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ABSTRACT
The objectives of this research were to investigate the effectiveness
of iodine as a means of chemical disinfection. and storage treatment
on the removal of E.coli as indicator organisms in polluted water
and to investigate the application of these techniques to the
provision of potable quality water in disaster situations.
To demonstrate the viability. or otherwise of iodine as a means of
chemical disinfection. various concentrations of iodine (0.5 to 10.0
mg/l) were employed to inactivate E.coli as an indicator organism
in low quality waters prepared by adding kaolin. stream sediments.
digested sludge. raw sludge and an artificial suspension of hydrazine
sulphate and hexamethylenetetramine as the sources of turbidity
and total organic carbon (TOe). Five turbidity and TOe ranges.
three temperature levels and three pH values were also employed
during the investigation of iodine disinfection. The results obtained
were compared with those of an arbitrarily selected standard of 1.0
mg/l chlorine.
This investigation has demonstrated that under all the conditions
for which dosages of 8.0 mg/l iodine were employed. a water of
virtually potable quality was obtained within a 30 minutes contact
period. except those containing raw sludge of more than 7 NTU.
Under none of the highest inveStigated conditions (35 0 C. 9.0pH and
93-100NTU) of natural water samples was a dosage of 1.0 mg/l
iodine found to be an effective disinfectant. Both 1.0 mg/l chlOrine
and 2.0 mg/l iodine were generally effective in the samples having
lower TOe values Le. kaolin and stream sediments at all investigated
turbidity. temperature and pH conditions. The above dosages were
also found effective in the samples containing digested sludge at the
lowest investigated ranges of turbidity. temperature and pH (57NTU. 5 0 e and 6.0pH). The diSinfecting capabilities of iodine in
almost all the samples were found to decrease with an increase in
turbidity. TOe. temperature and pH.
An investigation was carried out to demonstrate the effectiveness of

storage treatment by employing low quality water containing 5 and
100 NTU of stream sediments and raw sludge at 50. 200 and 350 e
and at 6. 7.5 and 9 pH revealed that the efficiency of this process
v

increased with the time of storage. Its effectiveness was also found
to depend upon pH and temperature. Two days storage brought
considerable improvement in the quality of water treated at 35 0 C.
Seven days storage inactivated more than 90% E.coli in most of the
samples treated at 20 0 and 35 0 C. However. for all types of water
employed under all conditions of turbidity. pH and temperature. a
storage of 14 days was needed to remove all E.coli.
A strategy for the treatment of poor quality water in disaster
situations based upon the results achieved from above investigations
was prepared. An algOrithm of the decisions for urgent provision of
water in disaster situations was also produced.
Overall. the results obtained from these investigations indicate the
potential of water treatment by storage and by using iodine as a
means of chemical disinfection in disaster Situations in which only
poor quality water containing a high proportion of organic matter
over a range of pH and temperature values is available.
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1

INTRODUCTION TO THE
1.1

STUDY

Disasters and their general effects

A disaster. in the terms of Fritz (1961) is an event. concentrated in
time and space. in which a society or a community undergoes severe
danger and incurs such losses to its members and physical
appurtenances that the social structure is disrupted and the
fulfilment of all or some of the essential function of the society is
prevented. More specifically. it is a major incident which arises with
little or no warning. causes serious disruption to life. causes or
threatens death or serious Injuries to a large number of people and
leaves grave social and economic consequences behind it.
A disaster not only means the commonly perceived effects of sudden
natural events such as earthquakes. tropical storms. floods. volcanic
eruptions etc. and the effects of droughts and crop failure but it is
also a term used to describe the accidental damaging or destructive
effects of man's normal activities such as radiation accidents. oil
spills. atmospheric contamination. transport accidents and the
deliberate act of man i.e. war. civil strife. and riot etc. The duration
of these events may range from a few seconds to many years.
Any disaster or major emergency disrupts normal life. causes
breakdowns in (or makes excessive demands upon) the national or
local administration and infrastructure. affects production. damages
public amenities like supply of safe drinking .water. gas and
electriCity. and generally means that resources have to be diverted
from normal and development purposes towards relief.
rehabilitation and reconstruction.

1.2

Effects of disasters on water quality and quantity

Both the quality and quantity of water are affected by natural and
man-made disasters. and both have a great Impact on human health.
Insufficient quantity of water increases the risk of water washed
diseases and poor quality water can cause water-borne diseases in
the community (Appendix 'A').

2

Unsafe and poor quality water may result from:
i)

Contamination of open wells or surface water sources by polluted
water. faecal material and other impurities because of floods.
hurricanes. heavy rain-storms. volcanic-eruptions or by casual
and improper use in certain disaster situations.
ii) Contamination of damaged piped water system by sewage etc.
because of floods. earthquakes. conflicts etc.
iii) Contamination of stored water in storage reservoirs and settling
tanks by sewage and other impurities due to floods. storms.
cyclones. or the improper protection. careless or by casual use
in certain emergency conditions.
InsuffiCient quantities of water may result from:
i)
ii)

ili)
iv)

v)

1.3

Drying up of surface water sources like rivers and lakes etc.
mostly in droughts.
Reduction in the yield or complete drying up of wells and
springs mostly In case of droughts and possibly after
earthquakes.
Blockage of open wells. or loss of access to them after
earthquakes. floods and political or personal conflicts.
Reduced flow in piped water system due to damage to pipes.
pumping installations, reservOirs etc. as a result of floods.
earthquakes. storms or conflicts.
Increase in demand for water beyond the capacity of available
system/source in specific localities because of the arrival of
refugees or other population dlsplacements due to political
conflict or socio-economical conditions (UNICEF. 1986).

Effects of contaminated water on human health

The relationship between water and health has been recognised
since the mid-nineteenth century. when Dr John Snow carried out
his well known studies of cholera in 1849 (In some publications
1855) and showed a precise relationship between this disease and
water (Cohen, 1969). He was followed by Budd. who linked typhOid
With water. Manson and Ross related the disease of filariasis and
malaria to water (BradIey, 1977). Both infections were shown to be
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transmitted by mosquitoes. whose larvae live in and are dependent
on surface water. Guinea worm and schistosomiasis or bilharziasis
were already known to depend on freshwater invertebrates for their
spread. Many other diseases were also discovered in relation to poor
water quality and lack of personal and domestic hygiene due to
inadequate water quantity.
According to Ince and her colleagues (1991) for humans,diarrhoeas
are among the most serious infectious diseases related to water
causing over 1000 child deaths per hour and more than 50% of all
child deaths in developing countries. Provision of safe water is one
of the preventive measures to achieve the control of these diseases
(Cotton. 1991). Appendix 'A' illustrates some of the diseases related
to water quality and quantity along with their transmission
mechanism and pathogenic agent and their percentage suggested
reduction by improvements in water supply.
Not only do water-related infections affect the health of consumers.
but also the chemical quality of the water has an affect on health to
some extent. According to WHO-IRC (1975) some organic chemicals
like Polynuclear aromatic hydrocarbons (PAHs) and Trihalomethane
(THMs) are known to cause cancer when consumed In large doses.
Although these compounds only usually occur in minute
concentrations in drinking water supplies they can eventually create
great problems. A number of metallic ions - antimony. barium.
beryllium. boron. cadmium. cobalt. lead. mercury. molybdenum. tin.
selenium. uranium. vanadium etc. - also are known to cause
metabolic disturbances in the human body by upsetting the
production and function of certain enzymes. or causing a variety of
other toxic effects.
Some ground waters possess over-high concentrations of salts and
this leads people to use surface water which is more likely to be
bacteriological polluted. If there Is no alternative people will use
brackish water containing sodium chlOrides and sodium sulphates.
which can cause high blood pressure (Cairncross and Feachem.
1983). Some ground waters have very high or very low flUOride level
which may adversely affect bone growth. High nitrate concentrations
in water are suspected of causing gastriC cancer (Lewis et al. 1982).
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Iodine deficiency in water can cause gOitre and women with gOitre.
when poorly nourished. are prone to bear children with brain
damage and damage to the central nervous system.
Deteriorating physical and chemical qualities of water have also
greater consequences in disaster situations. but it is the
microbiological contamination which creates most water-related
diseases in these situations. The water-borne diseases such as
dysentery. leptospirosis. hepatitis. typhoid. paratyphoid and cholera
are the greatest cause of concern. because most of these diseases
occur in almost every disaster whether they be acute like floods.
cyclones and earthquakes. or long-term like droughts. civil-wars
and famines. Other water-borne diseases and vector-borne diseases
such as plague. malaria. relapsing fever and viral encephalitis may
become a problem after the acute phase of a disaster due to
improper sanitation and unsatisfactory environmental health
conditions in addition to contaminated water.

1.4

Water-related infections

Diseases that can be transmitted by water or by aSSOCiation with
water are called water-related infections. There are twenty to thirty
diseases included in this category. These diseases are most common
in developing countries. and are usually classified according to the
type of microbe causing them. into viral. bacterial. protozoan and
helminthic diseases (Appendix A). Some of these diseases are very
significant in disaster situations; others are either less important or
of no importance.
There are four divisions that help to distinguish between
transmission methods. The four transmission mechanism categories
are:
Infections spread directly through water supplies i.e Waterborne diseases.
i1) Diseases resulting from the lack of water for personal hygiene i.e
Water-washed diseases.
ili) Infections transmitted through an invertebrate animal i.e Waterbased diseases.

i)
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iv) Infections spread by insects that depend upon water Le Waterrelated insect vectors.
1.4.1 Water-borne diseases

Diseases that are transmitted by pathogens contained in water and
are drunk by a person or animal which may then become infected,
are called water-borne diseases. These diseases are caused by a
variety of organisms such as bacteria, protozoa, viruses, helminths
and spirochaete as shown in Appendix A. The classic diseases such
as typhOid and cholera and many other diseases like infectious
hepatitis, diarrhoeas and dysenteries fall in this category. Many
diseases belonging to this category constitute major problems in
disaster situations because of the poor microbiological quality of the
water normally available in these conditions. These diseases can be
controlled by improving the microbiological quality of water supplies
and by preventing casual use of other untreated water.
1.4.2 Water- washed diseases

The diseases whose transmisSion is caused by lack of water for
washing and personal hygiene are called water-washed diseases.
These diseases can be divided in two categories. Firstly, intestinal
tract infections such as diarrhoeal diseases, which are important
causes of serious illness and death especially among children in the
places where water is not available in suffiCient quantity. These
include cholera, bacillary dysentery and other diseases previously
mentioned under water-borne diseases.
Secondly, skin and eye infections, such as bacterial skin sepsis,
fungal skin infections, skin infections associated with lice and mites
such as typhus and scabies and blinding infections of the eye i.e.
trachoma. All these infections are widespread in hot climates. These
diseases are in no way associated with water-borne diseases but are
directly attributed to poor personal and domestic hygiene, which
can be improvised by increasing the availability, quality and use of
water for personal hygiene and washing clothes. However quality of
water is generally of less significance than the quantity (Appendix
'A').
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1.4.3 Water-based diseases

Water-based diseases are those diseases in which the pathogen lives
in an aquatic animal during part of its life cycle. All these diseases
are caused by helminths such as schistosomiasis and guinea worms.
whose eggs or larvae enter their host. mainly snails and crustaceans.
and undergo development within these intermediate hosts. From
these intermediate hosts. after a period of days and weeks. larvae
mature and may be shed into water. These larvae are infectious to
man as he drinks or comes into contact with the water.
The other diseases in this category are caught by eating inadequately
cooked fish. crabs. crayfish or aquatic vegetation. These are clearly
unrelated to water supply. but are affected by excreta disposal.
Control of these diseases may be achieved by reducing the
contamination of water sources by excreta (Appendix 'A').
1.4.4 Water-borne insect vector diseases

These diseases are transmitted by insects that depend upon water.
Certain diseases like malaria. filariasis. river blindness. yellow fever
etc. are spread by insects that bite. Another disease of this category
of perhaps greater current importance is dengue - an acute
influenza-like illness of short duration- caused by a mosquito-borne
virus which breeds in water in urban areas.
Control measures for the diseases of this category include using
mosquito netting. improving surface water management. destroying
breeding sites of insects and bushes near water and avoidance of
visiting insect breeding areas (Appendix 'A').

1.5

Aims and objects of the research

SpeCific aims and objectives of this research were:
1 ) To verify or otherwise the superiority of iodine over chlorine as a
disinfectant for waters containing higher proportion of organic
material under different environmental conditions.
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2) To investigate the disinfectant capabilities of iodine and its
dosages required for different levels of impurities in different
types of water under different environmental conditions.
3) To investigate the effects of water origin. pH. temperature.
turbidity. total organic carbon and bacterial concentration of the
water samples on the disinfectant capabilities of iodine.
4) To determine the bacterial inactivation and turbidity removal
from different types of waters following periods of storage.
5) To investigate the effects of pH. temperature. turbidity and
bacterial concentration of different water samples on the storage
treatment process.
6) To prepare an action planning for the urgent provision of safe
water in disaster situations.
7) To produce an algorithm showing the strategy and route of
decision making for the urgent supply of water in disaster
situations.

1.6

Research methodology

This study was carried out in the following stages:
1.6.1 Research plan and Hterature survey

Developing a research strategy in order to demonstrate the
hypothesis concerning the viability, or otherwise. of iodine as a
chemical disinfectant in poor quality waters was one of the
objectives of this research. Initially this was pursued by reviewing
the available literature on water treatment methods in disaster
situations. the disinfection of poor quality water by iodine and
chlOrine and the treatment of low quality water by storage.
1.6.2 Experimental work and results analysis

Also to achieve the aims and objectives of this research a
comprehensive experimental programme was prepared. Special
equipment required for the investigation was designed and
assembled. Investigation on the disinfection of poor quality water
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were carried out using iodine and chlOrine as the disinfectants. A
series of investigations was also carried out to investigate the
efficiency of storage as a treatment process for low quality water.
1.6.3 Action planning and conclusions.

In the final stage of the research. action planning and the general
conSiderations for emergency water supply in disaster Situation
were conSidered. The effects of different major disasters on water
quality, quantity, sources and supply systems were overviewed and
measures for their restoration suggested. A methodology for the
estimation of water reqUirements, chOosing suitable water sources
and appropriate water treatment method was investigated. Finally an
algorithm was prepared to help in deCision making at different
stages for urgent water supply In disaster Situations.

1.7

Provision of hygienically safe water in disaster situations

Natural waters contain many types of physical. chemical and
microbiological impurities. The extent of contamination may be
significantly increased by disasters such as floods, cyclones, rainstorms, earthquakes, volcaniC eruptions and civil and military
conflicts. For water to be safe to drink these impurities have to be
reduced to an acceptable level. The most important requirement of
..•. _- -----+ .- ------safe drinking water is that it should not contain any agents:
or organisms that cause disease. In
the
International
Standards of Drinking Water (WHO, 1971) it is stated that the.
greatest danger associated with drinking water is that it· may
recently have been contaminated by sewage or by human excrement.
because water contaminated in this way may contain pathogenic
organisms. The risk of such contamination is especially high in
disaster situations. To prevent an epidemic, rapid methods must be
used to render the water drinkable.
In normal practice, the phYSical, chemical and microbiological
impurities of water are reduced to an acceptable level by several
common water treatment processes such as storage, sedimentation.
coagulation, filtration and chemical disinfection. But in exceptional
circumstances like disasters, some of these methods cannot be used
due to shortage of time, space and resources. Little literature exists
9

on the suitable treatment methods of poor quality water In disaster
situations. Every effort in these circumstances should however be
made to avoid malodorous. coloured or highly turbid raw waters.
because these will be more difficult to treat. If polluted water is the
only choice. it should be treated to remove its microbiological
impurities. If possible. steps should also be taken to remove its
turbidity and other suspended impurities by simple methods like
storage. Boiling may be the final solution if no other treatment
method Is possible and if sufficient fuel is available.
Chemical disinfection is likely to be necessary to produce large
quantities of safe water In the shortest possible time. This can be
carried out with a variety of disinfectants. of which chlorine and
iodine are the most practicable. Chlorine is mostly used in normal
conditions. because it is cheaper. effective and often more readily
available. But at the same time it is a highly reactive agent and reacts
quickly with organic and inorganic matter by oxidation. substitution
and addition. In normal practice all readily oxidisable matter is
removed before the chlorination. but in a disaster situation. when
water may contain higher proportions than normal of organic
matter. It will not be possible to remove these materials and
chlorine may not prove to be a good disinfectant.
Iodine on the other hand Is believed to be relatively unreactive in
dilute aqueous solution compared to chlorine. It is also considered
to be less reactive against most of the organic compounds in the
polluted waters. which suggests it will make a suitable disinfectant
for use with poor quality waters. Its residuals are also considered to
persist for longer in water than those of chlorine. thereby making it
more efficient. The dosages of iodine. as described by Chang (1958)
and Black and his colleagues (1945), remain in active germicidal
form in the waters at high pH values and therefore may be more
suitable than chlorine in the waters normally expected in disaster
Situations. The handling and feeding are also easier with iodine than
with chlorine. Iodine. therefore. may prove to be a superior
disinfectant to chlorine in disaster Situations.
Storage may be the simplest method of pathogen removal in the
poor· quality water in disaster Situations. but it may take time to
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settle out the suspended solids and inactivate pathogenic microorganisms. Very little data exists concerning the effectiveness of
storage for different types of water. Boiling may be the quickest and
most satisfactory method of pathogen removal in these situations.
but it is best carried out at household level and will require an
abundance of fuel which frequently will not be available. The
combination of both the short-period storage and either chemical
disinfection or boiling may be the best way of getting safe water in
the short term. The necessary period of storage and dosages of
disinfectant are not presently specified in the available literature.

1.8

Guide to the Thesis

The thesis is divided into ten chapters covering the development of
the research from the background investigations to the final
conclusions. Figure 1.1 shows the approach adopted. The different
parts of this thesis are as follows:
Chapter Two describes the important physical, chemical and
microbiological characteristics of surface water along with their
effects. This chapter also contains a discussion on the indicators of
pathogenic micro-organisms and the superiority of the E.coli over
other indicators of faecal contamination.
Chapter Three discusses the water quality parameters which
determine the speCific form of pollution in surface waters. The
more common parameters of organiC pollution of surface water.
which are important to deal with in an emergency treatment of
water,are also conSidered.
Chapter Four begins with an historical overview of water treatment.
Normal practices of water treatment and the treatment options in
emergency situations are explained. Disinfection of water by
chlorine. its chemistry and mechanisms of disinfection and factors
affecting its disinfectant capabilities in poor quality water are also
deSCribed in this chapter.
Chapter Five reviews the literature available on various aspects of the
iodination of water. Its chemiStry. biocidal efficiency. mechanism of
disinfection and factors affecting its disinfectant capabilities are fully
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explained. Also its suitability for poor quality waters is described. Its
physiological effects and taste and odour created in water are also
considered.
Chapter Six describes the equipment specially designed for the
experimental investigation. Also the materials and methods
employed in the investigation are explained. The types of waters and
additives (to produce different turbidity and organic content levels)
employed in the investigation are discussed. The methods of
preparation of the disinfectant test solutions and the measurement
of their residuals are also explained.
Chapter Seven discusses the methodology of different experiments
carried out during the laboratory investigation. The variables
involved in the experimental work and their values are also
described. In addition the laboratory sub-culture of the E.coli and
the tests carried out to check the reproducibility are explained. The
preparation of different test-water samples and other experimental
procedures are also deSCribed.
Chapter Eight addresses the results obtained from the experimental
investigation. The stability of the disinfectant test solutions are
deSCribed. The disinfectant capabilities of the iodine and chlorine.
the factors affecting their efficiencies and the dosages required for
different levels of contamination in different types of water are
discussed. The results obtained from the storage experiments are
also explained and discussed.
Chapter Nine discusses the problems of how to plan different
actions for the urgent provision of water in a disaster situation. The
effects of different major types of disaster on water quality, quantity,
sources and supply systems and different measures to restore them
are deSCribed. Planning conSiderations for the selection of water
sources and treatment methods in a disaster situation are also
described.
Chapter Ten summarises the conclusions and suggests the
recommendations for the future research.
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SURFACE WATER QUALITY
2.1

Introduction

Water unquestionably is a basic human requirement. Its adequate
availability in terms of both quality and quantity is essential to human
existence. Early people recognized the importance of water from a
quantitative view pOint. -Civilization developed around water bodies
that could support agriculture and transportation as well as
providing drinking water. The importance of water quality
developed more slowly. Early human beings judged water quality
only through its physical appearance. taste and smell. The effects of
water quality on human health were realized after the development
of biological. chemical and medical sciences. but many years
intervened before the facts concerning this relationship became
widely accepted and remedial action was taken. Dr John Snow a
public health worker in London was the first person (Vesilind,
1975) to demonstrate the relation between water quality and health
in 1854 (in some publications 1849). Pasteur's germ theory of
disease and the development of the science of water chemistry and
water microbiology further exposed the importance of water quality
and helped to develop the science of water quality and its own
terminology.
Water in nature is almost pure in its evaporation state. It starts
acquiring impurities from nature at the very moment- of
condensation. Additional Impurities are added as the liqUid water
travels through the remainder of the hydrological cycle and comes
into contact with materials in the air and on or beneath the surface
of the earth. These natural impurities, although normally small and
frequently intermittent, are a real phenomenon involving animal
wastes, leaf falls, decaying animal flesh, erosion of banks, run-off of
silt, the accumulation of extraneous vegetable matter and the acid
discharge from peat bogs. Human activities contribute further
impurities in the form of industrial and domestic wastes,
agricultural chemicals, and other, less obvious contaminants. Natural
and man made disasters also contribute to deteriorate further the
quality of water.
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The impurities accumulated by water throughout the natural
phenomenon and as a result of human activities and disasters create
turbidity. colour. odour. abnormal pH values. low dissolved oxygen
levels. damage to aquatic life and inhibit the natural process of self
purification. These qualities of water. impair its use for a stated
purpose.
A knowledge of the characteristics most commonly associated with
water is essential before dealing with treatment processes. These
characteristics can be claSSified according to their physical.
chemical and microbiological nature. Physical characteristics are
related to sense of sight. touch. taste or smell. Suspended solids.
turbidity. colour. taste. odour and temperature are main physical
characteristics of water. Chemical characteristics are listed as
dissolved solids. pH. alkalinity. hardness. flUOrides. metals. organiC
compounds and nutrients. These are mostly related to the solvent
capabilities of water. Microbiological characteristics are expressed
in terms of the concentration and frequency of occurrence of the
potentially pathogenic organisms and micro-organisms such as.
bacteria. viruses. protozoa and helminths. The main physical.
chemical and microbiological characteristics of surface water are
briefly discussed below.

2.2

Total solids

These are the content of water that remain as a reSidue upon
evaporation at 103 0 to 105 0 C. They can be classified as suspended.
colloidal and dissolved material. Suspended material consists of
particles larger than molecular size that are supported by buoyant
and viscous forces with in the water. Dissolved material consists of
molecules or ions that are held by the molecular structure of water.
In between are the collOids which are very small particles that
technically are suspended but often exhibit many of the
characteristics of dissolved substances. Size ranges of dissolved
colloidal and suspended substances are shown in figure 2.1.
2.2.1 Suspended solids

Suspended material in water is often a natural contaminant resulting
from the erosion action of water flowing over surfaces. It may consist
16

of inorganic particles. such as clay. silt and other soil constituents or
organic particles. such as plant fibres and biological solids (algal
cells. bacteria etc). Other suspended material may also result from
human use of water. Domestic wastewater usually contains large
quantities of suspended solids that are mostly organiC in nature. The
industrial use of water may result in a wide variety of suspended
impurities of either organic or inorganic nature.

Figure 2.1
Size claSSification of solids in water
""S"ource: """MetcaIf ariQEQcfy 1TIJ79T
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2.2.2 Colloidal solids

The collOidal solids conSist of the particulate material such as clay.
silt. rock fragments and metal oxides from the soil with an
approximate diameter range from one nanometer (nm) to one
micron (~m). Unlike suspended solids they can not be removed by
settling. Generally. biological oxidation or coagulation. followed by
sedimentation is required to remove them from suspension. CollOids
prevent transmission of light and therefore act as indicators of the
quality of waste discharges and of natural waters.
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2.2.3 Dissolved soUds

These result from the solvent action of water on solids. liquids and
gases. They can be organic or inorganic in nature. Organic dissolved
material may result from the decay products of vegetation. from
organic chemicals and from organic gases. Inorganic substances
which may be dissolved in water include minerals. metallic salts and
gases.
All types of solids in drinking water are aesthetically unpleasant.
Suspended and colloidal solids also provide adsorptive sites for
chemical and biological agents. Suspended and colloidal organic
solids may be degraded biologically. resulting in objectionable byproducts. Biological (live) suspended solids may include diseasecausing organisms as well as organisms such as the tOxin producing
strains of algae. Dissolved solids have great impact on water both
positively and negatively. Many dissolved minerals. gases and organic
substances may produce aesthetically displeasing colour. taste and
odour and are therefore undesirable in water. Some chemicals
dissolved in water may be toxic and some of the dissolved organic
substances may be carcinogenic. On the other hand pure water has a
flat taste. It is aggressive and readily dissolves material with which it
comes into contact.

2.3

Turbidity

Turbidity is the muddy or unclear condition (lack of clarity) of water
which results from the erosion of colloidal material such as clay.
silt. rock fragments. and metal oxides from the soil. Vegetable fibres
and microorganisms may also contribute to turbidity. Domestic and
industrial wastewaters may contain a wide variety of turbidity
producing materials. Soaps. detergents and emulsifying agents
produce stable collOids that result in turbidity. Discharges of
wastewaters and contamination by sewage increase the turbidity of
natural bodies of water. The size of the particles carried depends
upon the velocity of flow. When the flow of water stops. all but the
finest particles settle down and turbidity is reduced. In times of
flood the turbidity in streams is high because of the increase in the
velocity of flow.
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The colloidal material associated with turbidity is aesthetically
displeasing and also provides adsorption sites for chemicals that
may be harmful and for biological organisms that may be harmful or
cause undesirable taste and odour. Disinfection of turbid waters is
difficult because of the adsorptive characteristics of some collOids
and because the solids may partially shield organisms from the
diSinfectants

2.4

Colour

Pure water is colourless In small quantities but water In nature .-. is
often coloured by foreign substances. Water whose colour is partly
due to suspended matter Is said to have apparent colour. Colour
contributed by dissolved solids that remain after removal of
suspended matter is known as true colour. After contact with
organic debris such as leaves. conifer needles. weeds. or wood.
water picks up tannins. humic acid. and humates and takes on
yellowish-brown hues. Iron oxides cause reddish water. and
manganese oxides cause brown or blackish water. Substantial
colouration is added to natural surface water by discharging
industrial waste from textile and dyeing operations. pulp and paper
production. food processing. chemical production. and mining.
refining. and slaughter-house operations.
The colour of water affects its marketability for both domestic and
industrial use. Coloured water to the general public is aesthetically
unacceptable. Consumers. if given a choice. tend to choose clear.
non-coloured water of otherwise poorer quality over treated potable
water supplies with an objectionable colour. OrganiC compounds
causing true colour may exert a disinfectant demand and thereby
seriously reduce the effectiveness of the disinfectants employed.

2.5

Taste and Odour

Taste and odour found in water is imparted by many substances with
which it comes into contact In nature or during human use. These
include algae. minerals. metals and salts from the soil. end products
from biological reactions and constituents of wastewater. Inorganic
substances are more likely to produce tastes unaccompanied by
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odour. Alkaline materials also impart a bitter taste to water, while
metallic salts may give a salty or bitter taste. Organic material on
other hand is likely to produce both taste and odour.Biological
decomposition of organics may also result in taste-and odourproducing liquids and gases in water. Principle among these are the
reduced products of sulphur that impart a 'rotten egg' taste and
odour.
Water is meant to be tasteless and odourless, therefore consumers
find taste and odour aesthetically objectionable. The consumers
associate taste and odour with contamination and may prefer to use
a tasteless, odourless water that might actually pose more of a health
threat. Some odour-producing organic substances may also be
carcinogenic.

2.6

Temperature

Temperature is one of the most important characteristics in natural
surface water systems, although it is not used to evaluate directly
either potable water or wastewater but it governs the biological
activities to a large extent in surface waters. It has also an effect on
most chemical reactions that occur in natural water systems. The
solubilities of gases in water are also highly affected by temperature.
Cooler surface waters usually have a wider diversity of biological
species. At lower temperatures, the rate of biological activity, I.e.,
utilization of food supplies, growth, reproduction, etc., is slower. If
the temperature is increased, biological activity increases. An
increase of 100C is usually suffiCient to double the biological activity,
if essential nutrients are present.(Peavy et al, 1986f,
2.7

Alkalinity

This is a measure of water's capability to absorb hydrogen ions
without significant pH change. Its constituents in natural water
systems include carbonates(C032-) bicarbonates (HC03-), hydroxides
(OH-), bisilicates (HSi03-)' borates (H2B03-), biphosphates (HP042-),
diphosphates (H2P04-), hydrogen sulphides (HS-) and ammonia
(NH3). These compounds result from the dissolution of mineral
substances from the soil and atmosphere. Phosphates may also
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originate from detergents in wastewater discharges and from
fertilizers and insecticides from agricultural land. Hydrogen
sulphide and ammonia may be products of the microbial
decomposition of organic material. Most common constituents of
alkalinity i,e carbonates, bicarbonate and hydroxides, in addition to
their mineral origin, may originate from carbon dioxide, a
constituent of the atmosphere and a product of the microbial
decomposition of organic material.
The principal objection to alkaline water is the reactions that occur
between alkalinity and certain cations in water. The resultant
precipitate can foul pipes and other water-system appurtenances.
2.8

organics

Natural water systems may contain natural as well as synthetic
organics. The various sources may be classified as vegetable, animal
and other sources. Vegetable organic matter is extracted from the
soi!. or present in the soil suspensions, aquatic vegetation,
partlculate plant debris, submerged deposits such as bottom mud of
lakes, reservoirs and rivers. It is nearly invariably present in surface
run-off and drainage.
Animal organic matter in water is contributed by human excrement
or sewage and the excrement of all other forms of life, including
cattle and other farm animals, birds and fish, also all manures of
animal origin. Other organic matter is contributed by various forms
of pesticides and detergents and other trade wastes etc. Synthetic
organics are usually the result of waste water discharges or
agricultural practices.
Dissolved organics in water are usually divided into two broad
categories Le. biodegradable and non-biodegradable. Biodegradable
organiCS consist of material that can be utilized for food by naturally
occurring microorganisms within a reasonable length of time. In a
collOidal form these organics usually consist of starches, fats,
proteins, aicohols, acids, aldehydes and esters. They may be the end
products of the initial microbial decomposition of plant or animal
tissue, or they may result from domestic or industrial wastewater
discharges. Most natural waters have a population of micro21

organisms, that utilize dissolved organics and usually create an
oxygen demand. The oxygen demanding nature of biodegradable
organics is of utmost importance in natural water systems. The
amount of oxygen consumed during the microbial utilization of
organics is called the biochemical oxygen demand (BOO). Some of
the dissolved organics can cause colour, taste and odour problems.
Non-biodegradable organics consist of the materials that are
resistant to biological degradation in natural waters. These include
tannic and lignic acids, cellulose and phenols. These constituents of
woody plants biodegrade so slowly that they are usually considered
to be refractory. Molecules with exceptionally strong bonds (some of
the polysaccharides) and ringed structures (benzene) are essentially
non-biodegradable. Many of the organics associated with petroleum
and with its refining and processing contain the benzene structure.
Some organics are non biodegradable because they are toxic to
organisms. These include the organic pesticides, some industrial
chemicals and hydrocarbon compounds combined with chlorine.
Poor application practices of pesticides, including insecticides,
fungicides, molluscicides and herbicides, and subsequent wash-off
by rainfall and run-off also result in contamination of surface streams
increasing their non-biodegradable organic content. For the
measurement of non-biodegradable as well as the biodegradable
organics the chemical oxygen demand (COD) and total organic
carbon (TOC) tests are usually employed. Biochemical processes to
stabilize biodegradable and non-biodegradable organic material will
further be dealt in the next chapter.

2.9

Pathogenic micro-organisms

Water is a medium in which thousands of biological species ranging
from the smallest single-cell microorganisms to the largest fish
spend part or all of their life cycles. Their presence or absence
indicates the characteristics of a given body of water. From the
perspective of the human use and consumption, the most important
biological organisms in water are pathogenic bacteria, viruses,
protozoa and helminths.
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2.9.1 Bacteria

The bacterial population of water depends largely upon the extent
and character of its contact with the surface of earth. Numerous
bacteria are added to water by contact with the soil, vegetation, life
and matter of the earth's surface. Some of these are able to multiply
and continue their existence, whilst other die off.
From the sanitary point of view, the most important and most
objectionable bacteria that may be found in water are those obtained
from sewage and manurial matter. Many of these are intestinal
bacteria which are excreted in millions in the dejecta of humans and
animals; the majority are harmless, but disease producing organisms
may be present. The most Important pathogenic bacteria derived
from human excreta which may gain access to water are Vibrio
cholerae, Salmonella typhi and Salmonella paratyphi B. Dysentery
and food poisoning bacteria may similarly be added to water by the
excreta of humans and animals. Many farm animals, especially pigs,
and many birds, especially gulls and ducks, are frequent excretors of
organisms of the salmonella group (Windle Taylor, 1965-6). Gulls are
also responsible for adding typhOid bacteria to water.
Gastrointestinal disorders are commonly symptoms of most disease
transmitted by water-borne pathogenic bacteria. Among the most
dangerous of the water-borne bacterial diseases, cholera causes
vomiting and diarrhoea that, without treatment, result frequently in
dehydration and death. Symptoms of typhOid caused by Salmonella
typhosa, include gastrointestinal disorders, high fever, ulceration of
the intestines and possible nerve damage.
2.9.2 Viruses

In surface waters, viruses enter through aquatic fauna and flora as
well as from higher plants and animals. Sewage effluents also
contribute viruses of human origin into surface waters. Domestic
animals and the wildlife of urban areas also contribute by way of
storm waters which are commonly added to streams and rivers
without treatment of any kind. Human viruses transmitted through
water by faecal contamination include the infectious hepatitis virus,
enteroviruses (poliovirus, coxsackie virus and ECHO virus)
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adenoviruses and reoviruses. These are extremely infectious agents,
and the ingestion of only one or two virus particles can give rise to
clinical infection (Bell, 1965). Of these infections hepatitis and
poliomyelitis are perhaps the most important. The viruses which are
important from the water supplies view point, are those stable to an
acid pH. According to Bell (1965), only a proportion of the viruses
known to affect humans are able to pass the acid barrier of the
stomach and multiply in the intestinal tract. This is the main site of
multiplication of the small enteroviruses, as well as the adenoviruses
and reoviruses.
The symptoms associated with water-borne viral infections usually
involve disorders of the nervous system, but viruses may also be
responsible for the epidemics of gastroenteritis and respiratory
infections including hepatitis, poliomyelitis, aseptic meningitis,
encephalitis, diarrhoea, respiratory tract infections and rashes etc.
2.9.3 Protozoa

The various types of protozoa may be grouped according to their
method of locomotion. e.g. Rhizopoda, Flagellata, .Ciliophora,
Sporozoa. The Entamoeba histolytica is a typical parasitic Rhizopod,
causing the disease of amoebiasis, which is known to affect gtJeast>
10% of the world's population (Evison and James, 1977). Entamoeba
histolytica is one of the six colon-inhabiting amoeba known to be
pathogenic to humans. In the intestine the organisms are in the
form of trophic amoeba (trophozoites) which grow and divide by
binary fission. When trophozoites encyst they become immobilized
and are carried out with the faeces, and can then be transmitted
either by direct contact or more often by contaminated water to
another host. Another protozoa, Giardia lamblia, is infectious to
humans and is often carried out by wild animals living in or near
natural water systems.
Protozoal infections are usually characterized by gastro-intestinal
disorders of a milder order than those associated with the bacterial
infections described in section 2.9.1. However, some of these can be
serious, e.g., amoebiasis and giardiasis. Smith (1976) has reported
on the epidemic in Chicago in 1933 in which over 1400 people
were affected and 98 deaths resulted when drinking water which
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was contaminated by sewage containing Entamoeba histolytica. In all
reported outbreaks of amoebaisis, sewage contaminated water
supplies have been the major identified source of infection. either
because of inadequate treatment. contamination of the supply in the
distribution system or contamination of the water after it has been
drawn (WHO. 1969).
2.9.4 lIelnlDnths
Helminthic contamination of water may result from human or animal
wastes that contain helminths. Contamination may also be via aquatic
species of other hosts. such as snails or insects. Aquatic systems can
also be the vehicle for transmitting helminthic pathogens in water.
Surface water contaminated with sewage can carry schistosomes.
These are among the most important helminths causing severe
damage to the liver. spleen and bladder. Excreta polluted water may
also contain cnistacean vectors of guinea worm. Surface water if it
passes through the soil contaminated by sewage. may carry soiltransmitted helminths such as Ascaris lumbncoides. Trichuris
tnchiura. Strongyloides stercoralis etc.
Primarily helminths pose hazards to those persons who come into
direct contact with polluted water. Sewage plant operators.
Swimmers in recreational lakes polluted by sewage and farm
labourers employed in agricultural irrigation operations are at
particular risk of helminthic diseases.

2.10 Potable water quality standards

•

Water quality standards are usually set by a governmental agency or
organization to represent a statutory requirement. These should not
be confused with water quality requirements which represent a
known or assumed need and are based on the prior experience of
the water user. Standards for drinking water have evolved over the
years as knowledge of the nature and effects of various contaminants
has grown. Currently. it is considered desirable that drinking water
be free of suspended solids and turbidity. that it be tasteless and
odourless. that dissolved inorganic solids be present in only
moderate quantities and that organics. toxic substances and
pathogens be absent.
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The World Health Organization (1984) has established minimum
microbiological, physical and chemical quality criteria for drinking
water that all nations are urged to meet. These standards are listed
in appendix B-l. Countries with more advanced technologies
generally have standards that exceed these criteria and those which
are still developing have set their standards near or below WHO
Guide-lines as shown in appendices B-2 and B-3.

