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RESUMO

A crescente introducéo de variados poluentes em matrizes ans@mtaieas urbanas
causa prejuizos ao ecossistema e dificulta as medidas de eoatrddiental. Essas
substéancias, apos liberadas, se distribuem e interagem de amordaas caracteristicas e as
do meio receptor. Indicadores precoces de contaminagcdo permitem a déog@edidas
preventivas aos danos causados pela poluicdo ambiental. O presenteesstydo bbjetivo
investigar a acdo de substancias genotoxicas em difereatéedrde material particulado
atmosférico e solos, analisando a presenca de contaminantes orgamooganicos. Para
este fim, foi empregado o ensa8almonelldmicrossoma em amostras de areas urbanas
caracterizadas como urbano-residencial e urbano-industrialdadecde Rio Grande, RS.
Amostras de material particulado atmosférico (PTS e PM2,5eesolo superficial
(composicéo granulométrica total e fracdo <0,5mm) foram prepgradakferentes meétodos
de extracdo. Este estudo apresenta uma primeira caragderida PM2,5, através do ensaio
Salmonellanicrossoma, no Brasil. O estudo de extratos organicos e aquosos ddPRISH
evidenciou a presenca de compostos metalicos na fracdo aquosa, ipoteneia
biodisponiveis, bem como maior risco de exposicdo associado a fracéompestos
organicos das particulas finas. A mutagénese foi detectadamomesn amostras de
particulados que se encontravam em conformidade com o0s parametrqealtade
recomendados. A analise das extracbes acidas dos solos mostra duees da regiao
podem atuar como rota de contaminagcdo ambiental, com risco atliceonlisponibilizacao
de substancias toxicas nos eventos de precipitacdo acida. O esttrdol ipos o emprego do
solo com minima alteragdo é mais apropriado para 0s ensaios agenasge. A utilizacdo
conjunta de diferentes métodos de extracdo de compostos organicosaeidosrgermite
uma avaliacdo integradora da qualidade de matrizes ambi@aot@iplexas, favorecendo a

adocdo de medidas preventivas para a protecdo do ecossistema.

Palavras-chave: Genotoxicidade ambientalEnsaio Salmonellamicrossoma, PTS,
PM2,5, Mutagenicidade de solos, Chuva &cida, Polui¢do urbana.



ABSTRACT

The increasing introduction of different pollutants into the environrhengdrices of
urban areas damages the ecosystem and makes it difficult eonpefivironmental control.
After these substances are released, they are distributedtarati according to their own
characteristics and those of the receiving environment. Early todscaf contamination
allow measures to be adopted to prevent damage caused by envirdrpo#atn. The
purpose of this study was to investigate the action of genotoxicasgbst in different
fractions of atmospheric particulate matter and soils, analyhiegresence of organic and
inorganic contaminants. For this, tBalmonelldnicrosome assay was used on samples of
urban areas characterized as urban-residential and urban-industhal city of Rio Grande,
RS. Samples of atmospheric particulate matter (TSP and PM&I5yfasurface soil (total
grain size composition and fraction <0.5mm) were prepared using edgiffexxtraction
methods. This study presents a first characterization of PM2.Braail, through the
Salmonellanicrosome assay. The study of organic and aqueous extract$cnoSPM2.5
showed the presence of potentially bioavailable metallic compourntth iaqueous fraction,
as well as a greater risk of exposure associated withiaboin of organic compounds of the
fine particles. Mutagenesis was detected even in samplgsartitulates that were in
accordance the recommended quality parameters. Analysis oéxdcadtions from the soils
showed that rainfall in the region may act as an environmentalneorai@on route, with an
additional risk of making toxic substances available in acid pratiit events. The study
showed that the use of minimally altered soil is more approgoatautagenesis assays. The
joint use of different methods for organic and inorganic compound extraclmvgs an
integrated evaluation of the quality of complex environmental nestriavoring the adoption

of preventive measures to protect the ecosystem.

Keywords: Environmental genotoxicitySalmonelldnicrosome assay, TSP, PM2.5,

Mutagenicity of soils, Acid rain, Urban pollution.
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1. INTRODUCAO

A sociedade moderna, em sua busca constante pelo desenvolvimento econdémico e
melhora na qualidade de vida, tem levado a uma crescente degraddgaatadmAs
atividades humanas e industriais liberam no ambiente uma variedadbsti@&ncias quimicas
prejudiciais ao ecossistema. Estima-se que, diariamente, s@adatil cerca de 100.000
substancias quimicas, sendo que a producdo, distribuicdo, uso e disposicdestes
compostos quimicos levam a sua presencga, quase inevitavel, no ambpgistdibAradas,
essas substancias podem sofrer transformacdes, ser traEpotigpermanecer estaveis por
longos periodos, sendo dificeis de serem degradadas. Dessa formaiprea desses
compostos pode persistir no ambiente e/ou sofrer bioacumulacéo,rinterfao fluxo de

energia e nutrientes da cadeia biologica (Holtz, 2000; Tagliari et al., 2004).

Os impactos antropogénicos aos ecossistemas foram classiffpaddsrantz et al.
(2003) em quatro grupos principais, sendo: 1- reestruturacdo fisicey as mudancas
resultantes do uso da terra; 2- introducdo de espécies exotitls) 8xcessivo dos recursos
naturais e 4- introducdo de substancias toxicas. Estes impactosndamsemovidos ou
mitigados, diminuem a capacidade de adaptacédo dos ecossitemagn@emadificam sua
estrutura e funcdo normal. Este processo de degradacdo pode levardamumigdo da
biodiversidade, reducdo da producédo primaria e secundaria, além de @eacddade do
ecossistema em se recuperar e retornar ao seu estado original. Aindappodemaumentos
da prevaléncia de doencas, reducgéo da ciclagem de nutrientes ntoadenespécies exoticas
e oportunistas (Rapport e Whitford, 1999). Disturbios causados pela dibatacsubstancias
toxicas na atmosfera, solo e agua séo capazes de causaragfettos e cronicos (Grantz et
al., 2003).

1.1. Contaminantes ambientais e genotoxicidade

Entre os contaminantes presentes no ambiente, alguns sdo cap&ses deektrutura
ou funcdo da molécula de DNA, sendo denominados de genotdxicos. EstassBsdes
corrigidas pelo proprio mecanismo de reparo das células, entretteragées ndo reparadas
ou erroneamente reparadas originam mutacdes pontuais e/ou cromasg@tfeiffer et al.,
1996). Geralmente, essas substancias encontram-se no ambiente emrapbes abaixo do
necesséario para causar efeitos agudos. No entanto, mesmo em pequeeasacoes,
quando um organismo € exposto a essas condi¢cdes ele pode torngpse decaanter a sua



funcdo ecoldgica (Scott e Sloman, 2004). E possivel que substanciasagujoeécinduzem
mutacdes afetem células somaticas e germinativas, tornandoeseipist causadores de
problemas de fertilidade e inducéo de céncer (Mortelmans e Z2@@0). Mutacées néo-
especificas sdo passiveis de se acumular no genoma e poterteigigrsistir na populacéo,
resultando, eventualmente, em reducdo da adaptabilidade e do tamanho qugulaci
(Belfiore e Anderson, 2001). Assim, a investigacdo dessas subst§an@®xicas torna-se
necessdaria para garantir a integridade das populacfes expastasfuncdo bioldégica no

ecossistema.

Entre os contaminantes ambientais que despertam a atencdo devidgateseial
genotoxico, encontram-se substancias organicas e inorganicas, asdles¢ 0s
hidrocarbonetos policiclicos aromaticos e o0s compostos metalicos.arApes efeito
conhecido destas substancias isoladamente, € importante ressal@ragéie combinada
destes agentes quimicos pode alterar suas caracteristimiass,imesultando em misturas

complexas cujo efeito €, muitas vezes, desconhecido.

Os hidrocarbonetos policiclicos aromaticos (HPAS) constituem upogte substancias
guimicas composto exclusivamente de carbono e hidrogénio que contem dois améisa
aromaticos condensados (Barra et al., 2007; Pereira Netto et al., @B0B)PAs séo
contaminantes amplamente distribuidos no ambiente, sendo emitidos quand@apeima
incompleta de matéria organica, tanto de origem natural quanto anmaogés fontes de
emissao antropica compreendem a queima de combustiveis fossaimateentos de Oleos e
seus subprodutos, incineragdo de residuos e fumacga de cigarros. Asdtuntais incluem a
gueima de biomassa em florestas e erup¢des vulcanicas (Lépmesagle, 1996; Manahan,
2003).

Essas substancias sdo encontradas em diferentes niveis de cof@cesnatodos os
compartimentos ambientais e na biota. Seus derivados nitrados e drmeaanbéem
possuem ampla ocorréncia, mas em geral ocorrem em concentragiientais cerca de 100
a 1000 vezes inferiores as dos HPAs (Lopes e Andrade, 1996; PerttmaeNal., 2000).
Representam um problema global por serem transportadas por losigaids através da
atmosfera e apresentar caracteristicas mutagénicasirogé&nicas (Barra et al., 2007; Meire
et al., 2007).



Quando presentes na atmosfera, os HPAs podem estar tanto na &sse qgasto
associados ao material particulado. A concentragcdo de HPAs danfase dependerd da
volatilidade e afinidade pelas superficies das particulas arivasf de cada composto. A
volatilidade destes compostos depende de seu peso molecular, diminuindeneonfor

aumento do peso (Pereira Netto et al., 2000).

No solo, os HPAs encontram-se geralmente adsorvidos a sua metidbs rnas
camadas superiores. Os compostos de maior peso molecular possuagsvidasi
relativamente elevadas, indicando uma degradacédo lenta (PHedi@ et al., 2000). A
adsorcado de HPAs no solo aumenta com o aumento do teor de carbono orgniéea
superficial das particulas (ATSDR, 1995).

Os HPAs séao considerados como poluentes prioritarios pela AgéeciProtecéo
Ambiental dos Estados Unidos (USEPA), sendo 16 destes particularmgrdrtantes no
monitoramento ambiental. Esses compostos apresentam de 2 a @Granmgiticos fundidos
entre si, com peso molecular variando entre 128 e 278g/mol (Meak, 2007). Alguns
HPAs sao classificados pela IARGternational Agency for Research on Carnceomo
possiveis (Grupo 2B), provaveis (Grupo 2A) ou carcinogénicos (Grupo lhparanos.
Entre as 16 espécies de HPAs listadas como prioritariasndega USEPA, oito sdo
classificadas em algum dos grupos citados acima: Acenaftenoaftde@o, antraceno,
benzo(a)antraceno (2B), benzo(a)pireno (1), benzo(b)fluoranteno (2B), berzexitgnp,
benzo(k)fluoranteno (2B), criseno (2B), dibenzo(a,h)antraceno (2A), fenanffuoranteno,
fluoreno, indeno(1,2,3-cd)pireno (2B), naftaleno (2B) e pireno.

A legislacao brasileira apresenta valores de prevencacestigacdo para 10 espécies
de HPAs presentes no solo (Brasil, 2009), entretanto, ndo ha reguldingrasg a presenca

destes compostos na atmosfera.

N&do ha consenso quanto a definicho do termo “metais pesados” naurhterat
Frequentemente este se refere a um grupo de metais enstais-que estéo relacionados a
toxicidade e problemas ecoldgicos (Banfalvi, 2011). A massa atGmicdensidade dos
elementos (superior a 55,8 g/mol ou a 5 g/cms3, respectivamentbgrtarsdo utilizadas
(Pierzynski et al., 2000). De acordo com Rodrigues (2007), embora o teretal ‘pesado”
ndo possua uma definicdo Unica, em geral, refere-se a elemestosdas com poluicdo e
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toxicidade, englobando tanto aqueles causadores de danos ao ambientetee @oimio

aqueles que em baixas concentracdes S80 essenciais aos seres Vivos.

Devido a sua capacidade toxica e de bioacumulacéo, os me@ipasio de grande
significado ecoldgico. Suas caracteristicas toxicas dependgroodaentracdes e especies
guimicas que estdo presentes no ambiente (Schnoor, 1996). Ao contrariooda das
poluentes, esses ndo sdo biodegradaveis, tendo efeitos de longa durat@dexido a forte
adsorcéo de muitos metais nos coldides humicos e de argila (Iweigalie2009). O efeito
de bioacumulacdo apresentado por alguns metais reforca a necesldacimitorar sua
presenca no ambiente, bem como sua possivel biodisponibilidade (Kouba et al., 2010;
Nagajyoti et al., 2010).

Os metais pesados representam maior risco em suas fatidescas e quando ligados
a cadeias curtas de carbono. Os ions metalicos formam compteragande quantidade de
ligantes e exercem influéncia sobre vérias fungbes biologMagalhdes, 2005). Alguns
elementos como arsénio, cadmio, chumbo, cromo e niquel possuem efeiténicotagou

clastogénico (Tsalev e Zaprianov, 2000; White e Claxton, 2004).

Existem diferentes fontes de metais pesados no ambiente, apapeis ser tanto de
origem natural quanto antropogénica. A industrializacdo e urbanizégé@umentado a
concentracdo de metais pesados na biosfera. Entre as fontes nadaminam as rochas e
0s solos. As principais fontes antrOpicas sao atividades agridetdizéntes quimicos,
adubos de origem animal, aplicacdo de lodos e pesticidas), metéluchiando a mineracao,
fundicBo e acabamento), queima de combustiveis minerais e fossethicdwr de
microeletrénicos e eliminacdo de residuos (Bradl, 2005; Nagajyodl.e?010). Estas
emissbes ocorrem por uma variedade de processos e rotas, quemingl liberacao
diretamente no ar, nas aguas e solos, bem como via escoamenteialpdifiviacdo para
as aguas superficiais e subterraneas (Bradl, 2005; Jarup 2003). Belbalestino e fixacdo
final sejam os solos e sedimentos, 0os metais em sua mamfi@ssportados por via aérea,

na forma de gases ou adsorvidos no material particulado (Baird, 2002; Magalhaes, 2005).

A presenca de metais nos solos é regulamentada, no Brasilegalacdo CONAMA
n° 420/2009 (Brasil, 2009) que estipula valores de prevencao e investigagiodiecam o
uso do solo. Estes elementos ndo sdo contemplados nos padrdes legaidiad@oava
atmosférica. Internacionalmente, poucos metais foram incluiddegestacoes de qualidade
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do ar, como por exemplo, 0 monitoramento de chumbo em PTS pela agéieiatalnmorte-
americana (USEPA, 2010) e arsénio, cadmio e niquel em PM10 péla Buaiopéia (CE,
2004). Estas normas levam em consideracdearss totais de metais presentes nas amostras,
ou determinados apGs processos de digestao acida forte.

1.2. Biomonitoramento

O monitoramento ambiental de areas impactadas geralmente € dondtiizando
medidas fisico-quimicas que, devido a natureza complexa dessasagmostiem ndo ser
suficientes para garantir a seguranca biolégica (Claxton, €t988; Fernandez et al., 2005).
Realizar a analise do risco sobre os efeitos de cada substéetoramente em uso, ndo é
possivel. Além disso, os individuos raramente estdo expostos a uncamigminante, mas a
uma mistura deles, que apresentam propriedades toxicas difefesmisanstituintes originais.
Em contrapartida, os bioensaios fornecem uma ferramenta Gtil ngatetos efeitos de uma
ampla variedade de substancias quimicas e de suas interage8e®) quando informacdes
detalhadas acerca de sua identidade ou propriedades fisico-quammdas ndo sejam
conhecidas (Ohe et al., 2004).

Os biomarcadores sdo respostas biolégicas correspondentes a expef&ité ou
susceptibilidade dos individuos aos agentes quimicos e/ou estressorestamivan der
Oost et al., 2003). Estes marcadores geram respostas funci@maiggittas, bioquimicas em
nivel celular ou de interacdo molecular (Souza, 2006). Ao serersuraeies permitem
detectar se a contaminagdo ambiental estd em nivel sufipemateausar efeitos fisiologicos.
Os biomarcadores sdo considerados excelentes indicadores paEaoggaminacdo, sendo
importantes ferramentas na adocédo de medidas preventivas aos dasaod®sgela poluicdo
ambiental. Isto ocorre porque efeitos em niveis superiores de orgenibafogica sao
precedidos por mudangas nos processos biolégicos, de forma que osdilomes servem
como um alerta precoce de efeitos tardios (Bayne et al., 1985&faDost et al., 2003). A
utilizacdo de biomarcadores genotoxicos € apropriada para ageadalirisco ambiental e
varios estudos relacionam danos no DNA com subsequentes alteragi¥e$ molecular,
celular e tecidual nos organismos (Ohe et al., 2004).
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1.3. EnsaioSalmonella/microssoma

Um ensaio amplamente utilizado em biomonitoramento é o Teste
Salmonellanicrossoma (Teste de Ames), que permite identificar tanto &ulss puras
como misturas complexas causadoras de danos genéticos. Estitesigecificamente
desenvolvido para detectar mutagénese quimicamente induzida, tornandplamente
utilizado como método de triagem inicial do potencial genotéxico de niowgas e biocidas,
sendo reconhecido pela comunidade cientifica e agéncias de contootelifMns e Zeiger,
2000). Ja foi estabelecido que existe uma alta correlacdo espasta mutagénica medida no
ensaio Salmonella e carcinogénese avaliada em roedores, variando de 77% a 90%,
dependendo principalmente do grupo quimico ao qual a substancia estudada pertence
(McCann et al., 1975; Mortelmans e Zeiger, 2000; Zeiger, 1998). EssSe basaia-se em
linhagens deSalmonellatyphimuriumque contém uma mutacdo especifica no operon da
histidina, o que as torna incapazes de sintetizar este aminq@dd e crescer em sua
auséncia no meio de cultura. Novas mutacdes nesses sitios patiemarea funcédo dos
genes permitindo que as células sintetizem histidina. Dessa,fquando semeadas em meio
de cultura livre desse aminoacido, apenas as células que revegspentaneamenthig *)
formardo colonias. Os valores de mutacdes espontaneas afametnte constantes para
cada linhagem, entretanto, se uma substancia mutagénica é adiciomaéa de cultura os
valores de mutacdo podem aumentar significativamente (Claxi@in 4987; Umbuzeiro e
Vargas, 2003).

Ao contrario do que ocorre em mamiferos e outros vertebrados, @sidsacao
incapazes de metabolizar substancias via citocromo P450. A fung@ariprdo sistema de
metabolizacdo hepéatica € proteger a célula, degradando e detakifmabstancias estranhas
ao organismo. Entretanto, alguns compostos mutagénicos (pré-mutdgenosligés a nao
ser que sejam metabolizados a formas ativas. Por isto, um asisteédgeno de ativacdo
metabdlica de mamiferos é incluido aos ensaios. Esse sistmhaciclo como S9 mix, é
preparado a partir de células de figado de r&@sgue-Dawleyque foram previamente
tratados com um indutor enzimético (Aroclor 1254). Dessa forma, stvpbsnimetizar o
metabolismo de mamiferos e analisar a genotoxicidade dos memb@sultantes dos
compostos testados. A ativacdo metabodlica das amostras comengBaas aumenta a
correlagdo entre a mutagénese observada nesse ensaior@nagéaese em mamiferos
(Claxton et al., 1987; Maron e Ames, 1983; Umbuzeiro e Vargas, 2003).
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Esse bioensaio tem se mostrado apropriado para avaliacdo rapigpatabilidade e
atuacdo de contaminantes provenientes de matrizes ambientaisxaanfiea utilizacdo tem

se mostrado Util para prevencao e investigacdo de problemas amsbigatpindo Claxton et

al. (2010), o ensai®almonellafoi essencial para o reconhecimento de agentes mutagénicos

em amostras ambientais, permitindo que os pesquisadores descolhussgrande parte do
nosso ambiente possui agentes com atividade mutagénica. Atualmente aestetodologia

mais empregada na avaliagdo da mutagenicidade de matrizestamlmemplexas, contando
com aproximadamente 37% do total de estudos em solos (WhiteterCla®04), 41% em

sedimentos (Chen e White, 2004), 37% em ar (Claxton e Woodall, 20Moeem agua

(Ohe et al., 2004).

