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Tudo tem a sua ocasido propria, e ha
tempo para todo propdsito debaixo do céu.
H& tempo de nascer, e tempo de morrer;
tempo de plantar, e tempo de arrancar o
gue se plantou; tempo de matar, e tempo
de curar; tempo de derribar, e tempo de
edificar; tempo de chorar, e tempo de rir;
tempo de prantear, e tempo de dancar;
tempo de espalhar pedras, e tempo de
ajuntar pedras; tempo de abracar, e tempo
de abster-se de abracar; tempo de buscar,
e tempo de perder; tempo de guardar, e
tempo de deitar fora; tempo de rasgar, e
tempo de coser; tempo de estar calado, e
tempo de falar; tempo de amar, e tempo de
odiar; tempo de guerra, e tempo de paz.
Eclesiastes 3:1-8



RESUMO

A auséncia de gerenciamento em bacias hidrograficas, na regido Amazbnica, tem
afetado seus recursos hidricos nos ultimos anos. Por esta raz&o, esta tese visa estudar 0s
aspectos sociais e ambientais de dezoito comunidades rurais ao longo da Bacia
Hidrogréfica do Caeté, bem como o efeito da descarga de agua residual lancada no
estuario do Caeté e no rio Cereja, na cidade de Braganca. A metodologia adotada para o
levantamento do perfil socioecondmico e das condi¢Bes de vida e moradia foi baseada
na aplicacdo de questionarios estruturados e semi-estruturados. Em algumas
comunidades, a producdo doméstica de lixo foi estimada e catalogada, em 20% das
residéncias. Quanto a qualidade da &gua subterranea, analises das varidveis fisico-
quimicas e microbioldgicas (turbidez, cor real, cor aparente, pH, temperatura, ferro
dissolvido, nutrientes dissolvidos, coliformes termotolerantes e coliformes totais) foram
realizadas nos principais pocos que abastecem as comunidades rurais estudadas. Coletas
oceanograficas (com medidas de varidveis hidrolégicas e hidrodindmicas) como
também andlises microbioldgicas foram realizadas nas areas mais urbanizadas do
estuario do Caeté e do rio Cereja, para caracterizar a qualidade das aguas nos setores
estudados. Os principais impactos ambientais foram identificados, georreferénciados,
fotografados e mapeados. Diretrizes de gerenciamento foram propostas para minimizar
0s problemas sécio-ambientais encontrados. Os resultados obtidos mostraram que das
2.207 familias rurais (~9.573 habitantes), a maioria possui baixa-renda, baixo grau de
escolaridade e precéarias condi¢des de vida e moradia. Os servicos e infraestrutura
disponiveis sdo ineficientes ou ausentes, como evidenciados pela falta abastecimento de
agua potavel, coleta de lixo, coleta de esgoto, escolas, atendimento médico etc. Por
outro lado, a cidade de Braganga tem mais de 72.621 habitantes, vivendo sobre uma
area de aproximadamente 16 km? e é uma das mais antigas cidades da regido
amazonica. Entretanto, os dois rios estudados recebem influéncia da descarga de esgoto
por residéncias, hospitais, comércio, fabricas etc. e tem apresentado elevado indice de
coliformes termotolerantes. A falta de politicas publicas eficazes tem acentuado os
problemas ambientais e socio-econdémico. Desta forma, 0s autores sugerem Varias
medidas para melhorar a situacdo atual, incluindo: (i) a regulamentacdo do uso da terra
para reduzir o impacto ambiental do setor econdmico; (ii) a implementacdo de
programas de gestdo para a exploracdo sustentdvel dos recursos naturais (peixes,
caranguejos, argila, madeira); (iii) a instalacdo de servicos publicos, em especial agua
encanada e saneamento e (iv) o controle e penalizagdo da exploragéo ilegal dos recursos
naturais.



ABSTRACT
The absence of watershed management in Amazon inhabited areas has affected its
natural resources over the past years. For this reason, this study focuses on the social
and environmental aspects of 18 rural communities and the effects of wastewater
discharge originating from Braganca’s city on the water quality of the nearby Caeté
Estuary and its tributary, the Cereja River, located in the Caeté River basin. The adopted
methodology to characterize the socioeconomic profile and the living and dwelling
conditions was based on structured and semi-structured questionnaires applied to the
local population. The domestic trash production was quantified and a determination was
made of the composition of the trash, in some communities, from samples of around
20% of the residences. Water quality analyses of the main wells that supply the studied
communities were carried out based on the determination of physical and chemical
variables (turbidity, real color, apparent color, pH, temperature, dissolved iron and
dissolved nutrients) and bacteriological studies (termotolerant and total coliforms).
Field measurements (hydrological, hydrodynamic and-or microbiological variables)
were taken in the most urbanized zone from Caeté estuary and Cereja river to
characterise the water quality of those environments. The main environmental impacts
were identified, georreferenced, photographed, and mapped. Guidelines were proposed
for the effective management of the natural resources of the Caeté Basin by the
pertinent local authorities. The obtained results showed that the Caeté River basin has
approximately 2,207 rural families (9,573 inhabitants) and the majority of the
population has low income, low education and low living and dwelling conditions. The
services and infrastructure are inadequate and there is a lack of potable water, basic
sanitation, trash collection, school, medical assistance, etc. On the other hand,
Braganca’s city has more than 72,621 inhabitants living on an area of approximately 16
km?, is one of the oldest colonial settlements of the Amazon region. Both studied rivers
receive large amounts of wastewater disposed by private households, hospitals,
workshops and fish processing companies and they have showed microbial
contamination. The lack of effective public policy has accentuated both environmental
and socio-economic problems. The authors suggest several measures to improve the
current situation, including: (i) the regulation of land use to reduce the environmental
impact of the economic sector; (ii) implementation of management programs for the

sustainable exploitation of natural resources (fish, crabs, clay, lumber); (iii) installation



of public services, in particular piped water and sanitation; (iv) better monitoring and

penalization of the illegal exploitation of natural resources.
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ESTRUTURA DA TESE

Esta tese foi dividida em seis capitulos e os resultados abordam informacdes sobre: (i)
o levantamento do perfil socio-economico dos moradores de 18 comunidades ribeirinhas
localizadas ao longo do Rio Caeté bem com as condi¢des de vida e moradia dos mesmos, (ii)
a qualidade dos recursos hidricos subterrdneos em 23 pogos de abastecimento destas 18
comunidades ribeirinhas, (iii)) a estimativa da produc¢do de lixo doméstico em oito
comunidades rurais da cidade de Braganca, (iv) a qualidade da 4gua do setor estuarino do rio
Caeté, (v) a qualidade da agua do rio Cereja (na sede do municipio de Braganga), (vi) o
levantamento das atividades econOmicas ¢ o mapeamento dos fatores de degradagdo
ambiental ao longo da Bacia Hidrografica do Caeté e (vii) propostas de gerenciamento

costeiro integrado para a Bacia Hidrografica do Caeté.

Os capitulos desta tese estdo dispostos em:

Capitulo I - INTRODUCAO
Descreve algumas problematicas oriundas da expansdo urbana e do crescimento
populacional ocorridas em bacias hidrograficas, abordando um contexto internacional,

nacional e local (Bacia Hidrografica do Caeté), bem como descreve os objetivos da tese.

Capitulo I - ASPECTOS SOCIO-ECONOMICOS E AMBIENTAIS DAS COMUNIDADES
RURAIS DA BACIA HIDROGRAFICA DO RIO CAETE (PARA-BRASIL)

Descreve sobre o perfil sdcio-econdmico dos moradores das 18 comunidades rurais da
Bacia Hidrografica do Caeté, o Indice das Condigdes de Vida e Moradia, os tipos de ocupagio

territorial e as principais pressdes antropicas sobre os recursos naturais locais.

Capitulo IIT - SEASONAL EFFECTS OF WASTEWATER TO THE WATER QUALITY OF
THE CAETE RIVER ESTUARY, BRAZILIAN AMAZON

Caracteriza a qualidade da 4gua estuarina do rio Caeté, no setor mais povoado do
municipio de Braganca, considerando algumas variaveis fisicas, quimicas e microbiologicas,

durante os periodos seco e chuvoso.
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Capitulo IV - EFFECTS OF THE URBAN DEVELOPMENT ON THE CEREJA RIVER
AND CAETE ESTUARY (AMAZON COAST, BRAZIL)

Aborda a influéncia das atividades antrdpicas sobre a qualidade das aguas do setor
estuarino do rio Caeté e do rio Cereja, através do monitoramento de varidveis fisicas,

quimicas e microbioldgicas.

Capitulo V - EXPLOITATION AND MANAGEMENT OF NATURAL RESOURCES BY

RURAL COMMUNITIES IN THE CAETE RIVER BASIN IN NORTHERN BRAZIL
Identifica, localiza e descreve as principais atividades economicas e suas relagdes com

a exploracao dos recursos naturais. Neste capitulo sdo sugeridas propostas de gerenciamento

costeiro integrado para minimizar os problemas so6cio-ambientais encontrados.

Capitulo VI - CONCLUSAO GERAL

Neste capitulo foram descritas as principais conclusodes da tese.



CAPITULO I
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1. INTRODUCAO GERAL

Bacia hidrografica ¢ um conjunto de terras drenadas por um rio principal e seus
afluentes, formadas nas regides mais altas do relevo por divisores de dgua, onde as aguas das
chuvas, ou escoam superficialmente para este curso de agua e seus afluentes, ou infiltram no
solo para formacao de nascentes e do lencol freatico (BARRELLA et al., 2001).

As bacias hidrogréficas sdo unidades geograficas fundamentais na gestdo dos recursos
hidricos, e as problematicas sobre as bacias hidrograficas em todo mundo deve-se
principalmente a pressdo antropica, relacionada ao uso da terra, despejo de efluentes
domésticos, agricolas e industriais, erosdo do solo, modificacdes na estrutura das
comunidades bioticas, entre outros (GIORDANO et al., 2004; TANAKA, 2008; DELINOM,
2008).

No Brasil, a Politica Nacional de Recursos Hidricos — PNRH foi estabelecida em
1997, através da Lei n°. 9.433. A PNRH tem como um dos pressupostos principais a bacia
hidrografica como unidade territorial para o desenvolvimento do planejamento de recursos
hidricos (NICOLODI et al., 2009). O Conselho Nacional de Recursos Hidricos que ¢ a
instancia superior no que se refere a integragdo e articulagdo de politicas publicas em relagao
aos recursos hidricos, através da Resolugdo n°. 32, de 15 de outubro de 2003, dividi as bacias
hidrograficas brasileiras em 12 grandes regides hidrograficas que sdo compostas pelas
principais bacias e por sub-bacias com caracteristicas naturais, sociais € econdmicas
homogéneas ou similares (CNRH, 2005).

Nas ultimas décadas, o crescimento populacional e a expansao urbana desordenada nas
bacias hidrograficas brasileiras nao s6 vem refletindo na contaminagao dos recursos hidricos,
mas também na qualidade de vida das popula¢des que habitam as areas afetadas (SILVA e
PORTO, 2003; PORTO e PORTO, 2008; TUNDISI, 2008; NICOLODI et al., 2009; SOARES
et al., 2009; GORAYEB, 2009). Por outro lado, as politicas existentes no ambito do governo
federal, estadual e municipal, através de leis e decretos ndo tém logrado evitar os conflitos
socio-ambientais existentes. Dentre os quais podemos mencionar no ambito estadual:

A Lei n° 6381/2001-Dispde sobre a Politica Estadual de Recursos Hidricos, institui o
Sistema de Gerenciamento de Recursos Hidricos.

O Decreto n® 5.565/2002 — Define o o6rgao gestor da Politica Estadual de
Recursos Hidricos no Estado do Para.

O Decreto n° 2.070/2006 — Regulamenta o Conselho Estadual de Recursos Hidricos —
CERH.
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A Resolugao 001/2007 - Institui as Camaras Técnicas de Assuntos Legais e
Institucionais, do Plano Estadual de Recursos Hidricos e de Capacitacdo e Educagdo
Ambiental dos Recursos Hidricos.

Estudos realizados na Bacia do Corrego da Lagoinha, em Minas Gerais; na Microbacia
do Quarenta, em Manaus; na Microbacia de Val-de-Caes, em Belém; na Bacia Hidrografica
do Ribeirdo Atlantique, no Parand; e no Rio Tieté, em Sdo Paulo mostram que os principais
problemas antropicos estdo relacionados ao aumento do escoamento superficial e inundagdes
de esgoto a céu aberto; acimulo de lixo nas margens dos rios; polui¢do das dguas superficiais
e subterraneas; proliferagdo de animais e insetos que transmitem doengas de veiculagdo
hidrica; entre outros (NICOLODI et al., 2009; CARNEIRO e BRITO, 2009; SOARES et al.,
2009; MARANHAO, 2011).

A Regido Amazonica, como resultado do modelo de desenvolvimento adotado na
década de 70 (através de planos do governo que estimularam o progresso em regides quase
inabitadas), também tem passado por sérios problemas relacionados a degradacdo dos
recursos naturais em suas bacias hidrograficas. No estado do Pard, nas ultimas décadas, houve
um crescimento progressivo da exploragdo dos recursos naturais, incluindo o desmatamento
de florestas, para o desenvolvimento de atividades agropecudrias; ¢ a exploragdo de recursos
minerais e pesqueiros. Por outro lado, o elevado crescimento populacional e a falta de
planejamento na ocupacdo territorial principalmente as margens dos rios, associado a
precariedade dos servigos e infraestrutura publicas sdo fatores que tém comprometido a
qualidade ambiental e de vida de muitos moradores ribeirinhos (PEREIRA, 1997;
LOUREIRO e PINTO, 2005; GORAYEB, 2008).

