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Use and efficiency of different household water treatment in Africa

ABSTRACT
The present study aims the determination, basing on the bibliographical studies of the efficiency of
some methods of HWT in developing countries particularly in Africa. A review of various methods
of HWT including the traditional methods of HWT in Africa was elaborate. One can distinguish
three great types of methods: Sedimentation, Filtration, and Disinfection. The results obtained from
the various studies provided by the bibliography made it possible to determine that concerning the
elimination of bacteria, solar disinfection, membrane filtration, slow sand filtration, ceramics filters
and the PuR sachets have the highest efficiency compared with the other methods of treatment.
Membrane filtration and the PuR sachets are the best in terms of efficiency in reduction of the
viruses. Concerning the reduction of helminthes ova and protozoa, membrane filtration, Rapid
granular media filtration, slow sand filtration, the ceramics filters, the Biosand filter and the PuR
sachets have best the efficiency. Most of the studies don’t provide neither the impact on chemicals
nor on the taste and the odour of water. It is estimated however that the ceramics filters have a
minimal impact on the taste and the odour of water while the PuR sachets can reduce Arsenic
considerably. The organic substances are highly reduced by the membrane filtration, Rapid granular
media filtration and the PuR sachets. They are moderately impacted by slow sand filtration and the
ceramic filters. As for turbidity, it is highly reduced by the method of ceramic filters and PuR
sachets. We concluded, based on the results obtained that there is no best technology of HWT but
the combination of two or more of them can give the best efficiencies.

Key words:

1- Efficiency
2- Household Water Treatment
3- Africa
4- Bibliographical studies
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RESUME
La présente étude vise à déterminer, à partir des études bibliographiques le rendement de quelques
méthodes de traitement de l’eau à domicile dans les pays en voie de développement en particulier
en Afrique. Une revue des différentes techniques de traitement de l’eau à domicile y compris les
méthodes traditionnelles de traitement de l’eau en Afrique a été élaborée. On peut distinguer trois
grands types de méthodes : la Sédimentation, la Filtration et la Désinfection. Les résultats obtenus
des différentes études fournis par la bibliographie ont permis de déterminer que concernant
l’élimination des bactéries, la désinfection solaire, la filtration membranaire, la filtration lente sur
sable, les filtres en céramique et les sachets PuR ont une forte efficacité comparée aux autres
méthodes de traitement. La filtration membranaire et les sachets PuR sont les meilleurs en termes
d’efficacité de réduction des virus. Concernant la réduction des œufs d’helminthes et des
protozoaires, la filtration membranaire, La filtration rapide à travers milieu poreux, la filtration lente
sur sable, les filtres en céramique, Le filtre Biosand et les sachets PuR ont les meilleures efficacités.
La plupart des études ne fournissent ni l’impact sur les éléments chimiques ni sur le gout et l’odeur
de l’eau. Il est estimé cependant que les filtres en céramique ont un impact minimal sur le gout et
l’odeur de l’eau pendant que les sachets PuR peuvent réduire considérablement l’Arsenic. Les
substances organiques sont fortement réduites avec la filtration membranaire, la filtration rapide en
milieu poreux et les sachets PuR. Ils sont modérément impactés par la filtration lente sur sable et les
filtres en céramique. La turbidité quand a elle est fortement réduite par la méthode des filtres en
céramique et les sachets PuR. Nous avons pu conclure, d’après les valeurs obtenues qu’il n’y a pas
de meilleure technologie pour le traitement de l’eau à domicile mais une combinaison de deux ou
trois de ces méthodes peut donner les meilleurs résultats.

Mots clés:
1- Efficacité
2- Traitement domestique de l’eau
3- Afrique
4- Recherche bibliographique
5- Pathogènes
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LIST OF ABREVIATION AND ACRONYMS
BSF

BioSand Filtration

GDWQ

Guidelines for Drinking-Water Quality

HWT

Household Water Treatment

HWTS

Household Water Treatment and safe Storage

LRV

Log10 Removal Value

MDG

Millennium Development Goal

MF

Microfiltration

NF

Nanofiltration

PET

Polyethylene Terephthalate

POU

Point Of Use

RO

Reverse Osmosis

UF

Ultrafiltration

UN

United Nations

UNICEF

United Nations Children’s Fund

UV

Ultraviolet

WASH

Water Sanitation and Hygiene

WHO

World Health Organization
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INTRODUCTION
I.1

Background

Water is necessary for life and human activities. People need clean water and sanitation to maintain
their health and dignity. All over the world, having a safe drinking water and basic sanitation is a
human need and right for every man, woman and child. For most of the United Nations programs
(WHO, UNICEF, UN…), the provision of safe and potable drinking water is one of the most
important health-related water infrastructural programs in the world. Water is then an indispensable
resource for supporting life systems while access to safe drinking water is a basic human right,
which is essential for healthy life.
Providing a safe and convenient drinking water plays a vital role in public health and well-being of
the society. The world is on schedule to meet the Millennium Development Goal (MDG), adopted
by the UN General Assembly in 2000 and revised after the World Summit on Sustainable
Development in Johannesburg, to “halve, by 2015, the proportion of people without sustainable
access to safe drinking water and basic sanitation” (World Bank Group, 2004; WHO, 2004).
However, success still leaves more than 600 million people without access to safe water in 2015
(WHO/UNICEF, 2015). Many of these people are among those hardest to reach: families living in
remote rural areas and urban slums, families displaced by war and famine, and families living in the
poverty-disease trap, for which improved sanitation and drinking water could offer a way out.

The lack of access to safe drinking water is causing negative impact to the health of
populations. Consumption of unsafe water is responsible for transmission of a number of diseases
including diarrhoea, typhoid fever, cholera, dysentery, poliomyelitis, and intestinal worms.
Concerning diarrhoea, WHO, 2007 estimates that 88% of diarrhoeal disease is caused by unsafe
water, inadequate sanitation and poor hygiene. The consumption of unsafe water continues to
increase the burden of morbidity and mortality globally. Diarrhoea kills 2.2 million annually,
including 17% of children under 5 years of age in developing countries (WHO, 2008a). An
estimated 4 billion diarrhoea cases that occur annually account for 5.7% of the global burden of
disease and place diarrhoeal disease as the third highest cause of morbidity and sixth highest cause
of mortality (WHO, 2012). Besides, low access to safe water and poor sanitation conditions
prevailing in most households poses risks of increasing the disease transmission. The Provision of a
safe and convenient drinking water is then an important way to reduce the diseases related to pour

BETAN Noël

Promotion 2014/2015

5

Use and efficiency of different household water treatment in Africa
access of safe water. According to WHO 2007, providing safe water those whose water supplies are
unsafe and keeping it safe minimizes the risk of pathogen transmission through drinking water.

Since then, substantial efforts have been undertaken to make safe water supplies available,
especially to the poor in developing countries. Improving access to safe water and assurance of
safety at point of use has significant benefits in reducing disease occurrence. Recent research has
suggested improved water quality can reduce diarrhoeal disease morbidity by more than 30% while
treatment of water at point of use reduces 50% of diarrhoea morbidity (Fewtrell et al. 2005)). Water
can be treated at a central location, in large volumes, and then supplied to households through a
network of pipes. This is often called centralized or community water treatment. Most people
around the world wish to have safe water piped directly to their homes through a community water
treatment system. Unfortunately, the money and resources needed to construct, operate and
maintain a community system are not always available in most developing countries. In order to
improve water quality smaller volumes of water can also be treated at the point of use (POU), such
as in a home. This is commonly called household water treatment (HWT) since the family members
gather the water, and then treat and store it in their home.