2.11 Pathogenic micro-organisms and their indicators
Natural waters contain many types of living organisms, such as.
bacteria, viruses, protozoa, parasitic worms, algae, helminthic eggs
and many more higher organisms. Of which bacteria, viruses,
protozoa and helminths are considered as pathogenics. Their
concentration and occurrence depends upon the source of
contamination and the climatic conditions. With surface water
contaminated with sewage or other human and animal excrement
the concentration of these pathogens is much increased. Most
pathogenic organisms found in this type of water are bacteria of
faecal or urinary origin.
The intestines of humans and other warm-blooded animals contain
the bacterial inhabitants including members of the genera
Clostridium, Pseudomonas, Proteus and Lactobacillus as well as the
coliform group and Faecal streptococci. All these will be present in
sewage or in surface water contaminated with sewage. Pathogenic
micro-organisms from the genera VibriO,L€ptospira, Brucella,
Mycobacterium, Salmonella and Shigella will also be present in
sewage polluted surface waters but their variety and number will
depend upon the general state of health of the community, the
geographical region and the extent of any sewage treatm'ent available
(Ellis, 1989).
The analysis of water prior to treatment for all known pathogens
would be a very time consuming and expensive proposition. The
monitoring of waters for the presence of specific pathogenic
bacteria, viruses and other agents is usually impracticable and
indeed unnecessary for routine control purposes. Tests for specific
pathogens are usually made only when there is a reason to suspect
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that those particular organisms are present. At other times, the
purity of water is checked using the indicator organisms.
An indicator organism is one whose presence presumes that

contamination has occurred and suggests the nature and extent of
the contaminants. It should ideally be more resistant than other
pathogens to chemical disinfectants as well as to environmental
stress, it should be applicable to all types of water, it should lend
itself to routine quantitative testing procedures without Interference
from, or confusion of results, because of extraneous organisms, and
for the safety of laboratory personnel it should not be a pathogen
itself. An Indicator organism should also be native to the intestinal
tract of humans because most of the water-borne pathogens are
introduced through faecal contamination of water (Hahn, 1972).
In practice, the above criteria cannot all be met by anyone
organism. There are three groups of faecal Indicator bacteria
especially associated with human or animal faecal matter that are
normally isolated and enumerated in order to establish the extent of
the sewage pollution present. These are faecal colifonns. the faecal
streptococci and Clostridium perfringens (HMSO. 1983. Hutton.
1983. WHO. 1984 and Ellis. 1989). Although their presence in
water does not necessarily confirm the existence of pathogenic
organisms their strong association in very large numbers with
animal or human faeces provides a strong indication that diseaseproducing organisms will be present. In addition. Lactobacillus
bifidus (or bifido bacterium) and Pseudomonas aeruginosa are
currently being proposed as Indicator organisms although there is
some doubt as to the status of Pseudomonas aeruginosa as a purely
intestinal organism (Agg et al. 1978 and Feachem et al. 1983).
Of the above three groups. the organisms meeting most of the
requirements of an indicator organism belong to the faecal coliform
group. This group of organisms is a sub-group of total coliforms and
belong to the large family of Enterobacteriaceae. Faecal coliforms are
those coliform bacteria which are capable of fermenting lactose in
the presence of bile salts (or other similar inhibitors) at 370 C and
44 0 C. with the production of gas and acid (Ellis. 1989).

27

Faecal colifonns are nearly entirely Escherichia coli but may contain
some strains of Enterobacter, Citrobacter and Klebsiella pneumoniae
(Feachem et aI, 1983: Hutton, 1983 and WHO, 1984). Of these
organisms E.coli species is easy to isolate and is exclusively of faecal
origin being always present in the faeces of man and other warmblooded animals in large numbers and hence present in sewage in
large numbers. The total colifonns in fresh faeces nonnally include
more than 90% (perhaps 99%) E.coli (Ellis, 1989). The presence of
E.coli is therefore regarded as definite proof of faecal pollution.
Their presence would also mean that intestinal pathogens could be
present, and that the supply be regarded as potentially dangerous to
health. Conversely, the absence of these organisms is an indication
that,in all probability, intestinal pathogens are also absent. In other
words water may not be faecally contaminated. Further about the
E.coli will be dealt in the following section.
The second group of indicator bacteria is that of the faecal
streptococci. These are small, Gram-positive organisms found
predominantly in human and animal faeces. Streptococcus faecalis is
the predominant species of faecal streptococci in the human
intestine and is relatively rare in animal intestines. Therefore it is
regarded as being nearly specific to human faecal matter (Agg et al,
1978). This indicator group has rarely been recommended for
(~
control of drinking-water quality because of their persist;llnce in
water with moderate salt concentration (Geldreich, 1976). In
addition, the widespread occurrence of Streptococcus jaecalis var.
liquifaciens, which is largely non-faecal in origin and which cannot
be differentiated from the other faecal streptococci during the
routine detennination, may detract from the significance of number
of faecal streptococci less than 100 per 100 ml in drinking water
unless strains of identification is part of the routine procedure.
These organisms can better be used as a supplementary bacterial
indicators to assess the significance of doubtful results with the
colifonn test, particularly if large number of colifonn organisms are
found in the absence of E.coli (HMSO, 1983). They can also be of
value in checking water in the distribution system following repairs
to mains (WHO, 1984).
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The third indicator organism,. Clostridium perjringens. is the most
important non-motile species of the group of anaerobic sulphitereducing Clostridia. It is a thick. short. rod-shaped bacterium which
always grows singly. It is exclusively faecal in origin and normally
present in human and animal faeces. though usually in numbers
much fewer than those of E.coli and faecal streptococci and
therefore less sensitive as a direct indicator of excremental
pollution. Clostridium perjringens can form resistant spores and it is
the ",durability of those thick-walled non-vegetative units which
makes the Clostridium perjringens important as an indicator
bacterium. Clostridial spores can resist disinfection if the
concentration. contact time. or pH is unsatisfactory. Their
persistence in disinfected waters may thus indicate defiCiencies in
treatment (Kool. 1978), however. they will sometimes occur in
small numbers in treated supplies derived from polluted water.
Therefore, it would not be desirable to consider these organisms for
the routine monitoring of water supply system (WHO. 1984).

2.12 Escherichia coli
shaped,
thermotolerant coliform organisms which ferment lactose at 44 0 C.
Like other bacteria, they also grow best at about pH 7.4, but can
tolerate media with pH value from 6 to 9. Like most bacteria
Escherichia coli have a procaryotic (with no true nucleus, no nuclear
membrane, no spindle formed, no mitochondria, no endoplasmic
reticulum and no chloroplast) cell with a rigid cell wall giving the
cell its characteristics shape and preventing bursting of the plasma
membrane. Inside the cell wall are the cytoplasm, nuclear body and
storage material. The cytoplasm, contains - ribosomes. The nuclear
body consists of deoxyribonucleic acid (DNA) and protein. The DNA
is used in the reproduction process but the functions of protein are
unknown (Humphries, 1974). Other characteristics of Escherichia
coli are shown in appendix C.

Escherichia

coli are unicellular, gram-negative, rod

Escherichia coli are the predominant species of faecal coliforms

which are a subgroup of total coliforms. Escherichia coli are the
most common type of bacteria found in the normal human and
animal intestine. These are the most abundant coliform organisms
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occurring in numbers approximately 1000 millions (l09) per gram
of fresh faeces (HMSO.1983). constituting more than 90% (perhaps
99%) of total coliforms (Ellls. 1989). These are the most commonly
used primary bacterial indicators of faecal pollution. Their presence
In water samples always indicates potentially dangerous
contamination of either human or animal origin. High counts
Indicate heavy or recent pollution and low counts. slight or relatively
remote pollution. Bacteriological tests carried out for their detection
are relatively simple and more rapid. Due to this reason Escherichia
coli are regarded as the most delicate and certain indicators of
external pollution at the bacteriologists disposal.
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SURFACE WATER QUALITY PARAMETERS

3.1

Introduction

The major phYSical. chemical and microbiological characteristics of
surface water have been discussed in a previous chapter. The more
common parameters of organic pollution of surface water will be
considered in this chapter. These are of assistance in determining
the specific forms of pollution or in reflecting the general quality of
water.

3.2

Dissolved oxygen

Dissolved oxygen is essential to the life and health of any surface
water. because it allows aerobic micro-organisms to carry through
their metabolic processes and stabilise bio-degradable organic
material dissolved in water. The rate at which the dissolved oxygen
is used will depend upon the quantity of organics. the ease with
which they are bio-degraded and the dilution capacity of that
water.The presence of dissolved oxygen is also desirable because it
prevents the formation of septic conditions and obnoxious odours.
The content of dissolved oxygen varies with water depth.
temperature and the quality of the water. It may also depend to
some extent upon such factors as sludge deposits. turbidity. time of
day and the flow regime of the stream. Clean surface waters are
normally saturated with dissolved oxygen. but such dissolved oxygen
can be depleted by the oxygen demand due to the biological
decomposition of organic wastes present in water. An increase in
the pollution load will further stimulate the growth of bacteria and
oxidation will proceed at an accelerated rate.
The primary replacement of the dissolved oxygen consumed by the
biodegradation occurs through the water surface exposed to the
atmosphere. As air is dissolved in water the proportion of oxygen in
the mixture of dissolved gases is about 38% which is nearly twice
that which is found in the atmosphere (20.9%). Despite this. the
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amount of oxygen dissolved from air into water is small (Ellis.
1989). Even in the most favourable conditions it is hard to find
more than 8-10 mg/l oxygen dissolved in water. The solubility of
atmospheriC oxygen in water is not constant but varies directly with
pressure and inversely with temperature and salinity. With variation
in temperature dissolved oxygen concentrations alter appreciably;
decreasing as the temperature rises as shown in appendix '0'.
Algal photosynthesis may be another source of replacement of the
dissolved oxygen consumed by the biodegradation of organic waste.
In the presence of sunlight. algae and other aquatic plants
metabolise inorganic compounds and produce oxygen. Such
photosynthetic production of oxygen is of great significance in the
water sources In the warmer and sunnier regions of the world.
There will also be marked diurnal changes in the dissolved oxygen
content of the surface water as a result of photosynthesis.
Dissolved oxygen is one of the most Important parameters in
determining the quality of streams. rivers. lakes and other surface
waters. Its measurement Is a very valuable procedure In the selfpurification operations of surface water bodies. where the difference
in oxygen content from time to time will give a good Indication of
the progress of this process and the extent of the biochemical
activities taking place inside them.

3.3

Biochemical oxygen demand (BOD)

The biochemical oxygen demand is a measure of the molecular
oxygen required for the stabilization of decomposable matter
present in water by aerobic bio-chemlcal process. This process is of
great Importance in water quality control. Due to this process
aerobiC micro-organisms present in water metabolize the complex
and unstable molecules of pollution. The proteins. carbohydrates.
fats. alcohols. liplds etc. present in the organiC matter are oxidised
through the metabolic processes to a number of simple and stable
inorganic compounds such as carbon dioxide. water. sulphate.
phosphate. ammonia and nitrate etc., along with a new cellular
material of fresh protoplasm as shown in figure 3.1.
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FIGURE 3.1
Biological carbonaceous breakdown of organic matter.
Source: Ellis (1989).
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The measurement of the biochemical oxygen demand (BD D) is
carried out by determining the oxygen consumed by aerobic microorganisms in oxidizing organic material from a sample placed in an
airtight container under a controlled environment for a preselected
period of time. The ultimate or total BOD of a partially polluted
surface water is measured by determining the dissolved oxygen
concentrations initially and thereafter dally up to 20 days. If the
decrease in the dissolved oxygen concentrations i.e. BOD is plotted
against the time in days. a curve will be produced similar to shown
in figure 3.2.
The determination of the ultimate BOD of a water sample may be of
some value. because It represents about 95% to 99% of theoretical
oxygen demand (ThOD). but for a routine test. a period of 20 days
would be unrealistic. However. about 70% of the ultimate BOD Is
usually exerted at the end of the 5-day period. The percentage of
the ultimate BOD represented by the BOD5 depends upon the value
of the reaction co-efficient in the first-order reaction as expressed
by Streeter and Phelps (1925). Their equation describing the
reaction is.
dx/dt = k' ( L-D )
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Where,
L = the ultimate BOD (concentration of the organic material)
D = the amount of BOD satisfied at time t (dissolved oxygen deficit)
k' = Co-efficient of reaction.
On integration of above equation,
kl' = lit Ln (LI L-D)

By emplOying Lt the amount of BOD remaining in water at time t,
L-D=Lt

or
D=L-Lt

and
Lt/L = e-k' t

or
Lt/L

= 10-kt

Then the amount of BOD that has been exerted at any time t equals,
D = L ( 1- e- k ' t)

or
D = L (1 - 10-kt )

Where,
k = k'/2,303
The magnitude of the velocity co-efficient k has a considerable
influence on the percentage of the BOD satisfied under 5 days. Its
value is dependent upon the type of organic material. It may vary
from as little 0.05 per day to nearly 0.3 per day. With its value of 0.3
per day practically all the BOD has been satisfied after 5 days but a
value of 0.1 per day of veloCity co-efficient k results in 68% of the
ultimate BOD in the 5-day test.
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FIGURE 3.2

Development of the BOD curve at 20 oC.
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Biochemical oxygen demand (or BOD) test is among the most
important tests in water quality analysis to detennine the strength
of organic pollution in surface waters. The measurement of only
biodegradable organic material is the principal advantage of this
test. But the time period is one of the major drawbacks of the
standard BOD test. Because even a period of 5 days may not
correspond the point where the soluble organic matter has been
used. Also the value of ultimate BOD achieved from a 20 days test
will be smaller than the theoretical oxygen demand (ThOD). Due to
these drawbacks the BOD is not always used for surface water quality
analysis, but tests such as the COD and the TOC are employed for
this purpose as described in the following sections.

3.4

Chemical oxygen demand (COD)

The chemical oxygen demand or COD is the amount of oxygen
required to chemically oxidise the organic matter present in
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polluted surface waters. The COD test is used to measure the oxygen
required for the oxidation of all the organic matter. This test was
developed in an attempt to determine the amount of oxidisable
organiC matter in a time conSiderably less than the 5-day period
required for the BOO.
The standard COD test involves potassium dichromate as a strong
chemically oxidizing agent in a concentrated sulphuric acid used
under the rigorous conditions of 1500 C over a period of 2 hours.
The majority of organiC matter present in the water sample is
oxidized to carbon dioxide and water by this reaction. The COD value
is determined by subtracting the quantity of dichromate remaining
after 2 hours from that present in a blank determination. Silver
sulphate is also used in the reaction as a catalyst to allow the
oxidation of fatty acids of low molecular weight and straight-chain
aliphatics. In order to suppress the chloride ion Interference a small
amount of mercuric sulphate Is also added to the reaction.
Compared to the BOO, the COD test is simple, swift and relatively
accurate. It oxidizes a very large percentage of the organic material
present in the test sample. According to Ellis (1989), oxidation of
between 95% and 100% of the organic material present in a sample
is achieved by this test. Due to this reason COD of a sample is, in
general, higher than the BOO. For many types of pollution, it is
possible to correlate COD with BOO. Once this correlation has been
established, COD measurement can be used for treatment plant
control and operation instead of the 5-day long procedure of the
BOO. A disadvantage of the COD test is that it has a strictly limited
application for river waters and good-quality effluents because of its
increasing inaccuracy in polluted waters with a potential oxygen
demand of less than 50 mg/l (Ellis, 1989).
3.5

Total Organic Carbon (TOC)

This Is the amount of carbon present in the biodegradable and nonbiodegradable organiC material in the polluted surface waters. Like
the COD, the total organiC carbon or TOC test is also a means of
measuring both the biodegradable and the non -biodegradable
organic matter present in water. This is a quick and reliable

37

technique to detennine the organic carbon content of a sample and
provides a reliable approximation to the oxygen demand. Both the
COD and the TOC tests necessitate a complete or nearly complete
oxidation of the organic material present in a water sample. but the
major difference is that the COD is concerned with the oxygen
required for the oxidation while the TOC provides a figure for the
mass of carbon present in the molecules of the organic material.
The TOC test is perfonned by injecting or pumping a known
quantity of a water sample via an automated sampling valve into a
high temperature furnace or UV -irradiation reactor containing an
acid as catalyst. Under the conditions of high temperature or UV
radiation. soluble organiC carbon is oxidised to carbon dioxide.
which is then quantitatively measured. either by a non-dispersive
infra-red detector or by reductive pyrolysis to methane followed by
flame ionisation analysis. The minimum detectable carbon by this
test is about 1.0 mg/l, although lower concentrations can be
measured by employing either larger samples or using
preconcentration techniques (e.g.. 0.18 mg/l carbon can be
detected using 1.0 ml of filtered. acidified and sparged sample at
the Nottingham Laboratory of National Rivers Authority by
Dohnnann DC-80 Analyser).
The accuracy and reproducibility of the TOC test may escalate from
1% to 10% depending upon the homogeneity of the sample
employed. An error of 1 to 2% can be expected with a filtered
sample which may rise to 5 to 10% if suspended solids are present
in the sample (Ellis. 1989). Pre-acidification and purging of the
sample may eliminate the error due to the presence of inorganic
carbon. although purging may result in the loss of some volatile
organic components. Also certain resistant organic compounds may
not be oxidised. therefore the measured TOC value may be slightly
less than the actual amount (ThOC) present in the sample.
The TOC test is much quicker than the BOD and the COD tests.
therefore it is very important in the assessment of water quality in
an emergency situation. This test can be a very swift source of a
reliable approximation to the oxygen demand if reliable ratios
between it and either the BOD5 and the COD have been established.
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3.6

Relationship of the BOD5. COD and TOC to the total
organic material in water

It has been mentioned earlier in this chapter that the BOD5

represents only about 70% of the ultimate oxygen demand. Even the
ultimate BOO (BODu) is incapable of measuring the whole of the
biodegradable oxygen demand because the whole the organic
substrate is not oxidised completely to carbon dioxide and water
during the BOO test. There is always a build-up of additional
bacterial cellular matter from the original substrate which. even
following cell death. is not fully biodegradable. Unlike the BOD5. the
COD provides a value for the oxygen demand created through the
oxidation of a very large percentage of the organic material present.
both biodegradable and non-biodegradable. Although the value of the
COD is smaller than the theoretical oxygen demand (ThODj, its
value will be much higher than the BOD5. In other words BOD5 <
COD <ThOD as shown in figure 3.3 and 3.4.

FIGURE 3.3
Relationshi of the BOO and COD to total or anic matter in water.
Source: Ellis (1989).
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Unlike the BODs and the COD. the TOe is not concerned with the
oxygen required for the oxidation. but it indicates the mass of
organic carbon present in the sample. As a result the Toe is always
less than the COD and usually less than the BODs. However. if the
percentage of biodegradable organic matter is very low it is possible
that the BODs will be less than the TOe. It has already been
mentioned that actual TOe is always smaller than ThOe. therefore
TOe < ThOe < BODs < COD < ThOD. as shown in figure 3.4.
FIGURE 3.4
Approximate relationship among measures of the organic content of
the wastewater.
Source: Metcalf and Edd (1979).
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If reliable correlations of all above parameters. especially the TOe.
the BODs and the COD. is established then the determination of any
one test can provide a clear indication of the other parameters. In
other words the determination of one variable will give approximate
value of other variables. For untreated domestic wastewaters the
ratio of BODs/TOe as given by Metcalf and Eddy (1979). varies
between 1.0 to 1.6 and BODs/eOD between 0.4 to O.B. There is also
a definite theoretical ratio between the COD and the TOe of 2.66 as
shown in the following equation:

e

+ 02 - -..
~~ C02
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In the above equation e is the TOe with atomic weight equal to 12
and 02 is the COD with molecular weight equal to 32. Therefore. the
definite theoretical ratio between the COD and the TOe is 32: 12 or
2.666:1.0.
For polluted surface waters, according to Ellis(l989), COD is always
greater than TOe by the factor of about 2.5. The same authorS
histogram (shown in figure 3.3), suggests that BOD5 is about 0.53 of
COD. In other words correlation among TOe: BOD5 : COD comes as
1.0 : 1.3 : 2.5, which is very close to the correlation calculated from
the figures of Metcalf and Eddy. The establishment of constant
correlation however, depends upon the nature and source of the
pollution.
Among all measures, the most important parameter is BOD5 because
this creates an oxygen demand in the surface water and in
treatment works. At the same time this is the most difficult to
correlate to others because of the problems associated with
biological tests. However the establishment of constant relationship
between the various parameters of organic content in the polluted
surface waters can overcome this problem. The determination of the
Toe is the quickest among all three parameters discussed above and
can be helpful for this purpose, especially in the case of urgency
when assessment of water quality is required in the -shortest
possible time to make quick decisions for treatment options.

41

~®ill.

\W£'ll'lEll?
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

~~

'll'~'TI'lffi)];limr

)}lID£.©'ll'il©~

ffistorical overview of water treatment
Normal practices of water treatment
Chlorination of water
Chemistry of the chlorination
Breakpoint chlorination phenomenon
Disinfection mechanism of chlorine
Factors affecting the germicidal efficiency of chlorine
Water treatment in disaster situations

42

WATER TREATMENT PRACTICES
4.1

IUstorical overview of water treatment

The treatment of water prior to human consumption is a very old
practice. Different techniques such as. storage. filtration and boiling
have been reported in literature dating back to 2000 B.C. (Baker.
1948 and Russel et al. 1982). However. all early water treatment
techniques were used in individual households. There is no
indication of community water supplies being treated until around
the first century. when the Romans built settling basins at the
headworks of aqueduct channels.
Large scale treatment of public water supplies was first attempted in
the beginning of the nineteenth century in Europe. It consisted of
settling operations followed by slow sand filtration. which not only
improved the aesthetic quality of water to a substantial level. but
provided the primary defence against water-borne diseases. These
practices slowly spread all over Europe and by the end of the
century most major municipal water supplies were treated by
filtration. America also followed the European development of water
treatment. but the development of rapid sand filters during the
latter part of the nineteenth century provided a more workable
process over there and by the turn of the century its use was
widespread throughout the USA. Other processes of treatment such
as coagulation and flocculation. softening of hard water.
microstraining. hyperfiltration etc. developed more slowly and could
not find widespread use in public water supplies until well into the
twentieth century.
Chemical disinfection of water as reported by Russel and his fellow
researchers (1982). has been in practice since 450 B.C. when
copper and silver vessels were used to keep water potable. but this
practice was limited to individual households. The use of
disinfection in public water supplies flourished after the discovery of
germ theory of disease. Bleaching powder and hypochlorites came
into use in the 1890's and, at the turn of the century. permanent
installations of chlorinated water were put into operation (Baker.
1948). The disinfection action of iodine was also recognised
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immediately after its discovery in the early nineteenth century, but
it has been mostly used in emergency, for military and for
swimming pool disinfection purposes. Other means of disinfection,
notably ozonation, were developed Simultaneously but did not find
widespread use outside Europe.

4.2

Normal practices of water treatment

The International Standards for drinking water (WHO, 1971) state
that water intended for human consumption must be free from
organisms and from concentrations of chemical substances that may
be a hazard to health. In addition, supplies of drinking water should
be as pleasant to drink as circumstances permit. Good quality water
is described as being wholesome and palatable, a term which is
described by Fair, Geyer and Okun (1966) as: 'To be wholesome.
water must be free from disease organisms, poisonous substances
and excessive amounts of minerals and organic matter. To be
palatable, it must be significantly free from colour, turbidity, taste
and odour and well aerated'.
To achieve wholesome and palatable water the application of certain
water purification methods are very important. The whole process
of water treatment consists of a series of barriers, whose number
and variety depend upon the physical, chemical and microbiological
quality of the water source. Although the primary objective of water
purification is the removal or destruction of undeSirable bacteria and
viruses, modern treatment processes such as, storage and
sedimentation, coagulation and flocculation, microstraining,
filtration and various methods of disinfection are designed to
correct unacceptable physical and chemical characteristics and to
ensure the aesthetic and hygienic requirements of public water
supplies.
4.2.1 Storage and sedimentation

Storage is the simplest method of treating water. Reservoirs
designed for this purpose serve primarily as sedimentation basins
where improvements in the turbidity of the outflowing water
reduces the practical problems of coagulation, filtration and
disinfection and improves the physical, chemical and
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microbiological characteristics of the water. This method of water
treatment will further be dealt latter in this chapter.
4.2.2 Coagulation and flocculation

Under conditions normally encountered in settling basins. efficient
removal of colloidal particles cannot be expected. In water
purification this is generally accomplished by chemically coagulating
the colloids into clusters. or flocs. which are large enough to be
removed by gravity settling. In water treatment plants chemical
coagulation is usually accomplished by the addition of trivalent
metallic salts. of which aluminium sulphate [Al2(S04131. or alum. is
the most popular (Tebbutt. 1977). The floc growth depends upon
two factors Le. intermolecular chemical forces and physical action
induced by agitation in the flocculator. The paddle flocculators are
most commonly used for this purpose.
4.2.3 Filtration

Filtration is a polishing step employed to remove suspended matter.
Small flocs or precipitated particles in water. not removed by the
settling of stored and chemically coagulated water. are removed by
passing it through a porous material. Under certain conditions
filtration may serve as the primary turbidity removal process e.g .. in
direct filtration of raw water. The filtration medium may be sand.
anthracite. granular activated carbon. diatomaceous earth or a finely
woven fabriC. The most commonly used filtration operation involves
passing the water through a stationary bed of a granular medium.
The solids in water are retained by the filter medium. The most
commonly used types of filter include. slow sand filters. rapid sand
filters. rapid gravity filters. pressure filters and horizontally
roughing filters.
4.2.4 Microstraining

Microstraining is also a form of filtration whose primary objective is
the removal of various forms of phytoplankton. zooplankton and
microscopic debris and other suspended solids. It involves straining
the water through an extremely fine woven mesh of stainless steel
fabric. Microstrainers have been successfully employed in the
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primary clarification of water. as an alternative to rapid sand filters
for the prefiltration of the water passing to slow sand filter beds.
The cost of the structure is much lower than with rapid sand
filtration; the lower head loss being another advantage.
4.2.5 Disinfection

Although Storage. sedimentation. coagulation. flocculation.
microstralning and filtration improve the microbiological quality of
water considerably they are not relied upon for complete health
protection. If water completely free of pathogens is required. it is
necessary to apply the process of disinfection. In practice all kinds
of drinking water require disinfection. A good disinfectant must be
toxic to microorganisms at the concentrations well below the toxiC
level to humans and higher animals. Additionally. it should have a
fast rate of kill and should be persistent enough to prevent re growth
of organisms in the distribution system.
The disinfection process is affected by a variety of parameters like
pH. temperature. type and concentration of diSinfectant. contact
time. condition of water etc. The factors which influence mostly
against effective disinfection are turbidity and resistant organisms.
Turbidity-producing colloids offer sanctuary to organisms. thus
shielding them from the full action of the disinfectant. Viruses. cysts
and ova are more resistant to disinfectants than are bacteria.
Additional exposure time and higher concentrations of the
disinfectant will be required for an effective kill of these organisms.
The process of disinfection can be accomplished by a variety of
agents which are either chemical or physical. Chemical diSinfection
agents include members of the halogen group. ozone. silver.
hydrogen peroxide etc. Among the halogen group members.
chlorine and a few of its compounds are used in the vast majority of
water purification plants. both large and small. Iodine is used in
emergency conditions only and bromine has never become very
popular because of difficulties associated with its handling and
feeding. Ozone is mostly used in the developed countries of Europe.
Silver is still used but hardly at all because of its high cost and slow
bacterial action. Hydrogen peroxide is occasionally used for bacterial
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destruction and odour removal. but it is too costly to be widely
employed.
Physical agents include. irradiation with gamma waves or ultraviolet
light. sonification. electrocution. boiling and ultra filtration. but
these agents are only suitable for the treatment of water either on a
small scale or in special circumstances.

4.3

Chlorination of water

Chlorine was discovered by a Swedish chemist Karl W. Scheele in
1774 and named by Sir Humphrey Davy in 1810. Its disinfectant
properties have been known for many years. According to Mond
(1927). the French were the first people to use chlOrine in 1792. as
a bleaching agent. in the form of potassium hypochlorite (Eau de
Javelles). But it was Dr John Snow who used it first in an attempt to
disinfect the Broad Street pump water supply in London in 1850
after an outbreak of cholera caused by sewage contamination
(Sconce. 1962).
After the approval of the British Parliament in 1906. the water
authority in Cambridge also used chlOrine to safeguard the purity of
water in its region. But Reading became the first water authority in
Great Britain to adopt chlorination as a routine measure by installing
a full scale plant in 1910. Expansion of the chlorination process has
been rapid and it is now employed in all parts of the world.

4.4

Chemistry of chlorination

Chlorine gas is soluble in water [7160 mg/l at 200 C and 1 atm (The
Handbook of Chemistry and Physics. 1984)] and hydrolises rapidly
to form hypochlorous acid as shown below:

Similar results are achieved when hypochlorites such as sodium
hypochlorite (NaOCI) and calcium hypochlorite [Ca(OC1)21 are
applied to potable and wastewater treatment. as shown below:

47

FIGURE: 4.1
DIstributlon of HOCL and OCL- as a function of pH.
Source: Sawver and McCarty (1978)
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The most important reaction in the chlorination of an aqueous
chlorine and hypochlOrite solution is the formation of hypochlorous
acid (HOCI). This species of chlorine is the most germicidal of all
chlorine compounds with the possible exception of chlorine
dioxide. Hypochlorous acid is a highly reactive but weak acid and
undergoes partial dissociation as follows:
HOCl

-

~iI==!!.~

H+

+ OCl-

The above relationship is governed primarily by temperature and
pH. as shown in figure 4.1. In waters of pH between 6.5 and 8.5 the
reaction is incomplete and both HOCl and OCl- are present. The
percent distribution of undissociated HOCI species for the different
pH and temperature values are shown in appendix ·E'. If ammonia is
present in water. it reacts with HOCI to form the less effective
chloramine as shown below:
HOCI + NH3
.. H20 + NH2CI (mono chloramine)
HOCI + NH2CI - - -..
~ H20 + NHCl2 (dichloramine)
HOCI + NHCl2
.. H20 + NCl3
(nitrogen trichloride)
These reactions are dependent upon several factors. the most
important of which are the pH of the water. the ratio of reactant
quantities i.e. HOCI and NH3 and the temperature (White. 1986).
According to Sunderstron and Klei (1979). at room temperatures
and above pH 8.5. monochloramine exists alone. In the pH range of
4.5
and 8.5 monochloramine and dichloramine are formed.
Dichloramine alone occurs at pH 4.5 and below pH 4.4 nitrogen
trichloride (trichloramine) is produced.

4.5

Breakpoint chlorination phenomenon

The chemistry of this phenomenon (Griffin and Chamberlin. 1941)
is based upon the inorganic reaction of chlOrine with ammonia.
When chlorine is added to water containing reducing agents such as
nitrites. manganese ions. ferrous ions. readily oxidizable organiCS.
hydrogen sulphide and ammonia. residuals develop which yield a
curve similar to shown in figure 4.2. Chlorine reacts first with any
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FIGURE: 4.2

Generalized Curve Obtained Durin
Source: Metcalf and Eddv (1979)
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reducing agents present and produces no immediate measurable
residual as shown by the portion of the curve extending from point
A to B in the figure. The chlorine dosage at B is the amount required
to meet the demand exerted by the reducing agents. The addition of
chlOrine in excess of that demand results in forming chloramines.
The additional chlOrine added after B reacts with any ammonia
present to form chloramines (B to C on the curve). Further addition
of chlOrine results in the oxidation of the chloramines and the
creation of oxidised nitrogen compounds, such as nitrous oxide and
nitrogen trichloride, which in turn reduce the chlOrine residual as
seen in the curve between C and D. This may not be the best part of
the breakpoint phenomenon for the production of potable water,
because tastes and odours problems would be apparent.
Upon completion of the oxidation of all chloramlnes, any of
additional chlorine added to the water creates an equal residual.
Point D is generally referred to as the 'breakpoint' i.e. that limit
beyond which all the reSidual is present as free available chlorine.
Some resistant chloramines may still be present beyond point D, but
their relative importance is very small.

4.6

Disinfection mechanism of chlorine

Chlorine's mechanism of killing the microorganisms such as
bacteria, virus, cysts and spores is still not very clear. During the
period of its early use as a diSinfectant it was believed that the
germicidal power of chlOrine was only due to the liberation of
oxygen from the hypochlorous acid (HOCI) formed by the reaction of
the chlorine and water, but this theory led to considerable confusion
and initiated many serious investigations. It was not until 1944, that
Chang shattered this belief by showing that hydrogen perOxide and
potassium permanganate also liberated conSiderable quantities of
oxygen but showed little germicidal efficiency. He further proved
that there was no liberation of oxygen involved in the chlOrine
reaction, and that the disinfecting agent is hypochlorous acid.
Green and Stumpf (1946) concluded that chlorine reacted
irreversibly with the enzymatic system of bacteria, thereby killing
them. They were able to show that a bacterial suspension became
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sterile when bacteria lost the power to oxidize glucose. They also
found that when the enzymes which contain sulphydryl groups were
oxidized by chlorine. the oxidation was irreversible. thus preventing
enzyme action and resulting In the destruction of bacteria.
Ingols and his co-workers (1953) agreed with the theory of Green
and Stumpf. but using monochloramine and dichloramine. they
found that even though they restored the sulphydryl groups the
bacteria were not restored. This led them to believe that beSide
sulphydril groups there may be changes in other groups causing
death to bacteria.
Wyss (1962) pOinted out that probably the effective mechanism of
death to microorganisms is the phenomenon of unbalanced growth.
i.e .. the destruction of part of the enzymatic system that may carry
the cell out of balance so much so that. by progress of its own
metabolism. the cell will be dead before the necessary repairs are
made.
The Inactivation mechanism of viruses by chlorine and other
oxidants has never been resolved. An effective virus cell consists of a
core composed of a nucleic acid which is encased in a protein shell
or capsid. The capsid is built from a number of morphological
subunits identified as capsomeris. It is thought that oxidant
I
penetrates the capsid by chemical transformation and then attacks
the nucleic acid causing death to the cell.
Further studies have also been made on the nature of the
mechanism by which chlorine kills microorganisms. such as
bacteria (Fair et al, 1947. Knox et al, 1948 and Marks and
Strandkov. 1950), cysts (Chang and Fair. 1941. Chang. 1944 and
Fair et al. 1947) and spores (Fair et al. 1947 and Marks et al. 1945).
It is generally agreed that the relative efficiency of various
diSinfecting compounds is a function of the rate of diffusion of the
active agent through the cell wall. It is assumed that after
penetration of the cell wall is accomplished. the disinfecting
compounds have the ability to attack the protoplasm and enzyme
group whose destruction results in death to the organisms.
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4.7

Factors affecting the germicidal efficiency of chlorine

As mentioned earlier. the germicidal action of chlorine results from

its strong oxidizing power on the cell's chemical structure.
destrOying the protoplasm and enzymatic process required for life.
The factors that govern chlorine's mechanism of destruction are:
1)

il)
Hi)

iv)
v)
vi)

nature of the residual
concentration and contact time of the disinfectant
temperature
pH
condition of water
type of organism.