Em termos hidrogréaficos, o Estado do Para possui sete regides hidrograficas, dentre as
quais encontra-se a “Costa Atlantica-Nordeste”, local onde esta inserida a Bacia dos Rios do
Atlantico, com 4rea aproximada de 122.000 km* (PARA, 2004). Entre as bacias dos Rios do
Atlantico, a Bacia Hidrografica do Rio Caeté destaca-se por possuir importantes ambientes
ainda preservados. Na por¢do mais costeira desta bacia estd inserida a Reserva Extrativista
Marinha Caeté-Taperagu (com 278,6 km?, criada pelo Decreto Federal de 20/05/05), que faz
parte da costa de manguezais do salgado paraense, incluida em uma das maiores faixas
continuas de manguezal do mundo (KJERFVE et al., 2002).

A Bacia Hidrografica do Caeté drena sete municipios e possui uma area de 2.195 km®
com extensdo do rio principal de aproximadamente 149 km, das nascentes (municipio de
Bonito) a foz (municipios de Braganca e Augusto Corréa), com uma populagao total estimada

em 260.561 habitantes (IBGE, 2003). Esta bacia esta inserida nas coordenadas geograficas:
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Noroeste (NW) - Lat. 0°55° 14” e Long. 46° 41° 38”; Nordeste (NE) - Lat. 0° 57> 27” e Long.
46° 35° 53”; Sudoeste (SW) - Lat. 1° 24’ 40” e Long. 47° 18’ 22”; e Sudeste (SE) - Lat. 1° 34’
4” e Long. 46° 52° 29” (GORAYEB et al., 2009). Em adi¢do, as principais atividades
econdmicas locais estdo relacionadas a agricultura familiar, pecuaria, extragdo de argila e
pesca (GORAYEB, 2008; GUIMARAES et al., 2009; GORAYEB et al., 2009; GOMES et
al., 2009; SILVA et al., 2009; GUIMARAES et al., 2011).

De modo geral, esta bacia vem sofrendo degradacdo como consequéncia da falta de
saneamento bdsico, ocupacdo territorial desordenada, desmatamento de areas de mangue,
sobre-exploracdo de alguns recursos bioldgicos, pratica ilegal da mineragdo, entre outros
(GLASER, 2004; OLIVEIRA, 2007; PEREIRA et al. 2007; MAGALHAES et al., 2007;
GORAYEB, 2008; GORAYEB, 2009; GOMES et al, 2009; SILVA et al., 2009;
GUIMARAES et al., 2011) que tem gerado inimeros problemas sociais e ambientais. Por
outro lado, esta bacia hidrografica possui uma elevada importancia hidro-ecoldgica e histérica
por possuir uma média rede de drenagem, por estar localizada em uma das regides imidas
mais bem preservadas do planeta, e por parte dela, estar situada em uma das cidades mais
antigas do estado do Pard, Braganca, com 398 anos.

Desta forma, partindo do pressuposto que bacia hidrografica possui uma grande
diversidade de ambientes, bem como a atuacao de diferentes atividades econdmicas o objetivo
desta tese foi caracterizar as condi¢cdes socio-econdmicas e ambientais da Bacia Hidrogréfica
do Rio Caeté, a fim de contribuir na constru¢do de um modelo de gestdo integrada da bacia
em estudo, visando a melhoria da qualidade dos recursos hidricos ¢ a qualidade de vida das
populagdes locais.

Para tanto, os seguintes objetivos especificos:

= Realizar levantamento das informagdes soOcio-econdmicas das 18 comunidades
ribeirinhas localizadas ao longo do Rio Caeté;

» (aracterizar as condi¢cdes de vida ¢ moradia das comunidades, levantando as
principais atividades econOmicas e suas relagdes com os fatores de degradacdo dos
recursos hidricos locais;

* Monitorar a qualidade da agua do setor estuarino do rio Caeté e do rio Cereja (na sede
do municipio de Braganca), a partir de variaveis fisicas, quimicas ¢ microbiologicas
(correntes, temperatura, salinidade, turbidez, oxigénio dissolvido, pH, nutrientes e
coliformes termotolerantes);

» (Caracterizar a qualidade dos recursos hidricos subterraneos em 23 pogos de

abastecimento destas 18 comunidades ribeirinhas;
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»  Estimar a producdo de lixo doméstico em comunidades rurais da cidade de Braganca;
* Propor medidas que contribuam para um futuro plano de gestdo integrada para a

Bacia Hidrografica do Rio Caeté.
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2. ASPECTOS SOCIOECONOMICOS E AMBIENTAIS DAS COMUNIDADES
RURAIS DA BACIA HIDROGRAFICA DO RIO CAETE (PARA-BRASIL)'

2.1 RESUMO

A auséncia do gerenciamento de bacias hidrograficas na regido Amazonica tem afetado seus
recursos hidricos nos ultimos anos. Por esta razdo, este estudo focaliza os aspectos
socioeconomicos e ambientais de dezoito comunidades rurais localizadas na Bacia
Hidrografica do Rio Caeté. A metodologia adotada para o levantamento do perfil
socioeconomico e das condi¢des de vida e moradia (ICV-MO) foi baseada na aplicacdo de
questionarios estruturados e semi-estruturados. Em algumas comunidades, a produgdo
doméstica de lixo foi estimada e catalogada, em 20% das residéncias. Quanto a qualidade da
agua, analises dos pardmetros fisico-quimicos e microbioldgicos (turbidez, cor real, cor
aparente, pH, temperatura, ferro dissolvido, nutrientes dissolvidos, coliformes fecais e
coliformes totais) foram realizadas nos principais pogos que abastecem as comunidades
estudadas. Os resultados obtidos mostraram que das 2.207 familias (~9.573 habitantes) que
habitam as 18 comunidades rurais nas margens do rio Caeté, a maioria possui baixa-renda,
baixo grau de escolaridade e precarias condigdes de vida e moradia. Os servigos e
infraestrutura disponiveis sdo ineficientes ou ausentes. Falta abastecimento de dgua potavel,
coleta de lixo, saneamento basico, escolas, atendimento médico, efc. E necessario que as
autoridades governamentais adotem politicas publicas para consolidar a apropriagdo de um
plano de gestdo que proporcione boa qualidade de vida aos moradores da Bacia Hidrografica

do Rio Caeté.

Palavras chave: Bacia Hidrografica, Servicos e Infraestrutura, Gerenciamento.

'Publicado na revista de Gerenciamento Costeiro Integrado 9 (2): 71-84 (2009). Autores: Danielly de Oliveira
Guimares, Luci Cajueiro Carneiro Pereira, Marcela Cunha Monteiro e Rauquirio Marinho da Costa
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2.2 ABSTRACT

The absence of watershed management in Amazon inhabited areas has affected its water
resources over the past years. For this reason, this study focuses on the social and
environmental aspects of coastal communities located in the Caeté River basin, north of
Brazil. The adopted methodology was based on structured and semi-structured questionnaires
applied to the local population to characterize the socioeconomic profile and the living and
dwelling conditions. The domestic trash production was quantified and a determination was
made of the composition of the trash, in some communities, from samples of around 20% of
the residences. Water quality analyses of the main wells that supply the studied communities
were carried out based on the determination of physical and chemical variables (turbidity, real
color, apparent color, pH, temperature, dissolved iron and dissolved nutrients) and
bacteriological studies (fecal and total coliforms). The obtained results showed that the Caeté
River basin has approximately 18 communities, totaling nearly 2,207 families (9,573
inhabitants) and the majority of the population has low income, low education and low living
and dwelling conditions. The services and infrastructure are inadequate and there is a lack of
potable water, basic sanitation, trash collection, school, medical assistance, etc. It is necessary
that Governmental Authorities enforce public policies and elaborate management plans to

guarantee the life quality of the local inhabitants.

Key words: Hydrographic Basin, Services and Infrastructure, Management.
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2.3 INTRODUCAO

As areas costeiras sdo altamente produtivas e diversas, de elevado valor ecoldgico e
econdmico, nas quais as comunidades humanas locais se beneficiam de seus recursos naturais
e da ocupacdo de seu territério (BEATLEY et al., 2002; BELFIORE, 2003). Além de
despertarem um enorme interesse por parte dos setores imobilidrio, comercial, turistico e
pesqueiro, estas areas geram renda e atraem populagdes que contribuem para as inumeras
transformagoes socio-ambientais (CICIN-SAIN e KNECHT, 1998; IRTEM et al., 2005).

As bacias hidrograficas da regido amazdnica vém sendo afetadas devido a falta de
gerenciamento dos recursos hidricos e de politicas publicas de gestdo territorial (HORBE et
al., 2005). O estado do Pard, localizado na regido amazdnica, possui sete regides
hidrograficas, dentre as quais encontra-se a Costa Atlantica Nordeste, local onde esté inserida
a Bacia dos Rios do Atlantico, com area aproximada de 122.000 km?® (PARA, 2004).

A Bacia Hidrografica do rio Caeté, inserida na Bacia dos Rios do Atlantico, possui
uma 4rea de 2.195 km® e extensdo do rio principal de cerca de 149 km, das nascentes
(municipio de Bonito) a foz (municipios de Braganca e Augusto Corréa). De modo geral, esta
bacia vem sofrendo perda da biodiversidade e da qualidade dos recursos hidricos, como
consequéncia do uso inadequado dos recursos naturais e da ocupagdo desordenada do solo, ao
mesmo tempo em que esta se apresenta como unidade fundamental para o planejamento do
uso e conservacao ambiental, mostrando-se extremamente vulneravel as atividades antrdpicas.

As dezoito comunidades ao longo do rio Caeté vivem basicamente dos recursos
extraidos deste rio (pesca, caranguejo e outros) ou da agricultura familiar (GORAYEB, 2008).
Para conhecer melhor a dinimica socio-ambiental das comunidades ribeirinhas do Caeté, este
estudo objetivou caracterizar o uso e a ocupacao territorial, assim como os principais aspectos

sdcio-econOdmicos € ambientais dessas comunidades.

2.4 AREA DE ESTUDO

A zona costeira do Pard possui uma érea total de 91.980,55 km® (7,3% da area
superficial do estado), abrangendo 40 municipios, com cerca de 2.665.740 habitantes, ou seja,
43% da populagdo paraense (IBGE, 2003). Neste contexto estd localizada a Bacia
Hidrografica do Caeté, que drena parte do territorio de sete municipios (Bonito, Santa Luzia
do Para, Ourém, Capanema, Tracuateua, Braganca e Augusto Corréa), totalizando dezoito
comunidades: Arraial do Caeté, Tentugal, Sdo Jodo do Caeté, Vila do Caeté, Arimbu,
Caratateua, Sitio Grande, Vila Quiera, Camuta, Nova Mocajuba, Maranhaozinho, Bacuriteua,

Acarajo, Monte Alegre, Jutai, Tororomba, Fazendinha, Vila dos Pescadores e Ponta do
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Urumajo6 (Figura 1). A economia local ¢ baseada na agricultura familiar, através do cultivo da
mandioca, milho, feijdo e outros, enquanto que em algumas comunidades a pesca ¢ a principal

atividade, sendo considerada uma pratica industrial, artesanal ou de subsisténcia.
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Figura 1. Area de Estudo.

2.5 METODOLOGIA
Questiondrios e entrevistas de carater social foram aplicados, entre janeiro e junho de
2006, com o responsavel de cada casa, com o intuito de conhecer o perfil censitario de 100%

da populagdo (Tabela 1).

Tabela 1. Questionario sdcio-econdomico por residéncia.

CENSO
Perfil Residentes
1 2 3 4 5 6 7 8
Sexo
Idade
Renda
Escolaridade

Ocupacio
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Paralelamente, para caracterizar o processo de uso e ocupacdo foi realizado um
levantamento sobre o uso dos recursos naturais € a ocupagao territorial (e.g. a¢des antropicas,
acesso, infraestrutura, servigos, efc.), através de observagao direta, visando estabelecer as
relacdes das principais atividades econdmicas ¢ os fatores de degradagdo ambiental.

A determinag¢do do indice de condi¢cdes de vida e moradia (ICV-MO) seguiu os
padrdes utilizados pelo Indice de Desenvolvimento Socioecondmico, criado pela Fundagio de
Economia e Estatistica (COSTA, 2004), sendo adaptado a realidade local. Para a
determinagdo do indice foram considerados os aspectos fisicos, servigos publicos e a situagao
da propriedade (Tabela 2).

Em consequéncia a falta de coleta publica de lixo, na maioria das comunidades, a
quantificagdo e composi¢do da producdo de lixo doméstico foram analisadas na segunda
quinzena dos meses de setembro e novembro (2006), e janeiro e abril (2007), a partir de uma
amostragem com cerca de 20% das residéncias, em comunidades onde o lixo foi considerado
um grave problema ambiental e de saude publica. Para estimar a produgdo, sacos de lixo
devidamente etiquetados foram distribuidos para acondicionar os dejetos organicos e
inorganicos. Em seguida, o lixo foi pesado e os dejetos inorganicos separados para determinar a
composi¢ao (plasticos, vidros, papeldo, borracha, efc.), de acordo com metodologia usada por
IBAM (2005) e adaptada por Oliveira (2007).

