As the studies at the beginning of the International Decade of Water showed the shortage of
clean drinking water hits the fringe areas of Third World countries the hardest, and is one of
the reasons for diseases and children mortality. Although the treatment of available contami-
nated water with the help of simple and safe methods is feasible.

This manual shows methods and equipment for the treatment of drinking water, it gives basic
technical information on procedures as well as hints for the planning and realisation of water
treatment.
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Preface

Water is one of the basic necessities of life.
Without one to two liters of water per day a
human being cannot survive. And, to lead a
minimal human existence, one needs be-
tween 20 and 50 liters of water per day for
drinking, the preparation of food, and perso-
nal hygiene. For many people, this bare
minimum is unattainable, because clean
water is scarce.

Although two-thirds of the earth’s surface is
covered by water, only 0.8% is available for
human beings to use — and even this small
fraction is largely contaminated. More than
half the population of the Third World have
no adequate access to clean drinking water —
three-quarters have no sanitary facilities.

The rural population is especially affected.
Polluted water and fecal matter are the main
factors responsible for the spread and trans-
mission of infectious diseases in the Third
World, some of the consequences of which
are short life expectancies, high rates of in-
fant mortality, high costs of medical care,
and low productivity.

The United Nations have declared 1981—
1990 the International Decade of Water —
the goal of which is to provide all of both
the urban and rural populations with clean
drinking water and adequate sanitary faci-
lities within this time period, giving prece-
dence to those areas most neglected — na-
mely, rural areas and urban slums.

Table 1: Number of people in the Third World (mill.) without access to clean water and sanitation (exclud-

ing China); see [1, 2, 3].

Total Population Population
Population without clean without
water sanitation
Urban 703 177 (25 %) 331 47 %)
Rural 1612 1143 (71 %) 1399 (87 %)
Total 2315 1320 (57 %) 1730 (75 %)

Table 2: Percentage of Third World population sufficiently supplied with water (excluding China). In 1962,
67 countries were examined; in 1970: urban — 97 countries, rural — 90 countries: 1975: urban — 79 count-
ries; rural — 75 countries; 1980, 74 countries were examined [1, 2, 3].

Urban Population Rural
Year House Public Total Population Total
Connections Standposts
1962 32 25 58 = =
1970 50 17 67 14 29
1975 57 20 77 22 38
1980 - - 75 29 43
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To make a realistic attempt to reach this
goal, considerable thought has been put into
what technological level should be reached —
and the decision is to place increased empha-
sis on so-called “‘appropriate technologies.”
The meaning of that phrase is closely bound
up with the situation of the location where

it is to be considered.

Generally speaking, these technical methods
and divices which come under consideration
should:

— be compatible with the social, cultural
and economic conditions of the target area;
— be comprehensible to the users so they
can become familiar and habitual;

— exploit locally available resources;

— be labor-intensive, inexpensive, and simp-
le to operate and maintain.

The concept “appropriate technology” does
not imply modern or sophisticated technolo-
gy versus basic technology, but, on the con-
trary, out of a wide spectrum of possible
methods, materials and systems, a choice
must be made that is specifically tailored to
a particular place. In order to turn a techni-
cally reasonable program into reality, the
essential ingredient is the motivation of the

political decision-makers who have to carry
the financial burdens over an extended pe-
riod of time and appoint the institutions re-
sponsible for the fulfillment of the project.
To be successful, the program will, in its
long-range planning, have to take personnel
matters into account, next to financial and
institutional aspects. Training of personnel

at all levels, supporting health care and coun-

seling programs must be included.

This manual covers an area hitherto neglect-
ed within the developmental aid projects
that have sought to use appropriate techno-
logy for rural water supply and sanitation.
The treatment of drinking water in these
areas is generally viewed as too problematic
to accomplish. But, as the study at the be-
ginning of the International Decade of Water
shows, the shortage of clean water hits the
fringe areas of Third World countries the
hardest. Hence, the attempt to treat the
available contaminated water with the help
of simple and safe methods must be consi-
dered a possible way of counteracting these
conditions. For this attempt, we must review
known methods to see how readily appli-
cable they are.

1. Treatment of Drinking Water — an Introduction

to the Subject

1.1 Cycles

Human beings intercept the natural water
cycle in order to take water for their pur-
poses, and after using the water, they return
it to the cycle. During this usage, the water
becomes polluted. Pollution can also occur
in other ways and at other stages of the wa-
ter cycle. Through various naturally occur-
ring cleansing processes, the quality of the
water is improved as it makes its way
through the cycle. It depends, however, on
the type and quantity of the contamination
that entered the hydrologic cycle, whether
the water can cleanse itself.

Some of the main factors that contribute to
the ever-increasing amounts of non-degrad-
able domestic, agricultural and industrial
wastes are: overpopulation, natural catastro-
phies and droughts, increasing industrializa-

Fig. 1: The natural hydrologic cycle

tion and the utilization of chemicals in agri-
culture. These contaminants interfere with
the balance of the hydrologic cycle and
disturb the complex processes of the natural
breakdown of pollutants by entering that
cycle in the following ways — directly, via
the disposal of sewage, by percolating
through the ground, by aerosol dispersion
due to precipitation or evaporation, or via
plants. The consequence of this is that most
of the fresh water available to humans is
contaminated and moreso, the nearer the
available water source is to the point of con-
tamination. Infection and toxicity in men
and animals can result from the intake of
contaminated water and even from external
contact. They, in turn, discharge the orally
ingested pathogens (disease causing agents)
which then wind up in the water cycle, re-
produce, reinfect, etc.
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Fig. 2: Diagram patterned from the natural hydrologic cycle to demonstrate the artificial flow of water
utilized for personal consumption. Water treatment is but one component of the entire water supply and
disposal system. It cannot be dealt with in isolation but rather in the overall context of the artificial cycle
of domestic water, and the role of the individual with his/her habits and circumstances of life.

In order to break through this chain, one
could begin at various points:

1. Identification and elimination of the
source of contamination: waste water treat-
ment; collection, disposal and reuse of waste
and fecal matter; observance of hygiene.

2. Improving the quality of the water desig-
nated for personal use: treatment of drink-
ing water.

3. Controlling the effects: health care, espe-
cially in the case of infectious diseases, to
avoid spreading the contagion.

These measures can only be effective if they
are simultaneously undertaken. The most
important factor is that the water consumer
understands the connections between the
water cycle, water consumption, and conta-
mination and realizes the consequences of
interference.

1.2 Objectives and Scope of Possible
Action

The intention of this manual is to make a
contribution towards solving the problem
posed by contaminated drinking water in the
Third World. Different methods for the
treatment of drinking water are discussed
and the conditions are highlighted under
which plants and equipment could be built.
The manual intends to give planners of such
projects a helping hand to realize their plans
and it points out the problems and risks in-
herent in these activities. The immediate
goal of the measures we are about to look at
is the improvement of the quality of the
available water through treatment. A hoped-
for long range objective is to achieve the fol-
lowing beneficial side effects:

— a reduction in the occurrence and spread
of water-induced diseases;

— reduction of health-care costs;

— an increase in economic productivity;

— employment effects, strengthening of the
self-help potential, education and training of
the population through their active partici-
pation.

Since the consequences of a poor supply of
clean drinking water affect the rural and
urban slum populations the most, we will
restrict ourselves to these groups. That
means:

— this manual will describe techniques that
can be applied to a range of settlements that
goes from a single household to a communi-
ty of some two thousand inhabitants;

— it is assumed that a water source is avail-
able.

We will pay special attention to surface
water and shallow ground water resources,

which are typically severely contaminated

through pathogens and turbidity. T e
Before choosing the appropriate techniques,
the following criteria must be looked at in
order to conform to the given limitations of
our target group in terms of the availability
of material, financial and technical resour-
ces:

— the lowest possible level of complexity;
— construction and operations for the maxi-
mum utilization of the locally available ma-
terials and labor force;

— minimal usage of mechanical and auto-
mated equipment and chemicals that need to
be imported; .

- simple operation and maintenance;

— low costs;

— optimal employment of primary energy
sources for construction and operation.
The starting point for establishing a drinking
water treatment plant is an already existing
water supply system. The spectrum of pos-
sible schemes ranges all the way from the
single household water supply from wells,
rain barrels or other types of water intakes

(river, lakes, etc.) to a communal piped wa-
ter supply system. The effort of drafting gui-
delines for these differing starting conditions
is further complicated by different socioeco-
nomic and infrastructural factors pertinent
to the various locations.

Stating general recommendations is proble-
matic, so this manual must confine itself to
present schematically possible methods for
treating drinking water in. the target areas
mentioned above. Furthermore, suggestions
shall be made for the application of these
methods, along with possible limitations.
Several concrete examples will be presented.
Recommendations for the planning proce-
dure of a given project are intended to aid
in the selection process.

1.3 Limiting Factors

Why is the treatment of drinking water in
rural water supply projects so seldom taken
into consideration? Why have so few organi-
zations attempted to tailor known types of
installations — either by simplifying them,
or shrinking them down to suit the capaci-
ties and resources of smaller communities in
developing countries? Why do we so often
see finished plants that are not in use, or
pobrly maintained, while the inhabitants of
the area know quite well how to repair bi-
cycles or radios?

The treatment of drinking water, indeed,
seems costly, demanding and complicated,
espeéiglly when measured against the stan-
dards of the industrial nations. Operation
and maintenance of such installations re-
quire knowledge and experience. Insuffi-
cient care and monitoring, interruption of
the operation or an incorrectly simplified
design carry with them the danger that
the water quality will worsen and lead to
the spread of infection. Often the hygiene
habits of the population for which the in-
stallation is intended are such that its pur-




pose is not self-evident. Why then should
they feel themselves responsible for the
plant? °*

The reasons why conventional plants cannot
succeed and why alternatives are rarely con-
sidered, can be summarized as follows:

— The costs are too high, the benefits are
difficult to quantify in monetary terms.

— Operation, maintenance and monitoring
are problematic since specially trained per-
sonnel are needed, spare parts and chemicals
have to be imported.

— Socio-economic factors and insufficient
instructions to operators of the plant create
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an acceptance problem and a lessening of the
feeling of responsibility.

— Information about feasible alternative
concepts and examples is lacking. A consi-
derable amount of time is necessary for their
testing and evaluation.

— The organizations are lacking that would
take over, locally, the responsibility for the
planning, implementation and operation of
the project.

— The administration of small projects is
cumbersome.

— The motivation of political decision-
makers to invest in fringe areas is minimal.

2. Aspects of Planning and Organization

2.1 Introduction

Planning a water treatment plant requires
that the best suited technology for a given
site be identified, the plant designed, and an
appropriate form of implementation be
found. A methodology for the planning pro-
cedure is described in the following sections.

The prerequisites of sound planning are
knowledge of all the possible techniques for
the treatment of drinking water (Chapter 3)
as well as an assessment of the technical and
financial input required for suitable plants
and facilities.

The selection process requires close examina-
tion of the situation at the site and the con-
sideration of all factos which could influence
the realization of the project (questionnaire,
paragraph 2.2).

With this foundation, one can choose a
workable procedure, or a combination of
different individual methods (paragraph
2.3). It is possible that the choice of which
technology to use can only be determined
by a series of compromises, since the opti-
mal solution will not be entirely compatible
with the particular set of on-site circum-
stances.

The next step is to work out an appropriate
plan for the plant, evaluating the chosen pro-
cedure with an eye towards the specific on-
site situation. The individual steps are then
laid out for the realization of the project, as
priorities are set and necessary concomitant
measures identified.

2.2 Data Collection: Questionnaire

Existing water supply and waste water dis-
posal:

— Which water source is used by the inha-
bitants?

— What is the water quality like?

— Where does the pollution possibly ori-
ginate?

— Are there other sources of water in the
immediate environs?

— What is the quality of that water like?

— What kind of water supply system is
available?

— In what condition are the supply faci-
lities?

— Is the drinking water treated? By whom?
How?

— What are the costs of water supply?

— What sanitary facilities are available? In
what condition are they?

— What kind of environmental problems
occur?

Water Usage:

— How much drinking water is used per
person per day?

— How much variablity is there in the daily
usage?

— How is the available water used?

— Is it possible to separate drinking water,
household water and irrigation water?

Population and Infrastructure:

— How many people must be supplied and
what is the rate of population growth?
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— What kind of settlement is it and how
densely populated?

— What is the health situation of the popu-
lation? Are there specific frequently occur-
ring illnesses that are connected with inade-
quate water supply and waste water dispo-
sal? Are there professional health care, medi-
cal counselling and advice?

— What kind of technical training, or crafts
skills are native to the population? Which
materials, what kind of artisanry, manufac-
turing or small industrial operations are
there?

— How large are the financial resources of
the single household and the community?

— What forms of work and organization are
common?

— Describe the infrastructure in regard to
energy supply, the means and routes of
transportation and supply of technical
goods.

Socio-cultural Factors:

_ How carefully is drinking water handled?
— How would you rate the people’s cons-
ciousness of hygiene and sense of responsibi-
lity to the environment?

— How does the population judge its situa-
tion regarding drinking water? Is there any
interest in changing things?

— Can the people ration and store water?

— Are there religious or cultural customs
connected to drinking water and hygiene?

— Are there traditional forms of water puri-
fication? Are there connections to traditio-
nal medicine?

— Does the population have definite ideas
about what constitutes “‘good” drinking wa-
ter, i.e., clarity, color, odor, taste, tempera-
ture, etc.? Are there preferences for how a
treatment plant should look and out of what
material it should be built?

— Who is responsible for the water supply
or purification of drinking water within the
family (women, children)?
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— Who deals with drinking water within the
community? Are there special responsibili-
ties?

— What is the attitude of the people to-
wards communal and individual water supp-

ly?
Climate and Location:

— What is the annual rate of precipitation,
and how is it distributed through the year?
— What are the temperatures and their varia-
tion over the day and the year?

— How much daily sunshine is there? What
are the wind conditions?

— What is the topography of the land? What
are the soil conditions?

— Where is the ground water table?

Institutions:

— Which organizations are responsible for
water supply and waste water disposal (at
the national, regional and local level)?

— How is responsibility divided up in the
areas of water supply, health care, educa-
tion?

— Is there a national policy on this?

— Are there facilities available that could be
utilized for the realization of the project
(laboratories, water boards, etc.)?

— What kind of regulations and laws exist
regarding water quality, regular monitoring,
charges for water supply?

— What kind of possibilities exist for financ-
ing through national or private organiza-
tions?

— How large a pool of personnel is there for
administration, technical support and train-
ing?

2.3 Choice of Method

In a first phase, a preliminary choice will be
made as to which method among the various

techniques suits the selected location and
what is the rechnical level that should be
sought. The following parameters are the ba-
sis for this:

— raw water quality of the existing water
source(s);

— available resources;

— socio-cultural factors.

A final decision can then be reached by tak-
ing into account the geographic and climatic
conditions, type of settlement and infra-
structure, and the compatibility of the exist-
ing water supply system.

2.3.1 Water Quality

The purpose of the treatment is to turn wa-
ter of an existing source — raw water — into
drinking water. The basic quality require-
ments of drinking water are that it should be
free of pathogens and toxic substances. In
addition, water should have a pleasant ap-
pearance, and be of a neutral smell and taste.
So, the treatment process to be chosen
should primarily be based on the quality of
the existent water. An examination of the
water will disclose its constituents and sup-
port the choice of a water source. Systema-
tic analyses of the water should be conduct-
ed at regular intervals over an extended pe-
riod of time (generally one year) so as to
measure the variability of the quality. But a
well equipped laboratory and experienced
personnel are prerequisites for any complete
analysis of all the bacteriological, viral and
physical-chemical constituents of the water.
Since those prerequisites are generally not
given in the areas targeted by the manual,
one is limited in a field study to determining
the most important parameters:

— the presence of coliform bacteria and
E. coli, which indicate pollution of the water
through human and animal wastes;*

— measuring turbidity**, discoloration,
odor, taste and temperature of the water;

— determination of total solid content, iron
and mangenese, total alkalinity, pH value.
All but the last parameter should be determi-
ned immediately upon sampling at the site.
Simple bacteriological test-kits (membrane
filter methods) which are already manufac-
tured in developing countries, and field ana-
lysis equipment enable semi-skilled person-
nel to carry out these tests [7, 14,15, 20,
22].

An epidemiological survey of certain illnes-
ses in . the population, particularly those
transmitted by water and fecal matter, can
give a further indication of the nature of
possible pollutants in the water.

WHO has established guidelines and stan-
dards for the quality of drinking water
[28].%#% Technically, these standards are
attainable at any time. But realistically, one
must realize that due to limiting factors,
only a lower water quality level can be
attained. A moderately effective water treat-
ment that raises the levels of the most im-
portant quality parameters — those that af-
fect health — without meeting all the para-
meters and standards, may already mean an
adequate solution.