4.7.1 Nature of the chlorine residual
Hypochlorous acid (HOCl) is the most effective of all the chlorine
fractions. Its germicidal efficiency is due to the relative ease with
which it can penetrate cell walls. This penetration is due to both Its
modest size (low molecular weight) and its electrical neutrality
(absence of an electrical charge). Its germicidal efficiency is a
function of the pH. which establishes the degree of dissociation of
HOCl to H+ and OCl- ions as shown in appendix 'E'. The degree of
dissociation is increased by raising the temperature and suppressed
by decreasing the temperature of the reacting solution.
The hypochlorite ion ocr. which results from the dissociation
phenomenon. is a relatively poor disinfectant. because of its inability
to diffuse through the cell wall of microorganisms. The obstacle to
this passage is the negative electrical charge. as substantiated to
some extent by the fact that the activation energy for diSinfection by
HOCl is in the range of those for diffusion (E=7000 calories).
whereas that of the ocr ion is more characteristic of a chemical
reaction (E= 15000 calories).
The relative efficiencies of HOCl and OCl- ion have been well
documented by Fair and his colleagues (1947 and 1948) and William
(1951). Taking the findings of Butterfield and his colleagues (1943)
and Butterfield and Wattle (1944) into consideration. Fair and his
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co-workers (1947) revealed that ocr ion is about 1/80 as efficient
as HOCI in killing 99% E.coli in 30 minutes at 2-5 0 C at different pH
values. This is not in very close agreement with investigation by
Selleck (1981). His work demonstrated that OCI- ion is only 20
times less effective than HOCI rather than 80 times.
A Similar investigation made by Fair and his co-researchers (1947)

on the destruction of cysts revealed that OCI- ion is 150 times less
effective than HOCI at 3 0 C. Since cysts are the most difficult of
microorganism forms to destroy with chlorine. it is reasonable to
expect that other organisms. such as spores and viruses. would
show a relative ratio of effectiveness of the ocr ion to HOCI
somewhere between the extremes of E.coli at 1/20 and E.histolytica
at 1/150.
Chloramines are also poor disinfectants. Sir Alexander Houston
(1925) was the first person to notice that chloramines are slower to
kill microorganisms than is free available chlOrine. Holwerda's
(1928 and 1930) findings indicated that a time factor somewhere
between 80: 1 and 20: 1 was required for monochloramines
compared to free available chlorine. for the same germicidal
efficiency. Wattie and Butterfield (1944), Butterfield (1946),
Butterfield and Wattle (1948) and Kabler (1953) also achieved the
results close to those of Holwerda. This slower rate of reacting
according to lngol and his co-workers (1953). could be due to the
reversible reaction with vulnerable enzyme groups (in bacteria).
Another explanation of the low potency of monochlorarnine is that it
may be a function of hydrolysis.
On the other hand Holwerda's (1928 and 1930) work demonstrated
that dichloramine is a more potent germicide than
monochloramine. He found dichloramine to be twice as effective
germicidal than monochloramine. Fair and his colleagues (1947)
also obtained similar results while working with cysts of
E.histolytica. Kelly and Sanderson's (1960) work on poliomyelitis
and coxsackie virus also supported the same conclusions.
The relative germicidal efficiency of HOCI. OCI- and monochloramine was thoroughly investigated by Clark and his colleagues
(1962). They applied different chlorine dosages to chlorine-demand
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free solution sufficient to achieve 99% reduction of the E.coli at
temperature between 2-6 0 C. Analysis of available data of their work
carried out by White (1986) yielded a common base for comparison.
Graphical presentation of their results is shown in figure 4.3.
4.7.2 Concentration and contact time of the disinfectant

Dosages of the diSinfectants and their contact time with water
samples are closely related to each other. There exists a broad
inverse correlation between the residual disinfectant and the time
period in which disinfection is achieved. The required dosage is
that amount of chlorine which. after satisfying the immediate
demands of the impurities in the water. leaves a suffiCient residual
to destroy the pathogens. At the same time it should not be so high
as to render the water odourous and unpalatable. Since this
destruction is not instantaneous. an adequate contact time must be
allowed.
The appropriate chlorine dose depends upon the quality of the
water. but as a general rule the doses administered to good quality
public supplies vary from 0.1 to 1.0 mg/I. Higher doses of 2.0 or
even 5.0 mg/l are required when purification. that is. the removal of
suspended matter. organic and colouring matter. is less effiCient. or
if ammonia is present or if the oxidation of organiC matter. or the
reduction of colour and the removal of tastes is required.
As a general rule. water which is clear and bright in appearance and

has been so chlOrinated so that 0.1 to 0.2 mg/l of free chlorine
remains at the end of 30 minutes contact. will be bacteriologically
satisfactory. But the contact time required for waters containing
appreciable traces of free ammonia is usually between one and four
hours. if suffiCient chlorine is not added to oxidise all the
chloramines formed, and may be longer if the temperature is low.
the alkalinity of the water is high. or its organic impurity
considerable. Doses and contact time differ from the above if
chlorination is applied as a preliminary treatment of raw impure
water.
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FIGURE: 4.3
Comparison of the Germicidal Efficiency of Hypochlorous Acid. Hypochlorite Ion and Monochloramine for 99% Destruction of E.col! at 2 to 6 o C.
Source: White (1986)
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4.7.3 Temperature

Temperature has a noticeable impact on chlorination. low
temperatures cause delay. both in germicidal action and in the
absorption of chlorine. According to the Public Health Bulletin
(1946). using free chlOrine. on average three times longer is
required to obtain a 100% destruction of E.coli at 2 to 5 0 C than at
20 to 25 0 C. While with chloramine. nine times longer contact is
required at the lower temperature. Similarly for a given contact
period. four times as much chlOrine and two and a half times as
much chloramine is required to obtain the same bactericidal effect
at 2 to 5 0 C than at 20 to 25 0 C. Residual reactions usually persist
longer in winter than in summer.
4.7.4 pH

Chlorination is highly influenced by the pH of water. Its reaction
takes place more rapidly in acid than in alkaline waters. However
with a high pH. residual reactions are maintained longer. The rate of
chloramine formation is also influenced by pH. According to
Houghton (1950). in the ammonia-chlorine process. the bactericidal
rate also depends on the pH. Low pH values lead to a decreased rate
of chloramine formation and consequently a more rapid kill and
greater chlorine absorption by organic matter. Under the most
favourable conditions of pH and temperature i.e .• at pH 7.0 and a
water temperature of 20 to 25 0 C as described by Butterfield (1948).
complete bacterial destruction with a chloramine residual of 1-2
mg/l reqUires twenty minutes. whilst the same result is achieved
with a residual of free chlOrine of 0.04 mg/l in one minute.
4.7.5 Condition of water

The water to be chlOrinated should be reasonably clear and bright.
or treated to be so by filtration or other means. The presence of
suspended matter badly affects chlorination by absorbing chlorine
and by protecting bacteria. which may be embodied in the particles
and remain out of contact with any chlorine. thus escaping
destruction.
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Certain impurities of water such as organic matter. sulphides.
nitrites and ferrous iron. absorb or destroy chlorine. therefore their
demands must be satisfied before any chlorine is available for
germicidal action. The presence of ammonia is also of great
importance. because it can create considerable delays to the
disinfection process. to correct which longer contact periods are
required. If it is desired to maintain a rapid rate of bacterial kill in
such circumstances, a chlorine dose equal to ten times the ammonia
nitrogen content may be needed. Chemical analyses are therefore of
great value when chlorination is under consideration, and suitable
pretreatment of the water may be essential before chlorine can be
properly and effectively applied. Therefore it Is not considered an
effective disinfectant for highly polluted water especially In the
disaster situation.
4.7.6 Type of organism

The resistance of different pathogens to free residual chlorination
was studied by a number of researchers, such as E.coli (Butterfield
et al. 1943). Salmonella typhosa (Butterfield et al. 1943). Salmonella
dysenteriae (Butterfield et al. 1943). Poliomyelitis (Lensen. 1947
and Weidenkopf. 1958), Coxsackie A2 (Clark and Kabler. 1954).
Entamoeba histolytica (Fair et al. 1947 and Snow. 1956). B.
anthracis (Brazis. 1957). P.tulerances (Foot et ai, 1943) and
Hepatitis A virus (Neefe et al. 1947). Their conclUSions revealed that
the reSistance of pathogens to free residual chlorine varies over a
wide spectrum of organisms. Most of viral pathogens were seen to
be considerably more resistant than the bacterial pathogens. Cysts in
most cases were the most resistant to free chlorine. According to
water Research Centre (1979) the cysts of Entamoeba histolytica
may be a 100 times as resistant as E.coli and 9 times as resistant as
many viruses.

4.8

Water treatment in disaster situations

As mentioned earlier in chapter one. natural and man made
disasters can cause complete or nearly complete disruption of
public water supplies. Both the quality and quantity of the water may
be very much affected by this disruption. Safe water for drinking
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becomes scarce and people tend towards unsafe, unprotected and
polluted water source. Consequently water-borne diseases are
spread, which further increase the sufferings already created by
other catastrophic aspects of the disasters. Hence apart from other
emergency measures, the provision of a safe and adequate drinking
water supply is also very important especially to prevent diseases in
the disaster-stricken community.
Priority should be given to finding a source that does not require
treatment. If treatment is inevitable, it should be the minimum
required to ensure acceptable safer water, using appropriate
technology and a method that is reliable. Expert advice should be
sought to determine how to treat water on a large scale in that
particular emergency. However, simple and practical measure can
be taken before such help is available.
Generally, the amount of treatment depends upon the type and
condition of the raw water available, on the material and equipment
available and the type of emergency. It is almost impossible to
achieve high standards of water in an emergency. However
maximum possible efforts could be made to achieve minimum
acceptable standards so that diseases are prevented. In addition to
the phySical measures to protect water at its source, there are some
basic methods of treatment Widely considered in emergencies e.g.,
storage, filtration, chemical disinfection and boiling. These can be
used singly or in combination depending upon the condition of the
waters, available facilities and the type of urgency.
4.S.1 Storage and sedimentation

Storage improves the quality of water by reducing suspended
matter, colour, temporary hardness, nitrates, ammoniacal nitrogen
and oxygen absorbed from permanganates. More importantly there
Will also be a considerable reduction in the numbers of viruses and
pathogenic bacteria, such as, Salmonella sp., Vibrio cholerae,
shigella sp., E.coli etc. The removal of bacteria is partly due to
sedimentation and chemical changes. In addition ultraviolet rays in
sunlight have a germicidal effect which may penetrate to a depth of
three meters in water of low turbidity in an open storage tank.
Bacteria are also consumed by protozoa and other predatory
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organisms. More importantly the micro-organisms will probably dieoff merely as the result of being in a foreign environment. short of
substrate and unable to reproduce.
According to Pickford (1976), about 90% of bacteria are removed in
a weeks storage and there may be higher mortality depending upon
local conditions. The hygienic advantage of storage, as a primary
stage as summarized by Houston (1909) is the purification of sewage
polluted waters, the main virtue being the devitalization of
pathogenic bacteria as well as considerable reduction in the number
of excrementaJ organisms. He concluded that an adequately stored
water is a safe water.
A storage of only 24 to 48 hours will improve the quality of polluted
surface water to a considerable level. Further improvement is
dependent upon time of storage and temperature. The longer the
period of storage and the higher the temperature the greater the
improvement in Its quality. A storage of 48 hours will also help to
make any schistosome cercariae non-infective.
TABLE 4.1
Settling velocities of various size particles.
With speCific ,gravity of 2.65 in water at 20 0 C.
Source: Peavv et al (1986).
Size typical of:
Settling Velocity
Particle dia(mm)
(m/sec)
Gravel! Pebble
0.73
10
Coarse sand
0.23
1.0
Fine sand
0.01
0.1
0.01
Silt
0.0001
Ascaris
0.000016
0.05
1. 5x 10-6
Bacteria
0.001
1.0x10- 8
Large colloids
0.0001
1.0x10- 13
Small colloids
0.000001

Time to settle
for 300 mm.
0.4 seconds
1.3 seconds
30.0 seconds
50.0 minutes
5.0 hours
55.5 hours
347 days
105 years

The rate of settlement of solids in storage and sedimentation
reservoirs depends upon the partlcle size and may only amount to a
few mtllimeters an hour for fine clay and colloids unless coagulation
is brought about by chemicals such as aluminium sulphate (alum).
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Some particle sizes common to most surface waters and their
settling velocities are shown in table 4.1.
Storage and sedimentation on a large scale can be achieved in tanks
reservoirs or ponds. A storage basin may be formed by building a
simple earthen dam, and small basins can be made from stabilized
soil. They may be lined With concrete, masonry or polythene sheets.
Household containers, small tanks, drums and small reservoirs can
also be used for this purpose on small scale.
Storage is the simplest method of water treatment and important
one in emergency situations partlcularly in remote areas where
other treatment methods are practically impossible. Storage can be
accomplished singly or in combination With either filtration,
chemical disinfection or boiling. Unpolluted surface water with a
low turbidity can be used only after a short storage. But if water is
bacteriologically contaminated as well as turbid then the
combination of storage With either filtration, chemical disinfection
or boiling can be used depending upon circumstances and facilities.
Further about this method of treatment will be dealt in chapter 8
and 9.
4.8.2 Filtration

In the storage and sedimentation process larger particles settle out.
but small particles such as silt, bacteria, and collOidal solids may
require period of days to months to settle. These can be removed
much quicker by passing water through beds of sand and gravel. As
water passes through fine sand, solid particles are filtered out and,
more importantly, the thin layer, the 'schmutzdecke' of
microorganisms and other material which develops on the surface of
the sand bed breaks down organiC matter in water. The rate of
filtration depends upon the surface area, depth and type of sand
through which water is passed.
Many types of filters are employed in the filtration process, e.g ..
slow sand filters, rapid sand filters, pressure filters etc. but it is
unlikely that any conventionally design filter will either be available
or be able to be constructed in a disaster situation. There Will
probably be no proper water supplies available in the days and weeks
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following a major natural or man made disaster. All water sources
will be polluted and in such circumstances standard water filtration
methods may have to give way to simpler methods. Expedient and
small scale emergency filters made from wool blankets. sands.
ashes. rice husks and other granular material or textile and papers
will remove large amounts of dust and other sediments.
In acute emergencies a packed drum filter can be a good way to
provide limited quantities of water quickly if the sand and the drum
are available. A 200 litre drum can be used for this purpose. Water is
passed through two filter layers. one 750 mm thick of 2 to 5 mm
sand on top of 50 mm thickness of gravel. Water is drawn off at a
rate of not exceeding 60 litres per hour. Clear water is drawn from
the bottom outlet and immediately Similar quantities of unfiltered
water are added on the top (WHO. 1985). Horizontal roughing filters
and river bed filtration (if the river bed is permeable) can also be
used for large-scale supplies if the disaster is set to continue for
longer period especially in the case of civil war or the influx of
refugees.
4.8.3 Chemical disinfection

Although the emergency procedures of storage. sedimentation and
filtration can face the reqUirements of many emergencies. they
cannot be relied upon as adequate solutions in all disaster situations.
Chemical disinfection if available is always recommended as a
method of water treatment if at all possible and if the diSinfectant
available is likely to prove effective. Both chlorine and iodine can be
used for this purpose depending upon the extent of pollution in the
water.
Chlorine and its different compounds are more widely used for
chemical diSinfection of water. because these are cheaper and often
more readily available. But as discussed earlier in this chapter. these
are only suitable for pretreated waters or for surface waters having
very little or no organiC content. because chlorine is a very active
agent and reacts quickly with organiC -_. matter present in
polluted water by oxidation. substitution and addition. Most of the
time. these reactions occur before similar reactions can occur
between chlorine and pathogenic microorganisms. Therefore. in the
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presence of such matter chlorine's disinfectant capabilities are
much reduced. The effectiveness of chlorine may also deteriorate
further in waters with high pH. high turbidity and low temperatures.
Due to these weaknesses. chlorine is not considered an effective
disinfectant for the highly polluted waters usually found in most
disaster situations.
Iodine on the other hand is well known for being less reactive in
dilute aqueous solutions. therefore may be more active against
microorganisms in the presence of organic material and ammonia in
polluted water. It provides disinfection of water across a wide range
of pH and functions at low temperatures (Black et al. 1965 and
Chang. 1958).The residuals of iodine persist much longer than
chlorine. Its transportation. stability in storage. handling and
application are also much easier than with chlorine. Due to these
specialities iodine may perform very well with polluted waters.
Therefore. it is considered to be much a more effective disinfectant
in disaster situations. Further about iodine and its disinfectant
capabilities will be dealt in the following chapters.
Chlorine and iodine releasing tablets are available for use for smallscale water disinfection in emergencies. Individuals in houses.
schools. health centres etc. can render water potable by using these
tablets. Halazone. the chlorine releasing tablets were first
introduced for individuals use during World War 11 but did not prove
to be effective with cold and heavily polluted waters containing
resistant microorganisms such as. viruses and amoebic cysts etc.
These difficulties were overcome by the introduction of iodine
releasing globaline tablets. which proved much effective in these
circumstances.
The choice of the chemical for disinfection in disaster situations
depends upon its availability and the condition of the water. If the
water can be pretreated by storage or filtration or Is only slightly
polluted with little turbidity and organiC matter. it can be
disinfected by chlorine. But if circumstances are very severe. storage
or filtration is impossible and the water is highly polluted with
organic matter. iodine is the best solution. If chemical disinfection
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is practically impossible due to lack of chemicals or facilities. boiling
is the only option left to render water safe for human consumption.
4.8.4 Bolling

Boiling of water for human consumption is a very old practice.
According to Russel and his colleagues (1982). the famous Greek
philosopher Aristotle (384-322 RC) recommended the practice of
boiling the water to Alexander the Great for his troops. It is still
considered to be one of the simplest and swiftest methods of water
disinfection to free water of any disease causing microorganism.
Under emergency conditions. particularly in case of floods. when all
surface water may become polluted. there may be no safe place
available for storage. sedimentation and filtration and no chemical
disinfectant or dosing facilities readily available. Then the bOiling of
water may be the only solution to obtain safe water for human
consumption. The quality of water can be substantially improved by
boiling it for at least 3 to 5 minutes.
BOiling is satisfactory method of water disinfection. It is an adequate
safeguard against infection by bacteria. It is equally effective whether
the water is clear or cloudy. relatively pure or heavily contaminated
with organic matter. It also destroys other forms of disease
organisms besides bacteria and viruses such as cercariae cysts and
ova. To be safe water must be brought to a rolling boil for at least 3
to 5 minutes and it should be continued for one minute more for
every 1000 meters of altitude above sea level as the boiling point
changes with altitude. However. Nnochiri (1975) recommended the
water to be boiled for 30 minutes to destroy protozoan cysts and ova.
Prolonged and rigorous bOiling constitutes a waste of fuel. To avoid
the risk of recontamination boiled water should not be poured to
another container and the container used for boiling should not be
used for other purposes. Boiling is not a feaSible method for a
community water supply. It Is only suitable for small scale
purification and can only be organised by individual households as a
temporary measure and only if they have sufficient fuel to continue
to do so. It requires 0.5 to 1.0 kilograms of wood to boil one litre of
water therefore domestic fuel supplies may in the longer terms be
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the determining factor. BOiling is an expensive method of water
disinfection as wood and other fuel is increasingly in short supply,
particularly in the developing world and might be in very short
supply following a disaster. This would severely limit the use of
boiling to disinfect water.

65

©~~l1?
ll@@I.mm~

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13

iID~
£.~

£. 'iW£.'11'lmll?

l])ll~lllffiJ1i'lm©11'£Iill'11'

Existence and availability of iodine
Historical background of iodine disinfection
Chemistry of iodination
Measurement of residual iodine
Stability of residual iodine
Stability of iodine in storage
Contact time
Biocidal efficiency of iodine
Mechanism of disinfection of iodine
Physiological effects ofiodine
Taste and odour
Methods of application
Iodination equipment

66

IODINE AS A WATER DISINFECTANT
5.1

Existence and avallabUity of iodine

Iodine is a bluish-black nonmetallic element. discovered by Courtois
in 1811. It is the heaviest but least soluble and least hydrolysed of
the halogen group. It has the lowest oxidation potential. resulting in
slow reaction and inability to react with various organic compounds.
It is the only halogen element available in solid form at the room
temperature with a melting point of 113.S o C and a boiling point of
184.3S o C. It becomes volatile at ordinary temperatures and
produces blue-violet fumes with an irritating odour without first
passing through a liqUid phase (Hand book of Chemistry and
Physics. 1984). Further details of the chemical and physical
charactertstics of iodine are given in table 5. l.
Iodine is widely distributed in the nature: occurrtng In rocks. soils.
underground brtnes and sea water. It is always found In a combined
state i.e as iodides. It is prepared from seaweeds (kelp) and from
crude chilean saltpeter (NaN03) which contains about 0.2% sodium
iodate (NaI03). In the USA it is also extracted from a mixed salt type
of natural brtne wells found mainly in Oklahoma ( Merck & Co.
1968).

5.2

mstorical background of iodine disinfe,ction

The disinfection action of iodine has been recognized since early in
the 19th century. Lawrence and Block (1968) reported the first use
of iodine in 1816 by Prout for the treatment of goitre. Lugol in 1827
demonstrated that its solubility in water increased in the presence
of potassium iodide (KIl. His solutions of 1% 12 and 2% KI in
distiled water called tincture of iodine were offiCially recognized by
the pharmacopoeia of the United States in 1830, but the first
specific reference to their use in wounds was in 1839 (Appostolov.
1979).
Iodine is known to have been used in water stertlization since the
early 1900's (Whitehead. 1981 l. Anderson (1949) refers to a
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TABLE 5.1
Chemical and Physical Characteristics of Iodine and Chlorine.
Source: (i) Handbook of Chemistry and Physics (1984)
(ii) Lange's Handbook of Chemistry (1985).
Characteristics
Iodine
Chlorine
Discovered by

Courtois in 1811

Scheele in 1774
Davy in 1810

Named by
Symbol

I

Cl

Atomic Number

53

17

Atomic Weight

126.9045

35.453

Molecular Weight

253.809

70.906

Colour

BluiSh-black solids

Greenish-yellow gas
-100.98 0C

Melting point
Boiling point
Original state

Lustrous Solid Crystals

Gas

Specific gravity

4.93 as solid at 200C

1.56 (-33.6 o C)

Specific heat

0.102 or 0.034Cal/gOK

0.114 Cal/gOK

Heat oJ.fusion

3650 Cal/g mole. or
14.3 Cal/g

1531 Call g mole. or
22.8 Cal/g

Density

11.27 g/l as gas

3.214 g/l as gas

Valency

1. 3. 5 or7.

1. 3. 50r7.

Found in

Combined state

Combined state
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Table: 5.1 [Continued)
Characteristics

Iodine

Chlorine

Solubility

0.29 g/l at 200C
0.78 g/l at 500C
4.45 g/l at 1000C

14.6 g/l at OOC

Ionization potential 10.451 at spectrum I

19.131 at spectrum 11
33.00 at spectrum III
Therm conductivity 4.81 m at 273.2 K

4.49 m at 300.0 K
3.75 m at 386.8 K

Vapour pressure

1mm
10 mm
40 mm
100 mm
400 mm
760 mm

at 38.70 C
at 73.20C
at 97.5 0 C
at 116.50 C
at 159.8 0 C
at 183.00 C

7.1 g/l at 20°C
5.7 g/l at 300C
12.96 at spectrum I
23.81 at spectrum 11
39.6 at spectrum III
1.49 m at 273.2 K
1.34 m at 300.0 K
0.95 m at 373.2 K

1mm at -118.0 0 C
10mm at -101.6 0 C
40mm at -84.5 0 C
100 mm at -71.7 0 C
400 mm at -47.3 0 C
760 mm at -33.8 0 C

Oxidation potential [12+2e----> 21- ) 0.535

[CI2+2e---->CI-) 1.36

Maximum allowable 1mg/m 3 .

3.5 mg/l can be
detected as an odour
1000 mg/l is likely
be fatal after a few
breaths.

concentration in ai

Contact effects

more than that is
likely to be fatal.

Lesion[injurious) on
contact with skin.
vapours are intensively
irritating to eyes and
mucous membrane etc
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Irritating to respiratory and mucous
membrane. liqUid
of chlorine burns
the skin. etc.

carefully controlled field evaluation by Nesfield in 1904 in which
one half gram of iodine per gallon was used. The first known field
use of elemental iodine in water treatment is credited to Vergnoux.
who in 1915. used iodine for the rapid disinfection of drinking
water for troops in France. Almost a decade later. Hitchen (1922)'
in the United States. recommended the use of tincture of iodine for
the emergency treatment of water used for drinking purpose by the
army. He recommended the use of 5 ml of a 7% tincture of iodine
for a lyster bag of about 140 litres (2.5 mg/I). Dunhams in 1930
(Chang. 1966) increased the dosage to 10 ml per lyster bag (5
mg/I). The same dose has been suggested by Chang (1966 and
1968). Pond and Willard (1937), verified that 0.1 ml of a 7% (7 mg)
tincture of iodine is suffiCient to render one litre of water safe
within 15 minutes.
The US Public Health Service in 1945 in its Manual of Rural Water
Supply and Sanitation recommended iodination for the emergency
treatment of water. It listed the dosage of 0.25 ml (5 mg) of a 2%
tincture per quart (One litre) for clear water and 0.5 ml (10 mg) for
turbid water. Ehler and Steel (1965). also recommended tincture of
iodine for the treatment of individual water supplies.
A series of studies at Harvard University during World War II led Fair

and his co-workers (1945) to the development of the glob aline
tablet. replacing the chlorine releasing tablet halazone for the
disinfection of small or individual supplies for the United States
Army. Each globaline tablet (6.25 mm in diameter) contained 20mg
tetraglycine hydroperiodide of which 40% was iodine and 20%
iodide. associated with 90 mg Disodium dihydrogen pyrophosphate
and 5 mg of talc (Kapoor and O'Conner. 1970). Each tablet when
added to one litre of water imparted 8mg of active iodine. suffiCient
to make it safe for drinking purpose and destroying cysts of
Entamoeba histolytica in 10 minutes. Kapoor and O'Conner
described the follOwing advantages of the globaline tablets over
tincture of iodine:the definite dose of 8.0 mg of iodine
il) the insignificant loss of iodine
iii) less taste and odour in treated water

i)
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iv) easy handling, storage and application providing convenience
for field use.
Chang and his co-workers also concluded that one glob aline tablet
accomplished the same function as six halazone tablets. They
recommended an increase to two tablets of globaline per litre and
20 minutes contact time if the water was cold, deeply coloured or
highly turbid.
Although the use of iodine as a disinfectant for water has been
recognized for a long time, it never generated enough interest to
displace the use of the popular chlorine: possibly because
recognition of its remarkable properties as a water disinfectant has
been very slow to develop. It was not until 1953 that Chang and
Morris published their important studies which showed iodine's
effectiveness against bacteria, viruses and cysts, and demonstrated
its superiority over chlorine for killing the cysts of Entamoeba
histolytica.

The results of Chang and Morris (1953) led Black, Lackey and
Lackey (1959). to publish their first study of iodine's effectiveness
for the disinfection of swimming pool water and eventually in 1962
the US Public Health Service, approved the use of iodine for
swimming pool disinfection on a regular basis at no more than a 5.0
mg/l. Black, Lackey and Lackey found that iodine residual was less
dependent on bather load and had a smaller demand than chlorine.
In addition there was no taste and odour associated with the iodine
and no irritation to bathers eyes. These results have been confirmed
by Marshall et al (1960), Cocheran and HaUan (1962) and Byrd et al
(1963), and have resulted in the increased use of iodine for
disinfection of swimming pools. By 1968 iodine was already
authorized for use as a swimming pool disinfectant in 10 states of
the USA.
Beside the military use and its application as a swimming pool
disinfectant iodine is reported to have been used by civilian groups
such as boy scouts, hunters, campers, travellers and other
individuals living in rural, underdeveloped or primitive areas who at
times are faced with water of questionable quality (Chang, 1966, and
Kapoor and O'Conner, 1970).
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5.3

Chemistry of iodination

The following five factors must be considered in the chemical
reactions that the dilute aqueous solutions of the iodine are likely to
undergo under actual conditions of use;
5.3.1 Hydrolysis ofiodine

When diatomic Iodine Is added to water. the following reaction
takes place:

Above equation shows that hypoiodous acid and iodide ion are
formed by the hydrolysis of elemental iodine. the hydrolysis
constant Kh is calculated by following equation:
+

(HIO)
Kh = _
_ _(H ) (I __
=-~

(12 )
The value of Kh at OOC is 9xl0- 15 (Jones and Hartman. 1915) and at
25 0 C it is 3xl0- 13 (Wyss and Strandskov. 1945 and Chang 1958).
Chang (1958) calculated the effect of pH on the reaction for total
iodine concentrations of 0.5 to 50 mg/I. The table prepared from
his data shows that at pH 5 about 99% of 0.5 mg/l of total iodine is
present as elemental iodine and only 1% as HIO. At pH7.0. the two
forms are present in almost equal concentration and at pH8.0. only
12% is present as elemental iodine and 88% as HIO. Therefore two
active germicidal agents are present in the disinfection process;
both elemental iodine 12 and hypoiodous acid HIO being strongly
germicidals.
5.3.2 Effect of pH on different fonns of iodine

At pH values of 9 and over. the HIO formed from the hydrolysis of 12
undergoes dissociation. as shown in the following equation:
HIO

::;;"iI==!!"~

The diSSOCiation constant Ka is calculated by the follOwing equation:
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+

Ka=

(H ) +

-

(IO)

(HIO)

The value ofKa is 4.5xl0- 13 at 25 0 C (Fair et al, 1945).
This dissociation constant of hypoiodous acid indicates that it is only
slightly stronger as an acid than pure water.
By cross-multiplication of above equation,

or
(HIO)

-

(IO )

(H+)
=

(Ka)

The ratio of undissociated acid to hypoiodite ion at any pH can be
calculated from above equation. For example: At pH8.0 the ratio will
be 22000 and at pH 9.0, 2200. This means that at pH8.0 there are
22000 undissociated HIO molecules and at pH9.0, 2200
undissociated HIO molecules to each hypoiodate ion. Residuals of
both iodine and chlorine are greatly affected by increase or decrease
in pH as shown in the table 5.2.
TABLE: 5.2
The Effect of pH on the Hydrolysis of Iodine and Chlorine.
(A) IODINE (Chanj:(, 1958)
Content of Residual %
01pH
HIO
12
!::I !::I
1
5
U
90
10
0
6
7
52
48
0
12
0.005
8
88
(B) CHLORINE (Wattie and Butterfield, 1944)
Content ot Residual %
OCICl 2
HOCI
pH
O.!:>
4
!::I!::I.!:>
U
0
99.5
0.5
5
0
6
96.5
3.5
7
0
72.5
27.5
0
21.5
8
78.5
0
9
1.0
99.0
10
0
0.1
99.9
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Wattie and Butterfield (1944) prepared a table showing the effect of
pH on the hydrolysis of chlorine (table 5.2 A) and when this table is
compared to Chang's table (as shown in table 5.2 B) it will be seen
that at pH8, 78.5% of chlorine residual is present as the relatively
ineffective hypochlOrite ion (OCI-) and only 21.5% is present as
HOCI: whereas 88% of the corresponding iodine residual is present
as HIO and 12% as molecular iodine (both bacteriCidally effective)
and only 0.005% (or an unmeasurable trace) is present as
hypoiodate(IO-) ion ( figure 5.1).
5.3.3 Decomposition of hypoiodous acid (HIO)
According to Chang (1958). at pH values over 8.0, HIO is unstable
and does not form the hypoiodite ion, but decomposes to form
iodide. as shown in the following equation:

The above equation shows that alkaline pH values shift the reaction
to the right and the acidic pH values to the left. According to Black
and his colleagues (1965). the iodate ion has no apparent
disinfecting ability therefore. the decompoSition of HIO may
significantly reduce the diSinfecting capabilities of the dose of
iodine added to water. However, according to White (1986). at pH
levels below 8.4 the decomposition of HIO is too small to create a
significant problem.
5.3.4 Formation of tri-lodide ion (13-)
There is also possibility of the formation of the deeply coloured and
bactericidally ineffective tri-iodide ion (I3 -). In an aqueous solution
some diatomic iodine. in the presence of added iodide goes into the
formation of 13- (Chang, 1958), as shown in the follOwing equation:

.....,.::::=:!!
..~ 13I2 + 1- ....
The formation of higher periodides (I5 -, 17-........ etc.) has also been
reported but this does not occur in dilute solutions used in water
disinfection work. The equilibrium constant Ki for equation (5.8) as
given by Chang (1958) Is: 1.4xlO- 3 at 25°C and 0.7x10-3 at OOC.
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FIGURE: 5.1

Percent of Titrable Iodine as 12 and HIO in Water at l8 0 C and at
different H values.
Source: Chan (1966).
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Chang (1958) reported that using either iodine crystals, iodine
tablets or tincture of iodine the formation of tri-iodide ion can be
ignored because the amount formed from the hydrolysis of 12 at a
concentration of 1 to 2 mg/l and at pH values of 6.5 to 8.0 should
not be much more than 1% of the total titratable iodine.
5.3.5 No reaction with ammonia
It is known that strong solutions of 12 and ammonia will combine to

form the explosive compound Nitrogen tri-ioide (N1 3 1. but Kramer
et al, (1952), found no (NI 3) formation following two hours contact
time between ammonia and iodine in water. This observation was
supported by Black (1961), who has also shown that such a reaction
does not occur in the concentrations encountered in swimming
pool water.

5.4

Measurement of residual iodine

A rapid and accurate determination of iodine residuals in the
concentrations encountered in the disinfection of water is a
prerequisite for accurate bacteriological analysis (Kinman et ai,
1970). The methods that have been employed for the measurement
of free iodine residuals include amperometric titration,
orthotolidine colorimetric, leuco-crystal violet colorimetric, DPD
tltrimetric and DPD colorimetric.
Kramer and his colleagues (1952) in a study, established the
acceptability of the amperometric titration method for the
determination of microquantities of iodine residuals in water. They
found this method accurate to ± 0.01 mg/l in concentrations varying
from 0.2 to 2.0 mg/1. The standard Methods (1989) has also
specified the use amperometric titration method for the
measurement of iodine residuals. White (1986) also found this
method most practical and most precise to use because the
electrodes could be sensitized in a few minutes with a dilute
solution of iodine to give a very sharp end pOint. According to
Kinman et al (1970) this method is the most accurate method of
determining halogen residuals in water but the problem with this
method is the high cost of its instruments and the requirement of a
fair degree of knowledge and careful manipulation.
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Johannesson (1956) in his study attempted to measure iodine
residuals with orthotolidine by standardization with amperometric
titration. His initial investigation showed that colour development
was very slow. but the use of mercuric chloride as an additive with
orthotolidine gave instantaneous colour development. He further
found that a linear relationship could be established with a
spectrophotometer with a forty millimeter light path and
wavelength of 435 millimicrons.
Black and Whittle (1967) confirmed the results of Johannesson and
reported a new method for the determination of sub mg/l
concentrations of iodine in water which is superior to that of using
orthotolidine. They employed a luco crystal violet dye, 4,4',4"
methylldynetris (N, N-dimethylaniline) with mercuric chloride as an
additive to improve colour development. After screening 33
chemicals including orthotolldlne, Black and Whittle found that
leuco crystal violet possessed the most desirable properties i.e.
greatest sensitivity to Iodine and the greatest stability in solution.
Results obtained by them were within + 0.01 mg/l of the results
obtained with amperometric titration for free iodine residuals.
Kinman et al (1970) also found this method simple, rapid and
accurate, and reported that several test kit manufacturers had their
own version of this test method on the market.
Black and his co-workers (1965) in their study of effects of
iodinated swimming pool water also used the leuco crystal violet
method to determine residuals in water. This method was applied
prior to amperometric titration to 67 samples of pool water. Eighty
five percent of the values differed by only + 0.04 mg/l from the
amperometric titration values and no value differed by more than
0.1 mg/I. After the satisfactory performance of this method, Black
and his colleagues employed It In their study of effects of prolonged
use of Iodinated water on a Florida prison community at Lowell and
concluded that the test was the most satisfactory one for the
determination of not only iodine but iodide and iodate residuals in
water. Standard methods (1985) has also recommended this
method rather than amperometric titration method because of its
extreme sensitivity.
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Residuals of iodine can also be determined by the D.P.D ferrous
titrimetric and D.P.D colorimetric methods (Palin. 1967 and White.
1986). Palin (1957) introduced D.P.D (Diethyl-p-phenylene diamine)
for use in the ferrous titrimetric method in place of neutral
orthotolidine. The colours produced by using D.P.D are more stable
and also fewer reagents are needed in this method. In the
titrimetric procedure (DPD-FAS). decolorization by standard ferrous
ammonium sulphate solution is instantaneous. so enabling each step
to be performed more rapidly. In the colorimetric version of the
method (DPDl, the standard colours are prepared by use of a
standard potassium permanganate solution.
The DPD method for the determination of iodine is the extension of
the DPD method for determining free-chlorine and chloramines in
water (Palin. 1967). In this method iodine is titrated with standard
ferrous ammonium sulphate (FAS) solution, using diethyl-pphenylene diamine (DPD) as indicator. The colorimetric version of
the technique is based on the same principles of titrimetric
method. Instead of titration photometry is used for calibration. Both
free and total available iodine can be determined by this technique.
According to Standard methods (1989) DPD methods are
operationally simpler for determining free halogen than the
amperometric titration method but they are subject to interference
from oxidized forms of manganese unless compensated for by a
blank.

5.5

Stability of residual iodine

The stability of the residual iodine in water is affected by many
variables. Some of them are discussed below:5.5.1 Vapour pressure
Vapour pressure is one of the driving forces tending to cause the
halogen to leave the water. Iodine has a vapour pressure of only
0.31mm of mercury at 25 0 C compared to 5300mm of chlorine at
the same temperature (Handbook of Chemistry and Physics, 1984).
This means that iodine vapour pressure is 17000 times smaller than
that of chlorine. A practical result of this is that elemental iodine
can be carried around even in a piece of cloth. while elemental
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chlorine has to be contained in a steel container or other strong
container.
5.5.2 Oxidation potential

Oxidation potential of any substance determines its reactivity as an
oxidising agent. Iodine's oxidation potential (0.535 volts at 25 0 C) is
about one third of that of hypochlorous acid HOCl 1.e. 1.482 volts at
25 0 C (Handbook of Chemistry and Physics. 1984). The practical
result of this is that iodine is much less reactive than chlorine in
dilute aqueous solution. This property of iodine permits a residual to
persist longer in the water.
5.5.3 Radiation (Sunlight)

Bright sunlight affects the stability of halogen residuals in water.
Ultraviolet rays bring about the decomposition of the halogen in
water. According to Kinman et al. (1970) iodine residuals are more
stable in bright sun light than those of chlorine. Due to this fact
iodine becomes better for disinfection application where water is
exposed to bright sunlight. such as in outdoor swimming pools etc.
Beside the above factors pH. temperature. concentration of halogen.
concentration of organisms. type of organisms and the quality of the
water being disinfected are other factors that affect the stability of
halogen residual.

5.6

Stability of iodine in storage

Iodine can be stored practically indefinitely in the drum in which it
is shipped with very little loss of the element. This is extremely
important to small water operation systems. because it means that a
reasonable supply of disinfectant can be stored for long period of
time with practically no loss in the strength of iodine. Chlorine
solutions like. calcium hypochlorite. sodium hypochlorite etc.
cannot be stored very long without considerable loss of the available
chlOrine. Strong aqueous solutions of 5% to 15% chlorine by weight
required to serve the disinfection operation can deteriorate rapidly
making the system extremely difficult to maintain. On the other
hand the strength of an iodine feed solution produced by an iodine
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saturator remains practically constant hence accurate dosing can be
achieved as found by Black and his co-workers (Black et al, 1968).