Para verificar a qualidade da 4gua que abastece as comunidades foram realizadas coletas
de agua nos principais pogos, totalizando 23 pontos (subterrineos e amazonicos’), durante os
periodos seco e chuvoso. Para tal, amostras de dgua foram coletadas para analise de cor real,
cor aparente, pH, ferro dissolvido, nutrientes dissolvidos, e coliformes totais e fecais. A cor real
e a cor aparente foram analisadas por um colorimetro; a turbidez por um turbidimetro; o pH por
um pHmetro; o ferro dissolvido por um medidor portétil; os nutrientes dissolvidos (nitrito,
nitrato e fosfato), de acordo com os procedimentos de Strickland e Parsons (1972) e Grasshoff
et al. (1983); e os coliformes fecais e totais, a partir da técnica denominada de tubos multiplos,
seguindo os procedimentos da AMERICAN PUBLIC HEALTH ASSOCIATION (2004). Para
a classificagdo da qualidade da 4gua, os procedimentos foram realizados utilizando os
parametros estabelecidos por resolucdes especificas, de acordo com ANVISA (2004) e

CONAMA (1986, 2005 e 2008).

% Pogos rasos com abertura sem protegio, conhecidos também como pogos livres.



Tabela 2. Questionario de condi¢des de Vida e Moradia por residéncia.
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BLOCO 1 Aspectos fisicos da moradia
3 2 1 0
Teto Laje Telha Zinco/amianto(brasilit) Palha, lona,
plastico, papeldo
outro
Tipo de Alvenaria Alvenaria Alvenaria sem Barraco
construcao revestida parcialmente revestimento (aglomerado de
revestida, madeira, lata,
Madeira papelao, barro,
material misto)
Piso Revestida Contra-piso sem Madeira (sem contra- Outro (chao de
com lajota,  acabamento piso) areia, tijolos
ceramica dispostos sem
fixagdo, etc.)
Banheiro Dentro da Fora da residéncia  Uso comum com outra nao possui
residéncia residéncia banheiro (outro)
BLOCO 2 Servicos publicos
3 2 1 0
Esgoto Rede geral Fossa séptica A céu aberto, Nao tem banheiro
sanitario de esgoto escoamento parario ou e /ou fossa negra
estudrio, efc. (casinha)
Iluminacdo da  Rede Gerador Oleo, querosene, ou gas  N&o tem
casa elétrica elétrico/bateria
Abastecimento  Rede geral Rede geral sem Pogo ou nascente sem Outra forma
de agua com canalizagdo canalizagdo interna
canalizagdo  interna, pogo
interna artesiano
Acesso ao Proximo Entre 50-100m Entre 100-500m Longe (>500m)
transporte (< 50m)
publico
Coleta de lixo Coleta Coleta em dias Enterrado ou queimado  Jogado em terreno
diaria pela alternados baldio, estuario,
prefeitura rio, lagoa, mar
BLOCO 3 Situaciio da propriedade
3 2 1 0
Situac¢ao do Proprio Proprio em Proprio em terreno Invadido ou
domicilio aquisicdo eoude  invalido e/ou alugada ocupado
familiares

2.6 RESULTADOS E DISCUSSOES

2.6.1 Perfil Sécio-economico

Nas dezoito comunidades rurais da Bacia Hidrografica do Rio Caeté habitam cerca de

9.573 moradores (2.207 familias), das quais, 47% sdo do sexo feminino ¢ 53% do sexo

masculino. De maneira geral, a populacao ao longo da bacia ¢ jovem, sendo o maior nimero

encontrado na comunidade de Ponta do Urumajo, onde 75% dos habitantes possuem idade

inferior a 30 anos (Tabela 3). Quanto as principais ocupacdes, 94% das comunidades

desenvolvem como principal atividade, a pratica da agricultura (no plantio de mandioca,
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feijdo, arroz, milho, laranja e outros), enquanto 33% desenvolvem atividades de pesca,
extracdo e beneficiamento da carne de caranguejo (Ucides cordatus), marisco (e.g. Mytella
sp.) e outros recursos do mangue, e 6% exercem atividades oriundas da exploragdo de argila,
fabricacdo de telhas e tijolos, entre outros (Tabela 4). Entre as comunidades pesqueiras,
Bacuriteua se destaca por possuir 58% dos comunitarios adultos trabalhando com a pesca.

Quanto a renda mensal, a maioria das familias economicamente ativa ganha <I salario
minimo. No caso da comunidade de Jutai essa porcentagem ¢ de 85% e os moradores que
recebem os maiores salarios sdo aqueles residentes na comunidade de Camuta, na qual 14%
ganham > 2 salarios, principalmente, oriundos de aposentadorias (Tabela 3). Em algumas
residéncias, a inica renda mensal ¢ a bolsa familia do programa do Governo Federal.

Com relagdo a escolaridade, de modo geral, o nivel educacional ¢ baixo, sendo esta
uma caracteristica comum das comunidades ao longo do Caeté, na qual, por exemplo, 55% da
comunidade de Fazendinha possuem Ensino Fundamental completo (1* a 4 série). Ja na
comunidade de S@o Jodo do Caeté, cerca de, 26% sdo analfabetos (maiores de 15 anos)
(Tabela 4). A baixa escolaridade deve-se também ao fato de haver nestas comunidades apenas
escolas de 1* a 4* série, resultados semelhantes foram obtidos por Oliveira (2007), em
Tamatateua; Pereira et al. (2006), na Praia de Ajuruteua; Krause e Glaser (2003), na vila do
Bonifacio. Para dar continuidade aos estudos, em algumas comunidades, faz se necessario o
deslocamento para a sede dos municipios. Apesar do transporte publico ser gratuito, os
horarios dos 6nibus e os periodos de safra (pesca e agricultura) sdo fatores que estimulam a
evasdo, principalmente, dos alunos que nao recebem o beneficio da bolsa familia. Medidas
recentemente tomadas pelo Governo Federal, como o aumento do valor da bolsa familia e da
idade dos beneficidrios (de 15 anos para 18 anos) podem diminuir a evasdo dos alunos nesta
faixa etaria. Por outro lado, os municipios devem adotar medidas para ajustar o calendario
escolar as atividades produtivas de cada comunidade, no intuito de diminuir a evasio,

principalmente, entre os adultos.

2.6.2 Servicos e Infraestrutura

Nestas comunidades, os servicos e infraestrutura de qualidade sdo ausentes ou precarios.
A maioria das comunidades ndo possui assisténcia médica (apenas visita de agentes
comunitarios de saude que, em geral, atendem a populacdo com precariedade), com excec¢ao
das comunidades de Bacuriteua, Arraial do Caeté e Caratateua que possuem posto de saude na
propria comunidade. As doencgas/sintomas mais frequentes sdo: malaria, dengue, gripe, febre,

diarréia, doengas de pele e doengas respiratorias.



Tabela 3. Perfil socioeconomico: sexo, idade e renda.

COMUNIDADES/ SEXO IDADE RENDA
RESIDENTES M F 0-15 16-31 32-47 48-63 64-79 <80 S/S <ISM 1-2SM 2-3SM >3SM
Tentugal 109 107 78 71 34 17 12 4 1 19 22 8 1
N. Mocajuba 206 165 174 86 56 28 23 4 2 44 20 13 3
V. Pescadores 139 153 129 80 47 26 9 1 32 18 11 1
P. do Urumajo 156 139 146 77 41 20 10 1 1 24 17 2 1
Camuta 92 77 62 49 30 9 18 1 1 16 14 4 1
Vila Quiera 149 131 114 84 38 30 14 5 35 18 2 2
Acarajo 925 850 746 524 259 158 71 17 33 190 102 28 5
Vila do Caeté 184 160 141 114 40 34 13 2 3 52 12 4 2
Sao Joao do Caeté 96 98 77 55 33 16 12 1 6 26 7 3 0
Sitio Grande 31 30 23 18 9 5 5 1 0 6 2 2 0
Arimbu 208 181 204 90 56 28 10 1 6 43 9 5 1
Caratateua 880 818 708 476 256 168 75 15 12 153 113 35 20
Jutai 31 37 35 15 10 7 1 0 0 11 1 1 0
Tororomba 8 12 11 3 3 1 2 0 0 2 1 0 0
Bacuriteua 1084 866 716 639 407 142 43 3 0 482 126 26 8
Monte Alegre 52 37 33 26 15 11 3 1 0 7 2 7
Arraial do Caeté 662 621 513 377 185 133 62 13 41 110 107 33 7
Fazendinha 43 36 33 26 10 7 3 0 0 6 8 0 0

M - Masculino, F - Feminino, S/S — Sem Salario, SM - Salario Minimo.
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Tabela 4. Perfil socioecondmico: escolaridade e ocupacgao.

COMUNIDADES ESCOLARIDADE
Fundamental Médio SU AN CFIE OCUPACAO
Menor/ Maior/ IN CO
IN CO IN CO AG AP ES PE DC SP C DO CM OUTROS

Tentugal 68 34 40 10 11 11 1 24 17 65 21 86 0 21 5 1 0 0 5
N. Mocajuba 148 50 29 3 7 2 1 54 77 130 19 92 0 39 3 1 0 0 6
V. Pescadores 98 37 52 8 5 6 0 36 50 1 8 81 62 55 0 7 0 5 15
P. do Urumajé 87 34 54 20 11 4 1 38 46 23 8 123 45 31 3 1 0 0 1
Camuta 45 18 29 5 8 15 1 16 32 47 18 47 0 8 2 0 0 0 9
Vila Quiera 89 37 41 17 21 13 0 28 34 64 16 84 32 10 3 0 0 0 20
Acarajé 83 713 359 75 105 48 4 141 247 246 107 648 0 95 0 0 106 O 267
Vila do Caeté 153 39 61 6 6 5 1 26 47 50 16 107 0 74 0 0 0 0 40
Sao Joao Caeté 67 18 34 9 9 6 1 50 0 51 7 87 0 18 0 0 0 0 7
Sitio Grande 0 22 0 20 6 0 6 7 19 5 18 2 8 0 0 0 0 1
Arimbu 215 0 0 46 0 9 0 28 91 139 7 122 0 16 3 0 0 0 0
Caratateua 527 194 284 68 77 229 5 166 148 138 132 557 181 150 26 55 O 150 49
Jutai 15 22 0 6 0 0 0 2 23 28 0 17 0 0 1 0 0 0 1
Tororomba 0 9 0 0 0 0 0 3 8 6 1 0 0 0 0 0 0 0 0
Bacuriteua 1061 0 0 483 63 99 2 44 198 24 22 252 450 318 25 13 2 58 70
Monte alegre 3 11 54 2 0 0 0 0 19 55 1 5 0 0 0 0 0 0 0
Arraial do caeté 449 129 183 48 54 76 4 133 207 219 73 425 0 52 33 0 109 O 111
Fazendinha 0 43 0 17 1 2 0 2 14 0 0 31 0 7 1 0 0 0 26*

IN — Incompleto, CO — Completo, SU — Superior, AN — Analfabeto, CFIE - Criangas fora da idade escolar, AG Agricultor/Lavrador, AP — Aposentado, ES — Estudante, PE —

Pescador, DC — Dona de Casa, SP — Servidor Publico, C — Comerciante, DO — Doméstica, CM — Coletor de Caranguejo e mariscos ¢ (*) Olaria.
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Falta abastecimento de agua potavel pela COSANPA (Companhia de Saneamento
do Pard) e tratamento de esgoto em todas as comunidades. Algumas comunidades,
principalmente, as localizadas no municipio de Bragang¢a, ndo possuem transporte publico
para deslocamento até a sede, como € o caso de Tororomba, Jutai e Fazendinha. A coleta
publica de lixo ocorre em menos de 50% das comunidades. O nimero de escolas ¢é

reduzido e o ensino médio € inexistente em 70% destas comunidades.

2.6.3 Condicoes de Vida-Moradia 1ICV-MO)

Das 18 comunidades, o valor médio do ICV-MO foi de 0,618 (valor inferior ao
minimo aceitavel que € de 0,707). As comunidades de Camutd, Caratateua e Tentugal sao
as unicas que apresentam valores médios acima do valor minimo aceitdvel, sendo os
indices por comunidade de 0,707, 0,764 e 0,744, respectivamente. Os indices mais baixos
estdo nas comunidades de Tororomba (0,517), Jutai (0,524), Fazendinha (0,587) e Monte
Alegre (0,316). Os baixos indices obtidos nestas comunidades devem-se, principalmente,
a falta de saneamento e energia elétrica que em Jutai e Tororomba sdo inexistentes em

100% das residéncias (Figura 2).
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Figura 2. Indice de Condigio de Vida e Moradia (ICV-MO) das comunidades.

Quanto as condigdes de moradia, na maioria das comunidades, as residéncias sao
de barro ou madeira, com telhado de palha ou telha brasilit e, geralmente, os banheiros

sao fora da casa (fossas negras).
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2.6.4 Producao Doméstica de Lixo

Os resultados obtidos sobre a estimativa da producdao de lixo (Tabela 5)
mostraram que a quantidade de residuos organicos ¢ maior, quando comparada com a
quantidade de residuos inorganicos, uma vez que os dejetos organicos servem como
adubo ou na alimentagdo de animais, fato comum em comunidades rurais. A
comunidade que apresentou quantidades maiores de lixo orgadnico foi Caratateua
(68,23%), em consequéncia da presenca de restos de carapacga de caranguejos e conchas
de sururu, devido ao beneficiamento de suas carnes (MAGALHAES et al., 2007), sendo

a producao total mensal de lixo por habitante, nesta comunidade, de 5,79 kg.

Tabela 5. Producdo doméstica de lixo por comunidade.