Em recente revisédo, Claxton et al. (2010) analisaram o numero dédsapablicados
por ano que utilizaram o Teste de Ames em varios tipos de amastiaentais. Os autores
observaram que estudos sobre produtos naturais, agua e ar compderoria daas
publica¢gbes atuais, enquanto que relativamente poucos artigos re¢eaesimsstras de solo e
sedimento. White e Claxton (2004) atribuiram o extenso uso do efahimnellaem
amostras de material particulado atmosférico a caraaasistla metodologia, como (a)
possibilidade de utilizar pequenas quantidades de amostra, (b) reatienostico através
do uso de diferentes linhagens e protocolos, (c) simplicidade e dimaanuitos
laboratorios, (d) rapidez e baixo custo, se comparado com outros métodos analiticos.

1.4. Material particulado atmosférico

A poluicdo do compartimento atmosférico vem despertando crescenesseteuma
vez que um numero cada vez maior de trabalhos reporta a sua d@ssauat efeitos

adversos para o ambiente e a saude humana (Grantz et al., 2003; Vargas, 2003).

Os poluentes do ar podem ser divididos em primarios, que sdo acuejeslos
diretamente pelas fontes de emisséo, e secundarios, que sdo odoposigriormente,
através de reacfes quimicas entre poluentes primarios e comporaatas da atmosfera.
Quanto as fontes de emissdo, essas podem ser classificadasi@asmouf estacionarias,

produzindo cargas pontuais de poluentes, ou moveis, produzindo cargas poluidoras difusas

(CETESB, 2011a; Vieira, 2009).
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A concentracdo de poluentes no ar € funcdo das emissOes, transporteaalispe
deposicado dos poluentes, bem como da forma como estes reager aliine das condi¢cdes
meteoroldgicas atuantes. Alguns dos parametros meteorologicos anipsrtsao: a
temperatura, que influencia as reacfes fotoquimicas geradorasudateelsecundarios na
atmosfera; a precipitacdo, que atua removendo poluentes do ar; @ @iregébcidade dos
ventos, que se relacionam com os mecanismos de dispersao (Vieira,Ex88jlios graves
de poluicéo j& foram relacionados a condi¢cdes meteoroldgicas déskigad dispersdo dos
poluentes (Lippmann, 2009). A topografia local é outro fator que influeesia disperséo.
Em locais préximos a costa ocorre maior dispersdo, enquanto quesasncarcadas por
montanhas, morros, ou dentro de centros urbanos ha maior concentracdo dos. QeSO
fator importante é a proximidade de fontes especificas de&misma vez que os niveis de
poluentes atmosféricos podem ser mais elevados em localidadesattowvias e industrias,
tornando necessarias medidas especiais de protecdo para as popuiagdesm no entorno
dessas emissdes (WHO, 2005).

A Organiza¢do Mundial de Saude considera ser um requisito basica patide e bem
estar do ser humano a boa qualidade do ar (WHO, 2006). A determinagp#alidade do ar,
geralmente é realizada através do monitoramento de um grupdore® poluentes
escolhidos devido a sua maior ocorréncia, a seus efeitos adversoseeuasss disponiveis
para sua medi¢cdo. Os poluentes adotados universalmente como indicadoigldde do ar
séo: dioéxido de enxofre (S¥) mondxido de carbono (CO), ozdniozfOdoxidos de nitrogénio
(NOy) e material particulado (MP) (CETESB, 2011a; FEPAM, 2011; WHO, 2006).

Entre estes poluentes, o material particulado (MP) se deptacsua complexidade.
Este consiste em uma mistura de ampla variedade de substagéisisas e inorganicas, em
estado sélido ou liquido, que se encontram em suspensdo na atmosfera200B)0 Tais
particulas diferem quanto ao seu tamanho (de 0,001 pum a 100 pm), origeanjsmo de
formacdo, composicdo quimica e comportamento na atmosfera. A drificipga de
classificacdo destas particulas refere-se a seu dianeetdirsemico (tamanho da particula),
que determina os padrbes de transporte, residéncia no ar e efeitcisados a saude humana
(Englert, 2004; WHO, 2006).

7

O material particulado é emitido tanto em eventos de origengrarsatquanto

antropogénicas. As fontes naturais consistem de emissdes de cirzascas| incéndios
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florestais, ressuspensdo de poeiras, sais marinhos e matsoldigicos (ex. polen e
bactérias); enquanto as antropogénicas caracterizam-se pordatviddustriais, queima de
combustiveis fésseis, geracdo de energia térmica, trafegdaldosee queima de biomassa
(Vieira, 2009).

As particulas totais em suspensao (PTS) compreendem todos osaliadegbarticulas
suspensas na atmosfera, entretanto, particulas maiores que 30-7fmamepem suspensas
por um curto periodo (Englert, 2004). Assim, para fins praticos, o PTSinéddepela
Associacao Brasileira de Normas Técnicas (1997) como o patiticeia suspenséo de até 50
um coletados em amostradores de grandes volumes de ar. Oalmadeticulado com
didmetro inferior a 10 um compreende a fracdo inalavel do ar, serdividido em:
particulas inalaveis grossas (PM10), com diametro de 2,5 — 10 piioulaa inalaveis finas
(PM2,5) com tamanho inferior a 2,5 um; e particulas ultrafid&$, menores do que 0,1 pm.

As fracbes menores de particulados estado contidas nas maiores (Englert, 2004).

Os processos de sedimentacdo e precipitacdo removem aslgartitaiores da
atmosfera algumas horas apds a emisséao, entretanto, as gantientaes que 2,5 pm podem
permanecer em suspensao por dias ou mesmo algumas semanasudbtErsente, essas
particulas podem ser transportadas por longas distancias, enquanticuagdargrosso em

suspensao encontra-se mais proximo as fontes de emissédo (WHO, 2005).

As fracoes de PTS e PM10 sao compostas principalmente de elerdantwesta
terrestre, sais marinhos e elementos biolégicos, sendo formadasalespete através de
processos mecanicos de erosdo e ressuspensao. Ja as partiévies iiveas (PM2,5) e
ultrafinas (UF) sdo constituidas primariamente de metaigi®darbonetos. Processos de
combustdo e reagBes secundérias na atmosfera sdo 0s mecanisthoosinprees de
formacao destas particulas (De Kok et al., 2006; Squadrito et al., 2001).

A fracao inalavel do material particulado atmosférico representeasco potencial para
a saude humana, devido a sua capacidade de penetrar e depositrigas naéreas
respiratorias. Seus niveis no ambiente tém sido relacionados coonréncia de infecgdes
respiratorias agudas, doencas pulmonares e cardiovasculares ¢réamas no sistema
respiratorio e elevacao nas taxas de mortalidade na populacéo (Vargas, 2008)ndigade
de penetracdo das particulas no sistema respiratério € fdacseu tamanho aerodinamico.
As particulas maiores que 10 um (PTS) séo filtradas ou depositadagnargtoracica do



16

trato respiratério, constituida pelas vias nasal e oral, faringe e lalimgiencéao de particulas
na regido extratoracica € considerada a primeira formafdsadeontra a penetragdo mais
profunda do MP, mas também torna esta regido mais suscetivetgdies, respostas toxicas
e doencas respiratorias. Somente as particulas menores que 1O0netranpena regiao
intratoracica do sistema respiratorio, que € dividida em regaéueaobronquial e regido
alveolar. As particulas PM10 depositam-se principalmente naordgi@ueobronquial,
enguanto as particulas de tamanho <2,5 um podem atingir a regiataalClaxton et al.,
2004; Lopes e Andrade, 1996; Squadrito et al., 2001).

Apesar de a saude humana ser a principal preocupacdo nas agdesigcerca do
material particulado, a presenca deste poluente na atmosfeseonacauma série de
consequéncias adversas ao ambiente, entre as quais podemosraiter éGal., 2003; Van
Dingenen et al., 2004):

- Alteracdo na visibilidade da atmosfera e diminuicdo da radisgi@o incidente na

superficie terrestre, podendo influenciar as rea¢des quimicas dependentesolde;|luz

- Danos a monumentos e materiais por descoloragao, erosao, cersé@mposicao

devido a deposicdo de particulas na sua superficie;

- Danos a vegetacao através de injurias foliares, reducéoodaifiiese ou da captacao

de nutrientes e redugéo no crescimento ou reproducao;

- Contaminacédo do solo com substancias toxicas presentes naslgmrthodificacoes

na quimica do solo e ciclagem de nutrientes apés a deposic¢ao do particulado.

Na tentativa de minimizar os efeitos adversos provocados pekriahgiarticulado
atmosférico, varias agéncias reguladoras e organizacdes namagogatais propuseram
limites maximos para a concentracdo deste poluente no ambiengeoRlo com a USEPA
(2008), o monitoramento do material particulado fornece dados para prop@sitmos da
gestdo da qualidade do ar, entre os quais sado citados: casactaezqualidade; verificar o
cumprimento dos padrfes legais; apoiar analises de avaliagcOgsode&&o, riscos a saude e
ao bem estar; desenvolver e avaliar estratégias de controlmisgdes e acompanhar o

progresso dos programas de controle da poluigdo atmosférica.
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Com o aumento de estudos demonstrando os efeitos adversos das pardEves,
maior atencdo passou a ser dada as fragbes de PM10 e PM2,8, Rddgislacdo ambiental
norte-americana substituiu a regulamentacao da concentracd&deoPPM10 em revisao
do “National Ambient Air Quality Standard¢NAAQS) em 1987. A versédo original da
NAAQS, que considerava as particulas totais em suspensado, datd@¥ldePadrbes de
PM2,5 foram adicionados a NAAQS em 1997 (USEPA, 2008).

No Brasil, a resolugio CONAMA n° 003/1990 estabelece padrbes mamari
secundarios da qualidade do ar (Brasil, 1990). Os padrdes primariosmester as
concentragdes de poluentes que, se ultrapassadas, poderdo afederdagzopulacdo. Ja os
padrdes secundéarios sdo mais restritivos, sendo definidos como as egdesntie poluentes
abaixo das quais se prevé o minimo efeito adverso sobre o bem-eptgyutkcdo, assim
como o minimo dano a fauna, a flora, aos materiais e ao meio andneiggeral. Os padrées
de material particulado atmosférico compreendidos nesta resokfefiem-se as particulas
totais em suspensdo e as particulas inalaveis grossas, mExigtgulamentacdes acerca da
concentracdo de particulas PM2,5.

Estudos de genotoxicidade sobre o material particulado atmos#aicados no Brasil
mostraram a presenca de compostos mutagénicos em amostras adasidintro dos
parametros permitidos pela legislacdo ambiental (Coronas.,eRC4l8; 2009; Ducatti e
Vargas, 2003; Pereira et al., 2010). O ensaion8nelldmicrossoma vem sendo empregado
em estudos da qualidade do ar no Estado do Rio Grande do Sul desde 1688 évail.,
1998). A partir de entdo, esse bioensaio vem permitindo identificar o btentagénico de
PTS e PM10 em areas urbanas (Ducatti e Vargas, 2003; Kaffer, ROlra et al., 2010;
Vargas et al., 1998; Vargas, 2003) e industriais com influéncia petrgqui@oronas et al.,
2008; 2009; Vargas, 2003). Contudo verifica-se a auséncia de estudosddilzdeste de
Ames em amostras de particulados PM2,5 evidenciando a necessidadaliggio deste
poluente.

1.5. Contaminacéo do solo

O solo é uma matriz complexa e dinamica que se forma na o&tedfa atmosfera,
litosfera, hidrosfera e biosfera. E, essencialmente, um agregadimei®is ndo consolidados
e matéria organica, produzido por uma combinacao complexa de processos fisicossauimi
bioldgicos (Manahan, 2003; Nortcliff, 2009; White e Claxton, 2004).
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O solo possui camadas distintas, conforme o aumento de sua profundicgadadas
de horizontes. A dgua da chuva infiltra-se no solo, carregando solidolsidss e coloidais
para porcdes mais profundas, onde estes sdo depositados. A capsaida 6 a de maxima
atividade biologica, contendo a maior parte de sua matéria orgaoitsa.metélicos e
particulas de argila na superficie estdo sujeitos a consitléxiwviacdo, de forma que esta
camada é chamada, algumas vezes, de zona de lixiviagdo. As perigiasentes,
denominadas subsolo, contém matéria organica em quantidades maigasdo que o solo
de topo. O subsolo recebe materiais como sais, particulas de aggilade matéria organica,
lixiviados do solo de topo, sendo chamado de zona de acumulacdo (Brady, @00&:i
Manahan, 2003).

A porcao mineral dos solos pode ser descrita de acordo com sua gegtnaloon seja,
conforme o tamanho de suas particulas e da propor¢cao de ocorréncaaldssts (Brady e
Weil, 2008). Diferentes sistemas de classificacdo granulométniam criados, separando as
particulas de solo em areia, silte e argila. De acordo cAss@ciacdo Brasileira de Normas
Técnicas (1995), as particulas de areia possuem diametro de 2,0 — @,08endo
subdivididos em areais grossas (2,0 — 0,6 mm), médias (0,6 — 0,2 mm) @fias0,06
mm). As particulas de silte possuem diametro de 0,06 — 0,002 mm, easglaaliametro

inferior a 0,002 mm.

A textura do solo é um fator importante na retencdo ou distribuledsubstancias
guimicas. Assim verifica-se que as particulas de areia @edaderem umas as outras,
possuindo muito baixa capacidade de reter a agua, substancias q@miga®ntes. Por
essas caracteristicas 0 solo arenoso possui alto potencialviggdia de poluentes, baixa
resisténcia a modificacdes de seu pH, alta aeracao e bainaetenatéria organica. O oposto
€ apresentado por particulas de argila, as quais possuem abBacadentre si. Solos
argilosos caracterizam-se por alta capacidade de reater Agtrientes, matéria organica e
substancias quimicas, além de resistir a alteracfes de pthefmrapossuem baixo potencial
de lixiviagdo de poluentes e de aeracdo. As particulas de siltaepossaracteristicas

intermediarias entre areia e argila (Brady e Weil, 2008).

O declinio da qualidade dos solos é caracterizado por processos de degradacéo, sendo 0s
principais, conforme referidos por Bone et al. (2010): a erosdo pelalaggyua ou do vento;

o desenvolvimento de reacdes extremas, como acidificacdo ou sdlmiza degradacéo



19

fisica, como destruicdo estrutural e compactacdo; a degradagigica;, mudancas

desfavoraveis no regime de nutrientes; diminuicdo da capacidagenante dos solos e a
contaminagao por fontes naturais ou antropogénicas. A contaminacao du solwsiderada

uma das maiores ameacas a sustentabilidade no uso do solo pelé€dispéia (EC,

2002).

O solo pode caracterizar-se como um filtro ambiental, devido a apsacidade de
depurar e imobilizar grande parte das impurezas nele depositadagntdittio, essa
capacidade é limitada, fazendo com que o solo também funcione comadtaie receptor
de contaminantes. O potencial do solo de atuar como fonte de comtwigaaltamente
variavel, dependendo das suas propriedades, dos produtos quimicos pressngss e
concentracdes (Bone et al., 2010; CETESB, 2011a).

Atividades industriais, urbanas e agricolas liberam inimerasasglat quimicas
capazes de comprometer a qualidade dos solos. A contaminagéo por sadhshéitas pode
ser resultado de atividades intencionais ou acidentais, atrav@dicdeado de agroquimicos
em cultivos, de praticas de irrigagcdo com aguas contaminadaspdsigiio de residuos em
areas especificas (aterros, lagoas de tratamento, el&uirthg residuos, entre outros), do
descarte indiscriminado de materiais e de vazamentos/derramasteda producéo,
transporte ou armazenamento de materiais industriais como olebsetes (Rodrigues et
al., 2009; White e Claxton, 2004). Ainda, compostos emitidos na atmosterésatla queima
de combustiveis fésseis, de emissfes veiculares e industriaisneirdaacdo de residuos,
eventualmente se depositam no solo podendo se acumular na sua capextiaias
(Nortcliff, 2009; Rodrigues et al., 2009; Watanabe et al., 2008).

A toxicidade de solos contaminados tornou-se um enfoque importante gavale
risco ecolégico, podendo ser utilizada para definir diretrizedérgas ou sitio-especificas de
qualidade do solo e para orientar o mapeamento e remediacédo deositawsinados (Burns
et al., 199@pudBone et al., 2010).

Essa contaminacdo afeta a salde do ecossistema e age dalifetenaa perda de
diversidade bioldgica (Gilmore, 2001). Compostos com caracterisfix@sas presentes no
solo também podem afetar a salde humana através da exposicao guaoim poeiras,
ingestao de plantas e animais que absorveram estes compostosiacatravés da lixiviagao
para aguas subterrdneas e superficiais utilizadas, entre outr®s pasa abastecimento
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publico (Watanabe e Hirayama, 2001). A ingestao direta de solo coatiompor animais e
homens, especialmente criangas, e o contato dermal, também repnesard rota de risco
(Calabrese et al., 1997; Madrid et al., 2008). Muitos destes compostpgrsé&tentes ou
capazes de se bioacumular, representando riscos mesmo se, inieiabatverem presentes

em baixas concentracdes (Gilmore, 2001).

A camada superficial do solo de topo reflete a deposicédo dos poluEntasgem
atmosférica, especialmente aqueles depositados recentememteorne poluentes que nao
se movem em profundidade por estarem adsorvidos as particulasoddla®lcamadas do
subsolo, se encontram poluentes depositados por derramamentos liquidosiadegolsiggo
prazo de materiais sollveis em agua e substancias enterradelsuvas podem mover 0s
poluentes da camada superficial para outras mais profundas oul@dagitd ponto de

deposicao por escoamento superficial (USEPA 1992).

Em ambientes poluidos, a agua da chuva representa uma significattveder
contaminacao devido a remocéo de contaminantes presentes nos solos e atmasfganA |
desses contaminantes do material particulado atmosférico, esmatmldioxidos de enxofre
e Oxidos de nitrogénio, pode levar a formacdo de chuvas &cidas, evento eamaraas
localizadas proximas a grandes parques industriais (Holtz, 200CaMiet al., 2000;
USEPA, 1980; 1990).

E sabido que a presenca de condi¢bes acidas leva a um aumento g@rilitidade
dos metais que se dissociam mais facilmente, podendo atingasdbxicas (Pueyo et al.,
2003; Tack e Verloo, 1995). Esta acidificacdo do ambiente influeimza,ana solubilidade,
especiacao, mobilidade ambiental, transferéncia na cadeia aingemxicidade de varios

metais (Scheuhammer, 1991).

A avaliacdo de substancias genotoxicas no solo geralmente requeregerde uma
metodologia de extracdo, tendo em vista aspectos praticos e/@sidade de esterilidade
das amostras (Courty et al., 2004). O procedimento de extrac&seaef@ um estagio
decisivo na avaliagdo das amostras, uma vez que grande variagiopraesiades fisicas e
quimicas dos constituintes, incluindo dos principais compostos genotoxicosgrécoe
acordo com o método empregado (Watanabe e Hirayama, 2001; Courty@d4). Embora
muitas técnicas e solventes tenham sido utilizados nestag@sgr a maioria dos estudos
utilizando o Teste de Ames em amostras de solo avaliou a mutdgdeicdos seus
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compostos organicos, com pouca énfase sendo dada a fracao inorg&eiga denstituintes
(Silva-junior et al., 2009).

Entre as diferentes metodologias de preparo das amostrafiarass 0s experimentos
de lixiviagdo. Este processo consiste na remoc¢ao das partichitesis e/ou coloidais de um
solo pela percolacdo de agua (ABNT, 1995). O procedimento de lixiviag&etiza a
transferéncia de micro-poluentes de uma matriz sélida para pactmento aquatico. Esse
procedimento de extracdo simula os efeitos de chuvas fortes (Moeichat, 2006).
Diferentes metodologias de extracdo de lixiviados de amad¢ra®lo para uso no ensaio
Salmonellalhicrossoma foram empregadas por Silva-Junior e Vargas (2009wutOses
evidenciaram que o processo de extracdo em mesa agitadora ugéo @ acido acético,

em valor préximo ao pH do solo, foi a metodologia mais eficiente.

