multi-tool strategy, as follows (adapted from
Bull et al. (2014)):

Predictive:

e Qualitative: risk-based assessments using Source-Pathway-
Receptor concept;

e Semi-quantitative: screening models, look-up tables and
nomographs;

¢ Quantitative: atmospheric dispersion models.
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Observational/Empirical:

Monitoring of odour in ambient air: sensory (field panel sniff
testing, field olfactometry), chemical compound analysis
(H2S, NHs, VOCs), and sense-instrumental methods
(electronic noses);

Human panels: plume and grid methods using assessors;
Actively using the community as the sensor: odour diaries and
community surveys;

Passively using the community as the sensor: complaints
analysis.

Mitigation/Control:

Minimize and control odour impact risks: BAT, management
plans, proactive measures, source emission limits.

We concur with previous assessment framework reviews (e.g.
(Bull et al. (2014); DEFRA (2010); RWDI Air Inc (2005)) that relevant
elements of assessment frameworks are:

1.

Impact assessment of new proposals: predictive tools such as
OIC modelling and fixed and variable separation distance
equations are amongst the few useful tools available for
assessment of new "green-fields" proposals or expansions of
existing sites;

Impact assessment of existing facilities: observational and
empirical data tools indicating if an odour issue is present from
an existing site such as complaints analysis, community
surveys and odour field studies such as plume and grid
methods;

Mitigation and control plans: tools to assist industry to
minimize and manage odour impact risks once proposed
facilities become operational: BAT, source emission limits
and robust pro-active odour management plans.

Impact assessment of new proposals and impact assessment of
existing facilities are the groups that fit into the scenarios that
practitioners will need to consider in most situations. Although,
practitioners can also face scenarios that will need to contemplate risk
mitigation plans. In comprehensive or complex situations, the three
scenarios can be addressed.
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As listed, Category 1 tools aren't the best for Category 2, and
Category 2 tools are not available to be used for new proposals like
Category 1 tools — they are quite distinct in purpose. Neither Category 1
or Category 2 tools can assist Category 3 goals. Therefore, a diversity of
tools is not necessarily a sign of non-optimum regulatory framework. In
fact, it can be the opposite and be indicative of a mature and effective
framework.

Consequently, where feasible, as a best practice measure, it's
recommended to use multiple methods and tools under an integrated
strategy. Different assessment methods and tools are not mutually
exclusive, opportunely. Using them in combination individual limitations
can be minimized and, consequently, increase confidence in the overall
conclusion (Bull et al., 2014). Assessments are certainly stronger when
multiple lines of convergent evidence support each other. For instance,
field inspection data supports complaints data which are inside calculated
separation distances, and poor levels of technology are present in the
industry. This humble example demonstrates that an integrated strategy
consisting of multi-tools is much stronger than any individual tool by
itself. Another example described by Bull et al. (2014) shows that the
assessment of the impact on a proposed development land around an
existing odour source could be conducted, as follows:

i.  Monitoring (e.g. field panel sniff tests or field olfactometry)
can provide a measure of odour at specific receptors under the
conditions prevailing at the periods of the sampling, but cannot
cover all receptor locations under every meteorological
condition over a typical year;

ii.  Complementing monitoring with dispersion modelling
provides greater spatial and temporal coverage and the
reasonableness of the estimates from the model can be
compared with the observed (i.e. monitored) levels;

iii.  Modelling (and probably monitoring) is only likely to
characterize normal operations of the odour source, whereas it
is known that unexpected events (e.g. breakdowns) and
abnormal operations at some facilities can account for a
significant proportion of high odour episodes. If there are
already receptors in the locality, analysis of historical
complaints data can provide an alternative perspective on the
impact that is inclusive of such unexpected events and
abnormal operations.
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Moreover, measurements of odour in ambient air for impact
assessment using analytical instruments or field olfactometers are not yet
indicated due to many reasons (e.g. space-time representativeness, lack of
standardized methods). However, odour measurements in ambient air are
already useful to confirm the occurrence of a significant impact at a
receptor and for monitoring emissions, for example. To assess odour
impacts from recognizable odours in the field through odour
measurements, VDI 3940 German grid method, which makes use of a
panel (human nose working as the “sensor”), would be better indicated
nowadays. Recently, the use of field olfactometers in conjunction with
the VDI 3940 has also been investigated.

For impact assessment purposes, a disuse of intensity scales was
observed in the regulations, apart from the Australian state of Queensland,
although they are still used for other goals. Maximum odour emission
standards are also not being widely applied as impact assessment tools in
recent regulations, especially for new developments, but in some cases, it
can be used as an emission control mechanism. On the other hand,
maximum emission standards for individual chemical compounds are still
largely applied for emissions control. Specifically, about odour criteria,
currently there is a tendency to set impact criteria in ambient air
(immission protection) in terms of odour concentration threshold and a
probability of exceedance of this threshold (percentile), associated or not
with a peak-to-mean factor. The use of OIC modelling is a more robust
method when compared to pre-established fixed or variable (equation
based) distances. In cases where dispersion modelling is not applicable,
field assessments to determine exposure levels are useful tools, in
addition, because these methods consider the real odour perception in situ.

The combination of sensorial and analytical methods to
characterize odorous gases in terms of its concentration (C), intensity (I),
character (C), offensiveness (O), and persistency (P) are also highlighted
through the use CICOP dimensions. Therefore, when these techniques are
combined, odours can be better described in terms of perceived effects
and chemical composition

In this review, it is noted that FIDOL factors or dimensions of
nuisance odour provide some guidance as to considerations that might be
included when undertaking OIC modelling to predict nuisance odour
impact extents. These include criterion adjustment for hedonic tone (O),
receptor sensitivity (L), peak-to-mean (I). Additionally, a well calibrated
multi-percentile criterion framework appears to offer greater alignment
with the F and | dimensions of FIDOL potentially offering better
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predictive skill than single percentile criteria by capturing the influence
of both chronic and acute impact events.

For existing facilities, all the FIDOL factors have been triggered if
(verified and confirmed) complaints occur. FIDOL are not relevant for
risk mitigation strategies, thus best practices measure as emissions control
technology and odour management plans are mode indicated. Plume
studies (e.g. VDI 3940 part 2) might be used to get previous information
of the extent of odour footprint or identify the source (however, as the
limitation this method doesn't define OIC). The Department of
Environment Regulation from Western Australia has used plume studies
very effectively to track plumes kilometers away and unambiguously
identify sources and characterize distinct odour footprint extents.

Therefore, the benefits generated by a comprehensive assessment
under an integrated multi-tool strategy are evident when compared to
individual methods. Each tool has its own strengths, limitations, and
preferred applications (Brattoli et al., 2015; Bull et al., 2014). The details
and examples of how to select the appropriate method for a particular
situation are provided in Bull et al. (2014).

Based on previous experiences and the understanding of which
methods and tools might be successfully applied, the previous
recommendations for an integrated strategy to odour assessment are
delivered. Naturally, adaptations to local and potentially unique contexts
are preferable. Therefore, a tailor-made multi-tool integrated strategy is
recommended, among other aspects, to adequately protect communities
from olfactory nuisances and develop harmonized policies to prevent and
control odour impacts.

We can also resume additional procedures, methods and tools that
still need improvements to make odour impact assessments more
consistent:

e Inter-annual variability in meteorology for dispersion
modelling studies;

e Odour concentration sample degradation: time elapsed
between collection of odour samples and olfactometric
analysis;

e Some bag materials are more indicated than others to store
specific odorants;

e Suggest FIDOL as predictive tool basis and align each
predictive tool with FIDOL letter if possible;

e Multi-percentile concept better aligns with F and I; However,
still no agreed values for multi-percentile thresholds;
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e Use of multiple odorants in olfactometry for a standard
improvement;

e Better and more dose-response studies are strongly needed;

e Easy and conservative screening step not always present in
jurisdictions;
Standardized standards for complaint analysis;

e  Still questions about best model averaging time (peak-to-mean
factors);

e Constant update on progress of new and revised useful
standards.

