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What is slow sand filtration, SSF?

Slow sand filtration is a form of water treatment using fine sand to 
remove disease causing organisms and objectionable particulate 
matter to provide aesthetically pleasing water safe for human use 
and consumption.  

Sand filters of various kinds have been used for thousands of years 
but the treatment technology known as slow sand filtration was first 
described and used on a community scale in Scotland almost 200 
years ago.  It is a well-defined technology that has not changed much 
since then.
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Elements of a Traditional Slow Sand Filter

Raw water is added to filter without 
disturbing surface of media. 

Filter sand

Freeboard

Underdrain

Biolayer – within sand 
responsible for filter 
performance. 

Filtered water 
exits filter. 

Schmutzdecke - if present, 
is on top of the sand

Operating 
depth



Advantages of traditional slow sand filters

If the water supplied traditional slow sand filters satisfies the recommended 
quality as described in Table 1, traditional slow sand filters may be an option.  
The quality of the water produced using traditional slow sand filter is 
described in Table 2.  

Traditional slow sand filters have the following advantages:

 Provide effective pathogen removal.
 Provide effective particulate removal.
 Have minimum energy requirements.
 Are not complex - require limited operator skill to operate well.
 Do not require use of chemicals.
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Table 1.  Quality of water to be treated using a slow sand filter.

CommentsQualityParameter

< 10 NTU and absent 
colloidal clays 

Turbidity

Because colloidal particles 
are part of  suspended 

solids

No clear recommendationSuspended Solids

Indicator of dissolved 
organic carbon, DOC

< 5 platinum color unitsTrue Color

Cannot treat polluted water<800 CFU or MPN/100 mlColiform Bacteria
Avoid anoxic and anaerobic 

conditions
> 6 mg/LDissolved Oxygen (DO)

Greater amounts will 
penetrate deeper into filter 

and consume oxygen

< 2.5 mg/LTotal Organic Carbon (TOC)

Greater amounts will result 
in frequent maintenance

< 1 mg/LIron and Manganese

Greater amounts will result 
in frequent maintenance

< 200,000 cells/L (type 
dependent)

Algae

< 5 mg/L𝐁𝐎𝐃𝟓

Temperature of water
Ideal guideline.  SSF’s have 
been successfully used for 
hundreds of years in cold 
climates. (N. Europe and 

North America)

10-15 ˚CMinimum range
35-45 ˚CMaximum range
24-40 ˚COptimum range



Table 2.  Water treatment, using a traditional slow sand filter and a MEL-BF.
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Comments
Removal/ Deactivation with Post 
Filtration Disinfection (UV and/or 

Chlorine)

Removal Alone at  
Loading Rates  up to 

0.4 𝐦𝟑/ 𝐦𝟐/ h  
Parameter

Removed without formation of biolayer.100%100%
Helminths 

(schistosomiasis)

Effectively removed without formation of biolayer.
Increased depending on type and 

dosage
99.9 – 99.99%

Parasites (Giardia, 
Cryptosporidium)

There is growing evidence that bacteria removal 
occurs throughout depth of filter sand.  Virtually 

100% of cholera are removed as they are found in 
the digestive tract of helminths which are completely 

removed. 

100%90 – 99%

Bacteria (coliform, 
vibrio cholera)

Removed within biolayer and deeper in sand.100%90 – 99%
Viruses (norovirus, 

rotavirus, Hepatitis) 

Particularly effective removing sand, silt and flocs of 
iron and manganese.

Not applicable
Variable up to 100% 

(must be pilot tested)

Particulates (sand, 
silt, flocs of iron, 
manganese and 

aluminum)
In the absence of colloidal clays and organics may 

achieve < 1 NTU.  Must be pilot tested.
Not applicable

Variable (must be pilot 
tested)

Turbidity

Function of type of algae.  Cyanobacteria is removed 
97 – 99%.

Not applicable
Variable depending on 

type of algae
Algae

DOC  and NHସ
ା removed by biolayer and throughout 

sand layer.
Not applicable

Variable depending on 
substance.