I.2

Scope and objectives of the research

While there are numerous conventional water treatment technologies available, for a huge
population in rural areas of developing countries, these systems would be inappropriate or too
expensive. All over the world, these rural communities have adopted some simple and rudimentary
water treatment methods that can serve either a community or individual households. One such
alternative is household water treatment and safe storage (HWTS) (WHO 2007). Besides, in many
settings, both rural and urban, populations have access to sufficient quantities of water, but that
water is unsafe for consumption as a result of microbial or chemical contamination. HWT provides
a means of improving water quality and preventing disease for populations without reliable access
to safe drinking water.

HWTS can help improve water quality at the point of consumption, especially when
drinking-water sources are distant, unreliable or unsafe. Different HWT is able to treat water to
remove:
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Pathogens (disease-causing organisms) including Ovas or larvae of parasitic worms; bacteria;
amoebas; and viruses, harmful chemicals from human activities (e.g. pesticides and fertilizers) or
from natural sources (e.g. chemicals from rocks and soils).
The extent to which a water treatment process reduces microbial pathogens is critically
important in determining how useful it will be in reducing the risks of waterborne disease and
providing safe water. Because of the diversity of microbial pathogens and their properties, it is
especially important to understand and quantify the efficiency of individual HWT technologies in
reducing all classes of pathogens, and other particles in waters of diverse quality.
The main objective of this study therefore is to investigate the efficiency of the various drinking
water treatment methods commonly used in developing countries with particular reference to
African countries.
We will achieve this objective through following specific objectives:
•

Review the HWT methods that exist and traditional methods that are used in Africa;

•

Estimate the efficiencies of different HWT technologies regarding pathogens (bacteria,
viruses, protozoan…) removal;

•

Estimate the efficiencies of different HWT technologies regarding the physical properties
(Turbidity, Organic matters …) reduction;

•

Estimate the efficiencies of different HWT technologies regarding the other physical
properties (taste odour…) improvement.

I.3

Project outline

The document begins by literature review defining the HWT systems, reviewing some of the
leading methods for treating water at the household level and reviewing traditional methods for
HWT in some African countries. Then the second part will present the efficiencies of several HWT
methods basing on the bibliographical researches. The third main part will be focus on the
discussion which treats the summary of the HWT efficiencies and a critical overview. The
document ends by conclusion and some recommendations including those for the further works.
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II : HOUSEHOLD WATER TREATMENT (HWT) TECHNOLOGY
OVERVIEW
II.1

History of HWT

Household Water Treatment (HWT) is the application of means (physical or chemical methods) to
render water safe for drinking or other domestic uses at point of use, particularly in households. The
fundamental difference between community systems HWT is not the mechanism for treating the
water, but the point where such treatment is implemented. HWT requires households to take
responsibility for their own drinking-water safety by treating their water at home and preventing its
recontamination.
For centuries, householders have used a variety of methods for improving the appearance and taste
of drinking-water, including filtering it through porous rock, sand and other media or using natural
coagulants and flocculants to reduce suspended solids. Even before germ theory was well
established, successive generations were taught to boil water, expose it to the sun or store it in metal
containers, all in an effort to make it safer to drink.
The practice is widespread in the Western Pacific (66.8%) and Southeast Asia (45.4%) regions, and
it is less common in the Eastern Mediterranean (13.6%) and Africa (18.2%) (Rosa et al, 2012)
This research considers four core HWT technologies and processes: Sedimentation, Filtration,
Disinfection and Combination or multi barrier approaches.

II.2

Overview of Household Water Treatment (HWT) options

A large variety of treatment methods exist to make water suitable for consumption at household
level. They include chemical or physical ways to remove pathogens, chemicals and/or physical
particles. This section provides a brief overview of available HWT options.

II.2.1 Sedimentation
Sedimentation is a physical treatment process used to reduce the turbidity of the water. This could
be as simple as letting the water settle for some time in a small container, such as a bucket or pail.
The sedimentation process can be accelerated or “assisted” by adding special chemicals or native
plants, also known as coagulants, to the water. Coagulants help the sand; silt and clay join together
and form larger clumps, making it easier for them to settle to the bottom of the container.
The common chemical coagulants used are aluminium sulphate (alum), poly-aluminium chloride,
alum potash and iron salts (ferric sulphate or ferric chloride). Native plants are also traditionally
used in some countries, depending on the local availability, to help with sedimentation. For
BETAN Noël
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example, prickly pear cactus and Moringa and fava beans seeds have been used to help sediment
water.

II.2.2 Filtration
Filtration is also commonly used to reduce turbidity and remove pathogens. Filtration is a physical
process that involves passing water through filter media. Some filters are also designed to grow a
biological layer that kills or inactivates pathogens and improves the removal efficiency. Sand and
ceramic are common filter media, although membranes, cloths and other media can also be used.
Various types of filters are used by households around the world, including:
•

Cloth filter

•

Biosand filters,

•

ceramic pot filters, (Figure 1)

•

ceramic candle filters, (Figure 1)

•

Membrane filters.

Other filters use media such as activated carbon that adsorb and hold contaminants like a sponge
rather than mechanically remove them like a sieve. Filtration is commonly used after sedimentation
to further reduce turbidity and remove pathogens.

Figure 1: Ceramic filters

II.2.3 Disinfection
Another approach to treating water in the home is to kill or inactivate pathogens through
disinfection. The most common methods used by households around the world to disinfect their
drinking-water are:
•

chlorine disinfection,

•

solar disinfection (SODIS), (Figure 2)

•

ultraviolet (UV) disinfection,

•

Boiling.
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Distillation is another method of using the sun’s energy to treat drinking-water. It is the process of
evaporating water into vapour, and then capturing and cooling the vapour so it condenses back into
a liquid. Any contaminants in the water are left behind when the water is evaporated. This method
is not included in this study.

Figure 2: Using of Solar disinfection

II.2.4 Combination (multi-barrier) approaches
Multi-barrier approaches are any combination of the above technologies used together, either
simultaneously or sequentially, for water treatment. (e.g. coagulation combined with disinfection)
there is often more effective results with “multi-barrier” technologies (Souter et al., 2003). Other
examples include such combinations as coagulation/disinfection, media filtration/disinfection and
media filtration/membrane filtration. Some combination systems are commercial products in the
form of granules, powders or tablets containing a chemical coagulant such as an iron or aluminium
salt and a disinfectant such as chlorine.
To use these combined coagulant–flocculant–disinfectant products, they are added to specified
volumes of water, allowed to react for floc formation, usually with brief mixing to promote
coagulation– flocculation, then allowed to remain unmixed for the floc to settle; the clarified
supernatant water is then decanted off, usually through a cloth or other fine mesh medium to strain
out remaining particles. The recovered supernatant is then stored for a period of time to allow for
additional chemical reactions and disinfection to occur before the water is consumed.
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II.3

USE OF HWT IN AFRICA

II.3.1 Using of traditional methods for Household Water Treatment
(HWT) in Africa
Despite being at higher risk of waterborne disease because of lower coverage of improved water
sources, African and rural households are less likely to practice HWT or use microbiologically
adequate methods (Rosa, 2010).
These rural populations of developing countries adopt some technologies with a low level of
mechanization to suit their own situation. Some of the traditional treatment methods are:
1. Purification by storing (sedimentation
2. Filtration through winnowing sieve (used widely in Mali).
3. Filtration through cloth (commonly used in villages in India, Mali and the southern part of
Niger).
4. Filtration through clay vessels (used in Egypt).
5. Clarification an filtration through plant material
6. Traditional methods of disinfection
II.3.1.1

Purification by storing (Sedimentation)