3.8. Conclusion

The odour policy in 28 selected countries over America, Europe,
Oceania, Asia, Africa and Middle East was reviewed to address the
criteria employed according to the desired level of protection. This
enabled the identification and categorization of five main approaches (i.e.
maximum impact standard, separation distance standard, maximum
emission standard, maximum annoyance standard, technology standard)
used within the jurisdictions, besides the principles of Nuisance Law. The
most common approach towards the assessment of odour impact risks is
the maximum impact standard with the application of odour concentration
limits in ambient air, which are set by the odour impact criteria OIC.
Odour concentration thresholds, percentiles and peak-to-mean factors
comprise a wide range of values. The definition of the OIC, therefore, is
highly variable among jurisdictions and depends on several factors
demonstrating the current lack of harmonization. Procedures developed
for impact assessment are not designed to satisfy zero odour, but rather to
minimise the nuisance effect to acceptable levels to a variety of sensitive
receptors in the surrounding region of the odour sources. Furthermore, we
showed why odour regulation has proved so challenging to establish and
match with community expectations and how regulatory regimes have
drawn evidence from communities, regulators and other countries to
determine acceptable limits of odour in ambient air. The benefits of an
integrated multi-tool strategy for impact assessment of new proposals,
existing facilities and mitigation and control plans are demonstrated when
compared to individual methods. The reactive and proactive tools and
methods to form an integrated strategy are encompassed into predictive,
observational/empirical and mitigation/control. The implementation of
clear and objective odour regulations based on an integrated strategy is
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the key to the long-term success of management of environmental odours.
This is supported by consolidated practical and scientific expertise. There
is also a positive social impact, given that odours affect the quality of
citizens’ lives and can promote the depreciation of property values in
exposed communities. An integrated multi-tool strategy for odour
assessment should be considered in the light of the environmental and
spatial planning policy as well. Moreover, this work can assist the
improvement of the regulations currently in force and the development of
new regulations in jurisdictions that still do not have instruments to
legislate on the field of environmental odour. With the appropriate
mechanisms, relevant authorities and industry can act solidly to avoid or
solve conflicts, besides providing information to the public about the
desired level of protection. However, additional research to improve
standardisation and harmonisation of odour exposure limits across
jurisdictions are still needed.
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Resumo em portugués

Distancias de separacdo dependentes da direcdo entre fontes de odor e
areas residenciais sdo utilizadas como uma medida final, que considera
toda a cadeia a partir da taxa de emissdo de odor, a diluigdo na atmosfera
e a avaliacdo da concentragdo em ar ambiente pelos chamados critérios
impacto de odor CIO. Neste trabalho, a variabilidade interanual de
distdncias de separacdo dependentes da dire¢do é investigada para
(1) examinar se um Unico ano de observaces meteoroldgicas é suficiente
para derivar padr@es de impacto de odor representativos; (2) quantificar a
variabilidade interanual das distancias de separacdo. Para tanto, 0 modelo
de dispersdo AERMOD ¢ aplicado para calcular distancias de separacéo
em dois locais com condi¢Bes meteoroldgicas distintas, um em S&o José
dos Pinhais (Brasil, perto de Curitiba) e outro em GroR-Enzersdorf
(Austria, perto de Viena). Um conjunto de dados de 5 anos de observagdes
meteorolégicas horarias foi utilizado para cada local. A emisséo de odor
¢ assumida por uma Unica fonte pontual com taxa de emissdo constante
(valor médio anual). Dois CIO tipicos sdo selecionados para explorar seus
efeitos nas distancias de separacdo calculadas. O coeficiente de variacéo
CV é selecionado como uma medida estatistica para caracterizar a
variabilidade interanual das distancias de separacdo. Em geral, foi
detectado um baixo grau de variabilidade interanual das distancias de
separacao (valores médios do CV na faixa de 8% a 21%). Portanto, um
Unico ano de meteorologia resultou em um bom compromisso para obter
uma precisdo confidvel. Este resultado tem potencial para levar estudos
de modelagem de disperséo de odor a uma nova direcéo.

Palavras-chave: odor ambiental, variabilidade interanual, distancia de
separacdo, meteorologia, modelagem de dispersdo, AERMOD.
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Abstract

Direction-dependent separation distances between sources of unpleasant
odours and residential areas are used as an ultimate measure, which
considers the entire chain starting from the odour emission rate, the
dilution in the atmosphere and the evaluation of the ambient air
concentration by the so-called odour impact criteria OIC. In this work, the
inter-annual variability of direction-dependent separation distances is
investigated to (1) examine if one single year of meteorological
observations is sufficient to derive representative odour impact patterns;
(2) quantify the inter-annual variability of the separation distances. For
these purposes, the AERMOD dispersion model is applied to calculate
separation distances at two sites with distinct meteorological conditions,
one in Sdo José dos Pinhais (Brazil, near Curitiba) and the other in GroR-
Enzersdorf (Austria, near Vienna). A 5-year dataset of hourly
meteorological observations was used for each site. Odour emission is
assumed by a single point source with constant emission rate (annual
mean value). Two typical OIC are selected to explore their effect on the
calculated separation distances. The coefficient of variation CV is
selected as a statistical measure to characterize the inter-annual variability
of the separation distance. In general, a low degree of inter-annual
variability of the separation distances (mean CV values from 8% to 21%)
was captured. Therefore, a single year of meteorology resulted in a good
compromise to achieve reliable accuracy. This finding has the potential
to lead odour dispersion modeling studies to a new direction.

Keywords: environmental odour, inter-annual variability, separation
distance, meteorology, dispersion modelling, AERMOD.
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Highlights
e Inter-annual variability of separation distances at two sites

e A low degree of inter-annual variability of the calculated
separation distances

e A single year of meteorological is sufficient to predict
representative odour impact patterns
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4.1. Introduction

Odour-related air pollution is a growing concern in industrialized
countries. Because of the expansion of residential areas, communities and
sources of unpleasant odours are closer. Recently, an integrated multi-tool
strategy was recommended by Brancher et al. (2017) to manage on
environmental odour. Among the methods and tools that comprise this
integrated strategy, the separation distance SepD is a suitable way used
by jurisdictions to protect sensitive land uses from odour annoyance
(Piringer et al., 2015; Schauberger et al., 2000; Sommer-Quabach et al.,
2014). The SepD approach divides the area around odour-emitting
facilities into two areas: (i) a zone beyond the SepD where olfactory
nuisances are likely to be avoided and (ii) a zone closer than the SepD
where loss of public amenity can be expected (Piringer et al., 2016). The
SepD can be fixed, given by pre-established distances, or variable,
determined as direction-dependent distances on a case-by-case basis, for
instance, using dispersion models. The required level of protection is
given by correspondence with the so-called national odour impact criteria
(OIC), which differ considerably depending on the jurisdiction.
Consequently, direction-dependent SepD between odour sources and
residential areas are used as an ultimate measure considering the entire
chain starting from the odour emission rate, the dilution in the atmosphere
and the evaluation of the ambient concentration by the OIC.

The OIC are formed by three components that are (i) the odour
concentration threshold C; (given in odour units per cubic meter ou m=or
equivalent units), (ii) the percentile rank value P (also specified as
exceedance probability) and (iii) the averaging time A used to calculate
concentrations within the dispersion model. To assess odour pollution,
dispersion models are typically set to calculate concentrations over A; up
to 1 h. If the OIC are specified with short-time intervals to mimic the
odour sensation of the human nose, then a peak-to-mean factor F is
normally required to adjust the C; to the typically longer A: used in
dispersion modelling (Schauberger et al., 2012). An innovative concept
structured in the computation of ambient odour concentration variances
to determine this F was recently presented (Ferrero et al., 2017; Oettl and
Ferrero, 2017). Short-time peak concentrations can, therefore, also be
considered in the selection of OIC (De Melo Lisboa et al., 2006).