5.7

Contact time

Contact time required for the disinfection is temperature
dependent. Under fluctuating temperature conditions, contact time
must be established on the basis of the minimum temperature as
suggested by Whitehead, (1981). According to him, Health and
Welfare Canada have recommended a minimum of 30 minutes
contact time for residuals of 0.5 to 1.0 mg/l iodine in water below
7.20C (45 0 F) and at least 15 minutes for above 7.20C.
Chang's (1966) work concerning the relationship of time and
disinfectant concentration (as shown in figure 2) for 99.9%
destruction of cysts, viruses and bacteria by elemental iodine and
hypOiodous acid at 180C showed that a period of 30 minutes was
required to achieve the above target of inactivation of cysts by 1.0
mg/l of 12 or 2.0 mg/l of HIO. In the case of viruses 0.2 mg/l of HIO
achieved the target in 30 minutes (or 1.0 mg/l in 5 minutes), but
the same degree of inactivation was achieved by 9.0 mg/l of 12 in 30
minutes. However the required bactericidal results were achieved in
only 4 minutes by 0.1 mg/l either of 12 and HIO. Chang
recommended 30 minutes contact time as a higher limit to ensure
maximum safety in treated waters.

5.S

Biocidal efficiency of iodine

The biocidal effiCiency of iodine has been recognized for many years.
Lugol's solution (1% 12, 2% KI in distiled water) prepared by J.
Lugol in 1827 was recognized as a powerful bactericidal and
virucidal agent (Apostolov, 1980). According to Gershenfeld and
Wittan (1952) the sporicidal and cysticidal action of iodine has been
reported and known since 1873. The study of iodine during the
Second World War years and the production of globaline tablets
paved the way towards further investigations to investigate the
biocidal properties of iodine more thoroughly. The first important
report was published by Chang and Morris (1953) in which they
reported the effectiveness of iodine against bacteria, viruses and
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FIGURE: 5.2
Destruction of Bacteria. Viruses and Cysts by 12 and HIO at l8 o C.
Source: Chang (1966).
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cysts and demonstrated its superiority to chlorine against cysts of
Entamoeba histolytica.

During the past four decades many other investigators have also
researched iodine's biocidal properties on larger scale plants. Black
and his co-workers (1968) carried out a study at a 15mgd (58.13
million litres per day or 40.368 litres per minute) plant using
iodine as a disinfectant. In their field study on three public water
supplies. 1000 samples treated with a dose of 1.0 mg/l of iodine
between 8.2 and 8.9 pH were collected for bacteriological analysis
and only one percent of the samples were found to be unsatisfactory.
This was far below the number allowed for by the 1962 U.S Public
Health Services Drinking Water Standards. During the latter part of
their study a dose of only 0.3 mg/l was employed. which produced
similar results.
Chang. Black and many other investigators included different types
of test micro-organisms in their research with reference to the
effect of iodine. For example: The effect of iodine on Leptospira was
investigated by Chang et al. (1948) and Chang and Morris. (1953) .
on viruses by Chang and Morris. (1953) Berg et al. (1964) and Hsu
et al (1965). on Entamoeba histolytica by Chang et al. (1948). Chang
and Morris. (1953) and Chang (1958). on Salmonella by Chang and
Morris. (1953). Chambers. (1952) and Karalekas, (1970). on
Micrococcus pyogenes by Carroll (1955). on Pseudomonas
aeruginosa by Gershenfield and Witlin (1950) and karalekas (1970).
on coliforms by Chang and Morris. (1953) McKee et al. (1960) and
Black et al (1965). on Escherichia coli by Gershenfield and Witlin.
(1949) Chambers et al. (1952) Chang and Morris (1953) and
Karalekas et al. (1970). on Aerobacter aerogenes by Chambers et al.
(1952) Chang and Morris. (1953) and Karalekas et al. (1970). on
Staphylococcus aureus by Black et al. (1968) and Karalekas et al.
(1970) and Streptococcus jaecalis by Chambers et al. (1952) Koski
et al. (1966) and Karalekas et al. (1970).
Lackey et al. (1964) carried out a study of algicidal properties in the
laboratory and later Kahn and Visscher. (1975) concerned With the
disinfection of personal water supplies in the wilderness. pointed
out that it had been demonstrated that a dose of 3 to 5 mg/l iodine

82

will destroy algae as well as bacterial spores. ~oebic : cysts and
enterovirus in 15 minutes or less at 25 0 C and within 20 to 30
minutes in water near to freezing point.
Many investigators are of the opinion that both elemental iodine 12
and hypoiodous acid (HIO) are the powerful diSinfecting agents
among the titratable iodine species. However. their diSinfecting
efficiency varies with the strength of solution. pH. temperature.
type and concentration of the organisms (Pond and Willard.1937.
Wyss .and Strandskov.1945. Chambers et al. 1952. Black et al. 1965
and Chang. 1966).
Chang (1966). revealed that the difference in the efficiency of HIO
and 12 is dependent upon whether or not the organism is protected
by a membrane as is the case with spores or cysts. He found that 12
has greater penetrating power and hence it is superior to HIO in the
destruction of spores and cysts. He also found that 12 was as much as
two to three times more effective than HIO against cysts of
Entamoeba histolytica. Wyss and Strandskov (1945) also supported
Chang by finding 12 to be three to six times more effective than HIO
against Rmentiens spores. Chang also found HIO more effective
against bacteria and viruses. He found that HIO was three to four
times more effective than 12 against E.coli and about forty times
more effective against viruses. The results of Clark et al. (1962) lend
support to those of Chang concerning the vulnerability of virus
against HIO. Taylor and Butler (1982) also found HIO to be most
effective against poliovirus.
According. to Chang. in the case of bacteria which have a
physiologically active cell membrane. it is the oxidizing power of the
diSinfecting compound that becomes the important factor. This is
e.
supported by the fact that the normal r,a:dox potential (Eo) at 25 0 C
of HIO is 990 mv and that of 12 536 mv. This means HIO is more
chemically reactive against the bacterial cell. hence bacterial
inactivation is greater with HIO rather than with 12.
Concerning virus destruction. Clark and his colleagues (1962) found
HIO at least forty times more effective than 12. however they found it
5 times less effective than HOC!. According to them. virus
destruction proceeds as a function of the oxidizing power of the
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disinfectant. They supported their argument with the fact that the
normal r£dox potential (Eo at 25 0 C) of HOCI is1490 mVand that of
HIO 990 mV and of 12 536mV. OXidation potentials of HOC!, HIO
and 12 are also of the same sequence. Chang (1966) concluded on
the basis of these differences that the huge virus destruction by HIO
is a result of the reaction of the disinfectant with the protein shell
and not with the nucleic acid core: otherwise the protein shell
would have acted as a protective shield and the destruction process
would have been same as HIO against spores and cysts.
To relate the above differences in the biocidal efficiencles of both 12
and HIO Chang prepared a graph (as shown in figure 5.2) showing
the relation of titratable iodine and contact time for 99.9%
destruction at 180 C of cysts. bacteria and viruses by H10 and 12 • He
recommended 2.0 mg/l of disinfectant and 30 minutes contact time
as a upper limit of practical range. According to him. In practice
these parameters allow a good margin of safety. His work suggested
that a 99.9% cysticidal kill could be achieved by 1.0 mg/l of 12 or 2.0
mg/l of HIO in 30 minutes. Similarly bacterial results could be
obtained between 0.1 and 0.2 mg/l either of 12 and HIO in less than
four minutes. But virus destruction by 12 lay beyond the limits of
2mg/1 and 30 minutes contact time. however for HIO it was well
within these limits.
On the whole pH in the range 6.0 to 9.0 has no great influence on
the effectiveness of iodine in water as a biocidal agent although any
effect is more noticeable at lower rather than higher temperatures
(Chambers et al. 1952). However Taylor and Butler (1982) reported
that iodine was most effective at pH 9.0 against poliovirus. Rather
differently Karalekas and his colleagues (1970) working with six
different public health significant bacterial genera (Escherichia coli,
Aerobacter aerogenes.
'Pseudomonus aeruginosa. Salmonella
senJtenberg. Streptococcus Jaecalis and Staphylococcus aureusl. all
cultured In the lab. reported a noticeable. if not pronounced.
reduction in effect as the pH was Increased from 5.0 to 7.0 to 9.0 at
the temperature between 3 and 4 o C; although generally the
difference reported between the effects at pH 5.0 and 7.0 may not
have been statistically Significant.
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Karalekas and his colleagues recorded that when employing a 1.0
mg/l Initial dose of Iodine no viable E.coU cell was recovered after
1.5 minute at pH 5.0 although some viable cells were sWl evident
after 5.0 minutes at pH 9.0. Of the six test microorganisms they
found E.coli. Aerobacter aerogenes and Staphylococcus aureus least
resistant and Streptococcus jaecalis most resistant to iodine at all
pH levels. The resistance of Streptococcus jaecalis was at least three
times that of the faecal pollution indicator microorganism
Escherichia colt at each pH level. They further concluded that
thermal and chemical disinfection resistance of bacteria varied from
genus to genus. among species of the same genus and even within
different types of the same genus and species.
The effects of turbidity on the biocidal efficiencies of iodine have
been reported more recently by Ellis and van Vree (1989). They
reported a declining effect of iodine over E.coli and Faecal
streptococci as the pH was increased from 7.0 to pH 8.5 and the
turbidity (provided by river silt) of the test solutions increased up to
100 NTU. In each case they found the effect of increasing pH and
, increasing turbidity to be more pronounced with chlorine than with
iodine. Under none of the conditions of pH and turbidity
investigated did they find that 1.0 mg/l iodine was capable of
reducing the initial counts of bacteria of between 2000 and 17000
per 100 ml E.coli and between 200 and 600 per 100 ml Faecal
streptococci to a level acceptable in potable water. However dosages
of 4.0 mg/l and 8.0 mg/l iodine were found to be effective in
producing water of an approximate potable quality under all
conditions despite the poor quality waters employed in the
Investigation.
The laboratory work of Black and his co-workers (Black et al. 1968)
has shown that 1.3 mg/l of 12 is able to produce a 30-second kill
with E.colt. This is also the minimum concentration of 12 that will
devitalize Streptococcus jaecalis within two minutes. The same is
the case with Staphylococcus aureus. the inhabitant of nasal
passages. The study of Kinman et al. (1970). using E.coli showed
that a period of about 1 minute is required to kill lxl0 6 E.coli at pH
7.5 and 20 0 C with an elemental iodine dose of 0.55 mg/l. According
to them. on an atom to atom baSis there would be 1.31xl09
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molecules of iodine needed per organism of E.coli. compared to
4. 76xl 0 9 molecules of chlorine per organism. or 3.64 times as many
molecules of chlorine as iodine. This means that almost four times
as much chlorine gives only twice as fast a kill. or on an atom to
atom basis iodine kills E.coli about twice as fast as chlOrine.

5.9

Disinfection mechanism of iodine

The biocidal action of diSinfectants on the bacterial cells and viral
particles can be explained by examining their chemical composition.
The internal cytoplasm of the bacterial cells is enclosed by a
cytoplasmic membrane. This in turn is surrounded by a relatively
thick cell wall. The cytoplasmic membrane is a semi-permeable
structure whilst the cell wall confers rigidity and shape to the
organism. It is generally thought that the respiratory activities and
the related enzymes are situated close to the cell wall. The
sulphydryl groups (-SH) of those enzymes are vulnerable to oxidation
and this therefore Is thought to be the Site of diSinfectant action.
The enzyme most likely to be affected Is the triose phosphate
dehydrogenase. an enzyme involved in glucose degradation (Green
and Stumpf. 1946 and Richards and Shaw. 1976).
Compared to bacterial cells. enteroviruses have a relatively simple
structure with the nucleic acid. either ribonucleic acid (RNA) or
deoxyribonucleic acid (DNA). being enclosed and surrounded by a
protein coat. As the viral particle is not ac:eJlul<3F organism there- a~e
no vulnerable enzymes present and thus the mode of and the
efficiency of disinfection is different to that of micro-organisms. It is
thought by Richards and Shaw (1976) that the site of disinfectant
action Is the amino acid tyrosine situated in the external protein
coat of the virus structure. By oxidising the tyrosine the halogens
cause destruction of the protein layer (Poynter. Slade and Jones.
1973).
According to Chang (1970 and 1971) oxidation reactions are of
main importance in the case of elemental iodine. Iodine penetrates
the cell wall of micro-organisms rapidly and essential cellular
function units such as enzymes. co-enzymes and H- carriers are
highly affected. In the case of chlorine. the disinfectant penetrates
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through the cell wall (of bacteria) and then attacks the cell
membrane finally disrupting the functions of the nucleiC acid
(Morris, 1970,Venkobachar et al, 1975, 1977 and Russel, 1986),
but iodine inactivation, unlike the action of chlorine, appears to be
attributable to a reaction with the vital amino acids in proteins
(Kruse et al, 1970, Apostolov, 1980 and Alvarez and O'Brien 1982).
According to Gottardi (1983) iodine reacts with the basic N-H
functions which is part of the amino acid (e.g., lysine, hystidine,
arginine) and also the bases of nucleotides (adinine, cystosine and
guanine). Hydrogen bonding places are blocked in this particular
way and a lethal disorder of the protein structure may occur.
According to Kruse et al, (1970) oxidation of the sulphydryl group
(-SH) of the amino acid cysteine can also take place. This will
prevent the existence of disulphide bridges (-S-S-) and so will
disturb the synthesis of proteins. The inactivation of pathogens can
also take place due to the formation of mono or di-iododerivates
with the phenolic group of the amino acid tyrosine causing steric
hindrance in the hydrogen bonding of the phenolic -OH group. A
change in the physical properties of the lipids and membrane
immobilization can also take place due to the reaction with the
carbon-carbon double bond (C=C) of the unsaturated fatty acids of
the pathogen cell (Appostolov, 1980).
With bacterial cells the hydrated cationic species (H 2 0I+) may
attack the sulphydryl group. The presence of iodide ion may have no
effect. A low pH will favour this reaction. The tyrosines may also
have no involvement in the case of bacteria. But in the case of
viruses the sulphydryl groups are not involved. lodinatlon of the f2
virus and L-tyrosine revealed the evidence of tyrosine's involvement
in virus inactivation. The iodination of tyrosine is inhibited by the
presence of the iodide ion and low pH iodine. This means the
inactivation of both poliovirus and f2 virus is inhibited by the iodide
ion. That is why at lower pH values (e.g: pH 4.0) both types of viruses
survive iodination, but at higher pH (e.g: pH 10.0) complete
inactivation takes place (Kruse et aI, 1970 and Alvarez and O'Brien,
1982).
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5.10 Physiological effects of iodine
Substantial documentation has demonstrated iodine's effectiveness
as a disinfectant (Chang and Morris, 1953, Chambers et al. 1968.
Black et al. 1968). However. concern has been expressed regarding
the physiological effects of continued consumption of iodine-treated
water (Karalekas et al 1970. White 1986 and WHO 1985). So far.
only a few epidemiological studies have been carried out to
investigate if any health problem occurs. dunng the intake of
iodinated water.
The first study of this kind was carried out by Morgan and Karpen
(1953) at the naval installation on Uliga Island in the Majuro Atoll
(Marshall Islands) between 1st November 1949 and the 30th April
1950. The investigation was not concerned with the microbiocidal
efficiency of iodine in water but merely with any possible toxic
effects of iodine consumed over an extended period and. as the
water supply was already chlOrinated a sufficient amount of sodium
iodide was added to yield an iodine concentration eqUivalent to. or
in excess of that used in field purification processes. Although
iodine was added to the whole water supply of the naval station
detailed clinical data were obtained from a group of only 24
servicemen. The average daily intake per person
of iodine was
,
apprOximately 12 mg during the first 16 weeks 9f the investigation
which was increased to 19.2 mg for the final 10 weeks.
Morgan and Karpen (1953) concluded that in the beginning the
unique taste of iodine was objectionable to most personnel but after
a period of exposure. only a few found the taste offensive. Analyses
showed no evidence of weight loss. failure of vision, cardiovascular
damage, bone marrow depression, altered thyroid activity, anaemia,
renal irritation. unusual appearance of any form of skin disease,
sensitization to iodine, impaired wound healing or defective
resolution of infection as a result of consuming iodinated water.
About a decade later, Marshall and his collegues (1960) carried out a
study to investigate any physiological effect of iodinated swimming
pool water towards the bathers. They found that iodine did not form
complexes with nitrogenous compounds which may be irritating to
the eyes and mucosa of the nose. They stated that a majority of
88

bathers preferred iodine treated water to chlorine treated water
due to decrease in eye irritation. After a similar type of investigation,
Byrd and his co-workers (1963) reported that only one of a 28
swimmer test group complained of minor eye irritation. They stated
that almost all swimmers preferred iodine to chlorine and
concluded that iodine, as a swimming pool disinfectant, is safe,
effective and superior to chlorine in regard to eye discomfort and
irritation.
A team of Black and his co-workers (1965) at the University of
Florida also began its work in 1958 by investigating the effectiveness
of the iodine as a disinfectant for swimming pool water. Then from
October 1963 to July 1967 it carried out its much more extensive
and rigorous investigation of public water supplies to discover the
effects of prolonged use of iodine (Black et al, 1965, Freund et al,
1966 and Black et al, 1968). The group studied included 750 men,
women and 13 to16 years old girls of three prisons and a Girls
School located on adjoining tracts at Lowell Florida.
Two water systems were used for the above mentioned study under
carefully planned chemical, medical and bacteriological control.
Generally 1.0 mg/l iodine was added to the water with short periods
at 5.0 mg/l and 0.3 mg/I. The general health and thyrOid functions
of the test group of 133 inmates were assessed twice before iodine
was supplied to the water, four times during the first 10 months
and again after 37 months, although by that time the size of the test
group had declined to 29 persons. The members of the test group
were screened on three indices of iodine functions,
i)

radioactive iodine (RAI),
il) protein bound iodine (PBI) and
iii) serum thyroxine (T4)'
Throughout this period a decrease in the uptake of RA! from 17
percent to 2 percent was found along with a slight increase in PBr
and no change in T4. Physical characteristics of the thyroid glands
were unchanged and no allergic reactions, hypersensitivity and
other adverse effects attributable to the long-term ingestion of
iodine were detected.
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Thomas and his co-workers (Thomas et al, 1978), continued the
study of the effects of iodination of a Florida prison community for a
total of fifteen years and concluded that iodine levels of 0.5 to 1.0
mg/l produced no observable instances of ill effects on the health of
users. They were also reassured to realize that a single serving of
many seafoods provided more iodine than would be obtained by the
average individual from one day's supply of iodinated water. Finally,
they also produced no evidence that the long term use of an
iodinated water supply had been deleteriOUs to general human
health.

5.ll Taste and odour
The iodine demand of waters is always substantially lower than the
chlorine demand and at the low concentrations employed in water
treatment iodine is relatively unreactive. It is also relatively inert
with respect to ammonia and other organics and in dilute aqueous
solutions it does not react with phenols to produce taste and odour
forming compounds and therefore, the chance of the production of
taste and odour is minimised (Black, 1961 and Black,et aI, 1965).
Whitehead (1981) has reported that iodine in water up to 1.5 mg/l
does not Impart any observable taste and odour. The same result has
been reported by Black and others in 1965 up to a dose of 1.0 mg/I.
When the concentration of iodine was between 1.5 and 2.0 mg/l,
some people were able to detect a taste but declared it to be
unobjectionable. These investigators have also indicated that the
iodide ion can not be detected in concentrations exceeding 5.0
mg/I. The study carried out by Ellis (1990) also revealed that an
iodine residual of 2.0 mg/l was undetectable by most of the 50
people group under investigation. However more than 50% people
were able to detect the distinct taste of iodine when its dose
exceeded from 4mg/I. This study also demonstrated that only 10%
people were able to detect any smell of iodine in the water
containing a residual of B.O mg per litre.
The study by Black and his co-workers in 1968 also revealed that
no taste and odour could be detected in iodinated water up to a
concentration of 1.0 mg/l of elemental iodine and 4.0 mg/l of iodide
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ion. Earlier Chang and Morris (1953) from their preliminary tests
on iodine treated waters. showed that 8.0 mg/l used in field
disinfection imparted a faint to distinct taste to the water. A double
dose of 16.0 mg/l produced a taste and odour of distinct to decided
level. This was judged by them to be the upper limit of acceptability.

5.12 Methods of application
Iodine can be added to a municipal water supply by one of the
following two methods:
By adding a controlled amount of a saturated iodine solution to
the water. This can be achieved by passing water slowly through a
bed of crystalline iodine to make a saturated solution and feeding
this into the water to be treated with a chemical feed pump.
il) By vapourizing through accurately controlled heat input.

1)

Both the methods mentioned above have their specific applications.
Both can be used without the presence of added iodide. According
to Kinman et al. (1970) the first method has proved to be easy for
all modestly trained individuals to initiate and operate. In this
method a saturated solution of iodine (12) is formed by passing some
of the water through a bed of elemental iodine crystals. Detention in
the iodine bed is maintained long enough to reach either saturation
or the desired strength of iodine.
Maximum solubility of iodine is temperature dependent, as shown in
figures 5.3. The iodine solution is then pumped into the water
supply system by a chemical feed pump. Where the temperature of
the iodine solution is constant. the feed rate can be easily
established. But where the temperature of the influent water to the
saturation varies. as with surface water or where the influent
temperature is lower than the ambient temperature. the feed rate
must be established on the basis of saturation at the lowest
temperature. (Whitehead. 1981).
Kahn and Visscher (1975) have given different methods of iodine
dosing in case of emergency. According to them water disinfection
in the wilderness can be carried out by any of the following three
methods:
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i)

By addition of 8 drops of a 2% tincture of iodine to a litre of
water.
il) By addition of a tablet of globaline (Tetraglycine hydropertodide)
to a litre of water releasing 8 mg/l of active iodine .
iii) By adding saturated aqueous solution prepared by using crystals
of elemental iodine.

The third method has also been recommended for treatment of
water supplies of villages in underdeveloped countries. (Chang.
1968). The first method has less than acceptable palatability. and
the problem with glob aline tablet is their short shelf life. They lose
20% of their effectiveness when stored in sealed bottles at 75 0 C
(167 0 F) for twenty weeks. They also lose 33% of their initial activity
when exposed to air for four days. (Morris. et al. 1953).
Kahn and Visscher have recommended the third method for
travellers who may come across unsafe water containing bacterta.
viruses and cysts etc. Water disinfection for travellers presents
speCial requirements which are of less importance to the municipal
water and sanitary engineer. These include simpliCity. effectiveness
in the presence of nitrogenous pollutants. rapidity of antimicrobial
action over a wide pH range and immediate palatability.
The above investigators have suggested a method of iodine
disinfection which meets all the above requirements. In this method
a 25ml-glass bottle containing 4 to 8 grams of iodine crystals is
filled with water then shaken vigorously to produce a near saturated
solution of iodine. At 25 0 C. 12.5 ml of this supernatant solution is
added to one litre of water to be disinfected. In less than 15
minutes pathogenic bacteria. amoebic cysts and viruses will be
inactivated. This procedure can be repeated almost 1000 times
without replenishing the iodine crystals.

5.13 Iodination equipment
The usual system for iodination contains a saturation tank. a stock of
iodine crystals and clay or glass marbles of 4 to 18 mm size and
piping equipment. The strength of the prepared iodine solution in
the saturator ranges .between 200 and 300 mg/I. At these
concentrations not all plastics are suitable for piping purpose.
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Nearly all clear plastic tubing will discolour rather quickly. and
some will disintegrate in a matter of months.
The system for iodination suggested by White (19S6) as shown in
figure 5.4. consists of fibre glass saturator for dissolving the iodine
crystals. A 300mm layer of clay or glass marbles of 6.25 - lS.75mm
diameter is placed in the bottom of saturator. Above that layer a
300mm thick layer of iodine crystals is placed. The temperature of
the water determines the strength of the iodine solution to be
injected. Since the accuracy of dosage is critical a metering pump is
used instead of an injection device because injection devices
produce a vacuum and cannot provide accurate feed rates compared
to a positive displacement metering pump.The pace of metering
pump is fixed according to the flow of water so that the required
dose of iodine can be fed into water.
Black. Kinman and others (Black et al. 1968 and Kinman et al.
1970) used the saturator made up of a vitrified clay pipe and saran
lined steel pipe with a reinforced concrete plug at the bottom.
Above the plug was a 225mm column of glass marbles. a 25mm layer
of 6mm glass beads. a 37.5mm layer of 4mm glass beads and a
600mm layer of technical graded elemental iodine crystals. Water
was passed through a small constant level tank mounted on the side
of the saturator in to the saturator about 50mm below the top and
then allowed to flow downwards through the bed of crystals. The
saturated iodine solution was pumped from the saturator and
metered very accurately against raw water flow by means of a
positive displacement of stainless steel metering pump.
A Toronto firm Iomech Limited has prepared a three pound
disposable cartridge iodinator as shown in figure 5.5. consisting of
metal coated PVC cylinder incorporating an ease-of-view port for
easy inspection of the iodine level. It can be mounted externally
because its coating eliminates the effect of ultraviolet radiations. The
internal chamber of the iodinator is designed for upflow saturation
to provide up to 2 mg/l iodine to a flow of 54.55 litres per minute at
10 C.

The Iomech Iodinator. because of its Simplicity. ease of operation
and electricity free operation provides an economic (despite the
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high cost of iodine) and convenient device for the effective
treatment of water in domestic systems. gravity and hand pump
systems. parks and recreational facilities. small sewage systems. and
throughout the third world. It operates as a by-pass saturator with a
portion of the flow stream forced through the cylinder by a flow
choke. The unit can treat up to 2.727.660 litres of water at 0.5
mg/I. Larger flows can also be treated by parallel installation. More
than 2.727.660 litres of continuous treatment in unattended
locations can be achieved if series installation of feeders is ensured
and the total content of !odinator is utilized (Whitehead. 1981).
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FIGURE: 5.4

Iodination Installations
Source: White (1986)
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LABORATORY EQUIPMENT. MATERIALS AND METHODS

6.1

Introduction

The experimental investigation was conducted in two phases. The
first and major phase consisted of chemical disinfection
experiments using iodine as a disinfectant for low quality surface
water: 1.0 mg/l chlorine was used as a reference. The second and
shorter phase included the experiments with storage to
demonstrate its effects on water quality. Stream-water was collected
as a source of surface water for these experiments and different
additives were employed to prepare test-water samples of different
qUalities.
All the experimental work was carried out in the Public Health
Laboratories of Civil Engineering Department. However. the test to
determine the total organic carbon content of the stream-water
samples were conducted elsewhere due to lack of facilities in the
Civil Engineering Laboratories.
ThiS chapter includes a description of the equipment designed
especially for the investigation and the method of collection of water
samples and their analysis. The types of water. additives used for
their preparation as test samples. and the preparation of chemical
disinfectants used in the investigation are also described in this
chapter.

6.2

Laboratory equipment

The equipment (shown in Plates 1 - 6) designed to allow the
investigation to be carried out at various temperatures consisted of a
stainless steel water-bath. 1.05 m in length by 190 mm broad and
190 mm deep. Provision was made to clip the beakers used firmly in
position (Plates 3 and 4). A variable speed stirrer (Citenco Thyrtstor
Constant Torque) was provided for each beaker position (Plates 5
and 6) and the whole assembly was insulated with polystyrene (Plate
2). The bath was filled with water until the level was such that the
sample in each beaker remained completely below the water level
so as to receive uniform heating or cooling throughout the reaction
time.
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PLATE: 1

Assembly of the equipment used for the Investigation.
The water-bath. thermore ulator. flowcooler and s lirrers are visible.
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ium alloy beaker-holders Inside the water-bath.
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PLATE: 5

PLATE: 6
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7

Spectrophotometer used for colorimetric

PLATE: 8

The Hach Camlab Turbiditymeter used for the determination of
in NTU.
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PLATE: 9
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In order to achieve any predetermined temperature in the water
bath heating and cooling equipment was installed. To provide
higher-than-ambient temperatures a Techne TE-8A Tempette clipon thermoregulator (Visible In plates 1. 2. 3 and 4) was fitted into
the tank. This analogue type thermoregulator of 10 litres per minute
capacity could operate up to a temperature of 95°C with a sensitivity
of + O.OloC. This included a circulating pump adjusted over a
temperature cut-out. It possessed a heating capacity of 1000 Watts
at 240 Volts.
For lower than ambient temperatures a Techne FC-200 Flow Cooler
of 200 ml capacity was connected with the thermoregulator (Plate
1). This had a cooling capacity of 140 rnl/mln at 20 0 C. 140 rnl/mln
at OOC and 110 ml/min at -20oC. The heat was extracted from the
circulating water by an Internal heat exchanger In the flow cooler
before being pumped back to the tank via the thermoregulator. A
considerable length of time was needed by the flow cooler to get the
temperature as low as 5 0 C. therefore the apparatus was left
switched on overnight prior to any low temperature tests In order
to attain the required temperature.
The apparatus was designed in such a way that after completing the
stirring work. the top insulation board. stirrer spindle support and
motor could be detached very quickly from the bath tank in order to
remove beakers from their holders for the chemical and
bacteriological analysis of the test water samples inside them with
out wasting any time.

6.3

Waters employed

The following three types of water were employed in the
experimental work:
6.S.1 Stream-water

In order to achieve the aims and objectives of the experimental
investigation. a major portion of the experimental work was
accomplished using surface water. For this purpose the Burleigh
brook was chosen. This brook carries the water from its catchment
area of Burleigh woods and surrounding farms and flows down to the
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grand union canal near Lisle Street off Belton Road (East) in the
outskirts of Loughborough Town (Figure 6.1). The quality of this
water was investigated thoroughly during a dry period and also after
heavy rainfall. It was found that during the dry period. the brook had
a very stable flow of relatively good quality water, but after heavy
rainfall its quality became very poor and the flow unreliable. Due to
this variation the sampling was always conducted during the normal
flow of the brook in dry periods.

6.3.2 Deionized water
Several experiments were also conducted simultaneously employing
deionized water. The same nature and level of turbidity, total
organic carbon, pH. temperature. bacterial concentrations and
disinfectant dose were employed for both types of water. However.
because deionized water is considered inert. the difference in
results from the two types of water employing identical variables
was regarded as being due to the effect of the water origin.
Deionized water was also used in the preparation of certain reagents
and demand free waters and rinsing of the glassware during the
experimental work.

6.3.3 Distilled Water
This was used only to prepare the solutions and chemical reagents
required during the laboratory work.

6.4

Collection of stream-water samples

All the samples of surface water employed in the investigation were
abstracted from the same position of the Burleigh Brook (behind the
WEDC building near to the Civil Engineering Department). Although
the quality of brook-water was generally good, utmost care was
taken on each occasion to ensure that the minimum of turbidity was
included in each sample. Each time a volume of about 50 litres of
brook-water was collected in a container of about 70 litres volume.
Sampling was carried out every seven to ten days. The water was
stored in a plastic container at room temperature. It was observed
that the E.coli concentration of the sample reduced sharply with

104

FIGURE: 6 .1
Location and catchment area of Burlei h Brook.

Source: Service Publication Limited.

X

Position samples taken
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storage. but as far as Its behaviour towards the experimentation
process was concerned. no significant change was recorded. In
other words both freshly collected water and water stored for 7 to
10 days reacted almost in same manner towards the disinfectants.

6.5

Analysis of stream-water samples

All the stream-water samples were analysed immediately after
collection. Tests for pH and temperature were carried out insitu and
other tests such as turbidity. chloride value. alkalinity. total solids.
volatile solids. BOO. COD. Escherichia coli enumeration were
carried out within hours of the collection of each sample. However
the tests for total organic carbon (TOC) were conducted on the next
day. Typical analysis of good quality stream-water is shown in table
6.1 and materials and methods for the above mentioned tests are
described in the appendix 'F-1'.
Analysis of the samples revealed that stream-water. generally. had a
pH of about 8.0 together with a low turbidity. After heavy rainfall the
pH decreased slightly but there was a huge increase in turbidity.
Escherichia coli concentration also reduced after a heavy rainfall.
most probably due to the dilution effect caused by the heavy flow in
the brook. It was also observed that during dry periods. parameters
such as pH. turbidity. alkalinity. total solids. volatile solids and
chlOride value did not alter much. but following heavy storms these
parameters did differ from time to time. possibly due to variations
in the flow of water in the brook.
The physical quality of brook-water in the dry period was generally
good. Turbidity was recorded between 2 and 5 NfU and the pH was
always slightly alkaline. between 7.8 and 8.0. Temperature was
weather dependent. However its appearance was found to be slightly
objectionable having a brownish colour; possibly due to run-off from
woods and agricultural lands.
The chemical quality of brook-water was also generally reasonable
except for its total hardness. Its high content of CaC03 (average 200
mg/ll revealed that brook-water was fairly hard but within WHO
(1984) Guide-lines as a source of a drinking water (Appendix 'B-1'l.
The chlOride value (average 50 mg/ll was also well within the
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permissible limits of the WHO (Appendix 'B-1'). The total solids
content (average 500 mg/l of which 24-27% as volatile solids) was
also within WHO Guide-lines (Appendix 'B-1').

TABLE: 6.1
ITypical analysis of ,good quality Burleigh Brook water.
Value
Characteristics
7.8 - 8.0
6.0 -160 C
Light brown
2-5NTU
o - 4 mg/l as CaC03
190 - 208 mg/l as CaC03
48 - 51 mg/l as CI496 - 527 mg/l
24 - 27% of total solids
6.2 - 8.1 mg/l
3.4 - 4.9 mg/l
2.9 - 3.3 mg/l
10,000 - 50.000 /100 ml.

pH
Temperature
Colour
Turbidity
Alkalinity (Phenolphthalein)
Alkalinity (Total)
Chloride
Total Solids
Volatile Solids
COD
BOD
TOC
Escherichia coli

The microbiological quality of stream-water was found to be very
changeable during both dry and wet periods. During a dry period the
Escherichia colt content was usually recorded as being between
10.000/100 ml and 50.000/100 ml. It was also observed that after
collection the Escherichia colt content of all the samples dropped
rapidly within 24 to 48 hours. and following a week of storage
hardly any E.coli managed to survive.

6.6

Additives used during experimental work

In disaster situations. such as floods. earthquakes. civil and military
conflicts etc. the drinking water supply system may be badly
damaged and contaminated with polluted surface water. raw sewage
etc. In other words. water could contain either organic or inorganic
impurities or both. along with faecal contamination.
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In order to discover the effects of iodine and chlorine disinfection
and storage on waters containing inorganic, organic and faecal types
of impurities in a controlled manner, a variety of additives were
employed to good quality stream-water to produce test water
samples similar to those which one might expect to find in different
disaster situations. The following additives were used during the
experimental work:
6,6.1

To Increase turbidity

In order to prepare test water samples of a desired quality and level
of turbidity the follOwing additives were employed:
6.6.1.1 KaoUn

Kaolin is an inorganic type of fine white clay produced by
decomposition of felspar (a white or flesh-red mineral containing
aluminium and other silicates in different proportions). A stock
turbidity suspension of kaolin was prepared using 500 mg kaolin
clay (Hyroc TL supplied by ECC International, Ceramic Division, UK)
per litre and stored in a glass flask. At the time of each test aliquots
of this solution were added to the stream-water (in some cases
deionized water) to obtain the desired level of turbidity. Using the
prepared kaolin suspension, the dilution with stream-water of 1:60
v/v produced 100 + 10 NTU, 1:80 v/v produced 75 + 10 NTU,
1:120 v/v produced 50 + 10 NTU, 1:240 v/v produced 25 + 5 NTU
and 1:1200 v/v produced 5 + 1 NTU. The purpose of using the
kaolin was to determine the relative effects of iodine and chlOrine
on bacteria in a completely inorganic environment.
6.6.1.2 Hydrazlne sulphate and hexamethylenetetramine

Hydrazine sulphate(NH2l2.H2S04 and Hexamethylenetetramine
(CH2)6N4 are organiC chemicals. A stock turbidity suspension of
these two chemicals was prepared (as described in Appendix 'F-2')
according to the method described in Standard Methods for the
Examination of water and Wastewater (Standard Methods, 1989).
This suspension produced a turbidity of about 400 NTU of
completely organic nature. Desired levels of turbidity were achieved
by adding known amounts of this solution to the stream-water. For
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example a ratio 1: 3 v/v produced 100±5 NTU. 1:7 v/v 50±5 NTU.
1:16 v/v 25±5 NTU. and 1:79 v/v produced 5±1 NTU in turbid free
water. This type of turbidity was employed to investigate the effects
of chemical disinfection over bacterial population in a completely
organic environment.
6.6.1.3 Stream sediments

In certain circumstances like floods and heavy storms unprotected
drinking water reservoirs may become highly polluted by incoming
muddy water. Rivers in the wet season may carry highly turbid water
due to soil erosion. Shallow and deep wells dug in drought-stricken
areas may also carry muddy water. In all the above cases water is
considered to be polluted by surface contamination. In order to
discover the effects of disinfectants and storage on the samples
having surface contamination. additional stream sediments were
added to good quality stream-water.
The sediments were collected from the same point of the Burleigh
brook. as the water samples. Several samples of sediments were
collected immediately after the collection of water samples. by
disturbing the bed of the stream. All samples were allowed to settle
for 24 hours in plastic bottles and then decanted. The mud
remaining in all the bottles was collected in one clean bottle and
this was treated as a stock mud solution. At the time of each test
aliquots of this were added on trial and error basis to the streamwater (and also to deionized water in some tests) to obtain the
desired level of turbidity.
6.6.1.4 Sludges

In order to determine the effectiveness of disinfectants and storage
on heavily sewage-contaminated waters. stabilized (digested) and
non-stabilized (raw) sludges were collected from the Loughborough
Wastewater reclamation plant of the Severn-Trent Water AuthOrity.
and added to samples of the stream-water. The desired level of
turbidity
was achieved on a trial and error basis. Both sludges were
,
stored in separate plastic bottles in a refrigerator at 4 0 C. Fresh
samples of raw and digested sludge were collected after two and
four days respectively.
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6.6.2 To increase organic content

Different substances were added to the stock stream-water to
achieve different levels of organic content in test water samples. For
example. the suspension of Hydrazine sulphate and Hexamethylenetetramine was added to achieve a 100% organic suspension and
stream sediments and sludges were added to achieve suspension
containing up to 50% organic matter. To determine the organic
content of different samples. frequent tests were carried out for
volatile solids content (Standard Methods. 1989). It was observed
that the stream sediment samples contained 24-27% organic
material while the samples prepared from the sludges had 40-50%
organic content. Those having suspensions of hydrazine sulphate
and hexamethylenetetramine contained completely organic
suspensions. During the investigation total organic carbon rroC) was
used as a measure of organic impurity in water samples. Further
about this will be dealt in the follOwing chapters.
6.6.3 To increase bacterial concentration

All the laboratory investigations were carried out using Escherichia
coli as the indicator organism. Their concentration in the streamwater was determined immediately after the collection of every
sample according to the method described in the appendix 'F-1.11',
but as mentioned above. it was found to vary from time to time and
from sample to sample. It was also noticed that their concentration
during0e storage period declined very sharply. To overcome this
problem and to provide a more or less constant bactenal load in all
water samples investigated Escherichia coli were sub-cultured from
a stock culture of E.coli 11943 supplied by the National Collection of
Industrial and Marine Bacteria Ltd. Regular tests were carried out
on the stability and reproducibility of these bacteria. Before adding
to the sample. cultured E.coli were added to a bottle of ringers
solution (Quarter strength) for dilution and then added to the
sample according to the reqUirements. Further about the subcultivation of E.coli and the test to check their reproducibility will
be dealt in the following chapter. Cultured E.coli were not added to
the samples containing sludges as the concentration in the sludges
was already very high.
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6.7

Disinfectants solution preparation

6.7.1 Iodine
Stock iodine solution was prepared as described in Standard
Methods (1989) by dissolving 20 gm of elemental iodine in 300 ml
deionized water. It was allowed to stand for few hours. Then it was
poured through a filter paper to remove the small undissolved
iodine crystals. The filtered solution then was diluted to 500ml and
standardized by titrating with standard sodium thiosulphate as
described in the Appendix 'F-3'. Fresh solutions were prepared
every week. stoppered and allowed to stand at 4 o C. Each solution
was standardised immediately before use.