In Nigeria and Sudan, some barrels are half buried and filled during the rainy season. For a family
of 20 persons, one needs approximately 50 jugs of 50 liters each one. Water stays in it for
approximately five months before being consumed (long duration storage). During this time, almost
all the solid elements will have settled on the bottom and upper water will be clean and cool.
There are more methods to induce the sedimentation of particles:
In Niger, Ayr Touaregs plunge pieces of bark of Boscia senegalensis, of 7 to 10 cm length in water.
In Kenya, one mixes with water mucus coming from fish recently caught. While falling at the
bottom of the container, it carries the solid particles.
II.3.1.2

Filtration through Winnowing Sieve

This type of filtration is used when the water source is polluted by wind-borne impurities such as
dry leaves, stalks, and coarse particles. The raw water is passed through a winnowing sieve, and the
impurities are filtered. This type of filter is widely used in villages of the Bambara area in Mali.
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This method cannot be used when the raw water is highly turbid or muddy, since the sieve cannot
filter fine suspended particles in raw water.
II.3.1.3

Filtration through cloth

Thin white cotton cloth or a discarded garment is used as the filter medium. This filter can filter raw
water containing such impurities as plant debris, insects, dust particles or coarse mud particles.
Filtration of suspended particles present in water can be achieved only to a very small extent.
Therefore, this type of filtration is not suitable for highly turbid water. It is most suitable for
filtration of well water. This practice of cloth filtration is quite common in villages in India, in Mali,
the southern part of Niger and probably in many other parts of the developing world. In Mali, in
Upper Volta, and Sudan, few populations filter water using a linen cloth.
II.3.1.4

Filtration through Clay vessels

Clay vessels with a suitable pore size are sometimes used to filter highly turbid water. Turbid water
is collected in a big clay jar and allowed to settle down. Then the water in the jar will trickle
through the porous clay wall of the jar. This trickled water is collected in a vessel (usually a clay
pot) by placing it at the bottom of the porous clay jar. This method of water treatment is common in
Egypt. Again In Egypt and in Sudan there is a method of slow filtration, through a porous clay
vessel. Water oozes through a porous mud in a container placed below. Almost all the solid
elements are retained by the smallest pores.
II.3.1.5

Clarification and filtration using plant parts

Highly turbid water with fine suspended and colloidal particles are first coalesced and settled out
using the nuts of a locally available plant, in some of southern districts of Tamil Nadu, India, which
is then filtered using cloth filters. Studies have found that the nuts excrete coagulant chemicals upon
soaking which does the trick. Similarly, wiry roots of the rhizomes from the “ramachlam”
(Vetiveria zizanoides) are placed in a clay jar, which has tiny holes in its bottom, raw water is
poured into this jar, and then the water is allowed to filter thorough this layer of roots. The water is
collected at the bottom of the jar. Usually this filtered water is very clear and has a pleasant smell.
But it is by using seeds of Moringa oleifera that we have until now, obtained the best results. We
can meet this tree in almost all the tropical areas. " Tree of the paradise" and "Plant of the angels"
in Latin America , " French Tree of paradise" in Upper Volta, "Small royal tree " in Mali, "Tree of
Mecca" in Niger, as many names which illustrate well the useful of this plant in various
civilizations.
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Many other plants still or parts from plants are used in a similar way and almost all help to
coagulate particles in order to speed up decantation.
II.3.1.6

Traditional methods of household disinfection

Boiling is the most dominant method with 21.0% of the households (598 million people) using the
method. (Rosa, Clasen, 2010)
In Sudan, one heats water with certain plants to give it a better taste. But there is more formation of
flakes and it is only by using clear water that one will make for example, the tea.
Practically none of these methods above disinfects water completely, but all play a role in public
health over the world.
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II.3.2 Status of HWT in Africa
Rosa, G. and Clasen, T. (2010) have estimated percentages and populations using HWT over the
world. The data were extracted from major national survey programs contributing to the JMP,
including the UNICEF-supported Multiple Indicator Cluster Surveys (MICS), the United States
Agency for International Development (USAID) -supported Demographic and Health Survey
(DHS), the WHO World Health Survey (WHS), and the World Bank’s Living Standards
Measurement Study (LSMS). The table below is extracted from this study.
Table 1: Estimated population reporting the use of HWT per country and WHO region (in thousands). Source: Rosa, G. and
Clasen, T. (2010)

Treat

Adequate*

Boil

Bleach

Filter

Solar

Stand

Strain

Other

AFRICA

49,575

35,416

20,046

14,941

2,046

54

2,422

12,455

1,745

Algeria

5,736

5,470

400

5,003

300

ND

ND

ND

200

497

289

22

252

15

ND

ND

69

138

2,023

435

24

154

259

0

121

1,482

12

330

138

135

0

6

0

191

5

80

Cameroon

1,999

1,161

308

628

264

9

260

659

23

Cote d’Ivoire

1,779

1,139

99

951

114

13

458

239

61

Djibouti

23

15

7

7

0

0

5

2

1

Ethiopia

5,878

2,418

1,978

190

275

4

123

3,697

250

Gambia

305

51

5

43

4

0

4

260

0

Ghana

1,809

708

321

188

210

9

470

718

48

Guinea-Bissau

1,216

74

17

58

4

1

95

1,167

11

Liberia

598

559

4

555

2

1

10

19

13

Malawi

2,714

2,425

1,390

1,191

21

3

98

200

178

Mali

4,036

1,348

27

1,038

300

ND

ND

2,872

23

Mauritania

891

617

5

600

15

4

11

295

9

Namibia

213

194

165

3

27

0

9

4

6

Sierra Leone

382

237

15

220

6

1

129

46

20

Togo

651

335

37

279

31

2

82

198

76

Swaziland

138

127

34

93

6

0

0

1

3

Uganda

12,531

12,103

11,891

246

158

0

177

479

513

Zambia

4,076

3,987

1,782

3,034

7

8

79

14

10

Zimbabwe

1,750

1,586

1,381

208

24

0

101

29

70

Benin
Burkina Faso
Burundi

* According to JMP, this includes boiling, use of a filter, bleach/chlorine, or solar disinfection. Estimates are based on
the most recent data for those countries with more than one survey.
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III

EFFICIENCY OF HWT SYSTEMS

III.1

Efficiency of HWT Technologies

The main focus of HWT is on removing biological pathogens. This is because biological pathogens
such as rotavirus present the most significant health risk. However, some HWT options can also
remove chemicals and improve physical qualities of drinking-water. Some studies were carried out
in some developing countries to estimate the efficiency of HWT options. This section presents the
efficiency of several HWT options based on the Laboratory tests and some from field test.
Efficiency is the ability of the technology to provide sufficient water in quality and quantity. There
should be enough safe drinking-water for a household to meet its basic needs. Criteria that show the
technology’s efficiency include the following:
Water quality
•

Which microbiological, physical and chemical contaminants can be removed by the
technology and how much?

•

How will the treated water look, taste and smell?

Water quantity
•

How much water can be provided every day?

•

Is it sufficient to meet the household’s daily needs?

Local water source
•

Will the technology be able to treat the specific microbiological, physical and chemical
contaminants of the local water source?

•

Will it treat water from different sources to the same level?