A mutagenicidade de solos contaminados foi tema de revisaocadzalpor White e
Claxton (2004), que categorizaram o0s sitios avaliados em indystrnibanos e rurais. Os
resultados do ensaiBalmonellahicrossoma, expressos em médias de revertentes/mg solo
seco, foram comparadas por andlise de variancia, mostrando reiggéicava entre
categoria do sitio e mutagenicidade. Dessa forma, os solos induspi@sentaram 0s
maiores potenciais mutagénicos, seguidos pelos solos urbanos e rurais, respetetivam

No Brasil, estudos empregando o teste de Ames para avaliacastatgenicidade de
solos foram conduzidos no estado do Rio Grande do Sul em é&reas sujeiflagéncia de
rejeitos de carvao (Silva-Junior et al., 2009; Silva-Junior e Vargas,, 200%olos proximos
a rodovias (Silveira, 2002), em potenciais areas de referénciae(M2Q08) e em sitios
contaminados por preservantes de madeira (Pohren, 2011; Souza, 2008). M&o fora

encontrados estudos com esta abordagem em solos de areas urbanas.

O solo forma-se lentamente sendo considerado um recurso vital eem@dvel.
Embora técnicas de recuperacdo de areas degradadas venham samolddas, a
remediacdo do solo € um processo caro e que requer longo periadlicdgdo. Assim, a
qualidade do solo deve ser preservada, sendo necessarias medidasgde jpretvistas na
legislacdo (Gilmore, 2001; Nortcliff, 2009; Rombke et al., 2005). NasiBra Resolucéo
CONAMA n° 420/2009 “DispOe sobre critérios e valores orientadores delageldo solo
quanto a presenca de substancias quimicas e estabeleceedirpita 0 gerenciamento
ambiental de areas contaminadas por essas substancias enéndéxode atividades
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antrépicas”. De acordo com esta resolucao, “a protecao do solo degalgada de maneira
preventiva, a fim de garantir a manutengdo da sua funcionalidade, ocaned&arcorretiva,
visando restaurar sua qualidade ou recuperé-la de forma compativals usos previstos”
(Brasil, 2009).

1.6. Area de estudo

O municipio de Rio Grande localiza-se no extremo sul do Brasihenénsula do
Estuario da Laguna dos Patos e préximo a sua desembocadura no A& (Figura
1). A cidade conta com aproximadamente 196.337 habitantes, sendo que 96% da@opulag
vivem em areas urbanas (IBGE, 2009).

Figura 1 - Localizacdo do municipio de Rio Grande na desembocaduagata dos Patos ao
Oceano Atlantico (Fonte: Fepam, 2010; modificado).

A formacdo da cidade, hoje com 2710%de superficie (IBGE, 2009), ocorreu em
areas baixas, onde gradualmente foram sendo criados terrendsalmegte alagados,
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através de aterros (Fragomeni et al., 2010). Desde o inicio decspacdo, em 1735,
ocorreram seis periodos historicos de formacdo de aterros, gexenmedode 60% da area
urbana atual (FEPAM, 2010; Mirlean e Oliveira, 2006) (Figura 2)teNpsocesso, foram
misturados aos sedimentos arenosos, diferentes materiais produzégpmxaale construcao,
compreendendo residuos diversos, entulhos, lixo industrial e doméstigoniiera et al.,

2010; Mirlean e Oliveira, 2006).

Figura 2 — Area original da cidade de Rio Grande (linha véaha datas aproximadas dos

aterros (Fonte: Garcia, 2010).

Além da criacdo de aterros, a falta de territério levou acionesto desordenado da
cidade, com as zonas portuaria, industrial e urbana posicionadas muitogs.0ki municipio
possui um importante complexo industrial, caracterizado, principalmentanddstrias de
fertilizantes, produtos quimicos e agroquimicos, alimentos, pescadgaexe refino de 6leo
vegetal, producdo de resinas de madeira e refinaria de petroleo.alwi#@#acom os ramos
metal-mecanico, téxtil e naval, além de importante zona portuémas termelétricas e uma
incineradora de residuos sélidos. Nas proximidades destes empreenslies¢aibeleceram-se

lotes residenciais que formam um adensamento urbano junto a areadhdists areas sao
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habitadas principalmente pelas populacdes de baixa renda, compogt@ntémente por

operarios, pescadores e pequenos agricultores (FEPAM, 2010).

Diversos estudos vém mostrando a existéncia de contaminacao rpentele tracos e
substancias organicas em diversos compartimentos ambientaisada (@hvalcante, 2002;
Mirlean e Oliveira, 2006; Pederzolli, 2006). Quantidades significatieametais pesados ja
foram observadas nos solos da regido, sendo apontada a presenca de ctamWo, c
mercurio e zinco como 0s principais contaminantes metéalicos respenpavalegradar a
qualidade na regido urbana. No compartimento atmosférico, os eleroédio® e chumbo
apresentaram-se em valores prOXimos ou pouco superiores aos #stdbslecidos por
padrbes internacionais de qualidade do ar (FEPAM, 2010). A presenca derhidinetos
policiclicos aromaticos (HPAs) em Rio Grande aparece assoc@d industrias produtoras
de energia por queima de combustiveis fosseis, a refinaria depeindistrias de 6leos
vegetais e as atividades portuérias, caracterizando-se como uningpap@ante de poluentes
atmosféricos na éarea. A contaminagdo de sedimentos, &guas Balmpaeticulado
atmosférico por HPAs ja foi demonstrada em estudos desenvolvidasatke ¢FEPAM,
2010; Pederzolli, 2006; Pereira, 2008). Foi ainda verificado que Pb, Ni, V,C#fldoretos
oriundos de atividades antrOpicas locais contaminaram outras mainiésntais devido a
acao da dispersdo atmosférica (Garcia et al., 2010; Mirleah, 2002; 2005; Mirlean e
Roisenberg, 2006; Vanz et al., 2003).

Outro dado importante da poluicdo ambiental foi verificado por Mirléaal. €2000)
que estudou os parametros fisico-quimicos das precipitacbes emr&ideGOs autores
observaram a ocorréncia de eventos de chuvas acidas provocadas gsi@ssestmosféricas
do parque industrial, sendo 3,6 o0 menor valor de pH verificado. Foi possaledleser que o
valor debackgroundde pH para a regido estaria préximo a 5,2. Essa caractenstie
influenciar a biodisponibilidade de poluentes.

Além dessas observacfes, a proximidade das moradias com asd®r@ssssao de
poluentes ressaltam a importancia de se conhecer o impacto do®snea qualidade do
ambiente. Com esse propésito, o presente estudo avaliou duas areas, urtbEnaom

caracteristica residencial e outra mista, adjacente a empreatwinmalustriais (Figura 3).
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Figura 3 — Detalhe da cidade de Rio Grande. 1- Distrito indiitriaZonas portuarias, 3 —
Refinaria de petroleo, 4 — Area urbano-industrial, 5 — Area urbano-reisid¢Ronte: Google
Earth, 2010, modificado.)
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2. OBJETIVOS

O presente estudo teve por objetivo investigar a presenca de sw@sstggmotoxicas
através do ensai8almonelldnicrossoma em diferentes fracbes de material particulado e

solos, analisando a presenca de contaminantes organicos e inorganicos.

Os objetivos especificos buscaram:

- Avaliar o potencial mutagénico e citotoxico de material palgdo atmosférico e
amostras de solo de areas urbanas, com caracteristicangiessde industriais na cidade de
Rio Grande, RS.

- Comparar a resposta mutagénica de duas fragfes de particuradsatos (PTS e
PM2,5);

- Avaliar o efeito da granulometria do solo na resposta mutagénica;

- Avaliar o efeito de extracbes de solo por lixiviagdo emreiifies pHs quanto a

disponibilizacdo de substancias genotoxicas, simulando eventos de precipitacao;

- Relacionar efeitos biologicos e caracterizagcdo quimicaadasstras ambientais

estudadas.
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3. ARTIGOS CIENTIFICOS

Considerando os objetivos propostos, a presente dissertacdo permihoragdo de

dois capitulos correspondentes aos artigos cientificos resultantes do prajatm heko.

O primeiro artigo“Mutagenicity of particulate matter fractions in areas under the
impact of urban and industrial activitiesg ser submetido a revisthemosphereapresenta a
comparacdo do potencial mutagénico de dois particulados atmosf@it8se PM2,5) na
cidade de Rio Grande, RS. Ainda, o trabalho realizou esta avaliacértenos aquosos de
material particulado atmosférico, em adicdo as analises tEosxbrganicos, as quais sao

predominantes na literatura.

0 segundo artigoMutagenicity in urban industrial areas: contribution of acid rain and
organic pollutanty, a ser submetido a revisg&cience of the Total Environmeafpresenta a
avaliacdo de diferentes extracdes acidas na disponibilizacdong®stos a partir de duas
fracbes granulométricas de solo em area urbano-residencial e -imbastrial. O trabalho
também analisou o efeito de compostos mutagénicos em extratos orgdmicumdos e
particulados PM2,5 da cidade de Rio Grande.
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3.1. ARTIGO 1

MUTAGENICITY OF PARTICULATE MATTER FRACTIONS IN AREAS UNDE R THE

IMPACT OF URBAN AND INDUSTRIAL ACTIVITIES

Artigo a ser submetido paraChemosphere

Co-autores: Mariana Vieira Coronds: Jocelita Aparecida Vaz Rocha/era Maria Ferréo
Vargaé®

®Programa de Pesquisas Ambientais, Fundacdo Estadual de Proteb@mtalnHenrique
Luis Roessler (FEPAM), Avenida Salvador Franca, 1707 CEP: 90690-000ARegte, RS,
Brazil.

Programa de Pés-graduacdo em Ecologia, Universidade FederalodGrétide do Sul
(UFRGS), Av. Bento Gongalves, 9500, CEP 91501-970, Porto Alegre, RS, Brazil.
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ABSTRACT

Since organisms in the environment are exposed to a mixture of ptdlutae purpose
of this study was to simultaneously analyze the mutagenicitgrg@nic and inorganic
contaminants, comparing biological responses in two fractions dicydates (TSP and
PM2.5) and extracts (organic and aqueous). Mutagenic activity ganmr and aqueous
particulate matter extracts from urban-industrial and urban-resitlergas were evaluated by
Salmonelldanicrosome assay, through the microsuspension method, using Tsh@@with
and without a liver metabolization fraction. Additionally, strains V&L and YG1024
(sensitive to nitroderivatives) were used for the organic estrahe aqueous extracts
presented only negative responses for mutagenesis and cytotoxisityeteated in 50% of
the samples. In these extracts the presence of potential bibévamatal compounds were
identified. All organic extracts showed the presence of mutagenipounds with a higher
potential associated with PM2.5. This study presents a first athdaration of PM2.5 in
Brazil, through theSalmonelldanicrosome assay. The strategy used allowed defining the
anthropic influence of groups of compounds characteristically found in arihmndustrial
areas, even in samples with PM values that are acceptatuediag to quality standards.
Thus application of genotoxic approach in areas with different anthirdpiences will favor

the adoption of preventive actions in the health/environment relation.

Keywords: Environmental genotoxicity, TSP, PM2.5, Organic extraction, Aqueous

extraction, Nitrocompounds.
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1. INTRODUCTION

Human activities release a variety of chemicals into the e@mwient through
production, distribution, use and final disposal, polluting natural resourcese @ese
substances have been released they may change, be transportedbmadtmrmulate.
Pollution of the atmospheric compartment has aroused growing intergst an increasing
number of studies reports its association with adverse effedteea@nvironment and human
health (Grantz et al., 2003; Vargas, 2003).

Atmospheric particulate matter (PM) is an air pollutant congjsif a complex mixture
of many different organic and inorganic substances suspended in.tli@ese particles are
characterized by a variety of morphological, chemical, physand thermodynamic
properties, but its aerodynamic size is the main form afsdlaation (WHO, 2006). Total
suspended particles (TSP) are up tauB0in diameter and composed mainly of Earth crust,
marine salts and biological elements. They are formed efipabhimugh mechanical erosion
and re-suspension processes. Particulate matter with a did@sstéran 10 um comprises the
inhalable air fraction, which is subdivided into: coarse inhalablécfes (PM10), with a 2.5 -
10 um diameter; fine inhalable particles (PM2.5) less than 2.inpdiameter; and ultrafine
particles (UF), less than 0.1 um. The PM2.5 patrticles are coadtputmarily of metals and
hydrocarbons. Combustion processes and secondary reactions in thehateogre the

prevailing mechanisms in the formation of these particles (De Kok et al., 2006).

The occurrence of adverse biological effects associated wibsare to PM has been
extensively described in the literature, leading severallaégg agencies to adopt restrictive
parameters (EC, 2008; USEPA, 2008; WHO, 2006). Despite the complex @m®pert
presented, the PM regulatory limits are based only on thagsnparticle concentration),
according to the aerodynamic size of the suspended particdesedr, several studies have
shown adverse effects of PM, even at low concentrations (Corinak, 2008; Vargas,
2003), demonstrating that there is no threshold below which no e¥fmedd be observed
(Bonetta et al., 2009; Coronas et al., 2009; Lippmann, 2010; Pereira et al., Tif))other
parameters of the atmospheric particulate must be investigaiatptove the evaluation of

air quality in order to protect the ecosystem and human health.

Reducing atmospheric particulate material, as proposed by tiaguégencies, is an
important goal because this will result in a probable reductiolneofisk associated with PM.
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However, regulatory strategies covering chemical and toxic@bgi@racteristics of PM will
probably be more effective and efficient (De Kok et al., 2006)hikrdontext, bioassays are
valuable tools, because they allow detecting the effects ofla variety of chemicals and
their interactions, even if these chemicals are present at domcentrations. The
Salmonellanicrosome assay is a short duration bacterial test whiclprioasd efficient to
investigate the mutagenic potential of samples of atmospheticytate matter, and this is
the method most widely used for this purpose (Claxton et al., 2004to@larnd Woodall,
2007; Vargas, 2003). Due to the correlation between mutagenicity acidoggmicity, the
presence of potential carcinogens in the environment can be idemyfigdick assays. In
fact, a high correlation was found between a positive mutagenic responghe
Salmonellanicrosome assay and carcinogenesis in rodents. This correkatigesrfrom 77%
to 90%, depending mainly on chemical composition (McCann et al., 1975; Marteland
Zeiger, 2000; Zeiger, 1998).

Among the compounds associated with the atmospheric particulatesrgagic
substances whose mutagenic potential was demonstrated by studied (Claxton et al.,
2004; Ducatti and Vargas, 2003; Pereira et al., 2010). Among these substpeal
attention is given to polycyclic aromatic hydrocarbons (PAHSA group of chemicals
composed exclusively of carbon and hydrogen containing two or more condenswatic
rings. PAHs are emitted when there is incomplete burning of argaaiter, and it is one of
the main causes associated with adverse effects on human health grbyckie pollution
(Pereira et al., 2010; Skarek et al., 2007; Vargas, 2003).

Besides these compounds, the inorganic fraction associated witlphsriogarticulate
matter can also present genotoxic characteristics (Bonetta 2009). Metals associated with
the particulate may be present in highly mobile forms (watdubte) and, therefore,
potentially bioavailable (Ferndndez-Espinosa et al, 2002). In thistaxic metals associated
with PM can be absorbed in lung tissue during breathing (Quiérad., 2004), influencing
biological functions. However, there are few reports in thealitee about the evaluation of
water-soluble compounds of particulate matter usingSddenonell&nicrosome assay (Brits
et al., 2004).

Since organisms in the environment are exposed to a mixture of ptdlutae purpose

of this study was to simultaneously analyze organic and inorganiarsorants, comparing
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biological and chemical responses in two fractions of particl@I&P and PM2.5) and
extracts (organic and aqueous). For this the present study edalig mutagenic and
cytotoxic potential of organic and aqueous extracts of atmospheticutete matter (TSP

and PM2.5) in the city of Rio Grande, Rio Grande do Sul, Brazil, ushw t

Salmonelldanicrosome assay, besides chemical analyses of compounds of interest.
2. MATERIAL AND METHODS
2.1. Area of study

The municipality of Rio Grande, in the extreme south of Brazil, d@®pulation of
approximately 196,337 inhabitants and an area of 2,716 with 96% of the population
living in urban areas (IBGE, 2009). The municipality is located iestnarine region, with a
major industrial complex whose mainly activities are manufaguertilizers, foodstuff, fish
processing, extraction and refinery of vegetal oils, oil refineesides an important port area.
In the vicinity of these plants there are residential ardashwform an urban densification
next to the industries. The total suspended particles (TSP)sicithiwere characterized in a
previous study regarding mutagenicity, showing a worse air qualitypared to an external

reference city (Pereira et al., 2008).
2.1.1. Sampling sites:

- Site 1 (32°2’32.98"S, 52°5'16.84"W): Urban-industrial area located in thenslec

quadrant of preferential atmospheric dispersion of an oil refinery.

- Site 2 (32°2'52.23"S, 52°8'24.75"W): Urban-residential area distant fromriaie
industrial parks of the city, but not completely free of the atmagptespersion plume of the

anthropic sources in the municipality.

The study area and the sampling sites are shown in Figure laifipdrgys took place
from October/2009 to January/2010, with the collection of total suspgratidulates (TSP)
at Site 1 and fine inhalable particles (PM2.5) at both sitesJ@heary/2010 sampling at Site

2 was impaired and therefore excluded from the study.
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Figure 1 — Location of study area in the city of Rio Grande.pfagsites: Site 1 — Urban-
industrial area, Site 2 — urban-residential area. In detail, Ri@aggam of prevailing wind
direction (%) during sampling days:PD = first prevailing wind direction; 2°PD = sexbprevailing
wind direction. (Source: FEPAM, 2010; modified).
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Climate data observed during the study period were provided btth®istrict of
Meteorology of the National Institute of Meteorology (8° DISMBPerto Alegre/INMET,

Brazil).
2.2. Sampling of atmospheric particulate matter:

Samples of total suspended particles (TSP g8 and fine inhalable particles (PM2.5
< 2.5um) were collected with high volume samplers (General Metatk@/Inc. for TSP or
AGV MP2.5 1200/CCV Thermo Environmental Instruments for PM2.5), during a 2#dper
with a weekly frequency. Glass fiber filters were used (ARBHO, 20 cmx25 cm Millipore)
to sample TSP and Teflon membrane filters (TX40HI20WW, 254X203mm)M&.%2 The
air volume passed through each filter ranged from 1878.1 to 2421.2 mPinwith mean
values of 2046.1 + 136.6 m3; and from 1510.8 to 1840.5 m3 in PM2.5, with a mean of 1608.5
+ 81.1 m3. Before and after the samplings, the filters wergheei and stabilized (45%
humidity) to determine the concentration of particulates, expressadits of pg/ms of air
sampled (ABNT, 1997). The filters sampled were protected fight, at -20°C, for the

extraction procedures.
2.3. Extraction procedures:

A quarter of each filter containing particulate matter was submittedsdquential
extraction, comprising a stage of organic extraction followedrbgicqueous extraction. The
filters of the weekly collections were grouped making up monthly sssnjhh each sample
the organic compounds were extracted using the ultrasound techniquechltrathethane
solvent (DCM, CASRN. 75-09-2), as described in Vargas et al. (1988)rémaining filters
from organic extraction were dried in a laminar flow hood, at amléemperature, for total
DCM evaporation. For the extraction of soluble compounds in water, théltdrg were
submitted to an ultrasound bath for 30 min. Ultrapure water at aisaffivolume for total
immersion of the filters was used (80 -100 mL). The soluble compounésseparated from
the insoluble ones by centrifuging (5000 rpm for 10 min). The supernassntemoved and
filtered in a 0.22 um membrane. The aqueous extraction methoaldapted from Bonetta et
al. (2009) and Cavanagh et al. (2009).

The percentage of extractable organic matter (EOM) in pgéms3calculated from the

total amount of EOM per filter divided by the air volume sampled.
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Before the bioassays, the organic extracts were dried withgaitrgas and resuspended
in dimethylsulfoxide (DMSO, CASRN. 67-68-5). The aqueous extracte wefrozen and
used directly.

2.4.Salmonelldanicrosome assay:

The mutagenicity of the organic and aqueous extracts wasedtessing the
Salmonelldanicrosome assay (Maron and Ames, 1983), through the microsuspension method
(Kado et al., 1983). Th8almonellatyphimuriumstrain TA98 was used with and without a
liver metabolization fraction (S9 mix), detecting mutagenic substthat cause frameshift
error. Nitroderived mutagenic compounds were investigated in the orgatracts in the
absence of metabolization using strains YG1021 and YG1024, derived from TA88e
strains present a high level of nitroreductase and O-acetyltrassf enzymes activities
conferring greater sensitivity in detecting nitroarenes (YGl1@a#l)dinitroarenes (YG1024),
respectively (Watanabe, 1989; 1990).