Turbidity, pathogens-and organic compo-
nents of different origins reach the surface
via storm run-off and through ground water
discharge. The concentration of these consti-
tuents in water depends on the amount of

- Determination of the MPN-Index (most prob-
able number of coliform density in 100 ml
water) according to the Multiple-Tube me-
thod or determination of the coli-bacteria
count in 100 ml water according to the
Membrane Filter (MF) technique.

**  Turbidity is caused by suspended particles
and colloids of chemical, mineral or plant
origin,

*** E.g., bacteriological quality criteria for non-
Jpiped water supply systems:

Coliform bacteria: less than 10 in 100 mi
E. Coli: less than 2.5 in 100 ml
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Table 3: Effectiveness of various treatment processes with regard to the removal of water constituents.

¥ Pretreatment:
Process Aera- Sedimen- Coarse Rapid Slow Chlori-
Parameter ation tation Coagulation Filtration Filtration Filtration nation
Turbidity 0 2 3 2 3 4 0
Bacteria 0 1-2 0-1 2-3 2 4 4
Color 0 1 3 1-2 1 2 2
Ogard 2 1 1 2 2 2 1
Taste
Organic 1 2 1 3 3 4 4
Substances
Iron & 2 1 1 3* 4% 4 0
Manganese
No effect: 0 * in combination with aeration

Increasing effectiveness: 1—4

precipitation, and can rise dramatically dur-
ing the rainy season. Lakes and rivers do
have their own self-cleaning processes, and
when no further pollutants are involved, can
return the inflowing water’s quality to its
original state. But that is only the case in

sparsely settled areas. Surface water almost
always needs to be treated. Even water from
shallow ground water resources (water table
between O and 10 meters below ground) can
be contaminated by fecal matter, depending
on soil conditions, the placement of wells

Table 4: Treatment processes and combinations as a function of turbidity and E. Coli count in the raw wa-
ter. Additional aeration generally helps to increase the water’s oxygen content, The turbidity values refer to
the contents of settleable and nonsettleable substances. The choice of a pretreatment method thus depends

on the type and composition of the turbidity.

Turbidity,
Average Values E:Coli
(NTU) (MPN/100 ml) Processes and Combinations
Upto 10 10 No treatment necessary
10 100 Only disinfection
100 1000 Slow sand filtration
250 1000 Pretreatment
+ Slow sand filtration
250 10000 Pretreatment + slow sand
Filtration + disinfection
1000 100000 Two pretreatment methods;
e.g., sedimentation + coarse
filtration or
coagulation/flocculation
+ sedimentation
Subsequently: slow sand
filtration + disinfection
100 2000 Rapid filtration + disinfection
1000 3000 Pretreatment + rapid filtration
+ disinfection
14
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Table 5: Comparisons of various treatment processes with regard to input requirements.

Processes Costs for Level of skills of Materials/Procedures
Construc- Operation  operating personnel necessary for operation
tion

Sedimentation 1-2 1 1 Regular cleaning

Coagulation Regular supply with

3 ; 2-3 3 2-3 X st

with chemicals chemicals, monitoring

Coarse filtration 1-2 1 1 Cleaning at longer intervals

?Canglltrauon 3 3 3 ; Frequent back-washing

Slow sand filtration 2-3 1 2 Regular cleaning

Chlorination 1-2 3 2 Regular supply with chemi-

cals, monitoring

1:low, 2: medium, 3: high

and other factors. Generally, though, ground
water, when deep enough and if lifted pro-
perly is free from pathogens and turbidity
and needs no treatment.

In Table 3, the most importaht quality para-
meters are roughly sketched, along with the
effectiveness of various possible methods of
treatment. The effectiveness can only be
drawn in general terms, because it is in turn
dependent on the design of the plants, the
filter material, the proper layout and opera-
tion, etc. :

Some of the processes we have presented
serve only one purpose, but most can be
used in different ways with varying effects.
The same levels of water treatment can often
be achieved in different ways.

The treatment processes described here are
shown in great detail in Chapter 3, as well as
possible gradations in size and equipment.
We should also mention here shore filtration
and groundwater recharge, both methods of
water production which at the same time
have a treatment component that is based on
the effect of a natural sand filter. If one of
these processes can be applied, it means a
notable lessening of subsequent required
treatment. Likewise water storage may be
considered in a certain sense as a treatment
process (see paragraph 3.2).

One single process is generally not enough,
different treatment processes must be com-
bined and follow one another in order to
achieve the desired result. Table 4 shows
possible combinations of different processes.
The guides to a possible process are the
amount of turbidity and E. Coli in raw wa-
ter.

2.3.2 Existing Resources

The potential of existing resources, i.e., the
availability of the necessary materials, equip-
ment, personnel and financial means for con-
struction, operation and maintenance is deci-
sive when determining what technical level
the plant should have.

In choosing a technology, it is wise to make
use of whatever locally available materials
and skills there are in the target area. This
lowers the cost, employs native manufactur-
ing capacities, and avoids supply problems.
The available personnel must have the skills
called for by the selected technology in or-
der to successfully run the construction,
operation and supervision. The costs should
be bgought down as low as possible, so that
it is affordable for the largest number of
consumers. i
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For most treatment processes it is possible
to design alternatives of differing grades of
complexity. It is therefore problematic to
ascribe a given process to a specific techno-
logical niveau. The classifications in Table 5
can therefore only be regarded as guide-
lines.

Generally, when there are limited resources,
sedimentation or water storage and/or coarse
filtration in combination with slow sand fil-
tration represents adequate prior treatment.
An aeration effect can also be attained easi-
ly. On the other hand, coagulation by means
of chemicals and conventional rapid filtra-
tion call for resources which, in general, are
beyond those of the regions considered here.
But using alternative materials and simplify-
ing the designs lower the costs significant-
ly.

Disinfection is almost always needed, but
demands a continuous supply of chemicals
and constant maintenance. Naturally, the
level of complexity rises when different pro-
cedures are combined.

2.3.3 Socio-Cultural Factors

It is necessary to include the user of the
plant before the planning commences. The
traditions and wishes of the populace must
be known and understood in order to reach
acceptable decisions. The ultimate success of
the project depends largely on an enlighten-
ed consumer who is helped to understand
the goals of the project and the improve-
ments anticipated.

The population must be involved in different
phases:

— Investigation of the habits, rites, tradi-
tions*, precepts and prohibitions which go-
vern the usage of water must first be con-
ducted to determine what measures are
needed and what possible solutions are fea-
sible or which must, a priori, be excluded.
To this end, surveys must be taken, particu-
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larly of the women, since they are generally
in charge of the water supply and of educat-
ing the children about hygiene.

— The need for improvement must be asses-
sed, and the interest in such improvement
must be stimulated along with the prepared-
ness for change and the willingness of the
populace to contribute to the project mate-
rially, financially and through their labor
(see also section 2.5.1). Family and village
hierarchies and property rights must be ta-
ken into consideration.

— When feasible technical solutions are
worked out, they should be presented to the
population and discussed with them in order
to find an acceptable solution. A planning
program that is built upon the active parti-
cipation of the populace may be very time
consuming, but experience has shown that
when the socio-cultural factors are not taken
into account, little efficiency can be expect-
ed from the project.

2.4 Design Decision

After selecting the water source to be used
and choosing a technology, the next step is
to turn these theoretical considerations into
a realistic design. The goal is to come up
with a plant that will for a sufficiently long
period of time withstand changes in the qua-
lity of the raw water and the water flow
without changing the quality of the treated
water. The design calls for decisions such as:
— selecting a site for the treatment plant;

— sizing of the plant; and

— specification of the individual elements.

* In many places ‘‘clear” water is considered
clean while, in fact, the quality of the water
allows no inference as to the bacteriological
quality. In other places, ground water is believ-
ed to be “dead’ water, and is thus rejected.
Frequently, water with a chlorine taste is not
accepted either.

In practice, the design is the basis for an ac-
curate estimate of the necessary inputs, for
seeking funding and laying out the organiza-
tional framework.

2.4.1 Selection of the Plant Site

It must be decided here as to whether the
treatment facility will be incorporated into
the existing water supply system or whether
a new system should be built, of which treat-
ment is just one element. The latter case is
simpler since mostly geographic, topographi-
cal and settlement-reiated aspects determine
the location of the plant.

If the existing water supply system is not to
be changed, the plant must be designed in
such a way that it can be incorporated into
it. The first thing to decide here is whether
the treatment is going to be operdfed by the
municipality or individually.

Municipal treatment is appropriate if a cen-
tral piped water supply system exists; the
site of the plant lies somewhere between the
water intake and the distribution system. A
preliminary survey of the existing system
may already suggest necessary modifications
or upgrading. Potential problem areas may
be: contamination of wells due to wrong

location; brokendown or improperly design-
ed water treatment plant; possible short cir-
cuiting between supply and disposal within
the transmission system. The comparison of
water qualities between the raw water and
the water at the point of consumption may
offer leads toward the detection of trouble
areas.

If the supply of water occurs individually
by means of village wells, public standposts
or rain water collection, treatment can be
incorporated either right at the point of
withdrawal or in the house. These places
of withdrawal should also be examined for
their conditions, location and protection
against pollution. A remedy for those
trouble spots may yield a considerable im-
provement of the water quality.

2.4.2 Sizing

The size of a water treatment plant is deter-
mined by the maximum required flow rate
Q, which, in turn, is given by the daily water
demand and the mode of operation of the
plant. In order to determine the water re-
quirements for a given target group, informa-
tion is needed about:

— the per capita domestic usage;

Table 6: Typical values for domestic water consumption in litres per capita and day (I/c.d). Source [44].

Type of Water Supply Average Range
Consumption
Q/c-d) Q/c-d)
Communal water source:
Distance > 1000 m 7/ 5- 10
Distance  500—-1000 m 12 10— 15
Village Well:
Distance > 250 m 20 15— 2§
Public Standpost:
Distance > 250 m 30 20— 50
Courtyard connection 40 20— 80
House connection:
One tap i 50 30— 60
Several taps 150 70-250
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— the amount of water necessary for other
purposes (i.e., irrigation, livestock, public
buildings, industrial);

— the number of people to be supplied;

— an estimate of the annual population
growth;

— the economic life of the plant.

Water usage is influenced by factors such as
availability and quality of the water, the
income and size of a family, living standard,
climate, etc. Typical per capita values for
different types of water supply in rural areas
of the Third World are given in Table 6. 30%
should be allowed for (unaccounted for) los-
ses. If the plant is to be built for the whole
community, then the calculations must in-
clude usage for public facilities.

The required plant capacity is thus determin-
ed -by the product of per capita consump-
tion, including “unaccounted for” popula-
tion growth (compounded growth) during
the period for which the facility is planned
(see Table 7). It is necessary to take a survey
of the fluctuation in water consumption
during the day, in order to correctly size the
storage tank for the treated water and to de-
termine the plant’s mode of operation (for
example, see 3.5.2.3).

Table 7: Population Growth Factor

Time Annual Growth Rate

(Years) 2% 3% 4% 5%
10 1,22 1,34 1,48 1,63
15 1535 1,50 1,80 2,08
20 1,49 1,81 2,19 2,65

2.4.3 Specification of the Individual
Elements -

The last step entails the selection of the indi-
vidual structural elements and their appurte-
nances, their size and materials. This selec-
tion should be made according to the follow-
ing criteria:
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— Choice of a design which can be imple-
mented by local artisans and which makes
the maximum use of locally available equip-
ment and material;

— a robust type of construction for maxi-
mum durability and minimum maintenance;
— selection of the kind of outfitting that
corresponds to the preferences of the con-
sumer.

2.5 On the Organization of the Pro-
ject Execution

Before beginning the implementation phase,
it must be decided how the construction of
the plant is to be organized, who is putting
up the money for the project, and who will
be responsible for operation and mainte-
nance. Besides that, it must be determined
what accompanying measures are necessary
in order to successfully complete the pro-
ject.

2.5.1 Participation of the Population

The ways in which the local population can
possibly participate will have already been
discussed with the community during the
phase of the choice of method. Their contri-
bution will consist mainly of material and
labor during the construction of the plant.
It must also be ascertained as to which local
producers are able to manufacture parts for
the plant, i.e., where production or order-
ing can be initiated. Personnel who shall take
over the operation and maintenance of the
plant must be chosen. Collecting water char-
ges from the customers, necessary for cost
recovery, is also part of the task of the main-
tenance personnel. If the community has a
clear organizational structure of specific la-
bor divisions along traditional lines, then the
method of the project implementation
should be adapted accordingly. Responsibili-

ties should be assigned to accord with the
existing hierarchies (as long as they are ac-
cepted).

Training of members of the community who
will be involved in the project should be a
component of the program in order to en-
sure in the long run, an operation which is
selfsufficient and independent of outside
support.

2.5.2 Institutional Factors

Participation of the population alone is not
enough to ensure success of the project. The
support of national, regional, local, private
or public institutions is needed, which are
to take over the management of the project
and oversee its operations on a long term ba-
sis. Those institutions must also contribute
financially to the project, since the people in
the areas under consideration generally do
not have the means for such an undertaking.
The following inputs should come forward
from the various institutions:

State:

— Development of long term master plans
for introduction of water supply and dispo-
sal, health care, sanitation and hygiene pro-
grams in underdeveloped areas:

— creation of executing agencies on régional
and local levels;

— establishment of water quality standards
and regular monitoring;

— provision of financing.

Regional and Local Agencies:

— Implementation of governmental plans,
meaning the provision of management per-
sonnel who are to be responsible for the pro-
ject, technical support and training, financ-
ing and information;

— supply of material;

— setting up the necessary local manufac-
turers and workshops, laboratories;

— carrying out demonstrations;

— training and employment of community
workers in the construction and operation of
water. supply and sanitation facilities, hy-
giene, health, nutrition.

2.5.3 Concomitant Measures

As we have already mentioned, the construc-
tion of a water treatment plant only makes
sense within a larger picture. The scarcity of
clean drinking water is not the only reason
for the catastrophic health conditions of
these regions. Sanitation facilities are lack-
ing, and existing water supply and disposal
works are not properly constructed and are
insufficiently protected against contamina-
tion. The water consumers themselves,
through insufficient hygienic standards and
environmental consciousness are often the
cause of the initial contamination, and the
recontamination of treated water. Frequent-
ly, cause and effect of the contamination,
transmission and spreading are not known
to the people. Accounting for these factors
in preparatory and attendant measures is
indispensable to the project. Some of these
measures are:

— Explanation of purpose and goal of the
project;

— Communicating information to the target
group through appropriate channels;

— Counselling and training in hygiene, nu-
trition and health care;

— Construction of disposal facilities;

— Instruction in the correct usage of the
new plant;

— Technical training in construction, opera-
tion and maintenance of the plant;

i Training and employment of community
workers.
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Measures touching on personal and tradi-
tional habits and customs such as hygienic
practices, are not at all easy to effectuate.
The inroads in this sensitive area must be
made on a long-term basis by people with
easy access to the population — not a for-

eigner. The difficulties are many, and in-
clude picking the right ombudsman, and ad-
ministering these measures adequately, since
they fall into various areas of responsibility,
and justifying the resulting costs.

3. Technologies

3.1 Introduction

The treatment processes introduced and out-
lined in this chapter were selected according
to their suitability and appropriateness for
application in less developed regions.* They
can be classified as:

— aeration;

— sedimentation;

— coagulation and flocculation;

— filtration;

— disinfection.

In the following the basic features of these
methods will be presented to permit an
understanding of the underlying physical,
chemical and biological processes of water
treatment. For a more detailed description,
see the literature (appendix). Both abstract
flow schemes and examples will be used to
demonstrate and emphasize simple versions
of the more commonly known treatment
methods. Size and capacities of treatment
components and of the whole plant are dis-
cussed along with aspects of application,
performance and combination with other
methods. The examples selected stress the
possibility of using locally available materials
instead of imported ones. The exclusive use
of local materials may not always be pos-
sible. In particular, if certain treatments of
the raw water, such as chlorination are be-
lieved necessary, effective local substitutes
may not exist. These limitations require eli-
minating a number of treatment technolo-
gies from further consideration — including
those which are either too expensive or too
complicated,** and whose high level of per-
formance may far exceed what is needed. A

few technologies which are borderline for
our purposes will be discussed briefly (ozo-
nation, uv-radiation).

Potential industrial and agricultural contami-
nants (chemicals such as oil, phosphates, sul-
phates, heavy metals, etc.) which end up in
water resources in increasing amounts will
also be addressed in this chapter. These con-
taminants must be removed if the water is
to be made potable. It must be pointed out
that it generally requires more advanced ana-
lytic methods to spot these substances in the
water, and their removal may be altogether
impossible as sophisticated technologies are
required. It is therefore recommended that
water which is contaminated as described
above not be used for the purposes of these
projects.

