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chapter 3: Water Treatment

The primary purpose of water treatment is to render the water fit for human consumption.

This requires the improvement of microbiological quality and the control of dangerous

chemical substances and of metals. Secondary purposes include the protection of

distribution and plumbing systems (e.g. the control of corrosiveness) and the maintenance of

the aesthetic quality (e.g. taste, odour, colour and hardness).(WHO 1982)

3.1 Classification of sources (WHO 1982)

The treatment requirements of water for potable supply in rural areas depends on the quality

of water required and the quality, and variation in quality, of the source. Table 3.1 shows the

range of sources, together with the ingredients that may be present in each. There are

differences in nomenclature in the various countries and there are differences in detail in the

methods of abstraction. Inclusion of an ingredient in the table does not necessarily mean that

its concentration must be reduced in all cases. The need for reduction will depend on the

initial concentration and the target quality.

Table 3.1: water sources and potential contaminants.(WHO 1982)

source unwanted ingredients
deep groundwater
(boreholes)

Fe, Mn
Colour, H2S, NO3, NH4,CO2 (pH)

shallow groundwater
Fe, microorganisms
NO3, NH4

infiltration water Fe, colour, organic matter, taste
spring waters Fe, CO 2 (pH)

rainwater (cisterns)
Microorganisms, constituents 
of atmospheric pollution, pH

surface water (streams,
rivers, lakes and reservoirs

Suspendet solids, microorganisms, colour,
algae, taste, odours, organic matter
NO3, NH3

Note: The most important contaminants relevant to each source type are italicized.
They are considered important when they are directly associated with, hinder, or 
are caused by, the control of microbiological quality.

3.2 Treatment processes (WHO 1982)

It must be recognized, however, that a treatment process that may be appropriate for use

under certain conditions may not necessarily be appropriate for use elsewhere. It will depend

on the quality and availability of operator skills and on the availability of other resources such

as materials and electricity. Table 3.2 gives examples of the selection of treatment processes

to deal with certain typical situations. The exclusion of a process should not be taken as

necessarily implying that the purpose for which it is used at larger water treatment works is

not important for rural supplies.

For small communities, it is generally preferable to protect a groundwater source that

requires little or no treatment than to treat surface water that has been exposed to faecal

contamination. In many circumstances, however, surface water is the only practicable source

of supply and requires affordable treatment and disinfection. (WHO 1997)
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Table 3.2: The selection of a treatment process in some typical situations (WHO 1982)
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3.3 Aeration (Heber 1985)
The basic purpose of aeration is the reduction of the content of substances which cause

tastes, odours, discoloration and corrosion.

Aeration equipment is used to intensively mix air and water so as to facilitate the transfer of

gases into or out of the water. The following effects can be obtained:

1. Addition of oxygen; this may be necessary for water where natural oxygen content was

depleted due to the presence of large amounts of organic substances or e.g. Ammonium.

2. reduction of H2S, CH4 and other volatile compounds which produce objectionable taste

and odour.

3. removal of dissolved iron and manganese. They are oxidised and form low soluble

hydroxide sludges or coatings.

4. removal of exess carbon dioxide to prevent corrosion of metal and concrete surfaces.

5. temperature reduction.

The aerators best suited for use in community supplies are the cascade, multiple tray, in

which a thin film of water flows over surfaces to maximise oxygen transfer into the water from

surrounding air.

3.3.1 cascade aerator
A cascade aerator consist of a sequence of basins (masonry, concrete or timber) over which

water flows in a very thin film. Typically, the width and depth of each step is 10-15 cm and

the height 1-4 m. (See figure 3.1)

Figure 3.1: Cascade Aerator (Heber 1985)

3.3.2 multiple-tray aerator
A multiple-tray aerator (see Figure 3.2) comprises a series of trays formed by perforated

metal plates, metal screens, or wooden slats, arranged vertically above one another in the

form of a small tower. The individual trays contain layer 15-30 cm deep of stone, coke, or

fired-clay material 5-15 cm size. Water is delivered to the top of the assembly where it is

either sprayed or sprinkled from a perforated tank onto the top tray.

Typical loading rates are in the range 0.25-10 m³/m² of total effective tray area per hour.

This method may not be suitable for high iron contents (<6 mg/l). In this case there
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must be precautions taken for easy cleaning of the aerator.

Figure 3.2: Aeration Filter (Heber 1985)

Another method of aeration which is the most efficient of all -and the most expensive and

complicated- is based on the principle of diffusion. Water is forced into air through fixed

nozzles.

