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Figure 6. Relationship between access to water and per capita Gross National Product.

Rogers et all, 2006
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The sequence of water quality issues arising in industrialised countries
After Meybeck and Helmer, 1989)
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Atendimento urbano por rede coletora de esgotos. Fonte: Conjuntura (2009). ANA



Paris, 24 e 25 de Marc¢o
G8 + 5 Academias — Numeros do
problema Mundial da Agua

2,6 bilhoes de pessoas nao tem acesso a
saneamento basico.

300 milhoes de toneladas/ano de excrementos
ndo tratados estdo poluindo as dguas superficiais
e subterraneas do planeta.

5.000 criangas morrem por diarréia diariamente.

50% dos leitos hospitalares nos paises em
desenvolvimento sdo ocupados por pacientes com
doencas de veiculacido hidrica.



Paris, 24 e 25 de Marc¢o
G8 + 5 Academias — Numeros do
problema Mundial da Agua

* 443 milhoes de dias escolares sao perdidos por
ano devido a doencas de veiculagdo hidrica em
todo o mundo.

* As metas de desenvolvimento do milénio (MDG)
que deveriam estar cumpridas em 2015,
(especlalmente no que se refere a saneamento
bésico e uso adequado da agua) levariam 60 anos
para completar.



Paris, 24 e 25 de Marc¢o
G8 + 5 Academias — Numeros do
problema Mundial da Agua

* Investimentos necessarios para acelerar o
processo: U$ 12 bilhées por ano, durante
10 anos.

* Ha necessidade de mobilizacido total e
educacdo em massa para resolver o
problema e melhorar a percepcédo da
populacdo sobre a questdo da agua.



__contamination
Salinization

Acidification
Microbial . .

pollution
| Dlssolved .

Sedimentation
Eutrophication

Sector:;
Agriculture

Urban use

Forestry

Hydroelectric
power generation
and water
storage

Mining v | | | v v
Industries v |V |V |V |V v | v | Y| Y v

Table 4. Relationship between human activity by economic sector and consequences of these activities to aquatic ecosystems
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Ciclos Biogeoquimicos

Principais Nutrientes

» Ciclo do Fosforo

» Ciclo do Carbono

» Ciclo do Nitrogeénio

» Ciclo do Enxofre

» Ciclos dos Micros elementos
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BIOLOGICAL HAZARS

 Water-Associated Hazards from Ingestion of
Biological Agents;

* Hazards from Biological Agents Transmitted
Through Water Contact Other Than Ingestion;

* Hazards of Diseases Transmitted by Water-
Associated Insect Vectors;

David H. Speidel; Lon C. Ruedisili & Allen F. Agnew- 1988



BIOLOGICAL HAZARS

* Nuisance Organisms;

« Hazards From Chemical and
Radioactive Pollution;

David H. Speidel; Lon C. Ruedisili & Allen F. Agnew- 1988
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Figure 23. Long-term monitoring of algal biomass, measured as chlorophyll a, at three stations in the Odra River, Poland. Note the
strong seasonal cycles in chlorophyll a from year to year at each station.




Substance
Aldrin
Chlordane
Dieldrin
Endrin
Heptachlor
Hexachlorobenzene
Mirex

Toxaphene

Polychlorinated biphenyls (PCBs)
DDT

Dioxins

Furans

Pesticide

Pesticide

Pesticide

Pesticide

Pesticide

Pesticide / industrial chemical / by-product
Pesticide

Pesticide

Industrial chemical / by-product
Pesticide

By-product

By-product

Table 3. Twelve Persistent Organic Pollutants (POPs) scheduled to be phased out and eliminated under

the Stockholm Convention.




Total Phosphorus (mg L)
Total Lead (mg L")

o

N
Suspended Solids (mg L") Suspended Solids (mg L")

Figure 27. Relationship between total phosphorus (top panel) and total lead (bottom panel) and suspended solids concentrations at
river monitoring stations. Data are station means and the solids lines show linear relationships between phosphorus and
lead and suspended solids. Note that the correlation is strongest for total lead, where approximately 24% of the variability
in mean lead concentrations can be explained by suspended solids (based on 157 stations). Approximately 13% of the
variability in total phosphorus concentrations is explained by suspended solids (based on 225 stations).




B Lake Mogan,
Turkey

® San Roque Dam, g
Primero River,
Argentina

A Lake Ontario,
Canada

Chlorophyll a (mg L")

0.010 0.100

Total Phosphorus (mg L™)

Station Maximum  Lake Area Lake Average Watershed
Depth (m) (km®)  Volume (km’) Retention (yrs) Area (km?)