Six concentrations of each sample were tested generating aedpsese curve with
values corresponding to 1.25; 2.50; 10.00; 20.00 and 40.00 upg/plate — for the organts,extr
based on previous studies (Coronas et al., 2009; Ducatti and Vargas, 2008s ¥t al.,
1998). Values corresponding to 320, 640, 1280, 2560, 6400, 12800 ug/plate were used for the
aqueous extracts, defined after experimentation in the laboratitinycamcentrations ranging
from 40 to 12800 pg/plate. Due to the greater volume of sample némdadsays using
agueous extracts, the amounts of agar and NacCl of the surfaceeaganodified to maintain
a constant final concentration, as described in Vargas efl@5). All the assays were
performed in duplicate, parallel to negative controlsulb solvent Dimethylsulfoxide —
DMSO or 100uL sterile ultrapure water; 100L liquid nutrient medium) and positive ones
(4-nitroquinoleine oxide- 4NQO, 0.pg/plate, CASRN. 56-57-5; 2 — nitrofluorene - 2NF,
0.15ug/plate, CASRN. 607-57-8; and 2- aminofluorene - 2Akg/Mplate, CASRN. 153-78-6

of Sigma Chemical Company, St. Louis, MO) according to strains and extradts us

Sample cytotoxicity was determined in a cell survival testifs TA98) performed
concurrently with the mutagenesis assays. In brief, this dessisted of diluting cell
suspension obtained after the incubation stage at 37°C for 90 min idlamtttre 1-2 x 1¢
cells/mL + S9 mix or phosphate buffer 0.1M + solvent or samplehasphate buffer (pH =
7.4) up to the concentration of 1-2 x 102 cells. After dilution, the battariture was sown in
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nutrient agar and incubated for 72h at 37°C. After this period, the sungduingies were

counted manually.
2.5. Data analysis:

The samples were considered positive for mutagenesis when pilesgnted a
significant ANOVA (p < 0.05) between dosages and positive dose-respamnge(p < 0.05).
The response was considered indicative of a mutagenic effect evthe the dose-response
was significant. The linear portion of the curves was analyzduohégr regression models or
Bernstein (Bernstein et al.,, 1982). The mutagenic potential of postiek indicative
responses was estimated by the regression curve slope and exkpmassmber of revertants
per pg/extract (rev/iug) and revertants per cubic meter of sdngdl (rev/m3 = rev/pg X
EOM). Statistical analysis was performed with SalaBalrfonellaAssay Analysis) software,
version 1.0 of the Research Triangle Institute, RTP, NC, USA.

In the cell survival assay, the samples were considered citattren they presented
diminished growth compared to a negative control in at least one dos#geralues below
60% (Vargas et al. 1993).

The number of revertants obtained Salmonell&dmicrosome assay was compared
among sites and patrticle fractions by ANOVA test in blocksq®5). The Mann-Whitney U
test was employed to compare particle concentrations betwesr(st 0.05). The Spearman
correlation coefficient was applied to evaluate relations betweeiables (TSP, PM2.5,
revertants/m? and climate parameters). Software R (R version 2@09), was used for these

purposes.
2.6. Quantification of metals in aqueous extracts:

The metals (Al, V, Cr, Fe, Ni, Cu, Zn, As, Cd, Pb) were quadtifieaqueous extracts
by inductively coupled plasma optical emission spectrometry QEB) with the respective
detection limits (mg/L): Al - 0.08; V - 0.002; Cr - 0.004; Fe - 0.04; Ni - 0.004; Cu - 0.004; Zn
- 0.02; As - 0.02; Cd - 0.002; Pb - 0.01. These analyses were perfortheddnvironmental
Analyses Laboratory, Federal University of Rio Grande do Sul,ilBrazcording to the
operational conditions established in the Standard Methods for the Etamiaf Water and
Wastewater (APHA, 2005).
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3. RESULTS

The climate variables (precipitation, humidity, temperature amdl wpeed) observed
during the study period (October/09 to January/10; Spring and Sumnsenyeld as
information regarding the particulate matter concentratiostaoe/n in Table 1. Climate data
show little pluviosity during the collection days (0 — 3.8 mm), mesnperatures ranging
from 18 to 26°C, 76.5 to 86 percent humidity and mean wind speed up to 5.28 = 1.52 m/s.
The prevailing wind direction was from east. TSP concentrationSitat 1 correlated
negatively with precipitation (r= -0.53, p= 0.04). PM2.5 was negaticelyelated with
humidity (r=-0.86, p< 0.001) only at Site 2.

TSP concentrations varied from 14.34 to 169.91 pg/m3 with a mean of 65.34 + 36.84
png/ms3, while PM2.5 varied from 1.74 to 23.11 pg/ms3 with a mean of 11.2 + 5.76 pg/m? at Site
1, and from 6.01 to 48.55 pg/ms3 with a mean of 17.9 £ 11.83 pg/ms3 at Site 2 {Jahle
significant difference was found for PM2.5 between the two sitée Mighest TSP
concentrations occurred in December/09, while for PM2.5 they weretob&9 for both
sites. Only one of the TSP filters investigated in the study (168394 December/09) was
higher than the maximum concentration allowed by Brazilian (BRASIL, 1990). Due to
the lack of legal parameters for PM2.5 concentration in Brazil, the WodttH@rganization
(WHO, 2006) recommendation of 25 pg was used for comparative purpaseEsdig to
this criterion, two PM2.5 filters were above the maximum vaksommended for 24 h
samplings (48.55 pug — October/09 and 30.31 pug — December/09), both isideatial area
(Site 2). The extractable organic matter varied from 0.71 to 2.40%fgr TSP and from 0.28
to 1.93 pg/ms for PM2.5 with higher values occurring in TSP.

The mutagenic and cytotoxic evaluation of TSP and PM2.5 aqueous and organic
extracts was performed on the samples of urban-industrial iteal{, for comparison. The
aqueous extracts of both particulates presented negative responseatagenesis in all
assays. Due to insufficient quantity, the samples of PM2.5 — Dec @Ad Tan were tested
only at four concentrations (ranging from 320 to 25§). In a pilot study the presence of
base pair substitution mutagens (TA100 strain) and sensitivity of &A%ain were also

investigated, resulting in negative responses.



Table 1 — Climate variables during the period of study and concentration of ptesc@dapled in the city of Rio Grande.
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Climate variables * T.SP PN.' 2.5 PM 2.5
Site 1 Sitel Site 2
Precipitation Temperature Humidity \SNplggd N° of C >C EOM  pNpeof C >C EOM  pNpe of C >C EOM
(mm) ¢C) (%) mis) TS T gme) (ugime) (ugime) TS (ugim) (uomd) (ugmd) O (ugim9) (ngim?)  (ngimd)
55.5¢ 10.9¢ 12.3¢
57.55 11.41 18.64
Oct/09 0+0 18+2.30 76.5+7.23 5.28+1.52 4 54.31  229.73 0.93 5 6.99 6217 044 5 1942 11797 0.73
62.32 11.49 48.55
21.30 19.00
91.29 19.06 11.07
Nov/09 3.38+5.86 20.3+129 852+404 4.3+1.37 3 57.23 162.86 1.33 3 1049 3129 1.10 3 6.65 2373  0.88
14.34 1.74 6.01
75.32 11.41 9.04
169.91 5.25 30.31
Dec/09 3.7 +5.49 22+159 85.2+6.35 4.13+1.51 5 11151 464.03 0.71 5 23.11 6059 0.28 4 19.76  73.17  0.47
48.25 7.96 14.06
59.04 12.86
32.69 7.41 -
Jan/10 1.3+0.83 26+0.31 86+6.06 3.52+1.17 3 42.96 12350 2.40 3 10.24 2445 193 - - - -
47.85 6.80 -

* Mean * deviation measured on days when atmoplpatitculate matter is collected. Source: 8° Distde Meteorologia do Instituto Nacional de Metdoga (8° DISME — Porto

Alegre/INMET), Brazil; TSP = Total Suspended Pdeic PM2.5 = Fine inhalable particle€ = particle concentration in the filtefC = Total particle concentration. EOM =

extractable organic matter.
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Cell survival results of PM aqueous extracts are shown in Figu@gtatoxicity was
detected in 50% of the samples, always in the absence of metdbnlizanly a single
sample (TSP- October /09) showed a diminished survival percentabeS®itfraction,
reaching values close to the limit for toxicity (61%). The glas of fine inhalable particles
(PM2.5) produced most of the cytotoxic responses, present at the hogicentrations. In a
pilot study to define the dose-response curve the concentrations used were noiccytotox

Toxic substances were also found in organic extracts, but lesstbfin in the aqueous
extracts and always in the PM2.5 fraction, both in the presence asmttalif metabolization
(Figure 3).

TA98
100 - B TA98+S9
d
80 - a
a b c a
60 L] — - — - - — L | LI | E -
x
C
40 -
20 -
0 -
Oct Nov Dec Jan Oct Nov Dec Jan
TSP PM2.5

Figure 2 — Percentage of cell survival in amonell&dmicrosome assay of aqueous
extracts of atmospheric particulate matter in an urban-industrial Sitedlj.

Values below 60% (broken line) indicate cytotoxicyf§P = Total Suspended Particles. PM2.5 = Fine

inhalable particles. Concentration: a = 12800 pg;1280 ug; ¢ = 2560 pg; d = 6400 ug.
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Figure 3 — Percentage of cell survival in thalmonelldnicrosome assay of organic

extracts of atmopheric particulate matter in an urban-industrial @iteal().

Values below 60% (broken line) indicate cytotoxiciT SP = Total Suspended Particles. PM2.5 = Fine
inhalable particles. Concentration: a = 40 pg;203g; ¢ = 10 ug.

The results of theéSalmonelldanicrosome assay for frameshift mutagens in organic

extracts showed the presence of mutagenic compounds throughout ted gertthd (Table

2). The PM2.5 extracts produced positive responses for all months drceat single
indicative response (December/09-TA98). However, more than 50% of indicatid
negative responses were observed in the TSP extracts. In the pedaymed with S9 mix,
decreased, similar and increased mutagenic response were ob3érweshme pattern of
direct and indirect responses occurred in TSP and PM2.5 fractionspt efare the
December/09 samples, when direct action compounds prevailed innBSRdirect ones in
PM2.5.
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Table 2 — Mutagenicity in revertants/m3 of organic extracts ofospheric

particulate matter in an urban-industrial area (Site 1)

_— TSP PM2.5

TA98 TA98+S9 TA98 TA98+S9
Oct/09 1.56 + 0.24 0.87 +0.18 2.54 +0.26 0.98 +0.10
Nov/09 — 085+0.25 1.36+024 2.29+0.38
Dec/09 0.72+0.12 — 0.27+0.10  0.47 +0.06
Jan/10 = — 1.49+033  1.49+0.25

Values represent mean + deviation of revertantsngeof air for samples that are positive and
indicate mutagenic activity — indicates negativepanses for mutagenesisndicates indicative
responses for mutagenesis. TSP = Total Suspendéidié®a PM2.5 = Fine inhalable particles.
Negative control (DMSO): 31.50 + 15.29 (TA98); 49.& 19.23 (TA98+S9); 64.36 + 16.08
(YG1021); 46.70 £ 7.94 (YG1024). Positive ContrdNQO (TA98) 785.28 + 152.01; 2AF
(TA98+S9) 614.20 + 273.90; 2NF (YG1021) 3955.14 G871.55; 2NF (YG1024) 3312.67 *
2321.43.

Figure 4 shows the mutagenicity responses of the organic exach strains. The
revertantig values referring to all months and strains studied, were cothpatereen TSP
and PM2.5, showing a significant difference {§&£36.05 p<0.001) with a higher mutagenic
potential associated with PM2.5.

The YG family strains allowed the identification of nitrogenatsampounds in
particulate material of both diameters at Site 1. The predowwenaf nitroarenes was detected
by the larger number of revertangg) /in strain YG1021 throughout the studied period (Figure
4). However, high mutagenesis values were also observed in straid2¥@ompared to its
parental TA98 of up to 4.7 times higher. This response also shows thenqaresf
dinitroarenes at the site.

PM2.5 organic extracts were also obtained from the residemial @@ite 2) from
October to December 2009 (Table 3), enabling comparison with the undhastrial area
(Site 1) results (Table 2). There was a very low celvigal at Site 2, especially in the
absence of liver metabolization. Mutagenic potential of samples from Site thevaghest in
all strains and periods evaluated, except for the Decemberr@estor TA98 and YG1021

(Table 4). However, there was no statistically significant differéeteeen the two sites,
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Figure 4 — Mutagenicity (revertanig)) of organic extracts of atmospheric particulate matter in an urban+iatiasta (Site 1).

+ shows indicative responses. TSP = Total SuspeRdeiicles. PM2.5 = Fine inhalable particles. Negatontrol (DMSO): 31.50 + 15.29 (TA98); 41.69
+ 19.23 (TA98+S9); 64.36 + 16.08 (YG1021); 46.70794 (YG1024). Positive Control: 4NQO (TA98) 785.28152.01; 2AF (TA98+S9) 376.40 +
311.38; 2NF (YG1021) 3955.14 + 1687.55; 2NF (YG1024  3312.67 + 2321.43.
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considering the mutagenic potential. Despite this, samples fren2 Siere the only ones that
presented negative responses, and also a higher frequency of wedicasults of

mutagenicity. At Site 2, there was an outstanding contribution @fanénes to the responses
of the nitrosensitive strains, although the presence of dinitroaveasesalso detected, similar

to Site 1 results.

Table 3— Mutagenicity and cytotoxicity of PM2.5 organic extraot@am

urban-residential area (Site 2).

Mutagenicity? Citotoxicity °
Sample
TA98 TA98+S9 TA98 TA98+S9
Oct/09 — 1.39+0.23 73.3 61.9
Nov/09 — 0.78 £0.12 24.7 60.2
Dec/09 1.88+0.56 0.37+0.15 25.6 52.5

#Values represent mean * deviation of revertantsfimdir for positive samples indicative of
mutagenic activity — indicates negative responses for mutagenesidicative responses
for mutagenesis’Percentage of cell survival in the concentratiof#0pg. Values below

60% indicate toxic responses. Negative control (@NS11.50 + 11.99 (TA98); 48.33 +
1.15 (TA98+S9); 89 + 1.41 (YG1021); 38+ 3.61 (YGAD2Positive Control: 4NQO (TA98)

920.50 + 3.53; 2AF (TA98+S9) 1517 * 120.21; 2NF (M21) 4062 + 794.80; 2NF
(YG1024) 1624 + 79.19.



Table 4 — Mutagenicity in revertants/pg of PM2.5 organic extracts in an urban-iadi®te 1) and urban-residential (Site 2) area

Site 1 Site 2
TA98 TA98+S9 YG1021 YG1024 TA98 TA98+S9 YG1021 YG1024

Oct/09 5.77+059 222+0.22 9.85+0.76 6.85+0.46
Nov/09 1.24+0.22 2.08+0.35 4.49+0.52 2.09+0.24
Dec/09 0.98+0.36 1.68+0.23 5.76+0.45 4.64+0.59

Sample

- 1.91+0.32 3.64*0840+0.30
- 0.89+0.14 2.58+0.42 1.17+0.32
4.00+1.20 0.78+0.3801+0.82 3.03+0.80

Values represent mean * deviation of revertant®figir for positive samples indicative of mutageaictivity —. — indicates negative responses for
mutagenesis.indicative responses for mutagenesis. Negativerao(@MSO): 56.82 + 58.42 (TA98); 42.74 + 17.73 (98+S9); 68.15 + 17.35 (YG1021);

44.69 + 8.00 (YG1024). Positive Control: 4ANQO (TAYBL5.33 + 144.52; 2AF (TA98+S9) 566.50 + 527.0BiF2(YG1021) 3978.89 + 1488.97; 2NF
(YG1024) 2890.50 + 2112.17.

44
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Chemical analysis of the aqueous extracts was performed irsahmples from
October/09 (spring) and January/10 (summer) (Table 5). The higbesentrations were
observed for zinc in the samples of PM2.5. Chromium, Arsenic and Cadméare not
detected in any sample. Aluminum, Iron and Copper were found at highegrdrations in
the TSP extracts, while Vanadium and Nickel presented simdacentrations in both

particulate fractions.

Table 5 — Concentration of metals in aqueous extracts of TSP and PM2.5 in

an urban-industrial area (Site 1).

TSP PM2.5
Oct/09 Jan/10 Oct/09 Jan/10
Aluminum 4.29 7.66 <LD 0.86
Vanadium 1.43 0.70 0.79 0.86
Chromium <LD <LD <LD <LD
Iron 2.38 4.18 <LD 0.86
Nickel <LD 1.39 0.79 0.86
Copper 2.38 4.18 1.19 0.86
Zinc <LD <LD 14.69 35.14
Arsenic <LD <LD <LD <LD
Cadmium <LD <LD <LD <LD
Lead <LD <LD 0.40 <LD

Concentration of metals in ng/m3. TSP = Total Soded Particles. PM2.5 = Fine

inhalable particles. <LD = below the detection timi
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4. DISCUSSION

The present study used biomarkers to evaluate mutagenicity anoxagity comparing
the responses obtained for total suspended and fine inhalable padicesas under impact
of urban and industrial activities. Even at low concentrations, the exptswatmospheric
particulate matter can cause biological damage. Thus the ewaluatiair quality from
environments under anthropic impact should be complemented with studies agfidabl
approaches. In this context, the use of assays that indicateeshaing genetic level allows
the early detection of environmental contaminants, enabling prevergasunes to minimize

the damage caused by pollution.

The determination of TSP and PM2.5 concentrations in the present bmadgdsthat
most filters sampled are in accordance with the maximum valimsed by Brazilian law or
recommended by WHO, with only three filters going beyond thesésliGoncentrations of
suspended particles are used worldwide as parameters to evaluptaligy. Limits for the
presence of this pollutant in the atmosphere were proposed by segeidating agencies and
non-governmental organizations and the maximum values allowedastactly reviewed
and modified. In Brazil, the law regulating the maximum conceatrabf atmospheric
particulate matter is from 1990 with limits only for TSP andl®PMThese limits are based on
24h samplings, determining primary standards (240 pg/ms3 - TSP orgls® §PM10) and
secondary ones (150 pg/m3 - TSP and PM10). Currently in Brazil Hrereno PM2.5
regulatory parameters. For this reason, the present study adopteddhenendation of 25
ng/m3 suggested by the World Health Organization (WHO, 2006) asamngt@r for these

particles.

Although most filters studied are above the limits mentioned previoallgamples
presented some potential for mutagenicity in the organic fracttaadies previously
performed in the state of Rio Grande do Sul also found a positive engfgig in organic
extracts of atmospheric particulate matter which were withe legal parameters allowed
(Coronas et al., 2008; 2009; Ducatti and Vargas, 2003; Pereira et al., P0a€3 data justify
the need to include biological parameters in air quality evaluatiis, complementing the

diagnoses for environmental management actions in polluted areas.

Other major aspects to be taken into account in the concentratiotmo$pderic
particles are the meteorological conditions that influence transpspersion, photochemical
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reactions and pollutant deposition. In this study the concentratiootabstispended particles
correlated negatively with precipitation, although this was nat $e&ePM2.5. It was also
found that the PM2.5 concentration was negatively correlated withdityronly at Site 2.
Wojas and Almquist (2007) suggested that this relation to rairdalbe explained based on
the higher susceptibility of larger particles to be carrieddinythan smaller ones. Also, water
vapor adsorption in the particles could increase their sedimentaties Ehis could be

enough to diminish the mass observed in the atmosphere according to increased humidity.

Two fractions of particulate matter were evaluated in the wdirdustrial area to
investigate their mutagenicity and composition. Comparison of the nmasigeof TSP and
PM2.5 organic extracts from the city of Rio Grande showed a hitency associated with
the fine inhalable fraction. This relation has often been mentiomdtie literature, with
evidence that mutagenicity tends to increase according to theadecin the aerodynamic

particle size (Pagano et al., 1996).