3.4 Sedimentation (Heber 1985)
Areas of Application: Turbidity, pathogenic organisms, colour.

Surface water may contain sand, grit, silt and other suspended solids which can

damage pumps, block filters, clog pipes and reduce the effectiveness of disinfection.

Sedimentation helps to reduce suspended solids before treatment by filtration. Fine silt or

clay particles (colour), however, are unlikely to be removed in a sedimentation tank without

the use of chemical coagulation, or can only be achieved by very long storage times.

Simple sedimentation by means of passing through a settling tank does not achieve a

significant removal of pathogens. Two to four weeks storage, though, can reduce bacteria

populations considerably (50-90%) by means of biological processes. Storage in excess of

one month can reduce the viral count. The degree of purification depends on the severity of

pollution and on the presence of other pollutants. Storage induced contamination (mosquito

breeding due to algae growth) must be avoided by covering tanks. Schistosoma larvae,

infectious agents of Bilharzia usually cannot survive more than two days of protected

storage, provided suitable hosts (snails) are not present.

The principle problems of plain sedimenters are:

- Short-circuiting of flow because of the absence or poor design of baffles.

- poor maintenance, leading to the accumulation of exessive amounts of sludge and

consequent carry-over.

To ensure effective operation:

- The inlet baffle wall of the sedimentation tank should be perforated so that water is

introduced uniformly across the entire cross-section of the tank and rapid transit across

the surface of the tank is avoided.

- The floor of the sedimenter should slope towards a sludge channel, which should in turn

slope towards the washout valve.
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The effectiveness of the sedimenter should be assessed by following means:

- Checking the turbidity at the inlet and outlet. As a guideline, an ineffective sedimenter

may reduce the turbidity by less than 50% but an effective one can achieve up to 90%

reduction.

- Checking the retention time. This is done by introducing sufficient salt at the inlet to

increase the conductivity of a plug of water. The time taken for the increased conductivity

to be measurable at the outlet is measured, and a curve is plotted of conductivity at the

outlet against time. In a well designed sedimenter, the increase in conductivity at the

outlet should occur more than  2 hours after the salt was introduced at the inlet. A

minimum retention time of 2 hours is essential for most types of water if removal

efficiencies of greater than 50% are to be achieved.

3.4.1 Design of a rectangular settling tank with horizontal flow:

Figure 3.3 shows the design of the inlet and outlet zone of a settling tank.

Figure 3.3: Inlet and outlet zone of a settling basin.

The entering water first hits a baffle. It is then

passed through a perforated partition wall.

The clarified water leaves the basin flowing over a

weir which extends over the entire width of the

basin. A slow, undisturbed draw off can be improved

by using a sawtooth weir. Another baffle before the

weir also quiets the flow.

(Heber 1985)

3.4.2 effect of temperature and salt content of raw water and wind conditions.
Unfortunately, settling tanks seldom perform in accordance with the theory. A non uniform

density distribution across the depth of the tank may disturb the settling process. Even small

temperature differences (1°) or changes in the salt content (1 g/l and hour) of the entering

raw water will create density currents which reduce the efficiency of the plant. When

designing an open basin, wind conditions should be examined, since surface currents

induced by wind blowing over the basin can affect the basin performance severely.
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3.5 Coagulation and Flocculation (Heber 1985)
Finely dispersed suspended and colloidal particles producing turbidity and colour of the water

cannot be removed sufficiently by the normal sedimentation process. Adding a coagulant and

mixing and stirring the water causes the formation of settleable particles. These flocs are

large enough to settle rapidly under the influence of gravity, and may be removed from

suspension by filtration. It must be noted that this treatment unit process requires more

complex technical equipment and experienced operation personnel. The choice and dose

rates of coagulants will depend on the characteristics of the water to be treated (can vary

widely through the seasons of the year) and must be determined from laboratory

experiments. The chemicals must be readily available and their application must be closely

monitored.At the same time, on the household level, coagulation by means of natural

coagulants of plant and soil origin and simple devices has been practised traditionally by

many peoples in developing countries.

3.5.1 Coagulants

industrial chemicals
It is common practice to use aluminium and iron salts (see table 3.3).

table 3.3: chemical coagulants (Heber 1985)
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Procedure for Alum and Iron salts:

1. In a test the required dose of coagulant is determined. The pH-value is adjusted.

2. The coagulant solution is prepared. (solution 3-7%)

3. Constant dosing of the coagulant by means of an adequate doser. (see Fig 3.5)

Figure 3.5: Dosing device for continuous feeding of coagulant solution (Heber 1985)

4. immediate rapid mixing: 1-5 minutes. The two principle methods are hydraulic mixing (se

and mechanical mixing (electrical driven mixers, etc.).