Since treatment generally presents the most
demanding component of a water supply sy-
stem, it must be examined whether alterna-
tive methods exist that yield a measure of
quality improvement: several such methods
include the proper mode of water abstrac-
tion*** and protection of the water source
from contamination, as well as rehabilita-

*  Target groups and criteria for technolgies: see
Section 1.2,

** E.g., anode oxidation, ion exchange process,
adsorption by activated carbon or resins, fil-
tration by artificial media. Likewise not dis-
cussed are: desalination, pH adjustment, de-
carbonation and other methods which are
mainly used for the treatment of ground
water.

E.g., shore filtration or groundwater re-
Eharge. These techniques are not discussed
here (see Literature).




tion, upgrading and systematic monitoring
of already existing works, and construction
of efficfent sanitation facilities.

3.2 Aeration

The basic purpose of aeration is the reduc-
tion of the content of substances which
cause unpleasent tastes and odors as well as
discoloration. Aeration is frequently used
for treatment of groundwater where it also
has additional positive side effects (precipi-
tation of iron and manganese). When treat-
ing surface water aeration is useful in adding
oxygen to the raw water. Aeration always
precedes some other treatment process. The
combination of treatment components is
determined by the desired result of the treat-
ment.

3.2.1 Range of Application

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:

— Addition of oxygen; this may be neces-
sary for surface water where the natural oxy-
gen content was depleted due to the pre-
sence of large amounts of organic substan-
ces. Aeration contributes positively to sub-
sequent biological treatment (e.g. slow sand
filtration).

— Removal of dissolved iron and manga-
nese; iron and manganese are oxidized and
form nearly insoluble hydroxide sludges.
They can be removed in a settling tank or by
means of a coarse filter.

— Removal of excess carbon dioxide (CO,)
to prevent corrosion of metal and concrete
surfaces.

— Reduction of H,S, CHy and other vola-
tile compounds which produce objection-
able taste and odor.

— Temperature reduction.
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Fig. 3: Aeration filter

3.2.2 Aerators

Aeration can be done in various ways. In this
manual only those methods are discussed
which are simple and facilitate gas transfer.
Open aeration is possible by means of spray-
ing the water or running it over surfaces —
multiple tray aerators or trickling aerators
consisting of a series of vertical trays with
wire mesh bottoms over which water is
distributed and made to fall into a collection
basin at the base. The water is dispersed in
fine droplets of spray which efficiently take
in oxygen from the atmosphere. If the trays
are filled with coarse material, such as gra-
vel, the efficiency can be increased.

A cascade aerator is another possible aera-
tion device. A simple cascade consists of a
lateral sequence of basins (masonry, con-
crete or timber) at various levels, the water
spilling over from one basin to the next
lower one. Total height of the cascade may

Fig. 4: Cascade aeration

raw water

aerated water

be between 1 and 6 meters. The large water
surface thus created allows simple and fast
aeration. Baffles obstructing the flow of the
water increase the effect.

If there are only small amounts of iron and
manganese to be removed, or if the purpose
of aeration is the addition of oxygen, it is
sufficient to install a small weir just above
the downstream clarifying tank so as to feed
the water into that tank through a perforat-
ed pipe.

A third method of aeration which is the
most efficient of all — and the most expen-
sive and complicated — is based on the prin-
ciple of diffusion. Water is forced into the
air through fixed nozzles. Large contact sur-
faces for gas transfer are commonly set up
above a settling tank or a filter.

Aeration of water usually requires an inter-
ruption of the gravity flow of water through
a treatment plant. This means that down-
stream from the aeration, the water must be
lifted once more. Exceptions may be pos-
sible in cases of gravity flow with significant
differences in altitude (hills).

Small Aerators for Removal of Iron and
Manganese

Figure 5 exhibits a simple device for dome-
stic use. It consists of four vertically stacked
round concrete pipes (diam. 45 cm) or metal
drums (vol. 200 ) which are protected
against corrosion. The two top segments are
filled with gravel. The third from the top is
filled with sand. The bottom consists of
wire-mesh or grates. Aeration louvres are
placed around the device. A low ph value
lime (CaO) is added to the gravel in the
upper segments. The device is mounted on a
low pedestal made of masonry or concrete.

A handpump lifts the raw water, forcing it
through nozzles on to the gravel. The water
then trickles through layers of stones and
trays. It is collected in the bottom segment
and can be drawn off by means of a faucet.
Particles precipitated from the water due to
aeration accumulate on the lower sand layer.

‘The latter is to be exchanged once or twice

a month.

An aerator of this size is capable of treating
some 200 /h, i.e., some 1400 /h - m?. It
can be easily modified in size in accordance
with the actual needs.
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Fig. 5: Manual device for removal of iron and manganese; capacity 200 2/h. Sources: [32, 46,51, 57].

3.3 Sedimentation

Sedimentation is a phenomenon which
occurs in nature perpetually. It aids the na-
tural purification of lakes and rivers. Use is
made of this physical process in the treat-
ment of water by passing it through settling
basins or storage tanks at low and uniform
velocities. This constitutes a simple means
of reducing the contents of suspended mat-
ter and partially of bacteria.

Sedimentation is usually just one of several
sequential treatment processes. It can be
combined by preceeding it with coagulation
and flocculation, and succeeding it with slow
sand filtration. Following these procedures,
disinfection is required for high bacteria con-
tents.

3.3.1 Areas of Application
Turbidity

Under the influence of gravity, suspended
matter in rain water settles out if it has a
density greater than that of the water itself.
The efficiency of a settling basin depends on
the nature (shape, size, density) of the par-
ticles that are accountable for the turbidity;
gravity, sand and silt, which pollute surface
waters heavily and settle easily, especially
during the rainy season. Colloidal matter
which contributes much to turbidity is held
in suspension mainly by electrostatic forces
and because of its low density.

Colloidal particles, when brought in contact
with coagulants, form flocculant material
that can be settled or filtered out. Before de-
signing a settling tank, laboratory experi-
ments should be carried out to.determine
the contents of settleable and nonsettleable
matter. Storage tank inlets should be screen-
ed to prevent contamination by gross sus-
pended matter. Tanks should also be cover-
ed to protect them from birds and small
animals.

Pathogenic Organisms

Simple sedimentation by means of passing
water through a settling tank does not
achieve a significant removal of pathogens. -
Two to four weeks storage, though, can re-
duce bacteria populations considerably (50—
90%) by means of biological processes. Stor-
age in excess of one month can reduce the
viral count. The degree of purification de-
pends on the severity of pollution and on
the presence of other pollutants. Storage in-
duced contamination (mosquito breeding
due to algal growth) must be avoided by co-
vering tanks. Schistosoma larvae, infectious
agents of Bilharzia, usually cannot survive
more than two days of protected storage,
provided suitable hosts (snails) are not pre-
sent.

Color

Removal of color without the use of chemi-
cal procedures can only be achieved by very
long storage times.

3.3.2 Simple Settling Basins

Settling basins can be operated either conti-
nuously or in batch mode. The choice of
method may depend on whether water is
readily available and/or must be supplied
continuously. Simple methods are available
for either mode. The most important con-
siderations are discussed here.

Batch Mode

Batch operation is mainly used if only small
amounts of water are to be treated and stor-
ed. A settling tank is filled with water, which
is retained for between two days and several
mpnths, depending on water availability, de-
mand and desired level of purification. When
used, the water is drawn off the top, down
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Fig. 6: Settlement basin impounded by earth embankments

to a depth which just covers the layer of
deposits. This sludge layer at the bottom of
the tank is to be removed from time to time.
This can be done manually after the tank has
been emptied. A tank floor sloping towards
the drain greatly simplifies sludge extraction.
Tanks can be constructed simply by raising
earth embankments, which have to be sealed
to prevent seepage. On the household level,
clay vessels or other locally available jars can
be used. It is important to protect recept-
acles from contamination: the water must
not be taken out with soiled jars. Instead, an
outlet spout should be provided. A cover not
only protects. Layout and design of settling
and storage tanks are determined by the
desired retention time and the water demand
of the consumers.

Continuous Mode

For larger amounts of water, it is more eco-
nomical to operate a settling tank continu-
ously. The rain water is slowly and uniform-
ly passed through the tank either horizontal-
ly or vertically. The through flow velocity
must be kept smaller than the settling velo-
city of the suspended matter. Horizontal
flow tanks generally achieve higher rates of
removal for high solids concentrations.

The most common geometric form of sedi-
mentation tanks are circular, square or rec-
tangular. Triangular shapes are possible. Wa-
ter inlet and outlet are to be positioned such
that shortcircuiting is prevented, and the de-
tention time of the water is long enough to
allow complete settling of particles.
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Circular tanks have radial flow patterns. The
water can be introduced either in the center
or around the periphery. The clarified liquid
is then drawn off in a trough either at the
rim or in the center. Rectangular tanks have
horizontal flow patterns. Inlet and outlet
troughs are provided at the head and tail
ends of the tank.

Ideally, the tank may be divided into four
distinct zones, each of which acts characte-
ristically different (Fig. 7).

1. Inlet Zone: In this zone, the entering wa-
ter is spread out uniformly and at low turbu-
lence over the entire cross-section of the
tank (Fig. 8).

2. Settling zone: Portion of the tank where
sedimentation occurs.

3. Outlet zone: Slow uniform draw-off of
the clarified water from the settling zone.
The outward progression of the flow shall
not disturb the settling prozess.

4. Sludge zone: Collection of the deposits.
If the sludge is to slide down by itself, the
floor of the tank should be sloped 45°. The
draw off occurs at a sludge drain.

The tanks may be built above ground with
sealed masonry, concrete, or reinforced con-
crete. Alternatively, earth basins may be
used with vertical or inwardly sloping water-
tight walls.

3.3.3 Design of a Rectangular Settling Tank
With Horizontal Flow (Fig. 7)

Settling tanks are designed such that the re-
duced flow velocity of the water allows sus-
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Fig. 7: Sketch of a rectangular settling' basin with horizontal flow

pevnded particles to settle out within the sett-
ling zone. Generally, the smaller the partic-
les, the smaller their settling velocity(s), i.e.,
the lower the horizontal flow velocity of the
water must be. The necessary design parame-
ters are determined as follows:

1. Decide on the hourly throughput Q
(m3/h) (see Sec. 2.4.2).

2. In a laboratory test, determine the sett-
ling velocity s, also called surface loading
rate, of the suspended matter in the raw wa-

ter. The settling velocity is obtained by mea-
suring the time T (detention time) it takes a
particle to drop from the surface to the bot-
tom of the tank at depth H.

s=H/T

s and T are both dependent on the nature of
the particles to be removed; s normally
ranges between 0.1 and 1 m/h; for particles
withe diameter ¢ = 0.01 mm, the settling ve-
locity is approx. s = 0.6 m/h. If flocculation
preceded settling, the aggregated particles
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Fig. 8: Inlet zone of a settling basin (example).
The entering water first hits a baffle. It is then
passed through a perforated partition wall. Source
[57].

Fig. 9: Inlet zone (example). The clarified water
leaves the basin flowing over a weir which extends
over the entire width of the basin. A slow, un-
disturbed draw off can be improved by using a
sawtooth weir. Another baffle before the weir
also quiets the flow.
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settle at a velocity s between 1 and 3 m/h.
The detention time T may range between 4
to 12 hours.

3. The volume V of the tank is then deter-
mined by the hourly throughput Q, and the
detention time:

V=H-B-L=Q-T

This gives S = Q/B - L, where B - L is the sur-
face area of the basin. The efficiency or flow
capacity of the basin is therefore determined
by the ratio of flow rate and surface area of
the basin. Ideally, the flow capacity is inde-
pendent of the depth of the basin.

4. The required geometry of the tank can
now be calculated. The following ranges
should not be exceeded:

Depth of thetank 1:5m<H<25m
ratio H/L 1:5<HL<1:10
ratio B/H 1:4<B/H<1:8

5. The horizontal flow velocity, v, , of the
water

vo =Q/B-H

ranges between 3 and 36 m/h. For suspen-
sions with’ low densities, lower velocities
should be chosen. When flocculation prece-
des sedimentation, higher velocities may be
appropriate. Horizontal velocities should be
kept low enough, however, to avoid scouring
from the bottom of the basin.

6. The weir loading rate is given by the flow
rate Q per unit width of the weir, Q/R
(m®/m x h). It should be chosen in the range
between 3 and 10 m?/h. An increase in the
width of the weir reduces the effluent velo-
city.

7. The volume of sludge produced in m? per
m? of tank area and per unit of time de-

pends on the characteristics of the raw water
and the design, i.e., efficiency of the tank.
From this, in turn, the size and slope of the
settling zone.and the frequency of sludge
removal can be determined.

3.3.4 Effect of Temperature and Salt Con-
tent of the Raw Water and Wind Con-
ditions

Unfortunately, settling tanks seldom per-
form 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° C) or changes in the salt content (1 g/%
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 exa-
mined, since surface currents induced by
wind blowing over the basin affect the basin
performance.

3.4 Coagulation and Flocculation

Finely dispersed suspended and colloidal
particles producing turbidity and color of
the water cannot be removed sufficiently by
the ordinary sedimentation process. Adding
a coagulant and mixing and stirring the wa-
ter causes the formation of settleable partic-
les. These flocs are large enough to settle ra-
pidly under the influence of gravity, and
may be removed from suspension by filtra-
tion. It must be noted that this treatment
unit process, although routinely applied in
modern water treatment, requires more
complex technical equipment and experienc-
ed operating personnel. The choice and dose
rates of coagulants will depend on the cha-
racteristics of the water to be treated and
must be determined from laboratory experi-
ments. The chemicals must be readily avail-

able 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 practiced traditionally by many
peoples in developing countries.

3.4.1 Mechanisms of Coagulation

Colloidal particles generally carry a negati\(fe
electrical charge. Their diameter may range
between 10™% to 10~® mm. They are sur-
rounded by an electrical double layer (due
to attachment of positively charged ions
from the ambient solution) and thus inhibit
the close approach of each other. They re-
main finely divided and don’t agglomerate.
Due to their low specific gravity, they don’t
settle out.

A coagulant (generally positively charged)
causes compression of the double layer and
thus the neutralization of the electrostatic
surface potential of the particles. The result-
ing destabilized particles stick together when
contact is made. Rapid mixing (a few se-
conds) is important at this stage to obtain
uniform dispersion of the chemical and to
increase the opportunity for particle-to-par-
ticle contact. Subsequent gentle and pro-
longed (several minutes) mixing cements the
still microscopic coagulated particles into
larger flocs. These flocs then are able to ag-
gregate with suspended polluting matter.
When increased sufficiently in size and
weight, the particles settle to the bottom.

3.4.2 Coagulants
3.4.2.1 Chemicals

It is common practice to use aluminium and
iron salts (see Table 8). Both salts hydrolyse
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Table 8: Chemical Coagulants. Source: [44]

w
o

Common Strength Forms and Amounts

Materials
Suitable

Appearance and

Commercial
Strength

Chemical Name
and Formula

of Application,

of Solution or
Suspension

Characteristics

pH Value, Remarks

for Handling

5-10% Solution or dry.

Dry: Iron, Steel

Ivory colored powder,

granule or lumps,

15-22% Al,03

Aluminium Sulphate

(solid form)
Al,(SO04)3

approx. 15—-100 g/m3

atpH4.4-7.5

Wet: Rubber, Lead,

Asphalt
Containers resistant

mildly hygroscopic,
acidic, corrosive.

.14 H,0

(Possibly addition of sulphuric

acid to lower pH)

to acidity, stainless

steel 316.

See above, may be more appro-
priate since cheaper, easier to

handle, transport, store,

Directly or
via 1%

Containers resistant

Syrup-like brown

liquid, acidic,
corrosive.

5.8-8.5%

Al, 04

Aluminium Sulphate

(liquid form)
Al (SO4)3

to acidity, stainless

steel 316.

Solution
5%

Generally solutions 5—50 g/m3;

Iron, plastic, rubber,
steel, concrete

Solid: White or

50-55% Al, 03,
35% Na, O or

Sodium Aluminate

Na2 Alz 04 or

or with Al-sulphate, pH 6—8.5
(expensive, small amounts)

green-yellow crystal,

hygroscopic.