6.7.2 Chlorine
Stock chlorine solution was prepared by bubbling chlorine gas into
500ml of deionized water for about one minute. The strength of the
chlorine solution was determined by titrating it against standard
sodium thiosulphate as described in the Appendix 'F-3'. The
solutions were stored in stoppered amber glass bottles and placed
in a refrigerator at 4 o C. It was prepared every alternate week and
standardized immediately before use.

6.S

Measurement of residual iodine and chlorine in water

During the investigation programme/ree and total aVailable iodine
and chlorine were measured in dilute solutions by using the DPD
colorimetric method as described in 'Methods Of Analysis'
(Yorkshire Water Authority, 1981). Although the authority
recommended that this method be employed only for the
determination of chlorine, Palin (1967) suggested that the method
can also be used to determine iodine.
Fresh DPD and buffer solutions were prepared each week, or more
frequently if required, and a Pye Unicam SP6-250 visible
Spectrophotometer correctly set to take measurements at a
wavelength of 550 nm using a blue filter was used to measure the
absorbance of samples being tested. The spectrophotometer is
shown in Plate 7.

III

At the start of the investigation calibration curves were prepared for
both iodine and chlorine so that the residual disinfectants level in
the samples could be read directly from the curves against the
spectrophotometer readings. Details of the calibration procedures.
preparation of solutions and test procedures are described in the
Appendix 'F-4'.
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EXPERIMENTAL WORK
7.1

Introduction

As indicated in the previous chapter, the experimental investigation

involved two methods of treatment of low quality surface water, Le.
chemical disinfection and storage. This was carried out in two
phases. The first and major phase comprised the experiments on
chemical disinfection using mainly iodine as a disinfectant.
However, chlorine(l.O mg/l) was also used as a reference. Bacterial
removal was assessed using Escherichia coli as an indicator
organism of faecal contamination. Different types of test-water
samples containing different sources and levels of turbidity and
different amounts of total organic carbon were treated by different
doses of iodine (and 1.0 mg/l chlorine) at different temperatures
and pHs and the rate of bacterial removal was investigated in each
case. The second and minor phase consisted of the investigation
into the effect of storage on low quality water in terms of bacterial
removal for the above mentioned conditions.
Both storage and disinfection by iodine are considered to be simple
and efficient methods of treatment, especially in an emergency.
They are both relatively easy to achieve and need no advanced
technology. They can therefore be carried out in remote areas
where other treatment options are practically impossible due to
lack of appropriate skills and materials. In order to verify, or
otherwise, their effectiveness, low quality water samples were
prepared such as one may expect to find in any disaster situation.
In this chapter, different variables, such as temperature, pH,
turbidity, total organic carbon and E.coli concentration, involved in
the experimental work and their adjustment are explained. The
relationship between turbidity and total organiC carbon and also the
culture of Escherichia coli and Its reproducibility are deSCribed. The
preparation of test-water samples and the experimental procedure
for both phases of the investigation is also explained.
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7.2
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Variables involved in the experimental work

7.2.1 Temperature
All the experiments were carried out at three temperatures to
represent different climatic conditions In different parts of the
world. The minimum and maximum temperature levels selected
were 5 0 C and 35 0 C, and a mean level of 200 C was also investigated.
The effect of temperature variation was assessed on the bacterial die
off during both phases of the experimental work at different pHs,
turbldities and organic contents. All the test samples were
maintained at the required temperature by placing them in the
water bath already maintained at one of the above temperatures with
the help of flow cooler and thermo-regulator connected to the bath
tank.

7.2.2 pH
Removal of Escherichia coli in both the disinfection and storage
experiments was assessed at three pH levels of 6.0, 7.5 and 9.0. The
purpose of using this wide range of pH was to cover different types
of water which may be expected in any disaster Situation. The pH of
the test water samples were adjusted according to requirement by
adding a few drops of 0.1 N sodium hydroxide (prepared by
dissolving 4.0 g sodium hydroxide in one litre of distilled water) for
increasing or 0.1 N hydrochloric acid (prepared by adding 8.3 ml of
concentrated HCI In one litre of distilled water) for decreasing the
pH level. This adjustment was conducted Immediately before the
addition of the disinfectant dose to the test water samples.

7.2.3 Turbidity
Five turbidity ranges Le. 5-7 NTU, 25-30 NTU, 50-54 NTU, 72-75
NTU and 93-100 NTU were employed during disinfection and
storage experiments. Different additives were added to streamwater (and in some cases deionized water) to create the desired
type and level of turbidity. e.g. kaolin for completely inorganic,
hydrazine sulphate and hexamethylenetetramine for completely
organic and stream sediments and sludges for a mixture of both the
inorganic and the organic turbidlties.
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7.2.4 Total organic carbon (TOe)
Escherichia coli removal by chemical disinfection in the test-water

samples was also related to the content of organic material.
expressed in terms of the total organic carbon (TOC)-. Although. the
BOO and the COD also represent the organic content of any sample.
the TOC is the quickest and most reliable method of determining
the organic content. There was always a constant and reliable
correlation between the three parameters of organic pollution as
reported in chapter 3.

TABLE 7.1
Turbidity /TOC relationship: Typical values of the total organic
carbon content of the different test-water samples.
Total Organic Carbon (mg/I) at:
Source of Turbidity
Stream Sediments

5 NTU
3.3

25 NTU 50 NTU 75 NTU 100NTU
7.3
3.9
4.9
6.0

Digested Sludge

4.0

4.9

7.0

9.6

11.7

Raw Sludge

4.6

8.8

13.0

20.8

27.6

SuspenSion of
Hydrazine sulphate
and Hexamethylenetetramine

29

127

253

379

510

In order to prepare test-water samples for a predetermined TOC. a
relationship between turbidity and total organiC carbon was
established for each source of turbidity and total organic carbon. For
this purpose separate samples of 5. 25. 50. 75 and 100 NTU were
prepared for different sources of turbidity containing organiC carbon
such as stream sediments. digested sludge. raw sludge and stock
suspension of hydrazine sulphate and hexamethylenetetramine.
Frequent samples of all the above categories were sent to the
Environmental Laboratory of the National Rivers Authority. Severn
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Trent Region, Nottingham for the determination of total organic
carbon rrOe) according to procedure described in the Appendix 'Fl.12'. The results of these fmdings were tabulated and prepared in
graphical form. Each source of organic material (except the artificial
suspension of hydrazine sulphate and hexamethylenetetramine;
because of its high value than the other sources) was represented by
its own curve. Tabular and graphical presentation of this
relationship are shown in table 7.1 and figure 7.l.

FIGURE 7.1

Turbidi /TOe Relationshi

30

m-- Stream Sediment

•
•

25

Digested Sludge

Raw Sludge

20

i
~

15
10
5
0

0

la

20

30 40

50 60

70

80

90 100

~bldlty ~11U)

Test water samples were prepared for a predetermined TOe by
reading their corresponding turbidity from the curve for their
respective source. Five TOe levels for each source were employed,
i.e., 3.3, 4.0, 5.0, 6.0 and 7.0 mg/l in the case of stream sediments,
4.0, 5.0, 7.0, 9.5 and 1l.5 mg/l in the case of digested sludge, 5.0,
10.0, 15.0, 20.0 and 25.0 mg/l in the case of raw sludge and 29,
127, 253, 379 and 510 mg/l in the case of the suspension of
hydrazine sulphate and hexamethylenetetramine.
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7.2.5 Bacterial concentration
It has already been mentioned that Escherichia coli were used as

indicator organisms of faecal pollution throughout the investigation.
Their concentration in the test-water samples was determined
before and after the experimental process and the effectiveness of
any treatment method was determined through their degree of
removal.
7.2.6 Initial E.coH concentration

Water samples collected from the stream had different Escherichia
coli concentrations at different times. Also, their number reduced
very sharply within 24-48 hours of collection. Therefore,
reproducibility of E.coli of these samples was impossible. To
overcome this difficulty and to provide a fairly constant bacterial
loading to all test-water samples, subcultured E.coli were added
when required. An initial load of 5000 to 10000 E.coli per 100 ml
was provided to all test-water samples except those with sludges. In
these cases the initial E.coli concentration was already equal to or
higher than the above mentioned initial load (from a minimum of
5000/100 ml at 5 NTU to a maximum of 600000/100 ml at 95
NTU).

7.3

Laboratory subculture of Escherichia coU

7.3.1 Preparation of media

Tryptone Soya Broth (Oxoid. 1982) was used as a media for
cultivation of Escherichia coIL One gram of this broth contained:
Pancreatic Digest of Casein
0.567 gram
Papaic Digest of Soybean Meal
0.100 gram
Sodium Chloride
0.167 gram
Dibasic Potassium Phosphate
0.083 gram
Dextrose
0.083 gram
3.0 g of Tryptone Soya Broth powder pH 7.3 + 0.2 were dissolved in
100 ml of distilled water and distributed into 10 small universal
bottles leaving 10 ml in each. All bottles were sterilized by
autoc1aving at 121 0 C for 15 minutes.
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7.3.2 Stock culture of Escherichia coU
A subculture was carried out from the stock culture of E.coli
available in the laboratory. This stock culture was prepared in
Tryptone Soya Agar pH 7.3 ± 0.2 (Oxoid. 1982) containing:
15.0 gram
5.0 gram
5.0 gram
15.0 gram

Tryptone
Soya Peptone
Sodium Chloride
Agar

per
per
per
per

litre
litre
litre
litre

Escherichia coli used in the stock culture were abstracted from

urine of a cystitis patient and provided by the National Collection of
Industrial Bacteria with the code no. 11943 (Dando, 1986).

7.3.3 Procedure for subcultivation of E.coU
Subculturing of E.coli was carried out in liquid media (Tryptone
Soya Broth) using aseptic technique. First of all, autoclaved universal
bottles containing cultured media were brought to room
temperature. A stainless steel wire loop sterilized by passing over
the flame was then dipped into the bottle containing stock E.coli
culture and a loopful of this culture was placed in one of above
mentioned universal bottles containing media. The neck of the
bottle was passed over the flame and stoppered immediately. The
loop was again sterilized and another loopful of stock culture was
transferred to a second universal bottle. This procedure was
repeated until the required number of bottles were prepared. The
loop was then carefully sterilized over flame. The bottle with the
stock culture was replaced in the refrigerator and all the prepared
bottles for subculture were placed in the incubator for 24 hours at
44 0 C. After the incubation period all the bottles were transferred to
a refrigerator set at 4 0 C. Fresh subculturtng was carried out after
every two week period.

7.4

Test for reproducibility of subcultured E.coH

Before the application of subcultured E.coli to test-water samples, a
detailed investigation was carried out to check their reproducibility.
Daily :tests. to determine the number of E.coli present in the
subculture were conducted for three weeks. For this purpose 0.1 ml
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from the subculture was added to a autoc1aved bottle with 1000 ml
ringers solution (quarter strength) and shaken vigorously. Six fold
dilutions were prepared of this mixture and the E.coli concentration
in these dilutions was determined in duplicate using membrane
filtration technique (Procedure in Appendix 'F-l.ll'). The same test
was repeated for three weeks and the results obtained after 21 days
were re confirmed by a similar procedure with another fresh
subculture of E.colL
The results (shown in table 7.2) revealed that for the first working
week (day 1 to 5) the subculture was stable and 100% reliable, but
during the second working week (day 8 to 12) it lost its stability.
Its application however. was possible with careful calculations.
During the third week it became completely unstable and unreliable.
Due to this fact subcultured E.coli were used for up to two weeks of
their culture period and fresh subcultures were prepared after this
period.

7.5

Application of subcultured E.coli to test-water samples

For each set of experiments approximately 4 litres of the test water
sample [3 litres (500 ml in each of the six beakers) for the actual
experiment and the rest for other tests such as the determination of
initial E.coli concentration and the turbidity) were prepared and
placed in a sterilized glass beaker. After the preparation of the test
samples of the required turbidity and total organic carbon.
subcultured E.colt were added. For this purpose 0.1 ml of
subcultured E.coli were pippeted to 1000 ml of ringers solution in a
bottle and shaken vigorously to mix. E.coli survival data chart (table
7.2) was used to calculate the volume of this solution required for
that test-water sample.
After pouring the required amount of the above solution into the test
water sample, it was mixed properly with a magnetic stirrer and a
50 ml aliquot was taken in a sterilized measuring cylinder for the
determination of its actual initial E.coli concentration. Similarly. the
volume of the solution containing cultured E.coli. required for the
remaining days of the subculture. was calculated using the same
chart. A confirmation test for the initial E.coli concentration was
always carried out for each sample.
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TABLE 7.2
Survival Data Chart of Subcultured E.coU
Dilutions
DavNo 10- 1 10- 2
1

2

3

4

5

6

7

8

9

10

11

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

10- 3 10- 4
tntc
tntc

Count

Count

10- 5 10- 6 oer 50 ml oer100 ml
48
5
51
5
5x106
1x107

tntc
tntc

47
49

5
5

5x106

1x107

tntc
tntc

46
49

5
5

5x106

1x10 7

tntc
tntc

46
47

5
5

5x106

1x107

tntc
tntc

46
46

4
5

5x106

1x10 7

tntc
tntc

42
44

4
4

4x10 6

8x106

tntc
tntc

34
34

3
3

3x106

6x10 6

tntc 249
tntc 259

24
26

2
3

25x10 5

5x106

tntc 149
tntc 153

15
17

1
2

15x10 5

3x10 6

tntc 51
tntc 56

5
5

-

5x105

1x106

tntc 43
tntc 47

4
5

-

45x10 4

9x105

-

-

-

-

-

-
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TABLE 7.2 (continued)
Survival Data Chart of Sub cultured E.coli
Dilutions
Day No lO-1 10- 2 10- 3
12

13

14

15

16

17

18

19

20

21

-

-

-

-

-

-

10- 4

10- 5 10- 6

tntc 347
tntc 361

35
35

3
4

tntc 201
tntc 206

19
20

2
2

-

tntc 99
tntc 107

9
10

1
1

-

tntc 48
tntc 57

5
5

-

-

tntc 33
tntc 35

3
4

-

-

147 14
155 15

1
2

-

tntc 48
tntc 55

5
5

-

tntc 27
tntc 34

3
3

141 15
157 15
47
53

5
5

-

Count

Count

per 50 ml perl00 ml

-

-

35xl0 4

7xl0 5

2xl0 5

4xl0 5

-

lxl0 5

2xl0 5

-

5xl04

lxl0 5

-

35xl0 3

7xl0 4

-

15xl03

3xl04

-

-

-

-

-

5xl03

lxl04

-

-

-

-

-

3xl03

6xl03

1
2

-

-

-

-

-

15xl0 2

3xl03

-

-

-

-

5xl02

lxl03

-

-

Key:

tntc= too numerous to count
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7.6

Initial E.coH determination

Before pouring into test beakers. a 50 ml aliquot of each test water
sample was taken in a sterilized measuring cylinder and poured into
a bottle having 450 ml ringers solution. The bottle was shaken at
least 25 times to mix and 50 ml of this were taken in another
sterilized cylinder and poured into a fresh 450ml ringers solution
bottle. In this way three dilutions were prepared of each sample. All
were marked appropriately and set aside until similar dilutions were
made for the sample obtained after the completion of the
experiment for the final E.coli determination. The E.coli content In
these bottles was determined using the membrane filtration method
as described in the Appendix 'F-1.11' .

7.7

Disinfectants dosages

Most of the test water samples were treated with :1.2,4.6.-8 and 10
mg/l Iodine. but doses less than 1.0 mg/l and more than 10.0 mg/l
were also employed with some samples. depending upon their type
and quality. For example. the samples whose 1000/0 E.coli removal
was achieved with 1.0 mg/l were also treated with a lesser dose in
order to discover the minimum required dose for 1000/0 bacterial
die-off. Similarly those samples whose 1000/0 E.coli removal was not
achieved with the dose of 10 mg/I. had more iodine added to
determine the minimum required dose for 100% bacterial die-off.
However. the change In their quality was assessed only by treating
them with a maximum of 10.0 mg/l iodine. All the samples were
also treated with 1.0 mg/l chlorine as a reference.

7.8

Preparation of test water samples

7.S.1 Deionized water samples with stream sediments
As mentioned In the previous chapter. deionized water samples
were used for simultaneous tests with stream-water samples to
observe the effects of the water origin on the processes of chemical
disinfection. For this purpose identical test water samples of
deionized and stream-water were prepared using stream sediments
as the source of turbidity. as deSCribed below.
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50 ml of stock stream sediments solution (described in 6.6.1.3)
were added to about two litres deionized water and stirred to mix.
The mixture was then left undisturbed for a short while to allow the
thicker particles to settle down. The supernatant of that mixture
was collected and added to deionized water to prepare separate
4000 ml samples of 5, 27, 52, 75 and 94 NTU. After the
confIrmation of turbidity, cultured E.coli were added to each sample
and mixed thoroughly with a magnetic stirrer. A 50 ml portion of
each sample was taken for initial E.colt determination before
pouring into test beakers for further experimentation.
7.8.2

Stream-water samples

Samples identical to those described in 7.8.1.1, were also prepared
by using good quality stream-water instead of deionized water. Due
to significant differences in the results, obtained from these
experiments (explained in the next chapter), the use of deionized
water was abandoned and stream-water employed for further
experimentation to investigate the effects of pH, temperature,
turbidity and total organiC carbon on the chemical disinfection of
low quality surface water. Experiments on storage. were also
conducted employing this type of water. Different test-water
samples prepared with good quality stream-water are described
below.
7.8.2.1 Stream-water samples with kaolin
Stock kaolin suspension was added to good quality stream-water
according to the ratios deSCribed in 6.6.1, to prepare separate
samples of 5, 25, 50, 75 and 100 NTU. Total organiC carbon tests
on this type of sample were not considered, because Kaolin is totally
inorganic. Cultured Escherichia coli were added according to the
method described in 7.5 and samples were mixed thoroughly. A 50
ml portion of each sample was taken for the determination of the
initial concentration of E.coli. Six tall sterilized one-litre test
beakers each containing 500ml were employed. All the beakers
were placed in the water bath at the required temperature.
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7.8.2.2 Stream-water samples with hydrazine sulphate and

hexamethylenetetramine.

Stock turbidity suspensions of hydrazine sulphate and hexamethylenetetramine were added as described in 6.6.2 and 4000ml testwater samples each of 5. 25, 50, 75 and 100 NTU prepared. As a
result of this suspended material being totally organic by nature the
TOC results obtained were high at 29, 127, 253, 379 and 510 mg/I.
Mter the preparation of test water samples of above turbidlties and
total organiC carbon strengths, the remainder of the preparation
work was similar to that described in 7.8.2.1.
7.8.2.3 Stream-water samples with stream sediments

A 50 ml aliquot of stock stream sediments solution (described in
6.6.1.3) was added to about 2-litre good quality stream-water and
the supernatant water was collected to prepare 4000ml test water
samples on a trial and error basis of 5, 27, 52, 75 and 94 NTU, I.e.,
equivalent of 3.3, 4.0, 5.0, 6.0 and 7.0 mg/l TOe. The rest of the
preparation work was Similar to that described in 7.8.2.1.
7.8.2.4 Stream-water samples with digested sludge

About 100 ml of digested sludge collected from Loughborough
Wastewater Reclamation Plant (described in 6.6.1.4) were added to
about two litres of good quality stream-water, mixed thoroughly and
left undisturbed to allow the thicker particles to settle out. The
supernatant water from this mixture was collected to prepare
4000ml samples on a trial and error basis of 5, 26. 50. 74 and 97
NTU, i.e., the equivalent of 4.0, 5.0, 7.0, 9.5 and 11.5 mg/l TOC.
Cultured E.coli were not added to this type of sample, because of the
initially high E.coli concentration. The remainder of the preparation
work for these samples was similar to that deSCribed in 7.8.2.1.
7.8.2.5 Stream-water samples with raw sludge

About 100 ml of raw sludge collected from the Loughborough
Wastewater Reclamation Plant (described in 6.6.1.4) was added to
about two litres good quality stream-water, mixed thoroughly and
left undisturbed for some time to allow thicker particles to settle
out. The supernatant collected from this mixture was added to more
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stream-water to prepare 4000 ml test-water samples of 7. 30. 54.
72 and 93 NTU. i.e .. equivalent to 5. 10. 15. 20 and 25 mg/l Toe
respectively.
Tests carried out on the above samples for their E. co li
concentration revealed that the E.coli content was not constant. It
was also found that the E.coli content of these samples was higher
than that required for the investigation. As a result no cultured
E.coli were added. The rest of the preparation work was similar to
that described in 7.8.2.1.

7.9

Procedure for disinfection experiments

7.9.1 Apparatus operation
Before the preparation of the test-water samples. the water bath was
filled with tap water to such a level that the samples contained in
the test-beakers could be immersed completely in it. The
thermoregulator was then set to the required temperature and
switched on. The flow cooler was also used. if the required
temperature was below the room temperature.
If the temperature of the test was only 5 0 e the whole process

mentioned above. was carried out about 15-18 hours before the
preparation of the test-water samples. The test-water samples were
prepared only after it was certain that the bath water had acquired
the predetermined temperature. Stirring of each sample in the test
beaker was started before the adjustment of pH and continued some
time after neutralizing the residual disinfectants in the test-beakers.

7.9.2 pH adjustment
After the adjustment and the confirmation of the temperature. all
the samples were mixed with gentle stirring. The pH of all the
samples was determined (as described in Appendix F-1.2J and then
adjusted according to reqUirement by adding a few drops of 0.1 N
solution of sodium hydroxide for increasing or 0.1 N solution of
hydrochloric acid for decreasing purposes. After the adjustment of
all the samples. the pH was once again confirmed to be that
required for the investigation.

126

7.9.3 Adding the disinfectants

Immediately after the adjustment and confirmation of the pH.
calculated amounts of the disinfectants were added to each beaker
and a stop watch started immediately. Gentle stirring was allowed to
continue throughout each investigation. After 30 minutes reaction
time two separate portions. 100 ml each. of all the samples were
taken for residual disinfectant determination and the reaction
stopped by adding 0.5 ml of freshly prepared 10% sodium sulphite
solution.
7.9.4 Residual disinfectant determination

Residual disinfectant de terminations were carried out using the
DPD method (described in the appendix 'F·4'). Free and total
available iodine and chlorine were determined. Any sample that was
too turbid. was centrifuged for 2 minutes before their residual
disinfectant was determined.
7.9.5 Final Escherichia coU determination

Final E.coli determination of all the samples were carried out using
the membrane filtration technique. described in the Appendix 'F1.11' .

7.10 Treatment of low quality water by storage
In order to investigate the die-off of Escherichia coli during storage.
water samples possessing different types and levels of turbidity and
different values of pH were prepared and left undisturbed at
different temperatures for a pre-determined period of time. For this
purpose good quality stream-water was employed as a source of
surface water with stream sediments and raw sludge being used as
the sources of turbidity.
The temperatures employed for this investigation were 5. 20 and
35 0 C. with pH's of 6.0. 7.5 and 9.0 and turbidities of 5 and 100
NTU. The maximum storage time used was fourteen days. As with
the chemical diSinfection investigations. the initial cultured E.coli
load applied to the samples with stream sediments was between
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5000 and 10.000 per 100 ml. but in the case of raw sludge samples.
no cultured E.coli were added.
Initial and final E.coli de terminations were carried out at the start
and completion of storage. In addition other tests were also carried
out 2 days and 7 days after the start to determine the E.coli survival
in the samples at that time. If no E.coli were found. the investigation
was stopped at that stage.

7.11

Procedure for storage experiments

7.11.1 Preparation of test-water samples
Both the types of water samples for storage experiments Le. streamwater with stream sediments and stream-water with raw sludge
were prepared according to method described in section 7.8.2.3
and 7.8.2.5 respectively. Samples containing 5NTU and 100NTU
were employed in this investigation. Cultured E.coli in the samples
containing stream sediments were added according to procedure
described in section 7.5. All the samples were mixed thoroughly and
50 ml aliquot of each sample were removed for the initial E.coli
determination. For each sample six tall I-litre sterilized glass
beakers were taken and a 800 ml sample was poured into each
beaker and all were placed in the water bath for further
experimentation.
7.11.2 Treatment of samples
Before placing the test beakers in the water-bath. the water bath
was filled with tap water. the required temperature set on the
thermoregulator and switched on. When the bath water acquired the
predetermined temperature. the test beakers were placed inside it.
The pH of all the samples was adjusted immediately after their
temperatures coincided with that of the bath water.
All the samples were allowed to stay in water bath at a constant
temperature for fourteen days. However. 50 ml aliquots of all the
samples were removed after two and seven days for determination
of surviving E.coli. and if no surviving E.coli were found in any
sample in any of these tests. that particular investigation was
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immediately stopped, otherwise it was continued till the end of 14
days. At this stage, once again a SOml portion of each sample was
taken for the final E.coli determination.
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EXPERIMENTAL RESULTS AND DISCUSSION
8.1

Introduction

As mentioned in the previous chapter. the experiments carried out

produced a variety of results. These included the disinfectant
capabilities of the iodine and the chlorine In different
environmental conditions. factors affecting their efficiencies in
different types of waters. rate of inactivation of the E.coli by
different doses of iodine (and 1.0 mg/l chlorine) in the different
test water samples and maximum doses of iodine required for
complete coliform inactivation in different types of samples at
different conditions. The effects of the storage on low quality water
were also investigated along with the factors related to the
efficiency of this process.
This chapter contains explanations and discussion of the results.
supported by the necessary tables. graphs and figures obtained from
the laboratory investigation carried out to demonstrate the
capabilities of iodine as an effective disinfectant in emergency
situations. Results achieved from the storage experiments are also
explained and discussed in this chapter.

8.2

Stability of the disinfectants test solutions

In order to determine the stability of the test solutions of the iodine
and the chlorine. two different solutions. having different initial
concentrations. were prepared according to the method described
in the appendix F-3. All the test solutions were placed in I-litre
amber glass bottles. stoppered and stored inside the refrigerator at
4 0 C. Their concentrations were determined immediately after
preparation and every week for four weeks using the DPD method.
(see appendix F -4 )
Results obtained from the above experiment (tables 8.1 and figure
8.1) revealed that during the first week the iodine was more stable
than the chlorine. The concentration of the iodine during this
period dropped by only 7% compared to 12% in the case of the
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chlorine. During the second week however, the iodine lost about
20% of its strength compared to about 17% in the case of the
chlorine. At the end of the four weeks the iodine was observed to
have lost more than 33% of its initial concentration compared to
less than 20% by the chlorine. It was also noticed that the
concentration of iodine dropped rapidly in the second week.
whereas the chlorine lost its strength mainly during the first week.
No significant effect due to any difference in the initial
concentrations of the test solutions was recorded on the overall
trend of the results.
TABLE: 8.1
Stability of the disinfectants test solutions:
Chanj;(e in concentration of the iodine and the chlorine.
Iodine (j;(/ll
Chlorine (g/ll
Solution A
Solution B
Solution A
Solution B
IAly Concen- % Redu- Concen- % Redu- Concen-

No.

tratlon.

ctlon.

)6

Redu- Cancen-

)6

Redu-

tratlon.

ctlon.

tratlan.

ctlon.

tratlon.

ctlon.

0 0.315

-

0.785

-

2.100

-

5.490

-

7 0.292

07.30

0.730

07.00

1.845

12.14

4.830

12.02

14 0.250

20.65

0.628

20.00

1.750

16.67

4.555

17.03

21 0.225

28.57

0.563

28.28

1.722

18.00

4.501

18.01

28 0.210

33.33

0.525

33.12

1.680

20.00

4.390

20.03

8.3

Factors affecting the efficiency of the disinfectants

8.3.1 Effects of the water origin

Experiments carried out to investigate the effects caused by the
origin of water over the disinfectant capabilities of the iodine.
revealed that the 99% removal of E.coli in the deionized water
sample containing stream sediments could be achieved by one
quarter the dose required for similar results in the stream water
samples containing stream sediments. For example. 0.5 mg/l iodine
removed 99% E.coli in the de ionized water samples with 94 NTU at
35 0 C and 9.0 pH, but a dose of 2.0 mg/l was needed for the same
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results in case of the stream water samples (Table 8.2). Complete
E.coli removal from the deionized water samples containing stream
sediments at all investigated pHs and temperatures was achieved by
1.0 mg/l iodine compared to 3.0 mg/l required for similar results in
the case of the stream water samples containing stream sediments
as shown in tables 8.2, 8.3 and 8.4.
Figure: 8.1
Stability of the disinfectant test solutions
(I) Changes in concentration of the iodine solution
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8.3.2 Effects of the temperature

The effects of temperature on the process of disinfection by both
the iodine and chlorine were investigated at 50. 20 0 and 350 C and
it was observed throughout the investigation that the lower the
temperatures the more effective was the removal of E.coli. In other
words. 5 0 C had the highest rate of E.coli die off compared with
20 0 C and 350 C (Figure 8.4). However. this effect was less obvious in
the samples containing inorganic material or a reduced amount of
organic material than those with higher organic content. For
example. in the case of samples containing stream sediments.
which contained 7.0mg/l total organic carbon. 1.0 mg/l iodine
removed 99.28% E.coli at 5 0 C and 96.11% at 35 0 C. But. with the
case of highly organic raw sludge samples. containing 25 mg/l total
organic carbon. 19.81% E.coli were removed by 1.0mg/1 iodine at
5 0 C compared to only 5% at 350C (Table 8.5).
The effects of temperature were also found to be more pronounced
with an increase in turbidity in most of the samples. For example. at
the lower levels of turbidity (7NTU) in the samples containing raw
sludge. E.coli removal by 1.0 mg/l iodine decreased to 27.27% at
35 0 C from 29.41% at 5 0 C. but in the Similar type of samples
containing the highest investigated level of turbidity (93 NTU) E.coli
removal decreased to only 5% at 350 C from 19.81 % at 5 0 C (Tables
8.5 and 8.14). However. no significant changes in the effects of
temperature on different turbidity levels were recorded in samples
containing artifiCial suspension of hydrazine sulphate and
hexamethylenetetramine (Tables 8.5 and 8.18).
The performance of chlorine was also highly affected by
temperature in the samples containing raw sludge. but in the case of
samples containing digested sludge and the stock suspension of
hydrazine sulphate and hexamethylenetetramine. the effects of
temperature were substantially lower. Effects of temperature on the
performance of chlorine in almost all types of samples were also
observed to be only slightly changed with the changes in turbidity
(Table 8.5).
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8.3.3 Effects of the pH

The effects of pH on the capabilities of the disinfectants were
investigated at pH 6.0. 7.5 and 9.0. and it was observed that the
efficiencies of both the iodine and the chlorine. were highly
reduced with the increase in pH. In all the investigated cases the
highest E.coli removal was obtained at pH 6.0 and the lowest at pH
9.0 (figure 8.5).
The effects of pH were also relatively less for the samples containing
inorganic or lower organiC turbidities. For example. in the case of
samples containing suspended matter derived from stream
sediments containing 7.0 mg/l total organic carbon. 1.0 mg/l iodine
removed 97.81% E.coli at pH 6.0. which only reduced to 96.11% at
pH 9.0. But. in the case of the raw sludge samples containing 25
mg/l total organic carbon the percentage of E.coli removal achieved
by identical iodine dosages decreased from 15% at pH 6.0 to 5% at
pH 9.0. However. the effects of pH in the case of completely organiC
suspended solids samples of hydrazine sulphate and hexamethylenetetramine were very small. (Table 8.6 and figure 8.5)
The performance of the chlOrine was highly affected by the increase
in pH. espeCially In the case of samples containing digested and the
raw sludges. In these tests the effiCiency of chlOrine was reduced to
a third when the pH was increased from 6.0 to 9.0. but in the case
of samples containing hydrazine sulphate and hexamethylenetetramine the effects were only very slight (Table 8.6).
8.3.4 Effects of the turbidity

The effects of turbidity in water samples on the performance of the
disinfectants were dominated by the nature of the turbidity.
Although the density of the turbidity had some effect (e.g .. 99.84%
E.coli were removed by 1.0 mg/l iodine in the samples containing 5
NTU of stream sediments at 35 0 C and 9.0 pH. which reduced to
96.11 % in the samples of 94NTU). the effects of the nature of the
turbidity were much greater. For example. 1.0 mg/l iodine removed
92% E.coli in the samples containing 95 NTU of kaolin at 9.0 pH
and 350 C. but a similar dose of iodine removed only 5% E.coli in the
samples containing 93 NTU of raw sludge. The effects of the density
135

and the nature of turbidity were also recorded in other types of
samples (Table 8.7 and figure 8.6).
The disinfectant capabilities of chlorine were also affected by both
the density and the nature of turbidity. However. the effects of the
density of turbidity were again very much smaller than those of the
nature of turbidity. For example. the percentage of E. coli
inactivation by 1.0 mg/l chlorine in samples containing stream
sediments at 35 0 C and pH 9.0 reduced from 99.93% at 5 NTU to
98.46% at 94 NTU. and in samples containing raw sludge from
13.70% at 7 NTU to 4.1% at 93 NTU. but 100% E.coli removal in
the case of samples containing 100 NTU of kaolin reduced to just
8.58% in the samples containing 100 NTU of the suspension of
hydrazine sulphate and h!!XaInethylenetetramine (Table 8.7).
The performance of chlOrine in the samples containing the turbidity
composed of inorganic suspended material or reduced amount of
organic material was observed to be better than that of iodine (e.g..
100% E.coli were removed by 1.0 mg/l chlorine in the samples
containing 100 NTU of kaolin at 350 C and pH 9.0 compared to 92%
by the same dose of iodine). but it was found to be Inferior to the
iodine in the samples containing turbidity with higher proportions
of organic material. For example. 8.5% E.colt were inactivated by 1.0
mg/l chlorine in samples containing 100 NTU of completely organic
suspension of hydrazine sulphate and hexamethylenetetramine at
35 0 C and pH9.0 compared to 26% by the same dose of iodine (Table
8.7).