III.1.1

Coagulation–flocculation and/or sedimentation

Coagulation or precipitation is any device or method employing a natural or manufactured
coagulant or precipitant to coagulate and/or precipitate suspended particles, including microbes, to
enhance their sedimentation. Sedimentation is any method for water treatment using the settling of
suspended particles, including microbes, to remove them from the water.
The most common coagulants in use throughout the world are aluminium sulphate, ferric sulphate,
ferric chloride and poly-aluminium chloride. These coagulants are mixed into the water where they
produce hydroxide precipitates that are fluffy and enmesh particles and microbes along with some
of the dissolved organic carbon.
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The flocs formed by this process must be removed. This can be achieved by sedimentation or, if the
flocs are very light, fine air bubbles may be used to carry them to the surface (air flotation) where
they are skimmed off. They can also be removed by direct filtration.
Various forms of coagulation and sedimentation are used in water treatment and there are
differences in general practices between countries, which makes the comparison of data difficult.
However, published data indicate that this process may remove between 40% and 99% bacteria,
which translate into 0.2 and 2 logs of removal. Removal of viruses is rather poor, below 1 log,
whereas for parasites such as Cryptosporidium removal of up to 2 logs has been reported.
The retention of formed flocs is very important because of the accumulation of pathogens, since
even single flocs may contain sufficient numbers of pathogens to be of hygienic importance (Gale
et al., 1997). Continuous measurements of turbidity or particle counts are useful for monitoring the
efficiency of this process.
The household treatment by simple storing have little microbiological efficacy except in special
cases and is mainly practiced to improve aesthetics.

III.1.2

Membrane or structured porous media (ceramic, porous

carbon block, etc.) filters
III.1.2.1 Membrane filters
Filtration technologies are finding increasing application in developing countries where chemical
disinfection or boiling may not always be practical or effective (Colwell et al., 2003). Cloth filters,
such as those of sari cloth, have been recommended for reducing Vibrio cholerae in water when
these pathogens are associated with copepods or other eukaryotes in water (Huo et al., 1996;
Colwell et al., 2003).
In membrane filtration water is passed through a thin film, which retains contaminants according to
their size. Membrane filtration has been playing an increasing role in drinking water treatment,
including pathogen removal. The most commonly used membrane processes in drinking water
treatment for microbial removal are microfiltration (MF) and ultrafiltration (UF). Other membrane
processes such as reverse osmosis (RO) and nanofiltration (NF), which are used primarly for other
purposes, also remove pathogens. In practice, these membrane processes are not used in rural areas
of developing countries because they are very expensive and they also need energy to be functional.
Membrane filtration removes microbial pathogens primarily by size exclusion; microbes with sizes
greater than the membrane are not requirement for microbe removal. Fouling arises from
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accumulation of chemicals, particles and the growth of organisms on membrane surfaces, resulting
in reduced membrane productivity
Published data indicate that membrane filtration may remove up to 6 logs of bacteria, viruses or
parasites.
III.1.2.2 Granular media filters
Rapid granular media filters:
The filter removes pathogens by absorption, where pathogens become attached to the filter media
and straining, where the particles or larger pathogens such as worms become trapped in the small
spaces between the grains. For this type of filters, more the pores are small more quantity of treated
water will be reduced but the filter will then retain a large amount of particles. Some Sand filter
gives a low efficiency. Rapid sand filter by BAUMANN, 1984 can remove from 50 to 70 percent
of large particles and small particles, both organic and inorganic. The filtration capacity is about
200 l/h. Below is the figure showing different parts of this filter

Figure 3: A simple upflow rapid sand filter (Heber, 1985)

The size of particles that can be removed through deep-bed filtration can be much smaller than the
pore size of the filter (Stanfield et al., 2003). This is due to electrostatic adhesion causing adsorption
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of particles that are in close proximity to the filter medium. These filters are typically able to reduce
turbidity and enteric bacteria by as much as 90% and larger parasites (helminth ova) by more than
99%. The Table 4 resumes the efficiency of sand coated filtration regarding microorganism and
turbidity removal.
Table 2: Efficiency of sand coated filtration regarding microorganisms and turbidity removal (adapted from Ahmmed and
chaudhuri. 1996) Source: LAURENT et al, 2005

Type of filter and media
Rapid sand filter
Iron hydroxide-coated iron and aluminum
hydroxide-coated sand. Short duration test
(1h)
Rapid sand filter
Iron hydroxide-coated or iron and aluminium
hydroxide-coated sand Long duration test (2
months)
HPC: heterotopic plate counts

Filtration
rate
1m/h

Turbidity
removal
91%

Microorganisms
removal
82% HPC
95% E. coli
80% poliovirus

1m/h

96%

87% HPC
98% Faecal
coliforms

Slow sand filters
The slow sand filtration plays a role of biological purification in addition with the physical filtration
role. The major benefits of slow sand filtration are due to the microbiology of the filter as there is
some biologic sedimentation layer made by active microorganisms. The microbiological
community must be kept alive for the filter to be effective. In a conventional slow sand filter,
oxygen is supplied to the organisms through dissolved oxygen in the water. Consequently, they are
designed to be operated continuously.
The studies by BAUMANN, 1984 present a slow sand filter with a flow rate of 60l/h (Figure 6).
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Figure 4: Slow sand filtration with 60l/h flow rate by W.Bauman,1984

Practical test in slow sand filter by BAUMANN, 1984 showed that pathogens and E. coli are
eliminated by 99 to 99.9 percent. Kysts, Parasiteovas and schisotosomes larva by 100 percent,
viruses by 98 percent and organic matters by 98 percent. (BAUMANN, 1984).
Another study shows slow sand filter in the laboratory test to reduce faecal bacteria by 2–3 logs,
viruses by 1.5–2 logs and Cryptosporidium oocysts by more than 5 logs (Hijnen et al., 2004),
These filters are an appropriate, simple and low cost technology for community water treatment in
developing countries. However, they are not recommended for individual household use because of
their relatively large size (surface area) and the needs for proper construction and operation
including regular maintenance (especially sand scraping, replacement and cleaning) by trained
individuals.
Porous ceramic filters
Porous ceramic filters (various types of clay, carved porous stone, diatomaceous earth …) are in the
forms of vessels or hollow cylindrical candles and are manufactured in a variety of pore sizes
(Figure 1)
Their efficiency depends on the size of the pores. Good quality filters have micron or submicrons
ratings.
The filters (vessels or candles) are mounted in the top of a two compartment vessel. They are
configured into gravity, in-line or hand pump systems. Water to be treated is placed in the upper
compartment, flows through the candles and is stored as drinking water in the lower compartment.
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Pathogens are removed as contaminated water passes through the candles in the top compartment to
the lower holding compartment, due to depth filtration and adsorption.
Ceramic filters are being produced in many parts of the world. Some of them are manufactured in
developed or emerging countries under strict quality control constraints. They are extensively tested
for efficacy in reducing various waterborne microbial contaminants (Table 2).
Laboratory testing has shown that although the majority of the bacteria are removed mechanically
through the filter’s small (0.6 - 3.0 microns) pores, colloidal silver is necessary to inactivate 100
percent of the bacteria (Lantagne, 2001a). The filter removes 99.99 percent of protozoa by
mechanical processes (Lantagne, 2001a); however, the efficiency of the filter in inactivating or
removing viruses is less known.
Table 3: Effectiveness of ceramic filters (manufactured according to high quality standards and coated with colloidal silver)
regarding the removal of water borne pathogens chemicals and other components that can be present in drinking water.
Source: P. LAURENT

Adapted from John and Ahammed, 1998; Skinner and Shaw, 2004; Doulton,
Ceramic filtration
2005
Viruses
2
(Micro)organisms
Bacteria
4
Protozoan
4
Helminth ova
4
Iron and manganese
0
Chemicals
Arsenic
0
Taste and odour
0/4*
Other
Organic substances
2/4*
Turbidity
4/4*
1-4 = increasing effectiveness; 0 = minimal if any effect; *: ceramic filters without activated
carbon/ceramic filters with activated carbon