Dissolved organic 
matter (DOC, NHସ

ା, 
toxins)

Arsenic removed by coprecipitation with ferric 
hydroxide flocs which are removed at the surface of 

the slow sand filter.
Not applicable

Variable depending on 
opportunities for 
adsorption and co-
precipitation.

Dissolved inorganic 
matter (arsenic, 

toxins)
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The advantages of using traditional slow sand 
filtration for water treatment are significant but there 
are several limitations to its use.



1. Maximum loading rate < 0.4 𝟑/ 𝟐/ h. (Volume of water that can be applied to 
one square meter of filter surface per hour.)

2. Temperature constraints on water being treated (limiting microbiological 
activity). 

3. Continuously operated to ensure biolayer receives adequate oxygen and so have 
proven impractical for small communities.  If flow of water stops, flow of oxygen 
stops, and the microorganisms which form the biofilm on the particles forming 
the biolayer either die or go into dormancy. Once flow of water is resumed, several 
days or weeks are required for the biolayer to reform sufficiently to provide 
adequate treatment.

4. Filters are physically large – large footprint and tall - typically constructed in 
place and expensive to locate in a building.

5. Constructed outdoors – subject to influence of sunlight, weather (including 
freezing), and wildlife.

6. Only considered practical for treating low turbidity raw water (less than 10 NTU) 
because maintenance requires considerable effort and supplies of replacement 
sand.

Limitations to the use of traditional slow sand filters:
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7. Maintenance is performed by removing approximately 5 cm of sand –
performance is seriously impaired for several days or weeks.  Filter beds have 
enough media for more than 10 cleaning operations.  The waste sand must be 
disposed of.  There must be a supply of replacement sand.  An extended 
‘filter-to-waste’ period is imposed to allow formation of biolayer. 
Maintenance is an onerous manual task which is performed as infrequently as 
possible.

8. Limited opportunity for automation and integration with other treatment 
elements.

9. Not considered practical for iron or manganese removal or use with 
coagulants because maintenance is difficult.

10. Air binding – serious problem without provision of reverse flow (upward flow 
through filter).  

11. Contamination from wildlife/ environment if not constructed in a protected 
environment.

12. Limited use in remote or isolated communities if available sand is not suitable 
for use.
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Manz Engineering Ltd has developed two types of slow sand filters 
that eliminate or minimize the limitations to the use of slow sand 
filters.

Manz filters are demand operated and maintained using backwash.
They are:

• The MEL-BF which treats water similar to a traditional slow sand 
filter and

• The MEL-PF which treats water similar to polishing sand filter. 



Manz Engineering Ltd., Calgary, Alberta, 
Canada, www.manzwaterinfo.ca, 

davidmanz@shaw.ca
11

 The MEL-BF and MEL-PF filters can treat water, surface water or 
groundwater, for communities  varying is population from as few as 
ten to several thousand, wherever they may be situated in Canada.  
The filters may be used alone (with disinfection) or with other pre- and 
post- treatment technologies to economically produce water that 
satisfies Canadian Drinking Water Guidelines.

 The primary difference between the MEL-BF and the MEL-PF is the 
loading rate.  The MEL-BF uses the same loading rate as that specified 
for traditional slow sand filters, <  0.4 𝟑/ 𝟐/ h,  while the MEL-PF is 
intended to use loading rates much greater, up 1.0 𝟑/ 𝟐/ h .  
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MEL-BF filters bring important advantages over 
traditional slow sand filters.  

 The MEL-BF filters are designed, operated, and maintained to 
enable the use of slow sand filtration treatment technology in 
circumstances where it might not otherwise have been used by 
eliminating or minimizing all, but the first two limitations listed.

 The quality of water that can be treated by MEL-BF filters includes 
water with greater concentrations of suspended solids including 
iron and manganese.  

 Filter maintenance is much easier to perform.

 Filter operation and maintenance may be automated.

 The quality of the filtered water is the same as for traditional slow 
sand filters; that is, very good.
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MEL-PF filters bring important advantages.  

