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Ensure availability and sustainable 
management of water and sanitation for all

Clean, accessible water for all is an essential part of the world we want to live in.
There is sufficient freshwater on the planet to achieve this.
But due to bad economics or poor infrastructure, every year millions of people,
most of them children, die from diseases associated with inadequate water
supply, sanitation and hygiene.
Water scarcity, poor water quality and inadequate sanitation negatively impact
food security, livelihood choices and educational opportunities for poor families
across the world.
Drought afflicts some of the world’s poorest countries, worsening hunger and
malnutrition.
By 2050, at least one in four people is likely to live in a country affected by
chronic or recurring shortages of fresh water.
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Target 6.6 Eco-systems

It is water-related ecosystems that provide water services to society. 

They are important for improving water quantity, because they can capture and 
store water, water quality, because they can decompose and/or absorb water 
pollutants, and for other purposes such as providing fish and materials. 

Target 6.6 seeks to halt the degradation and destruction of these ecosystems, and 
to assist the recovery of those already degraded. 

The target includes water-related ecosystems such as vegetated wetlands, rivers, 
lakes, reservoirs and groundwater, those occurring in mountains and forests, 
which play a special role in storing freshwater and maintaining water quality

Ecosystem monitoring, including that of ecosystem health, highlights the need to 
protect and conserve ecosystems and enables policy- and decision makers to set 
de facto management objectives



reservoir of surface: a storage space for waters

A reservoir usually means an enlarged natural or artificial lake, storage pond or
impoundment created using a dam or lock to store water.

Reservoirs can be created by controlling a stream that drains an existing body of
water. They can also be constructed in river valleys using a dam.

Alternately, a reservoir can be built by excavating flat ground or constructing
retaining walls and levees.

Floating Ball Cover
providing algae control and saving water by evaporation



groundwater

Groundwater constitutes about 1.7% of the world’s total water
About 50% of this volume constitutes groundwater which occurs in strata below 1 km deep 
where water is usually saline and hot. 
Water has a distinguishing feature of dissolving a wider range of substances than any 
other liquid. That is why the variable chemistry of groundwater is an index of its interaction 
with  geological environment, residence time, movement, and storage. 

http://indiacurrentaffairs.org/measures-to-address-the-issue-of-depletion-of-ground-water/
http://jnuenvis.nic.in/subject/freshwater/groundwater.htm


Regeneration and recycling wastewater



“Wastewater is water that has been used and contains dissolved or
suspended waste materials” (US EPA, n.d.a.);

The composition of wastewater is 99% water and the remaining 1%
organic matter, microorganisms and inorganic compounds, that is
what it is removed.

The wastewater effluents are released to a variety of environments, 
such as lakes, ponds, streams, rivers, estuaries and oceans. 
Wastewater also includes storm runoff, as harmful substances wash 
off roads, parking lots and rooftops

Wastewater definitions



Wastewater and water quality issues



Wastewater and water quality issues

Wastewater contains a number of pollutants and contaminants, including:

plant nutrients (nitrogen, phosphorus, potassium);
pathogenic microorganisms (viruses, bacteria, protozoa and helminths);
heavy metals (e.g. cadmium, chromium, copper, mercury, nickel, lead and zinc);
organic pollutants (e.g. polychlorinated biphenyls, poly-aromatic hydrocarbons,
pesticides);
biodegradable organics (BOD, COD);
micro-pollutants, e.g. medicines, cosmetics, cleaning agents .

All of pollutants can cause health and environmental problems and have
economic/financial impacts (e.g. increased treatment costs to make water
usable for certain purposes) when improperly or untreated wastewater is
released into the environment;



• Wastewater components and their effects

• Emerging pollutants in wastewater

• Negative impacts of untreated wastewater on human health 
and ecosystem

• Benefits of use treated wastewater



Wastewater components and their effects

Wastewater 
components and 

their effects 
(Source: Adapted from 
Corcoran et al. (2010). 



Emerging pollutants in wastewater

Source: Adapted from UNEP (2015b)



Negative impacts of untreated wastewater on human 
health and ecosystem

Examples of negative impacts of untreated wastewater on human health, the 
environment and productive activities 

Source: Adapted from UNEP (2015b)



Effects in the ecosystem of untreated wastewater

Water pollution

Oxygen depleting

Nutrients pollution - eutrophication 

Chemical pollution Toxic elements 



Effects in human health of untreated wastewater

Water and sanitation

Type of pollutants Main Diseases

Bacteria infections Typhoid
Cholera
Paratyphoid fever
Dysentery

Viruses
infections

Gastroenteritis
Hepatitis (jaundice)
Poliomyelitis

Parasites
infections

Giardiasis
Amoebic dysentery

Chemical:
-organic/inorganic
- natural/anthropic

Fluorosis
Arsenic intoxication
Cancer

Diarrhoeal disease is the second eading cause of death in children under five years 
old. Globally, there are nearly 1.7 billion cases of childhood diarrhoeal disease every 

year (WHO, 2017)



Benefits of wastewater treatment and reuse

•Reliable source of supply: little dependence on weather conditions.

•Reduced stress on ‘traditional’ water supply: reduced demand for 
investments into expansion of existing water supply schemes, since part of 

‘traditional’ water sources is replaced by reused sources.