San Roque Dam,
® i eroqRiver 35 13 0.100 0.3 1750

Argentina

A Lake Ontario, 18,484 1,636 6.3 76,456
Canada

Figure 29. Relationship between biomass of phytoplankton, measured as chlorophyll a, and total phosphorus at three lake and reservoir
monitoring stations. Note that despite variability, chlorophyll a increases with phosphorus concentrations and that the
relationship is consistent across three systems that vary greatly in physical characteristics. Approximately 40% of the
variability in chlorophyll a is explained by this relationship. The solid line is the line of best fit.
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Figure 15. Arsenic in groundwater samples from monitoring stations around the world. Data are mean = 1 standar deviation. Dashed




HUMAN ACTIVITIES AFFECT WATER QUALITIY
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Nitrate + Nitrite (mg L")

& xye
- ® Vijayawada

i Peddavoora

0.0 — .|
19|80 19‘85 19]90 19195 20‘00 20]05

Figure 32. Combined nitrate and nitrite concentrations in two wells in India. Data shown are annual means (+ 1 standard error). Note
the general increase in nitrates through the 1980s and early 1990s, followed by a decline at both monitoring stations in the
mid-1990s. Note also that, with the exception of the Vijayawada station in 1996, concentrations were below the WHO
drinking water guideline value for protecting against methaemoglobinaemia in infants caused by short-term exposure to

nitrate and nitrite.
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Figure 38. Faecal coliform concentrations in river monitoring stations located near to major cities, plotted according to population size
(top figure). Bottom figure shows mean (x 1 standard error) faecal coliform concentrations separated by population size
class of nearby cities.







Eutrofizagao Estimativas de
3 vazoes ecologicas . : .
Floragao de 9 Biomanipulagio
cianobactérias

Producao liquida GERENCIAMEN;: DE \ | Interacdes
do ecossistema [ BACIAS HIDROGRAFICAS § ¢ o
E RECURSOS HIDRICOS J * roficas

Pesca predatoria Estados
alternativos
Usos da agua | |Cenérios de Gestic

Problemas encontrados em gestdo de bacias hidrograficas que podem ser avaliados com o uso de modelos matemaéticos.
Fonte: modificado de Fragoso Jr. et al. (2009).




Alteracoes da Paisagem e Mudancas na Qualidade
Ambiental Afetam a Maioria das Bacias Hidrograficas,
Alterando Ambos os Sistemas Terrestres e Aquaticos

Fonte: Odete Rocha
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Sources of nitrogen for a lake:
natural sources are shown on the
left-hand side and man-made
additions on the right.

Excretion by
animals inthe
lake

Fixation of
atmospheric nitrogen
by blue-green algae
inthe lake

Fertilizers
from agricultural
land

Run-off NITROGEN

Effluents
(natural sources) INLAKE WATER

from industry

Inflow
rivers

Sewage
(natural sources)



N, P, C Input from terrestrial sources Atmospheric
(non point and point sources) inputs
particulate and dissolved l l l

2%

terrestrial non
point sources

N,.P,(_:spiraling/ / . \

in river flux /
ERERER

terrestrial —
point sources

Nohdete

terrestrial non
point sources

input frcim vegetatlon \

Direction of '

water flux

Enrichment of floodplain
Deposition at lakes (lateral transport)

depressions

Alluvial plain

VL

to underground

L DEGANI R. M. and TUNDISI J. G. (2011) Original




Natural load

Lake morphometry

—-( Winds

Vegetation

[Preclpitation }‘ Direct load

Internal load

Anthropogenic

/ s

Population/
0 Urban areas

Secchi depth

Phytoplankton

Zooplankton

Bottom fauna







Projeto Brasil das Aguas —
foto aérea tirada em janeiro de 2004




Reservatorio de Foz do Areia: ocorréncia de floracoes intensas de
cianobactérias nos ultimos anos em funcao do aumento da
eutrofizacao, e que resultam em diversos impactos negativos, tais

cCOMmao.

- Condigdes de operacao insalubres na usina, como odor fétido em
consequéncia da decomposicao da biomassa algal que se acumula na
barragem e que interferem com o bem estar dos operadores;






Fitoplancton — Perfis com sonda Fluoroprobe

Ponto IG-02 — reserv. Foz do Areia (10 km a montante do ponto E2 da COPEL)

chl concentration [pof] £ yellow =[]
10.00 20.00 30,00
1 1 ]

Elq -

bbe FluoroProbe

& Green Algae
o Bluegreen

« Diatoms
v

Cryptophyta

w Yellow substanc. ..

+ sample temp.
« total conc.

I I
10,00 15.00
sample temperature [7C]

G 02 COFEL

first: 21/1/2008
10:35:20

last: 21/1/2008
10:37:08




Fitoplancton — Perfis com sonda Fluoroprobe

Ponto 1G-03 —reserv. Foz do Areia (equiv. ao ponto E2 da COPEL)

chl concentration [ugf] f wellow s []
10,00 20.00 30.00 ) bbe FluoroProbe
] ] ]

& Green Algae

a Eluegreen

+ Diatoms

+ Cryptophyta

= Yelow substanc...
+ sample temp.