Nﬂzo " A1203

Liquid: Caustic and

corrosive

32% Na, OAl, 03

Approx. 5-100 g/m3,

Yellow-brown crystal
powder, very hygro-

scopic, corrosive

59-61% FeCl;
12-17% Fe

Ferric (III) Chloride

FeCl3 - 6 H,0

atPh 5-7+8.5-11

3-5%

Containers made of
glass, stoneware,

Liquid: either proportional or

drip feeding

plastic or rubber

lined

Green-black powder,

98% FeCls
34% Fe

Non-hydrated

ascidic, not corrosive

as long as dry

Ferric (IIT) Chloride

FBC13

Dark brown syrupy

Liquid

liquid, very corrosive

31-45% FeCl3

Ferric (IIT) Chloride

12—-17% Fe
55% FeSO4
20% Fe

At pH 8.5-10: add 525 g/m3;
at pH 8.5: use with Ca(OH),
(26%); at any pH: use with

chlorine (12%)

Concrete asphalt 4—-8%

tin, lead, wood

Green-brown-yellow
crystal, granule,

Ferrous sulphate
F€'SO4 -7 H20

solution

lumps, ascidic, hy-

groscopic

Liquid: 10—50 g/m?3, or com-
bined with Ca(OH),

3—6%
solution,

Dry; Iron, concrete,
steel, ceramics
Solution: lead,

Red-brown powder,
crystal, granule,

hygroscopic,

90—-94%

Ferric sulphate

F€2(SO4)3
26% Fe

F82(504)3 +9 H2O

soluble in

2—4 parts of
cold water

plastics, 18—8

solution very

stainless steel

corrosive, caustic

when added to water. They form insoluble
material — aluminium and ferric hydroxides
— when reacting with calcium and mange-
nese hydrogen carbonates, which are almost
always present in water (alkalinity and hard-
ness of the water). If those carbonates are
not present in sufficient concentration (soft
water) hydrated lime Ca(OH), or sodium
carbonate Na,CO; may be added also. In
the case of aluminium sulphate, these reac-
tions can be represented as follows:

Al,(SO,); + 3 Ca(HCO,), =
2 AI(OH); + 3 CaS0, + 6 CO,

AL, (SO4)s + 3 Ca(OH), =
2 AI(OH):; +3 CaSO4

Al,(SO4)3 + 3 Na,CO3 +3H,0=
2 AI(OH); + 3 Na,SO,4 + 3 CO,

The formation of the insoluble hydroxides
depends on the ph: it has been shown that
aluminium sulphate coagulates best in a ph
range between 4.4 and 6. At higher ph va-
lues, higher rates of soluble aluminate ions
form.

Sodium aluminate is generally used at me-
dium ph values (6.5 to 8). Irons salts have
the advantage of being effective over a wide
range of ph values (except for values be-
tween 7 and 8.5).

Whereas turbidity is best removed within a
ph range of 5.7 to 8.0, color removal is gene-
rally obtained at acid ph’s of about 4.4 to
6.0. To improve the coagulation and floccu-
lation process and to reduce the dose of coa-
gulants, flocculation aids may be used. The
most commonly used material is activated si-
lica. Yet diatome (kieselgur), activated car-
bon in powder form, bentonite and certain
other types of adsorbtive clays, organic sub-
stances and cellulose derived materials are
also used.

3.4.2.2 Materials of Soil Origin

It was mentioned that mineral substances are
used as flocculation aids in modern water
treatment. A dose of 10 mg/? of bentonite,
for instance, together with 10 mg/% of alu-
minium sulphate, yield significantly better
results than a higher dose of aluminum sul-
phate alone.

In rural households in developing countries,
however, various naturally occuring mate-
rials are traditionally used as coagulants (see
[62,65]): e.g., fluvial clays from rivers and
wadis (in Sudanese Arabic called “rauwaq*, <
clarifier), clarifying rock material from de-
sert regions, earth from termite hills. Their
main constituents are quartz, montmorillo-
nite, kaolinite, calcite and feldspar; their
coagulating mechanisms differ greatly from
those of metal salts. The processes and reac-
tions which occur upon the addition of these
various mineral coagulants to waters of dif-
ferent quality are not yet sufficiently
known. This makes it difficult to specify op-
timal application procedures and conditions.
Case by case examinations are required.
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 conclu-
sive research is not available).

Potential health hazards:

— Clays contain traces of heavy metals
(mostly chromium and manganese). High in-
takes of these metals may have toxic effects;
— viruses survive in the settled sludge.

3.4.2.3 Coagulants of Plant Origin

Such substances are widely used in develop-
ing countries to purify water. Usually the
plants are not cultivated. Rather, accordiftg
to passed on experience, certain substances
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are gathered, prepared and added to the wa-
ter that is to be purified; seeds, leaves, pieces
of bark, roots, fruit extracts and plant ashes.
Some examples of traditionally used coagu-
lants and coagulant aids as described in the
literature [61—65] are:

— seeds from the Indian Nirmali tree
(strychnos potatorum);

— seeds of the trees of the family of the
Moringaceae: Moringa Olifeira, occurring in
India, Senegal, Sudan (Behenus tree) and
Moringa Stenopetala, Kenya;

— sap from the stem of the tuna cactus
(opuntia ficus indica) occurring in Peru and
Chile: two commercially available extracts
are Tunaflex A and B;

— the bark of the south American tree Schi-
nopsis Quebracho-Colorado, which contains
tannin: it is known commercially as “Flocca-
tan;”

— potato starch.

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 fre-
quent use.

To obtain the optimal dose for various sub-
stances and raw water qualities, coagulation
experiments must be carried out; generally
this dose is smaller than that of aluminum
sulphate.

For coagulation with Moringa Olifeira seeds,
the following effects can be obtained:

— significant reduction of turbidity;

— pleasant 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.

Nirmali seeds and Tunaflex as natural coagu-
lants and aid substances combined with alum
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salts have been successfully used in munici-
pal water treatment. It was shown that sub-
stantial savings in primary coagulants could
be achieved which, in turn, reduced the over-
all cost considerably.

3.4.2.4 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).

3.4.3 Jar Test for Assessment of Proper
Dosage of Coagulants

Coagulation and flocculation processes are
dependent on a multitude of variable inter-
related factors: temperature, turbidity, co-
lor, pH-value, alkalinity, nature of coagulant
and intensity and duration of stirring during
mixing and flocculation. The optimal dose
of the coagulant cannot be found by analy-
zing the raw water. Rather, it must be deter-
mined by an experiment on laboratory scale
(approximation of real conditions). Such a
test ought to follow this procedure:

1. Measurement of color, turbidity, pH-va-
lue and alkalinity of raw water.

2. Addition of the coagulant in different
dosages to six samples of 1000 ml each (e.g.
10, 20, 30, 40, 50, 60 mg/l of a 1% alumi-
num sulphate solution).

3. High speed stirring initially for 2 minutes
and low speed stirring for some 20 minutes
using a laboratory mixer.

4. Allow the water to settle (up to 1 hour).
5. Measurement of color and turbidity of
the clarified water. Identify samples showing
optimal result as regards dosage of coagu-
lant.

A second test can be carried out for the opti-
mal ph-value for flocculation. The same pro-
cedure is followed as before. This time how-
ever, different amounts of calcium hydroxi-
de or sodium carbonate are added together
with the optimal dose of the coagulant as
found in the first test. The resulting range of
pH values should extend from 4.5 to 8.5. Af-
ter stirring, flocculation and sedimentation,
the optimal pH-value is determined from the
samples.

3.4.4 Application

In this paragraph coagulation in larger scale
treatment operations is described, outlining
simple techniques. Also coagulation by
means of natural materials at the household
level is discussed.

3.4.4.1 Procedure for Alum and Iron Salts

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

2. The coagulant solution is prepared. Usual-
ly the coagulant is introduced in a solution
or suspension of known concentration (3—
7%). Jars made of resistant material are to be
used (see Table 8). Addition of the coagu-
lant in solid form is also possible.

Fig. 10: Dosing device for continuous feeding of
coagulant solution.

inflow from
storage tank float

tap to
tank with regL;Iate
constant outflow

water level

3. Constant dosing of the coagulant by
means of an adequate doser. A dosing appa-
ratus should be used (such as those for chlo-
rine dosing) which delivers a constant yet ad-
justable dose rate. A simple example is exhi-
bited in Fig. 10.

4. Immediate rapid mixing: Upon the addi-
tion of the coagulant, rapid mixing and dis-
persion must be provided for between 1 and
5 minutes. In fact, hydrolisis and polymeri-
sation occurs almost instantly. Also, the de-
stabilization of the colloids takes very little
time. Principally, there are two practical
methods:

— hydraulic mixing: channels, weirs or hy-
draulic jumps are used to create turbulence.
At appropriate points the coagulant is intro-
duced (Fig. 11);

Fig. 11: Hydraulic mixing in water flow. a) channel
with baffles, b) overflow weir, c¢) hydraulic jump.
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— mechanical mixing: electrically driven
mixers create a uniform dispersion. This re-
quires a reliable supply of electricity and
maintenance. Also, mechanical parts are sus-
ceptible to wear. This is why the former
method is preferable.

5. Flocculation: slow and even mixing al-
lows the particles to collide and contact so
as to form flocs (30—60 minutes). The effi-
ciency of floc formations is contingent on
the frequency of particle-to-particle contact.
— hydraulic mixing: this can be done by
routing water through a vertically or hori-
zontally baffled flocculation basin. The re-

Fig. 12: Hydraulic mixing in flocculation tank.
a) vertical, b) horizontal flow.
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sulting turbulence has a mixing effect (see
Fig. 12). It must be noted that this method
does not allow any adjustment or control
in case of changing characteristics of the
water quality.

— mechanical mixing: flocculation takes
place in tanks equipped with an electrically
driven stirring system. This stirring system
consists of screws, paddles or blades mount-
ed on vertically or horizontally rotating
shafts.

6. In the sedimentation tank, the particles
are allowed to settle. Or, alternatively, they
are removed by filtration.

In order to obtain optimal coagulation and
flocculation performances, a number of de-
sign considerations must be followed: after
finding the required dose of coagulant
through experimentation, the flocculation
and mixing chamber must be hydraulically
designed. Approximate speed and duration
of mixing, flow velocity, hydraulic profile
and detention time of the particles in the
tank must be determined. This procedure,
however, is more suited to the design of
larger scale plants. Smaller plants usually
operate without these more sophisticated
engineering solutions, e.g.:

— the introduction of the coagulant may be
made in the feeder pipe preceding a rapid fil-
1Er;

— the addition of the coagulant may be
made at the point of the inlet weir to the se-
dimenation basin.

3.4.4.2 Coagulation on the Household Le-
vel With Materials of Plant and Mi-
neral Origin

The following are standard recipes for coa-
gulation with locally available materials
which may be modified according to the spe-
cific conditions.

The doses for the coagulant are best deter-
mined by experiments. Locally used jars,
e.g., clay vessels, may be used for the purifi-
cation process. For mixing, wooden twirling
sticks would be appropriate.

After the flocs are settled, the supernatant
water is to be transferred carefully into a
clean jar. To avoid secondary pollution by
unhygienic contact with a jug, the water
could be scopped out with a ladle or syphon-
ed off into a nearby vessel. The purified wa-
ter should be consumed within a few hours,
so as to avoid renewed contamination due to
temperature-induced growth of bacteria.
Even better, is to boil the water prior to con-
sumption or to disinfect it by some other
method.

The settled mud on the bottom of the jar is
to be collected carefully. It should be expos-
ed to the sun for some time (several days)
to assure that potentially existing pathogens
be destroyed completely.

Coagulation with fluvial clay

Dose of coagulant: 3.5 g/2 (rauswaq). For a
40  capacity jar, this translates into 140 g
(1 teaspoon of the pulverized clay corre-
sponds to 2.5-3 g).

1. Dried 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 the water for about
5 min.

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

Coagulation with seeds of Moringa Olifeira

~Dose: 150—200 mg/{. For a jar of 40 ¢ capa-

city 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 deteriora-
tion.

2. The power is then dissoleved 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 (coagulating).
4. Gentle and slow stirring follows (for floc-
culation, 10 to 15 min).

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

3.5 Filtration

Filtration is the deliberate passage of pollut-
ed water through a porous medium, thus uti-
lizing the principle of natural cleansing of
the soil. This widely used technique in water
treatment is based on several simultaneously
occurring phenomena:

— mechanical straining of undissolved sus-
pended particles (screening effect);

— charge exchange, flocculation adsorption
of colloidal matter (boundary layer proces-
ses);

— bacteriological-biological processes within
the filter.

Filters may be divided into two principally
different types:

— slow sand (or biological) filtration (v =
0.1 to 0.3 m/h),

— rapid filtration (v =4 to 15 m/h).
In-between types also exist. Depending on
the filtration rate, different mechanisms are
operative within the filter. Resulting from
this is a variety of possible applications of
the various types of filters. Several of them
are discussed in the subsequent sections.
Generally, a filter consists of the following
components:

— filter medium (inert medium: quartz
sand; or chemically activated medium: burnt
materigl),

— support bed (gravel) and under-drain
system,
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— influent and effluent pipes,
— wash and drain lines,
— contrbl and monitoring appurtenances.

3.5.1 Rapid Filtration
3.5.1.1 Principle Mechanisms

Rapid filtration is mainly based on the prin-
ciple of mechanical straining of suspended
matter due to the screening effect of the
filter bed (sand, gravel, etc.). The particles in
the water pass into the filter bed and lodge
in the voids between grains of the medium.
It is because of this phenomenon that rapid

‘filters are sometimes called space filters. The

cleaning of the rapid filter is facilitated by
backwashing, i.e., by reversing the flow di-
rection; a backwash may be conducted simp-
ly with water or by use of a water-air mix
(upward air scour). The impurities are thus
dislodged and removed from the filter bed.
Also operative to some degree in rapid filters
are boundary layer and biological mecha-
nisms — their extent largely depends on the
filtration rate, filter medium, depth of the
filter bed, and quality of the raw water.

The performance of a rapid filter regarding
the removal of suspended matter is deter-
mined by the following filtration process va-
riables and parameters: 3

— filtration rate (v),

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

— filter medium characteristics which con-
trol 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,

— smaller granulation size of the filter me-

dium,
— increasing depth of the filter bed,
— increasing size of the flocs,
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— decreasing concentration of particles to
be retained.

3.5.1.2 Range of Application

The range of application of rapid filtration
and its performance when combined with
other treatment processes is illustrated in
Table 9.

3.5.1.3 Types of Rapid Filters

There is a large variety of possibilities as re-
gards setup and operation of rapid filters.
They are generally divided into two catego-
ries. The majority of filters used for the
treatment of drinking water are open, usual-
ly concrete built, filters. They operate with
atmospheric pressure and at filtration rates
between 4 and 8 m/h. Pressure filters are
enclosed and usually made of metal. They
operate under (higher than atmospheric)
pressure at filtration rates between 8 and
15 m/h.

Both types can again be classified into sub-
categories, according to the flow of the
water:

_ vertical, downward filtration, downflow,
— vertical, upward filtration, upflow,

_ horizontal, axial or radial,

— biflow or dual flow.

Finally, the types of filter beds may be clas-
sified according to the structure of the filter
media:

— single medium, fine grain (degs =0.5-1.5
mm) or coarse grain (degs < 10 mm),

— single medium, decreasing grain size in
the direction of the flow,

— multiple media, bed stratification with
decreasing grain size in the direction of the
flow.

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

Table 9: Treatment Effect of Rapid Filters and Possible Combinations with Other Unit Processes

Water Quality Parameters

Purification Effect

Coarse particles of organic origin

up to 250 mg/Q

High turbidity due to gravel, sand or mud.
Low turbidity up to max. 100 NTU

Colloids
— low concentration

— high concentration
Bacteria of fecal origin, eggs of parasites

Iron and manganese contents up to 25 mg/2

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

Removal by rapid filtration, preceding sedimentation
is recommended.

Direct rapid filtration.

Difficult to remove;

Addition of coagulant to inflowing water prior to
sedimentation; flocs are retained by the filter;
backwashing is difficult.

Preceding coagulation/flocculation and sedimenta-
tion in separate tank, rapid filtration.

Removal of some 50 % at low filtration rate and fine
material, subsequent disinfection is required.

Precipitated compounds are removed upon aeration
(see Fig. 5).

1.5 and 2.5 m. The required filter surface
area can be determined according to the fol-
lowing relationship:

Q

a -V

A= (see 3.5.2.3)

A: surface area (m?), v: filtration rate (m3/
%2 . h) = (m/h); Q: throughput of water per
hour (m? /h); a: operating hours per day.

3.5.1.4 Conventional (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 fre-
quent filter washing which requires elaborate
backwashing systems, Additional complexi-
ties associated with the generation of pres-
sure arise for pressure filters. Monitoring,
operation and maintenance of these filtra-
tion plants require well-trained personnel.
Combined with coagulation, flocculation
and sedimentation, rapld filtration is a very
efficient treatment process for the¢r‘é;r'ioval
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. A number of filter types
operating at filtration rates lower than those
for conventional filers are discussed herein-
after. Generally, they serve as pretreatment
units to reduce the turbidity of the water.
The removal of pathogens requires, in addi-
tion, either slow sand filtration and/or dis-
infection.