~

The efficiency of chlorine was also found to be sharply reduced
when the turbidity of the samples containing higher proportions of
organiC content was increased to the highest investigated level from
the lowest one. The reductions of 40% - 50% in the samples
containing digested sludge and 40% - 70% in the samples
containing raw sludge were recorded. However. the effects of
changes in turbidity in the case of samples containing the
suspension of hydrazine sulphate and hexamethylenetetramine were
relatively small (Table 8.7).
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8.3.5 Effects of the total organic carbon (TOe)

The disinfectant capabilities of both the Iodine and chlorine. were
highly affected by the total organic carbon (TOe) present In the
samples (figures 8.7-8.11). Samples without any organic carbon.
such as those with kaolin were rendered 100% free from E.coli by
only 2 mg/l iodine or chlorine, but the dose required for similar
results in other samples increased with the Increase in their
organic carbon content. For example. 3.0 mg/l iodine was required
for the sample contalning about 7 mg/l TOe and 8.0 mg/l iodine for
the samples containing 11.5 mg!l TOe (Table 8.2)
E.coli removal by 1.0 mg/l of both the iodine and the chlOrine also

declined as the Toe Increased. e.g. 1.0 mg/l Iodine removed
99.84% E.coli in the samples containing 3.3 mg!l total organic
carbon. but only 5% E.coli in the samples with 25 mg!1 total organic
carbon. A similar trend of results was noticed in the case of the
chlorine. However. the performance of iodine was found to be very
much better in the case of samples containing the highest
investigated TOe i.e .. the samples containing hydrazine sulphate and
hexamethylenetetramine. where the same dose of Iodine removed
26% of the E.coli In the samples containing 510 mg!1 total organic
carbon compared to only 8.58% by the same dose of chlorine. An
almost similar ratio of results of the Iodine and the chlorine was
recorded in the case of samples containing either the digested or
the raw sludges. (Table 8.7)
It was also observed that the E.coli removal by both the disinfectants

was different in the samples with similar amounts of total organiC
carbon obtained from different sources. For example, 53.33% E.coli
were removed by 1.0 mg/l iodine in the samples containing 5 mg!l
total organiC carbon from digested sludge, but the same dose
removed only 29.41% E.coli in the samples containing similar
amount of total organiC carbon from raw sludge (Table 8.7). These
results indicated that some other factors were also Involved which
affected the capabilities of the diSinfectants beSide that of total
organiC carbon.
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8.3.6 Effect of the bacterial concentration
It was observed that different E.coli concentrations in the different

test water samples did not produce any significant effect on the
perfonnance of the disinfectants. As stated in the previous chapter,
cultured E.coli were added to most of the test samples. Their initial
E.coli count ranged between 5000 to 10,000 per 100 ml. It was
observed that this variation had no noticeable effect on the
capabilities of the iodine or the chlorine.
The samples prepared with raw sludge contained much higher
numbers of E.coli e.g., from 5000- 70,000 at 7NTU to 100,000600,000 per 100 ml at 93 NTU. However in these cases no
significant impact of the initial E.coli count was recorded. For
example, when two raw sludge samples of 7 NTU containing 5000
and 70,000 E.coli per 100 ml respectively were treated by 4.0 mg/l
iodine at similar temperature and pH values, the final E.coli counts
were recorded as 14 and 300 per 100 ml respectively. This
indicated a removal of 99.73% and 99.57% respectively. Several
other experiments with even higher variation in the initial E.coli
count also showed the same trend, and it was observed that the
variation in the final count was almost negligible compared to that in
the initial count.
In order to detennine any difference between cultured and natural
E.coli, the results of certain experiments carried out with cultured
E.coli during this investigation were compared to those of the
similar experiments carried out by other researchers using natural
E.coli. In almost every case the inactivation was found to be higher
in the samples containing cultured E.coli. The results of the
experiments carried out by Ellis and vanVree (1989), who employed
E.coli from the final effluent of a wastewater reclamation plant and
diSinfected with iodine, substantially differed from the results of the
similar type of experiments carried out during this investigation
with the cultured E.coli.
For example, During the investigation conducted by Ellis and
vanVree (1989), 96% of 14500 natural E.coli were inactivated by 1.0
mg/l iodine in the samples containing stream sediments (100 NTU)
at 20 0 C and pH 7.4 compared to 100% removal observed during
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this investigation in the similar type of samples at the same
temperature and pH levels containing 10000 cultured E.coli. The
environmental shock may be the more likely reason behind the
lower resistance offered by the cultured E.coli. Their sudden entry
from the artificial culture media to the natural and foreign
environment may have made them less likely to survive especially in
the presence of a disinfectant. On the contrary the E.coli obtained
from the final effluent offered some resistance because of the
similarities between their native environmental conditions and
those of the test-samples.

8.4

E.coli inactivation by the disinfectants in the different
test-water samples

8.4.1 Deionized water samples containing stream sediments
As stated in the previous chapter. these samples were employed to

determine the effects of the water origin over the disinfectant
capabilities of iodine. It was also an aim at the beginning of the
laboratory investigation that the deionlzed water would be employed
for further experimentation if the difference between the results of
the identical samples prepared by the deionized water and the
stream water proved to be negligible. It was observed however. that
the 99% E.coli inactivation in the samples prepared with the
deionized water was achieved using the lowest doses of iodine
(Tables 8.2 and 8.3)
Only 0.5 mg/l iodine was needed to achieve the above results at all
the investigated pH. temperature and turbidity values. compared to
2.0mg/1 required for the similar samples prepared by employing the
stream water. An iodine dose of only 0.5 mg/l was needed to achieve
complete E.coli inactivation in the deionized water samples at the
lowest investigated levels. such as pH 6.0. 5 0 C and 5NTU (figure
8.3). while for Similar results at the highest levels of pH 9.0. 350 C
and 94 NTU. 1.0 mg/l iodine was required. This was still about one
third of the quantity required for similar results in the case of
samples prepared with stream water (Tables 8.2. 8.3 and 8.4).
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8.4.2

Stream water samples

8.4.2.1 Samples containing kaolin

Stream water samples containing Kaolin were employed to
determine the disinfectant capabilities of the iodine compared to
those of the chlorine in a completely inorganic turbidity. It was
observed that an iodine dose of 1.0 mg was suffiCient to bring 99%
inactivation of E.coli at the lowest investigated levels. (pH 6.0. 5 0 C
and 5 NTU). Complete E.coli inactivation at all investigated levels of
pH. temperature and turbidity was possible with 2.0 mg/l iodine
(Tables 8.2 and 8.8).
The performance of the chlorine in this type of sample was found to
be slightly better than the iodine because its dose of 1.0 mg/l
removed 100% E.coli at the highest investigated levels of pH.
temperature and turbidity. compared to a removal of 92% by the
same dose of iodine at same conditions (Tables 8.2 and 8.8 and
figure 8.7).
8.4.2.2 Samples containing stream secUments

Samples prepared with the stream sediments contained the lowest
amount of total organic carbon of all the investigated samples
(excluding the deionized water samples). ranging from 3.3 mg/l at
5NTU to 7.3 mg/l at 100 NTU. Inactivation of the E.coli in this type
of sample decreased with an increase in temperature. pH and the
total organiC carbon. However. pH and temperature effects were
smaller than total organic carbon effects. As shown in tables 8.2 and
8.9. 99% inactivation of the E.coli. in this type of sample. with the
lower conditions. 1.e .. pH 6.0. 5 0 C and 3.3 mg/l TOe (5NTU). was
achieved by an iodine dose of 1.0 mg/l, wWle 2.0 mg/l iodine were
required to get the same results at pH9.0. 350 C and 7.0 mg/l total
organic carbon or 94 NTU (Table 8.10). Complete inactivation of
E.coli at all investigated values of the pH. temperature and the TOC
was acWeved by a dose of 3.0 mg/l (Table 8.2).
The effiCiency of chlorine in these samples was found to be slightly
better than iodine. For example. at pH 9.0. 350 C and 7.0 mg/l total
organic carbon (94 NTU). 1.0 mg/l chlOrine removed 98.46% E.coli
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compared to 96.11% by the same dose of iodine (Table 8.9 and
figure 8.8).
8.4.2.3 Samples containing digested sludge

Test-water samples prepared using stabilized (digested) sludge had
a total organic carbon content from 4.0 mg/l at S NTU to 11. 7 mg/l
at 100 NTU. It was observed that the TOe had a greater effect than
the temperature and pH on the effiCiency of iodine in the samples of
this type. For example, in the case of samples containing 4.0 mg/l
TOe (SNTU) at pH 6.0 a dose of 2.0 mg/l iodine inactivated 99.98%
E.coli at soe and 99.6% at 3S o e. The same dose (2.0 mg/l iodine)
removed 99.98% E.coli at pH 6.0 and 99.46% at pH 9.0 in the
similar samples at soe. But the E.coli reduction was much higher
when the proportion of the TOe was increased from the lowest to
the highest investigated levels Le. 99.98% in the samples containing
4.0 mg/l TOe at 5 0 e and pH 6.0 and 66.10% in the samples
containing I1.S mg/l TOe at same temperature and pH values
(Tables 8.11 and 8.12).
An iodine dose of 4.0 mg/l was required to achieve complete E.coli

inactivation in these samples at the lowest investigated levels of
temperature, pH and the TOe, but similar results at the highest
investigated levels could only be obtained by 8.0 mg/l iodine (Tables
8.2, 8.12 and 8.13 and figure 8.9).
The performance of chlorine in the samples of this type was
observed to be poor compared to that of iodine (figure 8.9). In some
cases especially at higher pH values the performance of the chlorine
was less than one third as effective as that of the iodine. Disinfectant
capabilities of the chlorine were also greatly affected by the increase
in the total organic carbon: however, changes in the temperature
had only a slight effect (Table 8.11).
8.4.2.4 Samples containing raw sludge

Test water samples prepared with the raw sludge contained total
organiC carbon values of equal to S.O mg/l at 7 NTU and 27.6 mg/l at
100 NTU. E.coli inactivation by the iodine in this type of sample was
greatly decreased with the increase in pH, the temperature and the
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TOe (Tables 8.14-8.17). This could be the worst kind of water to be
found In an emergency situation. because its treatment with respect
to complete coliform Inactivation was observed to be possible only
with very high doses of the disinfectants.
Although the 99% E.coli Inactivation in the above samples at pH 6.0.
5 0 e and 5 mg/l total organic carbon (7NTU) was achieved by an
iodine dose of 4.0 mg/l (figure 8.10). similar results at pH9.0. 350 e
and 25 mg/l total organic carbon (93NTU) could not be achieved
until after 29 mg/l iodine (Tables 8.2 and 8.15). Application of such
a high dose in practice may not be possible due to economic and
physiological reasons. Therefore. considering these elevated doses
to be unpractlcable and unacceptable. the E.coli inactivation in these
samples during the investigation was assessed by emplOying a
smaller and more acceptable iodine dose of 10 mg/l (Table 8.17)
It was observed that 10 mg/l iodine brought complete E.coli

Inactivation in the samples containing 5.0 mg/l total organic carbon
(7NTU) at all investigated pH and temperature values. but at the
highest investigated levels of the pH. temperature and the TOe
(9.0pH. 35 0 e and 25 mg/l TOe), this dose removed only 17.27%
E.coli (Table 8.17). The effiCiency of the chlOrine dose of 1.0 mg/l in
the above sample type was better than that of iodine at the lowest
investigated pH. temperature and the TOe values. but reduced
sharply with an increase in these values and at the highest
investigated values its efficiency was less than that of iodine (Table
8.14 and figure 8.10).
8.4.2.5 Samples containing the suspension of hydrazlne sulphate
and hexamethylenetetramine

Test-water samples prepared by the addition of a completely
organiC suspenSion of hydrazine sulphate and hexamethylenetetramine contained the highest amount of total organic carbon of
all the samples under investigation. ranging from 29 mg/l at 5NTU
to 510 mg/l at 100 NTU. The disinfection capabilities of both the
iodine and the chlOrine in these samples were mostly affected by
the temperature and total organiC carbon. while the effects of pH
were substantially reduced (Tables 8.18 and 8.19).
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Iodine in these completely organic samples proved to be superior to
the chlorine at all investigated levels of pH. temperature. turbidity
and total organic carbon (figure 8.11). For example. 46.77% E.coli
was removed by 1.0 mg/l iodine at pH6.0. 5 0 C and 29 mg total
organic carbon per litre (5NTU). but the same dose of chlorine
could remove only 14.76% at these levels.
At the highest
investigated levels of pH. temperature. turbidity and total organic
carbon iodine was also found to be almost 300% more effective than
chlorine (Table 8.18).
As shown In table 8.2. 99% E.coli inactivation In these samples at

the lowest and the highest Investigated values of pH. temperature.
turbidity and total organic carbon was achieved by 2.0 mg/l and less
than 6.0 mg/l iodine respectively. Complete inactivation of E.coli in
theses samples was achieved by 4.0 mg/l iodine at the lowest and
6.0 mg/l iodine at the highest investigated levels of pH. temperature
and total organic carbon.

8.5

Correlation of the results of disinfection experiments

In order to find multiple regression equations for the relationship
between percentage of E.coli removal. temperature (OC). pH. TOC
(mg/I) and disinfectant dosage (mg/I). the results obtained from the
Investigation of chemical disinfection (tables 8.8 to 8.19) were
correlated using the Minitab Statistical Software (Minltab. 1989).
The multiple regression equation to calculate the dosages of iodine
required for 100% E.coli removal at different temperature. pH and
TOC values is.
Required iodine dose (mg/I) = -1.35 + 0.0268 t + 0.240 P + 0.568 T
(number of experiments=109 and R=0.889)
Where.
t = temperature in oC
p= pH value
T= TOC in mg/l
R= RegreSSion coeffiCient
The above equation Will give better results in the waters containing
TOC values of up to 11.5 mg/l (similar to those containing digested
sludge up to 100 NTU). For the waters containing higher TOC values
such as 15. 20 and 25 mg/l (similar to those containing 54. 72 and
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95 NTU respectively of raw sludge ) E.coli removal rate of iodine
disinfection was of different trend. There were also very few values
available of the iodine dosage required for 100% E.coli inactivation
in these samples. Due to these reasons, a separate and more
realistic equation was produced to calculate the dosages of iodine
required for the 100% E.coli inactivation in the waters containing
the TOe values above 11.5 mg/l as shown below:
Required iodine Dose (mg/l) = -6.23 + 0.167 t + 0.667 P + 1.08 T
(number of experiments=40 and R=0.92)
Multiple regression equations were also produced to calculate the
percentage of E.coli inactivation by different dosages (1.0 mg/l to 10
mg/l) of iodine and 1.0 mg/l chlorine as shown below:
(i) 1.0 mg/l iodine:

E.coli removal (%) = 104 - 0.150 t - 1.44 P - 3.68 T

(number of expertments=153 and R=0.915)
(ii) 1.0 mg/l chlorine:

E.coli removal (%) = 126 - 0.148 t - 5.02 P - 3.64 T

(number of expertments=144 and R=0.904)
(Hi) 2.0 mg/l iodine:

E.coli removal (%) = 123 - 0.316 t - 1.03 P - 3.52 T

(number of experiments=145 and R=0.895)
(iv) 4.0 mg/l iodine:
E.coli removal (%) = 134 - 0.260 t - 1.98 P - 3.00 T
(number of expertments=108 and R=0.908)
(v) 6.0 mg/l iodine:
E.coli removal (%) = 131 - 0.167 t - 1.59 P - 2.80 T
(number of experiments=110 and R=0.899)
(vi) 8.0 mg/l iodine:
E.coli removal (%) = 134 - 0.230 t - 2.04 P - 2.63 T
(number of expertments=90 and R=0.912)
(vii) 10 mg/l iodine:
E.coli removal (%) = 139 - 0.288 t - 2.43 P - 2.49 T
(number of experiments=81 and R=81)

8.6

Residual disinfectants

Throughout the laboratory investigation the residual amounts of both
the iodine and the free chlortne were observed to be affected by the
changes in the temperature, pH, turbidity and the total organiC
carbon content of the samples. Residual disinfectants in most of the
situations investigated increased with increase in the pH and
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decreased with increase in the temperature. turbidity or total
organic carbon. The changes in the residual concentrations were
however smaller in the samples with higher organic content than
with those with lower or no organic content (Table 8.20).
The greatest effect of the above variables on the residual
disinfectants was noticed in the samples prepared with the
deionized water containing stream sediments and the least effect in
the stream water samples containing raw sludge. Although the
samples prepared with the stock suspension of hydrazine sulphate
and hexamethylenetetramine contained the highest investig~ted
amount of total organic carbon. their residuals were higher than
those prepared with raw sludge (Table 8.20 ).

8.7

Results of the storage experiments

As mentioned in the previous chapter. in order to determine the

effects of storage on the water qUality. two types of water samples
(stream water samples containing stream sediments and stream
water containing raw sludge) at two turbidity levels (5 NTU and 100
NTU) and three pH values (6.0. 7.5 and 9.0) were stored at three
different temperatures (50. 20 0 and 350 C). All the samples for this
purpose were left undisturbed in a water-bath at a constant
temperature for 14 days. Tests for E.coli and turbidity contents
were conducted after two. seven and fourteen days of storage.

8.7.1

Factors affecting the efficiency of storage process

8.7.1.1 Effects of temperature
As mentioned above, the storage investigations were conducted at
three temperature levels 1.e., 50, 20 0 and 350 C. It was observed
with all samples containing 5 and 100 NTU of stream sediments
and 5NTU of the raw sludge that the higher the temperatures. the
more effective was the removal of E.coli (figure 8.12). For example,
in the case of samples containing stream sediments (5NTU) at pH
6.0, 99.32% E.coli were inactivated at 35 0 C compared to 52% at
20 0 C and 48.58% at 5 0 C after two days storage. Similarly in the
samples containing raw sludge (5NTU) , 100% E.coli were removed
at 35 0 C compared to 66.2% at 200 C and 63.33% at 50 C. Similar
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trends continued for the rest of the storage period in the above
types of sample (Table 8.21).
In the case of samples containing 100NTU of stream sediments at
pH 6.0, 99.62% E.coli were inactivated at 35 0 C compared to
61.15% at 20 0 C and 50% at 5 0 C after two days storage. But in the
case of raw sludge samples With 100 NTU, the results at 35 0 C were
found to be different from those at 50 and 20 0 C. The E.coli count
after two days of storage In these samples at 35 0 C were found to be
higher than the Initial count, especially at pH 6.0 and 7.5. However,
the results obtained after seven days of storage indicated that the
E.coli decreased as With the other cases and after 14 days only a
few were found to have survived (Table 8.25).
Turbidity also reduced appreciably With time, but the rate of
reduction decreased With the increase in temperature (table 8.24).
It was observed that after two weeks storage a portion equal to 350/0
of the total sample volume evaporated from all the test
samples investigated at 35 0 C (2.50/0 of the original volume per day).
The results shown in the tables 8.21 to 8.25 are equivalent to 100ml
of the Original sample.
8.7.1.2 Effects of pH

Improvement in water quality during the series of storage
experiments was assessed at three pH levels i.e., 6.0, 7.5 and 9.0.
The rate of removal of the E.coli was observed to be the highest at
pH 9.0 and the lowest at pH 7.5 in almost all cases (Figure 8.13). For
example, in the case of samples containing 5NTU of stream
sediments 99.660/0 E.colt were removed at pH 9.0 compared to
95.92% at pH 7.5 after two days of storage at 35 0 C. In the Similar
samples containing 100 NTU 100% E.coli were observed to be
inactivated at pH 9.0 compared to 96.210/0 inactivated at pH 7.5
(Table 8.22).
In the case of samples containing 5NTU of raw sludge 100% E.coli
were removed at pH 9.0, compared to 98.10% at pH 7.5. However
In the case of samples containing 100NTU it was observed that after
2 days of storage at 35 0 C, the number of surviving E.coli increased
instead of decreasing especially at pH 6.0 and 7.5. At pH 6.0 the
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number of surviving E.coli Increased by 14% and about 92.S% at pH
7.S. At pH 9.0, though the number of surviving E.coli decreased to
about half of its initial count, the removal rate was far lower than the
other cases (Table 8.22 and 8.2S). The reduction in turbidity in
almost all the samples was noticed to be higher at pH 9.0 and lowest
at pH 7.S (Table 8.24).
8.7.1.3 Effects ofturbldity

Two turbidity levels Le., S and 100 NTU were employed during the
series of storage experiments. The samples containing stream
sediments contained similar concentrations of E.coli at both
turbidity levels (SOOO-S600 E.coli/lOO ml). However, the samples
containing raw sludge had different initial E.coli concentrations at
different turbidity levels (5200-6000 per 100 ml at 5NTU and
80,000-120,000 per 100 rnl at 100 NTU).
In most cases of the samples containing stream sediments the
removal rate of the E.coli was observed to be higher with the
samples containing higher turbidlties (figure 8.14). For example, in
the case of samples containing stream sediments 50% E.coli were
inactivated In the 100NTU samples compared to 48.S8% in the
samples containing 5NTU after two days storage at pH 6.0 and 5 0 C.
However in the case of samples containing raw sludge higher E.coli
removal rates were observed at the lower turbldlties, especially at
pH 6.0 and 7.5. For example, 63.33% E.coli were removed In the
raw sludge samples at SNTU compared to 54% in the samples at
100 NTU after two days storage at pH 6.0 and SoC. At 3S o C the
E.coli content in these samples containing 100 NTU Increased
instead of decreasing after two days storage especially at pH 6.0 and
7.S as reported In the sections 8.6.1.1 and 8.6.1.2. Reduction rate of
turbidity was also observed to be higher In both types of samples
containing 100 NTU (table 8.24).
8.7.1.4 Effects of time

At the end of two days storage E.coli removal was observed to be at
least 96% in the samples containing stream sediments at 3So C. On
completion of seven days storage all the stream water samples
stored at 20 0 and 3So C were found to be almost free of E.coli,
147

whereas the samples stored at SOC were found to be free of E.coli
only after 14 days storage (table 8.2S).
The quality of the samples containing raw sludge was also observed
to improve with time. At least 98% bacterial removal was recorded
in the samples containing SNTU after two days of storage at 3S0 C.
but in the samples containing 100 NTU the E.coli content after two
days increased instead of decreasing (Table 8.25). Mter seven days
all the samples stored at 20 0 and 3S o C recorded significant
improvement and at least 87% E.coli were inactivated with only one
exception. Mter 14 days most of the samples were found completely
free of E.coli. However. in some cases the removal recorded was as
low as 94.4% (Tables 8.23 and 8.25).
8.7.1.5 Effect of Bacterial concentration
As mentioned earlier the samples containing stream sediments had

similar concentration of E.coli (5000 to 5600 per 100ml) at both
investigated levels of turbidity. This was possible due to the addition
of sub-cultured E.coli in these samples. But the samples containing
raw sludge included a different E.coli content at a different level of
turbidity (5200 to 6000 per 100 ml at 5NTU and 80.000 to
120.000 per 100ml at 100 NTU). In other words the initial E.coli
concentration of the raw sludge samples containing 5 NTU was
similar to those containing stream sediments. but of a 100 NTU
turbidity.
In almost all the cases of samples containing stream sediments.
higher E.coli inactivation was achieved with the samples containing
higher turbidity. but the results were found to be completely
different in the case of samples containing raw sludge especially at
pH 6.0 and 7.5 (table 8.23). As reported earlier. E.coli removal in
these samples containing 100 NTU (and 80.000 - 120.000 E.coli
per 100 ml) increased after 2 days storage but no increase was
recorded in the samples containing 5 NTU (5200 - 6000 E.coli per
100 rnl). This contrast in the results of two sample types may be the
direct effect of difference in the initial bacterial concentration as
mentioned above. This may also have happened due to the fact that
the E.coli in the samples containing raw sludge were natural
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whereas most of the E.coli in the samples containing stream
sediments were cultured in the laboratory.
8.7.2

Efficiency of the storage process

8.7.2.1 Samples containing stream sediments

From an E.coli Inactivation view pOint. the improvement in the
quality of the samples containing stream sediments by storage was
observed to be slightly better than with those containing raw sludge
but slightly poorer with respect to reduction in the turbidity. E.coli
inactivation and the turbidity reduction in this type of sample were
found to be highest at 3So C and pH 9.0. After two days of storage at
least 96% of the E.coli were observed to be removed from the
samples containing stream sediments at 3So C. but the removal was
about half that at soC. After 7 days storage almost 100% bacterial
inactivation was achieved at both 20 0 and 3So C. However. a
minimum of only 77% E.coli inactivation was achieved at SoC. After
14 days of storage almost 100% E.coli removal was recorded at all
investigated pH. temperature and turbidity levels (Table 8.22 and
8.2S).
Reduction rate of turbidity in this type of sample was observed to be
higher in the 100NTU samples than those containing SNTU. It was
also recorded faster during the initial period of storage. After two
days of storage. the turbidity of the SNTU samples at 50 C decreased
to 2.2S NTU which further decreased to 1.10 after 14 days of
storage. The reduction in the turbidity with the 100 NTU samples
was even higher in the Initial stages. At SOC it decreased to IS.6
NTU after two days storage. but after 14 days storage it only reduced
to 4.7 NTU (Table 8.24). Higher rates of reduction were also
recorded at lowest investigated temperature (5 0 C) and highest
investigated pH (9.0). (Table 8.24 and Figure 8.15)
8.7.2.2 Samples containing raw sludge
As with the samples containing stream sediments the E.coli

inactivation and turbidity reduction in raw sludge samples were
observed to be the highest at 3S oC and pH 9.0 and the lowest at SOC
and pH 7.5 (Tables 8.21. 8.22 and 8.24). After two days storage the
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samples containing 5 N11J recorded an E.coli Inactivation of up to
98%. but in the samples containing 100 NTU the E.coli content
increased Instead of decreasing especially at pH 6.0 and 7.5 (Table
8.25). In almost all the remaining cases the rates of E.coli
inactivation were observed to be higher than those observed in the
stream sedlments samples (Table 8.22). After 7 days storage about
99% E.coli Inactivation was noticed In the samples containing 5
NTU. However. in the 100 NTU samples the removal was as low as
84%. with one exception. The removal of E.coli after 14 days of
storage In most cases of samples containing raw sludge was found to
be similar to those containing stream sediments (Table 8.25).
The turbidity removal in the samples containing raw sludge was
observed to be higher than those containing stream sediments. For
example. after 14 days of storage. the turbidity of 100 NTU samples
containing stream sediments at 5 0 C and pH 9.0 was recorded as 4.7
NTU. but in the case of samples containing raw sludge it was
observed to be only 2.45 N11J. The removal of turbidity in the raw
sludge samples like those containing stream sedlments was also
seen to be higher at pH 9.0 and lower at pH 7.5 (Table 8.24).

S.S

Correlation of the results of storage experiments

The results obtained from the 2. 7 and 14 days storage of both the
types of samples (stream-water containing stream sedlments and
stream-water containing raw sludge) of 5 NTU and 100 NTU (tables
8.21 to 8.23) were correlated using the Minitab Statistical Software
(Minitab. 1989). The multiple regression equations for the relationship between E.coli removal (%l. temperature (OCl. pH. turbidity
(NTU) and storage period (days) were produced as shown below:
For the samples containing stream sediments.
E.coli removal (%) = 47.7 -

0.762 t - 0.55 P - 0.023 T - 2.50 d
(number of experiments=54 and R=0.901).

where.
t = temperature In °C
p = pH
T = Turbidity In NTU
d = storage period in days.
R =' Regression coefficient
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For the samples containing raw sludge.
E.coli removal (%) = 5l.0 - 0.045 t - 2.87 P -

0.14 T - 2.77 d
(numb-er of experim,ents;'54 and R=0.893)

The multiple regression equations to calculate the percentage of
E.coli removal in both types of samples for different storage periods
were also obtained as shown below:

For the samples containing stream sediments.
: i) After 2 days storage:
E.coli removal (%) = 22.2 - 1.60 t - l.57 P - 0.0512 T
(number of experiments=18 and R=0.926)
,
i il) After 7 days storage:
E.coli removal (%) = 78.7 - 0.679 t - 0.06 p - 0.0091 T
(number of experiments=18 and R=0.902)
ill) After 14 days storage:
E.coli removal (%) = 99.8 - 0.00411 t - 0.0022 P - 0.000632 T
(number of expertments=18 and R=0.887)

For the samples containing raw sludge.
i) After 2 days storage:
E.coli removal (%) = 28.5 - 0.156 t - 7.10 P - 0.270 T
(number of experiments=18 and R=0.894)
il) After 7 days storage:
E.coli removal (%) = 9l.5 - 0.037 t - 1.21 P - 0.133 T
(number of experiments=18 and R=0.929)
iii) After 14 days storage:
E.coli removal (%) = 96.6 - 0.0585 t - 0.303 P - 0.0158 T
(number of experiments=l~ aI1d_~:=~:915)
8.9

Discussion Of the Results

The first important observation at the start of the laboratory
investigation was the effect of water origin in the test samples. The
disinfectant demand of the test samples prepared with the
deionized water was surprisingly lower than expected from the
published results (Ellis and van Vree. 1989). When compared to the
demand of the samples prepared with the stream-water. the great
effect of water origin was revealed (Tables 8.3 and 8.4 and figure
8.3). This observation changed the course of the experimental
investigation and as a result stream-water was employed for all
further experimentation.
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Although the stream-water employed for the laboratory investigation
was of reasonably good qUality. as described in section 6.5. the
results revealed that It needed approximately 400% 'more Iodine for
99% E.coli inactivation at higher investigated levels of temperature.
pH and turbidity (35 0 C. 9.0pH and 100 NfU) than similar samples
prepared with the de ionized water. However. as indicated in
chapter 6. despite its good qUality. stream-water contained certain
physical and chemical impurities e.g. 20B mg/l total alkalinity as
CaC03. 51mg/1 chlOride as CI-. approximately 527 mg/l total solids
(27% volatile) and more Importantly up to 3.3 mg/l total organiC
carbon (TOC). All these impurities cannot be expected in laboratoryproduced deionized water.
Among all the above impurities TOC may be one of the most likely
factors responsible for higher disinfectant demands in the streamwater samples. As no significant Increase was recorded in the total
organiC carbon content of the stream-water samples when their
turbidity was Increased from their original level (usually 2NTU) to
5NfU by adding stock stream sedlments. it can be implied that the
TOC of the delonized water samples containing 5 NfU from the
same source of turbidity will be zero. In other words the TOC of the
original stream water was the major difference In qual,ity between
both types of samples.
Due to the presence of TOC In the stream-water samples a portion
of the iodine added may have been consumed during its oxidation
reaction leaving a smaller amount of iodine for E.coli inactivation.
which resulted in a higher iodine reqUirement in the stream-water
samples than in the deionized water samples to achieve 99% E.coli
inactivation (Table B.2).
The effects of temperature on the diSinfectant efficiency of the
iodine are still unclear. So far. few researchers have carried out
work in this direction. According to Chambers and his co-workers
(1952). higher doses of iodine are required at lower temperatures
for the diSinfection of E.coli. but the results obtained from this
laboratory investigation were in complete contrast to these findings.
There was not a single case in which the efficiency of iodine
declined at lower temperatures.
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Results obtained from the experimental investigation carried out at
temperatures of 5 0 C, 20 0 C and 350 C (Table 8.5), revealed that
iodine's performance was better at 5 0 C than at 20 0 C and 350 C. It
was also observed that the effects of temperature were more
pronounced in the samples containing higher proportion of organic
material. In the samples containing a lower proportion of organic
material these effects were only limited (figure 8.4).
The reduced disinfectant capabilities of the iodine in the samples
with increased temperatures, espeCially those containing a higher
proportion of organiC material, could be the result of the increased
rate of chemical oxidation of the iodine with readily oxidisable
organic material present in the samples. Oxidation potential, which
is an indicator of the speed and extent of the oxidation reaction of
the iodine increases with an increase in the temperature.
Another relatively minor reason for the lower efficiency of iodine in
the water at higher temperatures may be the increased
decomposition of 12 and HIO with an increase in the temperature.
According to Chang (1958), in water diSinfection by iodine, all of
the titratable iodine exists as 12 if the pH is kept under 7.0. In these
circumstances an increase in the temperature will increase the
formation of iodide (1-) as shown below,
HIO + (H+) + (1-)
Further added iodine in the presence of iodide ion (1-) will increase
the formation of tri-iodide (13-) ion as shown below,

The above argument is supported by the fact that the value of the
ionization constant of 12 increases with an increase in the
temperature e.g. 0.7xlO- 3 at OOC, 1.4xl0·3 at 25 0 C and 1.85xl0-3 at
35 0 C (Chang, 1958). These values also indicate that the percentage
concentration of the molecular iodine will decrease with an increase
in the temperature even if the pH is maintained below 7.0.
At pH values above 8.0, according to Chang (1958)' almost all of the
titratable iodine will exist as HIO. In these Circumstances the value
of the dissociation constant of HIO will increase with an increase in
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the temperature. In other words the formation of hypoiodite ion
(10-) will increase with an increase in the temperature as shown in
the following equation.

The increased formation of iodide in the case of molecular iodine
and hypoiodite in the case of HIO. with an increase in the
temperature may result in the decreased effiCiency of iodine in the
water disinfection at higher temperatures. However there is no real
evidence for support of this hypothesis.
A reduction in the efficiency of chlorine as a disinfectant was also
recorded as the temperature increased. This may have happened
due to the reduction in the concentration of HOCI - the most
effective species of chlOrine disinfectIon- with an increase in the
temperature (Appendix E). According to White (1986) at pH 7.5 the
percentage of HOel is reduced from 68% at ooe to 50% at 300 e and
it is further reduced with increases in the pH. For example. at pH
8.0 the percentage reduces from 40% at ooe to 24% at 300 e and at
pH 9.0 from 7% at ooe to 3% at 30 0 e (Appendix E). However.
increased rate of chemical oxidation reactions of the chlOrine with
readily oxidisable organiC material in the sample at higher
temperatures must also be a major reason for the reduced efficiency
of chlorine at higher temperatures.
The reduced disinfecting power of both the disinfectants with
Increased temperatures. principally in the samples containing
higher proportions of organiC material (Table 8.5). may have
important practical implications. especially in regions with hot
climates. This is the case with most third world countries where
many natural and man-made disasters occur. The cost of the
disinfection will also be a factor of concern in those areas. because it
may escalate with the increase in temperature. especially in the
case of iodine.
The laboratory investigation also revealed that the efficiencies of
both the iodine and the chlOrine are highly affected by the change in
pH. Results obtained with the experiments carried out at pH 6.0.
7.5 and 9.0 (Table 8.6) demonstrated that both the disinfectants had
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higher E.coli inactivation at pH 6.0 than at 7.5 or 9.0. This was in
accordance with the findings of other researchers working with
E.coli. such as Chambers et al (1952). Karalekas et al (1970) and
Ellis and van Vree (1989).
The decline in the efficiency of iodine at higher pH values (figure
8.5) is probably due to the progressive decline of the free iodine
residual. According to Chang (1958) the concentration of elemental
iodine (12) in the residual decreases with an increase in the pH.
although most of it remains in the form of hypoiodous acid (HIO).
For example. at pH 5.0. 99% of total residual iodine remains in the
form of elemental iodine (12) and only 1% as HIO. but at pH 8.0 only
12% remains in the form of 12 compared to slightly less than 88%
of HIO. Although Chang (1958 and 1966) described HIO as being
three to four times more active than 12 against the E.coli. the lower
penetrating power of HIO into suspended solids. as compared with
that of molecular iodine. may make it less effective against the E.coli
at higher pH values in turbid waters (Karalekas et al. 1970).
The concentration of HIO also decreases with an increase in the pH.
According to Black and his co-workers (1965) there are 22000
undissociated HIO molecules to each ineffective hypoiodite (10-) ion
at pH 6.0. but this ratio is decreased to 2200: 1 at pH 9.0. Chang
(1958) also reported that at pHs above 8.0. the HIO was partially
unstable and would decompose to form hypoiodate (HI03) and
iodide (1-) ion. However. both the above mentioned changes In HIO
are very minimum and will have very limited effect.
Referring to the data of Wyss and Strandskov (1945). Chang (1958)
reported that the decomposition rate of HIO is slow at pH 8.0 if
maintained by a borate or carbonate buffer. whereas in the presence
of a phosphate buffer. about 66% of the HIO is decomposed in 40
minutes. At pH 9.0 however. the rate of decomposition of HIO is so
fast that in ten minutes about 66%. 75% and 83% of the HIO is
changed into iodate in the presence of borate. carbonate or
phosphate buffers. This decomposition of HIO at high pH values may
also have very limited effects. because compared with the
immediate effect of HIO on the bacteria this reaction is very slow.
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The reasons for the reduction in the disinfectant capabilities of
chlorine with the increase in pH are well illustrated by White
(1986). According to White at 200 C the percentage of HOCI at pH9.0
is reduced to just 3.69% from the 97.5% at pH 6.0 (Appendix E).
This huge reduction in the most effective species of chlOrine will
certainly result in its lower efficiency at higher pH values.
The results of the experiments at different pH values (Table 8.6)
indicated that the efficiency of iodine was reduced on a smaller
scale than that of the chlorine with the increase in pH. and that the
iodine was more effective than chlOrine in the waters containing
higher organic concentrations at higher pH values. These results
may have a great practical implication in disaster Situations.
The effects of turbidity on the disinfectant capabilities of iodine have
only been reported in detail by Ellis and van Vree (1989). They
employed turbidity created by natural stream sediments and found
that increasing the turbidity in stages up to a maximum of 100 NTU
reduced the effectiveness of iodine. Further data on other types of
turbidity have not been found.
The results obtained from the experiments carried out on five
different types of turbidity at five different levels (Table 8.7).
confirmed the findings of Ellis and van Vree (1989). This work also
further demonstrated the decline of the diSinfectant capabilities of
iodine and chlorine in the water samples containing other sources
of turbidity. It was also observed that the effects of turbidity were
more pronounced with respect to its nature and composition than
its density.
The decline in the efficiency of iodine with the increase in the
density of turbidity may have occurred to some extent due to
sanctuary provided to the E.coli by the solid particles present in the
sample. This theory can be supported by the results achieved from
the samples containing kaolin. 96% E.coli were inactivated by 1.0
mg/l iodine in these samples containing 5 NTU. but the inactivation
decreased to 92% when the turbidity was increased to 100 NTU.
Kaolin is an inorganic material which would not be expected to
react with the iodine. At the same time it is a porous material
possessing adsorption properties. E.coli may easily have found
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refuge and safeguarded themselves from the effect of the iodine.
The lower penetrating power of HIO. may also have helped the
E.coli to escape from the effect of disinfection In waters containing
appreciable quantities of suspended matter.
The effects of the nature of the turbidity were even greater than the
effects of density (Table 8.7 and figure 8.6). These effects were
found initially to be dependent upon the proportion of organic
material In the sample. It was observed that the samples containing
kaolin. which has almost no organic content and the stream
sedlments which contained only low proportions of organic material
created very little interference compared to the samples containing
the turbidlties with higher proportions of organiC material such as
digested sludge. raw sludge and the suspension of hydrazine
sulphate and hexamethylenetetramine.
During the investigation the effects of the nature of the turbidity
were observed with respect to the TOe content of the test samples.
It was observed that these effects were more pronounced with the
increase In the total organiC carbon content of different samples.
For example. in the samples containing kaolin. which contained no
TOe 1.0 mg/l Iodine removed 92% E.coli at the highest Investigated
levels. but the same dose inactivated only 5% E.coli in the samples
containing raw sludge which contained 25 mg/l TOe.
The reasons for the declining efficiency of Iodine In the samples
containing higher amounts of TOe are still unknown. No researchers
have so far reported the effects of TOe on the disinfectant
capabilities of Iodine. However. Lechevallier and his co-researchers
(1981) blamed the TOe as one of the factors influencing the effect
of turbidity on the chlOrination of water from a North American
stream source. especially In the summer months when the TOe
content was increased.
The reduced efficiency of iodine in the samples containing higher
amounts of TOe is most likely due to the oxidising characteristics of
the iodine. in that iodine may react with the organic carbon present
in the sample before reacting with the micro-organisms. The even
higher decline in the efficiency of Iodine In the samples at higher
pH values may be due to the even greater oxidising power of
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hypOiOdous acid (HIO) compared to that of elemental iodine (12)'
This can be supported by the fact that at pH 9.0, 88% of elemental
iodine (12) is converted Into HIO and that the oxidation potential of
HIO (0.987 v) is about 185% greater than that of 12 (0.535 v) at 25 0 e
(Handbook of Chemistry and Physics, 1984).
The efficiency of chlorine was even poorer than that of iodine in the
samples containing higher values of Toe (figures 8.9-8.11). For
example, in the samples containing digested sludge (4.0 mg/l TOe,
5 NTU) at 350 e and pH9.0, 1.0 mg/l chlorine removed 17.4% E.coli
compared to 46.8% by the same dose of iodine at the same values of
temperature and pH. Similarly in the samples containing raw sludge
(5.0 mg/l TOe, 7 NTU) at 350 e and pH9.0, 1.0 mg/l chlorine
inactivated 13.7% E.colt compared to 21.21% by the same dose of
iodine at the same temperature and pH values. This is probably the
result of the greater oxidising power of chlOrine and its compounds
compared to that of iodine and its compounds. This means chlorine
may react even more actively than iodine to oxidise the organic
carbon before any action against the E.coli. This can further be
supported by the fact that the oxidation potential of Cl 2 (1.358 v) is
about 250% greater than that of 12 (0.535 v). Similarly the oxidation
potential of HOCI (1.482 v) is about 150% higher than that of HIO
(0.987 v) at 25 0 C (Handbook of Chemistry and Physics, 1984).
Another factor is of importance beyond that of increasing TOC
decreasing the disinfecting power of iodine and chlOrine. It was
found that with two tests containing about the same amount of TOC
(29 mg/l TOC at 5NTU created by hydrazine sulphate and
hexamethylenetetramine and 25 mg/l TOe at 93 NTU created by
the addition of raw sludge) that the chemical disinfectants behaved
more efficiently with the former than with the latter. For example,
33% E.coli were inactivated by 1.0 mg/l iodine in the samples
containing artificial turbidity (29 mg/l TOe) at 35 0 C and pH9.0,
compared to 5% in the samples containing raw sludge (25 mg/l
TOC) at similar temperature and pH values. Similarly 1.0 mg/l
chlOrine removed 11.92% E.coli in the samples containing artificial
turbidity (29 mg/l TOC) at 350 e and pH9.0, compared to 4.1% in
the samples containing raw sludge (25 mg/l TOe) at the same
temperature and pH values.
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The higher efficiency of both the disinfectants in the samples
containing higher amounts of TOe from the artificial source
compared with those containing lower amounts of TOe from natural
sources (raw sludge) is an example of the effects of turbidity with
respect to its composition. The composition of the sewagecontaminated samples may be much more complex than those
containing the artificial type of turbidity. There may be more readily
oxidisable material in the sewage-contaminated samples than those
containing the artificial type of turbidity. This readily oxidisable
material in the raw sludge may then consume a portion of
disinfectant before it is able to react against the micro-organisms.
The difference in the E.coli inactivation was also observed in the
samples containing raw sludge and digested sludge with similar
amounts of TOe. For example. 53% E.coli were inactivated by 1.0
mg/l iodine in the digested sludge samples containing 4 mg/l TOe.
compared with 29% in the raw sludge samples containing 5 mg/l
Toe. Similarly 1.0 mg/l chlorine inactivated 58% E.coli in the
digested sludge samples containing 4 mg/l TOe compared to 46%
in the raw sludge samples containing 5 mg/l TOe. This may also be
due to differences In the composition of these two sources of
turbidity. Digested sludge contains mostly partially stabilized
compounds which are not so readily oxidisable compared to the
more chemically active compounds contained in the raw sludge.
This all suggests that the effects of turbidity on the disinfection
process are three fold i.e. due to its density. its oxidisable organic
content and its chemical composition. It also suggests that turbidity.
due to its different behaviours with respect to density. oxidisable
organiC content and chemical composition. is a greater cause of
concern than the pH and temperature in the waters undergoing
emergency treatment in any disaster situation.
The efficiency of iodine with respect to E.coli inactivation in
different types of water was found to be slightly inferior to chlorine
in the samples containing inorganic or less organiC impurities.
Under none of the higher investigated levels of the pH. temperature
and turbidity. was a dose of 1.0 mg/l iodine effective at reduCing the
E.coli counts by 99% when emplOying low organiC turbidity.
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However, the same dose of chlorine was found to be sufficient to
achieve this in most of the cases for samples containing Kaolin and
the stream sediments and its effiCiency at lower pH, temperature
and turbidities was better than 99% removal of E.coli.
The efficiency of iodine was found to be better in the samples
containing the higher amount of TOC, especially at higher
temperature and pH values. The effiCiency of an iodine dose of 1.0
mg/l was up to 300% better than that of chlorine in most of the
samples containing the highest amount of TOC under investigation.
These results may be of great significance in disaster situations as
the available water may be of an appreciable temperature and pH
and contain relatively high concentrations of TOe.
It was also observed that all the employed test waters at the lower