Most PM2.5 extracts presented similar responses to those of Xifsletg although
higher. However, in December/09 a different mutagenicity profids fsund between the two
fractions, showing that TSP and PM2.5 had a different organic cotgposi this sample.
This may be related to variation in the emissions of the diffdazal sources. Carvalho-
Oliveira et al. (2005) showed that the modification of a singlecgoaf particle emissions

altered the PM2.5 mutagenic potential in an urban area.

Pereira et al. (2008) evaluated the TSP mutagenicity of orgamacexin an area under
the influence of atmospheric emissions from the industrial clisifiRio Grande. Mutagenic
activity verified by these authors for the same season preds&ntédar values to those of the
present study, both in the absence (1.6 rev/m3) and presence (0.2 rewnetpbblization.
Higher values were observed in winter, the rainy season. Higbpomses of PM2.5 verified
in the present study, reflect the composition of these parti¢ciehvare comprised mainly by

high mutagenic compounds, such as hydrocarbons (De Kok et al., 2006).

Organic solvents for extractions of atmospheric particulateemate widely used to
investigate genotoxic compounds associated with particles. Theie \agety of solvents
available and many extractions techniques have been describetb(Gltal., 2004; Claxton
and Woodall, 2007). However, few studies have evaluated the genotaf{ititg inorganic
compounds associated with PM (Claxton and Woodall, 2007). Different asgfetttis PM
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inorganic fraction were investigated using acid and aqueous ém¢Park et al., 2008;
Heal et al., 2005). In this study a sequential extraction procedaseperformed, with an
agueous stage carried out after extraction of the organic compoundssahtpke. Aqueous
extraction was preferred because it allows the analysismpounds considered more easily
bioavailable (Cavanagh et al., 2009), and also because they can beeddiy rainfall.
Moreover, the extraction of soluble compounds in water can be compatiee sobstance
mobilization process that occurs in pulmonary céllalcabrini et al., 2004; Hetland et al.,
2004). In an attempt to obtain results even closer to the pulmonary processes studies
chose to use saline solutions (Voutsa and Samara, 2002), but He§2@0%).argue that the
procedure using water is simpler and more universal, besides aydidinntroduction of

chemical variables.

None of the aqueous extracts evaluated presented any mutagenity antivhe
Salmonellanicrosome assay. However, 50% of these samples presentéokmyty, which
occurred with a greater frequency that in the organic exti@atsaanagh et al. (2009) used the
neutral-red uptake assay in a mouse macrophage cell line (RAW-263l.@yaluate the
cytotoxicity of organic and aqueous extracts of particulate m&ienilarly to the present
study, the authors observed a greater frequency of cytotoxitityyd aqueous extracts,
besides toxic responses of the organic fraction that occur at mueh dowcentrations than
those found for aqueous extracts. Also, toxic responses without metaboliware already
observed in leukocytes and lymphocytes exposed to aqueous suspensions oBRigIHD (
al., 2004).

In this study the effects provoked by the organic extracts occatreower doses than
those found in the aqueous fraction. Moreover, mutagenic responses were foufod tre
organic fraction. The joint analysis of these data indicates likabrganic components were
more important in the induction of biological damage.

As to the chemical analysis of the agueous extracts, higherntoateans of aluminum,
iron and copper were found in total suspended particles. Sato et al. @2607pund these
metals predominantly in the TSP and PM10 particles compared to PM2d&.and zinc were
detected only in the fine inhalable particles, with zinc presenltiaghighest concentrations
among all metals evaluated in both particulates diameters. Lesdlveady found at a higher

proportion in the fine fraction (Sato et al., 2007; Vanz et al., 2003; WarjdsAlmquist,
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2007) and zinc with a similar distribution in both fractions, but with tgresolubility in the
fines (Sato et al., 2007). The nickel and vanadium elements were foundlar amounts in
TSP and PM2.5. The anthropic emission of these elements was teldbedpetrochemical
industry and fuel burning (ATSDR, 2005; 2009; Bradl, 2005; Fernandez-Espéhcsa,
2002). These are major sources in the studied city. Chromium, asseh@admium were not
detected in any of the aqueous extracts evaluated. The alidesiwemium can be ascribed
to its predominantly insoluble characteristic, but the same doesppbt t arsenic and
cadmium which are highly water soluble (Beni et al., 2010; Sato et al., 2007).

The concentrations of metal elements evaluated in this study roottoe available
fraction that varies according to metal solubility. The valuebhede fractions are lower than
the total concentration of these elements, the latter beingdse commonly reported in the
literature. Generally, metals from anthropogenic sources existyma easily water-soluble
forms (Fernandez-Espinosa et al., 2002). Metal in anthropogenic pacicissts of metal-
dominated abrasion or hot-vapor condensation particles or metalsath@icondensed onto
the surface of other particles, and thus tend to be more lhbilemetal bound within crustal
material (Heal et al., 2005).

Other studies were performed to evaluate the air quality in the citypdbRnde during
a period concomitant to this study (FEPAM, 2010). Part of this ewatuatsed the
quantification of metal elements (lead, copper, cadmium and arsenrkM10 and PM2.5
samples after a hot acid extraction process. As expected, thielynmmcentrations of metals
obtained were a lot higher than the values found in the aqueous £xtfdhts study. The
mean PM2.5 values, based on four months of samplings (October/2009 to Januaky&t€10)
4.80 + 3.33ug/m3 for copper, 1.60 £ 0.98y/ms3 for lead, 0.11 + 0.09 pg/m3 for cadmium and
0.07 + 0.06 pg/ms3 for arsenic. As to these metal groups, in the aqueémasegvaluated in
this study, copper (TSP, 4.18 ng/ms3; PM2.5, 1.19 ng/m?3) also had the highest ratiocent
followed by lead (PM2.5, 0.40 ng/m3).

Although the Salmonelldnicrosome assay produced only negative responses for
mutagenicity in the evaluation of aqueous extracts, there wertoxiglity effects. Reactivity
with DNA has been reported for elements detected in these samptording to the agency
for toxic substances and disease registry (2004, 2005, 2007a, 2007b, 2008, 2009), aluminum,
vanadium, copper and lead showed/itro andin vivo genotoxicity, especially in eukaryote
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organisms. Nickel and zinc presented evidence of clastogenicity.rdlbase of these
potential bioavailable elements based on particulate mattenpsriant, since the main
exposure route to atmospheric particles occurs during breathing atripulmonary fluid
interface(Voutsa et al., 2002

Few studies were performed to characterize the fine inhalablieutates in Brazil.
Although studies investigated physical and chemical aspects ipfctraposition (Braga et
al., 2005), no study evaluated PM2.5 mutagenicity in Brazil. In orddramacterize this, the
organic extracts of PM2.5 in the urban industrial area (Site 1¢ wempared to samples
collected during the same period in a residential area (Site tBg city. Positive responses
for mutagenicity were observed at both sites, but about 83% were lagBé&e 1, showing

worse air quality there.

The YG family strains enabled the identification of nitro-PAHsspnce in all samples
from the urban-industrial and residential area. Nitro —-PAH@aweerful mutagenic agents in
bacteria and mammals, and do not need to be metabolically act(eezira Netto et al.,
2000). These compounds are associated with combustion sources, but anagcalsas a
result of secondary reactions between PAHs and nitrogen oxides iratthasphere
(Zwozdziak et al., 2001). All organic extracts showed an revertagtsntrement in strains
YG1021 and YG1024 compared to the parental TA98, indicating the existence otieeroixt
mono and dinitroarenes. This increment in the mutagenic potential wa$uptimes greater
in the YG1021 strain, and up to 4.7 times in YG1024.

PM Investigations in petrochemical industrial areas have shownrdlageg sensitivity
of strain YG1024 to detect mutagenicity (Coronas et al., 2009; Batedl., 2010), although
an alternance with YG1021 has also been observed depending on the periad(€Soiciras
et al.,, 2008). On the other hand, responses indicating the preponderant presence
mononitroderivatives (YG1021) have been observed in urban areas (CarchtWargas,
2003; Kaffer, 2011; Vargas et al., 1998; 2003). Pereira et al. (2008), iaveoys study
performed in the city of Rio Grande also showed a mixture of oinpounds, since there
was a small difference in the mutagenic potential among stva®i021 and YG1024, but
with a preponderance of dinitroarenes. Hence, the use of these &ams $tr appropriate to

evaluate areas where there are both industrial and urban atmospheric consaminant
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TA98 strain is appropriate for the environmental diagnosis of impactas due to its
capacity to detect mutagenics belonging to a wide class of compdduatgienicity without
metabolization of this strain is related to the presence of-Ridds (Claxton and Woodall,
2007). However, it should be emphasized that the use of nitro-sensitaias allowed
detecting the mutagenic potential of some samples that presegative responses in the
parental strain. Therefore, it is important that, whenever possimeific strains to chemical
compounds of interest in the investigated area be included in studiesvisanmental

diagnosis and monitoring.

5. CONCLUSION

The comparative investigation between organic and aqueous extra8P @ind PM2.5
showed a higher risk of exposure associated with the organic fraction of therfiokegalhe
extraction methodology used allowed identifying the presence of potbitteéalailable metal
compounds. Th&almonelldnicrosome assay was not sensitive to mutagens possibly present
in the aqueous concentrations extracted, although the associjatedxicity shows the
presence of substance with an adverse effect. The strategyalieegd defining the
anthropic influence of groups of compounds characteristically found in arihmndustrial

areas.

This study presents a first characterization of mutagenic autest in inhalable
particles using th&almonellamicrosome assay in Brazil. Application of this approach in
areas with different anthropic influences will favor the adoptiopref/entive actions in the

health/environment relation.
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ABSTRACT

The purpose of this study was to assess the mutagenicity ofsdilatmospheric particulate
matter in areas under urban and industrial influence. The effatiegbH of rains on the
availability of compounds in soil was also investigated, as wasllthe presence and
distribution of mutagenic organic compounds in soil and air. Surfacesawiples (0-5 cm)
and atmospheric particulates (PM2.5) were collected at twq siesurban-residential and
another urban-industrial. The soils were assessed as to tatalsgra composition and in
fraction <0.5 mm, through acid extracts with different pHs sitmdathose found in local
rainfall. Metals were quantified in these extracts. Organi@ets of these soils and of PM2.5
were also analyzed. Extract mutagenicity was analyzewlg uie Salmonelldnicrosome
assay, microsuspension method, in strain TA98, in the presence/abserfoepatic
metabolization. The nitro-sensitive strains YG1021 and YG1024 were also used in the orga
extracts. The results showed distinct biological responses sathples of total soils and in
fraction <0.5 mm, suggesting that the use of minimally alteoddissmore appropriate for
mutagenesis assays. Soil extraction at pH 3.6 presented gteatety, variety and
concentration of metals. Extraction at pH 5.3 improved the detediomutagenic
compounds. Thus, rainfall in the region may be an environmental contaminatite, with
an additional risk of releasing toxic substances during acid piaedi events. Mutagenic
activity was found in all samples of PM2.5, which, together with tspamses obtained in

soils, helped improve the characterization of anthropic influence at the two sites

Key-words: Soil genotoxicity, PM2.5, Bioavailable compounds, Leached extractsniorga

compounds.
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1.INTRODUCTION

Historically, soil quality assessment prioritized productivityasees for agronomic
aspects. However, the importance of this environmental compartmentbggesd food
production. It acts as a filter for several substances, a depdssuaplier of water, as well as
a medium to degrade wastes and a source of nutrients and lyasmgh tbiological activity
(Doran and Zeiss, 2000; Stenberg, 1999). Hence, a broader conceptofadioy or health
was suggested by Doran and Parkin (1994), as being the capaditysaif to support
biological productivity, maintain environmental quality and promote theteélplants and

animals, within the ecosystem limits.

Industrial, urban and agricultural activities release many at@msubstances into the
atmosphere, soils and water bodies which may compromise environngealély. Soil
contamination by toxic substances may be the result of intentiomalcatental activities, by
applying agricultural chemicals on crops, waste disposal infgpaceas (landfill, treatment
lagoons, etc.), the indiscriminate disposal of materials and leslspijls during production,

transport or storage of industrial materials (White e Claxton, 2004).

Besides these forms of direct contamination, compounds emitted entatrtftosphere
are sometimes deposited in the soil, and can accumulate inféseslayer (Watanabe et al.,
2008). Atmospheric particulate matter (PM) is outstanding amangodlutants, because it
represents a complex mixture of a wide diversity of organiciaomidjanic substances that
remain in suspension. Particles with an aerodynamic size of @5tum (PM2.5) are
constituted primarily by metals and hydrocarbons, the main merharin their formation
being the combustion processes and secondary reactions in the atm@Bghkiek et al.,
2006; Squadrito et al.,2001).

Contaminant exchange on the soil-atmosphere interface involveadlryed deposition
processes from air to soil, and volatilization from soil to aiou€ins et al., 1999). The
following compounds involved in this process were studied: polycyclic dioma
hydrocarbons (Wang et al., 2008), the organochlorated pesticidese(Hsral., 2001) and
polychlorinated biphenyls (Cousins and Jones, 1998).

Besides volatilization, the substances present in the soil canbalsnobilized by
leaching and surface runoff processes (Silva-Junior and Vargas, a6@9pay contaminate
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ground and surface waters (Chakraborty and Murkherjee, 2009; Ohe2€04)), Rain water
IS an important factor in these processes, and it is charactesiz a contamination route
(Holt, 2000). Washing the contaminants present in the atmospheric @deimadtter can lead
to acid rain formation, a common event in areas located closeg®itatustrial areas (Holtz,
2000; Mirlean et al., 2000). Acid conditions may increase the bioavédyatiimetals which
become more easily dissociated, and may take on toxic formsalRuey., 2003; Tack and
Verloo, 1995).

Soil contamination affects the health of the ecosystem and aetdlyglion the loss of
biological diversity (Gilmore, 2001). Compounds, in the soil, with tokiaracteristics can
also affect human health by exposure through the inhalation of dusstiamgof plants and
animals that have absorbed these compounds, or else, by leachingoimd gnd surface

waters used for supply (Watanabe e Hirayama, 2001).

Some of these substances have genotoxic effect, as reportedoinsvassessments
performed on industrial, urban, residential, agricultural and forelst @ourty et al., 2008;
Pohren, 2011; Silva-Junior and Vargas, 2009; Watanabe et al., 2008). Amongidhesres
that contaminate soils are heavy metals and organic compounds. Thgcholgromatic
hydrocarbons (PAHSs) are widely distributed organic compounds thatvibilen biomass is
burned, both from natural and from anthropogenic sources, and theyemsiviely studied
due to their mutagenic and carcinogenic properties (Barra 20@F). Studies have shown
that the soil is a PAH reservoir (Wang et al., 2008). Difféyefrom the organic toxic
compounds, metals are not biodegradable and may remain for a lon tineesoil due to
the high adsorption to the humic and clay colloids in the soil (Iwegbak, 2009). Some of
these elements, such as arsenic, cadmium, lead, chromium and nickel have a mandganic

clastogenic effect (Tsalev and Zaprianov, 2000; White and Claxton, 2004).

It is not easy to assess genotoxic compounds in soils, since, #we imther
environmental matrices there are a great variety of subst@nesent. When these chemicals
interact with each other and with the environment, they may prediffietent toxic
characteristics from those of their original constituents alor@edVer, soil characteristics
such as texture, amount of organic matter, spatial heteroganeityicrobial activity provide

further challenges for the interpretation of results (White and Claxton, 2004).
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Since these mixtures are complex, assessment using traddferalcal and physical
analyses is a limited approach to forecast their toxicity.tRis purpose, assessment using
bioassays allows detecting the biological effect that integratl the components of the
mixture, even without identifying the compounds present. Accordingviews of literature,
the Salmonellahicrosome assay is the most used method to investigate mutagensnils
(Watanabe and Hirayama, 2001; White and Claxton 2004) and atmosphedalgi@tmatter
(Claxton et al., 2004).

The present study used tl8almonellanicrosome assay, associated with chemical
analyses, to assess urban and industrial influences thr@ugimnalysis of the effect of
different acid extractions, simulating changes in the background pH of rain, nhedttaan the
availability of compounds present in the qo)l analysis of the presence of mutagenic organic

compounds and their distribution in soil and air.
2. MATERIAL AND METHODS
2.1. Area of study

The city of Rio Grande is located in the extreme south ofiBrazhe estuarine area of
Patos Lagoon, close to the mouth where it flows into the Atlantea@cThe city, now with
2710 knf (IBGE, 2009), was formed in lowlands, where terrain was gradeadigted by
landfill in areas that were originally flooded. The city betzabe occupied in 1735, and since
then there were six historical periods of landfill formationthils process, different materials
produced at the time of construction were mixed to the sandy sedinlerdomprises
different types of residues, industrial and domestic wastes woider (Mirlean e Oliveira,
2006).

The municipality has a major industrial complex, characteripgnly by the
manufacture of fertilizers, chemicals and agrochemicals, fostl, dixtraction and refinery of
vegetal oil, production of wood resins and an oil refinery. There arke thls metal-
mechanical, textile and naval sectors, besides an important gastlaermopower plants, and
a solid waste incinerator. Residential developments have beenrbthk ivicinity of these

companies.
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Mirlean et al. (2000), studied the physical-chemical parameters oflraintiais city for
over 12 months. The authors observed acid rains that occurred due tprenmemissions
from the industrial park. The lowest pH found was 3.6. The background pH valueféound

the region was close to 5.2.
2.1.2. Sampling sites

Two sites with distinct characteristics (urban-industrial anbnxresidential) were
selected for sampling (Figure 1). At each of them soil andstheric particulate matter
(PM2.5) were collected. The soil samplings occurred in August/2@h@ PM2.5 was
collected in July and August/2010.

* Site 1 — Urban-industrial area (32°2'32.98"S, 52°5’16.84"W):

- Soil: located in a landfill area which dates from 1936-1937. Theasdlile collection
site was characterized by Garcia et al. (2010) as an area under the enfitienc

emissions from the local oil refinery.

— PM2.5: Located in the second quadrant of preferential atmosphericsthspiEom
an oil refinery, where air quality is also monitored by the State &mviental
Agency (FEPAM).

» Site 2 — Urban —residential area (32°2'52.23"S, 52°8'24.75"W):

— Soil: Urban area with residential characteristics, locatébe original emerged area

of the city, without landfills.

— PM2.5 — Urban area with residential characteristics anddar fthe main industrial
parks of the city. However, it is not completely free of the apnesc

dispersion plume from anthropic sources in the municipality.

Climate data observed during the study period were provided BthhRistrict of the
National Institute of Meteorology (8° DISME — Porto Alegre/INMBSrazil). They show
mean values foprecipitations of 3.66 £ 11.02 mm, for a humidity of 81.50 £ 7.77% and for
temperature of 13.48 + 3.69°C.
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Legend:
Water
Urban area

A Petrochemical refinary

Atlantic Ocean

Patos Lagoon
estuary

Figure 1 — Location of the study area in the city of Rio Grande, Brazil. @otlesites: Site 1 — urban-industrial area; Site 2 — urban-

residential area (Source: FEPAM, 2010; modified).
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2.2. Sampling procedures

2.2.1. Soll

At each site, the sampling areas were demarcated aglésawith 20 m sides. Soll
sampling was performed in the first centimeters of the sarfayer (0-5 cm), at the points
corresponding to the triangle vertexes, generating three subsammss.Wére homogenized
resulting in a sample composed of approximately 1 kg per siteesExgplant and stone
residues were removed. The samplings were performed after Avithgsit rain. Stainless
steel spatulas were used for sampling, and glass flasks &tkisamples that remained

protected from light at 4°C.

In the laboratory, part of the soils collected was immediattlyed and called Total
Soil. The remainder was sieved in stainless steel mesh, 0.5 mnoaked Soil <0.5. The
sample drying process was not carried out to prevent possiblerl@ssmtamination of the
compounds (Cousins et al., 1997). The samples were kept at -20°C and g@rvtentdght

until the time of extraction.

