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Water Treatment
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Project Type/Webinar
Building Projects (school, clinic, etc.)
Bridges
Solar Energy
Stoves
Water Supply
Spring box only
Well only
Supply, tank, pipeline
Rainwater catchment
Pipeline only
Water Treatment
Point of use
Community Wide
Sanitation
Latrines
Community Wide
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X means the webinar is likely applicable
P means the webinar is potentially applicable
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Water Treatment Webinar
Goal of Webinar:
Provide background information to assist project teams
as they assess, design, and implement an EWB Water
Treatment project
Part 3 of the water project series
Part 1: Water Resources

Part 2: Water Supply Systems
Part 3: Water Treatment

Outline






Introduction
Challenges facing water treatment projects
Point of Use Vs. Community Scale
Source Water Protection
Treatment Technologies
•
•
•
•

Boiling
Cloth straining
Chlorination
Coagulation

 Lessons Learned
 References

•
•
•
•

Filters (Ceramic, slow sand, biosand)
UV (and SODIS)
Distillation
Arsenic and Fluoride

What won’t be covered
 Every known water treatment technology
 Treatment for heavy metals, petroleum hydrocarbons,
and other contaminants
 Pipelines and distribution (see Water Supply Webinar)
 Assessing/Selecting a water resource (see Water
Resource Webinar)
 Detailed design of treatment systems
 How to perform an assessment (see EWB Project
Process)

Box model for Water Supply Systems
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Part 1- Source Selection and Water
Resources Development
Household-Scale Model
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Community-Scale Model
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Treatment

Well, spring,
surface water,
rainwater

Refer to Water Resources Webinar

Part 2- Water Supply Systems
Household-Scale Model
Manual
Distribution

Source

Individual
Storage

Treatment

Consumers
personally transport
the water to their
homes via
buckets/jerrycans

Water kept in
transport or
disinfection
container until use

Community-Scale Model
Conduction
Line

Source

Treatment
Water
pumped
from
source to
storage

Centralized
Storage
Water kept in tank at
elevation

Refer to Water Supply Webinar

Distribution
Line

Gravity
feed

Piped
Distribution
Consumers collect
water from tapstands
or from personal
taps

Today

Part 3 – Water Treatment Systems
Household-Scale Model
Source

Manual
Distribution

Treatment

Individual
Storage

POU treatments:
boiling, biosand filter,
chlorination, candle
filter, solar disinfection

Community-Scale Model
Source

Treatment
Community-scale
treatments:
chlorination, UV,
slow sand,

Centralized
Storage

Piped
Distribution

Challenges of Water
Treatment Projects
•
•
•
•

Making the connection between water quality and health
System scale: POU vs Community
Separating potable and non-potable systems
O&M costs
•
•
•
•

•

Technology Selection
•
•
•

•

$/gallon
trusted operators and fee collection system
system maintenance and consumables
adequate coverage for all system users
appropriate to the water quality issues in that community
local availability
aesthetic concerns (chlorination)

Education and followup
•
•
•
•

reliable local NGOs
engaged community members
training
continued water quality monitoring

Technology Intervention vs.
Behavior Change

Water Treatment Technology
Point of Use (Household) vs. Community Scale

Slow sand filter

Manz Biosand Filter

Rapid sand filter

Considerations for
POU vs. Community Scale
• Need clear objectives
• Treat 100% of water used or Drinking water only?

• Who will be responsible for maintaining the system
•
•
•
•
•

Government entity subject to regulatory standards
NGO
Community-based water committee
Loose affiliation of households
Interested households or individuals

• Soft Technology vs. Hard Technology
• What is the organizational capacity of the community to ensure long-term
maintenance
• Could a nearby community reproduce your intervention
with locally available resources?
• What is the technical feasibility of installing a community
scale system (population density, availability of materials)

Appropriate Technology

Multiple Technologies may need to be applied in order to obtain the appropriate quality for drinking

POU
Community

Source Water Protection

Surface Water
• Delineating Watershed
• Delineating watershed or
establishing buffer
• Monitoring activities
• Fencing off or marking protected
areas
• Prohibiting activities – working with
local government

• Considerations/constraints
• Land ownership or legal issues

Groundwater
• Establishing Setback distances
•
•
•
•
•

Sewer lines
Latrines
Livestock
Manure piles/chemical storage
Septic Tank

• Hand Dug/Bored
• Capping
•
•
•
•

Keeping aquifer sterile
Concrete pad cracks
Shock chlorination
Flood protection

• Proper Decomissioning of Old
wells/latrine pits
• Considerations/constraints
• Right of Capture

POU

Boiling Water
Treats:
Bacteria, parasites, and viruses that cause diarrhea.