3.5.1.5 Upflow Filter

In upflow filters, the direction of fig@#of the
raw water is upwards through the filter bed.
Backwashing is done by abrupt reversal of
;l}e*ﬂwow direction. The effect of the filter
depends on the type of the filter medium,
the filtration rate, and possible preceding
aeration or addition of a coagulant. For co-
arse organic and inorganic substances, the fil-
ter may act as a simple screen. Or else it may
retain’ precipitated iron compounds. At low
filtration rates and sufficient oxxge}m_{nt
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of the raw water, biological activity can be
observed.

The advantages of upflow filters as compar-
ed with gravity rapid filters are:

— can be constructed from locally available
materials,

— quality requirements (uniformity and gra-
dation) 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.

Upflow filters can be constructed at a varie-
ty of degrees of complexity. A rather simple
type can be built from a 200 2-drum. It can
be equipped with a raw water inlet pipe, a
somewhat larger size drain at tEl)_()ttom

and an outlet pipe for the clarified water
near the top of the drum (see Fig. 13).

Filtration effect: Reduction ¢ of between 50

and 70% of organic and i 1n0rgamc coarse and

fine particles, shght reduct1on of t bactena
F‘ll-t-érohtput

up to 230 ¢/h.

Filtration rate:

0.5 to 1.5 m/h.

Filter medium:

g o Coarse sand, grain size between 3 and 4 mm

_diameer.
Filter bed depth: 0.3 m.
Support layer and underdrain:
gravel covered by perforated metal tray.
Cleaning:
Shut off of the inlet. Quick removal of drain
stopper so that supernatant as well as water
in the filter bed drain out together with re-
tained particles.
Cost:
for drain, sand, pipes, tap and stopper.

As a rule, cleaning of the filter which takes

no more than ten minutes “should be done

every day. This is a simple means of prevent-
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Fig. 13: Upflow filter made from a 200 ¢ drum.
Source: [46, 70].

AT e 2
ing the filter bed from clogging. The 200 ¢

~drum has a capacity to filter up to 230 &/h.

As bacteria cannot be sufficiently removed,
subsequent disinfection is indispensible in
case of bacterial water contamination. This
filter can also be combined with the slow
sand filter introduced in section 3.5.2.6.

Hence, the performance and technical com-
plexity of this simple upflow filter can be in-
creased as much as one likes. It must be
noted though that higher filtration rates re-
sult in higher buoyancy forces on the filter
medium. The top layer of the sand may be
_spewn up. This can be avoided by covering

the filter bed with a metal grate or by raising

the depth of th of the filter bed. In the latter case,
though, backwashing by means of simply
draining “the water in a reversed direction
may become increasingly impossible. Con-
ventional backwashing capability may have
to be added.

Better results may be obtained by using
smaller grains and stratified filter beds with
decreasing grain size from bottom to top

(e.g., 0.7 to 2 mm over a depth of 1 to
1.5 m).

ARy 1 3

3.5.1.6 Coarse Filters

Rapid filters preceding slow sand filters are
frequently used to retain coarse particles and
to sufficiently reduce turbidity. Coarse sand,
gravel or plant fibres are used as a filter me-
dium. It can be replaced upon cleaning.

Such prefiltration can be done either hori-
zontally or vertically. The filtration rates
for a coarse filter are lower than those for a
conventional rapid filter.

Gravity rapid filter as coarse filter (Fig. 14)

Filtration effect:

Reduction of turbidity by between 50 and
80% (max. load 250 NTU)

Filtration rate:

0.5 to 1.0 m/h

Filterbox:

same as slow sand filter

Operating head:

1.0to 1.5 m.

Filter medium:

coarse sand, gravel, shredded coconut fibres.
Two or more layers of different material
possible (coarser material up top and finer
material below).

Filter bed depth:

08to 1.4 m.

Fig. 15: Coarse filter with horizontal flow. Source [83].

overflow pipe 715'

Fig. 14: Coarse filtration followed by slow sand
filtration

Drainage system:

same as slow sand filter.

Cleaning:

replace medium completely when head loss
exceeds certain value, i.e., when too big
(approximately once every 3—4 months).

Horizontal flow coarse filter

This type of treatment process unit which
has the 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 quality which is satisfac-
tory for subsequent slow sand filtration.
Moreover, after a certain time of maturation,
a biological film forms on the surface of the
stones.

outlet to
removable grates siow sand
inlet filtration
020
=
aso %

39




Filtration effect:

Reduction of turbidity by between 50 and
70% (ma;g load 150 NTU), reduction of bac-
teria by approx. 80%.

Filtration rate: 0.5 to 1.5 m/h (max 2.0
m/h).

Filter box:

rectangular, similar to settling tank (design:
see 3.3.3). Length: 4 to 10 m width, accord-
ing to Q/L - v = B, floor slope toward drain
=100,

Filter medium: crushed stone and gravel,
divided into zones of different grain size, se-
quentially graded in coarse-fine-coarse pat-
tern (diameters between 4 and 30 mm).
Cleaning:

Since clogging of the filter builds up rather
gradually, cleaning may only be necessary
after several years of operation. The filter
may be cleaned by removing the medium,
washing it and putting it back in place.

303 I .7 Household Size Rapid Filter

Household filters can be made from sand or
gravel of different grain sizes, from ceramics,
porcelain or other fine porosity materials.
They basically operate on the principle of
mechanical straining of the particles con-
tained in the water. The filter performance
depends on the porosity of the filter me-
dium. Through additives in the filter mate-
rial, additional effects can be obtained (ad-
sorption, disinfection).

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 per-
form well at removing pathogens, though.
After filtration, the water therefore needs to
be disinfected.
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Fig. 16: Multiple layer filter

Charcoal adsorbs organic substances which

__cause disagreeable color and taste. * This ef-

fect can only be sustained, however, if the

charcoal is frequently renewed. If this is not

possible, for whatever reason, or if the filter
(empty or filled with water) is left un Eused
for some time, the charcoal caﬁ _b_e?:ome e a
breeding ground for bacteria. The result is
that the filtered water exhibits a higher bac-
teria count than the raw water. Monitoring
of the filter condition is rendered more diffi-
cult by the fact that there is no  visual indica-

tion given for the point \ When the charcoal

2 should be replaced. Charcoal cannot be rege-

nerated. It is for these reasons “that the use
of filters ‘with charcoal | media is not recom-

‘mended.

Ceramics filter

On the household level ceramics filters may
be used for the purification of drinking
water. If there are native potters, the filter
can be manufactured locally. Otherwise they

* Activated carbon is more effective than char-

coal, though rather expensive. It is a filter me-

dium which removes even those substances that

are not easily degradable (re51dues from indu-
_stry and agriculture).

can be readily obtained from various com-
mercial manufacturers.

The purifying agent is a filter element, also
called candle, through which the water is
passed. Suspended particles are thus mecha-
nically retained, and, depending on the size
of the pores, also pathogens. Ceramics filters
should only be used if the water is not too
turbid, as the pores clog rather qu1ckly
Ceramics 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 u. If the
pore size is smaller than or equal to 1.5 u all
pathogens get removed with certainty. Post
treatment of the water prior to consumption
is rendered unnecessary.

Filters 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

Fig. 17: Household filter with candle (gravity fil-
ter. The filtration rate depends on the filter mate-
rial, the pore size and the nature of the particles to
be retained.

intervals, this coating can be brushed off

under running water. After the cleanmg, 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 laden washing water
can be avoided (see also section 3.6.5).
Depending on their type, ceramics filters can
be operated in the following ways:

— gravity filter (Fig. 17 and 19),

— siphon filter (Fig. 18),

— pump filter,

— pressure filter.

Filters operating at atmospheric pressure ex-
hibit a very slow rate of percolation. This
can be increased considerably by forcing the
water through the medium. Ceramics filters
must be handled with care. From time to
time they must be checked for fissuresso as
to prevent the water from passing through
the medium without being filtered.

Fig. 18: Siphon filter. Filtration is started by
sucking the water by mouth into the siphon
system.

OV
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Clay filters treated with silver (Fig. 19)

This small household filter is manufactured
in local potteries in Central America. It con-
sists of a cylindrical clay vessel (diameter
28 cm, height 40 cm) equipped with a lid
and an insert (holds 7.2 €). Tests carried out
in Guatemala yielded excellent results as re-
gards the removal of bacteria. Two alterna-
tive filter elements with different material
composition are available.

200 ml of clean water and lay it on the filter
element by means of a brush or a sponge.
Finally, let the filter dry for 24 hours. The
first two filter runs are to be discarded.

If feldspar is available, it is recommended to
follow alternative A, to produce the filter,
since its filtration rate is higher. In this case,
silver is the only component which must be
_imported. Though it represents the most ex-
pensive part of the filter, it is needed to
achieve disinfection.

—— S
—

|

| ]
l = 27 The raw water, poured into the insert, trick-
‘ les through its walls. The filtered water is Cartridge microfilter

collected in the lower part of the vessels,

Cost of the filter (Guatemala 1980):
US.$ 7.70

Alternative B:

Filtration rate:

1.97 2/day

Filter element (composition):

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

3.5.2 Slow Sand Filtration

Slow sand filtration is accomplished by pas-
sing raw water slowly — driven by gravity —
through a medium of fine sand. On the sur-
face of the sand bed, a thin biological film
develops after some time of ripening (dif-
ferent from the rapid filter). This film con-
sists of active microorganisms and is called

X :
i where it can be released at will. Besides ceramics filters, other, microfilters
N / N made from fine porosity materials are also
\ Filter elements: available: synthetics, paper, felt-like material
% / / N ( ize between 25 and 50 ). They
N y : pore size between an (). They are
\: / / N Aliesnatlee A inserted into a bell-like filter device, which is
1 Q / \ Filtration rate: mounted on the top of a water pipe. When
{ 3 N / / § 2.14 9/day the filter material becomes clogged, i.e., used
| o / / N Filter element (composition): up, it must be discarded and replaced new.
l / / 55—65% loam, 30—35% crushed feldspar, Even though these filters are cheaper to pur-
1 N : / N\ 5—10% sawdust chase than ceramics filters, their use is more
| N capacity: 7.2 £ \ - : el
1 N / / Treatment: expensive, since the filter material cannot be
1. i / / 0 colloid silver (3.2% Ag) regenerated.
\ N / Longevity:
| \ :
N year
| N -
i N
\
\
\

§
\
\
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\
\
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Treatment: “Schmutzdecke”, or filter skin. It is respon-
Colloid silver (3.2% Ag) sible for the bacteriological purification ef-
Longevity: fect. The slow sand filter is therefore also
1 year called “surface filter” or biological filter.

1 Cost of the filter (Guatemala 1980):

O N US.$ 7.63 3.5.2.1 Mechanisms of Filtration

SANNNNNNNANSN N — The filter insert can be treated as follows: The Principle purification processes taking
Fig. 19: Clay filter (vessel, insert, lid) measured in cm. Source [67]. Prepare a solution of 6.1 ml colloid silver in place during slow sand filtration are:
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Sedimentation.

The water body sitting on top of the filter
bed acts as a settling reservoir. Settleable
particles sink to the sand surface.

Mechanical straining:

The sand acts as a strainer. Particles too big
to pass through the interstices between the
sand grains are retained.

Adsorption:

The suspended particles and colloids that
come in contact with the surface of the sand
grains by following the passage of the water
are retained by:

— adhesion to the biological layer (Schmutz-
decke),

— physical mass attraction (Van der Waals
force), and

— electrostatic and electrokinetic attractive
forces (Coulomb forces).

On account of these forces, an agglomerate
of opposite charged particles forms within
the top layer of sand. This process needs
some time of ripening to fully develop.

Biochemical processes in the biological
layer:

— partial oxidation and breakdown of
organic substances forming water, CO, 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 up-
per layer of sand, where they serve as a breed-
ing ground and food for bacteria and other
types of microorganisms (assimilation and
dissimilation). These produce a slimy, sticky,
gelatinous film which consists of active bac-
teria, their wastes and dead cells and partly
assimilated organic materials. The dissimila-
tion products are carried away by the water
to greater depth. Similar processes occur
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there. The bacterial activity gradually de-
creases with depth. Different types of bac-
teria are normally found at various depths.

Algae can contribute to the breakdown of
organic material and bacteria. They can
improve the formation of the biological
layer (filter skin). In uncovered filters,
growth of algae is driven by photosynthesis.
The presence of large amounts of algae in
the supernatant reservoir of a filter generally
impedes the functioning of the filter. Dead
cell material may clog the filter. Increased
consumption of oxygen due to the presence
of dead cell material increases the possibility
that anaerobic conditions will occur. There
is always a diurnal variation in the oxygen
content due to growth and decay of the
algae mass. When algae growth is strong, the
algae must be either removed regularly or
the filter must be covered. ;

The conditions necessary for those bioche-
mical processes are:

— sufficient ripening of the biological la-
yers, ' -

— uniform and slow flow of water through
the filter, approx. 0.1 to 0.3 m/h,

— 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/X) to induce biological activity.

3.5.2.2 Range of Application

Reference is made to Table 10.
It is worth noting that microbiological pro-

cesses and chemical activity are very sensi-

“tive to changes in temperature. Both slow

down under conditions of low temperature.
A Teduction in filtration rate can compen-
sate for this effect. Under prolonged cold
conditions, the filter should be covered to
prevent heat loss, and subsequent disinfec-
tion should be provided.

Table 10: Range of Application of Slow Sand Filters According to Raw Water Quality
* At MPN-Contents Greater than 1000 E. Coli/100 ml, Raw Water Should Subsequently Be Disinfected

Water Quality Parameters

Purification Effect

Bacteria

Viruses
Organic substances
Color

Turbidity

Substances difficult to degrade biologically

Pathogenic bacteria and E. Coli removed at
99-99.9 %*; cysts, helminth-eggs and Schistosoma-
larvae removed completely.

Complete removal.
Complete removal.
Partial removal.

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

e.g., detergents, phenoles, pesticides. Only minor
degradation possible.

3.5.2.3 Design of a Slow Sand Filter

1. Petermine the daily demand for treated
water, Q (m3/d, m®/h, peak flows), (see sec-
tion 2.4.2).

2. Choice of the filtration rate v (m®/m? - h
=m/h).

3. Determination of the number of daily
operating hours, a. Aside from shutting
down the filter completely (overnight), it is
possible to operate it for a few hours a day
(factor b), while the inlet valve is closed and
the outlet valve is open (mode of decreasing
filtration rate — see section 3.5.2.5).

4. Parameters a and b are related to the total
filtration area as follows:

Q
s a-v+b ') T
b = 0 for continuous 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.

5. Determine the number of filters n. There
should be at best two filters, so as to have a
reserve during down time of one (due to
cleaning or ripening period).

The required area per filter is thus obtained
by dividing the total area A by the number
of (equal size) filters, A/n. The filtration rate
for each filter for parallel operation is given
by

QO

SR A

v
6. The sizing of the subsequent storage capa-
city and of the distribution system is to be
carried out in accordance with the daily wa-
ter demand.

3.5.2.4 Construction

Filter box

The smaller the size of a filter unit, the simp-
ler its construction. It must be noted, how-

45




un
N
o
S
=~ —»  PX]
[}
e
filter bed
gravel bed
[~}
Sl
o
N

supernatant

-

Fig. 20: Diagrammatic form of a slow sand filter. Source: [80]. A. Raw water inlet, B. Overflow, C. outlet
for supernatant (for cleaning), D. outlet for water from filter bed (for cleaning), E. gauge of flow rate,
effluent (filtration rate v), F. valve for controlling the filtration rate, G. inlet for filling with clean water
after cleaning, H. effluent weir, L. effluent valve, J. drain (during start up).

Fig. 21: Flow chart of a slow sand filter system
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Table 11: Construction Characteristics of Various Tank Geometries

Tank Walls
Form Location Size (m) Slope Material Thickness (m)
Earth basin ¢»1-10 Vertical Concrete or 0.2-0.3
Masonry
Round o 1-5 Vertical Ferro-cement 0.06-0.12
In/above ground All sizes Vertical Reinforced 0.15-0.2
concrete
Rectangular Earth basin L and B Sloped Masonry 0.1
or square 2-20 Sealed earth 0.05
Concrete 0.08
Sand/cement mix 0.08
Rectangular In/above ground  All sizes Vertical Reinforced 0.25
or square concrete
Earth basins Small sizes Vertical Masonry,.concrete 0.2-0.3

ever, that both the risk of leakage (along
edges) and initial capital cost per square
meter decreases with the size of the unit.
For filter lengths greater than 20 m, the de-
sign becomes more complicated because of
the hydrostatic pressure. The walls must be
watertight.