« total conc.

|G 03 COPEL

first: 214172009
0a8:44:04

! ! last 21/1/2004

10,00 15,00 s
sample temperature [°C] 084716
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Fonte: Jeppesen et Al 2011



Efeitos da Eutrofizacao

Anoxia - Auséncia de oxigénio dissolvido na agua
causando mortalidade em massa de peixes e
invertebrados e produzindo liberacao de gases com
odores.

Florescimentos indesejaveis de cianoficeas e
crescimento descontrolado de outras plantas aquaticas
tais como aguapé (Eichchornia crassipes) ou alface
d’agua (Pistia stratioides).

Altas concentracoes de materia organica que podem

produzir substancias cancerigenas ao serem tratadas
com cloro.

Deterioracao de valores recreacionais dos lagos e
represas, devido a degradacao da qualidade da agua.
Perdas economicas.



Efeitos da Eutrofizacao

Acesso restrito a pesca e a atividade recreacionais
devido ao crescimento explosivo de cianofitas
aquaticas.

Diminuicao da biodiversidade (peixes,
invertebrados).

Alteracoes na fauna ictica e no valor comercial das
espécies de peixes.

Diminuicao dos estoques pesqueiros
principalmente durante periodos de intensa
mortalidade de peixes, causada por anoxia.



Efeitos da Eutrofizacao

* Perdas no valor das propriedades situadas
proximas a rios, lagos ou represas eutrofizados.

 Perdas em valores estéticos, aumento nos
custos do tratamento de agua.

* Perdas economicas devido a deterioracao da
saude humana causada por doencas provocadas
direta ou indiretamente pela eutrofizacao.



Principais interagoes e processos causados pela eutrofizacao em reservatorios

Fertilizantes
Esgotos domésticos
Efluentes industriais AL [IES
Fésforo

—
N\

Fontes pontuais
Fontes difusas

e

—

o

Custos elevados da
recuperacao dos
reservatorios eutroficos

Impactos a jusante
do reservatério

Custos do tratamento
de dgua mais elevados

¥

N

_—

/.

Deterioracao da

qualidade da agua

\

Aumento da concentracao

organica no sedimento

de nitrogénio, fésforo e matéria

Aumento do odor e
deterioragdo do gosto

//

Decomposicao

Anoxia no
hipolimnio

Perda de valores
estéticos

~

4

Comprometimento dos
usos multiplos do

reservatorio

}

Mortalidade de
peixes

Impactos na saude
humana e aumento de
riscos para a populacao

Aumento na abundancia
de patégenos

- Processos criticos na eutrofizacao de represas e lagos.

Aumento da Toxicidade
na agua

Aumento da frequéncia de
florescimentos de cianobacterias

Aumento do crescimento
de macréfitas aquaticas

Aumento da biomassa
de algas bentonicas

«——

!

™~

Aumento da matéria organica
dissolvida e particulada na dgua

P’

<

™

Aumento da toxicidade
nos organismos

/

Impactos na biodiversidade:

Perdas de biodiversidade

fitoplancton, zooplancton, peixes

/

Mortalidade de
peixes

Reducao dos estoques de
peixes comerciais
e outras espécies

Original J. G. Tundisi (2011)
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WITHDRAWAL OF WATER
WATER TREATMENT

REMOVAL OF PHOSPHO-

RUS BY PRECIPITATION
BEFORE DISCHARGE




a) - Alta diversidade de ambiente
-Biomassa vegetal alta ¢ eslavel
- Longo periodo de captacdo de nuinentes
« Alla refengdo de nutrientes e de &gua no

D) - Paisagem homogénea
- Blomassa vegetal balxa e Inconstante
- Altas taxas de nutrientes provenientes
de fortilzantes
- Baixa reten¢do de nutrentas no ambients
- Endiquecimento dos ambientes aquaticos

{eulrofizagiio)

-y —

Fertilizantes

fonte pontual .- N
de poluigo </

’,

L

Degrodagdo de habiats aquiticos

300 ug P dm*
Bako poder de aulo-depuracdo Myl

\-

Controle do ciclo biogeoguimico com o aumento da biodwversidade e retengao de
nhutrientes na bacia. Fonte: UNEP/GEMS WATER (2003).




Servicos dos Ecossistemas
Aqguaticos

Abastecimento de agua
Recreacao

[rrigacao

Hidroeletricidade

Biomassa — Pesca e Agricultura
Turismo

Componente do Ciclo Hidrol6gico



. Elevacao dos custos de tratamento de agua
para potabilidade;

. Acumulo dos atendimentos nos hospitais
(aumento das doencas de veiculacao hidrica);

. Perdas dos servicos dos ecossistemas
(recreacao, abastecimento de agua, irrigacao,
transporte, pesca e pisciculturas e turismo).