 The filter is very effective at removing small particulates at 
concentrations much greater than traditional slow sand filters or the 
MEL-BF.  (Including sand, silt, iron and manganese flocs and large 
microorganisms such as Cryptosporidium oocysts, giardia cysts, 
and  helminths.)  See Table 3.

 The filter is easy to maintain and produces relatively little 
wastewater – less than 2% of production. 

 Water produced by the MEL-PF is of a quality that disinfection to kill 
or deactivate bacteria and viruses also provides further deactivation 
of Cryptosporidium and giardia using chlorine  and/ or UV.   

 MEL-PF technology is readily piloted to evaluate its treatment 
capability before implementation.  
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Comments
Removal/ Deactivation with Post 
Filtration Disinfection (UV and/or 

Chlorine)

Removal Alone at  
Loading Rates  up to 

1.0/ 𝐦𝟐/ h 
Parameter

Removed without formation of biolayer.100%100%
Helminths 

(schistosomiasis)

Effectively removed without formation of biolayer.
Increased depending on type and 

dosage
99.9 – 99.99%

Parasites (Giardia, 
Cryptosporidium)

Removal/ deactivation depends on post-filtration 
disinfection

100%
Unknown - determined 

by piloting.
Bacteria (coliform, 

vibrio cholera)
Removal/ deactivation depends on post-filtration 

disinfection
100%

Unknown – determined 
by piloting

Viruses (norovirus, 
rotavirus, Hepatitis) 

Particularly effective removing sand, silt and flocs of 
iron and manganese.

Not applicable
Variable up to 100% 

(must be pilot tested)

Particulates (sand, 
silt, flocs of iron, 
manganese and 

aluminum)
In the absence of colloidal clays and organics may 

achieve < 1 NTU.  Must be pilot tested.
Not applicable

Variable (must be pilot 
tested)

Turbidity

Function of type of algae.  Cyanobacteria is removed 
97 – 99%..  Must be pilot tested.

Not applicable
Variable depending on 

type of algae
Algae

May be removed by coprecipitation with 
pretreatment using appropriate coagulants.  

Requires pilot testing.
Not applicableNo effect

Dissolved organic 
matter (DOC, NHସ

ା, 
toxins)

Arsenic removed by coprecipitation with ferric 
hydroxide flocs which are removed at the surface of 

the slow sand filter.  Other dissolved inorganic 
substances may be similarly removed.

Not applicableNo effect.

Dissolved inorganic 
matter (arsenic, 

toxins)

Table 3.  Water treatment using MEL-PF technology?
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 Water supplied to both the MEL-BF and MEL-PF may be pre- treated 
to remove larger particles which might interfere with the 
maintenance process (for example using self-cleaning mechanical 
filters).

 Both MEL-BF and MEL-PF filters produce water that can be followed 
by activated carbon filters and membrane filters, with minimum risk 
of fouling.  Activated carbon filters may be used to remove dissolved 
organics and  toxins.  Membrane filters may be used to remove most 
dissolved substances (including dissolved organics, toxins, 
dissolved metals), colloidal particles and viruses.

 Filtered water may be disinfected using ultraviolet disinfection (may 
require reduction in DOC) and chlorination prior to potable water 
storage to achieve required reductions in Cryptosporidium, giardia, 
bacteria and viruses. 

 Filters may be operated and maintained manually on-site, remotely, 
or automatically. 
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MEL-BF

The MEL-BF is an alternative slow sand filter to traditional slow sand filters.  

 The sand, underdrain and loading specifications conform to those cited in 
the Manual of Design for Slow Sand Filtration (reference 1). 

 The primary differences are that the MEL-BF can be operated on a demand 
basis and its maintenance is performed using a backwash process – sand is 
not removed or replaced. Consequently, MEL-BF filters are much shorter 
and less expensive to locate in a dedicated building.
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Commissioning a MEL-BF.

All elements of the water treatment plant need to be operational 
before the filters can be commissioned.  Once filters are 
constructed or located on-site and connected to the water 
supply, wastewater disposal and treated water storage, the filter 
underdrain system and sand are installed and commissioning 
can proceed.