Odour guidelines and regulatory requirements differ considerably
because odour dispersion studies can be conducted on a monthly, annual
or multi-year basis over the meteorological dataset used to feed the
models (Brancher et al., 2017). Therefore, examining the inter-annual
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variability of SepD is urgently needed for odour impact assessments
based on predictions of dispersion models. The year-to-year variation of
odour contours has been recognized as a potential area of interest to be
faced. However, scarce works (e.g. ERM, 2012; Featherston et al., 2014;
GHD, 2015) are devoted to this matter.

In this work, our focus is to investigate the inter-annual variability
of direction-dependent SepD due to yearly meteorological datasets. More
specifically, we provide insight on the following open questions:

e Is one single year of meteorological observations sufficient to
derive representative odour impact patterns?

e What is the amount of inter-annual variability if a single
meteorological year is used to calculate direction-dependent
separation distances?

The calculations are undertaken for Sdo José dos Pinhais (Brazil,
close to Curitiba) and GroR-Enzersdorf (Austria, near Vienna), sites with
distinct meteorological conditions. The dispersion model used to
calculate the SepD is the AERMOD steady-state Gaussian plume model.
Modelling exercises simulate a constant odour emission rate from a
single-point source using 5 years of hourly meteorological observations
for each site. To conduct the investigation, we selected two common OIC
as reference of odour protection. To the best of our knowledge, no
comprehensive works have been reported on the inter-annual variability
in terms of direction-dependent SepD. Furthermore, our investigation
differs from preceding limited literature along with other matters. This
work reflects choices for other components of OIC, site-specific
meteorological conditions and source configuration. We also clarify the
inter-annual variability of SepD in a statistical manner.

4.2. Material and methods

4.2.1. Description of sites

The investigation was carried out at two sites, one in Brazil and
other in Austria, where yearly datasets of meteorological observations are
available. Furthermore, we chose these sites because they meet the terrain
requirements of performing modeling exercises using a Gaussian plume
model (AERMOD), and they are representative of the odour sources
found in the surrounding areas.

S0 José dos Pinhais (-25.555° S and -49.132° W, at 906 m asl),
close to Curitiba the capital of the state of Parana, is the location of the
odour source in Brazil. This site is within flat and elevated terrain. Land
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uses such as farmland, remaining forest, woody wetlands, low residential
areas and few industries can be found scattered around the emission
source in mostly all directions. The Austrian site is located in GroR-
Enzersdorf (48.203° N and 16.564° E, at 151 m asl), district of
Ganserndorf in Lower Austria, east of Vienna. It is within mainly flat
terrain, typically farmland. However, residential dwellings and few
industries mainly in the southwesterly and southeasterly directions about
350-500 m from the source are present in the surroundings.

4.2.2. Characterization of the odour source

Among the uncertainties in dispersion modelling, algorithms that
deal with the source typology are a key point. According to Pullen and
Vawda (2007), predicted ambient air concentrations are fundamentally
more accurate for single stacks, in the first hand. Therefore, we chose the
odour emission as a single-point source. The odour emission rate (OER)
is constant, continuous and stationary in time given by an annual mean
value of 17,500 ou s*. A variety of emission factors to translate this OER
into a typical livestock building can be found elsewhere (VDI 3894 Part
1, 2011). The geometry of the source is presumed circular, with a height
of 6 m from the ground, inner diameter of 1.2 m and vertical release. The
exit velocity and gas temperature are 3.0 m s** and 35.0 °C, respectively.
This source configuration replicates the emission from a typical
mechanically-ventilated livestock building. Table 4.1 summarizes the
odour source parameters assumed for dispersion calculations.

Table 4.1 — Characteristics of odour source assumed for dispersion calculations.

Parameter Description  Unit
Source type Point

Release type Vertical

Geometry Circular

Release height 6 [m]
Inner diameter 12 [m]
Gas temperature 35.0 [°C]
Exit velocity 3.0 [ms?]
Flow rate 3.39 [m3s]

Odour emission rate 17,500 [ous?]
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4.2.3.  Modelling set-up

The U.S. Environmental Protection Agency (U.S. EPA) regulatory
air quality model, AERMOD Modelling System, was used to predict
odour concentrations in ambient air at specified receptors points
surrounding the emission source. The model is also worldwide adopted
and accepted for regulatory demonstrations by several other
environmental agencies. Essentially, the modelling system consists of
three modules: the AERMOD dispersion model itself, the AERMET
meteorological processor, and the AERMAP terrain processor.
AERMOD is fundamentally a steady-state Gaussian plume model with
algorithms based on planetary boundary layer turbulence structure and
scaling concepts. AERMOD is the U.S. EPA preferred/recommended
software for demonstrating regulatory compliance for short-range
transport of air pollutants (< 50 km), including treatment of surface and
elevated sources and simple and complex terrain. The steady-state
concept assumes that over the model time step, the emissions,
meteorology and other model inputs, are constant all over the modelling
domain. This assumption results in a resolved plume with the emissions
distributed throughout the plume according to a Gaussian distribution
(U.S. EPA, 2017). Comprehensive model principles and formulation can
be found elsewhere (Cimorelli et al., 2005; Perry et al., 2005; U.S. EPA,
2016a). The model is used with the graphic user interface AERMOD
View 9.4.0 - version 16216r (Lakes Environmental Software, Ontario,
Canada). The suitability of AERMOD for the scenarios of this work is
justified based on the topographic features and meteorological conditions
of the areas being modelled; the detail and accuracy of the main inputs
(meteorology and emission) required for a refined model, the way
complexities of atmospheric processes are handled by the model, the need
to apply a recognized model typically used in the permitting process,
efficiency relationship between computational time and reasonable
accuracy and finally our resources available to apply such a desktop
software. The modelling protocol follows up-to-date default regulatory
options consistent with the Guideline on Air Quality Models (U.S. EPA,
2017), except where stated and justified otherwise.

The modelling domain, at both sites, consists of a circular area of
750 m radius centered on the source discretized using a uniform polar grid
network. Receptors are distributed along 72 radial directions, with the
initial direction in 0° with an increase of 5° clockwise, over 20 concentric
rings. The nearest and the last ring are placed 50 m and 750 m from the
source, respectively. The distance of the nearest ring from the source
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allows for the satisfactorily accurate calculation of odour concentrations
because to date Gaussian plume models are inherently more uncertain for
receptors very close to the source. Therefore, 1,440 receptor points are
shaped for the calculation of odour concentrations for each site. The
design of the receptor network is supported by the receptor density and
location and not because of the total number of receptors. The receptor
grid, thus, is progressively more resolved near the source, which proves
to be the hotspots of maximum impact for our scenarios (highest predicted
concentrations). Receptors are positioned 1.5 m above the ground at the
average height of the human nose. No background concentrations are
assumed. The influence of a possible building downwash effect is not
considered. Both sites are classified as rural and hence the rural dispersion
option is selected. Terrain elevation data are obtained from the Shuttle
Radar Topography Mission (SRTM) conducted by the National
Aeronautics and Space Administration (NASA). The data for the
modelling domains are in SRTM1 (spacing for individual data points is 1
arc-second), which corresponds to about 30 m in resolution. Accordingly,
the digital elevation models are built using the AERMAP terrain
processor, version 11103 (U.S. EPA, 2016b). The modelling domain at
the Brazilian site has elevations from near 883 m to 911 m asl. For the
Austrian site, elevations from near 147 m to 153 m asl can be found (Fig.
4.1). The model can account for elevated orographic effects. This is
performed by inputting elevated receptor heights in order to model the
effects of terrain above or below stack base. Because of the orography of
the sites, the regulatory elevated option is used to characterize the terrain
effects. Elevations/hill heights are assigned to receptors and the odour
source by AERMAP. Land surface characteristics (i.e., albedo, Bowen
ratio e surface roughness length) around the meteorological towers are
determined in accordance with the procedures of AERSURFACE (U.S.
EPA, 2008) and AERMET User’s Guides (U.S. EPA, 2016c¢) using the
AERSURFACE utility (version 13016). For the Brazilian site, surface
characteristics are extracted from the Global Land Cover Characterization
GLCC for South America, with a resolution of 1 km. For the Austrian
site, CORINE CLC2006 database with 0.1 km resolution is used. In order
to improve the resolution and look for homogenizing the resolution of
surface characteristics data, a refinement is performed using the tool
called Land Use Creator available for AERMOD-View.
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Fig. 4.1 — Elevations at (top) S&o José dos Pinhais/Brazil and (bottom) GroB-
Enzersdorf/Austria. Modelling domains are within the circular areas of 750 m radius
centered on the source (red star marker). Legends denote elevations in meters and their