. Perda dos valores das propriedades proximas
as represas, lagos e rios eutrofizados;



5. Aumento nos dispendios dos servicos

publicos para recuperacao da qualidade
da agua e dos ecossistemas;

6. Deterioracao da estrutura em rios, lagos
e represas;

7. Aumento dos custos do monitoramento
da qualidade da agua;






MDG;

Mudanca Climatica Global;

Pesquisa, Vigilancia e Monitoramento;
Universalizacao dos Servicos de Saneamento;

Protecao da Saude Humana em Relacao a Exposicao
a Agentes Toxicos;

Metais Pesados e Micro-Contaminantes Organicos;

Ulisses Confalonieri; Léo Heller; Sandra Azevedo - 2010
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* Climate Change and Variability;
* Dam Removal;

e Waterborne and Water-Related
Pathogens;

 Chemical Contaminants:
* Endocrine disruptors;

e Pharmaceuticals and Personal Care
Products:

* [Invasive Species;
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Threats and Opportunities for Freshwater
Ecosystems in a Catchment Perspective

* Freshwater ecosystems are situated in
landscape depressions.

* Anthropogenic impacts on freshwater
ecosystems have two major dimensions.

e Pollutant loads can be controlled.



Threats and Opportunities for Freshwater
Ecosystems in a Catchment Perspective

* Pollutants loads from point sources, such
as households, industry or irrigation, are
usually easily defined through basic
monitoring.

* Reduction of non-point pollution sources
is a process of greater complexity, which
requires more advanced actions.



Threats and Opportunities for Freshwater
Ecosystems in a Catchment Perspective

Ecosystem biotechnologies - restoring water
and biogeochemical cycles in catchments.

Improvement of river catchment land cover.

Restoration and management of land /water
ecotones.

Restoration of aquatic ecosystems.

Biomanipulation.
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Transformacéo em
DIOMasss Nos ecOtoNos
sistema aquitico-sistema terrestre

aumento da diversidade no sistema terrestre

(mosaicos de vegetacso ¢ florestas riphnas) Oesnitrificacho

[ Retengdo na bacia hidrografica com o
em condighes

Retengdo em biomassa de plantas
(removidas perodicamente)

‘ Autopurificacso
* mineralizacho de matéria orginica
 * reducio de velocidade de transporte
de matéria crgdnica dissolvida

Recirculagdo
reducio de resuspensdo
* fosfitase - Iberacdo de enzimas
* excrecdo de rooplincton

sistemas de retroalimentacdo Biofiltragéo
biologica methorando a quabidade reducho de bsomassa de

da dgua nestes reservatonios algas pela biota aquitica
(zooplincton, petes, moluscos)

1111 e

hModelo integrado de gestdo de uma bacia hidrografica com utilizagd o de técnicas
de ecohidrologia, controle hidroldgico e aumento da sedimentagdo em regides selecionadas.
Cluanto maior o ndmero de ciclos, maior € o retardamento biogeoquimico e maior a
capacidade de biofiltragio e controle. Fonte: modificado de Zalewski (2000).




Box 3. Examples of implementing ecohydrology for water quality
improvement include:

Reduction of nutrient supply to a man-made reservoir by enhancing their retention on a
floodplain, using the relationship between river hydrology and nutrient flux patterns (e.g.,
Wagner and Zalewski, 2000’ Zalewski, 2006) and adaptation of vegetation to floodplain
hydroperiod (Kiedrzynska et al., 2008).

Reduction of eutrophication symptoms (toxic cyanobacterial blooms) by regulating reservoir
hydrodynamics and biotic structure response (Zalewski, 1990’ Zalewski 2007 in press).
Optimizing pulse-patterns of water discharge from a reservoir in order to maintain fish
migration, biodiversity and production in the Parana River floodplain (Agostinho et al.,
2001) and maintaining productivity and ecosystem services in the Giuadiana River estuary
(Chicharo, 2001).

Improvement of stormwater retention and quality in urban areas by in-stream retention and
adaptation of pond vegetation (Wagner et al., 2008).

Control of surface hydrology, sedimentation and runoff through vegetation cover
management and phytotechnology (La Plata, Argentina).

Water quality improvement and strengthening ecosystem services by optimization of the
hydrological regime and providing alternative habitats for macrophytes in the MAB
Biosphere Reserve (Lobau wetland) and flood protection system for Vienna (Austria)
(Janauer et al., 2000).

Re-creation of Cyperus papyrus wetlands at Lake Naivasha (Kenya) using hydrograph
diversion and phytotechnology for improvement of water quality and biodiversity (Harper,
XXX). '
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