Biosand filter
The Biosand water filter is an invention that modifies the traditional slow sand filters in such a way
that the filters can be built on a smaller scale and can be operated intermittently. These
modifications make the filter suitable for use at adaptation of slow sand filter technology Biological
layer forms on surface of sand media; Pathogens are consumed, absorbed and strained out of the
water. The Figure 5 presents the Biosand filter with his different parts.
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Figure 5: Biosand filter description

Removal mechanisms of the Biosand filter:
•

Mechanical trapping between pores

•

Adsorption – onto each other and on to sand grains

•

Predation- bacterivore

•

Natural death of pathogens

When the water is flowing through the filter, oxygen is supplied to the biologic layer at the top of
the sand by the dissolved oxygen in the water. During pause times, when the water is not flowing,
the oxygen is obtained by diffusion from the air and by slow convective mixing of the layer of
water above the sand. If this layer is kept shallow, enough oxygen is able to pass through to the
microorganisms to keep them alive and thus effective.
The percentage removal of contaminants is inversely proportional to the flow rate through the filter
because the biologic reduction of contaminants takes time. Each Biosand filter has been designed to
allow for a filter loading rate (the flow rate per square meter of filter area) which has proven to be
effective in laboratory and field tests. The amount of water that flows through the Biosand filter is
controlled by the size of sand media contained within the filter. In laboratory and field testing, the
BSF consistently reduces bacteria, on average, by 81-100 percent (Kaiser et al., 2002) and protozoa
by 99.98-100 percent (Palmateer et al., 1999). Initial research has shown that the BSF removes less
than 90 percent of indicator viruses
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According to another study an laboratory testing shows removal efficiencies of 97 – 99.7 %; Field
testing show removal efficiencies of 90 – 97 % for bacteria removal. Field surveys showed Filters
on average a 95% reduction in E. coli- Up to 99.99% and 82% reduction in turbidity on average
(Liang et al.) (2007)

III.1.3

Efficiency of Thermal (heat based) technologies

III.1.3.1 Boiling
Boiling remains the most common form of household-scale water treatment worldwide, having
been used to treat drinking-water since antiquity. In theory, the most effective for reducing
pathogens (WHO, 2011).
A study shows that enteric bacteria, protozoa and viruses in liquids are sensitive to inactivation at
temperatures below 100 °C.
Only a few studies have examined thermal inactivation in liquids at temperatures approaching 100
°C. The results of these investigations shows that bacteria are particularly sensitive to heat, and
rapid kills – less than 1 minute per log (90%) reduction – are achieved at temperatures above 65 °C.
Viruses are inactivated at temperatures between 60 °C and 65 °C, but more slowly than bacteria.
However, as shown for poliovirus and hepatitis A, as temperatures increase above 70 °C, a greater
than 5 log inactivation (99.999% reduction) is achieved in less than 1 minute. Cryptosporidium
parvum oocysts are inactivated in less than 1 minute once temperatures exceed 70 °C.
Table below presents the efficiency of boiling regarding the removal of pathogenic organisms and
of some chemicals and components that can be present in drinking water.

Table 4: Efficiency of heating water by boiling regarding the removal of pathogenic (micro)organisms and of some chemicals
and other components that can be present in drinking water. Source: P. LAURENT et al, 2005

Adapted from Sobsey, 2002; Skinner and Shaw, 2004; WHO, 2004a
Boiling
Viruses
(Micro)organisms
4
Bacteria
4
Protozoan
4
Helminth ova
4
Iron
and
manganese
Chemicals
Arsenic
Taste and odour
Other
Organic substances
Turbidity
0
1-4 = increasing effectiveness; - = unknown effect; 0 = minimal if any effect;
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If turbid water needs to be clarified for aesthetic reasons, this should be done before boiling the
water need to be well covered to avoid any further contamination if it needs to be stored
In practice, however, boiling may not be as effective as other strategies, for various reasons.
Disadvantages to boiling include the following: boiling does not reduce sediment or turbidity;
boiling may negatively affect taste; boiling heats up water so that it cannot be drunk immediately;
the temperature achieved may not be easily measured; and the method may use large amounts of
fuel or firewood.
While boiling involves the high-cost use of carbon-based fuel sources it does not provide any
residual protection.
III.1.3.2 Solar disinfection
Solar disinfection process can be effective in destroying most classes of waterborne pathogens.
However, reaching this effective disinfection depends on several parameters: sensitivity of the
microorganisms to inactivation by heat and by UV radiation cumulative UV dose transferred to the
water and water temperature reached, depending on sunlight intensity in general and directly on the
bottle in particular color and turbidity of the water, type of material and volume of the bottle,
oxygen concentration in the water, depending on periodic agitation.
If turbidity is higher than 30 NTU a reduction by sedimentation, filtration may be necessary before
using this method.
The Table 4 presents the efficiency of the solar disinfection method regarding the removal of
pathogenic and of chemicals and components that can be present in drinking water
Table 5: Efficiency of the solar disinfection method regarding the removal of pathogenic (micro) organisms and of chemicals
and other components that can be present in drinking water. source: P laurent, 2005

Adapted from Sobskey, 2002; Skinner and Shaw, 2004
Solar Disinfection
Viruses
2-3
(Micro) organisms
Bacteria
4
protozoan
4
Helminth ova
2-3
Iron and manganese
Chemicals
Arsenic
Taste and adour
0
Other
Organic substances
Turbidity
0
1-4 = increasing effectiveness; - = unknown effect; 0 = minimal if any effect
According to the information presented in table above and if non-optimal conditions are met (water
has a high level of turbidity and/or color, the sunshine is weak, insufficient time of exposition). We
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must consider that enteric viruses due to their resistance to UV and heat, may survive and not be
completely inactivated.
III.1.3.3 SODIS System
The use of heating and UV radiation to simultaneously disinfect water is used by a number of
different solar treatment systems. The widest known is the SODIS system (Figure 6)
The technique consists of placing water into transparent plastic or glass containers (normally 2 L
PET beverage bottles) which are then exposed to the sun. (See Appendix 2)
Exposure times vary from 6 to 48 h depending on the intensity of sunlight and sensitivity of the
pathogens. Its germicidal effect is based on the combined effect of thermal heating of solar light and
UV radiation.

Figure 6: Schematic representation of solar water disinfection and the influence of water temperature on the UV-inactivation
of bacterial cells. Source (Stanfield et al, 2003)

A study by (McGuigan et al. 2012) showed that the SODIS system acts on bacteria species such as
Escherichia coli, slower inactivation on fecal coliforms. The maximum reduction observed for B.
subtilis endospores, after a cumulative exposure time of 16 h of strong natural sunlight was 96.3%,
which only corresponds to a 1.3 log unit reduction
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For the viruses, the same study by (Mc Guigan et al., 2012) established that somatic phage;
Bacteriophage and bovine rotavirus were all completely inactivated (3 log unit reduction) in less
than 3 h of full sunshine. Polio virus has been inactivated under simulated SODIS laboratory
conditions (850 W m −2, water temp. = 25° C) in under 6 h.
The Table 5 shows efficiency of protozoa and helminth inactivation by SODIS system
Table 6: Results of protozoa and helminth inactivation during SODIS tests done in a solar simulator during 6 h exposure
source: McGuigan et al. 2012

Protozoa
Entamoeba invadens cysts
Naegleria gruberi cysts
A. castellanii cysts
G. lamblia cysts
Ascaris suum ova

III.1.4

Illness
Amoebic dysentery
(reptile model)
Non-pathogenic
Naegleria model
Encephalitis
Giardiasis
Ascariasis

