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Resumo

SZCZEPANIAK, Roberta Foerstnow. BIOMONITORAMENTO E AVALIACAO DA
ATIVIDADE ANTIOXIDANTE E NIVEIS DE ACETILCOLINESTERASE NO
SISTEMA NERVOSO CENTAL DE ANIMAIS EXPOSTOS A POLUICAO
ATMOSFERICA DA CIDADE DE PELOTAS - RS. 2014. 82f. Dissertac&o
(Mestrado) — Programa de Pés-Graduagédo em Bioquimica e Bioprospeccao.
Universidade Federal de Pelotas, Pelotas.

Na cidade de Pelotas, localizada ao sul do Brasil, o crescimento econdmico das
tltimas décadas (aumento da producado industrial e crescimento da frota de
veiculos) gerou uma série de impactos sobre a salude humana e meio ambiente.
Algumas substancias particuladas presentes na atmosfera podem ser
responsaveis pelo aumento do estresse oxidativo e quadros inflamatorios em
alguns 6rgédos alvo. O presente estudo teve como objetivo monitorar durante as
estacdes do ano, os niveis ambientais de dioxido de nitrogénio (NO,) e material
particulado (MP,5) em 8 pontos da cidade de Pelotas distribuidos de acordo com
sua localizacéo: parte sul da cidade, regido leste, zona central da cidade, regido
oeste, no sudoeste, na zona norte, no sudeste e na regido nordeste, bem como
estudar as alteracbes bioquimicas em ratos expostos a poluicdo atmosférica. A
amostragem do NO; foi realizada utilizando o principio da difusdo do NO, atmosférico
em filtros de celulose impregnados com uma solugéo absorvente. O equipamento
“DustTrak” foi utilizado para analise do material particulado 2,5 ym. A média
percentual em todas as estacdes de MP,s de 8 pontos analisados 6
ultrapassaram os limites preconizados pela Organizacdo Mundial da Saude
(OMS) (25 ug/m3). O ponto ao sul ultrapassou 95%, ponto ao leste 25.16%, zona
central da cidade 58.24%, ponto oeste excedeu 21.12%, ponto sudeste
ultrapassou 19.16% regiao norte 25.6%. Os pontos localizados na regido
sudoeste e nordeste nao ultrapassaram os limites da OMS. Em relacdo ao
monitoramento ambiental do NO, (ug/m®) a média percentual dos pontos nao
ultrapassaram os valores preconizados pela OMS (40 pg/m®). Com intuito de
verificar o efeito da exposicdo aguda ao material particulado em nivel ambiental
nas estacdes do inverno e verdo foram utilizados ratos Wistar machos adultos,
por periodos de 20 horas (4h/dia) durante 5 dias. Este procedimento foi realizado
em dois locais distintos em relacdo a dispersao e concentracdo de poluentes.
Foram analisados os niveis de acetilcolinesterase (AChE) e atividade das
enzimas antioxidantes catalase, superoxido dismutase e glutationa peroxidase, a
producao de tidis e radicais livres por meio do ensaio do diclorofluoresceina em 3
estruturas do sistema nervoso central: cortex pré-frontal, hipotalamo e hipocampo.
Os niveis de AChE no inverno foram maiores no cortex e no hipotalamo
corroborando aos altos niveis de MP,s em ambos os locais. Em relagdo ao
Estresse Oxidativo podemos sugerir uma adaptacdo em relacdo aos niveis das
enzimas antioxidantes uma vez que observamos no inverno e veréo produgéo de
tidis. O efeito da exposicdo a poluicdo atmosférica na cidade de Pelotas sofre
influéncia do local avaliado bem como a estacdo do ano.

Palavras-chaves: Poluicéo atmosférica. Biomonitoramento.
Acetilcolinesterase. Estresse oxidativo. MP, 5. NO»



Abstract

SZCZEPANIAK, Roberta Foerstnow. BIO-MONITORING AND ASSESSMENT OF
THE ANTIOXIDANT ACTIVITY AND ACETYLCHOLINESTERASE LEVELS IN
THE CENTRAL NERVOUS SYSTEM OF ANIMALS EXPOSED TO
ATMOSPHERIC POLLUTION IN THE CITY OF PELOTAS - RS. 2014. 82f
Dissertation (Master’s) — Post Graduation Program in Biochemistry and Bio-
prospection. University Federal of Pelotas, Pelotas.

Pelotas, located in southern Brazil, the economic growth in the last decades
(increase of industrial production and vehicle fleet) brought a series of impacts on
the human health and environment. Some substances in particles found in the
atmosphere may be responsible for the increase of the oxidative stress and
inflammatory conditions in some target organs. The present study aimed to
monitor the environmental levels of nitrogen dioxide (NO;) during the seasons and
material in particles (PM,s) in 8 locations in the city of Pelotas distributed
according to location: southern part, east region, central zone, western, in the
southwest, in the north, in southeast and northeast, as well as studying the
biochemical changes in rats exposed to air pollution. The NO, sample was
performed using the atmospheric NO, diffusion principle in cellulose filters impregnated
with a specific absorbent solution for reaction with this gas. The equipment “DustTrak”
was used for analysis of the material in particles 2,5 um. The average percentage
in all stations PM,s the 8 points analyzed 6 points exceeded the limits
recommended by the World Health Organization (WHO) (25 mg/m?®). The south
point exceeded 95%, point to the east 25.16%, the central zone 58.24%, point
west 12.21% exceeded, southeast point exceeded 19.16% and northern 25.6%.
Site located in the southwest and northeast region did not exceed the limits of
WHO. Regarding the environmental monitoring of NO, (ug/m® the average
percentage of points did not exceed the values recommended by WHO (40
ug/m®). In order to verify the effect of acute exposure to particulate matter in
environmental levels in the winter and summer seasons Wistar adult male rats for
periods of 20 hours (4h/day) during 5 days. This procedure was done in two
separate locations relative to the dispersion and concentration of pollutants. The
analysis of the levels of acetylcholinesterase (AChE) and antioxidant enzymes
catalase, dismutase and glutathione peroxidase, superoxide production of thiols
and free radicals through the dichlorofluorescein assay in 3 structures of the
central nervous system were analyzed: prefrontal cortex, hypothalamus and
hippocampus. The levels of AChE were greater in winter of the cortex and the
hypothalamus corroborating the high levels of PM,s in both local. Concerning
oxidative stress can suggest an adaptation from the levels of antioxidant enzymes
since we observed in winter and summer production of thiols. The effect of
exposure to air pollution in Pelotas influenced local and as well as on the season.

Keywords: Atmospheric pollution. Bio-monitoring. Acetylcholinesterase.
Oxidative stress. PM,5 NO,
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1 INTRODUCAO

A poluicdo atmosférica é um problema ambiental e de saude publica.
Desde a Revolucédo Industrial o aumento de poluentes na atmosfera tem causado
danos a saude da populacdo, aos ecossistemas e ao patrimoénio da sociedade
(KARNAE e JOHN, 2011; CETESB, 2007).

Pelotas € um municipio da regido sul do estado do Rio Grande do Sul.
Esta localizada (31° 46’ 34” Sul, 52° 21’ 34” Oeste) em uma planicie costeira, a
area urbana do municipio situa-se em baixa altitude, em média, 7 metros acima
do nivel do mar. A cidade encontra-se a menos de 50 km do Oceano Atlantico, o
gue define a regularidade dos ventos e a alta umidade do ar durante o ano todo.
O clima subtropical é controlado, principalmente, pela atuacdo das massas polar e
tropical atlantica, com verdes quentes e invernos relativamente frios, com geadas
frequentes, como indica a Estacdo Agroclimatolégica de Pelotas situada no
Campus da Universidade Federal de Pelotas. A passagem das frentes frias
polares pode ocasionar bruscas mudancas no tempo em qualquer estacdo do
ano. O municipio de Pelotas esta posicionado as margens do Canal Sdo Goncalo,
que liga as Lagoas dos Patos e Mirim, as maiores bacias do Brasil. Esta
localizacdo tem importantes reflexos sobre os aspectos fisicos e econdmicos do
municipio. Distante a 250 km de Porto Alegre, capital do estado, Pelotas possui
328.000 habitantes sendo considerada a terceira cidade mais populosa do estado
(IBGE, 2013). Nas ultimas décadas houve um crescimento econdmico da regido
traduzido pelo aumento da producéo industrial e pelo crescimento da frota de
veiculos determinando elevada concentracdo de poluentes na atmosfera no qual
representam um risco direto para a saude da populacdo (IONOV e POBEROVSKII,
2012). Destacando a necessidade de monitoramento constante, intensificacéo de
acOes publicas e controle das fontes emissoras. Apesar do grande numero de
estudos em diversas cidades, nenhum estudo sobre a qualidade do ar foi
encontrado na literatura para a cidade de Pelotas.

Em grandes cidades, a emissdo veicular € a principal responsavel pela
difusdo de oOxidos de nitrogénio. O dioxido de nitrogénio (NO;) € um poluente
primario que se origina durante os processos de combustdo, tendo como
principais fontes as industriais e a combustdo veicular (CETESB, 2007,
DONNELLY et al., 2012).
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O material particulado é um poluente atmosférico constituido por uma
mistura de particulas que podem ser solidas, liquidas ou ambas, suspensas no ar,
constituidas por varios elementos quimicos, como por exemplo, metais e
compostos de carbono. Estes elementos sdo geralmente associados a poluicao
urbana tendo como principais fontes emissoras os veiculos automotores e as
industrias. O tamanho das particulas esta diretamente relacionado ao seu
potencial para causar problemas de saude. As particulas sdo classificadas de
acordo com o tamanho em: grossas (entre 2.5 e 10 um) representando a massa
de particulas inalaveis, ou seja, pequenas o suficiente para penetrar no sistema
respiratério, as finas (diametro inferior a 2.5 um, MP,5) e as ultrafinas (diametro
inferior a 0.1 ym ou 100 nm). As particulas finas possuem maior probabilidade de
deposicdo nas vias aéreas condutoras mais finas e nos alvéolos pulmonares,
podendo estar relacionadas ao desenvolvimento de doengas respiratérias e
cardiovasculares. (KELLY e FUSSELL, 2012; KAMPA e CASTANAS, 2008;
BERGAMASCHI et al., 2007).

Estudos epidemiolégicos determinaram um aumento de morbidade e
mortalidade associadas as doencas cardiovasculares em populacfes expostas ao
material particulado menor ou igual a MP,s. Consequentemente, 0 aumento no
namero de internacdes hospitalares em periodos de maior nivel de poluentes
(DEMETRIOU et al., 2012; POPE et al., 2009; CANCADO et al., 2006). No
entanto, o mecanismo fisiopatoldégico que comanda a relagdo entre a exposicao
as fontes poluidoras e o aumento de mortes por doencas cardiovasculares néo
estd completamente estabelecido. O estresse oxidativo desempenha um papel
fundamental neste processo no qual substancias reativas, produzidas durante o
metabolismo que fisiologicamente sdo neutralizadas por reacdes do sistema
antioxidante, como o diéxido de nitrogénio (NO,) e o ozdnio (Oz), com capacidade
de induzir a formacdo de espécies reativas de oxigénio. Assim, a poluicdo
atmosférica determina um estresse oxidativo os quais atuam em diferentes alvos
biolégicos como proteinas, lipidios e acidos nucléicos (ARCEGO et al., 2013;
SIMKHOVICH et al., 2011; ZANCHI et al., 2010).

Processos oxidativos sado igualmente associados aos impactos de
poluentes atmosféricos sobre os sistemas respiratorio e cardiovascular. Estes
danos oxidativos e inflamatérios tém sido estabelecidos como mecanismos
basicos através dos quais a poluicdo atmosférica causa alteracbes ao sistema
nervoso central (ZELIKOFF et al., 2002; BLOCK et al., 2007; MILLS et al., 2009).
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O sistema nervoso central (SNC) é extremamente suscetivel ao estresse
oxidativo, o qual compreende o desequilibrio entre a elevada concentracdo de
oxidantes em relacéo a baixa quantidade de antioxidantes com produc¢éo de dano
celular (HALLIWELL, 1994; HALLIWELL e GUTTERIDGE, 2007). Poluentes
atmosféricos podem atingir areas mais profundas do encéfalo e provocar danos
irreparaveis em estruturas importantes como o coértex e hipocampo (ZANCHI et
al., 2010). Em consequéncia de alteracbes neuroquimicas no SNC, a exposicéo
aos poluentes pode ser associada com func¢des cognitivas e comportamentais,
como aprendizagem e memoria, onde a acetilcolinesterase (AChE) desempenha
um papel importante no SNC. A AChE € uma enzima pertencente a familia das
colinesterases, responsavel pela finalizacdo da transmissdo dos impulsos
nervosos nas sinapses colinérgicas e também pela hidrélise do neurotransmissor
acetilcolina (ACh) (JAQUES et al., 2011; ANWAR et al., 2012). Além disso, é um
marcador biolégico da acdo de compostos neurotOxicos para 0 organismo
(OLIVEIRA et al., 2007). Na literatura existem poucos estudos epidemiolégicos e
experimentais no qual correlacionam sistema nervoso central, estresse oxidativo e
acetilcolinesterase com polui¢cdo atmosférica.