Grain size analysis of the soils was performed at the SeditoggtLaboratory of the
Center of Studies on Coastal and Ocean Geology (CECO) of theaFeversity of Rio
Grande do Sul. The sieving method according to Wentworth (1922) and KrumS&h) (
was used to separate the coarser fractions. The fine fraetenesseparated by the pipetting
method, based on the Stokes Law of sedimentation (1851). Soil chatciarianalyses
were performed in the Laboratory of Environmental Analyses dederal University of Rio
Grande do Sul, Brazil. The percentages of organic matter and ocgahan, as well as the
cation exchange capacity (CEC) were higher in the samplesSien2 and in the samples of

Total Soils (Table 1). The pH values were similar in all samples, vafiying5.6 to 5.9.
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Table 1 — Characterization of the soils sampled

oM 0.C pH CEC
% % cmol,dm3

Total Soll 3.6 2.1 5.6 10.6
Soil <0.5 3.2 1.9 5.8 10.2

Total Soil 4.3 2.5 59 12.9
Soil <0.5 34 2.0 5.9 12.1

Site 1

Site 2

20.M.. = organic matter by wet digestidh®.C. = organic carbon
(Walkey Black — LD: 0.01%); CEC = cation exchange capacity
atpH 7.0

2.2.2. Atmospheric particulate matter — PM2.5

Atmospheric particulates up to 245 (fine inhalable particles - PM2.5) were collected
using high volume air samplers (AGV MP2.5 1200/CCV Thermo Environmental
Instruments), in Teflon membrane filters (TX40HI20WW, 254X203mm). Thapbags
occurred for 24 hours in the first and second fortnight of each month. iThelame that
passed through each filter varied from 1343.8 to 1589.9 m3, with mean valt&3o? +
82.6 m3. Before and after the samplings, the filters were wetigimel stabilized, under
controlled temperature and humidity conditions, to determine the concamtcditPM2.5,
expressed in units of pg/ms3 of air sampled (ABNT, 1997). Thedilsampled were kept
protected from light, at -20°C, for the extraction procedures.

2.3. Extraction procedures

Acid and organic extracts were obtained from the samples of $othbnd Soil <0.5,

while in the atmospheric particulate only organic extraction was performed.
2.3.1. Acid extraction of soils

For acid extraction from the soil samples, solutions of aceitt (@ASRN. 64-19-7)
and sodium hydroxide (CASRN. 1310-73-2) were used, prepared accordingBratien
standard NBR10005 (ABNT, 2004), modified for pH 3.6 (pH of the more acid aitise
study location); and pH 5.3 (background pH of the rain at the study. &aeh of these
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solutions was used individually, resulting in two acid leachate @gtper sample. Leachates
were obtained submitting the proportion of 1 g of soil: 2mL of solveagiition, for 24h at
20°C, on a shaking table, and then centrifuging at 13,000xg for 15 min as4f&&ibed in
Silva-Junior and Vargas (2009). After filtration in a 0.45 um, tteezHed extracts were
divided into aliquots and stored in the dark for up to 24 h to be used in the

Salmonelldanicrosome assays and for metal determination.

2.3.2. Organic extraction of soils

The soil samples were homogenized for 15 minutes and extrd&egldf dry weight)
using pesticide grade (DCM, CASRN. 75-09-2) dichloromethane solvent (R@ale), in
ultra sound for two 10 minute cycles. The resulting extractse willtered in a
chromatographic column of sodium sulphate and celite, and concentragetbtavapor at
40°C. Then they were stored protected from light at -20°C, for up to 30 iagsder to
perform the mutagenicity assay. The amount of extracted orgattierrfram these samples
(EOM) was calculated dividing the total organic matter by rémspective volume of soil

extracted.

2.3.3. Organic extraction of PM2.5

A quarter of each filter containing the atmospheric particulat¢tem was grouped
composing monthly samples. Each sample was submitted to extractiltrasound (3 cycles
of 10 min, 40°C) with dichloromethane solvent (DCM, CASRN. 75-09-2), filténea 0.5
um teflon membrane and concentrated in a rotavapor up to 15 mL, abetbgtiVargas et
al. (1998). The amount of extracted organic matter (EOM) in pg/mscat@ulated from the
total amount of organic matter in the extract divided by the ctispevolume of air sampled.
Before the bioassays, appropriate amounts of the extractsivieglewith nitrogen gas and re-
suspended in dimethylsulphoxide (DMSO, CASRN. 67-68-5).

2.4.Salmonelldmicrosome assay

The different acid and organic extracts produced in the studg wealuated for
mutagenicity using the Salmonellanicrosome assay (Maron & Ames, 1983),
microsuspension method (Kado et al. 1983). The classic strealofonellatyphimurium

TA98 was used to evaluate the mutagenic potential of all exsaalged due to its capacity
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to detect a broad class of mutagenic compounds, and it is appropriaéevironmental
studies. These assays were performed in the absence and presanegargfenous fraction of
liver metabolization in mammals (S9 mix), detecting direct addect mutagenic substances
that cause frameshift errors. In the organic extracts, iniaddihe presence of nitroderivate
mutagenic compounds was investigated, in the absence of metaboliZataght strains
YG1021 and YG1024. These strains derived from TA98, presented high activite
nitroreductase and O-acetyltransferase enzymes, respectiverrounfreater sensitivity on
the nitroarenes (YG1021) and dinitroarenes (YG1024) (Watanabe, 1989; 1990).

Based on previous studies by our research group, different conaardrati each

sample were tested, generating dose-response curves as follows:

- Soil samples: 25, 50, 75, 100, 150 and 200 mg equivalents of dry soil, foridhe ac
extracts of pH 5.3; 25, 50, 75 mg equivalents of dry soil, for the atidcts of pH 3.6; 10,
20, 40, 80, 120 and 160 mg equivalents of dry soil for the organic extractxomtrel
analysis of the acid solutions of pH 5.3 and pH 3.6 was performenhdtagenicity and
cytotoxicity in strain TA98. The volumes of solvent needed for eachectration equivalent
of soil (1 g of soil: 2 mL of solvent) were tested in the absence of sample. The pHufichs
presented toxicity with 400 pL only in the presence of S9mix, aneftrerthe 200 mg
concentration was excluded in this treatment. The pH 3.6 solution pideriety in the
larger volumes, leading to the reduction of sample concentratided fasthese extracts, for
non-toxic equivalent volumes. In this way, only three concentrations coutdsbed. The
final volumes of acid solutions used in this work were those that didprumtuce any

cytotoxic effect.

- Samples of PM2.5: 1.25; 2.50; 10.00; 20.00 and 40.00 pg/plate — for the organic

extracts.

All the assays were performed in duplicate in the presehoegative controls (pL
solvent Dimethylsulphoxide — DMSO in the organic extracts orll0@cid solution in the
acid extracts; 10QL liquid nutrient medium) and positive ones (4-nitroquinoleine oxide-
4ANQO, 0.5ug/plate, CASRN. 56-57-5; 2 — nitrofluorene - 2NF, Ouffplate, CASRN. 607-
57-8; and 2- aminofluorene - 2AF, dg/plate, CASRN. 153-78-6 of Sigma Chemical

Company, St. Louis, MO) according to the strain and extract tested.
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Sample cytotoxicity was determined in a cell survival testiain TA98, performed in
parallel to the mutagenesis assays. In brief, the test torefisdiluting the suspension
obtained after the incubation stage at 37°C for 90 min (bacteriareult2 x 16° cells/mL +
S9 mix or phosphate buffer 0.1M + solvent or sample), in buffer phosphdte {4) up to
the concentration of 1-2 x 102 cells. After dilution the bacter#ilice was seeded in nutrient
agar and incubated for 72h to 37°C. After this time the surviving colaméze counted

manually.
2.5. Analysis of the results

The samples were considered mutagenic when they presentedfiassig®iNOVA (p

< 0.05) between the dosages and positive dose-response curve (p < 0.05). Whe only
dose-response was significant, the response was considered indi€atineutagenic effect.
The linear portion of the dose-response curves was analyzed hgeherkegression models
or Berstein (Bernstein et al., 1982). The mutagenic potential gbdk#ive and indicative
samples was estimated by the slope of the regression curve pamedsexd in number of
revertants per gram of soil equivalent (rev/g); revertantgigeaf PM2.5 extract (rev/ug) and
revertants per cubic meter of air sampled (rev/im3 = rev/u@XI;: according to the sample
analyzed. The statistical analyses were performed usingabg&almonellaAssay Analysis)

Software, version 1.0, from Research Triangle Institute, RTP, NC, USA.

In order to compare the number of revertants obtained irS#h@onellanicrosome
assay between the sites, the blocked analysis of variance (AN®&S used, with a level of

significance of p < 0.05. For this purpdeftwareR (R version 2.9.0., 2009) was utilized.

In the cell survival assay, the samples were considered cigtatdren they presented
diminished growth compared to the negative control in at least oneedagifly values equal
or inferior to 60% (Vargas et al. 1993).

2.6. Quantification of metals in acid extracts

Metals (Al, V, Cr, Fe, Ni, Cu, Zn, As, Cd, Pb) were quantifiedhi@ acid extracts of
soils by inductively coupled plasma optical emission spectroscipy-QES), with the
respective limits of detection (mg/L): Al — 0.08; V — 0.002; Cr — 0.0&=l— 0.04; Ni —
0.004; Cu — 0.004; Zn — 0.02; As — 0.02; Cd — 0.002; Pb — 0.01. These analyses were
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performed in the Laboratory of Environmental Analyses, Federal tity®f Rio Grande do
Sul, Brazil, according to th&tandard Methods for the Examination of Water and Wastewater
(APHA, 2005). The results were expressed in mg/kg of dry soilh&uyrto estimate the
expected metal concentrations in Soil <0.5 mm, based on the TotalmBesures, a
correction was used based on soil grain size (EC = [COT x 10®]M#ere: EC= Expected
concentration; COT= Concentration observed in Total Soil; %P = magee of sieved

fraction in Total Soll).
3. RESULTS
3.1. Characterization of soil grain size

The grain size classification of soil samples is presentedgurd-2, showing that the
soils from Site 1 and 2 are sandy, with predominance of fine sandswarercentages of
clay and silt. Soils <0.5 corresponded to the fractions smallethlacparse sands (0.5 mm),
and represented approximately 89% (Site 1) and 98% (Site 2) ddrigiieal grain size

composition of the soails.

M Clay Ml S L Veryfine sand
Fine sand 11 Medium sand Coarse sand
1! Verycoarse i Gravel # Pebble

sand

Site 2

Site 1

0 20 40 60 80 100 %

Figure 2 — Grain size classification of the soils sampled
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3.2. Acid extractions of the soil at different pHs: mutagenicviggtand analysis of

metals

The acid extracts of pH 3.6 were more frequently cytotoxic thaset of the pH 5.3

solution, both in assays in the presence and in the absence ofc&@nfrin the pH 5.3

extracting solution, the responses were observed only in the preskemeetabolization.

Generally, cytotoxicity predominated in Soils < 0.5 mm (Table 2).

Table 2 — Percentage of cell survival of acid extractsodf samples through the

Salmonelldanicrosome assay

Acid extracts

pH 5.3 pH 3.6
TA98-S9 TA98+S9 TA98-S9 TA98+S9
%  Conc. % Conc. % Conc. % Conc.
L Total 783 75 62.4 100 52.1 50 70 75
> Soil
@ <S(§)|£|3 100 200 56.3 75 448 50 52,6 75
I 100 200 914 25 555 25 100 75
° Soil
@ fc‘)"é 86.2 150 59.1 150 100 75 292 75

Percentages of cell survival below 60% (in boldjashow cytotoxicity. Cytotoxic samples were

recorded at the lowest concentration of toxic effelsserved; for non-cytotoxic samples the lowest

percentages of survival observed were recorded.

Conc. — concentration. Tested in mg equivalentsirgf soil with: 25, 50, 75, 100, 150, 200 — acid

extracts pH5.3(with S9 addition the concentratiff %as not tested); 25, 50, 75 — acid extracts 6 3

The results of the mutagenic activity of the acid extractsrebden the pH 5.3 of soils

in the urban-industrial and urban-residential areas are shown in Jal@ensidering the

presence/absence of metabolization the responses obtained showerkaddfin the type of

mutagenic action in the Total Soils and Soils <0.5 from Site 1. grbatest mutagenic

potentials and diversity of responses were observed in the samplggeo®, and the
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metabolization fraction diminished the mutagenic potency of Totale®wilelevated that of
Soil <0.5.

Table 3 — Mutagenicity in revertants/g of dry soil in acid extracts at pH 5.3

Mutagenicity Citotoxicity”
TA98-S9 TA98+S9 TA98-S9 TA98+S9
Total Soil ns 204.65 + 47.08 - -
Site 1
Soil <0.5 310.66 + 67.44 ns = +
- Total Soil 905.85 + 87.54 349.81 + 69.32 - -
ite )
Soil <0.5 117.23 +43.6 508.96 + 99.85 = +

2 mean + deviation of revertants/g of dry soil;responses indicative for mutagenesis, ns — norifisignt; °
cytotoxicity: +present in at least one concentrgticabsent. Negative Control (Acid pH 5.3): 431556.04 (TA98);
52.50 + 8.78 (TA98+S9). Positive Control: 4ANQO (T8)838.20 + 140.58; 2AF (TA98+S9) 422.75 + 44.85.

The evaluation of acid extracts of pH 3.6 (data not shown) presemnteajoaity of
negative responses for mutagenicity with only two indicative respohisese occurred in the
Total Soil of Site 1, in the presence of S9 (TA98+S9 = 716.86 = 291.18in #mel Soil <0.5
of Site 2, in the absence of S9 (TA98 = 177.34 + 81.81). These responsdsglierethan
those found in the corresponding acid extracts of pH 5.3.

The metal concentrations obtained in the acid extracts arenshiowTlable 4.
Considering both soil extracts, some metals presented higher concentrationdirgdgpe the
site studies, namely: copper and nickel at Site 1; zinc, ironashdiam at Site 2; chromium
with a similar occurrence at both sites. Aluminium has ariffieconcentration depending on
the extractor solution. It was higher at Site 2, pH 5.3 and atLSfiel 3.6. Lead, arsenic and
vanadium were not detected. The metal concentrations observed in thersaits <0.5 were
similar to the values obtained by calculating the correction tfirguain size. These values
were not significantly different from those observed in Total Soils.
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In general, higher concentrations and a greater varietyetdlmlements were seen in
the acid extracts of pH 3.6 (Figure 3). A higher occurrence etblrelements was also
observed at Site 2 in both extractor solutions.
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Figure 3 — Sum of metal concentrations in different acid extracts of soil @rata 0.5)
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Table 4 — Concentration of metals in acid extracts of soils from urban areas iy tfeRio Grande, Brazil

Acid extract pH 5.3

Acid extract pH 3.6

Site 1 Site 2 Site 1 Site 2

Sl w05 B sol 05 ¢ Su o5 il s €
Copper 0.08 0.10 0.09 0.06 0.04 0.06 0.36 0.32 0.40 0.02 0.02 0.02
Zinc 0.34 0.36 0.38 1.12 1.12 1.13 1.14 0.86 1.27 6.70 6.84 6.78
Iron 0.24 0.10 0.27 0.70 0.76 0.71 0.36 0.32 0.40 0.42 0.88 0.43
Cadmium <LD <LD - <LD <LD - <LD <LD - 0.02 0.02 0.02
Chrome <LD <LD - <LD <LD - 0.02 0.02 0.02 0.02 0.04 0.02
Nickel 0.06 0.08 0.07 <LD <LD - 0.28 0.26 0.31 0.02 0.10 0.02
Lead <LD <LD - <LD <LD - <LD <LD - <LD <LD -
Aluminum 0.04 <LD 0.04 0.52 0.34 0.53 4.96 4.54 5.54 1.8 2.00 1.82
Arsenic <LD <LD - <LD <LD - <LD <LD - <LD <LD -
Vanadium <LD <LD - <LD <LD - <LD <LD - <LD <LD -
Sum 1.06 0.64 0.85 2.70 2.56 2.43 7.40 6.56 7.95 9.28 10.18 9.11

Values expressed in mg/Kg of dry soil. <LD —beldwe detection limit. Correction by soil grain siZ&C — Expected concentration = [COT x 100]/ %P, whe
COT= Concentration observed in Total Soil; %P =cBetage of the sieved fraction in Total Soil. Seils5 represent 89% (Site 1) and 98% (Site 2) efgtain size

composition of Total Soils.
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3.3. Extractions of organic compounds in soils and in atmospheric pat¢icubterial:

mutagenic activity

3.3.1. Soll

Cell survival found in the assays with organic extracts of $mlm Sites 1 and 2 is
shown in Table 5. The organic extracts presented toxic compounds weith action, with
increased survival after adding the metabolization system. At ISithigher toxicity was
associated with Total Soil, since this occurred at lower coratents and attained values of
16.4% at the higher concentration. In fraction <0.5 mm of the soil, onlyhitjeest
concentration was toxic. The opposite was seen in the samples i@, 3/hich induced
lower survival in Soil <0.5. In this fraction, toxicity occurred fr&® mg onwards, reaching

percentages of 10.8% at the highest concentration.

Table 5 — Percentage of cell survival of organic extréicisn soil samples

through theSalmonelldnicrosome assay

Site 1 Site 2
TA98-S9 TA98+S9 TA98-S9 TA98+S9
% conc. % conc. % conc. % conc.
g";ﬁ" 571 80 76.9 160 473 120 727 160
Soil
SO 431 160 64 120 479 80 86.6 80

Percentages of cell survival below 60% (in boldfamean cytotoxicity. Cytotoxic samples were
recorded at the lowest concentration with a tofieat observed; for non-cytotoxic samples, the
lowest percentages of survival observed were recbr€onc. — concentration. Tested in mg

equivalents of dry soil with: 10, 20, 40, 80 12@d60mg.

As to mutagenic activity, the samples from the urban-industtéa(Eable 6), showed a
higher response. The soil in this area was characterizedgagiorcompounds with different
mutagenic actions in the two fractions studied, with an inverse gitafithe corresponding
acid extracts of pH 5.3. Direct action compounds occurred only in Totialvile indirect



78

mutagenics occurred in the sieved soil. In the urban-residential (8ite 2), mutagenic
responses were observed only in the total fraction, with a similaber of revertants/g in the
absence and presence of hepatic metabolization.

As to the assays performed with nitrosensitive strains, mosteofesults (62%) were
negative, only three responses (38%) presenting greater senshasitythe parental strain
(Table 6).
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Table 6 — Mutagenicity in revertants/g dry soil in organic extracts

TA98 Citotoxicity”
YG1022 YG1024
-S9 +S9 TA98-S9 TA98+S9
Total Soil  397.60 + 143'5 ns ns ns + -
Site 1 .
Soil <0.5 ns 429.33 + 106.21 ns 103.96 + 39.19 + -
Total Soil 88.08 +31.38 87.91+32.15 737.63+156.64 116.91 +44'44 + -
Site 2
Soil <0.5 ns ns ns ns + —

2mean + deviation of revertants/g of dry soillesponses indicative of mutagenesis, ns — nonfiignt; ® cytotoxicity: +present in at least one concentrgtio

absent. Negative Control (DMSO): 45.83 + 16.79 (BA®9.00 + 8.32 (TA98+S9); 83 + 4.36 (YG1021); 3R+ 12.50 (YG1024). Positive Control: 4NQO
(TA98) 757.33 £ 159.52; 2AF (TA98+S9) 294.33 + 1¥B.2NF (YG1021) 4070 £636.40; 2NF (YG1024) 2466 335.
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3.3.2. Atmospheric particulate matter

The concentrations of fine inhalable particles (PM 2.5) among & ssimpled varied
from 12.6 to 32.67 pg/m3 (Table 7). Of all filters analyzed, only anhe urban-industrial
area (Site 1-— Jul/10: 32.67 pg/m3) surpassed the maximum lir2% @fg/m3 of particles
recommended by the World Health Organization in 24-hour samplings (WHO, 2006).

Table 7 — Concentration of particles, extracted organic matidr mutagenicity of organic
extracts of fine inhalable particles in an urban-industriak($) and urban-residential area (Site
2) in the city of Rio Grande, Brazil.