associated colors; scale bars in meters.
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The surface roughness is determined by sectoring (12 angular
sectors of 30°) with a default upwind distance of 1 km radius relative to
the meteorological tower location. Albedo and the Bowen ratio values are
determined based on a default area of 10 km x 10 km also centered on the
meteorological tower. Monthly values are assigned to account for a
temporal change of surface characteristics. The adjusted surface friction
velocity technique (ADJ_U*) is currently considered a default regulatory
option for the AERMOD (U.S. EPA, 2016c). As a previous diagnostic
examination (sensitivity analysis), we run the model for both sites to
pragmatically verify the sensitivity that the ADJ_U* option can exert on
the predicted concentrations. Model results at both sites are highly
linearly correlated (R? = 0.99) for ADJ_ U* turned on against ADJ_U*
turned off for the two OIC tested (see Section 4.2.5). Residual plots
further confirm the goodness of linear fit. Moreover, by visual scrutiny
on the shape of the contour lines of the SepD, no changes in the envelope
are found. Once model outputs at both sites are highly correlated for
ADJ_U* turned on against ADJ_U* turned off for the selected OIC, the
usage of the ADJ_U* option becomes noncompulsory for our modelling
scenarios. Therefore, we run the model with ADJ_U* turned off to
demonstrate the full range of atmospheric stability estimated by
AERMET (see Section 4.3.2).

4.2.4. Meteorology
Brazilian site

Surface meteorological observations of 1-h timestep for wind
direction (Wg), wind speed (Ws), air temperature (T), atmospheric
pressure (Pam) and cloud cover (CC) were obtained from the National
Oceanic and Atmospheric Administration (NOAA) database for Afonso
Pena International Airport SBCT (-25.531° S, -49.167° W). At airports,
Wy is normally recorded to the nearest 10° for that hour. Weather years
selected to perform the modelling are 2004, 2008, 2013, 2014, 2015. Due
to not meeting the U.S. EPA minimum requirements of completeness, the
additional annual datasets from 2005 to 2016 were disregarded.
Preprocessing is conducted to fix unordered times, non-uniformly spaced
times, missing data and duplicate records. Gaps are filled with established
data substitution protocols (U.S. EPA, 2000, 2016c¢). Representativeness
in terms of both spatial and temporal resolution of the meteorological data
is mandatory. Therefore, the SBCT station dataset is representative of the
meteorological conditions at the source location and in adjacent areas
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because of the (i) proximity of the meteorological tower to the area being
modelled: = 4.5 km, (ii) complexity of the terrain: topography between
the surface station and the source location is not complex, (iii) surface
characteristics: comparable land use characteristics around the
meteorological tower to the area being modelled, and (iv) period of the
data collection and completeness: recent and valid years of weather data
are used. Upper air data for the weather years previously selected are
obtained for SBCT from the NOAA/ESRL Radiosonde Database. Both
surface and upper air data are inspected using quality assurance
procedures and validation and processed using AERMET (version
16216). Atmospheric pressure is used within the model basically to
calculate dry air density, and cloud cover is a mandatory input to
AERMET to derive the micrometeorological parameters. The model uses
the Monin-Obukhov similarity theory to estimate the stability of the
planetary boundary layer. This theory is grounded on the Obukhov
stability length, which is an estimation of the height where the shear
production of turbulent Kinetic energy is comparable with the buoyancy
production of turbulence kinetic energy (Temel and van Beeck, 2017).

Austrian site

Primary surface meteorological data of 1-h timestep for Wg, Ws, T
and Pam was made available by the Central Institute for Meteorology and
Geodynamics (ZAMG, Vienna, Austria) for Grol3-Enzersdorf GE
(48.199° N, 16.559° E). Wind direction is recorded to the nearest 1°.
However, GE station does not have CC observations; thus, this variable
was also provided by ZAMG for Schwechat Vienna International Airport
LOWW (48.110° N, 16.569° E) which is situated =~ 10 km from the source.
Minor missing data are filled using recommended procedures. The period
of data collection is associated with the Brazilian site to harmonize the
meteorological years used for model calculations. Therefore, we selected
5 years of weather data for each site. GE station dataset is representative
of the spatial and temporal conditions at the odour source location and in
adjacent areas for the same conditions previously described (e.g., the
meteorological tower is located = 0.6 km from the source). Upper air data
for the corresponding surface weather years was obtained from the
NOAAJ/ESRL Radiosonde Database for Wien-Hohe Warte WHW
(located = 16 km from the source, 48.248° N, 16.356° E). Table 4.2
summarizes the information on the surface and upper air meteorological
stations at the Brazilian and Austrian sites.
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Table 4.2 — Meteorological stations selected for the modeling applications. Brazilian site: Afonso Pena International Airport SBCT.
Austrian site: GroB-Enzersdorf GE, Schwechat Vienna International Airport LOWW, Wien-Hohe Warte WHW. Weather years used
are 2004, 2008, 2013, 2014, 2015

Site Station Type Coordinates Elevation  Distance from  Hourly meteorological
asl (m) the source (km) parameters
Brazil SBCT Surface -25.531° S, -49.167°W 908 4.5 Wy, Ws, T, Patm, CC
SBCT Upperair  -25.531° S, -49.167°W 908 4.5 W, Ws, T, Pam
Austria GE Surface 48.199° N, 16.559° E 154 0.6 Wa, Ws, T, Pam
LOWW  Surface 48.110° N, 16.569° E 183 10 cC
WHW Upper air  48.248° N, 16.356° E 198 16 W, Ws, T, Pam

4.2.5. Selection of odour impact criteria

The calculation of the direction-dependent SepD was performed for two OIC commonly used by jurisdictions to
manage on environmental odour, as follows:

e OICi:Ci=0.250um?3,P=90" Ay=1h;

e OICxCi=1loum?3 P=98" Ai=1h.



174

The OIC; is presently used within the German odour regulatory
framework (GOAA, 2008) and the OIC; is used,for example, in Flanders
(Belgium) for new and single livestock farms (LNE, 2008; Willems et al.,
2015). A detailed description of odour regulations for several jurisdictions
worldwide can be found elsewhere (Brancher et al., 2017; Brancher et al.,
2016).