5. Flocculation, 30-60 minutes with slow mixing.(see Fig 3.6 and Fig. 3.7)

6. In a sedimentation tank or by filtration the particles are removed.

Figure 3.6: Hydraulic mixing in water flow: a) channel with baffles, b) overflow weir, c) hydraulic jump.

(Heber 1985)
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Figure 3.7: Hydraulic mixing in flocculation tank. a) vertical, b) horizontal (Heber 1985)

Materials of soil origin
In modern water treatment mineral substances are used as flocculation aids . A dose of

10 mg/l of bentonite, for instance, together with 10 mg/l of aluminium sulphate, yield

significantly better results than a higher dose of aluminium sulphate alone.

In rural households in developing countries, however, various naturally occurring

materials are traditionally used as coagulants: e.g. fluvial clays from rivers and wadis. (in

Sudanese Arabic called “rauwaq”, clarifier), clarifying rock material from desert regions, earth

from termite hills. Their main constituents are quartz, montmorillonite, kaolinite, calcite and

feldspar; their coagulant mechanisms differ greatly from those of metal salts. The processes

and reactions which occur upon the addition of these various mineral coagulants to waters of

different quality are not yet sufficiently known. This makes it difficult to specify optimal

application procedures and conditions. Case by case examinations are required.

Coagulationon with fluvial clay
Application of clay as a coagulant yields the following results:

- reduction of turbidy

- no effect on pH value

- an initial mineral taste, later on normal

- no effect on bacteria count (more conclusive research is not available)
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Potential health hazards:

- clays contain traces of heavy metals (most by chromium and manganese). High intakes

of these metals may have toxic effects.

- viruses survive in the settled sludge

Dose of coagulant: 3,5 g/l (rauswaq). For a 40l capacity jar, this translates into 140 g (1

teaspoon of the pulverized clay corresponds to 2,5-3 g).

1. Dries clay is pounded to powder and added to water (possibly clarified) in a small bowl.

2. The suspension is added to the turbid water.

3. Very slow stirring of water for about 5 minutes.

4. Jar is covered and the water left to settle.

Coagulants of plant origin
Such substances are widely used in developing countries to purify water. Usually the plants

are not cultivated. Rather, according to passed on experience, certain substances are

gathered, prepared and added to the water that is to be purified; seeds, leaves, pieces of

bark, roots fruit extracts and plant ashes. Some examples of traditionally used coagulants

and coagulant aids are:

- seeds from the Indian Nirmali tree (strychnos potatorum).

- seeds of the trees of the family of the Moringaceae: Moringa Olifeira, occuring in India,

Senegal, Sudan and Moringa Stenopetala, Kenya.

- sap from the stem of the tuna cactus (opuntia ficus indica) occuring in Peru and Chile:

two commercially available extracts are Tunaflex A and B.

- the bark of the south American tree Schinopsis Quebracho-Colorado, which contains

tannin: it is known commercially as “Floccatan”.

- Potato starch.

Nirmali seeds and Tunaflex as natural coagulant aid substances combined with alum salts

have been successfully used in municipal water treatment. It was shown that substantial

savings in primary coagulants could be achieved which, in turn, reduced the overall cost

considerably.

Other natural coagulants:

- Algae-derived substances

- Chitosan, acting faster than any known coagulant from plant materials (produced from

the shells of shrimp and lobster).

- dough from millet bread (Sudan) or curds (Thin layers).

For most of these plant materials, it is not known which particular substance actually triggers

the coagulation. Neither is it known whether there are toxic side effects from frequent use.

To obtain the optimal dose for various substances and raw water qualities,

coagulation experiments must be carried out; generally this dose is smaller than that of

aluminium sulphate.
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Coagulation with seeds of Moringa Oliferia
For coagulation with Moringa Oliferia seeds, the following effects can be obtained:

- significant reduction of turbidity

- pleasent taste

- unchanged pH value

- initial reduction of the bacteria count, followed by a secondary rise after only 24 hours,

reaching or even surpassing the initial concentration

- antibiotic effect on various bacteria and fungi.

Dose: 150-200 mg/l. For a jar of 40 l capacity this translates into 30 seeds.