Comunidade Populacio Peso Peso Peso total Peso/dia
orginico inorginico (kg/més) (per capita)
(kg/més) (kg/més)

N. Mocajuba 371 1.153,125 713,250 1.866,375 0,182
Arimbu 389 1.241,25 615,375 1.856,625 0,195
Camuta 169 904,125 539,250 1.443,375 0,283

Vila Quiera 280 997,875 1.062,750 2.060,625 0,209
Acarajé 1.775 3.873,750 3.670,500 5.029,400 0,099
Bacuriteua 2.920 6.135,750 5.103,375 11.241,375 0,162
Caratateua 1.698 6.894,750 3.207,375 10.102,125 0,193
Vila dos 292 921,000 534,000 1.455,000 0,152
Pescadores
Total 7.894 22.121,625 15.445,875 37.567,5 0,158

2.6.5 Qualidade da agua

Com relagdo a qualidade de 4gua para consumo humano, 16 pogos subterraneos e 7
pogos amazodnicos foram analisados, dos quais 14 pocos subterrdneos foram construidos
pelas prefeituras dos municipios correspondentes. A profundidade destes pogos varia de 1
a 37 metros, entretanto todos possuem agua impropria para o consumo humano em uma,
algumas ou em todas as varidveis analisadas.

Entre as comunidades estudadas, apenas em Caratateua e em Vila Quiera (pogo
comunitario) ndo foram registrados coliformes fecais ou totais. Por outro lado, todos os
pogos apresentaram o pH acido, possivelmente, devido a elevada acidez do solo e a grande

quantidade de material em decomposi¢ao (SANTOS et al., 1981; OLIVEIRA, 2007). Os
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valores maximos e minimos foram registrados em Tentugal (6,31) e Acarajé (4,20)
(Tabela 6).

Com relagdo aos valores de turbidez foi possivel observar que os maiores
valores foram registrados no periodo seco, sendo o valor maximo (28,68UT) registrado
no pogo da Vila dos Pescadores, pois se trata de um pogo amazdnico com menos de 3
metros de profundidade, suscetivel 8 movimentacao das dunas e fontes contaminadoras
e.g. fossas negras, acimulo de lixo (intenso na vila por ndo haver coleta publica),
criacdo de animais domésticos, efc.

O valor de ferro dissolvido foi elevado nas comunidades de Ponta do Urumajo,
Vila do Caeté e Vila dos Pescadores, alcangando valores de 0,440 mg/l, enquanto o
maximo permitido pela ANVISA (2004) ¢ de 0,3 mg/l. Segundo Azevedo (2006), depois
de oxidado, o ferro dissolvido contribui para a elevacdo da cor, fato que explica o aumento
dos valores de cor aparente nos pogos (20 uH a 310 uH, valores acima do permitido que ¢
de 15u H) quando a quantidade de ferro dissolvido ¢ elevada (Tabela 6).

Quanto as concentragdes de nutrientes, os valores de nitrito e nitrato nos pogos
estudados estdo dentro dos limites estabelecidos pelas resolugdes vigentes, que ¢ 1,0
mg/l e de 10 mg/l, respectivamente. O valor méximo para nitrito foi de 0,032 mg/l (Vila
dos Pescadores) e para nitrato 1,555 mg/l (Bacuriteua). Para o fosfato, o valor limite
estabelecido ¢ de 0,025 mg/l, entretanto em alguns pogos estudados, estes valores estao
acima do limite, variando de 0,075 mg/l, na Vila do Caeté a 1,118 mg/l, na Vila do
Caeté escola. Segundo Alaburda e Nishihara (2005), a presenca de fosfato na agua
deve-se, principalmente, a falta de saneamento basico e a auséncia de tratamento de
agua, fato que acontece em 96% dos pocos estudados (Tabela 7).

Com relagdo aos nimeros mais provaveis de coliformes totais e termotolerantes
(fecais), quase todos os pocos estdo acima dos valores maximos permitidos (auséncia em
100 ml), de acordo com ANVISA (2004). Os maiores valores (> 1000UFC/100ml) foram
registrados nos pocos amazonicos rasos das comunidades de Sao Jodao do Caeté,
Tororomba, Jutai, Sitio Grande, Vila dos Pescadores e Vila Quiera (Tabela 8). Os pocos
rasos apresentam valores acima do maximo permitido por estarem mais sujeitos a
contaminagdo, estando localizados proximos a fossas negras e sépticas € a areas com

atividades antropicas (como criacdo de animais domésticos, deposito de lixo, entre outros).
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Tabela 6. Variaveis fisico-quimicas das aguas subterraneas dos pogos estudados. VP:
Valores permitidos, segundo resolucdes especificas do CONAMA (1986, 2000, 2005,

2008) e ANVISA (2004).
LOCALIDADE PERIODO Turbidez Temperatura C.Real C. Apar. pH Fe
(UT) ({9 (uH) (uH) (mg/1)
Vila Quiera Seco 1,37 26 0 220 4,66 0,048
Comunitario Chuvoso 0,02 29,5 0 0 4,86 0,002
Vila Quiera Seco 3,77 26 0 310 5,59 0,162
Chuvoso 2,46 26 0 20 5,68 0,226
Sitio Grande Seco 423 28,8 0 0 5,28 0,048
Chuvoso 2,56 27,2 0 20 5,35 0,191
Camuta Seco 0,97 29 0 180 5,4 0,166
Chuvoso 2,32 29,5 0 20 5,57 0,164
Arimbu Seco 3,97 28 0 0 5,7 0,01
Chuvoso 2,54 27 0 0 5,88 0,089
Caratateua Seco 7,04 28 0 30 5,13 0,15
SIACA Chuvoso 0,007 28 0 0 5,43 0,078
Caratateua Seco 3,77 29 0 0 5,35 0,15
Chuvoso 0,34 28 0 0 5,59 0,014
Acarajé Seco 0 29 50 150 5,43 0,15
SECTAM Chuvoso 0 28,5 0 0 5,73 0,005
Acarajo pista Seco 13,63 28 50 220 42 0,037
Chuvoso 1,42 29 0 0 4,57 0,083
Arraial do Seco 1,67 26,9 0 0 4,57 0,041
Caeté Chuvoso 0,21 26,4 0 0 5,9 0,15
Vila do Caeté Seco 3,04 29 0 0 5,87 0,44
Escola Chuvoso 1,42 26 0 0 5,8 0,089
Vila do Caeté Seco 9,21 27 200 260 6,04 0,44
Chuvoso 3,88 26,8 70 90 5,8 0,14
Tentugal Seco 0,9 27 0 0 6,31 0,088
Chuvoso 3,27 27,6 20 50 5,62 0,185
S. J.do C. Seco 5,79 26,5 0 130 5,28 0,15
Antonio Chuvoso 6,01 26,7 0 0 6 0,109
Séo Joao do Seco 2,79 26,7 0 10 5,17 0,057
Caeté Chuvoso 7,47 26 0 0 5,88 0,046
Ponta do Seco 9,94 28 0 70 5,98 0,44
Urumajo Chuvoso 6,62 27,5 0 30 5,87 0,073
Monte Alegre Seco 3,14 27,5 0 0 4,72 0,003
Chuvoso 0,62 27,5 0 0 5,7 0,066
Nova Seco 0 28 0 0 4,71 0
Mocajuba Chuvoso 0,52 28.5 0 0 5,15 0,15
Fazendinha Seco 1 27,5 0 0 5,03 0
Chuvoso 2,39 27 0 0 5,4 0,122
Tororomba Seco 13,29 25,5 0 0 5,07 0,036
Chuvoso 4,98 26 0 0 5,26 0,153
Jutai Seco 1,91 26,5 0 0 5,14 0,044
Chuvoso 1,99 26 0 0 5,1 0,019
Vila dos Seco 28,68 29 120 250 5,72 0,44
Pescadores Chuvoso 8,57 26,5 30 70 5,29 0,44
Bacuriteua Seco 0,72 30 0 0 4,95 0
Chuvoso 0,25 28.5 0 0 4,94 0,15
VP 5UT 26-29 5 15 6,0-9,0 0,300

VP — Valor Permitido.
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Tabela 7. Variaveis fisico-quimicas das aguas subterraneas dos pogos estudados. VP:

Valores permitidos, segundo ANVISA (2004).

LOCALIDADE PERIODO Nitrito (mg/l)  Nitrato (mg/l)  Fosfato (mg/l)

Vila Quiera Seco 0,001 0,29 0
Comunitario Chuvoso 0,001 0,297 0,002
Vila Quiera Seco 0,001 0,026 0,009
Chuvoso 0,002 1,046 0,008
Sitio Grande Seco 0,001 0,028 0,109
Chuvoso 0,007 0,513 0
Camuta Seco 0,002 1,138 0,001
Chuvoso 0,001 0,003 0
Arimbu Seco 0,001 1,223 0,012
Chuvoso 0,001 0,66 0,024
Arraial do Seco 0,002 1,008 0,001
Caeté Chuvoso 0,001 0,614 0,002
Caratateua Seco 0,001 1,158 0,001
SIACA Chuvoso 0,001 1,252 0,001
Caratateua Seco 0,002 1,25 0
Chuvoso 0,001 0,994 0
Vila do Caeté Seco 0,002 0,144 0,92
Escola Chuvoso 0,001 0,001 1,118
Sio J. do C. Seco 0,001 0,732 0,021
Antonio Chuvoso 0,001 0,955 0,016
S. J. Caeté Seco 0,005 0,778 0,006
Chuvoso 0,002 0,694 0,003
Vila do Caeté Seco 0,005 0,735 0,075
Chuvoso 0,004 0,988 0,195
Tentugal Seco 0,001 0,547 0,032
Chuvoso 0,002 1,036 0,252
Monte Alegre Seco 0,001 0,368 0,003
Chuvoso 0,001 0,342 0,001
Tororomba Seco 0,001 1,052 0,001
Chuvoso 0,001 0,235 0,002
Fazendinha Seco 0,001 0,167 0
Chuvoso 0,002 0,514 0
Vila dos Seco 0,005 0,056 0,536
Pescadores Chuvoso 0,032 0,409 0,220
Bacuriteua Seco 0,001 1,555 0,007
Chuvoso 0,001 0,465 0,002
Acarajo Seco 0,001 0,135 0,001
SECTAM Chuvoso 0,001 0,113 0
Acarajoé Pista Seco 0,001 0,557 0
Chuvoso 0,001 1,048 0
Nova Seco 0,001 0,017 0,001
Mocajuba Chuvoso 0,001 0,441 0,004
Jutai Seco 0,003 1,329 0
Chuvoso 0,001 1,114 0,004
Ponta do Seco 0,002 0,318 0,002
Urumajo Chuvoso 0,002 0,265 0,001
VP 1,0 10 0,025

VP — Valor Permitido.
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Tabela 8. Variaveis microbioldgicas das aguas subterraneas dos pogos estudados. VP:
Valores permitidos, segundo resolucdes especificas do CONAMA (1986, 2000, 2005 e

2008) e ANVISA (2004).
LOCALIDADE PERIODO  Prof. Tipo Col. Total Col. Fecais.
(m) (UFC/100ml) (UFC/100ml)
Vila Quiera Seco 16 Tubular Auséncia Auséncia
Comunitario Chuvoso Auséncia Auséncia
Vila Quiera Seco 1,5 Livre 1100 1100
Chuvoso <1100 <1100
Sitio Grande Seco 6 Livre 240 7.4
Chuvoso <1100 <1100
Camuta Seco 2,5 Livre 20 9,2
Chuvoso 1100 1100
Arimbu Seco 12 Tubular 23 9,2
Chuvoso 20 14
Caratateua Seco 13 Tubular Auséncia Auséncia
SIACA Chuvoso Auséncia Auséncia
Caratateua Seco 30 Tubular Auséncia Auséncia
Chuvoso Auséncia Auséncia
Acarajo Seco 15 Tubular 23 9,2
SECTAM Chuvoso 9,2 Auséncia
Acarajo Seco 12 Tubular 9,2 9,2
Chuvoso Auséncia Auséncia
Arraial do Caeté Seco 32 Tubular Auséncia Auséncia
Chuvoso 3 Auséncia
Vila do Caeté Seco 30 Tubular 240 240
Escola Chuvoso Auséncia Auséncia
Vila do Caeté Seco 6 Livre 460 93
Chuvoso 1100 210
Tentugal Seco 37 Tubular 9,2 3,6
Chuvoso 240 240
Sao J. do C. Seco 14 Livre 150 93
Antonio Chuvoso 240 150
Sao Joao do Seco 6 Livre 1100 1100
Caeté Chuvoso <1100 1100
Ponta do Seco 15 Tubular 3,6 Auséncia
Urumajo Chuvoso 43 7,4
Monte Alegre Seco 14 Tubular 9,2 3,6
Chuvoso 3 Auséncia
Nova Mocajuba Seco 15 Tubular Auséncia Auséncia
Chuvoso 3 Auséncia
Fazendinha Seco 14 Tubular 9,2 Auséncia
Chuvoso 3 Auséncia
Tororomba Seco 1 Livre <1100 <1100
Chuvoso 1100 1100
Jutai Seco 4 Livre 460 75
Chuvoso <1100 <1100
Vila dos Seco 2 Livre 290 290
Pescadores Chuvoso 1100 1100
Bacuriteua Seco 18 Tubular 75 75
Chuvoso 11 7,4
VP Auséncia Auséncia

VP — Valor Permitido.
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2.7 CONSIDERACOES FINAIS

Os residentes ao longo da Bacia Hidrografica do Caeté possuem baixo nivel de
escolaridade e sobrevivem basicamente dos recursos naturais la existentes (como a
pesca e a agricultura familiar) e dos beneficios concedidos pelo Governo Federal. A
falta de servigos e infraestrutura vém acarretando sérios problemas ambientais e de
saude humana. Planos ou programas devem ser elaborados pelas autoridades
governamentais de cada municipio, com o objetivo de melhorar a qualidade de vida da
populacdo local. Para amenizar alguns problemas detectados, recomenda-se (i)
construcdo de pocos eficientes e em lugares adequados; (ii) fornecimento de energia
elétrica e saneamento basico para todas as comunidades; (iii) coleta publica de lixo e
construcdes de aterros sanitarios, de acordo com as normas da legislacdo vigente; (iv)
construcdo de escolas publicas, com o ensino fundamental e médio completo; (iv) ajuste
no calendario escolar para minimizar a evasdo durante os periodos de safra; (v)
construcdo de postos de saude; e (vi) implantagdo de linhas de transporte publico, para
facilitar o acesso de algumas comunidades as sedes dos municipios; entre outros.