4.2.6. Statistics of the separation distance

Separation distances are typically drawn to the opposite side of the
Wy because this is the direction into which emissions spread. This
direction is called transport direction Ty (given by Tq = Wy + 180°). For
instance, when the wind blows from the South (180°) the corresponding
SepD is located to the North (T4 of 360°) (Schauberger et al., 2006; VDI
3894 Part 2, 2012). The calculated direction-dependent SepD are given in
increments of 10° using the stack position as the reference point for the
distance determination. The SepD are given in full meters. The contour
method used to draw the SepD is the B-spline smoothing. Statistical
analyzes were performed in accordance with the Guide to the expression
of Uncertainty in Measurement (GUM), which recommends a
standardized approach for expressing the uncertainty of measurements
(BIPM et al., 2008). We determined the mean separation distance values
(sample size = 5), the standard deviations (degrees of freedom = 4),
besides the upper and lower confidence interval boundaries (k = 2, level
of confidence = 95%) over the single meteorological years. The
coefficient of variation CV, which is defined as the standard deviation
divided by the mean with the result reported as a percentage, is used to
show the extent of variability in relation to the mean separation distance
values over the single meteorological years. The CV is widely used in
many fields when performing quality assurance and evaluations of
repeatability and reproducibility. We also compare the direction-
dependent SepD for the model runs using the 5 years of meteorological
data against the distances resulting from single meteorological years, and
the mean values over the single meteorological years.



175

4.3. Results
4.3.1. Surface meteorological conditions

The wind statistics for the Brazilian site (Sdo José dos Pinhais,
SBCT station) shows that the prevailing wind pattern during the 5 years
of meteorological observations (2004, 2008, 2013, 2014, 2015) is
blowing from East to Southeast (E-SE). Winds characterized as calms
(< 0.5 m s?t) amount approximately to 3.5% of the observations. The
average Ws is 3.3 m s%; high speeds can be experienced from mostly all
directions with a maximum of 25.7 m s'* for the period. The site is located
on a plateau of around 0.9 km above sea level, thus low atmospheric
pressure is observed (915 hPa on average). The site altitude and location
also reflect on monthly mean temperatures being mild in the summer, and
during the winter the monthly mean temperatures are relatively cold.

GroB-Enzersdorf in Austria can experience high wind speeds
mainly from prevailing northwesterly (NW) directions during the selected
meteorological period. The secondary prevailing wind direction is from
Southeast (SE), which also can experience stronger winds. Whereas the
northwesterly wind is mainly associated with cloudy or rainy periods, the
southeasterly wind is regularly observed with anticyclonic conditions.
Calm winds account for approximately 0.4% of the observations. The
average Ws is 3.3 m s!; the highest speed of the period is 13.2 m s. In
general, the weather conditions for GroR-Enzersdorf are characterized by
dissimilar seasons in terms of temperature. The winter has relatively low
monthly mean temperatures, while in summer high monthly mean
temperatures are observed.

For both sites, calm conditions recorded in the surface
meteorological dataset are not excluded for dispersion calculations. The
calms are adjusted into a minimum speed threshold of 0.5 m s* and
uniformly redistributed around the compass to maintain the wind profile.
This inclusion is considered, however, minor since 3.5% and 0.4% and of
total hours were added for the Brazilian and Austrian datasets,
respectively. Table 4.3 shows the descriptive statistics for hourly
meteorological conditions over the 5 years of data collection at the
Brazilian and Austrian sites.
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Table 4.3 — Descriptive statistics for hourly meteorological surface observations
at S8o José dos Pinhais (SBCT station, Brazil) and GroR-Enzersdorf (GE station,
Auwustria) used for the model calculations according to the period of data collection.

Parameter Station Minimum  Maximum Mean
Ws (m s?) SBCT 0.5 25.7 3.3
GE 0.5 13.2 3.3
T(°C) SBCT -3.0 33.0 174
GE -16.5 38.0 114
Pam (hPa) SBCT 900 930 915
GE 959 1029 998
CC (tenths) SBCT 0 10 7.6
GE 0 10 6.7

Fig. 4.2 and Fig 4.3 show the annual wind roses with distributions
of wind direction for 10° sectors (i.e., 36-part wind roses) at the Brazilian
and Austrian sites, respectively. While keeping the general
characteristics, a distinctive year-to-year variation in the wind data can be
delineated already from a visual inspection of these figures.
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Fig. 4.2 — Wind roses at Sdo José dos Pinhais (SBCT, Brazil). Legend denotes wind speed categories and their associated colors.
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Fig. 4.3 — Wind roses at GroBR-Enzersdorf (GE station, Austria). Legend denotes wind speed categories and their associated colors.
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4.3.2.  Atmospheric stability

The Obukhov length L, with dimension of length (m), is used by
AERMET to estimate the atmospheric stability. Therefore, we show L as
an indicator of atmospheric stability estimated by the model, and not as a
definitive measure of the dispersion of the plume. Because L, by
definition, can approach positive or negative infinity for neutral states, the
inverse of L (1/L, given in m* and often called the Obukhov stability
parameter) is assessed. Thus, unstable atmospheres have negative values
of 1/L; neutral atmospheres have |1/L| values of approximately zero;
stable atmospheres have positive values of 1/L. Consequently, the more
positive the 1/L value, the more stable the atmospheric stability is
assumed to be. Similarly, the more negative 1/L becomes, the more
unstable the surface layer is presumed. Once we turn off the ADJ_U*
option for the modeling applications, the lowest positive and negative
values of L that can be calculated by the model are +1 m and -1 m,
respectively. Therefore, the magnitude of the 1/L values, in m, is within
this interval. Fig. 4.4 presents bivariate histogram plots to show the
atmospheric stability (given by 1/L) estimated by AERMET against wind
direction and speed. On the top panel of Fig. 4.4, the stability is shown
for the Brazilian site and on the bottom panel for the Austrian site. These
charts cover the 5 years of meteorology (2004, 2008, 2013, 2014, 2015)
at both sites. The dependence of turbulence on the wind speed is
confirmed, as expected. With increasing wind speed, there is a tendency
that only near-neutral conditions for both sites occur. At both sites, neutral
stability essentially dominates with wind speeds roughly greater than
5ms™. Extremely unstable and moderately stable atmospheric conditions
are both estimated for very low wind speeds (< 1.0 m s). For example,
larger abundance of extremely unstable conditions with 1/L values of
-1.0 m at the Brazilian site (302 cases, 0.7% of the total observations)
from numerous wind directions are observed than at the Austrian site
(40 cases, 0.1% of the total observations), where these extremely unstable
conditions are only associated with certain wind directions. Additionally,
the effect of low wind speeds favoring the incidence of daytime unstable
and night-time stable atmospheric conditions is detected at both sites.

Annual 1/L plots against wind direction and speed (data not
shown) indicate that the atmospheric stability estimated by AERMET is
similar among the years at each site. Although, some year-to-year
differences can be observed mainly for the dependence on the wind
direction. Inter-annual variability of the atmospheric stability appears to
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be lower than for the wind data, whereby the Brazilian site shows more
variation than the Austrian site.

Fig. 4.4 — Atmospheric stability estimated by AERMET against wind direction
and speed at (top) Sdo José dos Pinhais/Brazil and (bottom) GroR-
Enzersdorf/Austria. Meteorological years: 2004, 2008, 2013, 2014, 2015.
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4.3.3. Direction-dependent separation distances

The direction-dependent SepD measured in increments of 10° at
Sé&o José dos Pinhais (Brazil) and GroB-Enzersdorf (Austria) are given in
Fig 4.5. The results for OIC; (C; = 0.25 ou m3, P = 90", A; =1 h) are
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shown on the left panels and for OIC, (Ci =1 ou m3, P = 98" A;=1h)
on the right panels.

Fig. 4.5 — Direction-dependent separation distances at the Brazilian and Austrian
sites. Legend denotes the meteorological years used for the model calculations
and their associated colors and markers.
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Considerable differences in the shape, length and the transport
directions Tq are found between the sites. These differences are, evidently,
due to the yearly varying meteorological conditions at each site, as for all
modelling runs the same source data and modelling assumptions are
considered.