A poluicdo do ar tem sido associada a diversos efeitos sobre a saude
humana, dentre eles, o crescimento das taxas de internacées e de atendimentos
de emergéncia, o aumento de problemas respiratérios crénicos, como por
exemplo, a asma, e a diminuigdo da fungdo pulmonar, incluindo um aumento no
risco de mortalidade. Dados epidemiolégicos recentes sugerem que fatores
meteoroldgicos como temperatura, umidade, precipitacdo e pressao atmosférica
influenciam a qualidade do ar (CHEN et al., 2012; DEMETRIOU et al., 2012,
DELFINO et al., 2011; CANCADO et al., 2006). A dispersao de poluentes como
NO, e MP,5 € dependente da sazonalidade e de fatores meteorolégicos. Desta
forma, as diferentes estagcbes do ano como, por exemplo, inverno e veréao
possuem caracteristicas distintas e por esse motivo, podem acarretar em
alteracdes bioldgicas distintas (BIERMANN et al., 2009).

Neste contexto, justifica-se a importancia de investigar-se a poluicdo
atmosférica e seus efeitos na exposicdo aguda aos poluentes na cidade de
Pelotas, uma vez que nesta regido existem poucos estudos relacionados ao

monitoramento ambiental de poluentes, bem como estudos biolégicos.
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2 OBJETIVOS

2.1 Objetivo Geral

Monitorar os niveis ambientais de dioxido de nitrogénio e material
particulado MP,s na cidade de Pelotas em 8 pontos distintos, bem como avaliar
as alteracfes bioquimicas e niveis de acetilcolinesterase em animais expostos ao

MP em nivel ambiental no inverno e verao.

2.2 Objetivos especificos

- Realizar monitoramento ambiental dos niveis de diéxido de nitrogénio e
material particulado 2,5 um na cidade de Pelotas nas quatro estacdes do ano
2012;

- Determinar os niveis de acetilcolinesterase em diferentes estruturas do
sistema nervoso central: hipocampo, hipotalamo e cortex;

- Avaliar a atividade das enzimas antioxidantes catalase, superéxido
dismutase e glutationa peroxidase em diferentes estruturas do sistema nervoso:
hipocampo, hipotalamo e cértex;

-Verificar se a exposicdo ao MP, a nivel ambiental, causa estresse
oxidativo por meio do ensaio do diclorofluoresceina (DCF);

- Determinar os efeitos da exposicéo a poluicdo sobre producéo de tiois.



16

3 REVISAO BIBLIOGRAFICA

3.1PADROES DE QUALIDADE DO AR

A qualidade do ar é determinada pela presenca de baixos niveis de
poluentes na atmosfera. Desta forma, torna-se importante a regulamentacéo e o
controle das emissdes de poluentes referentes as industrias, bem como outras
fontes emissoras. Estudos epidemiolégicos demonstram um crescimento de
internacdes hospitalares associadas aos efeitos toxicos dos agentes poluidores
presentes na atmosfera. A partir de tal contestacédo foram criados os padrdes de
exposicdo humana aos poluentes (SALDIVA et al., 1994; CETESB, 2007;
CANCADO et al., 2006; DEMETRIOU et al., 2012).

A Tabela 1 apresenta padroes de qualidade do ar legalmente
estabelecidos pelo CONAMA, resolucdo n° 003/1990, para 0s seguintes
poluentes: particulas totais em suspensdo (PTS), fumaca (FMC), particulas
inalaveis (MPqp), dioxido de enxofre (SO,), monoxido de carbono (CO), ozbdnio
(O3) e diéxido de nitrogénio (NO,). De acordo com a Resolucdo CONAMA n.°
003/1990, sdo considerados padrdes de qualidade do ar as concentracbes de
poluentes atmosféricos que, se ultrapassadas, poderdo interferir na saude, na
seguranca e no bem-estar da populacdo, bem como ocasionar danos a flora e a
fauna, aos materiais e ao meio ambiente em geral.

O indice de qualidade do ar € um indicador padronizado do nivel
de poluicéo do ar, sendo que a qualidade boa deve apresentar pouco ou nenhum
risco a saude e a péssima apresenta sérios riscos de manifestacdes de doencas
respiratorias e cardiovasculares. A legislacao brasileira que estipula os padrées
de qualidade do ar nacionais encontra-se defasada em relacdo aos demais
paises. Datada da década de 90, a Resolugdo CONAMA N° 003/1990 que define
os padrbes de qualidade do ar nacionais (DELFINO et al., 2011; CETESB, 2007).


http://pt.wikipedia.org/wiki/Indicador

Tabela 1 indice da Qualidade do ar
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o PTS PM10 SO, NO, (OF (60)
Classificacéo e o o o o o o
. o Média 24h  Média 24h  Média 24h Média 1h Média 1h Média 8h
Faixa do Indice 3 3 3 3 3 3
pm/m Mm/m pm/m pm/m pm/m um/m
Bom 0-80 0-50 0-80 0-100 0-80 0-4500
81-240* 51-150* 81-365* 101-320* 81-160* 4501-9000*
Inadequada 241-375 151-250 365-800 321-1130 161-200 9001-15000
Ma 376-625 251-420 801-1600 1131-2260 201-800 15001-30000
Péssima 626-875 421-500 1601-2100 2261-3000 801-1000  30001-40000
Critica 876-1000 501-600 2101-2620 3001-3750 1001-1200 40001-50000

Fonte: CONAMA 03/1990

A legislacéo brasileira ndo estipula padrdes de qualidade do ar para material
particulado fino (MP,s). Entretanto, a Organizacdo Mundial da Saude recomenda
0 padréo de qualidade do ar para MP, 5 com base nos efeitos a salde conhecidos,
tanto de curto quanto de longo prazo (WHO, 2006). Além disso, muitos paises
tém inserido o parametro MP,s como padrdo de qualidade do ar em suas
legislacbes ambientais, tais como Estados Unidos, paises da Unido Européia,
Canada, México, dentre outros (LEE, 2010).

3.2 FONTES DE POLUICAO DO AR

As fontes emissoras de poluentes atmosféricos sdo classificadas em
estacionarias ou moveis. As principais fontes estacionarias estdo ligadas a
processos de combustdo decorrentes da producdo industrial, de usinas
termoelétricas ou da queima de residuos solidos, em servicos urbanos de
tratamento de residuos. Quanto as fontes mobveis, sdo representadas,
principalmente, pelos veiculos automotores. A magnitude do langamento dessas
emissOes, seu transporte e diluicdo na atmosfera, determinam o estado atual da
qualidade do ar atmosférico (CANCADO et al., 2006).

Os poluentes sao classificados em primarios ou secundarios. Os primarios
sdo aqueles lancados diretamente pelas industrias, veiculos ou operacdes de
gueima de combustiveis fosseis como o monoxido de carbono, o dioxido de
enxofre, 6xidos de nitrogénio (NOx) entre outros. Os secundarios sdo aqueles
poluentes provenientes dos primarios, formados na atmosfera, constituindo novos

poluentes como, por exemplo, o acido sulfurico (H.SO,4) e 0 0zbnio (O3).
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Os poluentes apds sua emissdo na atmosfera sdo submetidos a
processos complexos de transporte, mistura e transformacdo quimica, que
originam em uma distribuicdo varidvel das suas concentracdes na atmosfera. Na
maioria das vezes, as distribuicdes das concentracdes de poluentes na atmosfera
dependem das condi¢Bes de emissao e das condicbes meteoroldgicas, podendo
alguns poluentes ser transportados a grandes distancias antes de atingirem o
nivel do solo (SANTOS et al., 2009).

A concentragdo dos contaminantes reduz-se a proporcdo em que Sao
dispersos na atmosfera, o que depende de fatores climatolégicos, como a
temperatura, a velocidade do vento, o movimento de sistemas de alta e baixa
presséo e a interacdo destes com a topografia local, como montanhas e vales, por
exemplo (CETESB, 2007; SCHIRMER e LISBOA, 2008).

3.3 PRINCIPAIS POLUENTES ATMOSFERICOS

Em relacdo a diversidade de poluentes atmosféricos, os 6rgaos
governamentais que controlam a poluicdo atmosférica em diversos paises listam
0s poluentes que se apresentam com maior frequéncia, causando efeitos
adversos tanto para 0 meio ambiente como para a populacéo, que contribui para
o controle dos mesmos. Para tanto, de acordo com a CETESB (2007), apresenta-

se 0s principais poluentes e uma sucinta explicacao acerca de seus efeitos.

3.3.1 Oxidos de carbono: Os 6xidos de carbono (mondxido de carbono —
CO e dioxido de carbono — CO;) sdo emitidos diariamente a atmosfera, sendo
oriundos de processos naturais (fogos florestais, atividade vulcénica) e
antropogénicos (queima de combustiveis fosseis). O CO é um poluente que
apresenta grande toxicidade ao ser humano, sendo um gas incolor, inodoro e sem

sabor.

3.3.2 Ozbénio: A formacdo do ozbnio (O3) estd diretamente relacionada
com a emissdao de poluentes, tais como o6xidos de nitrogénio, compostos
organicos volateis (material particulado pequeno) e monoxido de carbono. Desse
modo, o O3 é classificado como um poluente secundario. Depois de formado na
atmosfera, o Oz tem uma meia-vida de dias a semanas, podendo ser transportado

por longas distancias. E o mais persistente poluente do ar urbano e é o principal
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responsavel pela formacdo da névoa fotoquimica urbana mais conhecida como

smog.

3.3.3 Compostos de enxofre: Embora fontes naturais como as erupcdes
vulcanicas possam colaborar em determinadas regides para a formacdo dos
niveis ambientais atuais de gases sulfurosos, nas areas urbanas o motivo de
preocupacao volta-se para as contribuicbes antropogénicas. Entre as principais,
destacam-se as que utilizam combustiveis fosseis ricos em enxofre (carvdo
mineral e 6leo diesel), geracdo de energia elétrica e em veiculos motorizados. O
enxofre libertado na queima de combustiveis combina com o oxigénio do ar e da
origem ao SO, (dioxido de enxofre) que, apos oxidacdo, pode ser transformado
em triéxido de enxofre. Na presenca da umidade do ar o composto da origem ao
acido sulfurico e respectivos sais, contribuindo para a formacédo de chuvas acidas,

responsaveis pela acidificacdo das aguas e dos solos.

3.3.4 Oxidos de nitrogénio: Os oéxidos de nitrogénio sdo formados
durante as combustdes do nitrogénio do ar, 0 que torna seu controle mais dificil.
Esses Oxidos provocam irritacdes nos olhos e mucosas em geral, além de
enfisema pulmonar (CHEN et al., 2012).

As maiores fontes de didxido de nitrogénio (NO,) sdo resultantes da acao
antropogénica, principalmente dos processos de combustdo por fontes
estacionérias (usinas de energia) e em fontes méveis (veiculos automotores). O
NO, é um poluente atmosférico gasoso que em altas concentracdes representa
um risco para a saude humana. Dessa forma, a exposi¢cado a alta concentracao de
NO, reduz a imunidade, causa infeccdes no trato respiratério como a laringite,
bronquite e pneumonia (RAJARATHNAM et al.,, 2011). Estudos recentes
realizados em varias cidades na Europa (CHIUSOLO et al., 2011; SAMOLI et al.,
2006) e no Canada (BURNETT et al., 2004) comprovam a associa¢ao de curto
prazo entre NO, e aumento do risco de mortalidade. Berger et al. (2006) e
Dockery et al. (2005) também confirmaram associacdo de NO, com o aumento do
risco de taquicardia supraventricular em homens com doenca cardiaca coronaria.
O NO; quando inalado, atinge as porcdes mais periféricas do pulméo devido a
sua baixa solubilidade em agua, dando origem as nitrosaminas, que podem ser
carcinogénicas. Cancado et al. (2006) relacionam seu efeito toxico ao fato de ser

um agente oxidante e irritante das mucosas, principalmente em criangas.
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3.3.5 Particulas inalaveis: Também denominadas de material particulado
(MP) sdo pequenas particulas suspensas no ar, que podem causar efeitos negativos
na saude da populagdo. As particulas inalaveis séo classificadas de acordo com o
didmetro em finas (2,5 uym), ultrafinas (0,1 yum) e grossas (2,5 um a 10 um).

Nos dultimos anos, Orgdos governamentais de muitos paises tém
monitorado os materiais particulados. As principais fontes de emisséo do MP séo a
fumaca, poeiras e a queima de combustiveis fosseis, provenientes da combustio dos
veiculos automotores e indGstrias (LOPEZ et al., 2011; KELLY e FUSSELL, 2012).

A Figura 1 relaciona os diferentes tipos e tamanhos de material particulado.

Bacterlas GIobqusVermelhos Células Pélen Alflnete Cabelo

”l__'_r__‘_l

0.01pm 0.1um 10um 100um

- o
Particulas Grossas

PM ,,

Particulas Finas

Moléculas Virus

~smER UFP ¢v,)

Particulas Ultrafinas

Figura 1. Classificacdo aerodinamica do material particulado adaptado de BROOK
et al., 2004.

A toxicidade das particulas esta associada ndo s6 com a massa de particulas,
mas também com variacdes no tamanho, na forma e composicao quimica. Além disso,
as espécies quimicas ocorrem nas fragcdes de tamanho, muito finas, que podem atingir
as regides alveolares dos pulmdes e agravar problemas respiratérios. Os elementos
quimicos derivados de fontes antropogénicas geralmente estdo presentes na fracéo
fina (< 2,5 ym), enquanto os derivados de fontes naturais estdo geralmente presentes
na fracao grosseira (> 10 um) (KARNAE e JOHN, 2011).