SODIS (6 h; 550 W m-2)
1.92 log kill
3.59 log kill
2.16 log kill
1.96 log kill
1.42 log kill

Chemical disinfection (Chlorination)

Chlorination is the most widely used method for disinfecting drinking water. Several different
sources of chlorine exist for water treatment, including liquids (bleach (sodium hypochlorite)), solid
(purpose-made HTH tablets (calcium hypochlorite)) or powders (bleaching powders (chloride of
lime, a mixture of calcium hydroxide, calcium chloride and calcium hypochlorite).
Dissolved organic matter concentration and composition, turbidity, pH (better efficiency at low than
at high pH) and temperature (better efficiency at high than at low temperature) of the water will
have an important impact on the efficiency of disinfection. A significant part of chlorine is
consumed by the reaction with dissolved organic matter, particles and microorganisms present in
the water
Table 6 presents the efficiency of chlorine disinfection method regarding the removal of pathogens
(micro) organisms, chemicals and components that can be present in drinking water.
To be efficient, the process must be adapted as a function of pH, temperature and chlorine demand
due to the presence of dissolved organic matter and particles. The use of low dosage of chlorine
may lead to inefficient disinfection and the use of high dosage of chlorine may results in high
concentrations of disinfection by-products. Due to its complexity, this adaptation is difficult to
implement at the household level. At this level, chlorine is generally used in the form of a tablet or
as a dilute solution of a fixed concentration that must be added to a determined volume of water.
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Theoretically, the objective is to reach a sufficient residual for all types of water used, but, in
practice, this objective is difficult to meet.

Table 7: Effectiveness of the chemical desinfection (chlorination) regarding the removal of pathogenic (micro) organisms and
of chemicals and other components that can be present in drinking water source: P laurent, 2005

Adapted heber, 1985; Sobskey, 2002; Skinner and Shaw,2004
Chlorine Disinfection
Viruses
3-4
(Micro) organisms
Bacteria
3-4
protozoan
2-3
Helminth ova
3-4
Iron and maganese
0
Chemicals
Arsenic
Taste and adour
1
Other
Organic substances
4
Turbidity
0
1-4 = increasing effectiveness; - = unknown effect; 0 = minimal if any effect

III.1.5

Combination (multi-barrier) approaches

Combinations of these methods simultaneously or sequentially (e.g. coagulation combined with
disinfection) often yield more effective results as “multi-barrier” technologies (Souter et al., 2003).
Based on the same general principle as chemical disinfection, the PuR® Water Purifier has been
created. The product is supplied in individual sachets (Figure 7) with a dose to treat 10 Liters of
water. Its ingredients include a coagulant (ferric sulfate), an alkaline agent (sodium carbonate), a
flocculent and flocculation aids (polyacrylamide, bentonite, chitosan) and a (timed-release)
chlorine-based disinfectant (calcium hypochlorite) (Reller et al., 2003; Souter et al., 2003).

Figure 7: Sachet of PuR Purifier
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Efficiency of the treatment was evaluated on different types of model and field waters covering
large conditions in terms of quality, including conditions of highly contaminated waters presenting
stringent conditions (high pH, high turbidity and high organic matter content, low temperature) for
chlorine as a disinfectant (Souter et al., 2003, Allgood, 2004). Table 7 provides some examples of
bacteria removals obtained on highly contaminated model waters by the PuR system. Table 8 and
Table 9 show the removal of viruses and protozoan oocysts obtained on highly contaminated model
waters by the PuR system. These results are good, particularly concerning viruses removal.
Table 8: Bacteria removals obtained on highly contamined model waters by PuR system (adapted from Allgood, 2004)

Organism
E. coli
10 common faecal
bacteria
Salmonella typhi
Vibrio cholerae
Shigella sonnei
Klebsiella terrigena
Camphylobacter jejuni

Initial
2.1 × 108
9.2 × 108

After treatment
<1
<1

Log10 reduction
>8.32
>9.96

2.1 × 108
1.2 × 108
2.2 × 108
2.8 × 108
2.0 × 108

<1
<1
<1
<1
<1

>8.20
>8.08
>8.34
>8.45
>8.31

Table 9: Virus removals obtained on highly contaminated model water by the PuR system (adapted from Allgood, 2004)

Organism
Poliovirus
Rotavirus

Initial viral counts/ml (log10)
7.1
7.9

Log10 reduction
>5.00
>5.00

Table 10: Protozoan cysts removals obtained on highly contaminated model waters by the PuR system (adapted from
Allgood, 2004)

Organism
Initial counts (N/L)
Log10 reduction
Cryptosporidium parvum
1.76 × 106
4.00
6
Giardia lamblia
1.84 × 10
3.60
Table 10 presents the efficiency of chlorine disinfection used in combination with
coagulation/flocculation (PuR system) for the removal of pathogens, chemicals and components
that can be present in drinking water.
Table 11: Effectiveness of the combined treatment system regarding the removal of pathogenic (micro) organisms and of
chemicals and other components that can be present in drinking water source: P laurent, 2005

Adapted heber, 1985; Sobskey, 2002; Skinner and Shaw,2004;
Allgood, 2004
Viruses
(Micro) organisms
Bacteria
protozoan
Helminth ova
Iron and maganese
Chemicals
Arsenic
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Other

Taste and adour
Organic substances
Turbidity

N.A
4
4

1-4 = increasing effectiveness; - = unknown effect; 0 = minimal if any effect; NA: Information non
available
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IV DISCUSSIONS
Several documents present the comparison of the different treatment methods in the bacteriological
efficiency as well as the physical properties improvement.
The above results make it possible to estimate the efficiency of common HWT systems used in
developing countries particularly in Africa.
We can remark that the studies gave many results about the range of the removal of bacteriological
organisms. The summary of HWT efficiencies are presented in the table on Appendix 3
Concerning the removal of bacteria, the boiling, solar disinfection, membrane filtration, slow sand
filtration, the porous ceramic filters and the PuR Purifier have the highest efficiency. This
corresponds mostly to the results presented by Latagne et al., 2006 (Table 11)

Table 12: Summary of HWT Option performance criteria Source: Latagne et al. (2006)

Criterion
Removal capacity (Lab studies)
Virus
Bacteria
Protozoa
HWT Option
Chlorination
Medium
High
Low
Biosand Filtration
Unknown Medium-High
High
Ceramic Filtration
Unknown Medium-High
High
Solar Disinfection
High
High
High
Filtration and chlorination
Medium
High
Unknown
Flocculation and Chlorination
High
High
High