Table 11 shows design characteristics for
different filter geometries. It must be noted
that:

— Earth tanks with sloped side walls have
the advantage of lower initial costs. No parti-
cular skills are required for the workers to
do the excavation. At high groundwater le-
vels, the walls must be absolutely watertight
(mainly to prevent the flow of potentially
contaminated groundwater). Access to pipe-
work and appurtenances is relatively more
difficult.

— Tanks with vertical walls should extend
at least 0.3 m into the ground and another
0.5 m above ground. The deeper the tanks
reach into the ground, the more favorable
the pressure balance that acts on the walls.
— Circular shapes are used for small units.
Rectangular tanks lend themselves to form-

ing batteries of filters. They are therefore
well suited for expandable larger systems.

— It is important for the tank to have a rigid
base. The edges between base slab and walls
must be watertight. Artificial roughening of
the inner wall faces greatly reduces the risk
of raw water leaking past the sand.

— Provisions should be made for the tank to
receive a cover, if necessary, in order to con-
trol algal growth and prevent pollutants
from entering due to rain, wind, vermin,
etc.

See Table 12 regarding filter beds.
Inlet Zone

The inlet zone of the tank should be design-
ed such that the entering raw water spreads
out evenly over the filter bed. Turbulence
must also be avoided in order not to stir up
the biological layer. This can be achieved
best by admitting the water just above the
filter bed at a velocity of 0.1 m/h. To pre-
vent scouring near the inlet, a concrete plate
may be placed on top of the filter bed (see
Fig. 24, b).
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Fig. 22: Drainage system consisting of bricks [83]. Tha system can be arrayed such that the main drain

runs along the side of the tank. R ]
' Fig. 23: Under-drainage system consisting of

| perforated pipes

space main drain Table 12: Filter Medium — Structure and Materials
/ 1cm | p—==8 o
mmmm % SUPERNATANT Depth: Atleast 1 m, up to 1.5 m.
; FILTERBED
& Medium: Sand (washed), or other locally available material (e.g., rice husks),
R R T T O ‘74—0.76 several layers possible.
e R G 0_70| Depth: At least 0.7 m, better: 1.0-1.5 m.
s ” ?A, LY T G Grain Size: Effective size (E.S.): 0.15—0.35 mm.
g - T Uniformity coefficient (UC): 2, max. 5.
| Sotea A A Larger sizes reduce the effectiveness and increase the required depth
g of the filter bed.
; SUPPORT LAYER
‘ red bricks \ Material: "Coarse sand or gravel: several layers with grain size increasing with
I 0.22 x 0.11 x 0.05 / depth. Prevents escape of filter medium into drainage system, and
‘- % i blocking.
[‘ w y Depth: 0.1-0.4 m (in accordance with drainage system).
‘} slope in direction of flow J DRAINAGE SYSTEM Col?ection of filtered water towards outlet., alt?rnativel)':
g A st e S A r e — layer of gravel or crushed rock; grain size 25-50 mm; depth,
R R - e T T T = 0.15m
section B—B — system of bricks, concrete slabs or porous material. See Fig. 22:
lateral drains and main drain sloped toward outlet.
— system of perforated pipes, water and pressure-proof materials:
i PVC, cast iron, asbestos cement, locally available porous mate-
H" rial (Fig. 23).
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Fig. 24: Different design arrangements for the inlet zone of a slow sand filter [80].
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Fig. 25: Diagram of outlet chamber of a slow sand filter

If no extra provisions are made, the inlet of
the raw water can also serve as the drain for
the supernatant for the purpose of cleaning.
Since for each cleaning of the filter, the top
layer is scooped off, the surface of the filter
bed drops more each time. It is therefore
more practical to have a vertically adjustable
sill along the inlet trough to control inflow
and head over the filter (see Fig. 24, a).

The width of the inlet should not be less
than Q/20. Sufficient aeration of the enter-
ing water can be obtained by means of uni-
formly spraying or trickling of the water
over cascades.

Outlet Zone

The outlet zone is generally arranged so that
a weir controls the effluent. It is common
that the crest of the weir is placed some 0.1
m above the level of the filter bed (Fig. 25).
The purpose of the weir is, among other
things, to prevent the filter from running
dry. The filtration rate can be controlled by
valve F. The effluent weir also serves the
purpose of aerating the filtered water. In
case of an enclosed weir chamber, adequate
ventilation must be provided for air to enter
and for gases to escape.
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3.5.2.5 Operation and Maintenance

A major advantage of slow sand filters is that
operation and maintenance of a well-design-
ed and constructed filter is rather simple.
Unskilled personnel can be easily trained.
The references in the following sections per-
tain to Fig. 20.

Initial commissioning of a filter

1. First, with all outlet valves closed, the fil-
ter must be charged with filtered water,
introduced from the bottom (G) to drive out
the air from the veids of the filter bed. This
is continued until the whole bed is covered
sufficiently (0.1 m) to prevent its being
scoured or disturbed by turbulence from the
admission of raw water through A.

2. Backfilling valve G is closed, raw water is
admitted through A, until the desired work-
ing level for the supernatant is reached.

3. Valve J is opened to release filtered water
at a filtration rate of one-fourth of the de-
sign rate (controlled by effluent regulating
valve F).

4. During the start-up period, while ripening
of the biological layer proceeds and reaches
its full effect, the filtration rate is gradually
increased by way of valve F until the desired
rate v is attained. The cleaner the raw water,
the longer the ripening process will take.

5. From time to time, chemical and bacte-
riological analyses of raw water and effluent
must be taken to monitor the ripening pro-
cess of the filter.

6. When the filter is in full working condi-
tion (see from analyses — from a few days
to several weeks) valve J may be closed and
valve I opened to feed the clear well. Until

2

then, the water is either run to waste or re-

turned to the raw water.
Normal operation

1. Normal throughflow: The filtration rate
is controlled jointly by valves E and F. Ini-

tially, F is all but closed. It is opened gradu-

ally as the filter head loss increases so as to

maintain a constant rate of filtration. The in-

crease in bed resistance is due to a gradual
accumulation of retained impurities in the
interstices of the filter bed.

2. Operation at decreasing throughflow:
This mode of operation, which is well suited
for overnights, reduces the required number
of personnel and related costs. The raw
water inlet is closed, and the outlet remains
open. Consequently, the head of the super-
natant drops and the filtration rate decreas-
es. The effluent weir should be fixed at such
a height as to prevent the supernatant from
dropping below a certain minimum depth
(e.g., 0.2 m) above the filter skin (Schmutz-
decke). When this period is terminated, raw
water should be admitted quickly.

3. Temporary shutdown: Close both inlet
and outlet valves. (The necessary quick-clos-
ing valves must be provided.) It is preferable
to continue filtration and divert the effluent
to waste or other use since a shutdown of
the filter causes a deterioration of the quali-
ty of the biological agents (filter skin, etc.).

Filter Cleaning

1. When the filtration rate starts to drop at
fully opened regulating valve F, it is time to
clean the filter bed.

2. A, I, F valves are closed, C opened to
allow the supernatant to drain off. Alternati-
vely, the foregoing mode of operation for
decreasing throughflow could be chosen.

B

3. By opening valves F and particularly D
(waste valve) the water within the bed is
lowered still further until it is some 0.2 m
below the surface.

4. The filter skin and the surface sand ad-
hering to it (top 1.5 to 2 cm of filter) are
stripped off quickly and carefully so as not
to pollute or disturb the filter to a greater
depth.

5. Refilling the filter box follows the pat-
tern described for initial commissioning.
Only a day or two will be necessary for re-
ripening (water analysis).

Resanding

Since for each cleaning, the top layer of the
filter is removed, the depth of the filter ma-
terial drops until the minimum design level
is reached. This is typically about 0.6 m
above the supporting gravel. The filter must
then be resanded. The sand is to be washed
thoroughly to remove all impurities (espe-
cially organic coating). This can be rather
difficult (use of washing machine). If readi-
ly available, new sand 'may be better used
instead. Also, the reuse of the old sand re-
plenished by new material has its economic
merits [79].

Fig. 26: Simple slow sand filter

3.5.2.6 Modifications

The procedures and characteristics discussed
in the preceding sections represent a com-
plete scheme necessary to achieve the best
possible purification effects. There is room,
however, to modify this scheme sufficiently
to scale it down to the household leve].
Examples are:

— substitution of sand by alternative filter
material (see example Fig. 29),

— reduction of the depth of the supernatant
IeServoir,

— effluent discharge via rising pipe (Fig. 26)
rather than by a weir. Mounted on the efflu-
ent pipe is a stop cock to regulate the filtra-
tion rate and to shut off the outflow during
cleaning.

Further design alternatives, e.g., for the ef-
fluent collection and discharge system, were
discussed in earlier sections. Some selected
modified slow sand filters are introduced in
the following paragraphs. Too drastic a simp-
lification of the full scale scheme may re-
duce the filter efficiency. It may give rise to
the danger of ‘insufficient biological effecti-
veness, necessary conditions for which are
slow inflow and uniform throughflow. A
pure and clean appearance of filtered water
is no assurance of sufficient bacteriological
quality.

brick wall
Y effluent outlet
— e
5 7.
concrete 22 < \74
footin A
g concrete floor
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Fig. 27: Horizontal flow sand filter [46, 77, 81]. 1 Inlet pipe, 2 inlet trough to prevent scouring, 3 barriers,
4 gravel 50 mm, 5 outlet trough, 6 flow direction

Horizontal sand filter

This type of filter (Fig. 27) is constructed by
excavation of an earth basin which is subse-
quently filled with sand. A biological skin
develops at the surface of the sand around
the inlet point. The filtration rate of the
water percolating through the sand body is
controlled by the filter resistance and the
head differential between inflow and out-
flow. The retention time in such filters is
between 36 hours and 30 days.

Filtration rate:

0.2 t0 0.4 m/h

Filtration effect:

reduction of bacteria count, turbidity,
organic content

Filter basin:

excavation, watertight lining (e.g., with
plastic sheets); depth between 0.5 m and
1.0 m; length 5 m; bottom slope 1 : 10 to
120

Cleaning:

When the filter starts clogging, the point of
inflow is simply switched. As soon as the
water has drained from the clogged inflow
trough, the top sand layer is scraped off. The
point of inflow can then be switched back.
This technique offers the possibility of
uninterrupted operation.
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Slow sand filter of household size

A household filter can be simply made from
a used metal drum (Fig. 28). A thorough
cleaning and disinfection (e.g., with NaOCI)
is necessary prior to its use as a filter casing.
A drum previously filled with oil or chemi-
cals should not be used.

Filter casing:

200 ¢ metal drum, 0.5 m diameter

Depth of supernatant:

0.1 to 0.3 m so as to facilitate steady flow
conditions

Filter medium:

sand

Filter bed depth:

at least 0.6 m, better 0.75 m

Support layer and outlet:

Collection of the filtered water in a gravel
layer. Effluent discharge via riser pipe, which
is partly perforated. The effluent pipe
mounted with a stop cock rises just above
the level of the filter bed so as to prevent
the filter from running dry.

Filter output:

60 2/h (as compared to up to 230 £/h for the
rapid version)

Operation:

setting of the filtration rate through effluent
stop cock

i cover 8(
e --—J—— it
overflow ‘ Ao ! l‘ ] -—
< water -
outlet PRa S 2
e e e sand £
LH e 3
:917‘30)0.oc:v-'ao"~ lo"o'_ TR o]
Do C 009 G o 0,%0,
'6005085059,%%d— gravel
oooogoggocosgs’f g Al
| ®ssesco0oseee el Il e —
Va'Ve 03000 (o) :
-~ drain valve

perforated effluent pipe

Fig. 28: Slow sand filter in household size, capacity 60 ¢/h. Source [51].

Cleaning:

necessary whenever filtration rate below
certain specified value (at fully open valve)
In case of high turbidity, pretreating the
water is recommended, by means of an
upflow rapid filter (section 3.5.1°5).

Two-stage coconut fiber/burnt rice husk
filter (Fig. 29)

This type of filtration plant was developed
and tested in Southeast Asia where it is
widely used. Two filters are operated se-
quentially. The first one acts as a coarse fil-
ter while the second one operates similarly
to a slow sand filter (see Fig. 14). The fil-
trate is free of color, disagreeable odor and
taste. The turbidity is greatly reduced, sur-
plus iron and manganese is removed. Since
pathogen removal is not as high as using a
slow sand filter, subsequent disinfection

(e.g., chlorination in the storage tank) is
recommended.

The circumstance that the plant is mostly
made from locally available materials and
residues keeps the initial capital cost and the
operating cost low. For filter vessels, clay
jars or containers made of concrete, metal
or zinc-plated sheet metal can be used.
Feasible operating capacities range between
1 and 15 m3/h, depending mainly on the
size of the system.

Coarse filter (dispensible if raw water
turbidity is low)

Filter medium:

shredded fibers of coconut shells (washed)
Filtration effect:

Reduction -of turbidity by 60 to 70%. Re-
moval of dissolved particles; due to certain
superficial phenomenon coagulation-like ef-
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medium:

60—80 cm burnt 2 200

rice husks
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coconut fibers

Ehris)
ﬁ‘é
3

240

200

60

50 50

o
~N

P L

+70 4+

Fig. 29: Two stage filter. Source [74, 75, 76]

fects are achieved by the medium. At high
concentrations of colloidal particles (tur-
bidity > 300 NTU) the addition of a coagu-
lant is recommended.

Depth of filter bed:

0.6 m to 0.8 m; depth of supernatant water
1 m above filter bed

Cleaning:

Replacement of entire medium, when the
supernatant reaches the rim of the tank
(every 3 to 4 months).

Slow filter

Filtration rate:

1.25to 1.5 m/h

Filter medium:

burnt rice husks (washed, d.ss between 0.3
and 0.5 mm; UC between 2.3 and 2.6
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Filtration effect:

Removal of residual turbidity up to 95%,
reduction of coliform bacteria by 60—90%,
removal of iron and manganese up to 90%,
removal of color, odor and objectionable
taste through adsorptive effect of the ac-
tivated carbon of the burnt medium

Depth of filter bed:

0.6 to 0.8 m; depth of supernatant 1 m
Supporting layer:

0.05 to 0.1 m of gravel

Drainage:

perforated drain pipe

Cleaning:

Necessary when supernatant reaches rim of
tank (approx. every 3—4 months). After
draining of the tank, a layer of 5—10 cm of
the filter medium is removed from the top.
A refill of the medium is called for when the
depth of the filter bed has dropped to a
minimum of 0.6 m.

3.6 Disinfection

It is essential that drinking water be free of
pathogenic organisms. Storage, sedimenta-

tion, coagulation, flocculation and filtration
of water both individually and jointly reduce
the contents of bacteria in water to a certain
extent. None of these methods can guaran-
tee the complete removal of germs. Dis-
infection is needed at the end. Water with
low turbidity may even be disinfected with-
out any additional treatment for bacteria

removal.

Groundwater abstracted from deep wells is
usually free of bacteria. Surface water and
water obtained from shallow wells and open

- dug wells generally need to be disinfected.

Water disinfection processes are designed to
destroy diseaseproducing organisms by means
of disinfectants. The degree or efficiency of
disinfection depends on the method em-
ployed and on the following factors in-
fluencing the process:

— kind and concentration of microorganisms
in the water,

— other constituents of the water which
may impede disinfection or render it im-
possible,

— contact time provided (important for
chemical disinfectants, since their effect
is not instantaneous, a time of contact is
necessary),

— temperature of the water (higher tempe-
ratures speed up chemical reactions).

Water disinfection can be accomplished by
several means:

— physical treatment: removal of bacteria
through slow sand filtration, straining of
macroorganisms by means of microscreening
(section 3.5.1.7), application of heat (boil-
ing), storage, etc.

— irradiation, such as UV-light,

— metal ions, such as silver (and copper),

— chemical _treatment, use of oxidants
(halogens and halogen compounds — chlo-

rine, iodine, bromine —, ozone, potassium
permanganate, hydrogen peroxide, etc.).

A good chemical disinfectant should have
the following abilities:

— destroy all organisms present in the water
within reasonable contact time, the range of
water temperature encountered, and the
fluctuation in composition, concentration
and condition of the water to be treated;

— accomplish disinfection without rendering
the water toxic or carcinogenic;

— permit simple and quick measurement of
strength and concentration in the water;

— persist in residual concentration as a
safeguard against recontamination;

— allow safe and simple handling, applica-
tion and monitoring;

— ready and dependable availability at
reasonable cost.