The spreading of the SepD is primarily governed by the
distribution of Wy. This is made clear by comparing the wind roses
(Fig. 4.2 and Fig. 4.3) with the shape of the SepD at the Brazilian and
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Austrian sites (Fig. 4.5). Accordingly, the largest distances are observed
in the prevailing wind directions. Therefore, a priori one can expect that
the higher the frequency of a certain wind direction sector, the greater the
elongation of the SepD will be. The extent of the distances, nevertheless,
is probably a combination of many factors such as the frequency
distribution of atmospheric stability classes and wind speeds per wind
direction sector as well as the selection of the OIC.

At the Brazilian site, a maximum SepD of 612 m and 590 m for
scenarios OIC; and OIC,, respectively, are obtained. These distances
occur at Tg = 290° in 2014. The minimum SepD in Ty =290° is 547 m for
the OIC; (in 2013) and 528 m (in 2004). The minimum direction-
dependent SepD over all wind direction sectors is 42 m for the OIC; and
49 m for the OIC; at north-easterly T4, with almost no variation from year
to year. The highest variation of SepD from one year to the next at the
Brazilian site is observed for the OIC; at a T4 from 140° to 210°. Another
source of inter-annual variability occurs for the OIC; at a T4 from 30° to
60°. Both scenarios of odour criteria also have year-to-year variations in
the prevailing wind. All in all, a variation in T4 between approx. 50 and
600 m is observed at the Brazilian site.

At the Austrian site, two main SepD peaks are observed around the
odour source because of the prevailing winds heading in these directions.
For the OIC1, a maximum SepD of 396 m for Tq = 320° in 2014 and 350
m for Tq = 130° in 2013 are found. Using OIC; results in a maximum
distance of 383 m for Ty = 320° in 2014 and 299 m for Ty = 130° in 2013.
The minimum SepD in the prevailing winds is 323 m for a Tq = 320° in
2013 and 307 m for a Tq = 120° in 2013 for the OIC;. Taking OIC,, a
minimum distance in the prevailing winds of 326 m for a Tq = 320° in
2013 and 258 m for a Tq = 130° in 2015 are obtained. At the Austrian site,
the largest variations of SepD from year to year are observed mainly in
the prevailing winds for both OIC; and OIC,. All in all, SepD vary
between approx. 50 and 400 m at the Austrian site.

4.3.4. Inter-annual variability of the calculated direction-dependent
separation distances

For evaluating and expressing the amount of the inter-annual
variability of the calculated direction-dependent SepD, we present Fig
4.6.
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Fig. 4.6. Inter-annual variability of the direction-dependent separation distances
at the Brazilian and Austrian sites. Legend denotes the metrics used for the
evaluation.
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At both sites, the mean direction-dependent SepD over the
individual meteorological years are largely in agreement with the
distances determined for the 5 years of meteorology. This can be observed
in Fig. 4.6 through the great overlapping of the lines “mean over single
years” and “5 years”. Moreover, the SepD determined for the 5 years of
meteorology, assumed herein as the “true value”, are continuously inside
the confidence interval of the mean direction-dependent SepD determined
for the single meteorological years. This confirms the consistency of the
SepD values determined for the individual years of meteorology.

As previously identified, the peak of variability at the Brazilian site
is for a T4 from 140° to 210° when selecting the OIC; to delineate the
distances. In this regard, a CV of about 55% is observed for a Tq = 170°.
For the OIC,, a CV of 34% is determined for a T4 of 30°. The overall CV
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for all direction-dependent distances corresponds to 21% and 12% for the
OIC; and OICy, respectively.

At the Austrian site, some peaks of variation in the annual
separation distances are observed for both OIC, however, they are not
very pronounced. This reflects in an overall CV for all direction-
dependent distances of 8% and 12% for OIC; and OICy, respectively.

4.4, Discussion

In this work, we investigated the inter-annual variability of
direction-dependent separation distances SepD to avoid odour annoyance
calculated by the AERMOD dispersion model. The calculations are
undertaken for a site located in S&o José dos Pinhais (Brazil) and another
in GroR-Enzersdorf (Austria). Modelling scenarios simulate a constant
OER from a single-point source. Regarding odour pollution, dispersion
model outputs are typically related to a certain odour impact criterion,
which is a combination of an odour concentration threshold C; a
percentile rank value P and an averaging time A: used within the
dispersion model. Thus, two common national OIC were selected as a
reference of odour protection to obtain the SepD (see Section 4.2.5). The
comparability of the two national OIC was shown by Sommer-Quabach
et al. (2014). The same emission characteristics and modelling
assumptions were used for both sites. Therefore, the outcomes are
dependent on the on-site meteorology and the selected impact criteria. We
collected 5 years of hourly meteorological observations for each site. Sdo
José dos Pinhais, near Curitiba, the capital of the Brazilian state of Parana,
can experience high wind speeds from mostly all directions. The
prevailing wind is blowing from E to SE. As seen from Fig. 4.2, some
inter-annual variability is seen, especially in the main wind directions,
both with respect to the frequency of occurrence and to the wind speed.
GroRB-Enzersdorf, in Lower Austria east of Vienna, can have high wind
speeds mainly from NW directions. The secondary prevailing wind
directions are from SE, which can experience stronger winds as well. In
contrast to the Brazilian site, Grof3-Enzersdorf shows this bi-polar
structure of wind directions commonly observed in Central Europe and
attributable to the West wind belt in these latitudes with alternating low
and high-pressure influence. Inter-annual variability in the wind data
appears to be lower than at the Brazilian site when comparing Figs. 4.2
and 4.3. For both sites, the average W5 is 3.3 m s and the terrain within
the modelling domain is in large parts flat with some receptors located in
elevated positions.
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As far as atmospheric stability is concerned, the Brazilian site
experiences more unstable conditions than the Austrian site (Fig. 4.4).
This was expected because of the climate classification of the sites, which
further endorses the selected approach to determine the atmospheric
stability via the Obukhov length L. With increasing wind speed, neutral
conditions dominate at both sites.

The meteorological conditions, especially the distribution of wind
directions, are reflected in the direction-dependent separation distances
(Fig. 4.5 and 4.6). Both the range as well as the inter-annual variability of
the separation distances are larger at the Brazilian than at the Austrian
site. The separation distances vary between approx. 50 and 600 m at Sdo
José dos Pinhais and 50 to 400 m at GroR-Enzersdorf. At Sdo José dos
Pinhais, OIC, often delivers larger separation distances than OICy,
whereas, at GroBR-Enzersdorf, OIC; often delivers the larger separation
distances. This is an effect of the combination of wind speed and stability
data for each wind direction sector. The maximum separation distances
of about 600 m for a Tq of 290° at the Brazilian site, for example, result
from a combination of a high frequency of the relevant Tg, high wind
speeds and a large amount of neutral to slightly stable atmospheric
stability.

From the short interpretation of meteorological data given before,
it is no surprise that the inter-annual variability of the separation distances
is generally larger at Sdo José dos Pinhais than at Grof3-Enzersdorf
(Figs. 4.5 and 4.6). At both sites, a dependence on the transport direction
can be seen which is different between the two odour impact criteria used.
At the Brazilian site, the largest CV is obtained for the seldom occurring
southerly Tq for OICi1. At Grol3-Enzersdorf, CV is often high for Tq
between 270° and 360°, but also not necessarily for the most frequent
directions.

We posed two questions in the Introduction regarding the inter-
annual variability of the direction-dependent SepD at the two sites
calculated by the AERMOD dispersion model. We return to these
questions as follows:

e s one single year of meteorological observations sufficient to
derive representative odour impact patterns?