Description:
Boil water vigorously for 1 minute (depending on elevation)
and allow it to cool to room temperature (do not add ice).
Prevent recontamination by covering the storage vessel.
This technology requires large amounts of fuel, so it is
generally considered to be a emergency response technology
rather than a sustainable development technology.
Boiling water in a plastic bottle
http://cdn-www.trails.com

Benefits
• Uses locally available materials
• Effective
• Mainly useful for drinking/cooking applications
and emergency health clinic applications

Considerations/Constraints
• Fuel Consumption
• No residual
• Small volume batch operation
• High altitude recalculation

POU

Cloth Filtration
Treats:
Parasites, Suspended Solids

Description:
A piece of fabric, such as a sari or sheet, is folded several
times and used as a filter over the water storage/transport
container.

The woman on the right is putting a sari filter
onto a water-collecting pot (or kalash) to filter
water for drinking.
Bradbury J: Beyond the Fire-Hazard Mentality
of Medicine: The Ecology of Infectious
Diseases. PLoS Biol 1/2/2003: e22.

Benefits
• Uses locally available materials
• Effective at removing parasites and large
particulates

Considerations/Constraints
• No residual
• Low effectiveness rate for bacteria or viruses
• Small volume batch operation

POU

Chlorination
Treats:
Bacteria, oocysts, and viruses

Description:
Add chlorine in the form of either chlorine tablets, liquid bleach, or with
on-site generation to water and allow time for disinfection. Unreacted Above: Chlorine tablets
Below: Liquid bleach
chlorine (called a residual) remains present in the water to prevent
recontamination while in storage. To determine the necessary dose, a
chlorine demand study is recommended during the assessment trip. Use
a field kit for chlorine analysis.
http://www.cdc.gov/safewater/publications_pages/chlorineresidual.pdf
Benefits
• Relatively low cost ($0.02/gallon)
• 99.9% inactivation of Giardia depending on
chlorine dose, contact time, & water quality
• Household treatment does not require
community-level buy in on the technology
• Disinfectant residual

Considerations/Constraints
• Cost and local availability of tablets/bleach
• Taste and smell can significantly impact
community acceptance
• Chemical dose varies with water quality (e.g.,
turbidity, organic content)
• Education required for proper chlorine dosing
• Ammonia should be measured
• Disinfection by-products

Community

Chlorination
Treats:
Bacteria, oocysts, viruses

Description:
This is the same concept as the POU version, only this time, the
dose is applied to the entire community potable supply. The
dosing is either accomplished in the pipe, or in a storage tank
with tablets, drip, or direct addition. Either way it is
accomplished, thorough mixing is vital in order to maintain a
consistent concentration of residual in the water
Above: Norweco tablet feeder

Benefits
• Relatively low cost ($0.01/gallon)
• 99.9% inactivation of Giardia depending on
chlorine dose, contact time, & water quality
• Provides a disinfectant residual

Considerations/Constraints
• Cost and local availability of tablets.
• Taste and smell can significantly impact
community acceptance
• Chemical dose varies with water quality (e.g.,
turbidity, organic content)
• Education required for proper chlorine dosing
• Ammonia should be measured
• Disinfection by-products

POU

Coagulation/Sedimentation
Treats:
Bacteria, oocysts, parasites, viruses, turbidity

Description:
A packet includes a coagulant and slow release chlorine
for disinfection. The packet is added to 10L of water,
stirred for 5 minutes, then filtered through cloth and
allowed to sit for 20 minutes before consuming. Similar
products may also be available (e.g. alum)

Benefits
• Combination of chlorine and coagulation
treatment effective
• Prepackaged dose

Above: Pur treatnent tablet packet
Below: Instructions for use

Considerations/Constraints
• Cost
• Requires several steps; education is key
• Must have continuous access to packets

Community

Coagulation/Sedimentation
Treats:
Oocysts, parasites, turbidity, some
bacteria/viruses