A legislagdo ambiental em vigor no Brasil (CONAMA N° 003/1990)
determina os parametros de qualidade do ar que devem ser monitorados,

apresentando padrdes de qualidade do ar para MP1o (material particulado de
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didmetro aerodinamico inferior a 10um) e PTS (particulas totais em suspenséo),
mas nao apresenta padrdo para MP,s. Entretanto, a Organizacdo Mundial da
Saude indica o padrao de qualidade do ar para MP,s com base nos efeitos a
saude conhecidos tanto de curto e longo prazo (WHO, 2006).

3.4 INFLUENCIA DAS CONDICOES METEOROLOGICAS SOBRE A
POLUICAO ATMOSFERICA

A dispersdo de poluentes na atmosfera sofre influéncia das diferentes
condicbes meteoroldgicas como as chuvas, o vento e a umidade relativa do ar
(SCHIRMER e LISBOA, 2008; GONZALES et al., 2012). Outro fator importante de
interferéncia na concentracdo de poluentes na atmosfera esta relacionado as
diferentes fontes emissoras, como as vias de trafego, industrias de diversos
seguimentos, portos, aeroportos, emissfes residenciais e comerciais etc.
(SCHIRMER e LISBOA, 2008; GONZALES et al., 2012).

A atmosfera é uma camada de gases que envolve a terra e dividida em
quatro camadas: troposfera, estratosfera, mesosfera, termosfera (Figura 2). A
troposfera € a camada atmosférica mais préxima a superficie terrestre e € nela
gue encontra-se uma mistura de gases constituida por: nitrogénio (78,08%),
oxigénio (20,95%), argbnio (0,93%), diéxido de carbono (0,035%) e outros gases.
O dibéxido de carbono e o vapor de 4gua, dependendo da localizacdo e estacédo do
ano, possuem concentracfes variaveis (OGA et al., 2008). A parte inferior da
troposfera, também denominada de camada limite planetaria (CLP), € onde se
concentram a maior parte dos poluentes emitidos por diversas fontes emissoras
terrestres (MOREIRA e TIRABASSI, 2004). Essa camada possui um

comportamento determinante nos processos de dispersédo de poluentes.
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Figura 2. Camadas da atmosfera adaptado de BAIRD, 2002.

O aquecimento da superficie terrestre pelo sol gera um fluxo de calor
transportado por meio de correntes termais que sofre a influéncia de fatores
metereoldgicos como, por exemplo, a umidade, a temperatura, os ventos e, até
mesmo, as concentracdes de poluentes (GEHRING e BUCHMANN, 2003).

No inverno é possivel evidenciar o fendbmeno denominado de inverséo
térmica, que favorece a concentracdo de poluentes nas camadas mais préximas
da atmosfera devido as condigbes meteorologicas. A inversdo térmica é
importante para determinar a dispersédo da poluigédo local (SANTOS, et al., 2009).
Esse fendbmeno ocorre em condicbes em que o ar, proximo a CLP, estd em
constante movimento vertical por causa do processo convectivo dos ventos
(correntes de conveccdo) (MORAES, 2010). A radiacdo solar aumenta a
temperatura do solo aquecendo o ar que o circunda. O ar quente, menos denso
que o ar frio, sobe (movimento vertical ascendente) e o ar frio, por ser mais
denso, desce (movimento vertical descendente). O ar frio em contato com a
superficie do solo recebe calor e fica menos denso, o que resulta em um ciclo de
movimentos ascedentes de ar quente e descendentes de ar frio. Quando isso
acontece, o0 ar quente que se deslocou para a camada superior gera um bloqueio
impedindo os movimentos verticais de conveccao. Assim sendo, as fumacas e os
gases produzidos pelas chaminés e pelos veiculos ndo se dispersam pelas
correntes verticais. Os efeitos dessa inversao térmica estao ilustrados na Figura
3.
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Figura 3. Fenbmeno da inversao térmica adaptado de CETESB, 2007.

A gualidade do ar também sofre a influéncia dos ventos. A velocidade dos
ventos pode interferir na concentracdo de poluentes. Quanto maior a velocidade
dos ventos, maior serd a dispersdo de contaminantes numa determinada area
(SANTOS et al., 2009).

A urbanizacdo tem uma importante influéncia sobre o campo de vento.
Sua velocidade, geralmente, diminui com o atrito produzido pela superficie, pois
edificios de uma area urbana colocam resisténcia ao fluxo do vento em relacéo a
area rural. Grandes cidades com topografia complexa, com vales ou cadeias
montanhosas, experimentam elevadas concentracfes de contaminantes do ar. A
frequéncia das precipitagdes pluviométricas € outro fator determinante na
dispersdo dos poluentes, porque removem material particulado e interagem com
alguns poluentes, facilitando a sua deposicdo seca ou Umida (MOREIRA e
TIRABASSI, 2004).

Zhao et al. (2009), avaliando as concentra¢gbes de material particulado fino
na regiao urbana de Pequim (China), encontraram 0os menores valores no verao e
0s maiores no inverno. No qual atribuiram essa diferenca ao aumento de
emissoes pelas fontes de aquecimento e o topo mais baixo da CLP durante o
inverno e também ao fato de que na primavera e no verdao a CLP apresenta
condicdes mais favoraveis a dispersdo dos contaminantes, em razdo da CLP
apresentar uma altura maior e também em func&o dos ventos serem mais fortes e

a precipitacdo mais abundante durante esse periodo.
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A forma mais eficiente de dispersdo de poluentes na atmosfera € através do
transporte pelos ventos. Entre os processos de remocao de contaminantes da
atmosfera, destacam-se 0os mecanismos de deposicdo seca e Umida. O primeiro
se refere & acdo gravitacional sobre as particulas dos contaminantes, que, de
forma continua, as atraem em direcdo a superficie. O segundo mecanismo esta
relacionado com a captura das particulas na formacdo de nuvens e nha
precipitacdo, e é a principal forma de remoc¢éo, embora esporadica (WALLACE e
HOBBS, 2006).

3.5 EFEITOS DA POLUICAO SOBRE SAUDE HUMANA

A concentracdo de poluentes na atmosfera acarreta grandes prejuizos a
salude da populacdo especialmente no inverno, pois os fendmenos de inversbes
térmicas sdo mais frequentes. Os efeitos da poluicdo do ar tém sido observados
tanto na mortalidade quanto por causas especificas como doencas
cardiovasculares, crises de asma, alergias, rinite, bronquite, irritagdo nos olhos e
pele ressecada (POPE et al., 2009; DOCKERY et al., 2005; BROOK et al., 2004).
Efeitos na morbidade também tém sido examinados e incluem aumentos nos
sintomas respiratérios em criancas, reducédo na funcédo pulmonar, acréscimo nos
episédios de doenca respiratéria como asma e bronquite (SCHWARTZ, 2001;
GOLDBERG et al. 2001; KAMPA e CASTANAS 2008), em especial, em grupos de
individuos suscetiveis como o dos idosos (principalmente individuos de risco
portadores de doencas do pulméo e do coragéo) e criancas (pelo metabolismo ser
mais rapido, acabam inalando mais poluentes), que associados a exposicao em
longo prazo, pode reduzir a longevidade e aumentar o indice de mortalidade por
doencas cardiacas e principalmente cancer de pulmdo. Contudo, essas
exposi¢cdes crbnicas persistem mesmo a baixas concentracdes de poluentes e
também a exposi¢cdes agudas (BROOK et al., 2004; ANALITIS et al., 2006;
CANCADO et al., 2006; MAHESWARAN et al., 2005). Alguns poluentes presentes
na atmosfera como, por exemplo, MP> s podem ser responsaveis pelo aumento do
estresse oxidativo e pela promoc¢édo de quadros inflamatérios em alguns 6rgaos
alvo como no pulméo e coracdo (ZANCHI et al., 2010; PEREIRA et al., 2007).
Conforme descrito por Gurgueira e colaboradores (2002), a exposicao de ratos
por 5 horas em um concentrado de particulas, causava aumento do estresse

oxidativo no pulmdo e no coragdo dos animais. Dados obtidos por Rhoden e
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colaboradores (2004) corroboraram com o0s achados de Gurgueira e
colaboradores (2002), pois demonstraram que 0 estresse oxidativo é um
mediador importante da resposta inflamatdria pulmonar induzida pela exposi¢ao
ao MP.

Os poluentes atmosféricos induzem uma resposta inflamatoria por
instigarem a formacédo de espécies reativas de oxigénio (ERO) (HALLIWELL e
GUTTERIDGE, 2007). Os radicais livres de oxigénio sao substancias nos quais o
elétron ndo pareado esta num atomo de oxigénio e sdo produzidos em condi¢des
normais do metabolismo. As ERO sédo produzidas em baixos niveis nas células
dos mamiferos por varios processos metabdlicos, como a atividade da NADPH
oxidase, a cadeia respiratria na mitocondria e 0 metabolismo oxidativo do &cido
araquidénico. As ERO sédo espécies extremamente oxidantes, capazes de afetar a
estrutura e a funcdo de distintos componentes celulares. O balango redox
fisiolégico das células € mantido pelo sistema antioxidante, que pode ser
enzimatico ou ndo enziméatico (KEHRER, 2000).

O sistema antioxidante enziméatico é composto por enzimas como a
superoxido dismutase (SOD), que converte radical superéxido em peréxido de
hidrogénio, a catalase (CAT), que promove a degradacdo do peréxido de
hidrogénio, e a glutationa peroxidase (GPx), que fomenta a degradacdo de
peroxidos, especialmente os derivados da oxidacdo dos fosfolipideos de
membrana (ARCEGO et al., 2011).

Porém, em situacGes de desequilibrio entre pré-oxidacdo e antioxidacéao,
devido a uma inadequada disponibilidade de substancias neutralizadoras,
referidas como antioxidantes. A elevagcdo enddgena de seus niveis caracteriza o
processo do estresse oxidativo, no qual os lipidios, tanto em membranas internas,
como em membranas plasmaticas, as proteinas e o DNA celular sdo oxidados
(HALLIWELL e CROSS, 1994; KELLY, 2003) O estresse oxidativo tem sido
implicado na patogénese de inumeras doengas, como a arterosclerose,
insuficiéncia cardiaca, sindrome do desconforto respiratério no adulto e alguns

tipos de cancer.

3.5.1 Efeitos da poluicédo sobre o sistema cardiorrespiratério

A presenca de substancias oxidantes no ar causa uma resposta

inflamatoéria no aparelho respiratorio, gerando aumento na acidez, viscosidade e
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consisténcia do muco, produzidos pelas vias aéreas. Tais alteracdes acarretam
na diminuicdo da resposta e/ou eficacia do sistema mucociliar (BASCON et al.,
1996; CANCADO et al., 2006). A literatura cientifica possui estudos relacionando
a exposicdo aguda e a poluicdo do ar sobre a saude (BRUNEKREEF e
HOLGATE, 2002). Muitos estudos correlacionam o aumento do numero de
admissbes hospitalares e atendimentos de emergéncia aos problemas
respiratérios e cardiovasculares devido a elevacao das concentracbes do material
particulado no ar de grandes cidades, como Porto Alegre (DALLAROSA et al.,
2008), Séo Paulo (ANDRADE et al., 2012; SALDIVA et al., 1994), China (YU et al.,
2012), Los Angeles (OSTRO et al., 2001), Boston (PETERS et al., 2001) entre
outras.

Estudo realizado por Saldiva e colaboradores (1995), demonstrou que
pessoas idosas portadoras de algum tipo de doenca respiratoria quando expostas
a poluicdo, apresentavam uma reducdo na expectativa de vida em 4 anos. A
mesma analise foi realizada avaliando os portadores de doencas cardiacas e
observou-se uma reducdo na expectativa de vida em 10 anos. Desta forma,
individuos com problemas cardiorrespiratorios sdo mais suscetiveis aos efeitos da
exposicdo a poluicdo. Saldiva et al. (1994) observaram a diminuicdo na
expectativa de vida em 19 anos para criancas portadoras de doencas
respiratérias.

Freitas et al., (2003) demostraram uma relacéo diretamente proporcional
entre concentracdo de MP1o e atendimentos de emergéncia por doencas
respiratorias preexistentes. Além disso, observaram aumento no nimero de Obitos
em idosos. Corroborando com Freitas et al. (2003), Bhatnagar (2004) relacionou o
aumento no nimero de admissdes hospitalares por doenca isquémica cardiaca
em pacientes com doenca arterial coronariana estavel, pela exposicdo ao material
particulado, bem como ao NO, (KUNZLI et al.,, 2005; HOFFMANN et al., 2007;
BROOK et al., 2010).

A forma mais nociva dos 6xidos de nitrogénio para a saude € o dioxido de
nitrogénio (NO3). O NO, por ser um gas lipossoluvel possui grande capacidade de
penetracdo nas vias aéreas inferiores. Seus principais efeitos sobre a saude
humana séo: desenvolvimento de enfisema pulmonar em longo prazo e edema
pulmonar, em caso de intoxicacdo aguda, por causar lipoperoxidacdo lipidica
(OGA et al., 2008; Yang et al, 2009). Animais de laboratério expostos ao NO,

apresentaram um aumento na peroxidacdo lipidica em pulm&o, bem como
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oxidacdo de cisteinas e tirosinas por compostos relacionados aos processos
oxidativos do NO,. Por esse motivo, o NO, pode ter uma acdo amplificada,
causando modificagdo na fung¢édo de muitas proteinas alvo.