Installing underdrain and filter sand
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Cross-section of one cell of an actual 
4m x 4m MEL-PF

Filter sand and underdrain used in 
MEL-BF and MEL-PF filters

Demonstration 
model
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Backwash of MEL filter 
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Initially 
particles having 
different 
diameters are 
mixed together.  

Backwash 
starts.  

Bed 

fluidizes.
Backwash 
stops and 
water on 
surface of 
sand is sent to 
waste. 

The backwash process is repeated several times until the turbidity of 
water on the surface of the sand after backwashing has sufficiently 
low turbidity.

Commissioning Step 1:  Backwashing to redistribute and wash sand 
particles.
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Step 2 of commissioning a MEL-BF:  Filter ripening.

The objective of the ‘ripening’ process is to establish the biolayer on 
surface of the sand column.  The biolayer is responsible for most of 
the filter performance.

The filter is operated normally (as required) at a loading rate of 0.2 to 
0.4 𝟑/ 𝟐/ h or whatever loading rates are determined by piloting 
or specified by the regulatory authority.

Filtered water is sent to waste (filter-to-waste) while the biolayer is 
developing (called filter ripening).  Filtered water turbidity and 
bacteria levels in the filtered water are monitored.   Once the quality  
of the filtered water meets objectives, the filter is put into 
production.  (A variety of other treatment processes may follow.)
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Commissioning Step 2:  Developing the biolayer - filter ripening.

After Step 1 is completed, filter is operated using untreated water supply until 
filtered water meets treatment objectives.  

Media particle 
covered with an 
attached biofilm 
including bacteria  
and residual 
organic matter.

Biolayer (layer of mineral 
particles covered with a biofilm) 
in the process of developing.

Development of the biolayer is 
known as ‘ripening’.

The same smallest diameter particles, coated 
with a biofilm, will be at or near the media 
surface after every backwash.  

Particulates removed 
from water.

Mineral and 
organic 
particles or 
flocs of 
particles.  

Large living 
organisms 
such as algae, 
helminths 
and the cysts 
of parasites.

Plus, bacteria and 
viruses.

𝟐 Oxygen

Flow of Untreated Water
(0.2 to 0.4 𝐦𝟑/ 𝐦𝟐/ h )
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Demand Operation of the MEL-BF

(This is the same method of operation that is used by the BioSand Water 
Filter that has been proven successful by numerous research 
organizations and is now used in millions of households worldwide.)

 The MEL-BF can be continuously operated like a traditional slow sand 
filter, or it can operate on a demand basis; that is, the filter can be 
used (operated) when treated water is required and stopped when it 
is not without losing any of its ability to treat water.

 Demand operation is possible because when raw water supply is 
stopped, the water level in the filter is allowed to decrease to a depth 
that allows oxygen from the air to diffuse through the layer of water to 
the biolayer.  See following figure.
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Operation when flow is stopped and 
resumes.

Water level drains to paused 
or minimum depth –
minimum 5cm.

Flow to filter is 
stopped.

Sufficient oxygen can 
diffuse through the 
shallow layer of water 
to keep aerobic 
biolayer alive.

O2

Flow to filter 
resumes.

Filtered water 
exits filter. 

Mature healthy  
biolayer still 
present.

Demand Operation of the MEL-BF
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Maintenance of MEL-BF using Backwash

1 2 31. Maintenance 
required.

2. Flow stopped 
and backwash 
begins using 
unchlorinated 
water.

3. Sand is 
fluidized.

4. Flow stopped -
sand collapses 
and wastewater 
is decanted.

5. Filter ready to 
be put back into 
operation.

6. Filter put back 
in operation.

7. Filter 
production will 
be wasted until 
quality returns.

Steps

4 5 6
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 The backwash procedure may be performed more than once if one 
backwash is not producing satisfactory results.  The operator must 
gain experience with the maintenance procedure. 