Description:
Coagulants (such as alum or Moringa
oleifera) is mixed into water, and the
resulting flocs are allowed to settle out in a
flocculation tank.
Coagulation is often used as pretreatment
to a disinfection technology, such as UV or
chlorine.
Benefits
• No energy required if hydraulic mixing
incorporated via baffling, cascades
• Improved aesthetics from turbidity removal

Top: Moringa oleifera, alum Bottom left: top view of a flocculation tank Bottom
Right: flocculation

Considerations/Constraints
• Initial capital cost for tank with baffles/mixing
capability
• Coagulant dose may vary with water quality
• Processing of Moringa seeds
• Continuous supply of coagulant

POU

Filtration
Potters for Peace, Candle filters, Ceramic filters
Treats:
Bacteria, oocysts, parasites, suspended
solids

Description:
Pressure moves water through a fine pored
filter medium. The water is collected in a
basin to be used during the day. The filters
must be scrubbed to minimize clogging.

Left: Candle Filter Right: Potters for Peace

Benefits
• Low cost ($10-25 for initial filter, $4-6 for
replacement filters)
• Easy to understand technology
• Local manufacturing and distribution system in
some countries
• Household treatment does not require
community-level buy in on the technology

The filters are sometimes impregnated with
a bactericide, such as colloidal silver.
Considerations/Constraints
• Filters clog/lose effectiveness over time
• Requires maintenance, can crack or be
contaminated
• Limited volumes and batch operation only
• Colloids/Suspended solids can clog filter
• No residual
• Doesn’t deal with chemical contaminants

Community

Slow Sand Filtration
Treats:
Bacteria, oocysts, parasites, suspended solids

Description:
Pressure moves water through a sand bed,
where bacteria sticks to the sand grains, and
suspended solids are filtered out.
Careful preparation of the media is required to
obtain a uniform grain size. Filters may be
augmented with additives such as granular
activated charcoal (GAC) to improve
performance.
Benefits
• Easy to maintain once user is trained
• Media does not need to be replaced
• No energy required
• Uses both physical straining and biological
processes (Schmutzdecke) to remove
contaminants

Considerations/Constraints
• Slow flow rate (0.1 to 0.2 m3/hour)
• High initial cost
• Initial availability of suitable media – sieving
will be labor intensive
• High turbidity leads to clogging
• No residual

POU

Biosand Filtration
Treats:
Bacteria, oocysts, parasites, suspended solids

Description:
The Manz biosand filter is a variation on a traditional
slow sand filter. It encourages the growth of a
biological scum layer (schmutzdecke) to form at the
top of the filter. This complex layer contains
predatory bacteria and provides the majority of the
bacterial treatment. This allows a shallower sand
filter that is compact enough for household use. See
http://www.cawst.org
Benefits
• L ow cost ($10-15 for raw materials)
• Easy to maintain once user is trained
• Media does not need to be replaces
• Mechanical removal of parasites
• 20 L/hr flow is possible
• Locally available resources

Considerations/Constraints
• User training is required
• Proper media selection is critical
• High turbidity water leads to rapid clogging
• Post-filtration disinfection is recommended
• Doesn’t deal with chemical contaminants
• Biological layer takes time to form

POU

UV Disinfection
(SODIS)

Treats:
Bacteria

Description:
Clear bottles are filled with water and exposed
to sunlight for UV disinfection (6 hrs on clear
days). Bottles often stored on tin roofs for
maximum sunlight, and painting one side of
the bottle black increases effectiveness. Bottles
are brought down and cooled before
consumption
Benefits
• Low cost and easily performed with locally
materials
• Low maintenance
• Convenient serving size and shape for
maintaining disinfected water until drinking.

Considerations/Constraints
• Requires consistent strong sun
• Limited volumes and batch operation only
• No residual
• Only removes microorganisms
• Doesn’t handle volatile chemical contaminants
• Ineffective for turbid water (30 NTU and above)
• UV decomposition of plastic bottles

POU

Solar Distillation
Treats:
Bacteria, oocysts, parasites, suspended solids,
nonvolatiles

Description:
Water is put into a shallow tray (preferably one
with a dark bottom to maximize heating). Solar
energy evaporates the water, which then
condenses onto the clear cover that redirects
the clean water into a collection vessel.