Deste modo, a poluicdo determina um estresse oxidativo no tecido
pulmonar levando a alteracdes inflamatorias e lesdo celular (MENZEL, 1994; TAO
et al., 2003; PINHO et al., 2004).

A exposicdo aguda a poluicdo atmosférica tem sido associada com
inflamacéo sistémica pulmonar, podendo ser o principal mecanismo para
aceleracdo da aterosclerose (MILLS et al., 2007; TORNQVIST et al.,, 2007,
RUCKERL et al., 2006). Estudos experimentais realizados em animais expostos
aos poluentes atmosféricos revelaram que a fragilidade e o rompimento da placa
aterosclerotica podem estar correlacionados a exposi¢cao ao MP e ao excesso de
mortes por doencgas cardiovasculares (LEWTAS, 2007).

Pereira et al. (2007) utilizaram um modelo animal de exposicdo aguda a
poluicdo atmosférica na cidade de Porto Alegre e demonstraram que o dano
oxidativo nos pulmdes de animais foi tempo-dependente. Os animais que foram
expostos ao MP1p por um periodo de 20 horas apresentaram o dobro dos niveis
de peroxidacéo lipidica no pulméo quando comparado aos animais expostos por 6

horas.

3.5.2 Efeitos da poluicéo sobre o sistema nervoso central (SNC)

O sistema nervoso central (SNC) apresenta sensibilidade elevada a acao
de poluentes atmosféricos. Dados da literatura demonstram que a exposi¢cdo a
poluentes atmosféricos esta relacionada a alteracdes nos processos de
aprendizagem e memoria (CALDERON-GARCIDUENAS et al., 2002; BLOCK e
CALDERON-GARCIDUENAS, 2009; MIGLIORE e COPPEDE, 2009).

A exposicdo ao material particulado € captada por terminacdes nervosas
do epitélio nasal e por meio de translocacdo axonal via bulbo olfatorio, atinge
estruturas do SNC (CALDERON-GARCIDUENAS et al., 2002; 2004; 2007;
ODERDOSTER et al., 2005; PETERS et al., 2006). A associacdo entre a
exposicdo a poluicdo atmosférica e a neuroinflamacéo foi descrita em estudos de
coorte realizado em adultos que relataram elevagdo na transcricdo da enzima
ciclooxigenase no hipocampo e no cortex-prefrontal (CALDERON-
GARCIDUENAS et al., 2004).
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A inflamacdo pulmonar persistente em seres humanos, devida a
deposicao de particulas finas e ultrafinas em varias partes do sistema respiratorio,
acarreta a liberacdo de citocinas na circulagdo sanguinea. Por meio destes
mediadores inflamatérios, interleucinas 6 (IL-6), 1B(IL-1B) e fator de necrose
tumoral a(TNF a), ocorre a ativacdo de receptores do endotélio vascular da
barreira hematoencefalica, promovendo o aumento de sua permeabilidade
(CALDERON-GARCIDUENAS et al., 2008b). Além disso, esses poluentes
também induzem a formagdo de macrofagos que, ao cruzarem a barreira
hematoencefalica, diferenciam-se em microglia no sistema nervoso e sédo capazes
de promover neuroinflamacdo por meio da liberacdo de substancias como 6xido
nitrico, proteases, derivados do &cido araquidénico e de proteina precursora 3-
amiléide. Esse agregado de peptideo beta amiloide é caracteristica patogénica do
encéfalo de pacientes portadores de Alzheimer (CALDERON-GARCIDUENAS et
al., 2008a; 2008b; BLOCK e CALDERON- GARCIDUENAS, 2009).

Logo, tanto os processos oxidativos como os inflamatérios tém sido
definidos como mecanismos basicos por meio dos quais a poluicdo atmosférica
impbe danos ao sistema nervoso (ZELIKOFF et al.,, 2002; BLOCK et al., 2004;
MILLS et al., 2009).

Baseado na recente evidéncia que o SNC é afetado pela exposicdo das
particulas presentes na atmosfera € importante verificar a possivel influéncia
dessa exposicdo sobre alteracbes neurocomportamentais (CALDERON-
GARCIDUENAS et al., 2007; SUGLIA et al., 2008).

Calderén-Garciduefias et al. (2008b) corroboraram a relagdo entre o
processo neuroinflamatério determinado pela inalacdo de material particulado por
criangas e adolescentes, com idades entre 7 e 17 anos, e a redugao no tamanho
do cortex pré-frontal, estrutura relacionada ao aprendizado. Suglia et al. (2008)
confirmaram a relacdo entre a inalagdo de particulas de carbono, resultantes da
frota veicular, e o declinio das fungdes cognitivas originadas através de testes de
inteligéncia verbal, n&o verbal e memoaria.

Andlises realizadas em camundongos recém-nascidos de fémeas
expostas as particulas resultantes da combustdo de O6leo diesel, segundo
Hougaard et al. (2008) ndo apresentaram diferenca no aprendizado referente a
localizagéo espacial. No entanto, Zanchi et al. (2008) demonstraram que ratos
adultos expostos, através da instilagdo intranasal, apresentaram aumento de

lipoperoxidacdo no estriado, assim como diminuicdo da atividade motora no
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campo aberto. Em trabalho complementar, 0 mesmo grupo de pesquisadores
ressaltou que ndo havia prejuizo na capacidade de habituacdo destes animais
guando expostos a situagcdes sequenciais a um mesmo ambiente (ZANCHI et al.,
2010).

Atualmente, o impacto da poluicdo atmosférica tanto nas doencas
(agudas e cronicas) como nas mortes prematuras tem sido avaliado
mundialmente. Segundo a Organizacdo Mundial de Saude (2006) mais de 3

milhdes de pessoas morrem devido aos efeitos da poluicdo do ar.
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4 Manuscrito

Os resultados que fazem parte desta dissertacéo estdo apresentados sob
a forma de um manuscrito. Os itens Métodos, Resultados e Discusséo, e
Referéncias Bibliograficas encontram-se inseridos no manuscrito. A apresentacao
do manuscrito segue as normas de publicacéo da revista: Environmental Science

and Pollution Research

4.1 Manuscrito: Evaluation of weather conditions as well as NO, and PM, 5

levels in the urban areas of South Brazil in different seasons

Submetido a Environmental Science and Pollution Research
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Abstract

Due to the ever-increasing importance of studying pollution effects on environment and population, the
development of methodologies for the evaluation of atmospheric pollutants has allowed great advances
concerning air quality monitoring. Nitrogen dioxide (NO,) and fine particulate matters (PM,s) have as major
sources vehicle engine exhausts and industrial processes. In the south of Brazil, the economical and industrial
growth allied to the expansion of the local vehicle fleet have brought several impacts on human health and
environment. For this region, there are few studies concerning air pollution monitoring and dispersion. Data
were collected seasonally (summer, autumn, winter and spring) in eight points over area, aiming to have a

picture of the south as a whole: point 1 southern part, 2 point east region, 3 central zone, point 4 western,

point 5 in the southwest, 6 in the north, point 7 in Southeast and point 8 Northeast. Annual mean of the PM, 5
(ng/m?) measurements are: 1) 48.95, 2) 31.29, 3) 39.56, 4) 30.28, 5) 19.15, 6) 31.4, 7) 29.79, 8) 24.25 and annual
mean for NO, (ug/m®) were: 1) 9.06, 2) 10.49, 3) 14.13, 4) 21.44, 5) 17.20, 6) 21.94, 7) 8.83, 8) 6.77. We conclude
that there are significant differences in different sites, mainly due to traffic and human activities characteristics of each

point. On the other hand, meteorological factors act similarly in all sites concerning the pollution dispersion.

Keywords: Air pollution, Fine particulate matter, Meteorological, Nitrogen dioxide, Exposure assessment,

Seasons
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1.Introduction

Atmospheric pollution is a global public health problem that causes millions of premature deaths per
year worldwide. Moreover, atmospheric pollution is a factor that has been affecting humans and the
environment (Yu et al. 2012; Karnae and John 2011).

Air quality has been a major cause of concern nowadays regarding the increasing concentration of
pollutants in the atmosphere, which for many reasons exceed the established maximum standards. In urban
areas, the main concern is related to the emission of pollutants by vehicle exhaust. Size and chemical
composition are two of the main parameters that affect the way in which such pollutants correlate with
population health. Ambient air pollution has been associated with a wide variety of effects on human health
such as increased mortality risk, increased rates of hospital admissions and emergency department visits,
exacerbation of chronic respiratory conditions (e.g., asthma), and decreased lung function. However,
recently epidemiological data suggest a significant effect also of meteorological factors such as humidity,
temperature, rainfall, and atmospheric pressure in interaction with pollution levels (Nastos and Matzarakis
2006; Samet and Krewski 2007; Chen et al. 2012). Particulate matter with aerodynamic diameter greater than
10 um, or coarse particulate (PMyg) have been contributing to the incidence and severity of respiratory
diseases, mainly in urban areas. PMy, can penetrate into human lungs. Particulate matter with aerodynamic
diameter smaller than 2.5 um, or fine particulate (PM,5) may contain a high proportion of various toxic
metals and organic compounds, among others. The increasing level of PM,s has been shown to reduce
pulmonary function and exasperate respiratory problems in respiratory compromised people, such as
asthmatics (Cangado et al. 2006; Lépez et al. 2011; Pant et al. 2012).

Nitrogen dioxide (NO,) is an air pollutant usually used as an indicator for air pollution generated by
mobile and stationary sources. Gaseous nitrogen oxides are not exclusively radioactive or chemically active
compounds, but they may exhibit hazardous toxins, which in high concentrations represent a direct dangerous
for human health (lonov and Poberovskii 2012; Chen et al. 2012; Gonzales et al. 2012). Berger et al. (2006)
found that increased risk of supraventricular tachycardia in men with coronary heart disease was associated
with NO,, and Dockery et al. (2005) found similar responses associated with the exposure to NO,. Indeed,
human exposure to high concentrations of NO, reduces the immunity and resistance to respiratory tract
infections (a high risk of catarrh of the upper respiratory tract, bronchitis, and pneumonia) (Cangado et al.

2006; lonov and Poberovskii 2012). Thus, the increasing evidence indicating that fine particulate matter in
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the atmosphere is responsible for adverse effects on humans led to the imposition of regulative restrictions on
the emission of PM, 5 as well as on NO,.

There are several studies about the influence of meteorological systems on pollution dispersion from
synoptic to micro and local scales, which include aspects of terrain features. Since pollutants are released in
the lowest part of troposphere, named Atmospheric Boundary Layer (ABL), the characteristics and behaviour
of this layer may determine the air pollution concentration even more than the emission rate itself. On clear
sky conditions under an anticyclone regime, for instance, there is a well-characterized evolution of ABL,
which starts as a turbulence with sunrise and develops until the afternoon. During this process, the ABL
height may reach several hundreds of meters, and this factor combined with vertical air motions are
extremely favourable to pollution dispersion. Moreover, the stronger horizontal wind helps the dispersion to
occur. On the other hand, during clear night, sky turbulence is suppressed and the ABL height may falls to
few tens of meters. Under these conditions, thermal inversion is likely to occur, confining pollution within
the lowest meters above ground. Under a different condition, such as the action of a cyclone or convective
system, mechanical turbulences generated by strong horizontal winds and rain are responsible for reducing
the air pollution concentration through the processes of dispersion and wet deposition. Regarding
topographical effects, the main features are the breezes (valley — mountain and sea/lake — land) due to their
differential horizontal heating in microscale creating vertical circulation cells, which reach a few kilometres
(Stull 1988). Gehrig and Buchmann (2003), while discussing the seasonal and spatial distribution of
particulate matter over Switzerland, stated that the huge seasonal variation on the pollutant concentration is
much more related to meteorological effects (seasonality) than to any possible emission fluctuations,
corroborating the important topographical influence on the pollution dispersion. Zhao et al. (2009) found out
that in the urban area of Beijing, the highest concentrations of PM, 5 are observed in the winter and the lowest
in the summer due to heat sources and lower ABL height during cold periods. They have also corroborate
that in the summer and spring there are the most favourable conditions to dispersion: increased ABL height,
stronger winds, and abundant precipitation.

The evaluated region is located in the southernmost state of Brazil on a coastal plain and its urban area
is situated at low altitude, with an average of 7 meters above the mean sea level. The region it is located 250
Km away from Porto Alegre, the capital city of the state and 130 km from the Uruguay border. The Patos
Lagoon lies to the East and the Sdo Goncalo Channel lies to the South, separating Pelotas from the city of
Rio Grande (60 Km southeastwards). The area also hosts a significant agroindustrial park, important

canneries, which have a production of more than 40 million cans of peaches a year, and the largest installed
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capacity of cattle slaughtering statewide. The region is the largest benefactor of rice in Latin America and has
a significant fleet of vehicles.

The climate is subtropical wet with warm and cold seasons. The two main meteorological systems
responsible for rainfall are the extratropical cyclones (all over the year) and the convective systems (mainly
in warm months). It is worth noting that, there are seasonal variations in human behavior and activities. In the
winter, for instance, there is a large use of vegetal coal in house heating, and in the summer, there is a sharp
increase in the population due to the proximity to the southern part of the Patos Lagoon, where the 7 point is
located. Considering all the above mentioned reasons, in this study, we aimed at monitoring NO, and PM ;5

of atmospheric pollution in all seasons of one year in the southern Brazil.