inveStigated conditions (5 0 C, pH 6.0 and 5-7 NTU) could be
rendered free from an E.coli concentration of 70,000 per 100ml by
a dose of 6.0 mg/l iodine. At the higher investigated conditions such
as, 35 0 C, pH 9.0 and 93 NTU, a dose of 8.0 mg/l iodine was found
sufficient to inactivate 10,000 E.coli per 100 ml, except for the
samples containing raw sludge which required about 32 mg/l iodine
for this purpose. Sewage contaminated water would obviously be the
worst to be faced in any disaster Situation. For this type of sample
treatment by disinfection alone may not be feaSible from economical
and physiological pOints of view. Water of such a type may first have
to be left undisturbed for a period of time to allow the heavier
particles to settle until it is suitable to be disinfected with an
appropriate dose of the iodine.
The test-water samples (5NTU and 100NTU) prepared by the
addition of stream sediments and the raw sludge, contained an
initial E.coli concentration of up to 120,000 per 100ml and when
treated by undisturbed storage for fourteen days at constant
temperatures (5 0 ,200 and 350 C) and constant pH values (6.0, 7.5
and 9.0) demonstrated a great improvement in quality. The turbidity
and E.coli content decreased by a conSiderable amount after only
two days of storage (table 8.24 and 8.25). Fourteen days storage
almost eliminated the E.coli content completely in most of the cases
(Table 8.25 and figure 8.12 and 8.13). Turbidity also reduced from
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100 NTU to a maximum of 6.6 NTU (Table 8.24 and figure 8.15).
These results suggest that the treatment of low quality water by
storage may be very useful in the situations where water cannot be
treated by other means, or where there is no other arrangement of
turbidity removal from water before chemical disinfection.
E.coli inactivation in most of the samples employed during the

storage experiments was observed to be highest at 350 C [fable 8.21
and figure 8.12). This may be due to increased bacterial activities at
this temperature during the initial storage period [optimum growth
temperatures for E.coli are between 37 0 and 44 0 C (Humphries,
1974)]. This increased activity of the micro-organisms may have
resulted in the early shortage of the substrate necessary for their
survival.

The E.coli were also observed to be inactivated faster at pH 9.0 than
at the other pH values [fable 8.22 and figure 8.13). Pickford (1977)
suggested similar results at higher pH values durtng the storage of
water, provided there is no added pollution during storage. Feachem
and his co-researchers (1983) and Pearson and his colleagues
(1987) have also indicated that considerable coliform reduction will
occur in stored water with an increase in its pH even if the lethal
level of pH for coliforms is not reached.
The increased inactivation of E.coli observed at pH 9.0 was probably
due to their physiological sensitivity towards alkaline waters. This
pH is also near to lethal pH level for the coliforms suggested by
different researchers. Although some disagreement exists in
defining the lethal pH level as reported by Saqqar and Pescod
(1991), most of the researchers have described it between 9 and
9.5. For example, 9.0 by Pearson and his colleagues (1987), 9.2 by
Metcalf and Eddy (1979) and 9.5 by Parhad and Rao (1974).
The settling rate of turbidity was also observed to be higher at
pH9.0. This may be due to the increasing agglomeration of solid
particles at higher pH values, however, no reference could be cited
in support of this argument. The higher settling rate of suspended
solids at pH 9.0 may be another factor for the higher E.coli
inactivation at this pH. On the other hand the higher SUrvival rate of
E.coli at pH 7.5 was probably due to the fact that these coliform are
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grown best at pH 7.4 (Humphries. 1974), therefore they may have
offered some resistance in the water samples at pH 7.5.
The inactivation of E.coli was also observed to be higher in the
samples containing higher turbldities especially In the samples
containing stream sediments [fable 8.23 and figure 8.14). This may
have happened as a result of higher settling rates of the suspended
solids in the highly turbid samples. Suspended solids while settling
out may have taken E.coli concealed In the solid particles down to
the bottom. E.coli Inactivation in the highly turbid samples was
highest at the highest investigated temperature. This was very likely
due to the lower viscoslties of water at higher temperatures (e.g.
1.787 l1(CP) at OOC. 1.519 l1(cP) at 5 0 C. 1.002 T)(cp) at 20 0 C and
0.7194 l1(CP) at 35 0 C). E.coli concealed in the solid particles may
have been settled and inactivated more quickly in these samples.
The quicker E.coli inactivation In the samples containing higher
turbidity and pH values at higher temperature. . has Important
implications for the emergency water treatment In disaster
situations. Because water In these situations may contain high
amounts of suspended solids. pH of water may be higher due to
increased concentration of carbonates of calcium and magneSium
and the photosynthetic action of a bloom of algae especially at daytime. The temperature of water in these conditions may also be high
as many natural or man-made disasters occur In countries with
warm climate.
E.coli inactivation and turbidity removal In many cases were

observed to be much better In the samples containing raw sludge
than those containing stream sediments. But the raw sludge samples
containing 100 NTU demonstrated an initial Increase in the E.coli
content especially at 35 0 C and pH 6.0 and 7.5. This may have
happened due to the hidden E.coli being released from the solid
particles. Due to higher concentration of E.coli and higher amount
of suspended material in the above mentioned samples E.coli may
initially have concealed themselves in the suspended solid particles.
but after some time when their food supply ran short they were
released from solid particles to the solution and increased their
concentration. An other reason may be the multiplication of E.coli

162

using suitable substrate in the raw sludge at 350 C which is very near
to the optimum temperature for their growth. However. in the latter
stages when the substrate ran short, the multiplication of E.coli
stopped and their concentration declined. The increase of E.coli
count in the initial stages of storage treatment can be a cause of
concern when polluted waters with higher turbidity and heavy
bacterial load are required to be treated by storage in the shortest
possible time.
A two days storage period was found to be adequate only for the
waters treated at 35 0 C, but not for the sewage contaminated waters.
In other cases water must be stored for a longer period or
diSinfected by chemical means if it is needed urgently The
appreciable reduction in turbidity usually occurring during two days
storage will facilitate the use of chemical diSinfectants. Seven days
storage brought a significant improvement with both the
investigated types of water when stored at 20 0 and 350 C. An average
of 90% bacterial die of was achieved. A seven days storage was not
found to be sufficient for waters treated at 5 0 C, however, the
turbidity was observed to be reduced to a greater extent at this
temperature.
A fourteen days storage was found to be sufficient to reduce turbidity
and E.coli content to nearly negligible level in most of the cases of
both types of water containing a turbidity up to 100 NTU, pH
between 6.0 and 9.0 and E.coli concentration upto 120,000 per 100
ml at the temperatures between 50 and 35 0C.
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TABLE: 8.2
of iodine in m~/I required for 99% and 100% removal of E.coli in different test water sam~es.
Percenta~e of Removal
99%
100%
pH 6- 5 0 C- 5-7NTU
pH 9- 35 0 C- 93- lOONTU
Investi~ated Levels
pH 6- 50 C- 5-7 NTU ~H 9- 35 0 C- 93-100NfU

Dosa~es

Type of the test samI:!le
(1) Deionized water
with stream sediments slightly less than 0.50

0.50

0.50

1.00

1.00

Slightly less than 2.00

Slightly less than 2.00

2.00

slightly less than 1.00

2.00

1.00

3.00

(4) Digested Sludge.

2.00

6.00

4.00

8.00

(5) Raw Sludge.

4.00

29.00

6.00

32.00

(6) Stock suspension of
hydrazine sulphate and
hexamethylenetetramine

2.00

slIgh tly less than 6. 00

4.00

6.00

Stream water containing
(2) Kaolin.
(3) Stream sediments.

TABLE: 8.3 Effect of water origin on disinfectant capabilities of the iodine.
PercentaJ!e of E.coli removal by 0.5 mJ!/1 iodine in the stream water and deionized water samples·.
50 C

Temperature
pH

20 0 C

6.0

7.5

9.0

6.0

7.5

5 NTU

81.00
100.00

79.20
100.00

77.20
100.00

78.20
100.00

75.40
100.00

27 NTU

79.80
100.00

77.80
100.00

76.60
100.00

76.80
100.00

52 NTU

77.40
100.00

75.20
100.00

73.80
100.00

75 NTU

74.40
100.00

72.20
100.00

70.00
100.00

94 NTU

71.20
100.00

69.00
100.00

66.00
99.93

350 C
6.0

7.5

9.0

70.60
100.00

71.20
100.00

66.40
100.00

60.80
100.00

74.00
100.00

68.20
100.00

69.20
100.00

64.40
100.00

58.40
100.00

74.20
100.00

71.40
100.00

65.60
100.00

66.80
100.00

61.80
100.00

55.40
100.00

70.80
100.00

68.00
100.00

62.20
99.86

63.40
100.00

58.40
99.64

51.80
99.50

76.20
64.00
100.00
99.82
·All deionized water sample results shown in bold figures.

58.00
99.64

59.80
99.50

54.60
99.28

47.00
99.00

9.0

Turbldi~

Note: All values in tables 8.3 and 8.4 are the mean of 4 readings; readings are within + 1 % of the mean ..

TABLE: 8.4 Effect of water ori,gin on disinfectant capabilities of the Iodine.
Percenta,ge of E.coli removal by 1.0 m,g/l Iodine in the stream water and deionized water samples·.
Temperature
pH

200 C

50 C
6.0

7.5

9.0

6.0

7.5

9.0

6.0

35 0 C
7.5

9.0

Turbldil~

5 NTU

100.00
100.00

99.98
100.00

99.96
100.00

99.99
100.00

99.97
100.00

99.89
100.00

99.93
100.00

99.89
100.00

99.84
100.00

27 NTU

99.98
100.00

99.95
100.00

99.92
100.00

99.98
100.00

99.91
100.00

99.77
100.00

99.81
100.00

99.54
100.00

99.30
100.00

52 NTU

99.95
100.00

99.88
100.00

99.82
100.00

99.94
100.00

99.71
100.00

99.60
100.00

99.66
100.00

98.90
100.00

98.56
100.00

75 NTU

99.92
100.00

99.81
100.00

99.63
100.00

99.81
100.00

99.31
100.00

98.94
100.00

98.60
100.00

97.38
100.00

97.49
100.00

99.28
98.58
99.88
99.72
99.65
100.00
100.00
100.00
100.00
100.00
·AlI deionized water sample results shown in bold figures.

97.76
100.00

97.81
100.00

96.56
100.00

96.11
100.00

......
O'l
O'l

94 NTU

TABLE: 8.5 Effect of temperature on disinfectant capabilities of the iodine and chlorine.
Percentage of E.coli removal by 1.0 mg/l Iodine and Chlorine· In different test water samples.
5-7
93 - 100
Turbidity (N11J)
pH
9.0
6.0
6.0
Temperature (OC)
35
5
5
35
5
5
35
TvDe of the test samllle

9.0
35

Stream water containing
(1) Kaolin.

99.08
100.00

98.72
100.00

97.54
100.00

96.00
100.00

98.40
100.00

97.12
100.00

94.80
100.00

92.00
100.00

(2) Stream sediments.

100.00
100.00

99.93
100.00

99.99
100.00

99.84
99.93

99.88
100.00

97.81
99.60

99.28
99.60

96.11
98.46

(3) Digested Sludge.

53.33
58.33

52.00
57.08

50.00
20.00

46.80
17.40

50.00
3358

40.00
31.18

43.33
10.54

32.00
10.00

(4) Raw Sludge.

29.41
46.80

27.27
33.30

23.53
28.18

21.21
13.70

26.57
28.40

15.00
1470

19.81
9.32

5.00
4.10

46.77
14.76

35.00
12.30

44.61
13.90

33.00
11.92

41.67
12.00

27.00
9.00

38.33
11.50

26.00
8.58

(5) Stock suspension of
Hydrazine sulphate and
Hexamethylenetetramin!

• Results of 1.0 mg/l chlorine shown in bold figures.

TABLE: 8.6 Effect of pH on disinfectant capabilities of the Iodine and Chlorine.
Percentage of E.coli removal by 1.0 m.g/l Iodine and Chlorine- In different test water samples.
Turbidity (NTU)
5-7
93 - 100
Temperature(OC)
pH
Type of the test samIlle

35

5

35

5
9.0

6.0

9.0

6.0

9.0

98.72
100.00

96.00
100.00

98.40
100.00

94.80
100.00

97.12
100.00

92.00
100.00

99.96
100.00

99.93
100.00

99.84
100.00

99.88
100.00

99.28
99.60

97.81
99.60

96.56
98.46

53.33
58.33

50.00
20.00

52.00
57.08

46.80
17.40

50.00
33.58

43.33
10.54

40.00
31.18

32.00
10.00

29.41
46.80

23.53
28.18

27.27
33.30

2l.21
13.70

26.57
28.40

19.81
9.32

15.00
14.70

5.00
4.10

46.77
14.76

44.61
13.90

35.00
12.30

33.00
11.92

4l.67
12.00

38.83
11.50

27.00
9.00

26.00
8.58

6.0

9.0

(1) Kaolin.

99.08
100.00

97.54
100.00

(2) Stream sediments.

100.00
100.00

(3) Digested Sludge.

(4) Raw Sludge.

6.0

Stream water containing

.....
Ol
00

(5) Stock suspension of
Hydrazine sulphate and
Hexamethylenetetramin{

·Results of l.0 m/!/l chlorine shown in bold fi/!ures.

TABLE: 8.7 Effect of turbidity and the TOe on disinfectant capabilities of the Iodine and the Chlorine.
Percenta~e

of E.coli removal by 1.0 mg/l Iodine and Chlorine· In different test-water samples.
Temperature(Oe)
35
5
pH
6.0
9.0
6.0
9.0
Turbidity (NTU)
5-7
93-100
5-7
5-7
93-100
5 - 7
93-100
93-100
Tvoe of the test sam[!le
Stream water containing:
(1) Kaolin

rTOe ml!/ll

(2) StreamrTOe ml!/ll
Sediments.
(3) DigestedSludge.

(TOe ml!/ll

(4) Raw Sludge.LToe mg/I)

(5) Suspension-ITOe m!!/ll
of hydrazine sulphate and
hexamethylenetetramine.
• Results of 1.0

m~/l

0
99.08
100.00
3.30
100.00
100.00
4.00
53.33
58.33
5.00
29.41
46.80
29.00
46.77
14.76

0
98.40
100.00
7.00
99.88
100.00
11.50
50.00
33.58
25.00
26.57
28.40
510.00
41.67
12.00

0
97.54
100.00
3.30
99.96
100.00
4.00
50.00
20.00
5.00
23.53
28.18
29.00
44.61
13.90

chlorine shown in bold figures.

0
94.80
100.00
7.00
99.28
99.60
11.50
43.33
10.54
25.00
19.81
9.32
510.00
38.83
11.50

0
98.72
100.00
3.30
99.93
100.00
4.00
52.00
57.08
5.00
27.27
33.30
29.00
35.00
12.30

0
97.12
100.00
7.00
97.81
99.60
11.50
40.00
31.18
25.00
15.00
14.70
510.00
27.00
9.00

0
96.00
100.00
3.30
99.84
99.93
4.00
46.80
17.40
5.00
21.21
13.70
29.00
33.00
11.92

0
92.00
100.00
7.00
96.11
98.46
11.50
32.00
10.00
25.00
5.00
4.10
510.00
26.00
8.50

TABLE: 8.8
Percentage of E.coli removal by 1.0 mg/l Iodine and Chlorine· in the stream water samples
Temperature (oC)
pH
Turbidltx (NTU)
5

6.0

50 C
7.5

contalnin~

kaolin.

350 C

200 C
9.0

6.0

7.5

9.0

6.0

7.5

9.0

99.08
100.00

98.34
100.00

97.54
100.00

98.88
100.00

97.92
100.00

96.84
100.00

98.72
100.00

97.52
100.00

96.00
100.00

25

98.92
100.00

98.10
100.00

97.10
100.00

98.74
100.00

97.60
100.00

96.34
100.00

98.48
100.00

97.08
100.00

95.44
100.00

50

98.76
100.00

97.74
100.00

96.54
100.00

98.48
100.00

97.12
100.00

95.58
100.00

98.12
100.00

96.40
100.00

94.44
100.00

75

98.60
100.00

97.32
100.00

9580
100.00

98.18
100.00

96.58
100.00

94.70
100.00

97.68
100.00

95.52
100.00

93.32
100.00

100

98.40
100.00

96.74
100.00

94.80
100.00

97.32
100.00
·Results of 1.0 mg/l chlorine shown in bold figures.

95.62
100.00

93.50
100.00

97.12
100.00

94.66
100.00

92.00
100.00

......
-..J

o

,

Note: All values In this table (8.8) are the mean of 4 readings; readings are within +1% of the mean.

,

TABLE: 8.9 Percentage of E.coli removal by 1.0 mg/I Iodine and Chlorine· in the stream water samples
containing stream sediments as a source of turbidity and total organic carbon (TOC).
50 C

Temperature (OC)
pH
Turbidity

350 C

20 0 C

6.0

7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

TOC

(NTU)

(m~/l)

5

3.30

100.00
100.00

99.98
100.00

99.96
100.00

99.99
100.00

99.97
100.00

99.89
100.00

99.93
100.00

99.89
100.00

99.84
99.93

27

4.00

99.98
100.00

99.95
100.00

99.92
100.00

99.98
100.00

99.91
100.00

99.77
100.00

99.81
100.00

99.54
100.00

99.30
99.76

52

5.00

99.95
100.00

99.88
100.00

99.82
100.00

99.94
100.00

99.71
100.00

99.60
99.88

99.66
100.00

98.90
99.82

98.56
99.52

75

6.00

99.92
100.00

99.81
100.00

99.63
99.88

99.81
100.00

99.31
99.76

98.94
99.52

98.60
99.92

97.38
99.54

97.49
99.08

94

7.00

99.88
100.00

99.72
99.80

99.28
99.60

99.65
99.90

98.58
99.52

97.76
99.10

97.81
99.60 .

96.56
99.10

96.11
98.46

·Results of 1.0 mg/I chlorine shown in bold figures .
.

-~

-

-

.

-

Note: All values in tables 8.9 and 8.10 are the mean of 4 readings; readings are within ±1 % of the mean.
-

"_.

TABLE: 8.10
Percentage of E.coli Removal by 2.0 mg/l Iodine In the stream water samples containing stream sediments as a
source of turbidity and total or~anic carbon (TOC).
Temperature (OC)
350 C
50 C
20 0 C
pH
7.5
9.0
6.0
9.0
6.0
7.5
9.0
7.5
6.0
Turbidity

TOC

(NTU)

(m~/l)

5

3.30

100.00

100.00

100.00

100.00

100.00

100.00

100.00

99.99

99.97

27

4.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

99.98

99.92

52

5.00

100.00

100.00

100.00

100.00

100.00

99.90

99.99

99.89

99.77

75

6.00

100.00

100.00

99.99

100.00

100.00

99.87

99.95

99.70

99.57

94

7.00

100.00

99.99

99.89

100.00

99.95

99.63

99.87

99.54

99.28

TABLE: 8.11 Percentage of E.coli removal by 1.0 mg/llodlne and Chlorine· In the stream water samples
containin~ di~ested slud~e as a source of turbidity and total or~anlc carbon rrOC).
Temperature (OC)
50 C
20 0 C
350 C
pH

Turbidity

6.0

7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

TOC

(NTU)

(m~/l)

5

4.00

53.33
58.33

51.73
39.10

50.00
20.00

52.72
57.76

50.70
38.74

48.48
lS.7S

52.00
57.08

49.56
37.42

46.80
17.40

26

5.00

52.63
53.78

50.66
36.02

48.55
lS.12

50.68
52.38

48.54
35.38

46.16
17.06

49.60
50.S6

46.76
33.82

43.58
15.S6

50

7.00

51.82
47.72

49.46
32.46

46.95
15.98

49.52
46.24

46.82
31.20

43.70
15.0S

46.92
44.54

43.76
30.06

40.22
14.10

74

9.50

50.98
41.04

48.24
27.98

45.26
13.52

47.58
39.62

44.94
26.60

41.14
12.92

43.62
38.06

40.26
25.S0

36.44
12.22

97

11.50

50.00
33.58

46.98
22.50

43.33
10.54

45.82
32.44

42.40
21.70

38.02
10.30

40.00
31.18

36.48
21.14

32.00
10.00

"Results of 1.0 mg/l chlorine shown in bold

-

- .-

fi~ures.
..

...

---

-

- -

.

Note: All values from tables 8.11 to 8.13 are the mean of 4 readings; readings are within + 1% of the mean ..

TABLE: 8.12 Percentage of E.coli removal by 2.0 and 4.0· mg/l Iodine in the stream water samples containing
di~ested slud~e as a source of turbidity and total o~anic carbon (TOC).
50 C

Temperature (oC)
pH

20 0 C

350 C

6.0

7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

(NTIJ)

TOC
(mg/l)

5

4.00

99.98
100.00

99.74
100.00

99.46
100.00

99.82
100.00

99.60
100.00

99.32
100.00

99.60
100.00

99.36
100.00

99.00
100.00

26

5.00

92.18
100.00

91.28
100.00

90.50
100.00

89.74
100.00

88.96
100.00

88.00
99.92

87.08
100.00

85.18
99.80

85.04
99.40

50

7.00

84.04
100.00

82.36
99.64

81.02
99.24

79.16
99.76

77.76
97.78

75.90
95.54

73.92
99.38

71.20
95.46

69.96
91.02

74

9.50

75.84
99.10

73.32
98.90

71.08
98.52

68.82
95.98

66.40
93.68

63.52
90.82

59.88
92.32

56.16
86.92

53.88
80.96

97

11.50

66.10
98.50

63.28
98.08

60.00
97.50

56.06
91.76

52.76
88.40

49.12
84.52

43.90
84.00

40.40
77.58

36.08
70.00

Turbidity

·Results of 4.0 mg/l iodine shown in bold fi,gures.

TABLE: 8.13 Percentage of E.coli removal by 6.0 and B.O· mg/l Iodine in the stream water samples containing
digested slud~e as a source of turbidity and total or~anic carbon (TOC).
SOC
20 0 C
Temperature (OC)
3So C
7.S
7.S
pH
6.0
9.0
6.0
9.0
7.S
9.0
6.0
Turbidity
(NTU)

TOC
(mg/l)

S

4.00

100.00
100.00

100.00
100.00

lOO.OO
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

26

S.OO

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

SO

7.00

100.00
100.00

lOO.OO
100.00

lOO.OO
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

lOO. 00
100.00

99.84
100.00

74

9.S0

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

100.00
100.00

99.84
100.00

100.00
100.00

99.86
100.00

99.S2
100.00

97

11.S0

100.00
100.00

100.00
100.00

99.98
100.00

100.00
100.00

99.82
100.00

99.60
100.00

99.82
100.00

99.48
100.00

99.06
100.00

·Results of 8.0 mg/l iodine shown in bold

fi~ures.

TABLE: 8.14

Percentage of E.coli Removal by 1.0 mg/l Iodine and Chlorine" in the stream water samples
containing raw sludge as a source of turbidity and total organic carbon (TOCr

pH

Turbidity
(NTU)

200 C

6.0

50 C
7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

Temperature (OC)

350 C

TOC
(m,g/l)

7

5.00

29.41
46.80

26.62
37.80

23.53
28.18

28.40
40.33

25.60
31.06

22.44
21.30

27.27
33.30

24.40
23.86

21.21
13.70

30

10.00

28.76
42.60

25.98
33.52

22.76
23.86

26.78
36.12

23.84
27.33

20.36
18.00

24.56
29.04

21.30
20.62

17.60
11.50

54

15.00

28.06
38.18

25.30
29.04

21.92
19.34

25.10
31.68

22.04
23.40

18.12
14.52

21.76
24.56

18.12
17.20

13.80
9.18

72

20.00

27.36
33.44

24.56
24.26

20.96
14.52

23.30
26.94

20.06
19.25

14.86
10.82

18.60
19.80

14.58
13.58

9.70
6.72

93

25.00

25.57
28.40

23.58
19.26

19.81
9.32

21.24
21.90

17.76
14.80

12.94
6.82

15.00
14.70

10.54
9.72

5.00
4.10

·Results of 1.0 mg/l chlorine shown in bold figures.
Note: All values from tables 8.14 to 8.17 are the mean of 4

rea~ings;

readings are within ±20/0 of the mean.

TABLE: 8.15 Percentage of E.coli removal by 2.0 and 4.0· mg/l Iodine in the stream water samples containing
raw slud.!!:e as a source of turbidity and total organic carbon (TOC).
Temperature (OC)
20 0 C
50 C
350 C
pH
6.0
7.5
9.0
6.0
7.5
9.0
6.0
7.5
9.0
Turbidity TOC
(NTU)
(mg/I)
7
85.75
83.95
82.60
5.00
97.23
95.75
94.11
73.90
71.90
69.69
97.44
99.70
98.60
97.35
99.00
95.70
98.09
96.04
93.78
30

10.00

82.75
89.72

81.12
87.50

79.25
85.18

73.10
87.50

70.80
84.25

68.15
80.60

62.88
84.80

59.93
80.40

56.62
75.52

54

15.00

67.33
76.72

65.56
71.56

63.45
65.96

59.50
72.96

56.75
65.50

53.33
58.46

50.78
68.38

46.93
60.58

42.50
50.00

72

20.00

50.92
62.60

49.02
56.50

46.65
49.50

44.92
57.60

4l.67
50.85

37.40
42.00

37.66
51.40

33.00
43.88

27.18
34.13

93

25.00

33.33
46.38

31.28
44.18

28.57
41.62

29.08
43.88

25.40
36.82

20.25
28.12

23.00
32.50

17.75
23.50

10.50
12.40

*Results of 4.0 m.!!:/l iodine shown in bold fi.!!:ures.

TABLE: 8.16 Percentage of E.coli removal by 6.0 and 8.0· mg/l Iodine in the stream water samples containing
raw slud~e as a source of turbidity and total organic carbon (TOC).
Temperature (OC)
6.0

pH

Turbidity
(NTU)

50 C
7.5

20 0 C
9.0

6.0

7.5

9.0

6.0

350 C
7.5

9.0

TOC
(mg/l)

7

5.00

100.00
100.00

99.85
100.00

99.34
100.00

99.50
100.00

99.09
100.00

98.30
100.00

98.90
100.00

98.20
100.00

97.10
99.60

30

10.00

93.50
95.90

92.75
94.90

91.52
93.75

91.75
92.40

88.74
89.45

84.22
86.33

89.75
90.60

83.45
84.67

76.60
78.50

54

15.00

82.08
89.38

76.28
83.28

67.60
76.90

79.18
85.88

70.84
76.40

60.54
66.60

75.78
81.92

64.38
69.02

52.90
55.67

72

20.00

69.44
78.10

63.64
67.33

52.40
56.08

62.90
67.60

54.65
58.40

44.70
48.58

54.50
56.33

45.60
48.58

36.06
40.12

93

25.00

55.40
56.90

50.75
51.50

43.90
45.20

45.40
46.88

38.70
39.50

29.80
31.15

34.08
35.60

25.28
26.25

14.20
15.60

·Results of 8.0

m~/l

iodine shown in bold figures.

TABLE: 8.17 Percentage of E.coli removal by 10.0 mg/l Iodine In the stream water samples containing raw
sludge as a source of turbidity and total or~anic carbon (TOC).
Temperature (OC)
20 0 C
350 C
50 C
pH
Turbidity
(NTU)

6.0

7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

TOC
(mg/I)

7

5.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

30

10.00

99.86

97.30

96.10

96.10

92.44

88.12

91.66

86.15

80.62

54

15.00

97.82

92.73

87.64

93.94

84.04

73.25

89.46

75.57

58.82

72

20.00

88.57

75.57

60.00

74.67

64.25

53.00

58.33

52.52

45.00

93

25.00

58.80

53.33

46.67

48.67

41.10

32.00

37.41

28.06

17.27

TABLE:8.18 Percentage of E.coli removal by1.0 mg/I Iodine and chlorine· In the stream water samples containing hydrazlne sulphate and hexamethylenetetramine as a source of turbidity and total organic carbon (TOC).
50 C

Temperature (OC)
}>H

Turbidity

350 C

20 0 C

6.0

7.5

9.0

6.0

7.5

9.0

6.0

7.5

9.0

(NTU)

TOC
(mg/I)

5

29

46.77
14.76

45.70
14.34

44.61
13.90

42.04
13.56

40.60
13.26

39.04
12.94

35.00
12.30

34.04
12.12

33.00
ll.92

25

127

45.58
14.10

44.48
13.72

43.31
13.32

39.58
12.86

38.56
12.56

37.50
12.24

33.14
ll.50

32.30
11.32

31.40
ll.12

50

253

44.32
13.42

43.08
13.08

41.90
12.74

37.92
12.14

36.96
12.86

35.94
11.56

31.20
10.68

30.48
10.50

29.70
10.30

75

379

43.02
12.72

42.00
12.44

40.42
12.14

36.26
11.38

35.32.
11.12

34.32
10.82

29.16
9.86

28.56
9.66

27.90
9.46

100

510

41.67
12.00

40.28
ll.76

38.83
ll.50

34.56
10.54

33.48
10.34

32.56
10.08

27.00
9.00

26.52
8.80

26.00
8.58

......
(Xl

o

·Results of 1.0 m,g/I chlorine shown in bold fi,gures.
Note: All values in tables 8.18 and 8.19 are the mean of 4 readings; readings are wlthin- +1% of the mean.

TABLE: 8.19 Percentage of E.coli removal by 2.0 and 4.0' mg/I Iodine In the stream water samples containing
hydrazine sulphate and hexamethylenetetramine as a source of turbidity and total organic carbon (TOe).
50e
6.0

7.5

9.0

6.0

20 0 e
7.5

Temperature (Oe)
pH

Turbidity

......

350 e
9.0

6.0

7.5

9.0

(NTU)

TOe
(m/!/I)

5

29

99.90
100.00

99.48
100.00

99.00
100.00

94.64
100.00

94.38
100.00

94.08
100.00

91.20
100.00

90.84
100.00

90.44
99.90

25

127

90.04
100.00

88.98
100.00

87.82
99.80

84.46
100.00

83.24
99.20

83.98
98.26

80.88
99.44

80.42
98.80

79.88
96.60

50

253

79.92
100.00

78.78
99.82

77.52
99.20

74.42
99.80

74.02
98.10

73.58
96.28

70.08
95.44

69.50
94.38

68.86
93.26

75

379

69.40
99.40

68.68
99.10

67.90
98.58

63.94
96.50

63.38
95.46

62.74
94.38

58.68
91.36

58.04
90.66

57.32
89.86

100

510

58.33
98.67

57.62
98.30

56.83
97.92

52.82
92.90

52.10
92.48

51.30
92.00

46.70
87.14

45.96
86.78

45.10
86.40

(JJ

......

'Results of 4.0

m~/I

iodine shown in bold

fi~ures.

TABLE: 8.20 Residual Iodine and Chlorine" after treatment of different water samples by 1.0 mg/1.
50 C

Temperature
pH
Turbidity Levels (N11J)

5-7

Type of the test samgle
(1) Deionized water
with stream sediments.

0.400
0.500

(2) Kaoline.

6.0
93-100

350 C
9.0

6.0

5-7

93-100

0.350
0.400

0.700
0.600

0.550
0.500

0.250
0.050

0.100
0.050

0.400
0.150

(3) Stream sediments.

0.200
0.125

0.100
0.050

(4) Digested Sludge.

0.200
0.090

(5) Raw Sludge.

5-7

9.0
93-100

5-7

93-100

0.100
0.150

0.075
0.100

0.125
0.150

0.100
0.100

0.150
0.050

0.100
0.050

0.075
0.050

0.125
0.050

0.100
0.050

0.300
0.200

0.150
0.075

0.100
0.050

0.075
0.050

0.100
0.050

0.100
0.050

0.100
0.080

0.200
0.160

0.100
0.100

0.075
0.100

0.050
0.050

0.100
0.100

0.050
0.050

0.050
0.175

0.045
0.100

0.050
0.225

0.045
0.100

0.037
0.150

0.025
0.100

0.037
0.125

0.025
0.050

0.150
0.050

0.100
0.100

0.150
0.200

0.100
0.275

0.100
0.250

0.075
0.300

0.100
0.275

0.075
0.325

Stream water containing

(6) Stock suspension of
hydrazine sulphate and
hexamethylenetetramine

• Chlorine Residuals shown in bold figures.