Left: Solar Still (http://neda.up.nic.in/, http://rael.berkeley.edu)
Right: floating Aquamate solar still, in package and deployed

Benefits
• Low cost and easily constructed with local
materials and labor
• Removes dissolved solids
• Low maintenance

Best suited to hot environments with salinity
problems.
Considerations/Constraints
• Requires consistent strong sun
• Limited volumes and batch operation only
• No residual
• Algal growth and sediment removal
• Doesn’t handle volatile chemical contaminants

Community

UV Disinfection
Treats:
Bacteria

Description:
UV systems work by damaging the DNA of bacteria. Water flows
through a chamber containing a radiation source (a bulb emitting
light between 250-270nm). Incoming water must be of appropriate
quality in order for UV to be effective:
•TDS< 500 ppm

•TSS < 5 NTU
•Low iron, hardness, and fulvic/humic acids
http://www.wyckomaruv.com/

Home scale systems are commercially available in the US for ~$1500

Benefits

Considerations/Constraints

•
•
•
•
•
•

•
•
•
•
•
•

Effective
Low Maintenance
Continuous processing
No chemicals
Compact and self-contained
No disinfection byproducts or taste issues

Requires stable source of electricity
Replacement parts
Turbidity/Dissolved solids requires pretreatment
Training , Monitoring, and Maintenance required
No residual or indication when system not running
Doesn’t deal with chemical contaminants

Geogenic Hazards
(naturally occurring toxic minerals)
Arsenic

Arsenic is highly toxic and can cause
birth defects, reproductive problems,
and physical symptoms such as
keratosis
Consider arsenic testing when well
drilling, or in a region known for
arsenic contamination, or when in
the vicinity of a mining operation or
metal plating facility

Fluoride

In low concentrations, fluoride is a
common additive used to strengthen
tooth enamel.
In high concentrations, fluoride can
cause fluorosis, a disease that
damages teeth and bones.

Consider fluoride tests when drilling
wells, or in a region known for
fluoride contamination

POU
Community

Arsenic Treatment
Several methods can remove arsenic from water
•
•
•
•

Adsorption with granular activated alumina
Ion Exchange
Iron coagulation
Membrane separation

Of these, iron coagulation is currently the most
commonly discussed for low cost treatment solutions.
Arsenic precipitates out of solution in the presence of
iron oxide, a property that can be used to remove it from
water

Inside and outside of iron augmented biosand
filter in Nepal
http://www.filtersforfamilies.org

The filter to the left shows a biosand filter that has been
augmented with nails and iron scrap. Arsenic precipitates
out and is removed by the underlying sand filter. The sand
filter also takes out remaining bacterial contamination

POU
Community

Fluoride Treatment
The commonly accepted methods to remove fluoride are
•
•
•
•

Adsorption with granular activated alumina
Ion exchange
Membrane separation
Distillation filtration

Of these, activated alumina (GAA) is currently the most
commonly discussed for low cost treatment solutions.
GAA is good at removing many different types of ions
(such as arsenic, fluoride, phosphates, zinc, copper, lead
chromium and mercury), so some pretreatment to
remove competing ions may increase bed life

Granular Activated Alumina and commercial
fluoride removal filter

Once the filter bed is spent, it is regenerated with various
combinations of lye solution, sulfuric acid, or alum
solution.

Community

Membrane Separation

Reverse Osmosis
Treats:
Chemical/mineral contaminants (nitrates, arsenic,
fluoride, heavy metals, TDS, saline)

Description:

Above: Culligan consumer RO unit
Below: India RO treatment facility (100L/hr)

Water is pressurized and forced through a semipermeable membrane. The filters operate primarily by
size exclusion, so only small molecules (like H2O) are
able to pass through the membrane. The resulting
water is mostly stripped of mineral content– to the
point where filtered water is often blended in to
prevent mineral deficiencies in consumers

Benefits
• Technology is available in some countries
• Provides a high very level of treatment

Considerations/Constraints
• Electricity and replacement parts
• Requires a lot of water (3:1)
• Rejected water
• No residual
• Requires trained operators
• Requires pretreatment

Water Testing
• Know that certain technologies are very sensitive to
incoming water quality: UV, Ion exchange, RO, biosand
• Design a sampling program as soon as you can
• Source areas
• Distribution systems, tanks, and tapstands
• Transport containers

• Tie water samples to GPS coordinates
• Note that water quality can vary dramatically over time
• Consider leaving some testing equipment with locals to
continue testing after you go home