1. After removing the seed husks, the white kernal material is crushed in a clean mortar or a

stone covered with a piece of clean cloth. The powder must be prepared fresh before

every use. Humidity causes deterioration.

2. The powder is then dissolved in a small amount of clarified water and a suspension is

prepared.

3. The suspension is added to the raw water under short and rapid mixing.

4. Gentle and slow stirring follows (10-15 min).

5. Finally, the water is left covered in the jar to allow the flocs to settle.

4.5.3 conclusions (WHO 1997)

Coagulation and flocculation require relatively large financial investigations on plants, tanks,

chemical dosing, and maintenance. Inevitably, therefore, the cost of any water treated in this

way is high. The technique may be of some value to certain small communities, such as

periurban fringe settlements, which can be easily reached by maintenance personnel from

the water supplier.

Generally, however, the technique is too difficult to apply and control satisfactorily in most

rural communities.

3.6 Filtration (Heber 1985)

The Filtration is already discussed in the lecture “Process modelling in water and wastewater

treatment”.

This widely used technique is based on several simultaneously occurring phenomena:

- mechanical straining of suspended particles

- charge exchange, flocculation adsorption of colloidal matter ( boundary layer processes)

- bacteriological-biological processes within the filter

Filters may be divided into two principally different types:

- rapid filtration (v= 4 to 15 m/h)

- slow sand (or biological) filtration (v= 0.1 to 0.3 m/h)
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3.6.1 Rapid filtration

Rapid filtration is mainly based on the principle of mechanical straining of suspended matter

due to the screening effect of the filter bed. Also operative to some degree in rapid filters are

boundary layer and biological mechanisms.

The performance of a rapid filter depends on following parameters:

- filtration rate

- influent characteristics, i.e., particle size, distribution, etc.

- filter medium characteristics which control the removal of the particles and their release

upon backwashing, respectively.

Generally, it is true that the treatment effect can be improved by:

- reduced filtration rates (not less than 2,5 m/h)

- smaller granulation size of the filter medium

- increasing depth of the filter bed

- increasing size of the flocs

- decreasing concentration of particles to be retained

Range of application

The range of application of rapid filtration is illustrated in Table 3.4.

Table 3.4: treatment effect of rapid filters and possible combination with other unit processes (Heber 1985)

water quality parameters purification effect
Coarse particles of organic origin
up to 250 mg/l

Removal at high filtration rates,
using coarse filter material (backwashing is simple)

high turbidity due to gravel, sand or mud removal by rapid filtration, preceding sedimentation
is recommended

Low turbidity up to max. 100 NTU direct rapid filtration
Colloids - low concentration difficult to remove; Addition of coagulant to inflowing 

water prior to sedimentation; flocs are retained by 
the filter; backwashing is difficult

Colloids - high concentration Preceeding coagulation/flocculation and 
sedimentation in separate tank, rapid filtration

Bacteria of fecal origin; eggs of parasites Removal of some 50% at low filtration rate and fine 
material, subsequent disinfection and ist effect is 
required.

Iron and manganese contents up to 25 mg/l Precipitated compounds are removed upon aeration 

The range of rapid filter beds is between 1 and 2 m. The operating head is between

1.5 and 2.5 m. The required filter surface area can be determined according to the following

relationschip:

A= Q / (a*v) (4.1)

A= surface area [m²], v= filtration rate [m³/ (m²*h)]; Q= throughput of water per hour [m³/h];

a= operating hours per day.
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convential downflow filters

Rapid filtration is a rather complex process. It is demanding and expensive in design and

operation. This is due to the need for frequent filter washing which requires elaborate

backwashing systems. Monitoring, operation and maintenance of the filtration plants require

well-trained personnel.

Combined with coagulation, flocculation and sedimentation, rapid filtration is a very

efficient treatment process for the removal of impurities. However, it should only be used in

larger plants and at well equipped sites.

For smaller plants in rural areas, simple rapid filters – without backwashing

capabilities – are recommended.

upflow filter
In upflow filters the direction of flow of the raw water is upwards through the filter bed.

For coarse organic and inorganic substances, the filter may act as a screen. Or else it may

retain precipitated iron compounds. At low filtration rates and sufficient oxygen content of the

raw water, biological activity can be observed.

The advantages of upflow filters as compared with gravity rapid filters are:

- can be constructed from locally available materials,

- quality requirements (uniformity and gradation) and volume of the filter medium are lower.

Instead of sand, gravel, crushed bricks, coconut and other type fibers can be used,

- longer filter runs

- better turbidity removal.