 Very little wastewater is produced using the maintenance procedure –
less than 1 or 2% of production, far less than any other filtration 
method.

 Disposal of wastewater is not complicated as no chemicals have been 
used in the treatment process.  Rate of production of wastewater is 
operator controlled and can be adjusted to match available domestic 
sewer capacity if used.

 Frequency of maintenance  will depend on the quality of water being 
filtered which may vary with season.  Because the biolayer is not 
removed, the recovery of the filter to production of filtered water of 
satisfactory quality can be expected to be achieved quite quickly.  The 
primary reason for the filter-to-waste procedure is that the backwash 
disturbs the entire filter bed loosening particles that now must be 
flushed similar to the media redistribution procedure used in 
commissioning.
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MEL-PF

 MEL-PF filters exploit the ability of slow sand filters to effectively 
remove particulates including, sand, silt, iron and manganese flocs 
and large microorganisms such as Cryptosporidium oocysts, 
giardia cysts, and  helminths.

 The installation procedure is identical to the MEL-BF.  

 The commissioning procedure includes the redistribution and 
cleaning of the sand particles.

 The MEL-PF does not require a biolayer to perform its filtration 
function, and it operates at flow rates up to 1.0 𝟑/ 𝟐/ h.

 The filter is put into operation and production wasted until 
particulate material not removed from sand during backwash in 
Step 1 of commissioning process is flushed.  
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 Because a biolayer is not required, the water used for maintenance 
may be chlorinated.  Otherwise, the backwash is identical to that 
used by the MEL-BF.

 Removal of larger organisms including Cryptosporidium oocysts and 
Giardia Cysts does not require the presence of a biolayer.  Studies 
have demonstrated that these organisms are readily removed (3 and 4 
log removal) from chlorinated water that has been filtered using by 
MEL-PF filters at  maximum loading rates.  (The feature is very 
important is large cities in developing countries which receive 
contaminated water from a municipal distribution system that is 
received cyclically chlorinated and unchlorinated but seriously 
contaminated by groundwater.  Chlorination does not kill or 
deactivate parasites.)
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 Removal of dissolved iron and manganese often requires pre-
treatment by adding chlorine to the raw water to oxidize the metals 
to form small flocs which the MEL-PF can readily remove.  

 An additional benefit of this process is that dissolved hydrogen 
sulfide gases are also oxidized and eliminated from the water.  
Unlike greensand or similar filters, the MEL-PF cannot be biofouled 
by sulfate reducing bacteria and short-circuited.

Sand is never replaced.
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 MEL-PF can be used to remove arsenic.  If dissolved arsenic is 
present, arsenic (V) will associate with oxidized iron. (Arsenic (III) 
will oxidize to arsenic (V) in the presence of chlorine.)  The arsenic 
is captured by adsorption and surface complexation and is 
removed with the iron.  The process is called coprecipitation.  

 If no chemicals are used, (usual case), wastewater disposal is 
relatively simple – use of soakaways is possible.

 It is possible to reduce/ essentially eliminate liquid waste using in-
house clarifiers to separate solids and sending liquid fraction back 
to the filters.  

 The coprecipitation technique may be used for removal of other 
dissolved metals.  

 May have application for treatment of oil sands tailings ponds.
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Bench Scale and Piloting Evaluation

The first step in determining whether MEL-BF or MEL-PF technology 
has a role in the treatment of any raw water supply is bench scale 
evaluation.  If this evaluation is positive, the next step is to proceed to 
piloting.  If piloting is successful, full scale design proceeds.
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P and I diagram for a pilot study of a MEL-PF application.
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Construction of a stainless-steel MEL- PF or MEL-BF filter.
(Manufactured in Alberta.) 
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Installation of MEL-PF filters
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Examples of MEL Filters in use to treat a variety of 
surface and ground water in Western Canada
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2015
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2014
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2014
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Thankyou

The MEL-BF and MEL-PF filters can 
treat surface water or groundwater 

for communities  varying is 
population from as few as ten to 
several thousand, wherever they 

may be situated in Canada.


