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Blosand filters: Why they matter

Millions of people die every year due to
diseases associated with a lack of clean water.
Nearly 1,000 children die each day, due to
preventable water and sanitation-related
diarrheal diseases. More than 90 of
wastewater is discharged into rivers or sea
without treatment. Often people use this water
as a source of drinking water.

Having access to clean water is a human right,
yet billions of people globally use a source of
drinking water that is contaminated especially,
in the developing countries. Fortunately, there
has been significant progress made in the past
decade regarding drinking sources and
sanitation, whereby over 90% of the world’s
population now has access to improved
sources of drinking water.

The biosand filter is a practical and
affordable method of treating water in developing countries where
there are no central water treatment plants. It can be used at the
household level, in schools or small communities. It can be
constructed with simple and locally available materials, such as

concrete or plastic containers.

Dr. Manz has trained many organizations on the
design, construction, installation, operation, and
maintenance of biosand filters.

He also co-founded CAWST in 2001 to provide the
professional services needed for humanitarian

dlstnbptlon of biosand filters in developing @ Dr. David Manz
countries.

As of 2013, CAWST estimates that well over /@{
650,000 biosand filters have been implemente 'e,/!, >

in more than 55 countries around the world,

benefitting more than four million people.




D Itisa technology that purifies contaminated water
so that it is safe for consumers. It uses a biological
layer that develops at the top of a sand bed to
remove small particles (turbidity) and harmful
microorganisms (pathogens). The biosand filter is

normally abbreviated as BSF.

#) A BSF is filled with layers of sand and gravel that are
carefully selected to meet certain specifications.

A BSF removes almost all of the small particles and
up to 99% of pathogens from water. Pathogens are
disease causing microorganisms that are found in
many drinking water sources such as rivers, lakes
and groundwater wells. If not treated properly,
pathogens in drinking water can cause severe
diarrhea. Worldwide, nearly 1,000 children die each
day due to preventable water and sanitation-related
diarrheal diseases.

The BSF is a simple technology that does not require
highly advanced knowledge to build and operate. It is a
low-cost option compared with other water treatment

technologies. BSFs can be used to purify water from <
different sources such as well water, pond or river water or&$
rainwater. Therefore, consumers can use BSFs for ";v)y
different water sources that are closest to home.




% Limitations of Biosand Filters

BSFs are effective for removing suspended
solids, organics and pathogens. It is not,
however, effective for the removal of many
dissolved chemicals in water, such as nitrate,
lead, arsenic and fluoride. Also, during the start
up period or after cleaning, a BSF is less
effective since the biological layer needs time to
develop.

What is the most important part?

The most important part of the BSF is the
biolayer (Schmutzdecke) that develops at the
top of the sand bed. Most of the contaminants
are removed in this layer.

It is important that the biolayer is well
developed for the BSF to effectively remove
contaminants. It is also important that the right
size distribution and depth of sand bed is used
for the BSF to work properly.
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The purpose of each component

The lid should be tight to prevent contamination and entry of
unwanted pests.

The top of the filter that holds water poured during each charge.
The reservoir capacity should be equal to the pore volume in the
sand bed. For a regular household BSF the reservoir can hold 3
gallons .

A box or a plate that has small holes in it, so that the water
slowly drips through to the sand. It is used to avoid disturbing
the top sand layer and protects the biolayer from damage when
the water is poured into the BFS.

When the water stops flowing (idle period), there should be 5
cm (~2”) of water on top of the sand to keep the biolayer moist.
Without this standing water the biolayer will dry and the good
microbes in the biolayer will die.

The container houses the sand and gravel. It can be made out of
concrete or plastic and it can be square or round.

The biolayer forms naturally at the top layer of sand (1-2 cm or
0.8” deep) during the first few weeks of use. This process is
called “ripening”. Microbes in the biolayer produce a sticky
slime layer that helps to trap small particles and pathogens.

The large gravel pieces stop the small gravel from moving and
blocking the outlet pipe because they are too big to get inside
the outlet pipe.

The sand helps to remove pathogens and small particles from
water. However, if the sand is too fine the water will drip very
slowly out of the outlet pipe, so people won’t want to use it.

The small gravel stops the sand from moving down and
blocking the outlet pipe

The pipe, where the clean water will come out., can be made out
of plastic or metal. It is raised above the top level of the filter
bed to maintain a 5 cm (2”) layer of standing water above the
sand.

The purpose of the water storage container is to collect and
store clean and safe water as it flows out of the outlet pipe.