•Availability near to agricultural application, i.e. mostly outside cities.

•High content of nutrients (N, P) permits to reduce application of synthetic 
fertilizers, thereby reducing cost. 

•Benefits for rural population.

•Long experience exists in many countries at different levels of 

development. 

•Attractiveness of investment (private & public) in the wastewater sector 

increases as a whole, if there is a market for water reuse.



Benefits for agricultural purpose

Wastewater use as an opportunity for agriculture

• Why reuse wastewater in agricultural irrigation?

- Freshwater resources can be reserved for other uses

- Chemical fertilizer usage can be minimized

- Discharge of reclaimed wastewater to water bodies can be prevented

• Agro-irrigation= Largest Current User of Reclaimed Water

• Main uses:

- non-food crops (commercial nurseries; timber; animal fodder)

- food crops (fruit-trees; cereals, vegetables)

Wastewater reclamation and reuse is imperative for future
If wastewater reuse is exercised properly (treatment, end user, safely measures,
education), and if public misapprehension is expelled, the benefits that can be
reaped are great and will far outweigh any associated costs.
However, if water resources are improperly managed, the risk to both the public
health and the environment can be enormous.



Wastewater system components

• Mechanical processes

• Removes larger solids

Primary
treatment

• Biological treatment involving 
microbes

• Removes dissolved organic matter

Secondary
treatment

• Biological solids are neutralized then 
disposed, and treated water may 
be disinfected chemically or 
physically

Tertiary
treatment

finishing natural treatment composed by:

Phytoremediation and aerated lagoon unit



Phytodepuration

Phytodepuration is a natural treatment technique that reproduces natural 
purification processes in a controlled environment. 
Phytodepuration systems have been developed since the 80’s above all in the US 
and in Central Europe. 
They are artificial little deep basins, often filled with inert material and fed with 
aquatic plants (macrophytes). 
These plants reproduce the natural purification processes typical of humid 
areas. 
The macrophytes can be floating, flooded or emerging. 
The systems can have superficial or sub-superficial streams and the sub-
superficial stream can be horizontally or vertically oriented. Superficial streams 
support all the types of macrophytes, sub superficial one only the emerging 
macrophytes. 



I - Subsurface Flow systems (SSF)
II - Leaching with floating macrophytes
III - Superficial stream with emerging 
macrophytes
IV - Floating macrophytes
V - Flooded macrophytes

Read more: 
http://www.lenntech.com/phytodepuration.htm#ixzz4c8gGmj93

http://www.lenntech.com/phytodepuration.htm


General technical issues 
on wastewater treatment 

plant

Techniques of Phytoremediation

Free Water Surface (FWS) 
System

(Source Eawag)

Typical schemes

Subsurface Flow System (SFS) 
with rooted emerging 

macrophytes
(Source: Eawag)



Typology of the plants 
The most common emergent plants in  SFS

Common Reed
(Phragmites australis)

Cattail
(Typha angustifolia)

Scirpus Lacustris

Juncus effusus

Carex aquatilis

Gynerium argenteum

Figure: Function of the 

plants (Source: EPA, 2002)

(Source: Elaborated from EPA, 2002)



General technical issues 
on wastewater treatment 

plant

Typical schemes of aerated lagoon

Schematic view of an artificially aerated 
facultative lagoon (Source: Tilley at all., 2014)

The aerated lagoon unit, combined 
with phytoremediation system, 
represents the final treatment 
stage, the natural disinfection.
The system works by supporting
aerobic bacterial degradation with
artificial oxygen supply provided by
surface turbo-aerators or
submerged aerators or diffusers
with blowers, to augment the
oxygen supplied from natural
means, such as re-aeration surface
or photosynthesis.

Strong reduction of the 
nutrient’s concentration 
with the aerobic 
decomposition of algal 
substances



Advantages/ disadvantages phytoremediation

ADVANTAGES DISADVANTAGES

Efficient reduction of: BOD, COD, TSS Dependency of process efficiency on
bioavailability and contents of removing
contaminants.

Be aligned with natural features of the site to
minimize possible environmental impacts.

A considerably large area for storage is 
required.

Energy saving, reduced costs and easy to
manage

Necessity for effluents’ collection and 
control.

Nitrogen and phosphorus can be converted into
biomass without any external source of organic
carbon.

Relatively long-lasting process.

The effluent discharged into receiving water
bodies is oxygenated.

Absence of odors

Adding value in terms of re-greening and
aesthetic properties of the landscape.



Advantages/ disadvantages aerated lagoon

ADVANTAGES DISADVANTAGES

Efficient reduction of: TP, TN Need a large surface and good brightness.

Good integration in the surrounding
landscape

Required energy for the aeration

Use less energy than most wastewater
treatment methods

Relatively long-lasting process.

Simple to operate and maintain Inadequately maintenance can provide a 
breeding area for mosquitoes and other  
insects

The effluent discharged into receiving water
bodies is oxygenated.

Long retention time is compared to activated 
sludge

Photosynthetic production of oxygen in all
over the lagoons.



Wastewater as a new resource

Figure: Wastewater treatment component in the circular economy
(Source: Worldbank)

“If adequately treated and safely applied, wastewater is a valuable source of both
water and nutrients, contributing to food security and the improvement of
livelihoods.”
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