The efficiency of the rapid granular media filter, Biosand filter, flocculation and sedimentation, and
the chlorination has moderate reduction. For the coagulation and flocculation the bacteria removal
efficiency is very low. This is practically understandable since the coagulation and flocculation
method needs to be combined with another method such as chlorination to be more efficient
Regarding the removal of the viruses, the most efficient methods are: boiling method, membrane or
structured porous media and the PuR purifier. It means that viruses are more difficult to remove
with the HWT standalone treatment systems. One of the more efficient about this is PuR purifier
which is the combination of two systems: Coagulation-flocculation and disinfection by chlorine.
This case give us interesting information: the combination of two or several methods of these HWT
is the best way to enhance the efficiency about the virus removal.
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Slow sand filters, Biosand filter and the chlorination have a moderate reduction about viruses while
the solar disinfection, SODIS, coagulation and sedimentation methods have low efficient about
viruses removal. The solar disinfection and SODIS are inefficient on few viruses.
Concerning the protozoa removal, the boiling system, the solar method, membrane or structured
porous media, Rapid granular media filter, slow sand filters, porous ceramic filters, Biosand filter
and PuR purifier have high efficiency while SODIS, and the chlorination have a low efficiency. The
efficiency for the coagulation and flocculation is unknown.
Concerning the Helminth ova removal, the methods have the same efficiency as the one for
Protozoa removal instead for solar disinfection whose efficiency for helminth removal is low. We
can remarque for that case that since the Protozoa and helminth ova are big microorganism, they are
easily eliminated by the treatment method that allows water to pass through a layer with is porous
such as membranes or filters. The small size of the pores of these layers retains these
microorganisms. In addition, they are also well eliminated by the heat from the sun operating in
Solar disinfection and SODIS.
The results from the studies most of the time are not concerning the chemical removal but we can
notice that The porous ceramic chemical has a minimal effect on chemical while the PuR purifier
has a good effect on Arsenic removal. This is important to notice that for removal of specific water
contaminated by chemicals, one need to combine or create some specific HWT to achieve the
treatment.
The studies also presented the efficiency about taste and odour only for Porous ceramic and
chlorination. They have a minimal effect on taste and odour. It is understandable because as it is
laboratory tests, to estimate whether the taste or the odour is better or not is delicate and difficult to
measure. The results from a study by Skinner and Rod Shaw shows that all the methods of HWT
presented above has low effect on dour and taste.
The dissolved organic matters that can be present in water are removed with a high efficiency by
the Membrane or structured porous media and Rapid granular the PuR purifier and Chlorination.
For the Rapid granular media filter, Slow sand filters And the Biosand filter, the efficiency of
removal are moderate. For the porous ceramic filter, the efficiency is moderate if it is ceramic filters
without activated carbon and high if it is ceramic filter with activated carbon. The results are not
available for the other methods. These results match with the results found by Skinner and Rod
Shaw (Table 12)
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Table 13: Efficiency of different household water treatment systems source: Brian Skinner and Rod Shaw

Fine sand filtration
(rapid)
Charcoal filter

Ceramic filter

Solar disinfection

Chemical disinfection

Boiling

Desalination/Evaporation

2

-

3-4

4

4

4

4

-

4
4

2-3
2-3

-

4
4

2-4
2-4

4

4
4

4
4

1
0
0

1
4
4
-

3

3

4
0

4
0

0

0

+
0

0

0

4
4
4
4

1
2
2

1
1
3

2
3
4

2
3
3

3-4
-

2
3
4

0
0

1
4
0

0

3-4
4
4

Storage/pre-settlement

Coagulation, flocculation
and settlement or

4

Straining through fine
l th
Aeration
PATHOGENS
Bacteria (amobeas, viruses an
ova)
Guinea-worm larvae (in Cyclops)
Schistosomiasis cercaria
NATURAL CHEMICALS
Iron and manganese
Fluoride
Arsenic
Salts
OTHER
Odour and taste
Organic substances
Turbidity

Fine sand filtration (slow)

Efficiency of treatment method
0 =minimal if any effect; 1-4 = Increasing effectiveness.
- = Unknown effect; + = helpful to another process mentioned.

Problem with raw water

0

+

1-2 0-1

4
-

0
0

0
4

0
0
0
0

+
+
0

0
1
1

2
1
0

The efficiency of HWT systems concerns also the turbidity of the water. The Porous ceramic filter
and The PuR purifier have High efficiency about turbidity reduction. The reduction efficiency is
moderate for membrane or structured porous media, Rapid granular media filter slow sand filters
and Biosand filter. The efficiency for chlorination is minimal while Boiling Solar and SODIS have
no effect on Turbidity.
Such remark is that when water has high levels of turbidity, pathogens “hide” behind the suspended
particles and are difficult to kill using SODIS and UV disinfection. Reducing turbidity by
sedimentation and filtration will improve the efficiency of these disinfection methods. The
efficiency of chlorine disinfection is also impacted by pH, chlorine demand and temperature. The
efficiency of boiling is not impacted by the chemical or physical condition of the water.
We can notice that technologies that use membrane filters or a porous layer are performant
regarding the pathogens and particles elimination than the heat based technologies. The
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coagulation-flocculation and chlorination have the minimal efficiencies because practically, they
are not used as one but are combined with another treatment process to be more efficient. The PuR
Purifier is the best way for treating water according to this study but it is a manufactured product
and it the need for users to have buckets, a cloth to strain the water.
Another study by WHO (2011) (Appendix 1) made an estimation of the effectiveness of different
HWT but the results are not based on all type of bacteria, virus, protozoan and other physical and
chemical properties. It is not then relevant to compare them with the values obtained in this study.
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V CONCLUSION
HWT systems are proven, low-cost interventions that have the potential to provide safe water to
those who will not have access to safe water sources in the near term, and thus significantly reduce
morbidity due to waterborne diseases and improve the quality of life.
There is no “best” technology for HWT. There are many criteria to consider in the local context,
including treatment efficiency for the water source, appropriateness, acceptability, affordability and
implementation requirements.
This study made it possible to review the efficiency of several HWT options. The laboratory test
made by researchers gave us the ranges of pathogens and particles reduction by these options. It is
also important to note that most HWT interventions mainly improve microbiological water quality,
and some do not remove all types of pathogens. Certain protozoa cysts, such as Cryptosporidium,
are resistant to chlorine, and many household filters are not effective in removing viruses.
The study does not present clearly the amount or flow rate of water that different technologies can
deliver because most of the researches in bibliography did not mention that. But one must know that
these values depend on the size of the equipment as well as the quality of the product used
(chlorine, coagulants, flocculants…). For the filters, the amount of water delivered over the time
depends on the size of the pores and it decreases when the equipment is getting old. If the rate is too
fast, the efficiency of bacterial removal may be reduced. If the flow rate is too slow, there will be an
insufficient amount of treated water.
HWT standalone treatment systems are efficient for removing some pathogens in the water but the
combination of two or three methods of treatment seems to be more efficient since the high
efficiency of the PuR system has been proven.
The study does not give some information about chemical performance of the HWT. The chemicals
are seldom present in raw water in most rural areas in Africa. This makes that most of HWT
technologies do not take them in account. But further studies have to consider that chemical
contaminations such as fertilizers and pesticides can be present in raw water and need to be
removed. The combination of different water treatment systems sometimes give a way out to act on
chemicals. For example, The PuR sachets are known to remove Arsenic.
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By reducing the pathogens present in the drinking water, the HWT method should reduce
considerably the health related diseases but there is a specific need for studies to be implemented
for the benefits concerning the health improvements and the prevention of water borne diseases.
The impact of HWT on health can be assessed to complete this study by doing the surveys on
specific population regarding waterborne diseases reducing. The study should concern the
diarrhoeal reducing, cholera reducing with impacts of HWT in children, including growth, cognitive
development, and mortality.
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VI RECOMMENDATIONS
Specific recommendations based on our study include the need to incorporate outcomes of
epidemiological studies in evaluating the efficiency of household-based water quality interventions.
As said above, for assessing health impacts of water quality improvements for some HWT
technologies, more and better quality studies are needed.
Ideally, HWT methods or technologies may include actions against contamination of water stored in
the home through unsafe water handling practices, known to be a major cause of degraded drinkingwater quality. For this reason, safe storage is an important aspect of some technologies used for
drinking-water treatment, or safe storage containers may be used as a stand-alone technology for
protecting water quality where the main source of contamination is improper handling.
Devices that store water safely prevent users from dipping hands or other potentially contaminated
objects into the water container, acts that may introduce disease-causing microbes.
Safe storage containers thus usually have a narrow mouth (so that water is obtained by pouring, not
dipping) or a tap that dispenses the stored water into a cup for drinking like in the Biosand filter.
Technologies using disinfection may be designed to maintain a disinfectant residual to protect
against recontamination and verification programs may choose to include the safe storage element
in laboratory technology testing.
The production of solar energy is significant in Africa. It is a good asset for the African countries to
make promotion and the additional studies of solar disinfection
Lastly, understanding water resources from an ecological, biological, geological, and
anthropological context by region is needed to ensure the suitable HWT method to treat that water.
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APPENDIXES

Appendix 1: Estimation of baseline and maximum efficiency of selected HWT technologies
against microbes in water Source: WHO (2011).