One example of a rather simple upflow filter is given in figure 3.8. It is build from a 200 l

drum.

figure 3.8: Upflow filter made from a 200 l drum (Heber 1985)

horizontal flow coarse filter
This type of treatment process unit which has water flowing horizontally through the filter

medium exhibits a combination of filtration and sedimentation effects. The concentration of

suspended particles in the raw water can be reduced significantly. The water thus attains a
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quality which is satisfactory for subsequent slow sand filtration. Moreover, after a certain time

of maturation, a biological film forms on the surface of the stones.

Figure 3.9: Coarse Filter with horizontal flow. (Heber 1985)

household multiple layer filter
Using metal drums, plastic containers or clay vessels and filling them with several layers of

sand, gravel or charcoal, simple household filters can be put together. They do not perform

well at removing pathogens, though. After filtration, the water therefore needs to be

disinfected.

Charcoal adsorbs organic substances which cause disagreeable colour and taste

(Activated carbon is more effective than charcoal, though rather expensive.). This effect can

only be sustained, however, if the charcoal is frequently renewed. If this is not possible, or if

the filter (empty or filled with water) is left unused for some time, the charcoal can become a

breeding ground for bacteria. So the filtered water exhibits higher bacteria count than the raw

water. Monitoring of the filter condition is rendered more difficult by the fact that there is no

visual indication given for the point when the charcoal should be replaced. Charcoal cannot

be regenerated. It is for these reasons that the use of filters with charcoal media is not

recommended. Examples of simple household filters are given in figures 3.10 and 3.11.

   
figure 3.10: household candle filter (WHO 1997) figure 3.11: household sand filter (WHO 1997)

[m]
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ceramic filter

On the household level ceramic filters may be used for the purification of drinking water .  If

there are native potters, the filter can be manufactured locally.

The purifying agent is a filter element, also called candle (see figure 3.10), through

which the water is passed. Suspended particles are thus mechanically retained, and,

depending on the size of the pores, also pathogens. Ceramic filters should only be used if

the water is not too turbid, as the pores clog rather quickly.

Ceramic filter elements can be made from various different material compositions

(e.g. diatomaceous earth, porcelain); they have pore sizes of between 0.3 and 50 µm. If the

pore size is smaller than or equal to 1.5 µm all pathogens get removed with certainty. Post

treatment of the water prior to consumption is rendered unnecessary.

Filter with larger pores only retain macro-organisms such as cysts and worm eggs.

The filtered water must be boiled subsequently or otherwise disinfected.

The impurities held back by the candle deposit on the candle’s surface. At regular

intervals, this coating can be brushed off under running water. After cleaning, the candle

should be boiled. Candles made from diatomaceous earth which contain silver, have the

advantage that recontamination of purified water due to infestation of the filter material with

bacteria containing washing water can be avoided. Filter operating at atmospheric pressure

exhibit a very slow rate of percolation.

clay filters treated with silver

This small household filter is manufactured in local potteries in Central America. It consists of

a clay vessel equipped with a lid and an insert (holds 7.2 l). Tests carried out in Guatemala

yielded excellent results as regards the removal of bacteria. Two alternative filter elements

with different material composition are available (see table 3.5).

Table 3.5: Two alternative filter materials (Heber 1985)

Alternative A Alternative B
filtration rate 2.14 l/d 1.97 l/d
composition 55-65% loam

30-35% crushed feldspar
5-10% sawdust

55-70% loam
20-40% sand
5-10% saw dust

treatment colloid silver 3.2% colloid silver 3.2% 
longevity 1 year 1 year
Cost (1980) U.S.$ 7.70 U.S.$ 7.36

The raw water, poured into the insert, trickles through its walls. The filtered water is

collected in the lower part of the vessels, where it can be released at will. (see. fig. 3.12)

cartridge microfilter
Besides ceramic filters, other microfilters made from fine porosity materials are also

available: synthetics, paper, felt-like material (pore size between 25 and 50µm). They are

inserted into a bell-like filter device, which is mounted on the top of a water pipe. When the

filter material becomes clogged, i.e. used up, it must be discarded and replaced new. Even

though these filters are cheaper to purchase than ceramic filters, their use is more
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expensive, since the filter material cannot be regenerated.

figure 3.12: clay filter (Heber 1985)

3.6 slow sand filtration (Heber 1985)

Slow sand filtration is accomplished by passing raw water slowly through a medium of fine

sand. On the surface of the sand bed, a thin biological film develops after some time of

ripening different from the rapid filter). This film consists of active microorganisms and is

called filter skin. It is reponsible for the bacteriological purification effect.