2. Methods

2.1 Points of Environmental Monitoring

The eight points were chosen in order to represent the distribution of pollutants in the region as a

whole (Fig I)

The chosen sites are briefly described in Table I.

2.2 Measurement of Particulate Matter 2.5 micrometre (PM,5s)

For the measurement of particulate matter (PM), we used the DustTrak equipment, Model 8520, TSI
Incorporated, St. Paul, MN, USA. This equipment is designed to separate the particulate matter suspended in
the air as inhalable (with maximum aerodynamic diameter smaller than 10 pm) or thin (with maximum
aerodynamic diameter less than 2.5 pm) measuring the concentration of particulates on a filter bed, which
has an infrared laser. In the case of this experiment, we monitored the portion of fine particulate material
corresponding to MP,5 for 48 h in all seasons (unless for some exception, for which the monitoring time

ranged from 24 — 48h).

2.3 Monitoring Nitrogen Dioxide (NOy)

The sampling of NO, is based on the principle of diffusion of atmospheric NO, on filters in pulp

impregnated with an absorbing solution for reaction with the gas (Lodge 1989). The exposure of the filters
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was performed by means of plastic tube attached to trees in a stand of wood at a height of 2 meters at the
monitoring points for 7 consecutive days in all seasons. In each monitoring point, a support containing six
filters for sampling and another white filter were provided. The white filter consists of a filter sample not
exposed to the atmosphere, which remained in a clear plastic bag and sealed. After the extraction process, the
samples were analyzed by photocolorimetry, and the samples were read in a spectrophotometer (Lambda 35

UV / VIS - Perkin Elmer ®) at 550 nm.

2.4 Statistical Analysis

Data were expressed as mean + standard error. To assess the statistical difference between the
concentrations of MP at different points, we applied the test of analysis of variance followed by Tukey post-
hoc test, the significance level was set at 5% (P < 0.05). Data analysis was performed using SPSS version

11.0 (SPSS Inc., an IBM Company Headquarters, Chicago, IL, USA).

2.5 Meteorological Data

Meteorological data were provided by the Department of Meteorology from the Federal University of
Pelotas (UFPel), for every ten-minute interval. For wind speed and direction, the hourly means were

computed. For precipitation data, the hourly totals were computed.

3. Results and Discussions

The Brazilian National Ambient Air Quality Standard (NAAQS) sets the 24-h limit for coarse
inhalable particulate matter (PM,5 10) at 150 pg/ m®. Nevertheless, for fine particles (PM,s) there is no
NAAQS (CETESB 2009).

In 2006, the annual mean PMy, concentration was 20 pg/ m® and was therefore (assuming again that
PM,5 accounts for 60% of PM,y) estimated to be 10 pg/ m® annual mean and 24-h mean 25 pg/ m® for PM,s
(WHO 2006).

The results of PM, 5 in the eight points in all seasons of the year are presented in Table II.

The analyses of PM,s (ug/ m®) during the summer sampling showed that the hugest concentration
occurred in the points 1 (27.9+1.3), possibly due to the storage of rice production and 2 (25.9+1.7), which

provides access to the Patos Lagoon, where a great part of population spend time in the summer. Those
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points statistically distinguished from the others (ANOVA followed by Tuckey P<0.05). The points 3
(11.91+0.76), 5 (11.82+1.09) and 7 (8.91+0.35) presented the smallest concentrations of PM,s. According to
Miranda (2012), the great metropolitan area of Porto Alegre (about 250 km northwards from area) has more
than 4 million inhabitants and 0.6 million vehicles and the average concentration of PM, 5 was 13.9 ug/ m?in
2008, under the maximum established by World Health Organization (WHO). Porto Alegre is the major
urban area of Rio Grande do Sul. Its climate is strongly influenced by cold air masses migrating from the
polar region, the seasons are clearly defined and the rain is well distributed throughout the year (Dallarosa et
al. 2008).

The results of time evolution for rainfall, wind speed and concentration of PM, 5 in summer for all

points studied are presented in Figure Il.

Figure 11 shows the time evolution for rainfall, wind speed and concentration of PMs. It is noticeable that for
almost all the monitored point (excepting for the 7 point) there was an excess of fine particulate matter, at least in one
hour. One interesting fact is that for the days 23 and 24, despite the significant rainfall (which is likely to favour wet
deposition), there were reports of high concentrations of the pollutant. The concentrations also tend to respond the
wind speed with a little delay. For example, a little time after the wind speed increases, there is a trend in reducing the
PM, 5 concentration. According to the synoptic analysis, the most favourable days to high concentration of pollution
would have been between days 26 and 31 due to favourable conditions to atmospheric stability, suppressing
convection and air mixing, excepting days 27 and 28, when the rain should have carried away some of the total
pollution. It is worth remembering that during summer time the ABL is more developed, that is, it has its top higher
than in a cold period, which means that there is more volume of air available to dilute the pollution.

The highest PM, 5 averaged concentration registers in autumn were in the points 1 (69.6 + 9.1) and 4 (52.5 +
3.6). The latter has a very important avenue that connects the centre to the district (4) and to the highway that goes to
the Federal University of Pelotas and the neighbouring city, Rio Grande (about 60 km southeastwards from
Pelotas). The points 7 (7.9 £ 1.03), 2 (25.1+3.8), 5 (17.7 £ 1.35) and 8 (18.7 + 2.8) did not exhibit difference between
each other as well as the points 6 (40.9 £ 3.4) and 3 (42.6 £ 3.17) (ANOVA followed by Tuckey P < 0.05). In a
comparison, the results obtained by Dallarosa et al. (2008) for the autumn in Porto Alegre were smaller (29.70 pg/
m?) than in 6 and 3.

The results of time evolution for rainfall, wind speed and concentration of PM,s in autumn for all

points studied are presented in Figure I11.
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Figure 111 shows some important aspects about the evolution of PM, 5 concentration and weather conditions.
There was clearly less rainfall accumulate and the wind speed was lower when comparing to summer, which means
that there was smaller wet deposition and advection. On the other hand, the mean concentration of fine particulate
matter had a sharp increase. Excepting for the points 5 and 7, all the other points seem to have a straight match to the
simultaneously measured points, such as for 6 and 1, despite their distance. In this sampling, the crossing of the 25
pg/m?® occurred over a great part of the time.

In the winter, there is a clear and accentuated increase in PM, 5 concentration, over all the sampling points. The
points 7 (88.10+7.22) and 1 (84.6£13.9) presented high values of PM,s, and were statistically different from
the points 5(36.5+4.9) and 8 (37.69+6.16) (ANOVA followed by Tukey P < 0.05), which registered the
lowest concentration values, although crossing the 25 pg/ m® WHO recommendation. According to the Air
Quality Monitoring Network (FEPAM), the mean concentration in Porto Alegre downtown during the winter
of 2002 was 109.2 pg/ m®. In comparison with Miranda (2012), in 2008 the average concentration during the
whole winter in Porto Alegre was 19.3 pg/ m®, and in Rio Grande it reached 29.4 ug/ m®. Rio Grande is the
most important port city in the state and has one of the most important maritime ports in Brazil. The climate
is very similar to evaluated region; it is subtropical and mild, with a strong oceanic influence and relatively
cool winters, warm summers and regular precipitation all year.

The results of time evolution for rainfall, wind speed and concentration of PM,s in winter for all

points studied are presented in Figure IV.

Data shown in Figure 1V indicate that the referred period of winter was highly favourable to retain
pollutants on the lowest troposphere. This is particularly the case in which there is strong atmospheric
stability suppress the development of the mixing layer on the ABL during the day (that would be responsible
for stirring the layer) and maintaining a strong stable layer closer to the ground at night. This is why the
major peaks of concentrations happened during night time (by 0 UTC — 9 pm local time). The mean wind
speed, just like in autumn, was relatively lower, and there was quite a few rainfall during the sampling
period.

The results from spring show that for the points 6 (29.42+2.53), 8 (25.21+2.48) and 3 (25.09+6.21), it was
registered the greatest concentration crossing the 25 pg/ m* WHO boundary. Those points were statistically
different from the other points (ANOVA followed by Tukey P < 0.05). The points 2 (10.29+1.05), 5

(10.63+0.28), 4 (11.28+0.82), 1 (13.66+0.81) and 7 (14.22+0.79) presented smaller concentrations and did not differ
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statistically between each other. According to FEPAM, the mean concentration in the spring for Rio Grande (mobile
sampling station) was computed as 21 pig/ m®, whereas in Porto Alegre it was 25.98 pg/ m® (Dallarosa et al. 2008).
The results of time evolution for rainfall, wind speed and concentration of PM,s in spring for all

points studied are presented in Figure V.

Figure V indicates that the sampling period in the spring had the greatest accumulate rainfall and
mean wind speed among all the other periods. It also depicts a huge variability on the PM, 5 concentration,
which remained below the 25 pg/ m® value in most of the time, but had extremely high peaks, including two
not shown in the point 3 (270 and 190 pg/ m® respectively). In agreement to all the other previous
experiments we carried out, the concentration peaks occurred all within the first hours in the morning or the
first hours in the evening, which are the most intense traffic hours. There is also a clear relationship of
inverse proportionality of the pollutant concentration and the wind speed and precipitation.

The current WHO guideline value of 40 pg/ m* (annual mean) was determined to support the public
from the health effects of gaseous NO,. The reason for this was that most of the abatement methods specific
for NOy are not designed to control other co-pollutants and may even increase their emissions. Accordingly,
NO, is monitored as a marker for complex combustion-generated pollution mixture, thus a lower annual
guideline value should be used.

The results of NO, in the eight points in all seasons of the year are presented in Table I1I.

The points that presented the greatest concentration of NO, (ug/ m®) in the summer were 3
(18.86+1.24) and 6 (18.86+2.07), both within the WHO established values (40 pg/ m®). The points 2
(2.92+0.22) and 8 (1.60+0.42) were statistically different from the points 1 (10.77+1.30), 3 (18.86+1.24) and
6 (18.86+2.07), (ANOVA P< 0.05 followed by Tukey). Furthermore, the smallest records for NO,
concentration were in the sites 8 (1.60£0.42), 2 (2.92+0.22), 4 (9.2620.46), 5 (9.00+0.47) and 7 (5.93%4.49).
According to FEPAM (2006), the concentration of NO, in the summer in Porto Alegre (47 pg/ m*) was much
higher than in evaluated region.

In the autumn, NO, data revealed that the great concentration sites were 5 (36.68+0.81), 4
(34.29+0.78) and 6 (28.51+0.82), being statistically different from the other points. Nevertheless, none of them
recorded values exceeding the WHO limit. The points 8 (4.90+1.57), 3 (8.88+0.78), 1 (12.26+0.78) and 7
(13.35+1.92) recorded smaller concentration and did not statistically differ from each other. In 2006, the autumn

average of NO, concentration in Porto Alegre (86 pg/ m®) was much higher than in evaluated area.
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The winter greatest values were reached in the sites 3 (19+2.3), 6 (23.6+2.2), and 4 (25.52+0.38), but not
crossing the WHO standard. In 1 (9.1+2.1) and 5 (10.6+3.9) we observed smallest NO, concentration, differing
statistically from the other points. Data from FEPAM showed that, in 2002, the average NO, concentration over the
central Porto Alegre in the winter was lower (54.2 ug/ m®) than in the city if Rio Grande (61.1 pg/ m3). In the
spring, the points 6 (16.81+1.10) and 4 (16.70+0.62) registered the greatest concentration values and were statistically
different from the other sites. The sites 7 (3.6310.20), 1 (4.08+1.10) and 2 (4.57+1.32) had smaller concentration and
did not differ from each other statistically. Data from the mobile air quality station in Rio Grande registered in the
spring an average concentration of NO, of 74.3 pg/ m®, higher than in Porto Alegre (60 pg/ m?), which registered

lower concentration values, although crossing the 40 g/ m* WHO recommendation.

4. Conclusion

We can notice that the different sites studied did not follow a pattern together, that is, there are
significant differences in levels of pollution within the same area. Such differences can be due to the
characteristics of each region with respect to the traffic of vehicles or other human activities.

The knowledge of pollution dispersion locally applied is tremendously important for the evaluation of
the emission impacts. Since there are no indicatives that social and industrial activities drastically change in
the different seasons, the highly variable pollution records for each site may be well explained by the
different meteorological conditions, which may change seasonally or daily with respect to wind, precipitation
and other variables. The only exception is for the 7 point, where many people spend days or weeks during
summer.

Though the experiments were made in short periods and were meant to be southern representative
area, the results obtained in this study clearly indicate that the region as a whole is a potential host for critical
air quality episodes, overall during winter. The results also show the importance of implementing programs

focused on controlling the emissions of fine particulate matter in urban areas.
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Legends

Figure | Sampling area locations in Pelotas

Figure Il a) Time evolution for hourly rainfall , b) Hourly averaged wind speed (red line for total average) and c)
Hourly averaged PM, 5 concentration for the monitored points (purple horizontal line for 25 pm.m), for the summer
sampling. Hours expressed in Universal Time Coordinate (UTC — Greenwich Meridian Time); Local time = UTC - 2

(summer) and UTC - 3 for the remaining seasons.