“How are Pathogens and Particles

removed in the BSF?

Some particles are trapped in the pore spaces in the
sand bed because of their large size.

Mechanical
Trapping

They are trapped in the sticky biolayer. This
involves physical and chemical mechanisms
of attachment.

Adsorption

Some of the microorganisms, such as protozoa, prey
or feed on other microbes, such as bacteria and
viruses.

Predation

They die as they move down the sand layer

because there is not enough food or air deep
in the filter bed.




Many microbes live in
water. They are too small

@ The First cycles with fresh sand
s

to see, but they are there!
When you pour water
into the BSF, the
microbes start living in
the top of the sand.

more and more microbes

biolayer grows — the
Schmutzdecke - becomes

die off or become food for
AT other microbes.

30

After several weeks
the Schmutzdecke
becomes so thick that
the water flow slows
and the BSF needs to
be cleaned.

As you keep using the filter,

start to live in the sand. The

ripe. Some of the pathogens

In subsequent
cycles, the time
for the ripening
of the
Schmutzdecke will
only be a few
days-
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Operation of Biosand Filter

Contaminated water is poured into the top of the
BSF at least one time per day then the lid is
placed back on the BSF. The BSF can be
charged one to four times every day.

(YY)

The water poured into the top of the filter
slowly drips through the holes in the
diffuser and flows down through the sand
and gravel. This process does not require
electricity since it works by gravity. It
takes about 1 hour to get about 3 gallons of

treated drinking water.

(YY)

After the water stops flowing, the filter must

rest for at several hours before pouring more
water in. This step is called the Pause Period.

After several days or weeks of operation, the
biolayer clogs the pore spaces in the top sand

layer and slows down the flow rate.

&)

Cleaning of the biolayer is done by mixing the top
sand layer by hand or with a stick and scooping out

™o the dirty water. You may need to do this more than
_£3° one time before the BSF is ready for a new water

charge.




wWhat Kind of Water Can T Use?

References

This work was supported in part by the International Research Experience for Students
(IRES)program of the National Science Foundation under NSF grant 1827132. Any
Opinions, ﬁndingsand conclusions or recommendations expressed in this material are those

of the ;mthor(s) and do not necessarily reflect those of the National Science

Founda[ion.&quot;

References

Barb, K., & Everett, J. (2014). Clean Water for La Ceiba, El Salvador — Household Biosand Filters.
International Journal for Service Learning in Engineering. 9(1), 40-63.

CAWST.(2009). Biosand Filter Manual: Design , Construction, Installation, Operation and

Maintenance. Calgary, Alberta, Canada. Available from:

https://sswm.info/sites/default/files/reference attachments/CAWST%202009%20Biosand%20Filter%o20\
Manual.pdf (accessed 14 March 2019).

CAWST.( 2012). Biosand Filter for Technicians: A CAWST participant manual. Center for Affordable
Water and Sanitation Technology, Calgary, Alberta, Canada. Available from:
https://resources.cawst.org/construction-manual/a90b9f50/biosand-filter-construction-manual
(accessed 14 March 2019).

CAWST.(2017). Competency Framework for Trainers, Calgary, Alberta, Canada. Available from:

https://resources.cawst.org/training-toolkit/2d7f2f76/competency-framework-for-trainers (accessed
14 March 2019).

Duke, W., Nordin, R,. Baker, D. ,&Mazumder, A. (2006).The use and performance of BioSand filters in

the Artibonite Valley of Haiti: a field study of 107 households. Rural Remote Health. 6(3):570.
Available from: https://www.rrh.org.au/journal/download/pdf/570/ (accessed 14 March 2019).

Sisson,A,. Wampler,P,.Rediske, R,. McNair, J and Frobish,D.(2013). Long-Term Field Performance of
Biosand Filters in the Artibonite Valley, Haiti. The American Society of Tropical Medicine and



https://resources.cawst.org/construction-manual/a90b9f50/biosand-filter-construction-manual
https://sswm.info/sites/default/files/reference_attachments/CAWST%25202009%2520Biosand%2520Filter%2520Manual.pdf
https://www.google.com/url%3Fsa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=2ahUKEwj6nvXwj4PhAhUNmuAKHYV4DEwQFjABegQIBRAC&url=https%253A%252F%252Fwww.rrh.org.au%252Fjournal%252Fdownload%252Fpdf%252F570%252F&usg=AOvVaw0s2U-VKgQbPz6dzyAD_A2Q