Appendix 2: Application of Solar disinfection
Appendix 3: Summary of the efficiencies of different HWT studied
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Appendix 1: Estimation of baseline and maximum efficiency of selected HWT technologies
against microbes in water Source: WHO (2011)
Treatment process

Free chlorine
disinfection

Porous ceramic and
carbon block
filtration

Membrane filtration
(microfiltration,
ultrafiltration,
nanofiltration,
reverse osmosis)

Fibre and fabric
filtration (e.g. sari
cloth filtration)

Rapid granular,
diatomaceous earth
biomass and fossil
fuel based (granular
BETAN Noël

Enteric
pathogen group

Baseline Maximum
removal
removal
(LRVa)b
(LRVc)
Chemical disinfection
Bacteria
3
6
Viruses
3
6
Protozoa, non3
5
Cryptosporidium
Cryptosporidium
0
1

Notes

Turbidity and chlorinedemanding solutes inhibit this
process; free chlorine × time
product predicts efficacy; not
effective against
Cryptosporidium oocysts
Membrane, porous ceramic or composite filtration
Bacteria
2
6
Varies with pore size, flow
rate, filter medium and
Viruses
1
4
inclusion of augmentation
Protozoa
4
6
with silver or other chemical
agents
Bacteria
2 MF ; 3
Varies with membrane pore
UF, NF
size, integrity of filter
or RO
medium and filter seals, and
resistance to chemical and
Viruses
0 MF ; 3
4 MF; 6
UF, NF
UF, NF or biological (“grow-through”)
degradation
or RO
RO
Protozoa
2 MF ; 3
6 MF; 6
UF, NF
UF, NF or
or RO
RO
Bacteria
1
2
Particle or plankton
association increases removal
Viruses
0
0
of microbes, notably
Protozoa
0
1
copepod-associated guinea
worm (Dracunculus
medinensis) and planktonassociated vibrio cholera;
larger protozoa (> 20 µm)
may be removed; ineffective
for viruses, dispersed bacteria
and small protozoa (e.g.
Giardia intestinalis, 8- 12
µm, and Cryptosporidium 4-6
µm)
Granular media filtration
Bacteria
1
4+
Varies considerably with
media size and properties,
Viruses
1
4+
flow rate and operating
Protozoa
1
4+
conditions; some options are
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and powdered
activated carbon,
wood and charcoal
ash, burnt rice hulls,
etc. ) filters
Household-level
intermittently
operated slow sand
filtration
Solar disinfection
(solar UV radiation +
thermal effects)

UV irradiation

Thermal
(e.g.boiling)d

Simple sedimentation

more practical than others for
use in developing countries

Bacteria
Viruses
Protozoa

Bacteria
Viruses
Protozoa

1
0.5
2

3
2
4

Solar disinfection
3
5+
2
4+
2
4+

Varies with filter maturity,
operating conditions, flow
rate, grain size and filter bed
contact time
Varies depending on
oxygenation, sunlight
intensity, exposure time,
temperature, turbidity and
size of water vessel (depth of
water)

UV light technologies using lamps
Bacteria
3
5+
Excessive turbidity and
certain dissolved species
Viruses
2
5+
inhibit process; effectiveness
depends on fluence (dose),
Protozoa
3
5+
which varies with intensity,
exposure times, UV
wavelength
Thermal (heat) technologies
Bacteria
6
9+
Values are based on
vegetative cells; spores are
Viruses
6
9+
more resistant to thermal
Protozoa
6
9+
inactivation than are
vegetative cells; treatment to
reduce spores by boiling must
ensure sufficient temperature
and time
Sedimentation
Bacteria
0
0.5
Effective due to settling of
particle-associated and large
Viruses
0
0.5
(sedimentable) microbes;
Protozoa
0
1
varies with storage time and
particulates in water
Combination treatment approaches
Bacteria
7
9
Some removal of
Cryptosporidium possible by
Viruses
4.5
6
coagulation
Protozoa
3
5

Flocculation plus
disinfection systems
(e.g. commercial
powder sachets or
tablets)
a log10: reduction value, a commonly used measure of microbial reduction, computed as log10
(pretreatment concentration)-log10 (post-treatment concentration)
b:
baseline reductions are those typically expected in actual field practice when done by relatively
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unskilled persons who apply the treatment to raw waters of average and varying quality in
developing countries and where there are minimum facilities or supporting instruments to optimize
treatment conditions and practices
c
: maximum reductions are those possible when treatment is optimized by skilled operators who are
supported with instrumentation and other tools to maintain the highest level of performance in
waters of predicable and unchanging quality.
d
: heat pasteurization is another example of a thermal technology.
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Appendix 2: Application of Solar disinfection
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Appendix 3: Summary of the efficiencies of different HWT studied
Bacteria

Viruses

Protozoa

Helminth
ova

Chemical

Boiling

4 (High
efficiency)

4 (High
efficiency)

4 (High
efficiency)

4 (High
efficiency)

Solar

4 (High
efficiency)

2-3 (low
efficiency)
Inneficient
on some
viruses
Inneficient
on few
viruses
>99.9999%
(high)

4 (High
efficiency)

SODIS

Membrane or
structured
porous media
Rapid granular
media filter
Slow sand filters

Porous ceramic
filters
Biosand filter
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< 96.3 (low
efficiency)no
all the bacteria
>99.9999%
(high)
>90%
(Moderate)
High (99%to
99.9 %)

Moderate (98
%)

4 (high)

-

(88 – 97
%)Moderate

<90%
(Moderate)

Organic
substances

Turbidity

observations

-

Taste
and
odour
-

-

0

2-3 (low
efficiency)

-

-

-

0

In few minutes if
an Ideal
temperature (
Turbidity <30 ntu
Or
sedimentation,
filtration
necessary

>90%
(moderate)

>90%
(moderate)

-

-

-

0

>99.9999%
(high)

>99.9999%
(high)

-

-

>99.9999%
(high)

moderate

>99%
(High)
High (99
%to 99.9%
percent)
High 99.99
%
99.98 -100
% (high)

>99% High

-

-

High

Moderate

High (99%
to 99.9%
percent)
4 (high)

-

-

98%
(Moderate)

98%
(Moderate)

minimal

minimal

Moderate to
high

high
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82%
(Moderate)

1

according to pore
size
and composition
Filtration rate
(1m/h)
Results seems
low on practice

If the turbidity is
greater than 100
NTU, the water
should be pre
filtered before it
goes though the
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Coagulation –
floculation and
or sedimentation

chlorination
PuR purifier
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Low to
moderate

low

-

-

-

-

-

3-4 (Moderate)

-

3-4
2-3 (Low)
3-4
1
4 (high)
0
(Moderate)
(Moderate)
>99.99999%
>99.9%
>99.999%
4 (High)
Arsenic
4 (High)
4 (High)
(High)
(High)
(High)
1-4 = increasing effectiveness; - = unknown effect; 0 = minimal if any effect; NA: Information not available
Moderate means 90-99% reductions; low means <90% reduction and High means pathogen reduction >99%.
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biosand filter.
Lack of results
because it is not
considered as a
standalones
process