A fair agreement was observed within the SepD for each OIC
applied and site under investigation (Fig. 4.5). Based solely on the inter-
annual general tendencies in the shape of the separation distances and the
raw direction-dependent SepD measurements presented in Section 4.3.3,
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one-year dataset of hourly meteorological observations is sufficient to be
taken as a plausible length of meteorology to attain representative odour
impacts at a certain site. This is further supported because the
meteorological conditions for the Brazilian and Austrian sites have no
excessive dissimilarities in a period of 11 years (from 2004 to 2015), as
demonstrated in the annual wind roses (Figs. 4.2 and 4.3) and the
atmospheric stability. Although some meteorological years were
disregarded because of modelling criteria, these and other weather years
were investigated, mainly in terms of wind distribution. We found that
these data are also representative of the climatic conditions of the two
sites, as well as the ability of the individual parameters to characterize the
transport and dispersion conditions in the areas of interest (U.S. EPA,
2017).

As noted by Featherston et al. (2014), to conduct an assessment
against each meteorological year assessed—independently—has the effect
of increasing the effective compliance threshold above the current
percentile predicted odour level; and, for some cases, not efficiently
accounting for inter-annual variability in meteorology and the incidence
of “poor dispersion”, which can be better assessed using the length of
meteorology as a whole. Furthermore, in Featherston et al. (2014) the
99.9™ percentile is used across 5 years of meteorology. The dispersion
patterns showed to be more representative of real-world dispersion
because significant smoothing of the petal/fingering pattern usually
associated with Gaussian plume model plots is observed.

For calculating separation distances to avoid odour annoyance, we
show that one year of meteorological data can be used for sites with
constant meteorological conditions. Therefore, it would be possible to
accomplish an acceptable equilibrium of representativeness of odour
impacts and time/financial resources.

To bear in mind, at least 1 year of “site-specific”’ meteorological
data is already accepted under the scope of the Guideline on Air Quality
Models (U.S. EPA, 2017). This guide also states that if more years are
available, these data are preferred for use in air quality analyses, which is
logically expected.

The use of the most recent and valid meteorological year should be
preferred. This is mainly related to possible changes in the surface
roughness length around meteorological towers over the years that may
influence local micrometeorology patterns.
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e What is the amount of inter-annual variability if a single
meteorological year is used to calculate direction-dependent
separation distances?

A considerable variation within the absolute values of SepD from
one year to the next was not observed at the two sites under investigation.
If a single year of meteorology is adequate to calculate separation
distances to avoid odour pollution, the amount of inter-annual variability
involved in this outcome now arises. The mean CV values over all
direction-dependent distances at the Brazilian site correspond to 21% and
12% for the OIC; and OIC,, respectively. At the Austrian site, the mean
CV values for all direction-dependent distances are 8% and 12% for OIC;
and OIC,, respectively. The statistical analyzes reveal, therefore, a
relatively low yearly variability, which is an evidence to support the use
of one single meteorological year to calculate odour amenity distances by
dispersion modelling. Moreover, visual interpretation of the Fig. 4.5 also
shows representativeness of the single meteorological years against the 5
years of meteorology. We found agreement (Fig. 4.6) of the SepD
determined for the individual years of meteorology because the distances
of the 5 years of meteorology are continuously within the confidence
interval of the mean values over the single meteorological years.

Therefore, our investigation reveals for the scenarios here tested
that one single year of meteorological observations can satisfactorily
estimate odour impact fingerprints.

The year-to-year variation of the direction-dependent SepD is most
likely related to the frequency of wind direction and atmospheric stability
in a certain sector. As noted by Piringer et al. (2016), the combination of
atmospheric stability with frequent wind directions can be very important
for large separation distances. In a comparison of separation distances at
other sites across Austria, Piringer et al. (2016) concluded that separation
distances are a result of a complex interaction of wind conditions, stability
classes, and attenuation curves due to peak-to-mean factors. Therefore, it
can be expected that these factors also will influence the year-to-year
variability in separation distances. It is further added that the inter-annual
variability can be influenced by the application of the OIC, as seen in Fig.
4.6. We also assume that the 90t and 98™" percentiles are better at reducing
inter-annual variability in the results because the odour concentrations
related to these percentiles are reflective of commonly occurring
meteorology. In contrast, results from high percentiles such as the 99.91
or 99.5"" can be a mirror of more unusual meteorological events (ERM,
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2012). This offers evidence that the OIC also plays an important role in
the inter-annual variability of separation distances.

4.5, Conclusion

With the aim of investigating the inter-annual variability of
direction-dependent separation distances to avoid odour nuisance, we
performed dispersion modelling calculations using the AERMOD model
at two sites, each with 5 years of hourly meteorological observations. Our
results confirm that long time series of meteorological data can give us an
understanding of the “average” conditions of how separation distances are
shaped around odour sources. However, long time series of meteorology
is not always available and can be time-consuming to prepare a large file
for inputting into dispersion models. The inter-annual variability of the
separation distances is shown to be within a plausible range (mean CV
values from 8% to 21%). In this regard, this finding can launch the
potential of using a single year of meteorological observations to predict
representative odour impacts.
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CAPITULO 5: PRINCIPAIS CONTRIBUICOES, CONCLUSAO E
TRABALHOS FUTUROS

5.1. Principais contribuicdes

A partir da revisdo de legislacBes de odor (Capitulo 3), pode-se:

e ldentificar e categorizar cinco abordagens utilizadas por
jurisdicOes para legislar sobre odor ambiental: padrdo de
impacto maximo, padrédo de distancia de separacao, padréo de
emissdo méaximo, padrdo de incdmodo maximo, padrdo
tecnoldgico.

o Jurisdi¢bes sem legislacBes de odor geralmente utilizam
os principios da Nuisance Law. Neste contexto, odor
ambiental € tipicamente associado de forma subjetiva
como uma forma de poluicéo.

e Apontar que a associacdo de uma série temporal de
concentracdo de odor em ar ambiente, calculada por modelos
de dispersdo, com os chamados critérios de impacto de odor
(CIO) é uma das ferramentas mais utilizadas para avaliar
impactos de odor.

e Direcionar esforcos para sintetizar, comparar e discutir 0s
componentes dos CIO (concentracdo de odor limite C;,
percentil P e tempo de média Ay):

o Tabela resumo com CIO e nivel de protecéo requerido:
= C; de 0,25 oug m? (Alemanha) até 35 oug m?3
(Paises Baixos);
= C; de 0,05-100 oug(H) m? nas provincias dos
Paises Baixos;
= P de 85%-99,99%; algumas jurisdi¢des
consideram concentra¢cdes maximas;
= Aide 1s-1 h; valores de pico/media F de 1-45.
o Portanto, C;, P e A; abrangem uma ampla faixa de
valores, 0 que evidenciou a atual falta de harmonizacao
entre jurisdigdes.

e Demonstrar que podem ocorrer diferengas na concentracgao de
odor medida entre todas as unidades de odor:
o Isso é devido a diferengas nos métodos utilizados para
mensurar o limite de percepcdo de odor (LPO).
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Apresentar por que a legislagdo de odor é desafiadora de ser
estabelecida e previnir queixas:
o Dificuldades na estimativa de taxas de emisso de odor,
incertezas na modelagem de dispersdo, correlagdo de
exposi¢do com incdmodo e 0 somatorio de tais fatores.

Mostrar como foram coletadas evidéncias para determinar
limites de odor em ar ambiente:
o Estudos de dose-resposta e considerac@es ldgicas.