The principle of purification processes are here: Sedimentation, mechanical straining,

adsorption and biochemical processes in the biological layer:

- partial oxidation and breakdown of organic substances forming water, CO2 and inorganic

salts.

- conversion of soluble iron and manganese compounds into insoluble hydroxides which

attach themselves to the grain surfaces.

- killing of E. Coli and of pathogens.

Organic substances are deposited on the upper layer of sand, where they serve as a

breeding ground and food for bacteria and other types of microorganisms. These produce a

slimy, sticky, gelatinous film which consists of active bacteria, their assimilation products and

dead cells and partly assimilated organic materials. The dissimilation products are carried

away by the water to greater depth. The bacterial activity gradually decreases with depth. In

uncovered filters, growth of algae is driven by photosynthesis.

The conditions necessary for those biochemical processes are:

- sufficient ripening of the biological layer

- uniform and slow flow of water through the filter, approx. 0.1 to 0.3 m/h
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- a depth of the filter bed of 1 m (0.5 m is needed solely for the biochemical process) of

specific grain sizes

- sufficient oxygen in the raw water (at least 3 mg/l) to induce biological activity.

Table 3.6: Range of application of slow sand filters according to raw water quality (Heber 1985)
* At MPN-contents greater than 1000 E.coli /100 ml, raw water should subsequently be disinfected

water quality parameters purification effect
Bacteria of fecal origin; eggs of parasites pathogenic bacteria and E.coli removed at 99-99.9%*;

cysts, helminth-eggs and Schistosomalarvae 
removed completely.

Viruses complete removal

organic substances complete removal

Colour partial removal

turbidity significant reduction; average turbidity of raw water
should not be greater than 10 NTU. At higher turbidity,
pretreatment necessary to prevent clogging of filter.

substances difficult to degrade biologically e.g., detergents, phenoles, pesticides. Only minor 
degradadion possible.

Operation
Initial commissioning:

First, with all outlet valves closed, the filter must be charged with filtered water until the whole

bed is covered sufficiently. Then, raw water can be admitted until the desired working level

for the supernantat is reached. During the start-up period (few days to several weeks), while

ripening of the biological layer proceeds and reaches its full effect, the filtration rate can be

gradually increased.

filter cleaning:

When the filtration rate drops , it is time to clean the filter bed. After lowering the water, the

filter skin and the surface sand adhering to it (top 1.5 to 2 cm of filter) are stripped off.

resanding:

After each cleaning, the depth of the filter material drops until the minimum design level is

reached (typically about 0.6 m) the filter must then be resanded. The sand is to be washed

thoroughly to remove all impurities (especially organic coating). If readily available, new sand

may be better used instead.

Design of a Slow Sand Filter:
The needed filter area A can be estimated as follows: A= Q / ( a*v +b)

Q= daily flow rate in m³/d, a= number of daily operating hours, v= filtration rate in m/h

b= 0 for continous operation, b= 0.5 for 8 hours of daily uninterrupted operation

b= 0.7 for 16 hours of daily uninterrupted operation

The ratio of length to width should be in the range between 1 and 4.
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Horizontal sand filter

The biological skin develops at the surface of the sand around the inlet point. The filtration

rate is controlled by the filter resistance and the head differential between inflow and outflow.

The retention time in such filters is between 36 hours and 30 days (Filtration rate 0.2 to

0.4 m/h).

Figure 3.13: Horizontal flow sand filter. 1 Inlet pipe, 2 Inlet trough to prevent scouring,

 3 barries, 4 gravel 50 mm, 5 outlet trough, 6 flow direction (Heber 1985)

Slow sand filter of household size

A household filter can be simply made

from a used (not for chemicals and oil)

metal drum (Figure 3.14). The filtration

rate can be changed through effluent stop

cock.

Figure 3.14: Slow sand filter in household

size, capacity 60 l/h. (Heber 1985)

Two-stage coconut fiber/brunt rice husk filter

This type of filtration plant was developed and tested in Southeast Asia where it is widely

used. Two filters are operated sequentially. The first one acts as a coarse filter while the

second one operates similarly to a slow sand filter (see. Figure 3.15).

The circumstance that the plant is mostly made from locally available materials and residues

keeps the initial capital costs and the operating cost low.

Feasible operating capacities range between 1 and 15 m³/h, depending mainly on the size of

the system.
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Figure 3.15: Two stage filter (Heber 1985)
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