Figure 111 a) Time evolution for hourly rainfall , b) Hourly averaged wind speed (red line for total average) and c)
Hourly averaged PM, 5 concentration for the monitored points (purple horizontal line for 25 pm.m), for the autumn
sampling. Hours expressed in Universal Time Coordinate (UTC — Greenwich Meridian Time); Local time = UTC - 2

(autumn) and UTC - 3 for the remaining seasons.

Figure IV a) Time evolution for hourly rainfall , b) Hourly averaged wind speed (red line for total average) and c)
Hourly averaged PM, 5 concentration for the monitored points (purple horizontal line for 25 um.m®), for the winter
sampling. Hours expressed in Universal Time Coordinate (UTC — Greenwich Meridian Time); Local time = UTC - 2

(winter) and UTC - 3 for the remaining seasons.

Figure VV a) Time evolution for hourly rainfall , b) Hourly averaged wind speed (red line for total average) and c)
Hourly averaged PM, 5 concentration for the monitored points (purple horizontal line for 25 pm.m), for the spring
sampling. Hours expressed in Universal Time Coordinate (UTC — Greenwich Meridian Time); Local time = UTC -2

(spring) and UTC - 3 for the remaining seasons.

Table I: The monitoring sites and their respective characteristics
Table 11: Mean +Standard Errors concentrations of PM, s in the eight points of all the seasons (pg/m?)

Table 111: Mean +Standard Errors concentrations of NO, in the eight points of all the seasons (ug/m?)
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Table I:
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Site

Characteristic

31°46°53”S 52°20°04”W

31°45°117S 52°18°44”W

31°25°48”S 52°20°30”W

31°45°42”S 52°21’37"W

31°46°02”S 52°21’10”W

31°44°01”’S 52°20°40”W

31°45°39”S 52°14°53”W

31°45°46S 52°25°08”W

Fluvial harbour, poorly populated.

Urban area, highly populated. Way to the Patos Lagoon.
Downtown — high traffic rate.
Urban area, highly populated.

Close to downtown and to a train line.
Urban area, highly populated. Main entrance to the town.
A beach at the Patos Lagoon. Area poorly populated in all the
seasons but in the summer.
Poorly populated, but close to a highway. Near the biggest University

Campus, where meteorological data were collected.
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Table |1
Seasons Summer Autumn Winter Spring
Points
1 27.93 + 1.30* 69.62 + 9.12* 84.59 + 13.92* 13.66 + 0.81
2 25.97 + 1.71* 25.10+3.8 63.80 + 11.71 10.29 + 1.05
3 11.91+0.76 42.60 + 3.17 78.66 + 18.07 25.09 + 6.21*
4 16.20 + 1.63 52.58 + 3.68 41.06 + 8.26 11.28 + 0.82
5 11.82 +1.09 17.68 + 1.35 36.47 + 4.94 10.63 + 0.28
6 14.44 +1.78 40.97 + 3.44 40.77 +7.48 29.42 + 2.53*
7 8.91+0.35 7.95+1.03 88.10 + 7.22* 14.22 +0.79
8 8.91+0.35 18.68 + 2.82 37.69 + 6.16 25.21 +2.48*

Data are expressed as mean = SEM. *There is significative difference between places of exposition [
ANOVA P < 0,05 post hoc Tuckey P < 0,05].



Table 11

Seasons Summer Autumn Winter Spring
Points
1 10.77 +1.30 12.26 + 0.78 9.13 + 0.89* 4.08 +1.10
2 2.92 +0.22* 17.09 + 1.09 17.39+ 1.16 457 +1.32
3 18.86 + 1.24 8.88+0.78 19.01 + 0.96 9.77 + 0.58
4 9.00 + 0.46 34.29 +0.78* 25.52 +0.38 16.70 + 0.62*
5 11.82 + 0.47 36.68 + 0.81* 10.68 + 1.60* 12.45+1.10
6 18.86 + 2.07 28.51 + 0.82* 23.61+0.90 16.81 + 1.10*
7 5.93+4.79 13.35+1.92 12.44 + 0.98 3.63+0.20
8 1.60+ 0.42* 490 +1.57 10.81 + 0.59 9.80 + 0.48

Data are expressed as mean + SEM. *There is significative difference between

ANOVA P < 0,05 post hoc Tuckey P < 0,05].

places of exposition [
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acetylcholinesterase levels and biochemical parameters in the central nervous

system in southern Brazil

Formatado de acordo com as normas Environmental Science and Pollution

Research



51

Effects of acute exposure to MP ;5 in the acetylcholinesterase levels and biochemical parameters in the

central nervous system in southern Brazil

Roberta, Foerstnow Szczepaniak®, Bruno, Bainy®, Fabiano, Soares®,Carina, Bork', Gustavo, Colares’,
Pamela, Vitéria Salermo® Danusa, Mar Arcego ®, Rachel, Krolow?, Carla, Dalmaz®, Claudia, Ramos

Rhoden*, Giovana, Duzzo Gamaro*

'Programa de P6s Graduagdo em Bioquimica e Bioprospeccdo (PPGBBIO), Universidade Federal de Pelotas,
Campus Capéao do Ledo S/N Caixa Postal 354, CEP: 96010900 Phone:(53) 32757355 Pelotas/RS, Brazil,
Roberta_fs@yahoo.com.br, ggamaro@yahoo.com.br

*Programa de P6s Graduacdo em Nutricdo e Alimentos (PPGNA), Universidade Federal de Pelotas

® Departamento de Bioquimica, Instituto de Ciéncias Basicas da Salde, Lab. 37, Universidade Federal Rio
Grande do Sul
*Laboratério de Estresse Oxidativo e Poluicdo Atmosférica, Universidade Federal de Ciéncias da Sadde de

Porto Alegre

Abstract

In large cities the main air pollutants are related to the traffic of motor vehicles and are composed of fine
particulate material, affecting the health of the population. The exposure to pollutants can cause oxidative
damage as well as being associated with cognitive and behavioral functions such as learning and memory in
which the acetylcholinesterase (AChE) plays an important role in the central nervous system (CNS). The
objectives of this study were verify the biochemical changes and the levels of AChE in rats exposed to air
pollution in different structures of the central nervous system: Hippocampus, hypothalamus and cortex in
Pelotas City and at the both campus Capdo and Porto during the winter and the summer. Adult male Wistar
rats were exposed to particulate material (2.5) in environmental level or filtered air for periods of 20 hours
(4h/day ) for 5 days. After exposure the animals were euthanized and dissected into three cortex structures,
hippocampus and hypothalamus for analysis of the levels of acetylcholinesterase (AChE) and antioxidant
enzymes catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GPx) it was also analyzed
the production of free radicals and thiols by testing the dichlorofluorescein (DCF). The exposure to air
pollution in the city of Pelotas showed high levels of AChE in winter both in the cortex as in the
hypothalamus. Regarding to Oxidative Stress, an increase in the levels of antioxidant enzymes in winter and

summer were highlighted.

Keywords: Atmospheric pollution. Acetylcholinesterase. Oxidative stress. Central nervous

system, Fine particulate material
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1.Introduction

The atmospheric pollution is a mixture composed by several components, including particulate
material (PM, the particle components of air pollution), gases, and metals (Akimoto 2003). Exposure to
environmental particulate material significantly increases morbidity and mortality in the general population.
In urban areas of South Brazil, motor vehicle emissions are the main source of fine particulate material
(PMys) (Simkhovich 2011 and Miranda 2012).

Air pollution exhibition are linked to oxidative stress, neuroinflammation and neurodegeneration, and
it has been associated with an increased risk in human health, and in particular harmful impact of high
environment concentrations of fine particles (Calder6n-Garciduefias et al. 2013).

Consistent with human reports, recent animal studies reveal that exposure to diverse forms of air
pollution by inhalation, such as urban PM (Ghelfi et al. 2008 and Rhoden 2004), results in a common pro-
inflammatory response and oxidative stress in the brain (Morgan 2011 and Levesque 2011).

Reactive oxygen species (ROS) are believed to be involved in tissue damage resulting from a wide
variety of insults. These substances can directly damage cellular proteins, DNA, and lipids, and thereby
affect all cellular functions (Cochrane 1991). Indeed to neutralize the effects of reactive species, the cell uses
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)
(Halliwell and Gutteridge, 2007). The brain is especially vulnerable to free radical-induced damage because
of its high oxygen consumption, abundant lipid content and relative paucity of antioxidant enzymes
(Halliwell and Gutteridge 2007; Olanow 1992), and oxidative injury has been proposed as an etiopathology
of several CNS disorders (Bolafios et al. 1997; Noschang 2009).

Although ROS participate in normal physiological processes, when in abundance they may cause
oxidative damage to biomolecules and cellular structures. In addition to the increase of the production of
ROS, there is also a decrease in antioxidant defenses, a state of oxidative stress develops, which is involved
in the pathogenesis of many diseases (Gutteridge 2000). The brain is especially vulnerable to free radicals
and many studies have demonstrated their action on the hippocampus and prefrontal cortex (Vasconcellos
2006; Filipovi¢ 2011).

Garciduenas-Calderon et al. (2008) were able to demonstrate a relationship between the
neuroinflammatory process caused by MP inhaling for children and adolescents, aged between 7 to 17, and a
decrease in the size of the prefrontal cortex - structure linked to the learning process. Suglia et al. (2008)

corroborated these findings when revealed the relation between inhalation of carbon particles resulting from
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the vehicle fleet, and decline of cognitive functions determined through verbal intelligence, non-verbal, and
memory tests.

Several studies have investigated inhibitors of acetylcholinesterase (AChE), a key enzyme involved
in the cognitive function, and verified an improvement in global cognitive functioning (Ammon 1992) by
increasing the neurotransmitter acetylcholine concentration at cholinergic synapses located throughout the
brain (Stahl 2000 and Jaques et al. 2012).

Pelotas, the evaluated city, is located in the extreme south of Brazil, it is positioned on a coastal plain,
the urban area is situated at low altitude, with an average of 7 meters above the sea level. Pelotas is the
third most populous in the southern state of Rio Grande do Sul. Pelotas is located at 250 km from Porto
Alegre, the capital of the state, and at 130 km from the Uruguay border. The city also hosts a significant agro
industrial park and canning food, with production of more than 40 million cans of peaches a year, and it has
the largest installed capacity cattle slaughtering statewide. Pelotas is also the largest benefactor of rice in
Latin America, in addition to a significant fleet of vehicles, which, according to the National Traffic
Department in 2011 increased by 29.9% over the past five years.

Considering that particles may cause damage to the CNS (Calderon-Garciduefias et al. 2008, 2013;
Zanchi et al. 2010) and the recent report that cognitive function may be affected by airborne pollutants

(Suglia et al. 2008) were the main motivations of the present study.

2. Material and Methods

2.1 Points of Environmental Monitoring

2.1.1Point Campus Porto (1) in the southern part of the city of Pelotas. Porto is located on the bank
of Sdo Goncgalo waterway, which connects the Patos and Mirim lagoons. It has three bonded warehouses,
with 6000 m2 of covered area for cargo storage, and a terminal for coal, with 5,000 sqm, besides a particular
terminal. Porto is equipped with wharves for three berths with a total length of 500 m and a draft of 19 feet.

2.1.2 Point Campus Capéo do Ledo (2) located west of the city of Pelotas, with exits onto the road that
gives access to the Rio Grande and to BR 116 where there is a large flow of cars and trucks.

Figure 1 shows the monitoring points at Campus Porto (1) and Campus Capéo do Ledo (2)
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2.2 Animals

All animal procedures were approved by the Institutional Ethical Committee of the Universidade
Federal de Pelotas (CEEA 0656) and by the Brazilian Law on the use of animals (Federal Law 11.794/2008),
and by the Brazilian Federation of Societies of Experimental Biology. All efforts were done to minimize
animal suffering, as well as to reduce the number of animals needed for this study (Lanziotti et al. 1994).

Adult 2-month-old male Wistar rats from the Animal Facility of Universidade Federal de Pelotas
(UFPel) were used. Animals were kept under 12-h light-dark periods and had free access to food and water
before and during the exposure. Rats were exposed to environment particles (polluted group) or filtered air
(control group) for periods of 20h (4h/day), during 5 days as described Pereira et al. 2007. The animals were
allowed to move freely in the cage during the exposure and both groups were exposed and tested
simultaneously. After the exposure, animals were Kkilled by decapitation. This procedure was performed at
Campus Porto (11/9 to 17/9) and at Campus Capdo (9/8 to 27/8) in winter season in the year of 2012 and in
summer in the year of 2013 (15/02 to 28/02 Campus Porto and 5/03 to 16/03 Campus Capao). The brain was
collected and removed (prefrontal cortex, hypothalamus and hippocampus) and frozen at —70 °C for further

analysis.

2.3 Exposure chambers

Exposure chambers were made of glass (30 x 30 x 50 cm) and were hermetically closed, with the
exception of one entrance (connected to the outdoor environment) and one exit. A vacuum pump was
connected to the exit and pumped outdoor air through the exposure chambers at a flow rate of 10 L/min.
Inhalation chambers were located at the two different Campus of UFPel, Campus Porto and Campus Capéo.
One of the chambers (designated as filtered air) was equipped with a 37-mm Teflon filter (Millipore,
Carrigtwohill, Ireland) in the inlet, which prevented the admission of environmental particles, whereas the
other received atmospheric air without the a filtering system (designated as Exposed). The temperature in the

room and in the chamber was 22 + 2°C.
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2.4 Measurement of Particulate Material 2.5 micrometre (PM, ;)

For measurement of Particulate Material it was used the DustTrak equipment, Model 8520, TSI
Incorporated, St. Paul, MN, USA, which is designed to separate the particulate material suspended in the air
in categories: inhalable (with maximum aerodynamic diameter smaller than 10 um) or thin (with maximum
aerodynamic diameter less than 2.5 um) measuring the concentration of particulates on a filter bed which has
an infrared laser. In the case of this experiment, it was monitored portion of fine particulate material,
corresponding to MP2.5. It was used a sampling period of 5 days for each of the monitoring points in the two

seasons, winter and summer.