Just as important as the proper choice of the
disinfectant, applying the foregoing criteria,
is that of the type of device to be used to
add the agent to the water in a safe and
controlable fashion.

It cannot be emphasized strongly enough
that there are potential hazards for the
human organism associated with prolonged
ingestion .of chemicals. Nevertheless, the
application of_chlorine and its compounds
for the purpose of water disinfection is the
best and most tested compromise when
evaluated according to the aforementioned
criteria. It is therefore discussed here in
detail. The other methods differ significantly
from each other in terms of their effect, the
technological level and particularly in their
applicability. They are introduced only
briefly.

3.6.1 Chlorination

Chlorination is the most widely used method
for drinking water disinfection. It is effective
and economical. Its use requires some know-
ledge about the complex processes that take
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place during chlorination. Those processes
will be briefly summarized in the following
paragraphs. '

3.6.1.1 The Action of Chlorine and its
Range of Application

Chlorination is known as the addition of
chlorine gas or some other oxidizing chlorine
compound (sodium or calcium hypochlorite,
chlorinated lime, chlorine dioxide) to the
water to be treated. The actual agent is
hypochlorous acid (HOCI) which forms
when chlorine is added to water:

Cl, +H,0=HOCl +H" + ClI~

Hypochlorous acid also forms subsequent to
dissociation, when chlorinated lime or
hypochlorites are added:

NaOCl = Ca?* + 20 Cl~
Ca(OCl), =Ca?* +20Cl-

The following chemical equilibrium
HOCl =H" + 0Cl-

depends on pH and temperature. At pH
levels between 3 and 6, hypochlorous acid
dissociates poorly. Chlorination is most
effective in that range of pH. At pH levels
greater than 8, hypochlorite ions predomi-
nate or exist almost exclusively. Hence the
disinfecting effect drops off rapidly as the
pH level increases.

Simultaneously with the dissociation, hypo-
chlorous acid partly breaks up, forming
monatomic oxygen, which contributes to
the oxidizing effect:

HOCl1 -~ HCl1 +0

The fraction that becomes effective as an
oxidizing agent when chlorine or some of
its compounds is added to raw water is
called “free available” or “active” chlo-
rine.
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Small amounts of chlorine, due to its ability
to penetrate cells of microorganisms, are
sufficient to destroy many different strains
of bacteria. Similarly, many types of viruses
and macro-organisms such as schistosoma
larvae can be killed. A contact time of at
least 30 minutes is required, at the end of
which the residual chlorine concentration
in the water must still be between 0.1 and
0.5 mg/% (= ppm). Amoebic cysts and
spores with resistant cell membranes require
higher doses and longer contact times.
Chlorine also reacts with many other oxi-
dizable water constituents such as iron and
manganese compounds, ammonia, and com-
pounds thereof (forming chloramines), as
well as numerous types of organic particles.
The presence of these substances reduces
the germicidal effect considerably. Suffi-
cient chloring must be added to the water to
make sure that there is a residual concentra-
tion to prevent recontamination.

It is advisable to remove or reduce prior to
chlorination, those substances by means of
sedimentation and/or filtration which would
impede disinfection. Through such pre-
treatment, helminth eggs (parasitic worms)
can be removed which are insensitive to
chlorination.

In recent times, it was found that through

chlorination, certain undesirable side effects

may occur. Particularly in industrialized
areas, synthetic organic compounds may
enter the hydrologic cycle in high concen-
trations. The presence of chlorine enhances
the danger of the formation of carcinogenic
compounds (e.g., chloroform and other tri-
halomethanes).

3.6.1.2 Chemicals

Chlorine gas and chlorine dioxide are widely
used in water treatment on account of their
high efficiency and ease of application.
Handling and transport, however, are con-

Table 13: Strength of Various Chlorine Preparations

Name % Active Chlorine Amount for Preparation
of 1 ¢ of 1% Solution

Sodium Hypochlorite 14 (10-15) Tl'g

Household Bleach 5 (3-95) 200 g

Javelle Water ca. 1l 1000 g

Chlorinated Lime 30 (25-37) 40¢g

HTH 70 (60—-70) 15¢g

sidered too demanding and hazardous for
the purposes described in this manual (ex-
plosive, toxic).

Several chlorine compounds which have va-
rious active chlorine contents (cf. Table 13)
are more easily applicable. In some form or
another they are available virtually any-
where.

Sodium hypochlorite (NaOCl), commonly
known as bleach or Javelle water:

This is generally available in dissolved form.
Its commercial strength in terms of active
chlorine is between 1 and 15%. It is stored
in dark glass or plastic bottles. The solution
loses some of its strength during storage.
Prior to use, the active chlorine content
should be tested. Sunlight and high tempera-
tures accelerate the deterioration of the solu-
tion. The containers therefore should be
stored in cool darkened areas. The stability
of the solution decreases with increasing
contents of available chlorine. A 1% solu-
tion is relatively stable. But it is not eco-
nomical to store. Even though hypochlorite
solutions are less hazardous than chlorine
gas, every precaution should be taken to
avoid skin contact and to protect containers
against physical damage.

Chlorinated Lime or Bleaching Powder

(Ca0 -3 CaOCl, -3 H,0)

In general, the powder is readily available
and inexpensive. It is stored in corrosion

resistant cans. When fresh, it contains 35%
active chlorine. Exposed to air, it quickly
loses its effectiveness. It is usually applied
in solution form which is prepared by
adding the powder to a small amount of
water to form a soft cream. Stirring prevents
lumping when more water is added. When
the desired volume of the solution has been
prepared, it is allowed to settle before de-
canting. Solutions should have concentra-
tions between 5 and 1% of free chlorine, the
latter being the most stable solution. Some
10% of the chlorine remains in the settled
sludge. The same precautions for the NaOCl
solution pertain also to the storage of
dissolved chlorinated lime.

High Test Hypochlorite (HTH) is a stabilized
version of calcium hypochlorite (Ca(OCl), )
containing between 60% and 70% available
chlorine. Under normal storage conditions,
commercial preparations will maintain their
initial strength with little loss. Even though
HTH is expensive, it may be economical,
thanks to its properties. It is available in
tablet or granular form (commercial names:
Stabo-Chlor, Caporit or Para-Caporit).

These chemicals must be handled with great
caution. They are caustic, corrosive and
sensitive to light. They should be stored
in tightly closed containers and in darkened
spaces, accessible only to authorized per-
sonnel. When handling the material, con-

59




tacts with skin, eyes and other body tissues
must be avoided. Chlorine corrodes metal
and to a less extent, wood and some synthe-
tic materials. Metal parts which come in
contact with the chemicals should be re-
sistant.

3.6.1.3 Determination of Chlorine Dose

Chlorine of any type must be added to water
in closely controlled concentrations which
depend on the characteristics of the water.
As the use of dry chemicals doesn’t always
permit sufficient accuracy of dosing, solu-
tions are preferred. Chlorine is usually added
to the water for disinfection at the end of
the treatment process. This allows the most
effective treatment at the lowest level of
chlorine application. Measurements of the
chlorine demand and residual chlorine must
be taken to assure that sufficient free chlo-
rine is available to accomplish disinfec-
tion.

Water characteristics and, hence, the chlorine
demand may vary due to external influences
(e.g., rainy season, etc.). It is therefore
necessary to monitor the water quality from
time to time, at the points of consumption
in cases where the chlorine dosage is fixed.
The objective of disinfection via chlorina-
tion can only be obtained if the chlorine
dosage is adjusted to the changed water
characteristics.

In the field, the chlorine demand of water of
a given quality can be determined as follows:
One liter samples of the water are taken.
Chlorine solution of a known concentration
is added and mixed with the water. After
30 minutes of contact time, the residual
chlorine content is measured. The difference
to the amount added then yields the chlorine
consumption.

Chlorine demand = chlorine consumption
+ desired residual
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Usually 1% chlorine solutions are applied.
The chlorine flow is set such that a chlorine
residual level of between 0.1 and 0.3 mg/2is
obtained. Higher levels are recommended if
rapid recontamination is likely.

Colorimetric tests are employed to determine
total chlorine residuals. Chemical agents
(DPD or OT method) are used which are
oxidized by chlorine to produce a colored
complex, the intensity of which is propor-
tional to the amount of chlorine present.
Reading the colors and matching color
standards by means of a comparator and
disks, gives the amount of free, available,
and residual chlorine. Various simple test
kits are commercially available, using per-
manent glass and containing DPD reagents in
liquid or compressed tablet form.

Calculation of the required amount of
chlorine: Given ‘the amount or flow of
water to be chlorinated, the chlorine demand
and the strength of the chlorine solution to
be used, the necessary amount of solution
can be calculated as follows:

chlorine demand (g/m®) x amount of water
to be treated (m3/h) = required amount of
active chlorine per hour (g/h); required
amount of chlorine solution per hour (2/h) =
required active chlorine per hour (g/h) di-
vided by active chlorine per liter of solution

(&/9.

It must be noted that the manufacturers
usually express the available chlorine con-
tent in terms of percent weight (g/100 g).
In the field, however, it is often expressed
in terms of percent volume (g/100 ml of
solution). Since the density of chlorine
solutions is higher than that of water, the
percent weight measure for a given solution
is lower than the percent volume measure.

3.6.1.4 Practical Application

Aside from using commercially available
chlorine feeder instruments, it is quite
possible to make a simple dosing apparatus
for a constant feed rate. The most difficult
part is the setting of the proper rate of
delivery. Reliable operation and regular
maintenance must be provided. Sufficient
contact time for the chlorine must be en-
sured.

Chlorination should never be performed
prior to slow sand filtration (residual chlorine
destroys biological agents). Sedimentation
and filtration preceding chlorination enhance
the disinfection effect. The lower the
turbidity, the smaller the amount of chlorine
necessary for effective disinfection.

The chlorine solution can either be added
to a batch of water (non-continuous or
diffusion chlorination) or alternatively, it
can be fed continuously to a constant flow
of water.

Batch Chlorination
Where tanks are used for storage of drinking
water, the required amount of chlorine can

be added to the tank periodically. It is
advantageous to alternate between two tanks

Fig. 30: Batch-Chlorination with two tanks

(see Fig. 30). While one tank is in use, the
other one is refilled and treated with chlo-
rine. The water can be used after a minimum
of 30 minutes contact time. This procedure
allows uninterrupted supply.

The amount of chlorine required for a given
size tank can be calculated according to the
foregoing formula. Using a 1% hypochlorite
solution, the dose is:

chlorine demand x tank capacity.

If the water quality of a given source varies,
the chlorine demand must be reevaluated
from time to time. Before a tank is used the
first time for storing water, it must be
cleaned carefully and disinfected (applica-
tion of between 50 and 100 ppm active
chlorine). Once the water has been dis-
infected, recontamination must be carefully
prevented. Tanks should be covered. A tap
should be used to release the water so as to
avoid scooping out the water with unclean
jars and the like. If the water is not used
immediately but left in the house for awhile,
only well cleaned and covered jars should be
used.

Chlorine Tablets: In certain situations, e.g.,
while travelling, chlorine tablets can be used.
They are available from various firms. They
are used for periodic chlorination of small
batches of water.

pre-treatment

/
/
|
\
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/

filling tank in use

X X
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Diffusion Chlorination

Open wells' are often bacteriologically
contaminated because of non hygienic
methods for lifting the water, or due to
careless use of the surroundings of the
well.

CPHERI and NEERI (India) respectively,
experimented with simple devices that
would allow providing water in a well or in
a tank with a sufficient amount of chlorine
over a certain period of time (see Fig. 31
and 32).

Fig. 31: Diffusion chlorination.
a) well, b) cistern

a)

g

b) t/
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Type I is a clay jar (12 to 15 £ volume),
filled nearly half-way with a mix of 1.5 kg
bleach powder and 3 kg coarse sand (grain
size 1.4 to 1.6 mm). It has two holes above
the sand surface. The jar is covered with a
plastic foil. The jar is suspended approxi-
mately 1 m below the water surface in the
well. The chlorine can thus diffuse through
the two holes into the well water.

Range of application:

Wells of 9 to 13 m® volume of water, daily
removal some 10% (0.9 to 1.3 m?);
Effectiveness:

1 week at a residual chlorine content of be-
tween 0.2 and 0.8 mg/%.

Type 1I also consists of a clay jar (volume
7 to 10 ®). It has 6 to 8 holes in the bottom.
These are covered with stones on top of
which a layer of gravel is placed. On top of
that is put a mix of 1.5 kg bleaching powder
and 3 kg of coarse sand. Stones are filled to
the rim of the jar, which is then lowered into
the water.

Range of application:

same as before

Effectiveness:

Two weeks at a residual chlorine content of
between 0.2 and 1.0 mg/%.

For larger wells and higher rates of water
use, two jars should be used which are refilled
interchangeably.

Type III: For small household wells, a double
jar is recommended which releases less
chlorine per time unit. The inner jar contains
a mix of 1 kg bleaching powder and 2 kg
coarse sand. The diffusion openings are
provided as shown in Fig. 32.

Range of applications:

Wells with 4.5 m® volume of water and daily
removal of between 360 to 450 &.
Effectiveness:

Two to three weeks at a residual chlorine
content of between 0.15 and 0.5 mg/%.

type |

polyethylene foil

2 holes 6 mm ¢

coarse sand +
additives

type Il
rocks

coarse sand + additives

gravel

polyethylene foil
type |11

rocks

S
ek
6—8 holes 5 mm ¢ &

2 holes 10 mm ¢

inner jar \

= SRR IEENAR IEMUNESANE IRASANERERE

e a 4
coarse sand + additives /E : >

W
=

outer jar
Fig. 32: Various devices for diffusion chlorination. Source: [84, 85, 51]
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As these devices are not fit for large varia-

tions in water use, insufficient chlorination
» .

may occur at higher rates of water use.

Continuous Chlorination

Simple chlorine dosing instruments can be
installed in piped water supply systems.
Chlorine is fed to the water in proportion
to the flow rate.

Fig. 33 shows a water supply scheme in-
cluding continuous chlorination. A pipeline
transmits the water from the source to the
reservoir, passing through some sort of pre-
treatment (e.g., coagulation/flocculation and
settling). Before entering the reservoir, the
water is passed through a mixing chamber
where a dosing apparatus introduces droplets
of chlorine into the water.

In the following paragraphs, some examples
of drop dosers are discussed:

— Glass or plastic bottles. Through a tap
near the bottom, the chlorine is released into
the water. The tap also serves as a coarse
control of the delivery rate (Fig. 34a, b). A
constant head H provides fine control of the
delivery rate. This head H is measured either
between the faucet and the fine bore air
inlet tube (b) or between the two tubes
which pass through the rubber cap (c, d).

— 200 2 metal drum. The drum (Fig. 35),
painted inside with bituminous paint to
protect the metal from corrosion, holds the
hypochlorite solution. A floating bowl
(plastic, glass or ceramics — two versions are
shown in Fig. 35) which is anchored and
stabilized in the tank, controls the delivery
rate. The solution enters the bowl via a small
bore glass inlet tube. From there, it leaves
the bowl through a wide bore delivery tube.
The flow rate is controlled by the head
difference H (between the upper end of the
glass tube and the level of the liquid in the
tank) and the diameter of the fine bore inlet
tube. The flow rate is given by the following
expression (based on Bernoulli’s equation):

Q=+/2gH - Clld¥/4

where Q = flow rate, g = gravitational accelera-
tion, H = head difference, C = empirical
discharge coefficient, approx. 0.6, d = dia-
meter of small bore inlet tube.

From the above expression, it can be seen
that the delivery rate is proportional to the
second power of the tube diameter and to
the square root of the head difference. That
is to say, the smaller H or d, the smaller is
the flow rate. Hence, the flow rate is inde-
pendent of the level of the solution in the
tank. As the level drops, so does the floating

Fig. 33: Diagram of a water supply scheme with continuous chlorination by a drip dosing device. Source:

[91};
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Fig. 34: Mariotte type bottles for dosing of chlorine solutions. Sources: [44,46, 89, 91].
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Fig. 35: Drip dosing devices with floating bowl. Source: [51, 56, 88].
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Fig. 36: Drip dosing device made from a 20 € plate canister. Source: [44, 87].

bowl. To stop the delivery completely, the
bowl must be lifted at least a distance H, so
as to stop the gravitational driving force of
the doser. The outlet (wide bore tube) must
not be closed or else the bowl will gradually
fill up and sink to the bottom, possibly
suffering damage.

— Similar instruments of different sizes are
shown in Fig. 36. The solution enters a
glass or copper pipe through an inlet hole
somewhat below the surface. The pipe is
connected to a rubber hose which runs to
the outlet. A float again provides a constant
head difference between the liquid level and
the inlet hold. The delivery rate is controlled
by the size of the hole and its distance below
the surface.