• Water sampling goes very well with the health survey.
3 person team:

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Turbidity
Specific Conductivity/TDS
Bacteria
Arsenic
Fluoride
pH
Temperature
Alkalinity/Hardness
Dissolved Oxygen
Iron
Nitrites/Nitrates/Ammonia
Phosphates
Other
Chlorine

• 1 person to do the health survey
• 1 person to take sample, photo, and GPS reading
• 1 person to record notes

Refer to Water Testing Guidance Sheet for more information

Lessons Learned
• Thorough measurements during assessment trips are
essential for the proper selection and design of treatment
systems
• Must understand and account for variations in source water
quality
• Failing to take into account O&M costs to community could
result in an abandoned project
• Need to address supply chain issues during technology
selection before implementation
• A working water board is essential for any community
based system

Lessons Learned
Peru – Biosand Filter Project
Team designed a biosand filter project without thorough assessment of locally
available options for sand. A few weeks before their trip they realized there
were no nearby sources of clean sand and that shipping the sand to the remote
community only accessible by boat was cost-prohibitive.

Thorough measurements during assessment trips are essential
for the proper selection and design of treatment systems.

Dominican Republic – UV Disinfection Project
Although the project team thought through a way for the UV bulbs to be
shipped to the community on a regular basis, the system was not functional a
year after implementation because no one replaced the bulbs.

Failing to take into account O&M costs and availability of
maintenance materials could result in an abandoned project.

Lessons Learned
Kenya, Tanzania, and others – Pilot Biosand Filters
Various project teams have implemented biosand filters at a pilot scale with
the hope that the community once trained would build them on their own. In
many cases the filters did not spread and at times the pilot filter was not used.

Not only training the community, but also making sure they
understand the importance of the treatment option and have
the technical and financial resources to expand the project is
essential for project success.
Various Countries – Chlorination
Numerous water systems have chlorinators that are not used for a variety of
reasons- the community does not understand the importance, there is no
water board to take responsibility of regular dosing, they are not trained in
proper dosing, the community does not like the taste, etc.

Long-term success of treatment options requires a strong water
board with clear responsibilities and proper training. It is also
important to assess the community acceptance of each
alternative before implementation.

Lessons Learned
Things successful water treatment projects have had in common:
– Eyes on the ground: engaged and involved local NGO
– Water testing performed to determine the appropriate treatment technology
– Water treatment was neither the first project in the community, nor the last
– Team addressed both the technology and behavioral aspects of water treatment and
sanitation, with education heavily emphasized
– Thorough health assessments were conducted
– Solid lines of communication between project team and community (telephone, email,
NGO, etc)
– Project team members were able to speak the local language, or translators were
sourced from the area
– Team returned to the site for years after project was completed
– Project used locally sourced materials
– Project engaged the locals during the implementation phase
– Project team had experience in water treatment systems
– Project team had multiple mentors/members experienced in the relevant disciplines
(structural, electrical, geotech, water, public health)

References and Resources
•
•
•
•
•
•
•
•
•
•
•
•
•
•

EWB- USA Water Quality Testing Guidance Sheet/Source Selection Guidance Sheet
EWB- USA Water Quality Assessment Webinar/Water Supply Webinar
EWB- USA Water Resources Guidelines- http://ewb-usa.org/downloads/Guidelines
The Ultraviolet Disinfection Handbook, by James Bolton, Christine Cotton , AWWA 2008
EPA UV disinfection guidance document
http://www.epa.gov/safewater/disinfection/lt2/pdfs/guide_lt2_uvguidance.pdf
Potters for Peace http://www.pottersforpeace.org/
Candle filters: http://www.silverceramicsystems.com
EPA arsenic website http://www.epa.gov/safewater/arsenic/index.html
Design Manual: Removal of Fluoride from Drinking Water Supplies by Activated Alumina. EPA
document #600284134
Shock Disinfection for Wells http://aces.nmsu.edu/pubs/_m/m-115.pdf
EPA Office of Drinking Water http://www.epa.gov/safewater/
WHO Water, Sanitation and Health http://www.who.int/water_sanitation_health/en/
USGS Water Quality http://water.usgs.gov/owq/
Water Treatment: Principles and Design by MWH (Wiley 2005)

Thank you for your commitment to
Engineers Without Borders-USA.