2.5 AChE Assay in Brain Structures

Brain structures hippocampus (HC), cerebral cortex (CX) and hypothalamus (HT) were separated
and placed in a solution of 10 mM Tris - HCI, pH 7.4, on ice. Brain structures were homogenized in a glass
potter in Tris - HCI solution. Aliquots of resulting brain structure homogenates were stored at — 80°C until
utilization. Protein varied for each structure: HC (0.8 mg/mL), CX (0.7 mg/mL), and HT (0.6 mg/mL). The
AChE enzymatic assay in brain regions was determined by a modification of the spectrophotometric method
of Ellman et al. 1961 as previously described by Rocha et al. 1993. The reaction mixture (2 mL final volume)
was composed of 50 mM K+-phosphate buffer, pH 7.5 and 1 mM of DTNB. The method is based on the
formation of yellow anion, 4.4 - dithio-bis-acid-nitrobenzoic measured by absorbance at 412 nm for 2 min
incubation at 25°C. The reaction was initiated by adding 0.8 mM acetylcholine iodide. All samples were run

in duplicate or triplicate, and the enzyme activity was expressed in micromole AcSCh/h/mg of protein.

2.6 Biochemical analysis

For determination of antioxidant enzyme activities in the prefrontal cortex, hypothalamus and
hippocampus, each brain structure was homogenized in 10 volume (w:v) ice-cold 50 mM potassium
phosphate buffer (pH 7.4), containing 1 mM EDTA. The homogenate was centrifuged at 960 xg for 10 min

at 4 °C and the supernatant was analyzed.
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2.6.1 Superoxide Dismutase Activity

Superoxide dismutase activity was determined using a RANSOD kit (Randox Labs., USA) which was based
on the procedure described by Delmas-Beauvieux et al. (1995) This method employs xanthine and xanthine
oxidase to generate superoxide radicals that react with 2-(4-iodophenyl)-3-(4- nitrophenol)-5-
phenyltetrazolium chloride to form a formazan dye that is assayed spectrophotometrically at 492 nm at 37°C.
The inhibition in production of the chromogen is proportional to the activity of SOD present in the sample

(Arcego 2013).

2.6.2 Catalase Activity

Catalase is an enzyme able to degrade peroxides, including hydrogen peroxide (H202), and its activity
assessment is based upon establishing the rate of H,0O, degradation spectrophotometrically at 240 nm at 25°C
(AEBI, 1984). CAT activity was calculated in terms of micromoles of H,0, consumed per minute per mg of

protein, using a molar extinction coefficient of 43.6 M-1 cm-1 (Noschang 2009).

2.6.3 Glutathione Peroxidase Activity

Glutathione peroxidase activity was determined according to Wendel (1981), with modifications. The
reaction was carried out at 37°C in 200 ul of solution containing 20 Mm potassium phosphate buffer (pH
7.7), 1.1 mM EDTA, 0.44 mM sodium azide, 0.5 mM NADPH, 2 mM glutathione and 0.4 U glutathione
reductase. The activity of GPx was measured taking tert-butylhydroperoxide as the substrate at 340 nm. The
contribution of spontaneous NADPH oxidation was always subtracted from the overall reaction ratio. GPx

activity was expressed as pmol NADPH oxidized per minute per mg protein (Marcolin 2012).

2.6.4 Evaluation of Free Radical Production by the Chemical Oxidation of Dichlorodihydrofluorescein
(DCFH)

The samples were incubated with 20, 70-dichlorodihydrofluorescein diacetate (100 IM) at 37 °C for 30 min.
DCFH was released by cellular esterases and oxidized by reactive oxygen/nitrogen species. The formation of
the fluorescent derivative dichlorofluorescein (DCF) was monitored by excitation and emission wavelengths

of 488 and 525 nm, respectively, using a spectrum photometer. The formation of oxidized reactive
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oxygen/nitrogen species was quantified using a DCF standard curve and results were expressed as nmol of

DCF formed per mg of protein (Arcego et al. 2013; Sriram et al. 1997)

2.6.5 Total thiol content

Total thiol content was determined spectrophotometrically based on the reduction of 5,5 '-dithiobis-2-
nitrobenzoic acid (DTNB) by thiol groups, which become oxidized (disulfide), yielding a yellow compound

(TNB), whose absorption is measured at 412 nm (Arcego et al. 2013 and Aksenov and Markesbery 2001).

2.6.6 Protein Assay

The total protein concentrations were determined using the method described by Lowry et al. (1951) with

bovine serum albumin as the standard (Krolow 2013)

2.6.7 Statistical analysis

Data were presented as mean  standard error of the mean (SEM), as indicated in the figure legends. A two-
way analysis of variance (ANOVA) followed by the Bonferroni post hoc test was used. Analyses were
performed using Prism Graph 6.0 software (Graph-Pad Software, San Diego, CA). A statistically significance

level was achieved when P < 0.05.

3. Results and Discussions

Several authors have evaluated only PMy, concentrations, estimates of PM,s concentrations being
based on the knowledge that MP, 5 typically accounts for 60% of the MP10 mass. In 2006, the annual mean
MP10 concentration was 20 pg/ m® and was therefore (assuming again that MP, 5 accounts for 60% of MP10)
estimated to be 10 pg/ m® annual mean and 24-hour mean 25 pg/ m® for PM, s (WHO 2006).

The results of MP, 5 at Capdo do Ledo and Porto points in the winter and summer seasons of the years

2012- 2013 are presented in Table I.

The analysis of particulate material 2.5 (ug/ m®) during the winter sampling show that the hugest
concentration occurred in Capdo do Ledo and Porto above the maximum established by World Health

Organization (WHO). Capdo do Ledo is poorly populated, but close to a highway. Near the biggest
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University Campus and Porto possibly due to the storage of rice production. The points during summer
season do not exceed the values recommended by WHO.

The results of Acetylcholinesterase levels cerebral cortex (A, B), hippocampus (C, D) and
hypothalamus (E, F) in animals exposed to atmospheric pollution and filtered air in Capdo do Ledo and

Porto in the winter and summer seasons are presented in Figure I1.

The levels of acetylcholinesterase in the cortex of animals exposed and not exposed to air pollution in
winter (A) at the two different points, Campus Capdo do Ledo and Campus Porto, did not differ between
groups [two-way ANOVA, F (1,16) = 2.09, followed by Bonferroni P = 0.16]. Although there was difference
between the exposure sites [two-way ANOVA, F (1, 16) = 5.48, followed by Bonferroni P = 0.03]. Assuming
that AChE is an enzyme marker of neurotoxicity.

In summer season (B) there was no significant difference between groups and between local
exposure [two-way ANOVA, F (1,16) = 0.92, followed by Bonferroni P = 0.35]. By analyzing the
hippocampus there was no significant difference between groups in both evaluated points (winter and
summer) (C, D) [two-way ANOVA followed by Bonferroni P> 0.05]. The levels of acetylcholinesterase in
the hypothalamus showed similar behavior to those obtained in the cortex in the winter with no change in the
summer (E, F). In the winter observed higher levels of AChE in Porto corroborating the results of MP ,5
despite being lower than the MP, 5 values in winter in Capdo do Ledo, exceeded the limits recommended by
OMS.

The importance of the cholinergic system in learning and memory processes is undeniable, and thus,
alteration to AChE activity, as well as in the acetylcholine neurotransmitter levels, is neurochemically
associated with cognitive deficits. Jaques et al. (2012) found increased AChE activity in the blood and in all
cerebral structures of the smoke-exposed groups.

Central nervous system (CNS) is a potential target to oxidative damage since it has high energy
consumption and high cellular content of lipids and proteins with low levels of endogenous antioxidants,
such as catalase and superoxide dismutase. Zanchi et al (2010) reported, at the first time, CNS (striatum and
cerebellum) lipid peroxidation, as well as, a decrease of motor activity in rats exposed to intranasal
instillation of residual oil fly ash (ROFA). Moreover, the same groups of authors have also detected lipid

peroxidation in hippocampus of rats exposed chronically to PM nasal instillation. These findings are in
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agreement with the idea that nano size particles which are able to cross the blood brain barrier and physically
enter the CNS of animals.

The result of antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in
cerebral cortex of animals exposed to atmospheric pollution and filtered air in Capéo do Ledo and Porto in

winter and summer seasons are presented in Table I1.

There was no significant difference [two-way ANOVA, F (1,16) = 1.19, followed by Bonferroni P =
0.29] in the levels of catalase in the structure of the cortex in animals exposed in comparison to those
unexposed in winter on both evaluated points. However in the summer it was only found difference between
the exposure points [two-way ANOVA, F (1, 16) = 5.73, followed by Bonferroni P = 0.02].

At both Campus, Capdo do Ledo and Porto there was no difference in the activity of superoxide
dismutase in both seasons similar between groups exposed to pollution [Two-way ANOVA followed by
Bonferroni P > 0.05].

The results in Capéo do Ledo and Porto points and the exposed and unexposed groups in campus
Capéo do Ledo were not significant in winter [two-way ANOVA, F (1,16) = 0.39, followed by Bonferroni P
= 0.53]. However, in the summer the points were significant [two-way ANOVA, F (1,16) = 36.40, followed
by Bonferroni P = 0.0001] for glutathione peroxidase activity, as well as those groups [two-way ANOVA, F
(1, 16) = 11.97, followed by Bonferroni P = 0.003].

In the winter season there was no significant difference between the groups [two-way ANOVA, F
(1,126) = 3.30, followed by Bonferroni P = 0.08] and between the exposure locals [two-way ANOVA, F (1,
16) = 0.09, followed by Bonferroni P = 0.77]. Nevertheless, in the summer the locals and groups were
significant [two-way ANOVA, F (1,16) = 12.45, followed by Bonferroni P = 0.002] with dichlorofluorescein
in the cortex.

Capdo do Ledo and Porto points were significant [two-way ANOVA, F (1,16) = 14.65, followed by
Bonferroni P = 0.0015] although the groups did not differ in winter [two-way ANOVA, F (1,16) = 0.46,
followed by Bonferroni P = 0.50]. Similar results were found in the summer where local differ [two-way
ANOVA, F (1,16) = 7.12, followed by Bonferroni P = 0.016] but the groups were not significant for the

production of thiols [two-way ANOVA, F (1, 16) = 0.02, followed by Bonferroni P = 0.88].
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The oxidative index demonstrated by Zanchi (2010) an excess of cortical exposed groups catalase
concentration to detoxified H,0,. As consequence of the higher concentration of H,O, from cellular
metabolism, there was an increase in tGSH because of higher activity of GPx.

Calderon-Garciduefias et al. (2013) observed the oxidative damage to frontal cortex in this young
urbanite cohort poses a significant cause for concern in terms of developmental and cognitive effect.

The result of antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in
hippocampus of animals exposed and filtered air to atmospheric pollution in Capdo and Porto in the winter

and summer seasons are presented in Table I11.

In the winter the points Capdo do Ledo and Porto were significant for catalase activity in the
hippocampus [ two-way ANOVA, F (1,15) = 4.69, followed by Bonferroni P = 0.04 ] but did not differ from
exposed and unexposed groups [ two -way ANOVA, F ( 1,15) = 2.01, followed by Bonferroni P = 0.17 ].
Unlike the summer where both points and groups results were not significant [two-way ANOVA, F (1,15) =
0.06, followed by Bonferroni P = 0.80 ].

Results in both sites Capéo do Leéo and Porto were significant in winter [two-way ANOVA, F (1,16)
= 8.17, followed by Bonferroni P = 0.01] as well as in the summer [two-way ANOVA, F (1,16) = 15.47,
followed by Bonferroni P = 0.001 ] for the activity of superoxide dismutase. The results also coincided for
the groups exposed and not exposed to pollution no difference in winter and summer seasons [two-way
ANOVA, F (1,16) = 1.62, followed by Bonferroni P > 0.05].

Capédo do Ledo and Porto points were significant in winter for the activity of glutathione peroxidase
[two-way ANOVA, F (11,16) = 11.05, followed by Bonferroni P = 0.004 ], however the groups did not differ
[two-way ANOVA, F (1,16) = 0.01, followed by Bonferroni P = 0.92 ]. In the summer season both in the
groups as in the points were not significant [two-way ANOVA, F (1,16) = 1.57 followed by Bonferroni P =
0.22 ] for the activity of glutathione peroxidase.

There was no difference between the groups and also in points in both winter seasons [two-way
ANOVA, F (1,16) = 0.67, followed by Bonferroni P = 0.42] and summer [two-way ANOVA, F (1,16 ) =
1.49, followed by Bonferroni P = 0.23 ] with dichlorofluorescein in the hippocampus.