N°of CPM25 MeanC*® EOM? TA98°
Sample fijters -S9 +S9
(Hg/m3) (Hg/m3) (ng/m3) (rev/ms) (revim?)

o 2 ég'g‘; 2515+ 10.63 3.47 17.80+2.01 6.90 £ 0.76
Site 1 15'48 _

Aug/lo 2 150 1427170 125 3.85+0.29 1.66 0.46

18.18

/o 2 oo 1833%022 288 9.70£0.86 4.00 +0.34
Site 2 19.28 _

Augllo 2 1050 1577+496 421  1.98+063 4.12+0.93

#mean =* deviation; responses indicative for mutagenesis; C = condamtraf particles; EOM = organic matter
extracted; Negative Control (DMSO): 48.33 + 4.93\¢8B); 43.17 + 18.00 (TA98+S9); Positive Control: @0
(TA98) 1153.50 + 203.80; 2AF (TA98+S9) 297.25 + TAL

Mutagenicity evaluation of organic extracts of particulatét@naesulted in positive or
indicative responses in all samples and strains tested (Tabl@ Figure 4). The mutagenic
potential in number of revertants/m3 of air sampled was, genenadlyer in the absence of
metabolization, indicating the predominance of direct action substanttes samples (Table
7). As to the period evaluated, it could be observed that the samptespomding to the
month of July/10 presented greater mutagenesis. The participatidanogieniated compounds
in direct mutagenic activity is evidenced by the incrementwéntants/ug observed in the
YG family strains, in relation to their parental TA98 (Figure®)is increment was observed

in all samples evaluated, for nitroarenes (YG1021) and dinitroat¥@024). However, the
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YG1021 strain proved more sensitive, evidencing the predominance of nitateheth

places. The comparison between the mutagenic potential asdomittehe urban-industrial
and residential sites was performed through the set of responsgsrgfmonth and strain
assessed. In this way, the urban-industrial site (Site 1) prdseansggnificantly higher
mutagenic potential than the urban-residential area (Site 2¥ (F11; p < 0.05).

35 -

TA98 [ TA98+S9 M YG1021 MYG1024

30 -

20

Rev /ug

Jul/10

Figure 4 — Mutagenicity in revertants/ug (Rev/pg) of orga2B extracts in an
urban-industrial (Site 1) and urban-residential area (Site 2).

+ indicative responses. Negative Control (DMSQO):388+ 4.93 (TA98); 43.17 + 18.00 (TA98+S9);
62.87 + 16.86 (YG1021}45.67 = 3.61 (YG1024). Positive Control: 4ANQO (TA9BL53.50 + 203.80; 2AF
(TA98+S9) 297.25 + 181.70; 2NF (YG1021) 4613 + 1798 2NF (YG1024) 3374 + 500.63.

The cell survival test in the PM2.5 extracts resulted in toggponses only in the
sample at Site 1 in August/10, in the absence of metaboliz&902% - concentration 10ug).
The other samples presented over 70% survival (data not shown).
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4. DISCUSSION

A major part of the chemicals released by anthropic acsvigieds up in the soil
(Courty et al., 2008). The surface layer of the soil reflectsdeq@osition of atmospheric
pollutants, especiallly those deposited recently, as well as gatéuthat do not move into the
deeper layers because they are attached to soil partitclése deeper layers are pollutants
deposited by liquid spills, long term deposition of water-soluble maéeand buried
substances. Rains can move the pollutants from the surface |layeetaeeper ones, or take

them away from the point of deposition by surface runoff (USEPA,1992).

In this study, only the 0-5 cm surface soil layer was analyzetli@g the evaluation of
the recent atmospheric contribution, the elements that could beconblavait the next
rainfall events, and minimization of the effects of possible contams remaining from

landfills.

Although it is recommended that the sample preparation stagerfeenped as simply
as possible to avoid alterations, different stages of pre-traatftieying, grinding, sieving,
storage, extraction) are needed to analyze soil samples (Lamé, M89talke, 2003).
Frequently, when evaluating the contaminated soils, a samplegistage is performed
(Belkessam et al., 2005). This often occurs to exclude the cdeasgon (>2 mm), or to

concentrate the pollutants that have adhered preferentially to the finer doiepart

The smaller diameter particles have larger area of curtontact that causes an
increase in the sites available for binding of pollutants. Thus, itdMoelexpected that the
smaller diameter particles would have a greater biologicatiefSome studies consider the
larger fractions of the soil as inert or less important, thu®mpeing the sieving of the fine
fractions to improve chemical detection of metal contaminants rgrese¢he soil (Bian and
Zhu, 2009; Garcia et al., 2010; Vasiluk et al., 2011). The preferentia¢cwaton of metals
in the smaller soil particles has also been demonstrated (Bibdha, 2009; Luo et al., 2011;
Madrid et al., 2008). This aspect raises the question of their mecualso on the genotoxic

responses.

Grain size separation may influence the final result of amglyince this physical
process may interfere in solubility, interconversion of the chdnspacies or favor an

increased loss of volatile species (Zoumis et al., 280d. Rodrigues et al., 2008). Thus,
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sieving the samples may alter the balance between theadiepéecies, resulting in different
conditions from those observed in the environment. In this study, siexahgded only about

11% (Site 1) and 2% (Site 2) of the particles that constibhgeriginal soils. However, even
these small changes resulted in change in the mutagenic profile of tHesamp

4.1. Acid extractions of soil at different pHs simulating rainfall events

This study used two acid extractions with different hydrogeaipaotentials to leach the
samples of Total Soil and the Soil <0.5 mm. The leaching expesnaliw studying
pollutant mobility, helping evaluate their possible environmental sffgueyo et al., 2003).
Since rain leaches the soils, the pHs of the extractor soluts®d were chosen to simulate
the rainfall conditions observed in the particular area of study, 8 bee background value
of the rain and 3.6 the value of the more acid rains recordeleirtity of Rio Grande
(Mirlean et al., 2000). This background value is similar to the pkhiafin equilibrium with
carbonic gas, 5.6 (USEPA, 1990), as well as to the pH of the soils studied (5.6-5.9).

Comparing the two acid extracts used, the one with the lowereptlted in more
toxicity and less frequent, but higher mutagenicity. However, the lowepgages of cell
survival appear to have interfered in the detection of the mutagemiatipbf these extracts,
since the only two positive responses occurred in the absence of toxicity. Tdaiextof pH
5.3 improved the detection of the mutagenic activity of the soils dedlubn these extracts
there were great differences in the mutagenicity of Tetall and of Soil <0.05, although the
fractions have a very similar grain size. In this way an as®eof direct mutagenics and loss

of indirect ones in the Soil <0.5 was observed at Site 1 and an inverse relation at Site 2

Generally a larger number of revertants/g dry soil is not&itat2 (urban-residential).
The solil at this site is characterized by slightly highecg@ages of organic matter, organic
carbon and cation exchange capacity. The cation exchange capaliitgcily related to the
soil capacity to adsorb heavy metals. The higher the value c@E@® the more exchange
sites in soil minerals will be available for metal retent{bmegbue et al., 2009). These
authors also underscore that the presence of organic matter cexiribidation retention in
the soil. The chemical analysis of these samples showed ther ppigisence of metals at Site
2. These characteristics may be related to the highergenita potential found in these

samples.
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Few soil mutagenicity studies have been performed in Brazil, antbpseevaluations
performed by our research group used extractor solutions fob.pHaccording to the
properties of the soils evaluated. The mutagenic potencies obtairiredanid extracts at pH
5.3 (Total Soil) in the present study were similar to those wbdein soil belonging to a
bottom ash deposit of a coal-firing thermopower plants (Silva-Jumidfargas, 2009).
However, compared with industrial soils contaminated with wood preservative (P201€)
only the direct mutagenicity of the urban-residential arét® (& was higher. These results
show the high mutagenic potential of these urban soils compared torisdastas. The
presence of mutagenic compounds in urban environments has been shown inaddtudies
different environmental matrices (Claxton e Woodall, 2007; Court},62@08, Lemos et al.,
2009; Traversi et al., 2009; Watanabe et al., 2008; White e Rasmussen 1898ng the
high polluting potential of anthropic activities in urban areas.

In polluted environments, rain water is a significant route of coini@ion, due to the
removal of contaminants present in soil and air. Interaction with &tmeospheric
contaminants, especially sulphur dioxides, and nitrogen oxides, may remuscidification
depending on the level of pollution, however, even rain in a non polluted @teresis
slightly acid (USEPA, 1990). Acidification of the environment influencasubility,
speciation, environmental mobility, transfer in the food chain aritity of several metals
(Scheuhammer, 1991). Various damaging effects resulting frontanieévents have already
been described in the environment and in the biota. However, few stugied tee
relationship between pH and environmental genotoxicity (Silva-Juniak.,e2009; Singh &
Agrawal, 2008).

Although the mutagenicity observed is associated with the ensembdbeatical
substances present in the samples, the pH of the acid extrstets fa greater availability of
metals that can be associated with the effects found. Theiadieamalysis of the samples
showed a greater variety of metals, as well as higher coatiens of these metals in the acid
extracts at pH 3.6. This is expected, since leaching of thesnietakases as pH decreases

(Baba et al., 2008). This increase may be related to the greater ttucityin this treatment.

The acid extracts obtained at both pHs for Total Soils and Soifs presented similar
concentrations for the metals quantified. This similarity is ebquk since in the sieved soils a

small grain size percentage of the total samples wasdeal However, a greater frequency
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of toxicity (62.5%) was observed in the soils <0.5. This effect beyssociated with the
change in the chemical species of the metals present, wimlrred during the sieving

process.

Among the metals detected in chemical analysis, cadmium, chromanuohiron
presented a positive mutagenicity in ®@&monellaassay (Bennicelli et al., 1983; Brusick et
al., 1976; Mandel e Ryser, 1984; Marzin e Phi, 1985). Zinc, copper, nickel amdhiaim
were reported as non mutagenic in this assay (ATSDR, 2005; MarPRini,el985), but
presented clastogenic potential (ATSDR, 2004; 2005a; 2005b 2008). Some atwtalsre
weakly or marginally mutagenic, and may become important secosdarges of genetic
damage, when they act synergistically with other substancesx@mple of this is cadmium,
which can increase the mutagenicity of nitrosamines syneadigtiat 30 times higher levels
than would be expected from the additive effect of these substéMessiel and Ryser,
1984).

No lead, arsenic and vanadium were found in the extracts evaluatéel,catimium
and chromium occurred at small concentrations only in the extrgéd 8t6. The presence of
total metallic contaminants has already been described previoushe surface soils in the
region (FEPAM, 2010). Hg, Ni, Cr, Cu, Zn and Pb were detectetaas close to the oll
refinery. In this way, the absence of lead in the acid extmadtss study could be explained

by the predominantly insoluble characteristics of this metal.

Considering all the extracts evaluated, the highest concentratenesfeund for zinc,
iron and aluminium. Although anthropic sources may enrich the contemes# tnetals, they
are abundant soil constituents and are common at high concentratlgas)(®ior e Vargas,
2009).

A previous study performed by our research group attempted tofydposisible areas
of reference for soil mutagenicity in the state of Rio Grand&ulo(Meyer, 2008). In this
context a sandy soil area located in a conservation unit wadigkenThe extraction by acid
leaching (pH 4.9) of the soil at this site resulted in negaggponses for mutagenicity and
toxicity, besides the detection of only four out of nine metaléents (Zn = 0.2; Fe = 0.06;
Mn = 0.5 and Al = 0.4 mg/kg soil). In this study, the values of thetalmare two to twelve
times higher, suggesting an anthropic contribution. The aluminium waxaaption and
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occurred at a concentration similar to that of the area aferefe, which may be attributed to

its natural origin.

Other comparisons of the metal contents found in the city of Rio Graardée made
with studies performed in the same state, using a simildradelogy. Only the total extracts
of pH 5.3 were considered for this purpose. The highest copper and niktled gacurred at
Site 1, presenting a higher concentration than in industrial sorntaminated by wood
preservatives, and the adjacent residential soils (Pohren, 2011)arS{@wu) and higher
contents (Ni) were identified than soils of coal ash deposits anddn adjacent site subject
to atmospheric contamination (Silva-Junior and Vargas, 200@is the nickel contents in the
urban-industrial area were high, and may be associated with thefiaigry. Nickel is a
natural component of oil emitted to the atmosphere during the combpstioess (Bradl,
2005). Together with vanadium and iron, nickel is one of the most abume#ais present in
oil (Caumette et al., 2009). Besides, this metal was consideredfiaient marker of the
impact of atmospheric emissions caused by the oil refinenyitgah the city of Rio Grande
(Garcia et al.,, 2010). The same authors observed copper enrichment drisurefiriery,

suggesting that it originates from port activities.

The zinc and iron contents were higher at Site 2, more elevatedhtbse found in the
soils in the studies cited previously (Silva-Junior e Vargas, 2009; ira2dé 1), except for
the values found for iron at the site adjacent to the coal ash ddpaditer, cadmium was
found exclusively in the pH 3.6 extracts at this site. Among nitierapic activities mentioned
as possible anthropogenic sources of zinc, the metallurgical and nwathmanch is present
in areas, as well as the fertilizer plants and vehicle exhahst fertilizer plants are also
mentioned as possible emitters, among other metals, of cadmium and irons. Tiedégtea
natural component of oil, and can be emitted during oil combustion (Bradl, 2a0hette
et al., 2009; FEPAM, 2010).

4.2. Extractions of organic compounds and possible soil-atmosphere relations

The soils at both sites evaluated in this study presented ogartaminants with direct
and indirect action which induced higher responses at the site wriian-industrial
characteristics (Sitel 1). The quantities of extracted orgamitemwere higher in the soils
<0.5, compared to Total Soils at both sites. Thus, a greater @ftedd be expected in
fraction <0.5 mm, but the direct and indirect mutagenic responsesaadté between the soil
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fractions at Site 1, while at Site 2 both responses occurred onlptal Soil. The results
suggest a different composition of mutagenic substances asdogititehe two soil fractions
studies. Hence, handling the samples to exclude the coarse sanolse as the Soils <0.5,
may have modified the active synergistic, additive or antagor@ffects, and also the loss of

volatile substances.

In a broad review of soil mutagenicity, White and Claxton (2004), de=stthe origin
of contaminated soils at: (i) industrial sites located within sl facilities; (i)
urban/suburban sites, located in the cities, in places that do nalydnexeive industrial
wastes; (iii) rural and agricultural sites, located outside the umsuburban area, including
remote park-like settings. The geometric means of revertai@d i this review for the
Salmonellaassay (strains TA98 and TA100) were compared by analysisiahgar showing
a significant relation between site category and mutageniatmiteAs to the categories
proposed by White and Claxton (2004), the soils analyzed in this stadgnped mutagenic
potentials that enabled classifying Site 1 as urban and Site 2 as rural.

Another form of classification was used by Endo et al. (2004), bas#teanutagenic
potency of 544 samples of soil from Japan. According to these authorspithecan be
classified as four mutagenic potentials: low (up to 100 reverggntsioderate (100-1000
revertants/g); high (1000-10000 revertants/g) and extreme (rhare 0000 revertants/qg).
Following this criterion, the samples in this study present (@ie 2) and moderate
mutagenicity (Site 1). It should be underscored that this cleessth was based exclusively
on soils in Japan, and may not be representative of other redtarther, values around 100
revertants/g of soil, such as those seen at Site 2, were qedlsidesome authors as natural

background levels of soil mutagenicity (White e Claxton, 2004).

When present in the soil, the PAHs are generally retained isutfi@ce layers. PAHS
are indirect mutagenics, and require metabolic activation to begenatoxic (Pereira-Netto
et al., 2000). Thus, the responses of the organic extracts $alimenell&dnicrosome asay, in
the presence of the S9 fraction, can be attributed to the presethes@icompounds. In this
study, surface soils were evaluated, and indirect mutagenesisfouad at both sites,
occurring in different fractions. Studies have shown that the PAHi®ct in soil contributes
17-25% of the mutagenicity found in strain TA98+S9 (Courty et al., 2008;eWdnd
Claxton, 2004).
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The presence of mutagenic nitrocompounds in the soils sampled wstgatezl using
strains YG1021 and YG1024. Mutagenicity for mononitroderivates was eetenty at Site
2 (Total Soil), while lower potentials were observed for dinitroeseateboth places. These
results are in contrast with studies in Japanese soils which alotnge relation between the
direct mutagenicity in strain TA98 and the concentration of dinitesms in the soil (White
e Claxton, 2004). The nitroarenes were identified as principal mutagengtituents in
surface soils in Kyoto, with contributions of up to 22% in the mutagessisonse observed in
the extracts (Watanabe et al., 2008). The cytotoxicity observed in alitextrahe absence of
metabolization may have made it difficult to detect the dineatagenic potential, both in the
parental strain (TA98) and in its derivates (YGs). Wesp.2800), also found it difficult to
evaluate the mutagenicity of soils exposed to automobile exhaush the toxicity obtained

in the absence of fraction S9.

As observed in the organic soil extracts, a greater mutageniatipbi®as observed at
Site 1 for atmospheric particulate matter, and the direct acbampounds predominate in
both matrices. Indirect mutagens observed in smaller proportions 206RMre also smaller
in the soil, considering that their occurrence was limited wifma <0.5 mm. Thus, sieving
appears to have concentrated these substances, possibly lesg Widiis. The same
appeared to have occurred with the dinitrocompounds present only inaittierfr Studies
with atmospheric particulate matter showed the preponderance of dinitrogerivatdustrial
areas (Coronas et al., 2009; Pereira et al., 2010). However, the esspdridM2.5 in this
period were higher for nitroarenes possibly associating themselveevitinian contribution
(Ducatti e Vargas, 2003; Kaffer, 2011; Vargas et al., 1998; 2003). Asithislso, the only
higher value than the maximum concentration of PM2.5 recommended WjH®eoccurred,

suggesting poorer environmental quality.

The urban-residential site presented a greater concordance etwetagenic
responses in the soil samples and particulate matter. The muotggefiie, similar in both
matrices, showed similar contributions of direct and indirect achiotagenics, as well as a
greater contribution of nitroarenes. Further, cytotoxicity was dstbrin the absence of
metabolization, in both soil fractions and in August for PM2.5. Thedbssutagenic activity
in the samples of Soil <0.5, in all treatments, suggests the preduwair@ volatile

compounds lost while preparing the sample.
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All the PM2.5 samples presented a mutagenic potential, but treedidmot occur with
the soil samples. The sensitivity of the nitrosensitive straB$021 and YG1024 was higher
in the samples of atmospheric particulate indicating the exesteha mixture of mono and
dinitroarenes. The pattern found, with greater contributions from retnes, is similar to that
observed in a previous study at the same site (Lemos et al., 201ih)wabdn areas, as cited

previously.

The mutagenicity of PM2.5 in this study was superior to that found previous
evaluation of this particulate at the same sites, during spring and summess(eeat., 2011).
The same study also showed worse quality of the air at the-urbastrial site. Higher
mutagenesis was also observed during the winter in a stubytot@l suspended particles
(TSP) in the city of Rio Grande (Pereira et al., 2008).

5. CONCLUSIONS

The study showed that distinct biological responses are observed amagzing
samples of Total Soils with minimum handling and samples sievedxttude coarse
fractions. The determining factors of these changes require funestigation. However,
the absence of a general tendency in these responses suggdstsn thhe
Salmonelldanicrosome assay the use of Total Soils is more appropriataud®dt allows

evaluating soil under conditions closer to the original ones.

Relations between the mutagenicity of organic compounds from the sdil a
atmospheric particulates, in this study, enabled a cleararactierization of anthropic
influence at both sites. However, the complexity of these environnreataices, as well as

that of the pollutants made it difficult to explain the possible exchanges betwaeul sbil.

Soil extraction at pH 3.6 provided a greater variety and concentrattioretals, and
also higher toxicity. However, extraction at pH 5.3 enabled terbatentification of the
presence of mutagenic compounds in surface soils. Therefore, thedesml extracts made
available compounds with toxic and mutagenic effect, with potencrgsigaaccording to the
pH of the solution used. Thus, rainfall in the region can act aspersiisn route for
contaminants, as it washes soils in the urban area. Acid aeenan additional risk for the
availability of more toxic substances. It should be underscored thatitheolutions used in
this study only mimic the conditions of pHs observed in rains in tha af study. It is



90

suggested that further studies use acid solutions with diffehemical compositions, as well
as rainwater itself as an extractor solution, aiming to asgeknowledge on the effects of

these rains on environmental genotoxicity.
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4. CONSIDERACOES FINAIS

A introducgédo crescente de variados poluentes em matrizes answmtaieas urbanas

causa prejuizos ao ecossistema e dificulta as medidas de monitoramento e aortienhtal.