Por fim, para garantir o éxito do plano serd necessario (i) informar e
conscientizar os comunitarios e as autoridades administrativas sobre os problemas
ambientais e socioecondmicos; (ii) incluir a maior parte dos setores afetados (e.g.
residencial, comercial, agricultura, pesca, minérios, etc.); (iii) conservar 0s recursos
naturais para que continuem produzindo bons e valorados servigos (reserva de minérios,
manguezal, estudrio e rio do Caeté, entre outros); (iv) promover a participacdo do
publico afetado, através de discussdo aberta e atender as idéias e necessidades
requeridas; (v) estabelecer a comunicagdo entre os setores afetados e manter todas as

populagdes envolvidas informadas ao longo das vérias etapas do plano.
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3. SEASONAL EFFECTS OF WASTEWATER TO THE WATER QUALITY OF
THE CAETE RIVER ESTUARY, BRAZILIAN AMAZON®

3.1 ABSTRACT

Braganga’s socioeconomic situation is highly dependent on estuarine and marine
biological resources that are influenced by tidal cycles and climatology. Field
measurements (hydrological, hydrodynamic and microbiological variables) were taken
in the most urbanized zone from Caeté estuary to characterise the quality of the local
environment. During the dry period, the estuary was more eutrophic and presented the
highest temperature (30.5°C in Oct./06), salinity (17 psu in Feb./07), pH (8.24 in
Feb./07) and fecal coliform (>1000 MPN/100 ml in Dec./06 and Feb./07) values. The
phytoplankton Cyclotella meneghiniana, Coscinodiscus centralis and other r-strategist
species were observed. The lack of basic hydric canalization was responsible for the
local contamination, especially during the dry period when more concentrated
wastewater from the city was emitted into the estuary, showing the human influence on
the reduction of local estuarine water quality. In Braganca, the fishery is considered one
of the main economic activities so, this contamination is worrisome because a large part
of the local economy depends on biological resources and, thus, the contamination

could negatively affect the environmental health of this Amazon ecosystem.

Key words: Equatorial estuary, temporal variation, eutrophication, northern Brazil.

3 Artigo publicado nos Anais da Academia Brasileira de Ciéncias (2010) 82(2): 467-478 Autores: Luci
C.C. Pereira, Marcela C. Monteiro, Danielly O. Guimaraes, Jislene B. Matos e Rauquirio M. da Costa.
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3.2 RESUMO

A situacdo socioecondmica de Braganga depende principalmente dos recursos
bioldgicos estuarinos e marinhos, que sdo influenciados pelos ciclos de marés e
climatologia. Coletas oceanograficas (com medidas de varidveis hidroldgicas,
hidrodindmicas e microbioldgicas) foram realizadas na 4rea mais urbanizada do estuario
do Caeté, para caracterizar a qualidade das dguas no setor estudado. Durante o periodo
seco, o estudrio foi mais eutréfico e apresentou os maiores valores de temperatura
(30,5°C em Out./06), salinidade (17 psu em Fev./07), pH (8,24 em Fev./07) e
coliformes fecais (>1000 MNP/ 100 ml em Dez./06 ¢ Fev./07). As espécies
fitoplanctonicas Cyclotella meneghiniana, Coscinodiscus centralis e outras espécies 1-
estrategistas também foram observadas. A falta de saneamento basico foi responséavel
pela contaminagdo local, especialmente durante o periodo seco, quando o esgoto foi
langado mais concentrado no estudrio, mostrando a influéncia humana na redu¢do da
qualidade da &gua estuarina estudada. A pesca ¢ considerada uma das principais
atividades econdmicas do municipio de Braganca e, portanto, esta contaminagao podera

afetar negativamente a qualidade ambiental deste ecossistema amazonico.

Palavras-chave: Estuario equatorial, variagdo temporal, eutrofizagdo, norte do Brasil.
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3.3 INTRODUCTION

The coastal zone is a transitional region between the continent and the marine
environment, and in tropical areas it presents some of the most valuable and productive
ecosystems of the world (e.g. mangrove forest and estuaries). However, many changes
are taking place within the coastal landscape as a result of population growth and rapid
urbanization (e.g. LOZANO et al., 2005; STEFFY and KILHAM, 2006; PEREIRA et
al., 2007a).

In the last decades, some social and environmental problems have emerged in
the coastal zones worldwide, due to rapid urban development including industrial, port,
commercial, agriculture, aquaculture, fisheries and tourism activities. These activities
need efforts to conserve and recover the productivity of coastal resources and water
quality, as well as to improve the health of coastal communities (LINTON and

WARNER, 2003; BURAK et al., 2004; CHEN et al., 2005; LAU, 2005).

The Brazilian Amazon represents about 35% of the country’s 8,500 km long
coastline (ISAAC and BARTHEM, 1995), and 85% of the mangroves in Brazil are
found in this section of coastline. The mangroves in the Brazilian Amazon coast
represent the second largest continuous worldwide mangrove system on the planet
(LARA, 2003). Located in the northeastern state of Par4, Braganca is one of the most
important cultural and historical cities in the Amazon littoral. The local socioeconomic
situation is directly dependent on biological resources, which are influenced by
macrotidal cycles and climate (GLASER and DIELE, 2004; SOUZA FILHO et al.,
2006; BARBOSA et al., 2007; PEREIRA et al., 2007b). The lack of public services is
also responsible for some of the environmental problems observed in the Caeté estuary,
which is the main estuary of this county (GUIMARAES et al., 2009). The aim of this
study was to characterise the water quality and the aim at the effects of human

urbanization practices on the environmental status of this Amazon estuary.

3.4 STUDY AREA

The Bragantinian coastal plain is located between the Maiat and Caeté river
bays (00°460-1°000S and 46°3600- 46°440W, Cohen et al. 2004). Braganga represents

the third most productive fishing area in the State of Pard and its main harbours are
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located in the Caeté estuary, which includes the city’s main river (SILVA et al., 2006;
GUIMARAES et al., 2009) (Fig. 1).

The regional climate in the studied area is equatorial humid with two main
seasons, a rainy and a dry period. The rainy period, which normally occurs between
January and June, is characterised by a mean rate of rainfall exceeding 2,200 mm and
temperature values up to 30°C. On the other hand, the dry period, which occurs between
July and December, presents higher insolation and evaporation rates, a mean rainfall of
100-200 mm and temperature values up to 32°C. The wind also has a seasonal pattern,
with the strongest winds occurring during the dry season, and more moderate winds

occurring during the rainy period (MARTORANO et al., 1993; LARA, 2003).

The area’s tides are semidiurnal with a maximal tidal height between 4 and 6 m.
Tidal currents usually reach higher values (~1.5 m.s™') during the equinoccial spring

tides (COHEN et al., 1999).

About 57,000 people live in Braganga’s urban area and the local economy is

based on fisheries, commerce, agriculture and tourism (IBGE, 2003).

3.5 METHODS

Precipitation data were furnished by a meteorological station from the Instituto
Nacional de Meteorologia (INMET) located in Tracuateua (about 40 km from Braganca
harbours). Water sampling was carried out bimonthly at one fixed station (Fig. 1),
totalizing of one year of sampling collection on the waterfront of Braganca. Each
sampling was performed during spring tides over a 24h-period near the city’s main
harbour (located approximately 36 km from the Atlantic Ocean and therefore at the
upper estuary, according to Barletta et al. 2005) between April/2006 and February/2007.
During each sampling period, physical (tide and currents, measured at every 10 min),
chemical (hydrological data, collected at every 6 h) and biological (microphytoplankton
and fecal coliform, collected at every 6 h) variables were measured in the sub-surface
water (0-3 m depth). The water transparency was measured using a Secchi disc between

10 am and 14 pm.

Hydrological and microbiological data (pH, dissolved oxygen, dissolved
nutrients, chlorophyll a and fecal coliform) were obtained from the analysis of water

samples collected with Niskin oceanographic bottles. Water salinity and temperature
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were obtained using a CTD (XR-420, RBR). Sub-surface current speeds were measured
using a Sensordata SD6000 current metre. The variation in local water levels was
simultaneously surveyed using a graduated pole fixed in Braganga’s harbour. Additional
sub-surface samples were collected with a plankton net with a mesh size of 64pm to
characterize microphytoplankton composition. Field and laboratory studies followed
methodologies used by the AMERICAN PUBLIC HEALTH ASSOCIATION (2004)
and other analytic manuals (e.g. STRICKLAND and PARSONS, 1968; 1972,
GRASSHOFF et al.,, 1983; PARSONS and STRICKLAND, 1963). The floristic
composition was assessed by identifying specific and infra-specific taxa using
specialized bibliography (CUPP, 1943; SOURNIA, 1975; RICARD, 1987; TOMAS,
1997).

The main human activities that affect direct or indirectly the water quality of this

estuary were observed around the studied area.

The normality and homogeneity of hydrological data (salinity, temperature, pH,
dissolved oxygen, dissolved nutrients such as nitrite, nitrate, phosphate and chlorophyll
a) were tested using Lilliefors (CONOVER, 1971) and Bartlett’s Chi-square tests
(SOKAL and ROHLF, 1969), respectively, in the STATISTICA 6.0 package
(STATSOFT, 2001). When the analysed data were not normal, log (x + 1)
transformations were performed to achieve near-normal distributions, and one-way
ANOVA tests were used to find differences in the hydrological parameters between
seasonal periods with a significance level of 0.05. However, when the variances were
heterogeneous, a non-parametric Mann-Whitney U-test was applied (ZAR, 1999) using

the same significance level referred to above (0.05).
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Braganca
harbour

Figure 1. Par4 State coastal area (A) (made by Souza-Filho), Northern of Brazil (B) and

Braganga harbour with the position of the sampling station (C).

3.6 RESULTS

The Caeté estuary is strongly affected by human activities in several different
ways. The lack of basic hydric canalization in Braganca city, for example, affects the
water quality of this estuary, particularly in the more urbanized zones where the most
concentrated domestic, hospital and commercial sewage is emitted daily. In addition, on
the waterfront of the city there are public markets, fishery harbours and ice factories that

contribute directly to organic and inorganic contamination of the Caeté estuary.

Physical, chemical and biological data showed strong seasonal variations due to
the very well-defined climatic seasonal structure. The regional climate in the studied
area is highly seasonal with two main seasons, dry and rainy. During the studied period,
the dry period occurred from July/06 to February/07, characterized by a rainfall rate of
384.5 mm. The rainy period comprised January/06 until June/06 and was characterized
by a rainfall rate of 2,363.1 mm. Constant and strong winds were registered during the
dry period (in general higher than >4 m.s '), while strong gusts were observed during

the rainy period.

Hydrodynamic data showed a predominance of high energy conditions during

the year, which were characterised by stronger currents as a consequence of the elevated
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wind intensities (during the dry period) and high rainfall rates (during the rainy period).
The maximal variation of the water level was 4.8 m in December/06 (strong winds) and
the maximal tidal current was higher than 1.2 m.s™' in April/06 (equinoccial spring
tide). During the rainy period, maximal tidal currents (Fig. 2) were observed mainly
during the ebb tide due to an increased outflow of the Caeté estuary. During the dry
period, the highest tidal current intensities (Fig. 2) were observed during the flood tide,
possibly as a consequence of strong winds and due to the decrease in the Caeté river

outflow.

During the rainy period, salinity values ranged between zero (April and June/06)
and 0.60 psu (August/06), while the temperature ranged between 26.10°C (June/06) and
28.90°C (August/06). Values for water pH ranged between 6.09 (April/06) and 7.63
(August/06), while water transparency ranged between zero (April/06) and 20 cm
(June/06) due to high suspended particulate material and high nebulosity. Dissolved
oxygen concentrations were significantly higher (F= 12.39, p= 0.0019) during this
period and ranged between 4.10 m.L™' (August/06) and 8.40 mgL™' (June/06).
Chlorophyll a concentrations ranged from 5.06 mg.m > (August/06) to 28.09 mg.m
(April/06) with slightly higher values during the rainy period, although no significant
differences were observed between the studied seasons (Fig. 3). With respect to
dissolved nutrient concentrations, the maximum observed values were 0.36uM (in
April/06) for nitrite, 14.42uM (in August/06) for nitrate and 0.83uM (in August/06) for
phosphate (Fig. 3).
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Figure 2. Hydrodynamic data recorded between April/06 and February/07, during

spring tides, in the Caeté estuary.
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Figure 2. (Continuation) - Hydrodynamic data recorded between April/06 and
February/07, during spring tides, in the Caeté estuary.