In winter the points and groups were not significant [two-way ANOVA , F ( 1,16) = 4.21, followed by
Bonferroni P = 0.056 ]. It was analyzed significant spots in Capéo do Ledo and in Porto [two-way ANOVA,
F (1,16) = 35.88, followed by Bonferroni P = 0.0001] for the production of thiols, however the groups did

not differ [ two-way ANOVA, F (1,16) = 0.10 followed by Bonferroni P = 0.75].
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Zanchi et al (2008) described some support to the concept that exposure to ambient particles may
induce changes in cognition base on the finding of oxidative damage to hippocampus was detected after
instillation of particles during a relatively short period of time.

The result of antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in
hypothalamus of animals exposed to atmospheric pollution and filtered air in Capdo and Porto in the winter

and summer seasons are presented in Table V.

By analyzing the activity of superoxide dismutase in the hypothalamus Porto and Capdo do Ledo
points differed in winter [two-way ANOVA, F (1,12) = 6.25, followed by Bonferroni P = 0.02], however the
groups were not significant [ two-way ANOVA, F (1,12) = 4.31, followed by Bonferroni P = 0.06 ]. In the
summer season as both groups did not differ in points [two-way ANOVA, F (1, 14) = 0.37, followed by
Bonferroni P = 0.55].

In the winter season, Porto and Capdo do Ledo points were significant [two-way ANOVA, F (1,12) =
6.94, followed by Bonferroni P = 0.02 ] glutathione peroxidase activity although the groups did not differ
[two-way ANOVA, F (1,12) = 0.46 , followed by Bonferroni P = 0.51]. In summer the results in both places
and groups were not significant [two-way ANOVA, F (1, 16) = 3.97, followed by Bonferroni P = 0.06 ].

In winter the points and groups were not significant with dichlorofluorescein in the hypothalamus
[Two-way ANOVA, F (1, 12) = 1.75, followed by Bonferroni P = 0.21]. However in the summer season the
points differed with dichlorofluorescein [two-way ANOVA, F (1,16) = 7.38 , followed by Bonferroni P =
0.01] unlike the groups in which they were not significant [two-way ANOVA, F (1,16) = 1.43, followed by
Bonferroni P = 0.24].

The results for the production of thiols in the hypothalamus in Porto and Capédo do Ledo points differ
in winter [two-way ANOVA, F (1,9) = 6.54, followed by Bonferroni P = 0.03], but the groups were not
significant [two -way ANOVA, F (1,9) = 1.03 followed by Bonferroni P = 0.33]. In summer the points were
also significant [two-way ANOVA, F (1, 12) = 7.67, followed by Bonferroni P = 0.01] as well as the exposed

and unexposed groups [two-way ANOVA, F (1,12 ) = 9.03, followed by Bonferroni P = 0.01].
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4. Conclusion

Acute exposure to air pollution in the city of Pelotas showed high levels of acetylcholinesterase in
the winter, there was a significant difference in the levels of AChE activity in the cortex of animals exposed
and filtered air to air pollution in relation to the two different sites: Campus Capéo do Ledo and Porto. Higher
levels of enzyme were found in Capdo do Ledo campus. Acetylcholinesterase levels in the hypothalamus
showed similar results to those obtained in the cortex in winter performance; however an increase in the
levels of the enzyme were observed in campus Porto. According to high levels PM,s in winter of two points.
The humans and animals utilize an antioxidant defense system to neutralize the biological oxidative damage
and protect the organs by scavenging the ROS. This system is composed of the enzymes CAT, SOD and
GPx. Our results demonstrated that oxidative stress highlighted an adaptation in relation to the levels of

antioxidant enzymes since it was observed production of thiols in winter and summer.
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Legends

Table | Mean £Standard Errors concentrations of MP, s at two points in the winter and summer seasons (ug/

m?)

Table Il Antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in cerebral
cortex of animals exposed (E) to atmospheric pollution and filtered air (FA) in Capédo and Porto in winter and

summer seasons.

Table 111 Antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in hippocampus
ex of animals exposed (E) to atmospheric pollution and filtered air (FA) in Capéo and Porto in the winter and

summer seasons

Table IV Antioxidant enzyme activities, total thiol and free radicals (DCFH test) production in
hypothalamus ex of animals exposed (E) to atmospheric pollution and filtered air (FA) in Capéo and Porto in

the winter and summer seasons

Fig. I Sampling locations in the campus area of the University Federal of Pelotas

Fig.ll Acetylcholinesterase levels expressed in micromole AcSCh/h/mg of protein in different structures of
nervous central system in animals Exposed to atmospheric pollution and Filtered air in Capdo and Porto: A)
cerebral cortex in winter; B) cerebral cortex in summer. C) hippocampus in winter; D) hippocampus in
summer. E) hypothalamus in winter; F) hypothalamus in summer. Data expressed by means £ SEM (N =

10/group).
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Table |
Points Winter Summer
Capado do Ledo 40.75 +4.61 12.91 +£0.96
Porto 28.66 +0.60 17.16 +£0.66
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Table 11
Winter Summer
Capao Porto Capao Porto
E FA E FA E FA E FA
CAT 1.6+0.2 1.4+0.2 1.7+0.2 2.0+0.2 1.5+0.2 1.5+0.1 1.7+0.3* 2.5+0.2*
SOD 4.4+0.3 4.1+0.3 8.0£1.1 7.9+£0.9 4.6x0.6 5.4+0.2 10.4+2.0 17.7£3.0

GPX  0.09+0.1 0.12+0.1 0.13+0.01 0.14+0.02 0.12+0.1 0.14+0,01  0.2+0.03* 0.3+0.01*
DCFH 3.2+0.09 3.0+0.6 3.840.2 3.7£0.2  1.6+0.06 4.8+0.7* 3.6+0.2* 3.6+0.4*

THIOL 36.6+1.2 39.9+2.0 54.4+5.1* 57.4+7.3* 30.3+x1.2 34.8+11 62.6+11.2* 61.3+18.8*

Data are expressed as mean + SEM. N = 5/group. *There is significative difference between places of
exposition [two way ANOVA P < 0,005 post hoc Bonferroni P < 0,005]. SOD (expressed as U/mg protein),
CAT (expressed as micromoles of H,O, consumed/ min/mg protein), GPx (expressed as nmol NADPH
oxidized/min/mg protein), Total Thiol (expressed as nmol TNB/mg protein) and DCFH (expressed as nmol
of DCF formed/mg protein)
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Table 111

Winter Summer

Capao Porto Capao Porto

E FA E FA E FA E FA

CAT 1.6+0.1*  2.0+0.06* 1.2+0.1 1.4+0.4 1.4+0.06 1.6+0.3 1.4+0.1 1.7+0.09
SOD  11.9+0.7*  9.4+0.6* 7.9+0.2 8.0+0.3 16.6+2.4* 13.8+2.1* 8.5+0.3 8.7+0.5
GPX  0.1+0.07* 0.09+0.01* 0.07+0.04 0.06+0.01 0.08+0.01 0.1+0.01 0.13+0.04 0.1+0.01
DCFH 1.9+0.04 18.0+0.09 1.8+0.1 1.8+0.1 2.4+0.1 2.6+0.2 3.0+0.4 2.3+0.5

THIOL 65.1+2.1 68.3+2.3 74.6£2.7 67.9+21 40.6x15 44.4+12 81.8+10*  74.2+5.9*

Data are expressed as mean + SEM. N = 5/group. *There is significative difference between places of
exposition two way ANOVA P < 0,005 post hoc Bonferroni P < 0,005). SOD (expressed as U/mg protein),
CAT (expressed as micromoles of H,O, consumed/ min/mg protein), GPx (expressed as nmol NADPH
oxidized/min/mg protein), Total Thiol (expressed as nmol TNB/mg protein) and DCFH (expressed as nmol
of DCF formed/mg protein)
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Table IV
Winter Summer
Capao Porto Capao Porto
E FA E FA E FA E FA

CAT 3.8+0.7 3.6+0.1 4.2+0.1 2.8+0.5 4.4+0.3*  4.0+0.6* 2.6+x0.4 2.1+0.4

SOD 21.4+1.7 16.8+0.8 32.2+2.1* 22.8+4.7* 19.6x1.2 18.7£35 14.1+2.1 16.1+1.4

GPX  0.13+0.01* 0.13+0.08* 0.11+0.01 0.10+0.08  0.14+0.01 0.13+0.01 0.09+0.03 0.15+0.02

DCFH 3.8+1.3 2.3+10.1 2.9+0.06* 3.5+£0.6* 2.9+0.1 3.3£0.6 3.91£0.2 4.5+0.3
THIOL  74.8¥119  63.3%4.6 86.9+3.6* 85.0+7.1* 81.5+2.4  67.7x2.6 83.6£3.7* 80.9+1.9

Data are expressed as mean + SEM. N = 5/group. *There is significative difference between places of
exposition two way ANOVA P < 0,005 post hoc Bonferroni P < 0,005). SOD (expressed as U/mg protein),
CAT (expressed as micromoles of H,O, consumed/ min/mg protein), GPx (expressed as nmol NADPH
oxidized/min/mg protein), Total Thiol (expressed as nmol TNB/mg protein) and DCFH (expressed as nmol

of DCF formed/mg protein)
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5 CONCLUSOES

Monitoramento dos niveis de material particulado (MP>5) e dioxido

de nitrogénio (NO>)

- Podemos notar que os diferentes locais estudados ndo seguem um padréo e
existem diferencas significativas nos niveis de polui¢cdo dentro de uma mesma cidade.

- O ponto 1 localizado ao sul da cidade apresentou maiores concentracoes de
MP,5s nas estacdes do verdo, outono e inverno no entanto o ponto 5 localizado ao
sudoeste apresentou menores concentracbes de MP,s em todas as estacoes.
Entretanto o ponto 3 situado na zona central da cidade obteve maiores concentragdes
de NO, em todas as estagcdbes contudo o ponto 8 localizado na parte nordeste
atingiram menores concentracdes de NO, no verdo, outono e inverno.

- Os resultados obtidos neste estudo indicam que a cidade de Pelotas como
um todo tem potencial para episodios criticos da qualidade do ar, sobretudo no periodo
de inverno em todos 0s pontos.

- Os resultados também mostram a importancia da implementacdo de

programas voltados para o controle das emissoées.

Parametros bioguimicos da exposicdo aguda a poluicdo atmosférica

- No inverno houve diferenca significativa nos niveis de acetilcolinesterase
(AChE) no cortex de animais expostos e ndo expostos a poluicdo atmosférica em
relacdo aos dois diferentes locais de exposi¢cdo. Foram encontrados maiores
niveis da enzima no Campus Capéo do Ledo.

- Os niveis de AChE no hipotalamo apresentaram comportamento similar
aos obtidos no coOrtex no inverno, porém um aumento nos niveis da enzima foi
observado no Campus Porto.

- Os resultados obtidos tanto no cértex como no hipotalamo foram de
elevados niveis de AChE no inverno corroborando aos altos niveis de MP>5 em
ambos os locais.

- No cortex houve diferenca significativa nos niveis de catalase, glutationa
peroxidase no verdo entre os pontos de exposicdo no ponto Porto houve um

aumento nos niveis das enzimas. Do mesmo modo, os niveis de DCFH no coértex
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foram maiores no Campus Porto. A producéao de Tidis foi aumentada no Porto nas
duas estacOes do ano avaliadas.

- No entanto no hipocampo ambos 0s grupos expostos e ndo expostos do
Capdo do Ledo apresentaram maiores atividade das enzimas catalase,
superéxido dismutase e glutationa peroxidase no inverno. Entretanto no verao os
niveis de superoxido dismutase foram maiores nos animais expostos e nao
expostos a poluicdo no Campus Capéo do Ledo. Os niveis de tidis totais no verdo
foram maiores para o Campus Porto.

- No hipotdlamo 0s grupos expostos e ndo expostos a poluicdo do
Campus Capao do Ledo apresentaram maior atividade da enzima glutationa
peroxidase no inverno. O Campus Porto alcancou maiores niveis da atividade de
superdxido dismutase, também os niveis de DCFH além da produgéo de Tidis
foram aumentados no inverno. No verdo ambos 0S grupos expostos e nao
expostos do Capéo do Ledo apresentaram maiores niveis da catalase. No veréo
0S animais expostos a poluicdo do Campus do Porto apresentaram maiores niveis
de tidis.

- Os resultados do Estresse Oxidativo podem sugerir uma adaptacao em
relacdo aos niveis das enzimas antioxidantes uma vez que observamos no
inverno e verdo producao de tidis. O efeito da exposicdo a poluicdo atmosférica
na cidade de Pelotas sofre influéncia do local avaliado bem como a estagéo do

ano.
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PLLE moasenmants ane: Porio 48 G560, Arsal 31 20:4. 88, Cenfro 36887 08,
Fragain 3028+ 85, Trem 15.16£1.9, Trés Vondas 3144300, Laranjal 20.78£2.04,
Capdo do Ledo 24 252321 and annual moan + standarnd desiaton for NOG wern:
Porto 6.06+1.51, Amal 10.49£0.84, Ceniro 14.13:0.06, Fragata 31.44:0 56, Trem
17 200,66, Trda Vendas 21844122, Laranjal 88341 67, Caplo do Ledo 6.7740.76.
‘W concluda that there ar significant dfsnences in different sfes of the ofty, mainky
dun o fraflo and human actwites characleristics of sach point. On the other hand,

melnorciogical fackors act y In all shos ing the p
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