A variety of types of chlorine dosing instru-
ments are commercially available. They
range from manually controlled types to
fully automated ones. Usually a unit consists
of a storage tank and a diaphragm pump for
feeding the hypochlorite solution. The.feed
rate is proportional to the water flow rate

and, thus depends on the consumption. The
use of these devices is limited to piped water
supply systems. Installation and setting up
should be carried out by professional per-
sonnel.

3.6.2 lodine

Iodine is an excellent disinfectant, effective
against bacteria, amoeba cysts, cercerea and
some viruses. It is added to the water mostly
in the form of an aqueous solution. WHO
recommends the application of 2 droplets
per liter of water of a 2% iodine tincture
[56]. Iodine preparations are also available
in tablet form.

In comparison to chlorination, the use of
iodine has the following advantages:

— effectiveness over a wider range of pH
values (up to pH 10), except at very low
temperatures;

— afhonia and organic nitrogenous com-
pounds have little effect on germicidal
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efficiency because they do not form sub-
stitution compounds with iodine;

— action depends less on contact time and
temperature;

— effectiveness against more pathogenic
organisms within short times;

— use and handling is simpler.

Since operating costs are too high, the use
of iodine is not expected to ever become an
important widely applied disinfectant. The
applicability is limited due to the following
disadvantages:

— higher concentrations than chlorine (on a
ppm basis) are necessary for effective action;
— muddy or turbid water substantially affect
germicidal action;

— iodine is about 20 times as expensive as
chlorine per unit of germicidal effectiveness;
— taste and slight color produced by the
iodine affect pallatibility and aesthetic
quality;

— physiological effect of prolonged use of
iodine (especially in children) is suspected.
Allergies were ascertained.

In view of these economic and health im-
plications, the use of iodine for disinfection
is recommended only for occasional applica-
tion (e.g., in case of catastrophe or while
travelling). Aside from that, iodine is a
highly effective and technically widely
applicable disinfectant.

3.6.3 Ozonation

Ozone (0O3) is one of the most effective
disinfectants. As a powerful oxidant, it
reduces the contents of iron, manganese,
and lead, and eliminates most of the ob-
jectionable taste and odor present in water.
Its effectiveness does not depend on the pH
value, temperature or ammonia content of
the water. Since ozone is relatively unstable,
it is generated almost invariably at the point
of use. Ozone is obtained by passing a cur-
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rent of dried and filtered air (or oxygen)
through between two electrodes (plates
or tubes) subjected to an alternating current
potential difference. A portion of the oxygen
is then converted into ozone.

This principle of ozone production has been
used in Europe for a long time, since it has
the advantage of being applicable under a
wide range of conditions. It leaves no che-
mical residuals behind in the treated water.
On the other hand, no lasting protection
against recontamination is provided either.
Capital costs for the instrumentation of
ozone production and feeding, as well as
operating costs due to the electrical energy
requirements, are very high. Moreover, ope-
ration of ozonizers requires continuous and
skilled monitoring. The operational require-
ments therefore exceed the resources avail-
able in rural areas of most developing
countries.

3.64 Potassium-Permanganate

Potassium permanganate (KMnOy), a power-
ful oxidant, is rarely applied in water treat-
ment for the purpose of disinfection. It is
sufficiently effective against cholera bac-
teria, but not against other pathogenic
germs. A dose of 1 to 5 ppm KMnO, is
recommended for application. It must be
noted, though, that it creates a purple-
brown precipitate which coats the walls of
the tank. It cannot be removed easily.

In recent years, potassium permanganate
has gained steadily in the application in pre-
treatment since it has proved effective at:

— removing objectionable odor and taste by
means of oxidation of organic material,
hydrogen sulfide;

— preventing algal growth;

— removing iron and manganese compounds
by ‘means of oxidation and subsequent
separation by filtration.

3.6.5 Disinfection by Silver

Preparations containing silver may be used
to reduce the germ count of water. The pro-
ducts are commercially available, either as
a liquid or a powder. They are readily
soluble in water and can be dosed easily.
The effectiveness of silver can be explained
by the oligo-dynamic properties of silver
ions (silver nitrate or salt compounds). Even
minute concentrations (0.03 to 0.04 ppm)
are notably effective. The silver ions curb
the growth of germs. After contact of be-
tween 30 minutes and 6 hours, depending
on the level of bacteriological contamina-
tion, water of a very low germ content may
be obtained. Odor and taste of the water are
not affected by the application of silver.
Disinfection by silver is a simple and very
effective method. Its major advantage is
that it provides already treated water with
long-lasting protection against recontamina-
tion by germs. .

The effect of silver and other metals has
been known to many peoples for a long
time. The tradition of storing drinking water
in silver vessels is still maintained in wealth-
ier Hindu families. Although there is a
tendency at present to exchange the metallic
containers for plastic ones, even simple
Indian- villagers can still be seen fetching
water from the well in brass or copper
vessels. The metallic vessels are believed to
have antiseptic qualities.

Silver preparations are also used in ceramic
filters (see section 3.5.1.7). Major disadvan-

“tages of silver for the purpose of disinfection

are the costs of treatment (about 200 times
higher than gaseous chlorine), relatively long
contact periods are required, organic sub-
stances and iron, sulphur, etc., inhibit ac-
tion, thus limiting the applicability of the
technique. If combined with chlorine, silver
preparations are more widely applicable
(direct disinfection and protection against
recontamination).

3.6.6 Boiling

Boiling water is a very effective though
energy-consuming method to destroy patho-
genic germs: bacteria, viruses, spores, cercerea
and amoeba cysts, worm eggs, etc.

The presence of turbidity or other im-
purities has little effect on germicidal
effectiveness. If boiling is the only type of
treatment available, it is recommended to let
the water settle before, and decant it or

filter it through a f fine-meshed cloth so as to

remove coar(sellmpuritles and suspended
particles. Thd water is then brought to a
strong boil which is maintained for at least
five, preferably twenty minutes. For storing,
it must not be transferred to a different
vessel, but left in the former one and cov-
ered, so as to protect it from recontamina-
tion.

Boiling, together with the associated release
of gases, especially CO,, alters the taste of
water. But through stirring while boiling

water picks up air and loses its bland taste
To improve the taste of the water, flavoring

plant materials may be added during boil-
ing..

If done properly, boiling is a very effective
and simple disinfection method. Since it
requires a significant amount of energy, this
method is only recommended in exceptional *
cases. If it is not possible for any reason to
apply a different method, the most energy-
efficient way of boiling should be em-
ployed.

3.6.7 Ultra-violet Radiation

The germicidal effect of UV rays had been
known long before the first experiments
were carried out to harness it for water dis-
infectfon. In principle, the effect of sunlight
on surface water is imitated in a more intense
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and controllable way. The most commonly
used source of UV-radiation is a low pressure
quartz mercury vapor lamp which emits
invisible light at a wavelength in the range
between 200 and 300 nm with part of the
energy in the spectral region of 2537 A.

The germicidal effect depends on the electric
power of the lamp and on the time of
exposure of the water to the radiation. It
decreases with increasing distance between
water and lamp. Also, many substances
present even in pretreated water (e.g., small
amounts of dissolved iron) absorb UV light.
Other constituents (turbidity, suspended
matter) inhibit or prevent the transmission
of radiation. A disinfection unit is built such
that the water is made to flow through a

pipe in a thin film around the lamp, which

is located at the pipe’s center, emitting
Tadiation. The flow rate is adjusted as re-
quired. The water must be pre-filtered.

Disinfection by UV radiation is a “clean”

process, since no chemical additives are

70

heinb
used. Residual matter doesn’t occur, and
tastes and odors are neither produced in the
water nor altered. Automatic devices are
available which indicate when the lamp’s
output is not sufficient.
Due to some severe disadvantages of this
type of treatment, it is not expected to find
any _consideration for application in the
area;targeted by this manual:
— commercially available devices are re-
latively expensive,
— there is a dependence on steady power
supply,
— the lamp’s powers of penetration are
limited; thin water films are necessary,
— turbidity and impurities reduce the
effectiveness notably,
— the lamps gradually lose their radiation
power, accelerated by a coating of dirt. The
lamp’s average life is 1000 to 5000 hours,
— disinfection occurs rather quickly and
effectively (up to 99.9%), though no protec-

4. Summary

The introduction of appropriate technology
in water supply and sanitation projects is
still a more or less untested field. Hopefully,
its promotion by the International Water
Decade will remedy that situation.

In the course of the Water Decade much has
been publicized on this theme. On the tech-
nical side, for the most part, the solutions
put forward have dealt with the familiar
concepts of simple technology that was used
in the industrialized countries in earlier
times (handpumps, latrines, cisterns, etc.).
There is also no lack of planning ideas to
realize these designs. The inclusion of the
local conditions, the active participation of
the populace, and integrated approaches are
also spoken of, but the practical conversion
of these concepts by bi- and multinational
donor organizations has been tried in very
few cases. Most approaches don’t make it
beyond the research and demonstration
phase. '
Taking the step of that conversion means
confronting the individual for whom the
technology is meant. Here one is up against
an area whose theoretical evaluation can
collide with the practice — where the tech-
nique becomes meaningless, which is why an
assessment of its success is problematic.*

* Hand pumps, for instance, have been known for

centuries. Time and again hand pump programs
fail due to obvious technical problems. Time
and again research projects are conducted to
find the best hand pump. (See, e.g., hand
pump test conducted by UNDP/World Bank,
1981).

The structural limitations imposed, exempt
all but a very few organizations which are
capable of carrying out projects whose social
components are in the foreground. These
limitations include the pressure for success,
the disbursal of large sums of money in a
short period of time, as well as political
interests of donor and recipient countries.
The aformentioned social components are
precisely what is necessary to satisfy those
basic needs put forward as the first priority
goal of the Water Decade.

It is often said that the treatment of drinking
water can not fall under the heading of
appropriate technology. The reasons given
are that the operation and maintenance are
ulace, that needed materials (like chemicals)
and equipment (laboratories necessary for
carrying out analyses, etc.) are not available
in technically backward areas.

Steps should and could be taken towards
developing more appropriate and economical
solutions such as: adjusting the quality
standards, using locally available construc-
tion and filter materials, substituting chemi-
cals, through alternative materials, i.e.,
treatment processes (as far as possible), a
further development of traditionally used
water purification techniques, and modify-
ing model design for simple replication.

It is frequently suggested that as an alter-
native to treating surface water, ground
water be used, because it is generally free
of‘baarérr_iological contamination. There are
basically two problems with this suggestion.
The first is that the entire ecological effects
must be taken into consideration — for ex-
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ample, the abundance of groundwater thus
made available could attract livestock and
lead to overgrazing with all its consequences.
The second is that increased costs would be
incurred, and sophisticated equipment re-
quired, if the groundwater was not found
close enough to the surface.

There can be no strict rules concerning
which technology should have priority. It is
important, however, that the entire range
of technological possibilities be always
considered in order to guarantee a sufficient
quality and quantity of drinking water
supply. The final decision over a suitable

particular set of local circumstances.

This brochure attempts to describe methods
of drinking water treatment that emphasize
simplicity and small scales, for areas which
presumably have limited technical and
financial resources at their disposal, and
where the level of education and skills is
relatively low. In general, there are two
categories that must be distinguished:

1. Treatment on the municipal level as part
of an already existing or newly installed
piped water supply system.

2. Treatment on the individual level within
a single household.

These two categories foundamentally differ
in:

— scale,

— technological niveau,

— the responsibility of the individual for
the plant.

The first category seems simpler since the
individual does not play as prominent a role
and the plant can function on an intermediate
technological level. When deciding on a
particular technology, the criteria mentioned
at the outset should be adhered to, in order
to keep costs down and to avoid downtimes
due to missing spare parts or irreparable
mistakes by the operating personnel. In this
regard, several studies have been conducted
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to simplify conventional designs and improve
already known and technically simple alter-
natives.

The second category is somewhat more
problematic in that it requires the active
participation of the individual. The user is
simultaneously the one responsible for
proper operation and maintenence of the
apparatus. This brings with it the risk that
mistakes can easily occur. But for reasons of
safety, effective functioning of the apparatus
is essential.

Building on traditionally known and used
water treatment practices, carries the poten-
tial for success. It is safe to say that the
implementation of programs is only possible
through regional mediators who are in close
personal contact with the population. There
are few successful examples known on the
household level. Likewise there is a lack of
tested simple and safe technologies that can
be employed on the local level.

In conclusion we can say:

— The treatment of drinking water is
primarily a matter of hygiene, which belongs
in the personal sphere of the person who’s
going to use it.

— These kinds of measures are not solely a
technical problem, but, more importantly,
involve instruction, motivation and educa-
tion in the area of personal hygiene and
responsibility for the environment regarding
the cause of contamination.

Technically, the production of safe drinking
water entails:

— the treatment of available, contaminated
water,

— consideration of alternatives (ground-
water, repair and improvement of existing
facilities, rainwater collection and storage,
etc.);

— the provision of sufficient quantities,

— management, i.e., collection, treatment,
disposal and reuse of refuse, wastewater and
fecal matter.
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Appendix: Technical Glossary

Active Chlorine Content

Alkalinity

Carbon Hardness

Colloids

E. Coli

Filter Resistance

Filtration Rate, v

Flow Rate, Q

MF
MPN
Percent Volume

Percent Weight

pH Value

that portion of total chlorine (or of a chlorine compound) which
exerts a germicidal effect when added to raw water, also called free
available chlorine

in hydrology: the ability of water to neutralize acid, due, primarily to
the presence of bicarbonate, carbonate and hydroxide (expressed as
an equivalent amount of calcium carbonate, like hardness)

is determined by the content of hydrogen-carbonate in water (HCO3-

ions, usually bonded to a calcium or magnesium ion). It is governed
by the equilibrium:

CaCO3 + H,0 + CO, % Ca(HCO3),

If the equilibrium is disturbed due to the escape of CO, (e.g., through
heating), calcium precipitates. Excess CO, has a corrosive effect on
pipes made of metal or concrete. It therefore must be removed (e.g.,
by means of aeration). The ideal state is that of the equilibrium of the
water (pH of 7), i.e., when there is just enough CO, in the water to
keep the calcium hydrocarbonates in solution.

Electrically charged particles (mostly negative) which adsorb particles
of opposite charge on their surface (formation of an electric double
layer). They don’t agglomerate because of the repelling force of
similarly charged particles. They don’t settle to the bottom on account
of their low specific gravity.

Escherichia coli, serve as indicator organisms. Their presence indicates
fecal contamination. Water samples in disinfected jars must be analyzed
for E. coli within a few hours. Two standard methods of sorting are
available. They are based on the fact that germs multiply in a specific
culture medium and at a certain temperature. The germs are then
counted. The Membrane Filter (MF) procedure (number of germs in
100 ml) and the Multiple Tube Method (MPN index/100 ml).

is equal to the head difference between inflow and outflow (head
loss), increases as the voids in the filter medium get clogged by retained
particles.

also called filtration velocity or flow velocity, amount of water (m3)
that passes through a filter area of 1 m? in 1 hour (m3/m? -h = m/h).
amount of water passing a plant per hour or per day (usually expressed
in m®/d, m3/h or ¢/h); also called capacity of a plant

Membrane Filter Technique (see E. coli)

Most probable number (see E. coli)

measure of concentration for solutions: 1 Vol % = 1 g of dissolved
substance per 100 ml of solution

Measure of concentration for mixtures solid/liquid or liquid/solid:
1% weight = 1 g of substance per 100 g of mixture.

pH is defined as the negative logarithm of the hydrogen-ion concen-
tration. Pure neutral water has equal concentration of Ht and OH -
ions; 1 liter contains 10" g, i.e., water at:

pH = 7 is neutral

pH =0 to 7 is acid

pH =7 to 14 is basic

Almost all water with pH < 7 has a corrosive effect on metals, caused
by excessive CO, (see carbon hardness).
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ppm

Turbidity

Uniformity Coefficient, UC

Unit Measures for Impurities
of Water (diameter)
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parts per million: measure for the concentration of a substance in a
mixture (e.g., 1 g per kg, 1 ml per m3)

caused by suspended matter present in water. It is measured by the
interference with fine suspended particles of light penetrating the
solution.

Units: 1 NTU (Nephelometric Turbidity Unit) = 1 FTU

(Formazin Turbidity Unit) = 1 mg SiO,/¢

measures the ratio of dgg over dig of a sieve analysis

coarse impurities > 1 um (107% m)

colloids 1nm —1um

small di S
small dispersed < 1 nin~? m)

particles

(ions, molecules)

viruses 1 nm (to 1 um)
bacteria 10 nm — 1 um

1A=01nm=10""m
(1 Angstroem)