In the dry season, the low rainfall contribution, the low continental freshwater
input and high insolation and evaporation rates were responsible for significantly higher
values of temperature (F=31.73, p< 0.05), salinity (U=2.00, p< 0.05) and pH (F=24.88,
p< 0.05). Temperatures oscillated between 27.80°C (February/07) and 30.50°C
(October/06), while salinities values ranged from 0.30 psu (October/06) to 17 psu
(February/ 07). Values for pH ranged between 7.04 (October/06) and 8.24
(February/07). The lowest dissolved oxygen and chlorophyll a concentrations were
observed during the dry season and ranged from 3.0 mg.L™' (December/06) to 7.50
mg.L™" (February/07) and 3.86 mg.m > (October/06) to 19.52 mg.m° (February/07)
(Fig. 3), respectively. Nitrate and nitrite values were significantly higher during this

season (F=107.01, p< 0.05; U= 24.00, p< 0.05, respectively) with maximum respective
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values of 5.07uM (nitrite-NO,, December/06) and 59.35uM (nitrate-NOs, February/07).
Phosphate-PO, concentrations, which reached a maximum value of 6.60uM in

October/06, did not differ between seasons (Fig. 3).

Fecal coliform data showed that the maximum values also occurred during the
dry season (>1100 MPN/100 ml) in December/06 and February/07, while the lowest
values were observed during the rainy period (110 MPN/100 ml) in April/06 (Fig. 4).

In the studied area, the micropytoplankton community was made up of 132 taxa,
of which 97% were Bacillariophyta (diatoms). Dinophyta (1.50%) and Cyanophyta

(1.50%) were less represented groups.

Diatoms were represented by three classes, nine sub-classes, 20 orders, 34
families and 52 genera. Coscinodiscus Ehrenberg (15 taxa), Nitzschia Hassall (11 taxa)
Chaetoceros Ehrenberg (six taxa) were the predominant genera. Five genera of
Bacillariaceae and four genera of Triceratiaceae were observed, making these the most
frequently-observed families. Well-represented species were Coscinodiscus centralis
Ehrenberg, Coscinodiscus concinnus Wm. Smith, Coscinodiscus perforates Ehrenberg,
Dimeregramma minor (Gregory) Ralfs, Ditylum brightwellii (West) Grunow, Odontella
sinensis (Greville) Grunow, Thalassionema frauenfeldii (Grunow) Hallegraeff,

Cyclotella meneguiniana Kiitzing and Asterionellopsis glacialis (Castracane) Round.

The occurrence of r-strategist species, such as Asterionellopsis glacialis,
Coscinodiscus centralis, Cyclotella meneghiniana and Skeletonema spp., which were

mainly observed in the dry periods, suggested local eutrophication.

Dimeregramma minor was the most abundant species, representing between

56% and 82% of the total number of cells counted in the samples.
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Figure 4. Fecal coliform values between April/06 and February/07, in the Caeté estuary.

3.6.1 DISCUSSION

In general, the rainy period in the Pard State comprises the months from January
to June, while the dry period occurs during the remaining months of the year
(MARTORANO, 1993). However, in the present study, the rainiest months were
observed from April to August/2006, while the dry period occurred between the months
of September/2006 and February/2007. Due to the delay of the rainy period, it was
possible to observe an elevated difference of the hydrological data between April/06
(rainy period) and February/07 (dry period). This pattern of rainfall was also recorded
by Moraes et al. (2005), in a study that analysed a historical data series of 23 years
(1976-1998) and reported a conspicuous delay in the beginning of the rainy period in

the Bragantine zone when compared to other zones of the Para State.

The strong hydrodynamic regime in the Amazon estuaries is a consequence
mainly of macrotidal cycles, high tidal current intensities and strong trade winds
(MEADE et al., 1985; FIGUEROA and NOBRE, 1990; BEARDSLEY et al., 1995;
MARENGO, 1995; GEYER et al., 1996; MONTEIRO et al., 2009; PEREIRA et al.,
2009).

In the studied area, tidal asymmetry was recorded in the two seasons and the
tidal current data showed differences (period and intensity of the tidal currents) between

the ebb and flood tides. In the Amazon coastal zone, the mangrove system and creeks,
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the presence of many estuaries, as well as the occurrence of sand banks, may be
responsible for the local tide asymmetry (MAZDA et al., 1995; LAM-HOAI et al.,
2006; PEREIRA et al., 2009; MONTEIRO et al., 2009). Observations of current speed
showed that, during the dry period (when the estuarine water is most contaminated and
the flood tide current is stronger), the organic contaminants may be transported to the
upper part of the Caeté estuary. During the rainy period (when ebb tide currents are
stronger), the organic contaminants seem to be transported to the lower part of the
estuary. Silva et al. (2006) and Guimaraes et al. (2009) showed that organic and
inorganic contaminants emitted into the Caeté estuary have affected the environmental

quality and human health in the upper part of this estuary.

The high variability in the rainfall rates commonly found in the equatorial zone
during the rainy period was responsible for the lowest salinity, temperature and
transparency values during this season. In addition, the pH ranged from slightly acid to
alkaline, showing the effects of freshwater input from rainfall and river runoff on
estuarine waters. Conversely, the high dissolved oxygen concentrations observed during
the rainy period indicated a higher water-atmosphere interaction due to the high local
hydrodynamic regime and turbulent mixture that contributed to the presence of highly
oxygenated freshwater in the superficial layer. The highest chlorophyll a concentrations
(Fig. 3) during the rainy period were also associated with the highest dissolved oxygen
concentrations. During the rainy period, urban outfall was diluted as a result of the high
pluvial water input and the high river discharges into the Caeté estuary, consequently
decreasing the dissolved nutrient concentrations. In addition, the high chlorophyll a
concentration (indicated by the elevated phytoplankton density) may also have
contributed to the observed decrease in the nutrient values. In non-stressed coastal
zones, the highest nutrient concentrations can be found during the rainy period due to
the river run-off, contribute to the occurrence of high chlorophyll a concentrations due

to increased phytoplankton biomasses.

In the dry season, the pH remained alkaline, indicating the strong influence of
marine waters on the estuary. Alkalinity is also a common feature of coastal Amazon
environments, as noted by Martinelli et al. (2002), Costa et al. (2008, 2009), Silva et al.
(2009) and Magalhaes et al. (2009) in the Maranhdo and Para States. Besides being
influenced by dissolved salt content in the water, pH can be also affected by biological,

physical and chemical processes (tidal cycles, respiration and photosynthesis effects, for
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example). In general, pH attains elevated values due to the consumption of carbon
dioxide by phytoplankton and the consequent liberation of oxygen during elevated
photosynthetic activity periods (FLORES MONTES et al., 1998). However, this was
not observed in the studied area. The lowest dissolved oxygen concentrations registered
in this season are possibly related to the lowest observed photosynthetic activity (low
chlorophyll a concentrations). In addition, the highest dissolved nutrient concentrations
recorded during this season may be attributed to the input of more concentrated
domestic and commercial sewage into the Caeté estuary. The low estuarine depths (up
to 10 m in the high spring tide) and the high water column mixture (as a consequence of
the strong winds in the second half of the year and of the occurrence of equinoccial
spring tides between September and October) were also responsible for the re-

suspension of nutrients from the bottom during the second semester.

The discharge of domestic, medical and commercial sewage concentrates, as
well as of others organic and inorganic contaminants from public markets, fishery ports,
ice factories and the Cereja River also contribute to the contamination of the Caeté
estuary in the studied sector (GORAYEB et al., 2006; GUIMARAES et al., 2009).
During the dry season, the input of more concentrated domestic and commercial sewage
into the Caeté estuary contributed to the highest fecal coliforms values observed. On the
other hand, the lowest fecal coliform values were registered in April/06 due to the
dilution of urban outfalls as a consequence of the high rainfall rate and the occurrence

of an equinoccial spring tide (high tidal height and strong currents).

In equatorial and tropical zones, the rainfall patterns and some human activities
(e.g., lack of an efficient sanitary system, lack of urban cleanness, factories and harbour
activities) are responsible for controlling physical-chemical variables, and consequently
the abundance, distribution and diversity of different estuarine organisms (KOENING et

al., 2003; LAM-HOAI et al., 2006; SILVA et al., 2009).

Planktonic organisms make up the base of estuarine and marine food webs and
perform key functions in transforming the chemical and physical forms of nutrients and
contaminants and transporting these materials to higher trophic levels (THOMPSON et
al., 2007). As a result, these organisms have a high value as biological indicators of
water quality due to their high growth rates in response to abiotic and biotic oscillations
(DAY et al., 1989; ESPINO et al., 2000; GOMEZ and LICURSI, 2001). Species that

indicate environmental eutrophication were observed by Lacerda et al. (2004) and
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Pereira et al. (2005) in contaminated urban areas, showing the high nutrient assimilation

efficiency of these organisms (SMETACEK, 1998).

The predominance of diatoms in coastal waters is reported worldwide
(TILSTONE et al., 2000; GIN et al., 2000; HUANG et al., 2004; ESKINAZI-LECA et
al., 2004; ORNOLFSDOTTIR et al., 2004; SOUSA et al., 2008), and indicates their
ability to adapt to non-stratified, turbulent (SMAYDA, 1980; TILSTONE et al., 2000;
SMAYDA, 2002) and nutrient-enriched waters (TUNDISI, 1970) such as those
observed in the studied area. The occurrence of macrotidal regimes (high energy) in the
Amazon littoral zone and the high turbulent mixture and bottom sediment re-suspension
could contribute to the presence of phytobenthonic species in the pelagic environment
(SOUSA et al., 2008). In the studied area, the high hydrodynamic regime contributed to
the presence of tychoplanktonic species in the water column, such as Dimeregramma

minor that was the most abundant species found during both seasons.

3.7 CONCLUSION

Regional climatic conditions, the macrotidal regime and human-induced
activities combine to control the water characteristics in the studied area. The lack of
basic hydric canalization was mainly responsible for the contamination in the Caeté
estuary. This was particularly true during the dry period, when more concentrated
domestic and commercial sewage was emitted into this estuary and when the highest
number of r-strategist species was found. This observation is concerning because a large
part of the local economy depends on the biological resources of the estuary and its
contamination could negatively affect the environmental health of this Amazon

estuarine ecosystem in the near future.

Government authorities should improve local services by constructing a sanitary
collection system, offering an efficient urban cleanness, controlling market, medical and
ice factory garbage disposal and constructing an efficient sewage treatment plant to
promote the treatment of sewage, as well as to control the wastewater input into the

Caeté estuary in order to mitigate the observed problems.
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4. EFFECTS OF THE URBAN DEVELOPMENT ON THE CEREJA RIVER
AND CAETE ESTUARY (AMAZON COAST, BRAZIL)*

4.1 ABSTRACT

The city of Braganca, which has more than 45,000 inhabitants living on an area of
approximately 16 km?, is one of the oldest colonial settlements of the Amazon region.
Over the past few years, several serious sanitation problems have become apparent. This
study describes the effects of wastewater discharge originating from the city on the
water quality of the nearby Caeté Estuary and its tributary the Cereja River, which
passes directly through the city centre. Both rivers receive large amounts of wastewater
disposed by private households, hospitals, workshops and fish processing companies.
Surface samples of river water from the Cereja (station 1) and the Caeté (station 2) were
collected bi-monthly in Niskin bottles between April 2006 and February 2007. Water
samples contained high concentrations of nitrites, nitrates and phosphates, as well as
high concentrations of chlorophyll a. Elevated counts of fecal coliforms (>1100
MPN/100mL) indicated microbial contamination. In the Caeté Estuary, dissolved
nutrients, chlorophyll a concentrations, and bacterial counts declined during the months
of highest rainfall, probably due to dilution effects. In the Cereja, by contrast, the
highest concentrations of nutrients were recorded during the rainy season, when the
river flooded and began to receive sewage directly from clandestine outfalls and other
material from the lixiviation of surrounding areas. Clearly, the Cereja River is a source
of contamination for the Caeté Estuary, in particular during the rainiest months of the
year. Installation of basic sanitary facilities by local governmental authorities could

mitigate the contamination of river water in Braganca.

ADDITIONAL INDEX WORDS: Estuary, Water Quality, Amazon Coast.

* Ppublicado por Journal Coastal Research SI.56, p.1219 - 1223, 2009. Autores: Danielly de Oliveira
Guimardes, Luci Cajueiro Carneiro Pereira, Marcela Cunha Monteiro, Adryane Gorayeb, Rauquirio
Marinho da Costa.
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4.2 INTRODUCTION

Almost half of the World’s population lives in coastal areas, which corresponds
to only 10% of its total land surface. The coastal zone is under constant pressure from
population growth, pollution, and environmental degradation caused by increasing
exploitation of resources and land for recreational, industrial, and habitation purposes.
These pressures have a dramatic impact on both the quality of life of coastal populations

and the environment (CICIN-SAIN, 1998; IRTEM et al., 2005).

Brazil occupies approximately 47% of South America (GLASER, 2004), with an
area of 8.5 x 10°%km? with a coastal zone covering 1.38 x 10'%km? (KJERVE and
LACERDA, 1993). The Northern Brazilian zone encompasses one of the largest
tropical depositional coastal systems, and one of the largest and best preserved areas of
mangrove forest in the World (KJERVE and LACERDA, 1993). This zone is
influenced primarily by the discharge of the Amazon, the World’s largest river by water
volume (BLABER, 2002) and is characterized by a macrotidal regime, which is unique

in Brazil.