Recomendar uma estratégia para aprimorar a gestdo de odor
ambiental:

o A estratégia integrada multi-ferramenta recomendada
agrega as cinco abordagens identificadas nas atuais
estruturas regulatorias;

o Essa estratégia pode auxiliar, em ambito mundial, a
formar leis de odor mais robustas e harmoniosas atraves
de uma base sélida mutua;

o Os beneficios de uma estratégia integrada multi-
ferramenta sdo demonstrados quando comparados a
abordagens individuais;

o Os métodos e ferramentas que contemplam a estratégia
integrada sdo abrangidos em preditivos,
observacionais/empiricos e mitigagdo/controle.

A partir da avaliacdo da variabilidade interanual de distancias de
separacao dependentes da direcdo calculadas pelo modelo de disperséo
AERMOD (Capitulo 4), pode-se:

Confirmar que a avaliagdo de impacto de odor tende a ser mais
representativa das condicdes meteoroldgicas "médias” e de
longo prazo quando séries temporais de dados meteoroldgicos
mais longas séo utilizadas:
o Essa prerrogativa é valida ao utilizar o periodo de
meteorologia como um todo.

Determinar, em geral, um baixo grau de variabilidade
interanual das distancias de separacao:
o Valores médios do coeficiente de variacdo de 8% a 21%.

Evidenciar que, em estudos de modelagem de dispersao de
odor, um Unico ano de dados meteoroldgicos é suficiente para
derivar padrdes de impacto representativos:
o Esse resultado fornece uma nova visdo para protocolos
de modelagem de odor.
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5.2. Conclusao

O objetivo desta Tese foi colaborar com o aprimoramento de
estratégias regulatorias para gestdo de odor ambiental. Para este
proposito, dois trabalhos foram realizados, onde legislacGes de odor em
28 paises foram organizadas e revisadas, e a variabilidade interanual de
distancias de separacdo dependentes da direcdo foi avaliada. A coletanea
compreensiva de regulamentos de odor proporcionou uma oportunidade
para reunir diversos achados. Por exemplo, o estudo de revisao sintetizou,
comparou e discutiu os diferentes componentes dos critérios de impacto
de odor CIO (i.e. concentracdo de odor limite, percentil e tempo de
média), e respondeu duas perguntas proeminentes:; por que a legislacdo
de odor é desafiadora de ser estabelecida e atender as expectativas de
comunidades (i.e. prevenir queixas), e como foram coletadas evidéncias
para determinar limites de odor em ar ambiente. O estudo de revisdo
contemplou ainda mais tépicos como os fundamentos das propriedades,
dimensfes, métodos de amostragem e andlise de odor, consideracOes
sobre distancias de separacdo e melhores tecnologias disponiveis.
Demonstrou-se também com argumentos e causas que apesar de unidades
de concentracdo de odor serem conceitualmente equivalentes, podem
ocorrer diferencas na concentracdo de odor mensurada em todas as
unidades devido a diferencas nos métodos utilizados para medir o limite
de percepcdo de odor. A assimilagdo de elementos maduros das atuais
estruturas regulatdrias culminou na recomendacdo de uma estratégia
multi-ferramenta integrada para gestdo de odor ambiental. Essa estratégia
pode auxiliar, em &mbito mundial, a fortalecer e harmonizar leis de odor
através de uma base sélida muatua. O trabalho de avaliagdo da
variabilidade interanual de distancias de separacdo dependentes da
direcdo confirmou que, se um conjunto de dados meteorolégicos longo e
valido estiver disponivel para calcular as distancias de separagéo, esse
deve ser usado para permanecer no lado dos padrdes de impacto de
“médios” e de longo prazo. No entanto, foi evidenciado, através de um
baixo grau de variabilidade interanual das distancias de separacdo, que
um Unico ano de meteorologia € um bom compromisso para obter uma
precisdo confiavel. Dessa forma, um novo entendimento para estudos de
modelagem de dispersao de odor pode ser alcangado, particularmente em
avaliagbes de impacto préticas e rotineiras. Face as contribuigBes
proporcionadas, esta Tese pode aprimorar  mundialmente
regulamentagdes atualmente em vigor e promover o desenvolvimento de
novas legislagdes de odor ambiental.
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5.3. Trabalhos futuros

Esforgos adicionais sdo identificados para continuar o fortalecimento

da gestdo de odor ambiental. Pode-se citar:

Investigar a degradacdo de concentracdo de odor: tempo
decorrido entre coleta de amostras e analise olfatométrica;

Alguns materiais de amostragem sdo mais indicados do que
outros para armazenar odorantes especificos;

Sugerir o FIDOL como base de ferramentas preditivas e alinhar
cada ferramenta preditiva com a letra do FIDOL, se possivel;

O uso de odorantes multiplos na olfatometria pode promover
uma melhoria das normas atuais;

Melhor e mais estudos de dose-resposta sdo fortemente
necessarios;

Métodos screening e equacBes empiricas de distancias de
separacdo faceis de serem aplicados e conservadores para
avaliacBes preliminares devem ser considerados em legislacbes
de odor;

Métodos padronizados para andlise e validacdo de queixas de
odor sdo necessarios;

Ainda ha davidas sobre o melhor tempo de média para modelos
de disperséo (fator de pico/média);

Atualizacdo constante de normas e regulamentos de odor;
Examinar as causas da variabilidade interanual de distancias de
separacao para entender quais sdo os fatores mais importantes e

como eles se comportam;

Investigar a variabilidade interanual de distancias de separa¢do
com emissdes de odor a partir de fontes area;
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e Alterar aaltura da chaminé e investigar a variabilidade interanual
de distancias de separacéo;

e  Atribuir um padrédo de emissao variavel para a fonte de odor para
examinar e investigar a variabilidade interanual de distancias de
separacao.



196



197

APENDICE 1: TERMINOLOGIA
As seguintes convences de terminologia sdo aqui adotadas:

Odor | Refere-se a sensagdo resultante de estimulos gerados nos
receptores olfativos do nariz humano por compostos quimicos especificos
em fase gasosa.

Odorante | Composto quimico qualquer capaz de estimular o
sistema olfativo humano, de modo que a sensacéo de um cheiro ou aroma
caracteristico seja derivada.

Odor ambiental | Poluente atmosférico de origem antropogénica
gerado e emitido no meio ambiente sobretudo em atividades
agroindustriais. Outros tipos de odores como os de fontes naturais,
corporais, alimentos, bebidas e produtos ndo sdo contemplados no
conjunto de odores ambientais.

Regulamentacdo | Contempla o arcabouco legal que normatiza,
orienta a conduta e fornece supervisdo constituido por leis, portarias,
resolugdes, estatutos, cédigos, normas, objetivos ou qualquer ordem
prescrita por uma autoridade governamental, seja ela federal, estadual ou
municipal. Destaca-se que legislacdo é utilizada como sindnimo de
regulamentacéo.

Jurisdicdo | Poder atribuido ao Estado para aplicar a lei e
administrar a justica. As principais jurisdicbes aqui abordadas sdo a
federal, estadual e municipal.

Gestédo | Contempla o ciclo completo das atividades ligadas a area
de odor ambiental. Essas atividades englobam, por exemplo, a prevencéo,
mitigacdo, controle, monitoramento, avaliagdo, fiscalizacéo,
regulamentagdo. Oportunamente, “gestdo” ¢ em determinadas situagdes
utilizado em conjunto com controle e/ou monitoramento com o designio

de enfatizar tais termos dentro do processo de gestéo.

Distancias de separacdo | Categoriza 0 entorno de instalacdes
emissoras de odor em uma &rea que € protegida contra incbmodos e uma
area mais proxima do que a distancia de separacdo, onde a perda de
amenidades publicas pode ser esperada.
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APENDICE 2: OUTRAS PUBLICACOES

Outras publicagdes conectadas com a linha de pesquisa do presente

trabalho que foram desenvolvidas pelo autor durante seu doutoramento:
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