A Fundacédo Estadual de Protecdo Ambiental Henrique Luis RodsSRAK), dentro
de seu Programa de Pesquisas Ambientais, vem realizando estudosas de interesse
sécio-ambiental quanto a poluicdo oriunda de atividades industriais e suranaesente
estudo integra o projeto EcoRisco Saude, onde a cidade de Rio Granseofbida como

area-alvo para investigacdo de contaminantes dispersos.

A cidade de Rio Grande possui um histérico de degradacdo ambientalum
crescimento desordenado que levou ao posicionamento muito proximo das zamasaport
industrial e urbana. Os lotes residenciais formam um adensarmdrdno junto a area
industrial, sendo habitados principalmente pelas populacbes de baixaHEstadacalidade

gera preocupacao quanto a mistura de emissdes que interagem nestas areas

O presente estudo detectou a presenca de substancias genotdxddasentes fracdes
de material particulado atmosférico e solos, além da preserggntdninantes organicos e
inorganicos. Foram estudados dois locais, sendo um de caracteristéica-industrial e outro
urbano-residencial. O primeiro apresentou, em geral, pior qualidadelagéa ao segundo,
salientando o risco envolvendo populagbes que residem proximas a zonasaigdustri
Entretanto, deve-se considerar a contribuicdo das emissfes urbampsiengial genotdxico

também pode ser evidenciado.

O emprego do ensa®almonell&nicrossoma se mostrou adequado na identificacdo de

efeitos genotoxicos como indicador precoce de contaminacdo ambi@aidir ale amostras

de material particulado atmosférico e solo. A avaliacdo imegrao uso de diferentes
linhagens e da fracdo de metabolizacdo hepatica auxiliou na cosgweedas classes de
compostos presentes na area. A utilizagdo das linhagens senstggigp@stos organicos
nitroderivados (YG1021 e YG1024) permitiu detectar o potencial mutagéeic@gumas
amostras, incluindo situagcbes em que foram observadas respogitivasena linhagem
basica (TA98). Dessa forma, é importante que linhagens esped@fmmpostos quimicos de
interesse na area investigada sejam acrescentadas nos estilestass, sempre que
possivel.
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A investigacdo do material particulado atmosférico, realizadavés de extracbes
organicas e aquosas, evidenciou maior risco de exposi¢cdo associagacade compostos
organicos das particulas finas (PM2,5). O ensatmonelldamicrossoma ndo detectou a
presenca de possiveis mutagénicos nas concentracdes obtidas duss eaquensos.
Entretanto, estes apresentaram citotoxicidade em 50% das anestyaanto que a analise
quimica mostrou a presenca de compostos metalicos potencialment@driodis. Estes
resultados, aliados a existéncia de poucos estudos de genotoxicidademplestos
inorganicos no material particulado, sugerem a importancia da kmcanétodos de
preparacdo da amostra mais adequados, aliados a ensaios sensi\e@vphacao do efeito

mutagénico destes compostos.

A caracterizacdo da atividade mutagénica do PM2,5 apresentadasieslio € inédita
no Brasil, contribuindo para a avaliacdo de ambientes impactados peragi@icas. A
continuidade de estudos no pais avaliando este particulado, em areadife@mmtes
caracteristicas, propiciara mais subsidios para o0 monitoramento eayabiéotal.

A determinacao das concentracdes de particulas em suspengsadigmente utilizada
como um dos parametros de avaliagcao da qualidade do ar. No Blegislacao reguladora
da concentragdo maxima de material particulado atmosféricoddat®90, referindo-se as
particulas totais em suspensao e as particulas inalaveissgliossastindo regulamentacoes
acerca da concentracdo de particulas PM2,5. A determinacdo dastragies de PTS e
PM2,5 durante o periodo de estudo mostraram que a maioria dosditiostrados esta em
conformidade com os valores méaximos permitidos pela legislac@mnabkbrasileira (PTS)
ou recomendados pela Organizacdo Mundial de Saude (PM2,5). Entretart@stataostras
apresentaram potencial para mutagenicidade em ao menos unemtataAssim sendo, é
importante que os padrbes de qualidade do ar adotados pela legislagimal nsejam
revisados. A incorporacdo de parametros considerando PM2,5, ja realimamaros paises,
se faz necessaria devido ao maior risco de exposicdo apestaslas, que constituem a

fracdo inalavel capaz de atingir a regiao alveolar.

A acidificagdo do ambiente influencia na solubilidade, especiacgéo, licade
ambiental, transferéncia na cadeia alimentar e toxicidade ries vaetais. Varios efeitos
danosos resultantes dos eventos de precipitacdes acidas ja fe@itosleo ambiente e na

biota, entretanto, poucos trabalhos relacionam o efeito do pH na gematd&iambiental. A
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utilizacdo de extracOes acidas de solo, com solucdes de pHs da#dosndoram escolhidos
para simular as condi¢cdes das precipitacbes observadas na éstaddeem questdo. Uma
vez que a chuva proporciona a lixiviagdo dos solos, os resultados evig@ncjae as
precipitacbes da regido podem atuar como rota de dispersdao de nantas)icom risco

adicional na disponibilizacao de substancias toxicas nos eventos de precipi@d@ao aci

A avaliagdo de solos foi realizada em sua composi¢do granulmarétial e na fragdo
<0,5 mm, resultando em respostas bioldgicas distintas, que podemldiBdagbossiveis
alteracOes das amostras durante o processo de peneiramenta Bsntadores determinantes
destas alteragbes necessitem maior investigacdo, a auséncima tendéncia geral nas
respostas sugere que, no ensaamonellahicrossoma, o emprego do solo total é mais

adequado, por permitir avaliagdo do solo em condi¢des mais proximas as originais.

A investigacdo simultanea da presenca de contaminantes orgamoogasicos torna-
se importante, a medida que o ecossistema esta exposto a uora gespoluentes. Neste
estudo, a utilizacdo conjunta de diferentes métodos de extracdo gestmsnorganicos e
inorganicos permitiu uma avaliacdo integradora da qualidade daszemaambientais
complexas avaliadas. O uso de metodologias sensiveis, que detectarempente a
existéncia de danos no ambiente, propicia a ado¢éo de estrd&gievencdo para protecado

do ecossistema e monitoramento ambiental, adequados as condi¢des locais.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
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Theory/calculation
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Results
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
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Appendices
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including the country name, and, if available, the e-mail address of each author.
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and publication, also post-publication. Ensure that telephone and fax numbers (with country and
area code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address" (or "Permanent address") may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained
as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research,
the principal results and major conclusions. An abstract is often presented separately from the article, so
it must be able to stand alone. For this reason, References should be avoided, but if essential, then cite
the author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

Graphical abstract

A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images that



clearly represent the work described in the article. Graphical abstracts should be submitted as a separate
file in the online submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm using a
regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See
=http://www.elsevier.com/graphicalabstracts for examples.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See =+http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the
article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of units (SI). If other

quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC: Nomenclature of
Organic Chemistry: Ethttp://www.iupac.org/ for further information.

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number consecutively any equations that have
to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using superscript
Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may be used.
Should this not be the case, indicate the position of footnotes in the text and present the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork
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published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: +http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should submit
the material in electronic format together with the article and supply a concise and descriptive caption for
each file. For more detailed instructions please visit our artwork instruction pages at
=Hhttp://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for
review. Please consult this Guide for Authors for further details of any item. Ensure that the following
items are present: One Author designated as corresponding Author: e E-mail address e Full postal
address e Telephone and fax numbers All necessary files have been uploaded ¢ Keywords e All figure
captions e All tables (including title, description, footnotes) Further considerations e Manuscript has been
"spellchecked" and "grammar-checked" ¢ References are in the correct format for this journal e All
references mentioned in the Reference list are cited in the text, and vice versa ¢ Permission has been
obtained for use of copyrighted material from other sources (including the Web) e Color figures are
clearly marked as being intended for color reproduction on the Web (free of charge) and in print or to be
reproduced in color on the Web (free of charge) and in black-and-white in print e If only color on the
Web is required, black and white versions of the figures are also supplied for printing purposes For any
further information please visit our customer support site at http://support.elsevier.com.
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Line Numbers:

To facilitate the review process continuous line numbers should be inserted in the text of the manuscript.
Paper Length: The Editors generally encourage brevity for all Research Papers. Short Communications
must not exceed 4 printed pages and will be given priority for rapid publication. Research papers should
not exceed 6000 words. Word counts include text, references, figures and tables. Each figure or table
should be considered equal to 300 words. The number of figures and/or tables should not exceed a total
amount of seven. Every page of the manuscript, including the title page, references, tables, etc. should
be numbered. However, in the text no reference should be made to page numbers; if necessary, one
may refer to sections.

AFTER ACCEPTANCE

Use of the Digital Object Identifier The Digital Object Identifier (DOI) may be used to cite and link to
electronic documents. The DOI consists of a unique alpha-numeric character string which is assigned to a
document by the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because they have
not yet received their full bibliographic information. The correct format for citing a DOI is shown as
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When you use the DOI to create URL hyperlinks to documents on the web, they are guaranteed never to
change.

Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not

have an e-mail address then paper proofs will be sent by post) or, a link will be provided in the e-mail so
that authors can download the files themselves. Elsevier now provides authors with PDF proofs which can



be annotated; for this you will need to download Adobe Reader version 7 (or higher) available free from
r+http://get.adobe.com/reader. Instructions on how to annotate PDF files will accompany the proofs
(also given online). The exact system requirements are given at the Adobe site:
=http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies to
the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and return by fax, or scan the pages
and e-mail, or by post. Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as accepted for publication
will only be considered at this stage with permission from the Editor. We will do everything possible to
get your article published quickly and accurately - please let us have all your corrections within 48
hours. It is important to ensure that all corrections are sent back to us in one communication: please
check carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility. Note that Elsevier may proceed with the publication of your
article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. The PDF file is a watermarked version of the published article and includes a
cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of use.
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For inquiries relating to the submission of articles (including electronic submission) please visit this
journal's homepage. Contact details for questions arising after acceptance of an article, especially those
relating to proofs, will be provided by the publisher. You can track accepted articles at
Fhttp://www.elsevier.com/trackarticle. You can also check our Author FAQs (=
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4 SCIENCE OF THE TOTAL ENVIRONMENT

o i An International Journal for Scientific Research into the Environment and its
e M Relationship with Humankind

The journal is an international medium for publication of original research on the environment with
emphasis on changes caused by human activities. It is concerned with changes in the natural levels and
distribution of chemical elements and their compounds that may affect the well-being of the living world,
or represent a threat to human health. Papers in applied environmental chemistry and environmental
health sciences are particularly encouraged. The scope is multidisciplinary and international and the
subjects covered include:

(a) all aspects of the contamination or pollution of air, water, soil and the human food chain;

(b) natural and human-induced environmental changes at the global, regional and local levels;

(c) environmental risk management, remediation & treatment and environmental policy appraisal;

(d) effects on human and ecosystem health related to abnormalities in the level and distribution of
chemical elements and their compounds in the environment;

(e) novel techniques and methods of chemistry and biochemistry applicable to environmental problems
and environmental health;

(f) gene-environment interactions.
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(b) natural and human-induced environmental changes at the global, regional and local levels;

(c) environmental risk management, remediation & treatment and environmental policy appraisal;

(d) effects on human and ecosystem health related to abnormalities in the level and distribution of
chemical elements and their compounds in the environment;

(e) novel techniques and methods of chemistry and biochemistry applicable to environmental problems
and environmental health;

(f) gene-environment interactions.

Types of paper

Full papers reporting original and previously unpublished work.

Short Communications. A brief communication of urgent matter or the reporting of preliminary findings
to be given expedited publication.

Letters to the Editor. A written discussion of papers published in the journal. Letters are accepted on the
basis of new insights on the particular topic, relevance to the published paper and timeliness.

Reviews. Critical evaluation of existing data, defined topics or emerging fields of investigation, critical
issues of public concern, sometimes including the historical development of topics. Those wishing to
prepare a review should first consult the Editors or Associate Editors concerning acceptability of topic and
length.

Scientific Commentary. Opinionated exposition on an important scientific issue or event designed to
stimulate further discussion in a broader scientific forum. Special Issues. Proceedings of symposia,
workshops and/or conferences will be considered for publication as a special issue. An Editor or Associate
Editor should be contacted early in the conference planning process to get approval and for guidelines on
special issues of the journal.

Book Reviews will be included in the Journal on a range of relevant books which are not more than two



years old. Book reviews are handled by the Journal Editors. Unsolicited reviews will not usually be
accepted, but suggestions for appropriate books for review may be sent to one of the Editors.

Contact details for submission
If you are not able to submit your paper to STOTEN electronically please contact our Editorial Office at

stoten@umich.edu for further instructions on how to submit by e-mail. STOTEN no longer considers
hardcopy submissions.

BEFORE YOU BEGIN
Ethics in Publishing

For information on Ethics in Publishing and Ethical guidelines for journal publication see

=+http://www.elsevier.com/publishingethics and =+http://www.elsevier.com/ethicalguidelines.

Policy and ethics

It is understood that with submission of this article the authors have complied with the institutional
policies governing the humane and ethical treatment of the experimental subjects, and that they are
willing to share the original data and materials if so requested.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the

submitted work that could inappropriately influence, or be perceived to influence, their work. See also
=http://www.elsevier.com/conflictsofinterest.

Editors likewise require reviewers to disclose current or recent association with authors and any other
special interest in this work.

Submission declaration

Submission of an article implies that the work described has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere including electronically in the same form, in English or in any other language,
without the written consent of the copyright-holder.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author, or
to rearrange the author names, must be sent to the Journal Manager from the corresponding author of
the accepted manuscript and must include: (a) the reason the name should be added or removed, or the
author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed. Requests that are not sent by the
corresponding author will be forwarded by the Journal Manager to the corresponding author, who must
follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal Editors
of any such requests and (2) publication of the accepted manuscript in an online issue is suspended until
authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above and
result in a corrigendum.



Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright see =+http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal Publishing Agreement’
form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations (please
consult =+http://www.elsevier.com/permissions). If excerpts from other copyrighted works are included,
the author(s) must obtain written permission from the copyright owners and credit the source(s) in the
article. Elsevier has preprinted forms for use by authors in these cases: please consult
=+http://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institution) retain certain rights; for details you are referred to:
=http://www.elsevier.com/authorsrights.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit
the paper for publication. If the funding source(s) had no such involvement then this should be stated.
Please see =+http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
=+http://www.elsevier.com/fundingbodies.

Open access

This journal offers you the option of making your article freely available to all via the ScienceDirect
platform. To prevent any conflict of interest, you can only make this choice after receiving notification
that your article has been accepted for publication. The fee of $3,000 excludes taxes and other potential
author fees such as color charges. In some cases, institutions and funding bodies have entered into
agreement with Elsevier to meet these fees on behalf of their authors. Details of these agreements are
available at =+http://www.elsevier.com/fundingbodies. Authors of accepted articles, who wish to take
advantage of this option, should complete and submit the order form (available at
=+http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: F+http://www.elsevier.com/authorsrights.

Language and language services

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre- and post-

submission please visit http://webshop.elsevier.com/languageediting or our customer support site at

http://support.elsevier.com for more information.

Submission



Authors may submit their articles electronically to this journal. The system automatically converts source
files to a single PDF file of the article, which is used in the peer-review process. Please note that even
though manuscript source files are converted to a PDF file at submission for the review process, these
source files are needed for further processing after acceptance. All correspondence, including notification
of the Editor's decision and requests for revision, takes place by e-mail, removing the need for a paper
trail.

Note that contributions may be either submitted online or sent by mail. Please do NOT submit via both
routes. This will cause confusion and may lead to your article being reviewed and published twice!

If you are not able to submit your paper to STOTEN electronically please contact our Editorial Office at
stoten@umich.edu for further instructions on how to submit by e-mail. STOTEN no longer considers
hardcopy submissions.

Referees

All authors must suggest five potential reviewers for their paper upon submission (please include correct
e-mail addresses).
The suggested referees should:

* (i) not be close collaborators of the authors(s)

e (ii) not be located in the same institution as the author(s) and

e  (iii) preferably not all be drawn from one country

PREPARATION
Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text should be
in single-column format. Keep the layout of the text as simple as possible. Most formatting codes will be
removed and replaced on processing the article. In particular, do not use the wordprocessor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. Do not
embed "graphically designed" equations or tables, but prepare these using the wordprocessor's facility.
When preparing tables, if you are using a table grid, use only one grid for each individual table and not a
grid for each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text should be
prepared in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier: @+http://www.elsevier.com/quidepublication). Do not import the figures into the text file but,
instead, indicate their approximate locations directly in the electronic text and on the manuscript. See
also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advised to use the "spell-check" and "grammar-check"
functions of your wordprocessor.

The Abstract should be single-spaced but the rest of the manuscript should use double spacing
throughout. Every page of the manuscript, including the title page, references, tables, etc. should be
numbered. However, in the text no reference should be made to page numbers; if necessary, one may
refer to sections. Underline words that should be in italics, and do not underline any other words. Avoid
excessive usage of italics to emphasize part of the text.

Article structure

Manuscript Page Limit

There is no restriction on the number of pages but brevity of papers is greatly encouraged. The length of
a paper should be commensurate with the scientific information being reported. In particular, the
introductory material should be limited to a few paragraphs and results presented in figures should not
be repeated in tables.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering
also for internal cross-referencing: do not just refer to "the text". Any subsection may be given a brief



heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name, and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country and
area code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address" (or "Permanent address") may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained
as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research,
the principal results and major conclusions. An abstract is often presented separately from the article, so
it must be able to stand alone. For this reason, References should be avoided, but if essential, then cite
the author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

Graphical abstract



A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images that
clearly represent the work described in the article. Graphical abstracts should be submitted as a separate
file in the online submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm using a
regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See
=http://www.elsevier.com/graphicalabstracts for examples.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See =+http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the
article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using superscript
Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may be used.
Should this not be the case, indicate the position of footnotes in the text and present the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

¢ Make sure you use uniform lettering and sizing of your original artwork.

e Save text in illustrations as "graphics" or enclose the font.

¢ Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Produce images near to the desired size of the printed version.

e Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:



=+http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalised, please "save as" or convert
the images to one of the following formats (note the resolution requirements for line drawings, halftones,
and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is".

Please do not:

e Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution is too low;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information regarding the
costs from Elsevier after receipt of your accepted article. Please indicate your preference for color
in print or on the Web only. For further information on the preparation of electronic artwork, please see
=Hhttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to "gray
scale" (for the printed version should you not opt for color in print) please submit in addition usable black
and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Number tables consecutively with Arabic numerals in accordance with their appearance in the text. Type
each table double-spaced on a separate page with a short descriptive title typed directly above and place
footnotes to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do not
duplicate results described elsewhere in the article. Tables should never be included within the text,
because file(s) containing tables are attached separately in the electronic submission system.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa).
Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the journal
and should include a substitution of the publication date with either "Unpublished results" or "Personal
communication" Citation of a reference as "in press" implies that the item has been accepted for
publication.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.), should



also be given. Web references can be listed separately (e.g., after the reference list) under a different
heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the
text) to other articles in the same Special Issue.

Reference management software
This journal has standard templates available in key reference management packages EndNote (&+

http://www.endnote.com/support/enstyles.asp) and Reference Manager (=+
http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only need

to select the appropriate journal template when preparing their article and the list of references and
citations to these will be formatted according to the journal style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated in wheat (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by the
letters "a", "b", "c", etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9.

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 1979.

Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by "et al." For further details you are referred to "Uniform Requirements for
Manuscripts submitted to Biomedical Journals" (J Am Med Assoc 1997;277:927-34) (see also
Hehttp://www.nlm.nih.gov/bsd/uniform requirements.html).

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way as
a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect: E+http://www.sciencedirect.com. Please supply 'stills' with your files:
you can choose any frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages at F+http://www.elsevier.com/artworkinstructions. Note: since
video and animation cannot be embedded in the print version of the journal, please provide text for both
the electronic and the print version for the portions of the article that refer to this content.




Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: =+http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should submit
the material in electronic format together with the article and supply a concise and descriptive caption for
each file. For more detailed instructions please visit our artwork instruction pages at
Hhttp://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for
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