The Amazon coastal zone accounts for a third of the Brazilian coastline,
extending 2,500km from the estuary of the Oiapoque River in Amapa to Sdo Marcos
Bay in Maranhdo (ISAAC and BARTHEM, 1995). Approximately 85% of all Brazilian
mangroves are located within this area (LARA, 2003). The region’s estuaries by
considerable spatial and temporal, and physical and chemical variability. These systems
act as a natural nursery for the reproduction of a wide variety of aquatic organisms and
for the subsistence of the riverside communities that depend on these natural resources

(SANTOS et al., 2008).

Given the ecological and economic importance of the region’s estuaries, the
main objective of this study was to identify the hydrological and microbiological
attributes of the Caeté Estuary, one of the most important in northeastern Pard, and
those of its tributary, the Cereja River. These attributes were analyzed in the context of

environmental pressures from the city of Braganga, through which both rivers flow.

4.3 STUDY AREA

The Brazilian state of Pard is the country’s second largest, with a total area of

1,248,042 km” and a population of approximately six million inhabitants (IBGE, 2003).
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The state’s coastal zone covers 91,980.55 km” (7.3% of the state) and is formed by 40
municipalities with a total population of 2,665,740 inhabitants, or 43% of that of the
state (IBGE, 2003).

The region’s climate is humid equatorial with two main seasons, rainy and dry.
The rainy season, which normally occurs between January and May, is characterized by
mean total rainfall in excess of 2,200 mm and temperatures of up to 30°C. The dry
season, between July and December, is characterized by higher insolation and
evaporation rates, total rainfall of 100 to 200 mm, and temperatures of up to 32°C

(MARTORANO et al., 1993; LARA, 2003).

The study area is situated in the northeastern extreme of Pard, in the region
known as Salgado Paraense (Figure 1), one of the most densely populated and
environmentally impacted parts of the state. The Bragantine coastal plain, with a
coastline of 40 km, is characterized by an abundance of rivers, channels and mangroves

(SOUZA FILHO and PARADELLA, 2002).

The Caeté Estuary is located on the Bragantine Plain and is dominated by
semidiurnal macrotides, with spring tides of up to 4-6 m. Tidal currents usually reach

higher velocities (about 1.5 m/s) during equinoctial spring tides (COHEN et al., 1999).

The Cereja River discharges into the left margin of the Caeté Estuary. This 4

km-long river crosses the south of Braganga to reach the Caeté at its eastern margin.

The present study was carried out in the most urbanized and impacted part (in
terms of estuarine contamination) of Braganca. The lack of a basic drainage system is
one of the primary environmental issues in this area, and as a consequence of this,
domestic, medical, and commercial sewage concentrates are discharged directly into
both rivers on a daily basis. The area also has several public markets, fishery ports and

ice factories that also contribute to the organic and inorganic contamination of the Caeté

Estuary (Figure 2A and 2B).
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Figure 1. Study area.

4.4 METHODS

Water samples were collected every two months at two stations, one located in
the Cereja River (station 1) and the other in the Caeté Estuary (station 2). The study
took place between April 2006 and February 2007. Samples were collected (i) every 6 h
over a 24-h period in the Caeté estuary (due to the influence of the tide) and (i1) once in
the Cereja River (no tide). Hydrological and microbiological (fecal coliform data)
variables were measured in the subsurface water (at a depth of 0-3m). Data were
obtained from the analysis of water samples collected with Niskin oceanographic
bottles. Water salinity, temperature and pH were recorded using multiparameter
equipment. Field and laboratory procedures followed those recommended by the
AMERICAN PUBLIC HEALTH ASSOCIATION (2004) for fecal coliforms;
Strickland and Parsons (1968) for dissolved oxygen; Strickland and Parsons (1972) and
Grasshoff et al. (1983) for dissolved nutrients and Parsons and Strickland (1963) for
chlorophyll a.



Figure 2. Examples of the lack of basic santitation on the Braganca waterfront in the

Caeté Estuary, Par4, Brazil.
4.5 RESULTS

Both hydrological and microbiological data presented marked seasonal variation

apparently related to the distinct climatic seasons.

4.5.1 Caeté Estuary

The salinity of the Caeté Estuary varied from Opsu in April and June (rainy
season) to 17psu in February (dry season), while the temperature of the water varied
from 26.1°C (June) to 30.5°C in October (dry season). The pH values were higher
during the dry season (8.24, February) than in the rainy period (6.09, April). The
concentration of oxygen dissolved in the water ranged from 3.0mg/L in the dry season
(December) to 8.4mg/L in the rainy season (June). Similarly, the concentration of
chlorophyll a concentration in the water varied from 3.86mg/m® in October to
24.09mg/m’ in April. With regard to dissolved nutrient concentrations, nitrates varied
from 0.96uM (rainy season) to 54.35uM (dry season), nitrites from 0.11uM to 5.07uM,
respectively, and phosphates from 0.22uM to 5.48uM (Figure 3). Fecal coliform
concentrations were relatively high (> 1100 MPN/100ml).
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4.5.2 Cereja River

Maximum salinity of the Cereja River was 1.38psu in December, and water
temperature varied from 27.3°C in April and June (rainy season) to 29.7°C in October
(dry season). The pH of the water was lowest during the dry season (5.9 in February)
and highest in the rainy season, reaching 6.9 in June. Dissolved oxygen concentrations
ranged from 2.55mg/L (August) to 9.1mg/L. (December). Chlorophyll a concentrations
varied from 5. lmg/m3 (August) to 34.8mg/m3 (June). Nitrate concentrations varied from
7uM (dry season) to 55.11uM (dry season), nitrites from 0.7uM (dry season) to 2.2uM,
and phosphates from 0.65 to 1.85uM (Figure 4). Fecal coliform concentrations were

high (> 1100 MPN/100ml) throughout the study period.

4.6 DISCUSSION

The rainy season in the study area usually spans the months between January
and June. However, the rainiest months were between March 2006 and August 2006,
while the period between September 2006 and February 2007 was typical of the dry

s€ason.

The Caeté River is 149km long and runs through seven municipalities
(GORAYEB, 2008). Its estuary is dominated by semidiurnal macrotides and tidal
currents that can attain velocities of up to 1.5m/s (COHEN et al., 1999). By contrast, the
Cereja is a small, 4km-long river that is not affected by tidal cycles but is influenced

strongly by precipitation levels.

The lowest salinity values were recorded in the rainy season at both stations as a
consequence of elevated rainfall (about 2,200mm) (LARA, 2003) and river runoff. The
input of freshwater from rainfall and runoff into the Caeté Estuary also appeared to
contribute to the variation in pH readings, with the water being slightly acidic during the
rainy season and alkaline during the dry season. The high dissolved oxygen
concentrations recorded in the Caeté Estuary during the rainy season can be attributed to
the high chlorophyll a levels, which are a direct consequence of photosynthesis and
increased hydrodynamic processes. During the rainy season, urban sewage is diluted by
the increased input of rainwater, which also results in increased river discharge into the
Caeté¢ Estuary, and contributes to the reduction in dissolved nutrient concentrations. In

addition, high chlorophyll a concentrations may also have contributed to the observed
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reduction in nutrient concentrations during the rainy season (consumption by
phytoplankton). The highest dissolved nutrient concentrations observed during the dry
season may be attributed to the input of more concentrated domestic and commercial

sewage into the Caeté Estuary.

The pH of the Cereja River was slightly acidic due to the absence of estuarine
water. In general, the highest nutrient concentrations were observed during the rainy
season, when the Cereja was at its highest levels and received the input of domestic,
commercial, and hospital sewage directly from clandestine outfalls. The high
concentrations of dissolved nutrients during the rainy season contributed to those of

chlorophyll a.

Illegal effluents were the main source of pollution at both stations, mainly in the
form of organic particulate matter and fecal coliforms. The lack of basic sanitation and
sewerage systems is a common problem in the Amazon region and similar results have

been obtained at other coastal communities (PEREIRA et al., 2007).

The different patterns observed in the hydrological data (pH, chlorophyll a,
dissolved oxygen, and dissolved nutrients) from the two stations appear to be a
consequence of the distinct hydrographic conditions encountered in the two rivers. The
Cereja appears to be the primary source of contamination for the Caeté Estuary during
the rainiest months, reflected in the relatively high concentrations of dissolved nutrients,

thermotolerants coliforms, and chlorophyll a recorded during this period.
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Figure 3. Hydrological variables in Caeté Estuary.
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4.7 FINAL CONSIDERATIONS

The results obtained in the present study reflect the absence of an adequate
system of drainage or sewage processing in the city of Braganca, which results in the
release of untreated domestic, medical and industrial effluents into the local rivers. This
obviously constitutes a hazard to both the environment and local populations, and
requires urgent attention from the relevant public authorities. These problems could be
fully or partly resolved by a series of measures, such as (i) construction of a sewage
treatment plant; (ii) removal of all sewage or drainage outfalls from both rivers, and
their connection to the drainage system; (iii) regulation of new wastewater inputs; (iv)
development of a program of environmental and sanitary education aimed primarily at
the protection and conservation of the quality of the water of the Cereja River and the

Caeté Estuary.
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5. EXPLOITATION AND MANAGEMENT OF NATURAL RESOURCES BY
RURAL COMMUNITIES IN THE CAETE RIVER BASIN IN NORTHERN
BRAZIL’

5.1 ABSTRACT

The Caeté River basin is located on the Amazon coast, and has an area of 2195 km?.
The main river runs some 149 km from its source, in the municipality of Bonito, to its
mouth, in Braganca and Augusto Corréa, and passes through four other municipalities,
and 18 rural communities. The aims of the present study were to (i) demonstrate the
effects of anthropogenic impacts and natural phenomena on the natural resources
available to these communities, and (ii) present guidelines for the implementation of
effective environmental management strategies by local authorities. Data were collected
between January and June, 2006, using direct observation and analysis of water in 23
wells for the assessment of the presence of fecal coliforms. Data from previous studies
were also used for the mapping of the main environmental problems. The Caeté Basin is
located in the most populated portion of northeastern Par4, and over the past few
decades, a number of anthropogenic impacts have been increasing, with growing
pressure on local resources. The lack of effective public policy has accentuated both
environmental and socio-economic problems. The authors suggest several measures to
improve the current situation, including: (i) the regulation of land use to reduce the
environmental impact of the economic sector; (ii) implementation of management
programs for the sustainable exploitation of natural resources (fish, crabs, clay, lumber);
(i11) installation of public services, in particular piped water and sanitation; (iv) better

monitoring and penalization of the illegal exploitation of natural resources.

ADDITIONAL INDEX WORDS: Environmental, Management, Hydrographic Basin,

Amazon littoral.

> Publicado Journal of Coastal Research SI 64, 1228-1232, 2011. Autores: Danielly de Oliveira
Guimaraes, Luci Cajueiro Carneiro Pereira, Adryane Gorayeb, Rauquirio Marinho da Costa.
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5.2 INTRODUCTION

Coastal zones and exoreic basins are linked through hydrological discharges,
forming continuous fluvial-marine systems. Over the past few decades, population
growth and economic development have been exerting ever-increasing impacts on these
complex systems worldwide (GRAY and BECKER, 2002; TURGEON et al., 2004;
OUYANG et al, 2006; BATARSEH, 2006; PLUMMER and LONG, 2007,
D’ALESSANDRO et al., 2007). In Brazil, around two-thirds of the 190 million
inhabitants live within 100 km of the coast, and the ongoing urbanization of this zone
creates burgeoning pressures on its natural resources. While integrated management of
the country’s coastal zones and basins is currently a major environmental challenge, it
has received limited attention from either scientists or local authorities

(SZLAFSZTEIN, 2003; NICOLODI et al., 2009).

The westernmost basin of the Northeast Atlantic region is one of Brazil’s 12
hydrographic regions. It encompasses the catchment basins flowing towards the Atlantic
coast in the area between western Maranhdo and eastern Para. The region includes a
diversity of ecosystems, including rainforests, mangroves, estuaries, and rivers (LARA,
2003).Population density is low and there is little industrial development, but
agriculture, mining, fisheries, and tourism are relatively well-developed

(SZLAFSZTEIN and STERR, 2007).

The Caeté River basin is located in northeastern Para, and has an area of 2,195
km? (GORAYEB et al., 2009). The main river runs some 149 km from its headwaters,
in the municipality of Bonito, to its mouth, in Braganca and Augusto Corréa, and passes
through four other municipalities — Ourém, Capanema, Tracuateua, and Santa Luzia do
Para. The Caeté Basin is located in the most populated portion of northeastern Para, and
over the past few decades, anthropogenic impacts have been increasing, with growing
pressure on local resources (PEREIRA et al., 2009; GUIMARAES et al., 2009a;
PEREIRA et al., 2010; GORAYEB et al., 2010). The lack of effective public policy has
accentuated both environmental and socio-economic problems. Given this, the aims of
the present study were (i) to demonstrate the effects of both anthropogenic impacts and
natural phenomena on the natural resources available to the rural communities of the
Caeté Basin, and (ii) present proposals for the implementation of effective coastal

management strategies by local authorities.
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5.3 STUDY AREA

The Caeté River basin is located in northeastern Para. The main river channel
runs through a total of 18 rural communities, which were surveyed in the present study
(Figure 1). Two of these communities — Arraial do Caeté, in the municipality of Ourém
and Sao Jodo do Caeté¢/Ramal da Onga in Santa Luzia do Para — are located on the upper
Caeté. Eight communities (Sao Jodo do Caeté/Vila do Caeté, and Tentugal in Santa
Luzia do Para; Nova Mocajuba, Arimbu, Jutai, Tororomba, Monte Alegre, and
Fazendinha in Braganga) are located in the river’s mid sector, while the remaining eight
(Camutd, Sitio Grande, Vila Quiera, Caratateua, Bacuriteua, Acarajo, Vila dos
Pescadores in Braganga, and Ponta Urumajé in Augusto Corréa) are in the lower basin
(GORAYEB et al., 2009). The local climate is characterized by two distinct seasons
(rainy and dry). Around 85-90% of the annual precipitation falls during the rainy season
(normally from January to June), which is when intense fluvial flooding occurs.
Minimum and maximum temperatures are around 18°C and 33°C, respectively, with an

annual mean of 25.5°C (PARA, 2004).

E

; Atlantic Ocean - .,‘.
Study area :

MY} =5840000

Datum: SAD-69
Zone 235

0 8 km
—

Figure 1. Localization of the Caeté River basin in northern Brazil.
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Guimaraes et al. (2009a) recorded a total of 2,207 families living in these 18
rural communities, with a total population of 9,573 inhabitants. The majority of this
population has low income, limited education and poor living conditions. Inadequate
services and infrastructure include a lack of public sanitation or water supplies, refuse
collection, schools, or medical assistance. The local economy is based on fishing,
farming, and shopkeeping (PEREIRA et al., 2006; SILVA et al., 2006; GOMES et al.,
2009; GUIMARAES et al., 2009a).

5.4 METHODS

Data were collected between January and June, 2006, using direct observation to
demonstrate the effects of both anthropogenic impacts and natural phenomena on the
natural resources available to the rural communities of the Caeté Basin. The main
environmental impacts were identified, georreferenced, photographed, and mapped.
During the same period, samples of water were collected from 23 wells (at least one
from each community) for testing for the presence of thermotolerants coliforms
(FIELDA and SAMADPOUR, 2007; BORDALO and SAVVA-BORDALO, 2007). The
samples were analyzed using the AMERICAN PUBLIC HEALTH ASSOCIATION
(APHA, 2004) method. Studies about social and economic pressures, and exploration of
the natural resources in that hydrographic basin were also used to support the local
mapping and the proposals for the environmental management. Finally, we suggest
several guidelines for the effective management of the natural resources of the Caeté

Basin by the pertinent local authorities.

5.5 RESULTS AND DISCUSSION

Human pressure was found in the 18 rural communities along the Caeté Basin,
and the principal environmental problems were related to solid waste disposal,
discharge of untreated effluents, illegal capture of ornamental fish, mining extraction,
over exploration of fishes and crabs, deforestation and oil spill. The description of the
social and economic pressures, as well as the mapping of the pressure indicators are

shown below.
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5.5.1 Economic activities
The mid and upper river sectors

The total population of the upper and middle Caeté Basin is estimated at 3,053
inhabitants, and the main economic activities are agriculture and ranching GORAYEB
et al., 2009; GUIMARAES et al., 2009a). Manioc, beans, rice, corn, oranges, acai
(Euterpe oleracea) and cupuagu (Thebroma grandiflorum) are the main crops. While
provides employment or subsistence for a large part of the local population, it has also
transformed the local landscape (Figure 2A), provoked erosion (Figure 2B) and affected
the fertility of the soil (GORAYEB et al., 2010).

The river’s primary springs are found on a cattle ranch in Bonito. A large
number of cattle ranches are also found in Nova Mocajuba. Ranching is a primary cause
of illegal deforestation (Figure 2C) and riverbank erosion (Figure 2D). In addition,
smallholders in both municipalities are under constant pressure from major landowners

to sell their properties for conversion into pasture (GUIMARAES et al., 2009a).

In Fazendinha, the extraction of clay (Figure 2E) for the fabrication of bricks,
tiles, and other ceramic products, has resulted in the alteration of water courses, loss of
topsoil and the proliferation of vector insects in abandoned pits. This has resulted in the
propagation of diseases such as malaria, and dengue and yellow fevers in this
community (SILVA et al., 2009). Deforestation for the production of firewood for the
ceramics kilns is also a problem (SILVA et al., 2009; GUIMARAES et al., 2009a). This
economic activity has attracted an influx of migrants from other communities, which
has generated social conflicts resulting from squatting, unemployment, and the over-

exploitation of clay deposits (SILVA et al., 2009).

In this sector of the basin, a number of other problems were observed
(GORAYESB et al., 2009, 2010), including the illegal capture of ornamental fish for the
black market (Figure 2F), the illegal exploration of gravel and sand (Figure 2G) to
supply the local construction market, and illegal deforestation (Figure 2C) for the
production of charcoal and firewood to fuel the kilns and other establishments such as

bakers and pizzerias.
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Figure 2. General conditions recorded around rural communities of the Caeté River Basin.
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The lower river

The estuarine sector of the basin has an estimated population of 6,520
inhabitants (GUIMARAES et al., 2009a). This sector is partly located within the Caeté-
Taperacu Marine Extractive Reserve, which is destined for the sustainable exploitation
of natural resources by the traditional local populations. This is based on fishing,
crabbing (mainly the mangrove crab, Ucides cordatus) and harvesting of mollusks, such
as Mytella sp. (GLASER and GRASSO, 1998; KRAUSE et al., 2001; GLASER, 2003;
KRAUSE and GLASER, 2003; GLASER and DIELE, 2004). However,
overexploitation of U. cordatus has led to a decline in stocks, and a reduction in the
income of some households. The processing of crabmeat (Figure 2H) by the local
women was an important component of the local economy (MAGALHAES et al.,

2007), but it was recently prohibited by the public prosecutor’s office.

Ice factories and fish processing plants (Figure 2I) in Bacuriteua and Caratateua
are part of the industrial fishery infrastructure that supplies local, national, and
international markets. While this industry provides employment for local residents, it
has also attracted migrant workers from other regions of Brazil, which has, once again,
generated social conflicts resulting from problems such as limited employment
opportunities and squatting (SILVA et al., 2006). In addition, the fishing boats (Figure
2J) have been responsible for oil spills and the dumping of solid waste into the Caeté

estuary (SILVA et al., 2006; GORAYEB et al., 2009).

In this estuarine sector, mangrove forests have also been destroyed illegally for

the production of charcoal and firewood.

Flooding and other natural processes (equinoctial spring tides) have caused
erosion in Vila dos Pescadores, which has resulted in the destruction of local buildings,
mangroves and dunefields (KRAUSE and GLASER, 2003; PEREIRA et al., 2006;
SZLAFSZTEIN and STERR, 2007 and PEREIRA et al., 2009). The intertidal zone of
the local beach is around 700 m wide, but the topographic profile monitoring of its tidal

channel has revealed a 12 m decrease in this zone per year (PEREIRA et al., 2007).

Services

The lack of public services — in particular sanitation, piped water, and refuse

collection — was a problem common to all the communities surveyed in this study,
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which affects both public health standards and the quality of the environment. The
disposal of solid waste and the discharge of untreated effluents into the river throughout
its course have affected the quality of the water in all three sectors (SILVA et al., 2006
2009; PEREIRA et al., 2006, 2009, 2010; GORAYEB et al., 2009, 2010; GOMES et al.,
2009). The figure 2H shows the rudimentary building in Ponta de Urumajo.

Studies in the town of Bragan¢a and neighboring Cereja River have shown that
outlets at the waterfront discharge untreated sewage directly into the Caeté estuary, and
that the local macrotides can transport this pollution some distance upriver
(GUIMARAES et al., 2009b; PEREIRA et al., 2010). In the present study, 21 of the 23
wells analyzed had measurable levels of thermotolerants coliforms. The two
uncontaminated wells, which are both located in Caratatecua, are some distance from
polluted areas and are over 30 m in depth. All other wells were considered improper for
human consumption, with coliform concentrations of between 3 and more than 1100
NMP/100ml. Given the lack of a public sanitation system within the study area, these
findings constitute clear evidence of the contamination of local groundwater by
thermotolerants coliforms. In almost all cases, the wells are relatively shallow and
located near cesspits, refuse deposits or animal enclosures. Similar bacterial
contamination of wells has been recorded at other locations of the Amazon region
(AMARAL et al., 1994; SILVA and ARAUJO, 2003; NASCIMENTO and BARBOSA,
2005).

The lack of adequate supplies of drinking water has serious implications for
public health. Diarrhea is one of the most common ailments reported by the residents of
all 18 communities (GORAYEB et al., 2009). The results of the present study indicate a

clear and pressing need for special regulatory measures within the basin.

5.6 FINAL CONSIDERATIONS

The higher population density and anthropogenic pressures were observed
around the lower river sector. Management strategies are urgently required at all levels
of government (municipal, state, and federal) and the authors suggest the following
measures as a means of reducing impacts: (i) effective regulation of land use, in order to
avoid conflicts between the economic sector and the protection of natural resources; (ii)

urban planning, to ensure the management of natural resources and landscapes; (iii)



90

implementation of management programs for the sustainable exploitation of natural
resources (fish, crabs, clay, lumber), which is essential to the subsistence of most
inhabitants; (iv) installation of public services, in particular piped water and sanitation,
in order to improve the quality of life of the inhabitants, and reduce the incidence of
disease; (v) better monitoring and penalization of the illegal exploitation of natural

resources.
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6. CONCLUSAO GERAL

A maior parte da populacdo que reside nas dezoito comunidades rurais da Bacia
Hidrografica do Rio Caeté ¢ jovem, com baixa escolaridade, e tem a agricultura ou
pesca como as principais atividades econdmicas, embora muitas familias dependam
exclusivamente dos beneficios do Governo Federal.

O perfil sécio-econdomico tem refletido nas condigdes precarias de moradia e de
vida destas familias. Por outro lado, a falta de investimento por parte do governo e
organizagdo comunitdria t€ém resultado na precariedade dos servigos publicos disponiveis,
incluindo assisténcia médica, educa¢do de qualidade, saneamento basico, seguranca,
iluminacao, transporte, efc.

A precariedade dos servigos publicos tem gerado problemas ambientais e de saude
humana. Um dos principais problemas esta relacionado a contaminagao da agua usada no
abastecimento nas comunidades rurais. A profundidade e o tipo dos pocos, bem como a
presenga de fossas e as atividades antropicas desenvolvidas proximas aos mesmos t€m
comprometido a qualidade destas aguas subterrdneas que mostrou-se impropria com
relacdo a uma ou mais variaveis estudadas. A falta de uma coleta de lixo eficiente
também tem gerado problemas ambientais e causado riscos a saude humana. Como
resultado da precariedade no sistema de saneamento bdsico, algumas doengas sdo
frequentemente registradas entre os moradores entrevistados e.g. malaria, dengue, gripe,

febre, diarréia, doengas de pele e doengas respiratorias.

Na cidade de Braganga, a falta de um sistema de canalizacdo bdsica tem
comprometido a qualidade da dgua dos rios Caeté (setor estuarino que margeia o centro
de Braganca) e Cereja (proximo a desembocadura no Caeté). O rio Cereja ¢ mais uma
fonte de contaminagao para o Caeté e ambos apresentam caracteristicas de ambientes
eutroficos, apresentando elevadas quantidades de coliformes termotolerantes (fecais) e a

ocorréncia de algumas espécies fitoplanctonicas indicadoras de ambientes eutréficos.

Além da presenga de lixo e contaminacdo das dguas superficiais e subterraneas,
a captura ilegal de peixes ornamentais, a extragao sem planejamento de minerais (argila,
seixo, etc.), a sobre-exploracdo de recursos biologicos (caranguejo, peixes), O
desmatamento, entre outros sdo algumas das atividades exploratorias que vém

degradando a Bacia Hidrografica do Caeté.
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Diante dos resultados obtidos foi possivel sugerir as seguintes medidas:

(1) Informar e conscientizar os comunitarios e as autoridades administrativas sobre os

problemas ambientais e socioecondmicos;

(i1) Incluir a maior parte dos setores afetados (e.g. residencial, comercial, agricultura,

pesca, minérios, efc.);

(i11) Implementar programas de exploragdo sustentavel dos recursos naturais para que
estes continuem produzindo bons e valorados servigos (reserva de minérios, manguezal,

estuario e rio do Caeté, entre outros);

(iv) Elaborar planos de ocupacdo territorial para evitar conflitos entre os setores

econdmicos € 0s recursos naturais, bem como garantir a paisagem natural local;

(v) Melhorar os servicos e infra-estrutura, fornecendo energia elétrica, dgua potavel,
ensino de qualidade, boa assisténcia médica, rede de tratamento de esgoto, coleta
regular de lixo e transporte publico para todas as comunidades. Para tanto sera

necessario:
- Construir pogos eficientes ¢ em lugares adequados;

- Garantir a coleta publica de lixo e constru¢des de aterros sanitarios, atendendo as

exigéncias da legislagdo vigente;

- Construc¢ao de escolas publicas, com o ensino fundamental e médio completo com

ajuste no calendario escolar para minimizar a evasao durante os periodos de safra;
- Construir postos de satde;

- Estabelecer o funcionamento de linhas de transporte publico, para facilitar o acesso de

algumas comunidades as sedes dos municipios;

- Construir uma rede de tratamento de esgoto;

- Aumentar o nimero de postes e de policiamento nas areas de conflitos;
- entre outros.

(vi) Promover a participagdo do publico afetado, através de discussdo aberta e atender

as idéias e necessidades requeridas;

(vii) Estabelecer a comunicagao entre os setores afetados e manter todos informados ao

longo das vérias etapas do plano;
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(viil) Promover agdes de educacdo ambiental junto a comunidade, associagdes,
institui¢des publicas e privadas a fim de provocar acdes participativas e integradas das
comunidades, poder publico e instituigdes de ensino e pesquisa, visando a mitigagdo dos
problemas encontrados e melhoramento da qualidade de vida das comunidades

estudadas.