TABLE: 8.21 Effects Of temperature on water quality by
Percenta~e

of E.coll removal In the samples

Turbidity

contalnln~

Stora~e

Treatment.

Stream Sedlments and the Raw Sludl!e·
100 NTU

5 NTU
6.0

pH

Temperature 5 0 C

9.0

7.5

20 0 C 350 C 50 C

200 C 350 C 50 C

6.0

200 C 35 0 C 5 0 C

7.5

20 0 C 350 C 5 0 C

200C

9.0
350 C 5 0 C

200 C 350 C

IStorage
2 Days
......

48.58 52.00 99.32 42.86 48.00 95.92 52.15 58.00 99.66 50.00 61.15 99.62 48.33 55.77 96.21 60.33 68.0f 100

0···

54.00 65.00 0··

51.00 60.00

80.83 99.96 100

80.33 99.96 100

63.33 66.20 100

60.00 65.70 98.10 66.67 75.38 100

78.93 99.96 100

76.97 99.96 100

79.11 100

98.67 98.85 100

98.33 98.46 100

99.17 99.62 100

99.82 100

100

99.68 100

100

99.86 100

100

100

100

100

99.90 100

99.93 100

100

99.93 100

100

100

100

94.40 100

100

93.8

86.00 93.33 54.87

00
CiJ

7 Days

14 Days

100

100

81.67 100

100

84.4 88.33 91.13 83.60 86.6. 60.81 94.4( 90.0( 100

100

100

100

100

100

98.37 99.7B 100

100

Key:

•
••

All results of the samples containing raw sludge are shown In bold figures .
In this case the E.coll content Increased to 114% Instead of decreasing .
••• In this case the E.coll content Increased to 192.5% Instead of decreasing .

-- -

-

.

...

-

-

Note: All values from tables 8.21 to 8.25 are the mean of 4 readings: readings are within ±2% of the mean.

TABLE: 8.22 EITects Of JlH on water quality by Storage Treatment.
PercentaJ!e of E.coll removal In the samples contatnlnJ! Stream Sedlments and the Raw Sludge"

Turbidity
pH

20 0 C

50 C

Temperature

5 NfU
6.0

7.5

9.0

6.0

7.5

100 NTU

5 NTU

lOO NTU
9.0

6.0

7.5

350 C

9.0

6.0

7.5

5 NfU
9.0

6.0

7.5

100 NfU
9.0

6.0

7.5

9.0

IStoralle

2 Days

7 Days

14 Days

48.58 42.86 52.15 50.00 48.33 60.33 52.00 48.00 58.00 61.15 55.77 68.08 99.32 95.92 99.66 99.62 96.21 100
63.33 60.00 66.67 54.00 51.00 86.00 66.20 65.70 75.38 65.00 60.00 93.33 100

98.10 100

0"

0···

54.87

78.93 76.97 79.11 80.83 80.33 81.67 99.96 99.96 lOO

lOO

100

100

100

lOO

lOO

98.67 98.33 99.17 84.40 83.60 94.40 98.85 98.46 99.62 88.33 86.67 90.00 100

100

100 91.13 60.81 100

99.82 99.68 99.86 lOO
99.93 99.93 100

99.96 99.96 100

100

100

100

100

100

100

100

100

100

94.40 93.80 99.78 100

100

100

100

100

100

100

100

100

99.90 100

Key:

• All results of the samples containing raw sludge are shown In bold figures .
•• In thIs case the concentration of E.coll Increased to 114% Instead of decreasIng .
••• In thIs case the concentration of E.coll Increased to 192.5% Instead of decreasIng.

100
100

lOO

100

98.37 100

TABLE: 8.23 ElTects Of Turbidity on water quality by Storage Treatment.
Percentage of E.coli removal In the samples containing Stream Sedlments and the Raw Sludge"
50C

Temperature
pH

Turbidity NTU

2 Days

.....

6.0
5

20 0 C

7.5
100

5

9.0
100

5

7.5

6.0
100

5

350 C

100

5

9.0
100

5

7.5

6.0
100

5

100

5

100

9.0
5

100

48.58 50.00 42.86 48.33 52.15 60.33 52.00 61.15 48.00 55.77 58.00 68.08 99.32

99.6~

63.33 54.00 60.00 51.00 66.67 86.00 66.20 65.00 65.70 60.00 75.38 93.33 100

0""

~8.10

0···

100

54.87

78.93 80.63 76.97 80.33 79.11 81.67 99.96 99.96 99.96 99.96 100

100

100

100

100

100

60.81 100

100

95.92 96.21 99.6E 100

C1J
C1l

7 Days

14 Days

100

100

98.67 84.40 98.33 83.60 99.17 94.40 98.85 88.33 98.46 86.67 99.62 90.00 100

91.13 100

99.82 100

99.68 99.90 99.86 100

99.93 94.40 99.93 93.80 100

100

100

100

100

100

100

100

100

100

99.78 100

100

100

100

100

100

100

100

100

Key:

" All results of the samples containing raw sludge are shown In bold figures.
"" In this case the concentration of E.coli Increased to 114% Instead of decreasing.
""" In this case the concentration of E.colllncreased to 192.5% Instead of decreasing.

100

100

100

98.37 100

100

TABLE: 8.24 Effects On Turbidity of different water samples
Reduction In turbidity (lIITU of

remalnln~

dur1~ Storllge ~r1mentation.

turbidity) In the samples

contatnln~

50 C

Temperature

pH 6.0

350 C

20 0 C

5 NTU

Turbidity

Stream Sedlments and the Raw Sludge'

100 NTU
9.0

2.60

2.80

2.25

17.00 18.25 15.50 2.65

2.90 2.30

18.00 19.50 16.75

2.50

2.75

2.00

16.00 17.50 14.50 2.60

2.80 2.10

18.00 18.25 16.50 2.90 3.00

2.10

2.20

1.80

12.00 13.25 11.50 2.15

2.30

13.00 14.00 12.00

1.50

1.60

1.20

9.00 11.50

8.00 2.05

2.15 1.60

1.25

1.30

LlO

5.60

6.00

4.70 1.40

1.55

1.10

1.20 0.90

3.10

5.10 2.45 1.35

9.0

6.0

7.5

9.0

6.0

7.5

100 NTU

5 NTU

7.5

6.0

7.5

100 NTU

5 NfU

9.0

6.0

7.5

9.0

6.0

7.5

2.90

2.95

2.60 29.0( 29.75 26.00

9.0

IStnral!"e Period

2 Days

2.70 29.50 ~0.25

~6.75

......
00
(j)

7 Days

14 Days

1.85

11.00 12.50

1.20

1.45 1.00

Key:

• All results of the samples

containln~

raw sludge are shown In bold Ilgures.

5.90

6.25

5.75 6.15

2.35 2.45

1.90 15.00 15.25 12.50

9.50 2.40 2.50

2.00 15.25 15.75 ~3.00

4.95

1.60 1.65

1.25

6.35

4.90 1.65 1.80

1.35

6.45 6.60 5.15

6.45

5.20

TABLE: 8.25 Effects on the E.coll content of different water samples
Number of survlvlng E.coli In the samoles

6.0

7.5

100 NTU
9.0

Stora~e

Experimentation.

350 C

200 C

5 NTU

Turbidity

the

Sedlments and the Raw Sludge-

50 C

Temperature

pH

contalnl~ Stream

durln~

6.0

7.5

100 NTU

5 NTU
9.0

7.5

6.0

9.0

6.0

7.5

100 NTU

5 NTU
9.0

7.5

6.0

9.0

7.5

6.0

9.0

lnitil!! E,coll
,Con

5600 5600 5600 6000 6000 6000 5000 5000 5000 5200 5200 5200 5000 5000 5000 5600 5600
6000

6000

6000

00000 10000c 10000U 5200

5200

5200

20000 20000 20000

5600

5600

5600 80000

5600

80000 80000

IStorad" Period
2 Days

2880 3200 2680 3000 3100 2380 2400 2600 2100 2020 2300 1660
2200

7 Days

2000

46000 49000 14000 1758

1184 1290 1170 1150 1180 1100
80

14 Days

2400

100

10

18

4

4

50

8
0

5600

16400 5600

0

6

0

5600

6200

220

1784

1264

2

2

0

60

80

20

0

0

0

0

42000 48000 8000

2

2

14000

0
0

34

204

00

106

0

0

6000 12000

0

17

212

21

91200 15400( 36100

0

0

0

0

0

0

7096

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Key:
- Initial and surviving E.coll counts of the samples contalntng raw sludge are shown In bold

Il~ures.
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FIGURE: 8.2

Comparison of the disinfectant capabilities of 1.0 mg/l Iodine and
1.0 m 11 chlorine I n different
es of sam les at different conditions.
(A) At 50C, 6.0

H and 5-7 NTU.
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FIGURE: 8.3

Effect of the water origin on disinfectant capabilities of iodine:
E.coli removal by 0.5 mg/l iodine in the deionized and stream water
sam les contalnin stream sediments at different conditions.
(A) At 5 0 C and 6.0 H.
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FIGURE: 8.4
Effect of temperature on disinfectant capabilities of iodine:
Comparison of the E.coU removal by 1.0 mg/l iodine in different
es of water sam les at different conditions.
(A) At 6.0 Hand 5-7 NTU.

100

1a
2
=cl

80

•

5degreeC

~

20DegreeC

I:J

35 Degree C

60
40

~

'#

20
0

c

1i

•

'"

.,;

J!
~

~

'"Source of Turbidity
(B) At 9.0

Hand 93-100NTU.

•

100

IZI

'iiI

80

5 degree C
20 Degree C

(J 35 Degree C

t

.a

60

~

40

Ill:
r.:I

'#

20
0

B

.,;

"0

•

J!

'"

E

•

~

~,
li5

"li5,

~

~

!'o

'" Source of Turbidity

190

.

v

'"~

FIGURE: 8.S
Effect of pH on disinfectant capabilities of iodine:
Comparison of the E.coli removal in different types of water samples
b l.Om /1 iodine at different conditions.
(A) At SOC and S-7 NTU.
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FIGURE: 8.6
Effect of turbidity on disinfectant capabilities of iodine:
Comparison of the E.coli removal by 1.0 mg/l iodine indifferent
les at different conditions.

(A) At 5 0 C and 6.0 H.
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(B) At 350 C and 9.0 H.
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FIGURE: 8.7
Comparison of the E.coli removal byl.O mg/I iodine and l.0 mg/l
chlorine in the stream water samples containing kaolin as a source
of turbidity at different conditions.
(A) At 5 0 C and 6.0 pH.
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FIGURE: 8.8

E.coli removal in stream water samples containing stream sediments
as a source of TOC bv iodine and chlorine at different conditions.
(A) At 5 0 C and 6.0 pH.
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FIGURE: 8.9
E.coli removal in stream water samples containing digested sludge
as a source of TOC by Iodine and chlorine at different conditions.
(A) At 5 0 C and 6.0 pH.
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FIGURE: 8.10
E.coli removal in stream water samples containing raw sludge as a
source of TOC b iodine and chlorine at different conditions.
(A) At 5 0 C and 6.0 H.
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FIGURE: 8.11
E.coli removal in stream water samples containing hydrazine
sulphate and hexamethylenetetramine as a source of TOe by iodine
and chlorine at different conditions.
(A) At 5 0 e and 6.0 pH.
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FIGURE: 8.12

Effect of tem erature on E.coli removal b
(A) At 7.5 H after 2 da s.
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(B) At 7.5 H after 14 da s
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Fi ure 8.12 (continued)
(C) At 9.0

H after 2 da s

100

1

75

&

!

•

5 Degree C

G 20 Degree C

50

m 35 Degree C

"I- 25
0

~

J

!
•

(D) At 9.0

Ii
J

~

~

~

i,

~

",
.t
•

.

~

~

Source of Turbidity ~

H after 14 da s

100

i
a
2
]

75

0

•

5 Degree C

C 20 Degree C

50

m 35 Degree C

Ioi
"I- 25
0

~
j

!
••

i

~
!

•

~

~

~

i,

~

"~
•
~

Source of Turbidity

199

••
~

FIGURE: 8.13

Effect of H on E.coli removal b
(A) At SOC after 2 da s.
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Fi ure: 8.13 (Continued)
(C) At 35 0 C after 2 da .
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Note: No E.coli removal was observed after two days storage in the
samples containing 100 NTU raw sludge at 350 C and pH 6.0 and 7.5.
(D) At 35 0 C after 14 da s.
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FIGURE: 8.14
Effect of turbidi on E.coli removal b
(A) At 7.5 H after 2 da .
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(B) At 7.5 H after14 da s.
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Fi ure: 8.14 (Continued)
(C) At 9.0 H after 2 da s.
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FIGURE: 8.15
Effect on turbidi
(A) At 7.5
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Fi ure 8.15 (Continued)
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ACTION PLANNING AND GENERAL CONSIDERATIONS
FOR THE URGENT SUPPLY OF WATER
IN DISASTER SITUATIONS
9.1

Introduction

Disasters as shown in figure 9.1 may be classified as either natural or
man-made. Every natural or man-made disaster whether major or
minor has its own story of human suffering. In some way or other,
these disasters affect the life and the socio-economlc condition of
the affected community. Beside other hardships many of the major
natural or man-made disasters inflict great public health problems.
Many of these are caused by the lack of safe drinking water and
sanitation facilities. After many of the natural or man-made disasters
safe drinking water becomes scarce and sanitation almost nonexisting. In such circumstances people tend towards unsafe and
polluted water. Consequently diseases are spread which make
prevailing situation even worse.
Most of the major natural disasters, such as floods, earthquakes,
hurricanes and droughts will have a pronounced effect on both the
quality and quantity of water. Man-made disasters such as military
conflicts may also have repercussion on the supply of water (figure
9.2). Existing water supply systems and infrastructure may also be
badly damaged as the result of these disasters (figure 9.3), leaving
the affected population with no choice but to use unprotected and
informal water sources. Although reduction in water quantity creates
many problems as deSCribed in chapter one, it is the quality of water
which causes great difficulties, spreads diseases and worsens the
situation. Therefore in any disaster situation it becomes one of the
first duties of the relief and water authorities to make urgent
provision of disease free water to the disaster stricken community.
This chapter includes some suggestions for immediate actions to be
taken regarding the urgent provision of drinking water in different
disaster situations. General planning conSiderations from the
selection of the source of the water to the selection of the treatment
method will also be considered in this chapter with the help of
figures, charts and an algorithm.
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Flp;ure 9.1
Classification of the disasters.

Disasters

Natural
~

o

(Xl

Man-made

For example:

For example:

Floods
Hurricanes
Earthquakes
Droughts
Epedemics
Rain storms
Tornadoes
Tsunamis

Civil wars
Military conflicts
Personal conflicts
Refugee influx
Road accidents
Air crashes
Explosions
Fires

Volcano eruption.

FiJ1:ure 9.2
Effects of some major disasters on water quality and quantity.
Effects on water quality
Type of disaster
i)
Contamination of the rivers, streams, lakes
Floods, Cyclones, Heavy
Storms and Hurricanes:
and water reservotrs by flood water and
surface run off.
11) Damaged water mains and contaminated
water distribution system.
Ill) Contamination of springs and open wells.
Earthquakes:

I) Damage and contamination of springs and
other goundwater sources due to holes and
cracks caused by the tremors.
Ii) Damaging piped distribution system and
contamination by sewage.

Civil and military Wars, I) Contamination of surface water sources and
and Personal Coqflicts:
storage reservoirs due to lack of proper

sanitation and protection.
iI) Contamination of piped water system due to

Effects on water quantity
I) Blockage, damage or loss of access to all water
sources.
iI) Reduced flow In pipes due to damage to piping
and pumping Installations.

Blockage, damage or loss of access to groundwater sources.
iI) Reduced yield of groundwater sources.
lii) Reduced flow in piped distribution system due
to damage to piping and pumping installations.
I)

Blockage, damage or loss of access to water
sources and storage facilities.
iI) Reduced yield of groundwater sources due to
improper maintenance and damage.
I)

damage and sewage Inflow.
R~gee Influx and
Population Shilling:

Droughts andfamines:

Contamination of water sources due to
improper protection and casual use.
iI) Contamination of water sources and storage
facilities due to lack of proper sanitation.
I)

i)

Contamination of surface water due to
increase in the concentration of the
pollutants and decrease in the quantity.

I) Increased demand due to sudden population

increase.
iI) Lack of water supply staff due to population

shifting.
i) Reduced surface water sources.
ii) Reduced yield of groundwater sources.

Fil!ure 9.3
Effect matrtx of some major disasters on water supply.
Floods
Earthquakes
Possible Effects
Effect and damage to Source.
Damage to Civil Eng. Structures.
Damage to Mains and Feeders.
Power Shortages.
Contaminaion (Chem. or BiOI.)
Transportation Failure
Personnel Shortages
System Overloading (Due to shif
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in population)
Equipment and Parts Shortages
Disruption in Supply

...

Key:
Severe possible effect
•• Less severe possible effect
• Least or no possible effect

9.2

Immediate considerations for the urgent provision of
drinking water in disaster situations

Urgent provision of a safe and an adequate supply of drinking water
is essential to safeguard the lives and health of the disaster stricken
community, and it should be the responsibility of the authorities
involved in the emergency relief work to make such a supply
available and readily accessible well before the outbreak of any
epidemic. Top priority should be given to save life and preserve
health by making at least minimum quantities of reasonably safe
water available for household use.
If a disaster has affected the existing water supply system of an
urban or a rural community, every effort should be made first to put
that system back into operation. All damaged sources, pumping
stations, storage reservoirs, distribution mains and feeders should
be immediately inspected in order to assess whether or not they can
be adequately repaired in the immediate future. All contaminated
water in the surroundings of the treatment plant and pumping
station should be pumped out as soon as possible. All repaired mains
should be disinfected and flushed out.
If the existing water treatment plant or some of its components
cannot be restored for some time, other private water supply
systems in the vicinity of the disaster area can be used. These
systems may belong to industrial or agricultural establishments and
can be hand-dug wells, deep wells, tube wells or a complete
treatment plant. Water from these sources with adequate treatment
can be connected to the distribution system of the existing system
or hauled to the pOints of consumption.
Groundwater sources such as deep wells and springs which are less
subject to gross contamination than surface water, and may usually
need no treatment other than disinfection can be used if water from
the sources discussed above is insufficient or inappropriate. Rain
water may also be a good source if properly collected. Surface water
should only be used as a last resort if all the above methods for the
urgent provision of water are practically impossible, insufficient or
too time consuming. Surface water is highly susceptible to chemical,
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physical and biological pollution and its quality may further
deteriorate in the aftermath of disasters.
Every effort in disaster situations should be made to avoid
malodourous. highly coloured or highly turbid surface water for
emergency treatment because it is difficult to treat adequately. If
polluted surface water Is the only available water. It should be
treated according to the condition of the water and the availability of
suitable local skills and necessary materials. The aim must be to
provide water free from disease-causing organisms as a matter of
urgency. Prior to treatment. measures should be taken to protect
the water-shed from further pollution by animals and people.
Frequent assessment of treated water quantity (and quality if
possible) should be carried out until the emergency is over and
normal water supply is reintroduced to the community.
9.3

Immediate actions to improve water quality and quantity

in disaster situations
The following actions may be necessary to improve water quality in a
disaster situation:
Removal of the causes of contamination where possible.
ii) Protection of existing sources of water. storage reservOirs and
distribution system from further contamination.
ill) Pumping out of flooded wells or flooded storage reservoirs once
flood-water recedes.
iv) Disinfection of wells. storage reservOirs and distribution
system if necessary and pOSSible.
v) Improvement of water quality by storage. filtration or
disinfection as appropriate.
vi) Checking the suitability of containers for collecting and storing
water in each household.
vii)Training of the staff related to water supplies to prevent
further contamination and to carry out required treatment .
viil)Quality testing of water if possible wherever contamination is
suspected and diarrhoeal or other diseases prevalent. (UNICEF.
i)

1986)
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Figure 9.4
Immediate possible actions to provide safe drinkin
Causing disaster
Situation
1) Contaminated or poor quality
Floods. Conflicts.
Humcanes.
surface water:
Heavy storms
and Droughts.

water in different disaster situations.
Required immediate actions.
I) Rainwater harvesting If and wherever possible.
11) Search and exploitation of groundwater sources.
iII)Improvement and treatment of unsafe water continued
until better quality water available.
I) Cleaning and reslnking of wells wherever possible.

2) Groundwater sources blocked,
damaged or contaminated:

Floods. Storms
Conflicts and
Earthquakes

3) Surface water sources reduced
or dried up:

Droughts

4) Reduced yield from existing
wells and springs:

Earthquakes.
droughts and
conflicts.

I) Promotion of hydrogeologlc survey and local advice.
11) Deepening of existing and sinking of new wells.
III)Cleaning and disinfection of new wells.
Iv) Improvisation and treatment of surface water for supply
purpose If necessary.

5) Piped distribution system
damaged or contaminated:

Floods. Conflicts
and Earthquakes.

I) Setting up of standpipes and distribution tanks as a
temporary measure.
11) Repairs and diSinfection of piped system.

6) Increased Demand oJ Water:

Refugee Influx.

I) Search for new water sources If possible.
11) Deepening of existing wells or sinking of new wells.
whichever possible or appropriate.
IiI)Conservatlon of water by controlling misuse.
Iv) Supplying water by trucks until some other
arran.!(ements are made.

11) Pumping out of contaminated water and disinfection
of wells.
Ill) Construction of replacement wells If necessary.
I) Constructing small dams. retention pits and controlling

access to conserve and protect available surface water.
11) Digging wells and constructing sub-surface dams In or
near normal surface flows.
III)Arranglng rainwater harvesting wherever possible.

The following measures may be taken if water quantity has been
affected in a disaster situation:
!)

ii)

Hi)
iV)

v)

Repair and restoration of existing sources, pumping, storage
and delivery systems as quickly as possible,
Exploitation of new or alternative water sources wherever
necessary using technologies if possible which are familiar to the
community.
Arrangement for the operation and maintenance of these
sources.
Promotion and encouragement of Conservation of available water
supplies by enforcing rationing, establishing storage tanks,
controlling storage and distribution, minimising wastage of water
and promoting recycling of kitchen water for sanitation.
Delivering of water by trucks if no other method is available,
but only as a strictly short term and stop-gap emergency
measure to ensure survival while other arrangements are made.
(UNICEF, 1986)

Immediate actions necessary for different disaster Situations are
listed in the figure 9.4.

9.4

General planning considerations for the urgent supply of
water in disaster situations

The algorithm (or decision route) shown in figure 9.8 suggests the
route for the provision of urgent water supply in a disaster situation.
It starts from the estimation of water requirements and leads to the
deCisions concerning the treatment of available sources of water. In
the following sections the major pOints of consideration in this
algorithm are considered.
9.4.1 Estimating water requirements

The minimum water quantity per head normally depends upon the
system of supply, sanitation facilities, local climate and the SOCiOeconomiC condition of the community. In all cases the more
convenient the supply, the higher will be the consumption. As a
general indication, water quantity should be suffiCient to maintain
personal hygiene, to clean cooking utensils properly, to cook food
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adequately and to wash clothes properly. To preserve public health,
a large amount of reasonably safe water is preferable to a smaller
amount of very pure water. The water must nevertheless be safe
(Cairncross and Feachem, 1983).
In a disaster situation however the minimum water requirements
will depend upon the situation and the condition of the emergency,
but as a general indication the following amounts of water have been
suggested by UNHCR (1982) and UNICEF (1988);
Individuals:
Hospitals:

15 to 20 litres per person per day.
40 to 60 litres per patient per day.

Additional quantities may be needed for;
Feeding Centres:
20 to 30 litres per beneficiary per day.
Sanitation facilities: 2 to 5 litres per person per day for many latrine
systems.
Livestock:
5 litres per head per day for small animal and
30 litres per head per day for cattle.
However, in acute emergenCies or disasters like heavy floods,
sudden refugee influx or famines, an absolute minimum of 5 litres (2
litres for drinking purpose and 3 litres for other purposes) of safe
water per person per day should be managed for the survival of the
affected population.
9.4.2 Selecting the water source

The main objectives of selecting a water sources In a disaster
situation should be to ensure the availability on a continuous basis of
sufficient and reasonably safe water for hygienic and domestic use.
The operation and maintenance requirements of the system are
crucial In addition to the development of the sources themselves.
Criteria suggested by UNHCR (1982) for choosing between
alternative sources are;
The speed with which the source can be made operational
11) Potential yield
ill) Reliability of supply (Seasonal variations taken into account)
i)
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FIGURE: 9.5
An AI orithm For Choosin
ro riate Water Source.
Source: Cairncross and Feachem (1978).
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FIGURE: 9.6
Some

~eneral

considerations related to water sources and their utilization

Source: UNHCR Handbook for emer/l:encies (1979).
Source

Treatment

RaIn Water

Simple:
Individual collection Useful source of safe water
Unnecessary. If
at household or
properly harvested off suitable roofs
but seasonal. Unlikely to
and/or hard ground institutional level. meet total demand.
and stored.

Gr2lmdwater
a) Spring

Extraction

Simple:
Unnecessary if
properly protected Preferably piped
flow by gravity.
and extracted.

Distribution

Additional information

Direct individual
Yield may vary seasonally.
collection. by piped Access must be controlled
flow or via storage to protect from pollution.
tanks.

b) Deep Well
(Iow water
Table)

Unnecessary. if
properly located.
constructed and
maintained.

By hand pump if low
demand or water
table less than 60m
Otherwise by motor
pump.

Individual if handpumped. ColIection from storage
tanks or from piped
distribution if motor
pumped.

Special digging/ drilling
equipment and expertise
required. Yield of these
wells is often high which is
unlikely to vary much unless
prolonged drought.

FIl!ure: 9.6 (continued)
Treatment
Source
c) Shallow well Unnecessary. If
(high water properly located.
table) constructed and
maintained.

Surface Water

Extraction

Distribution

Additional Information.

By hand pump or
simply by hand
drawn container.

Individually
hand pumped or
hand drawn dlrecti)
from wells.

No special digging/ drilling
equipment or expertise
required. Can be dug/drilled
by local skilled labour. Yield
often varies seasonally. Care
needed to avoid pollution.

.

By motor pump to
a) Flowing.
Often Necessary.
(e.g. streams. by storage. illtratlon storage and treatment tanks.
rivers stc.) and/or chemical
disinfection.

b) Standing
(e.g. ponds.
lakes etc.)

Individual collection Yield often varies seasonally.
preferable from
Access to source should be
storage/treatment controlled.
tanks. optionally
through piped
distribution system.

preferably pumped
Always necessary.
by storage. illtration to storage and treat
ment tanks.
and/or chemical
disinfection.
I

Individual collection
from storage/ treatment tanks.
optionally through
piped system.

Yield often varies seasonally.
Access to source must be
controlled to prevent it from
further contamination.

iv) Water purity. risk of pollution and ease of treatment if
necessary
v) Simplicity of technology and ease of maintenance
vi) Costs
There are three main natural sources of fresh water i.e .. rainwater.
groundwater and surface water. The eaSiest way to select an
appropriate source is to start from the existing source (Cairn cross
and Feachem. 1978). But in some emergencies improvements in the
existing source may take time. particularly in the case of drilled or
dug wells; only contaminated surface water (standing and/or
flOwing) may initially be available. In this case immediate action must
be taken to prevent further pollution and to reduce contamination.
If it is evident that the available sources are inadequate. other
arrangements must be made to supply sufficient water to the
community. It is also most important to select the sources that are
least exposed to contamination and to avoid the sources that require
those methods of treatment which are impossible to practice in
prevailing emergency situations. Cairncoss and Feachems' (1978)
route to choose the water source (shown in figure 9.5) can also be
the best guide to select an appropriate water source in emergency
conditions. Some water sources related to their treatment.
extraction and utilization are also listed in figure 9.6.
9.4.3

FblDn~ter

Rainwater is one of the main natural sources of fresh water. It is
reasonably pure if Intercepted before reaching the ground.
Rainwater can be collected from the roofs of the bUildings. tents.
courtyards and other ground or surface catchment areas if these are
clean and suitable. On a small scale it can be collected by plastic.
glass or earthenware (but preferably non-metal) pots and other
household containers. Ground catchments can be used for largescale harvesting of the rainwater. Suitable natural catchments of
hard rocks may also be found in some hilly areas.
In poor localities in remote areas the roofs may be made of thatch.
The biggest drawback to the collection of rainwater from thatched
219

roofs is that the water becomes turbid and discoloured. As a result,
It is regarded as dirty and unsuitable for most purposes. Better
quality water can be obtained if thatched roofs are covered with
plastic film. The first rainfall after a long dry spell may be allowed to
run off in order to clean the catchment of loose dirt, but in some
emergency situations the first rainfall may be collected to face the
urgent reqUirements.
Rainwater can be stored either below or above ground level. In the
case of underground storage tanks, the sides and bottom of the
tanks should be lined with plastic if possible to prevent seepage.
Above-ground tanks can be built according to local needs and
resources. Corrugated-iron tanks and those built with stone, bricks
and mortar can be used. Rainwater harvested from hardground
catchments can also be stored in pits and small dams at suitable
locations which should be lined with polythene if possible. All
rainwater storage tanks should be covered to prevent pollution from
insects, birds and dust.
The quality of rainwater as mentioned above depends upon the
cleanliness and suitability of the catchment area, but the quantity
depends upon the amount of rainfall and the size of the collection
area. 750 mm of annual rainfall on a roof measuring 5xB meters will
give about 24000 litres per year or on average 66 litres of rainwater
per day (assuming evaporation and other losses of 20%): suffiCient
for a family of 5 in a emergency situation or up to 13 people in
acute emergencies.
Rainwater can be a useful source of safe water for both household
and Institutional use especially during the rainy season and in the
case of floods when surface water is particularly likely to be
contaminated i.e., at a time when other water is plentiful but unsafe.
Rainwater harvested from the ground catchments or collected from
storage tanks must not be used directly for drinking purpose. It is
extremely important to remove any turbidity and bacterial
contamination before use. In the case of an emergency and if the
catchment area is clean, it can be used without any treatment,
otherwise it should at least be diSinfected against existing
contamination.
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9.4.4

Groundwater

Groundwater is one of the main sources of freshwater naturally
protected from most contamination. It is also less subject to gross
contamination in any disaster situation than surface water.
Groundwater originating from deep aquifers can be kept free from
any contamination if certain simple protective measures have been
taken in a disaster situation. Another great advantage of groundwater
is that it is usually found pure and needs no treatment.
9.4.4.1 Springs

Springs of sufficient yield are a suitable source of groundwater.
These are simple to exploit, their water is usually pure at source and
it can be piped often by the gravity to storage and distribution
pOints. Springs are typically indicated by a concentration of the
vegetation greener than most of the surroundings (Cairncross and
Feachem, 1978), but the advice from local population must be
sought to check the source of spring water.
Careful attention must be paid to geological formation, where
springs are used as a source of water supply in the disaster situation.
Because holes and cracks in the limestone and certain other rocks
especially following a earthquake may lead to the contamination of
the spring water. Flood water can also contaminate the springs.
Proper location and protection is therefore necessary to safeguard
the spring water quality (Cairncross and Feachem, 1978).
The supply of the water from springs may vary widely with the
season, being at its minimum at the end of the dry season and
maximum following a wet period. Therefore, local people must be
contacted before deciding on the use of any spring as a source of
water supply. To prevent surface contamination an area within a
radius of 50 metres around the spring should be fenced off as a
protection measure.
9.4.4.2 Other Groundwater Sources

Where springs are not available or not suited to development and
where the need for water for the population to be served cannot be
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met by springs, other groundwater sources such as, drilled wells
and dug wells should be explored. Choice of the any of above sources
however depends upon the availability of expertise and equipment
and the other circumstances including the depth of the water table,
yield and soil conditions.
In an emergency it may be better to try and improve an existing well
that has an inadequate yield rather than digging a new one whose
yield and quality is unknown. If a new well or borehole is imminent
it must be developed after seeking the advice of local people who
may provide important information about the overlaying soil
formation and the quantity of water available. Any well or bore-hole
must be developed to full yield by an initial period of pumping at a
fast rate to pump-out finer soil particles and allow water to pass
more easily Into the well. The yield can be raised by increasing the
size of the well below the water table. To avoid reduced yield, wells
should not be sited too close to one another if more than one well is
expected to be established.
9.4.5 Surface Water
If there is no groundwater aVailable, or where the digging of wells
and drilling of tubewells would be to costly and time consuming, it

will be necessary to consider surface water from the sources such
as, rivers, streams, lakes and ponds. Surface water is susceptible to
pollution and is often inferior to other sources of water. Its quality In
streams and rivers is often affected by a wide seasonal fluctuation in
flow. In wet periods, the water may be low in dissolved solids
content but often of a high turbidity. In dry periods, river flows are
low and the load of dissolved solids less diluted.
The quality of surface water may further deteriorate after a disaster
such as, floods, hurricanes, cyclones, heavy rainstorms and civil and
military conflicts. Therefore, surface water is used as a source of
water only as a last resort if other sources of water are unavailable, of
Insufficient yield or too time consuming to exploit. The direct use of
surface water sources is likely to require some treatment, which
may be available with very limited options in a disaster situation as
described in the following sections.
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9.4.6 Choice of the treatment option

Water treatment in disaster situations will depend upon the
condition of water. the extent of emergency and the availability of
resources and local skills. The main aim of emergency water
treatment should be the removal of pathogenic organisms.
Suspended solids causing turbidity may also need to be removed or
at least considerably reduced. Other substances such as. dissolved
solids and metals may be of less importance in the emergency water
treatment. In other words the treatment in disaster situations
should be the minimum required to ensure acceptably safe water.
using methods which are simple. reliable. appropriate and familiar
to the community if at all possible. The most appropriate methods of
treatment are storage. filtration. chemical disinfection and boiling.
The applicability of all above methods of water treatment in disaster
situations has been discussed in chapter 4 under section 4.8.
However. two of these methods Le. storage and chemical
disinfection by iodine were studied in detail through experimental
investigation. In the following sections the efficiency of these
methods with different types of water under different environmental
conditions are discussed and recommendations are suggested on
the basis of experimental investigation carried out during this study.
9.4.7 Storage

Storage is the simplest method of water treatment. In an emergency
situation. when other methods of water treatment are impossible
due to shortage of resources and local skills or because they are too
time consuming to build and operate. immediate action to provide
maximum water storage capacity is a logical first step. The quality of
water will improve by reducing the turbidity caused by suspended
material. Also many pathogens such as viruses. protozoa and bacteria
will also die off.
The efficiency of the storage treatment process will depend upon
the period of storage and the condition. temperature and pH of the
water. The investigation described above revealed that a sewage
contaminated water. containing turbidity up to 100 NTU and
bacterial load of 120.000 E.coli per 100 ml can be rendered safe by
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storage for fourteen days at 20 0 and 350 C. At 5 0 C the bacterial
removal was also not less than 94%. The turbidity of these samples
reduced to a maximum of 6.6NTU and a minimum of 2.45NTU.
Similarly the samples containing 100NTU of stream sediments and
6000 E. coli/lOO ml were observed to be free from bacterial
contamination after fourteen days storage at all temperature and pH
values. The turbidity of these samples reduced to a maximum of
6.45NTU and a minimum of 4.7NTU.
Generally, the efficiency of the storage process was observed to be
the best at the highest temperature investigated (35 0 C) and at the
highest investigated pH (9.0) and worst at the lowest investigated
temperature (50 C) and at the middle pH (7.5) values. Storage for
two days removed at least 50% of the E.coli in most of the samples
containing 100 NTU of either stream sediments or raw sludge at all
the investigated temperature (50, 200 and 35 0C) and pH values (6.0,
7.5 and 9.0). In some cases the removal was 100%, notably in the
sample stored at 35 0 C and pH9.0. The turbidity also reduced to a
maximum of 30 NTU and a minimum of 14.5 NTU.
Storage for seven days brought almost complete E.coli inactivation at
200 and 350C in the samples containing 100 NTU stream sediments
and with few exceptions in the samples containing raw sludge.
However, at 5 0 C the E.coli inactivation in both the types of samples
was between 77% and 98%. The turbidity also reduced to a
maximum of 15.75 NTU and a minimum of 8NTU.
The above results suggest that the polluted waters containing a
turbidity upto100 NTU and E.coli concentration upto 120,000 per
100 ml can be rendered safe by the storage of 14 days. But there
may be some situations in which storage of 14 days will not be
possible due to the urgent demand for safe water, especially at the
initial stages of any acute disaster. Water in these circumstances,
after two or seven days storage, when the bulk of the suspended
solids have been settled out, can be used after further treatment as
suggested in figure 9.7.
The experimental results also suggest that a storage of 2 days will
bring significant improvement in the quality of polluted waters, but
it will still be unsafe for human consumption. If water cannot be
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stored for further period due to the urgent demand, it should be
disinfected by chemical means (as suggested in figure 9.7) or used
after boiling if the facilities for chemical disinfection are not
available or impossible to carry out. The water after seven days
storage will become almost free from bacterial contamination at 20 0
and 350 C, but it will still be harmful for human consumption at 5 0 C.
If it cannot be stored for further period it should be used after
either chemical disinfection using lower dosages ( figure 9.7) or by
boiling depending upon the circumstances.
The multiple regression equations obtained from the correlation of
the results of storage treatment (described in section 8.8) may
provide a quick and better way to calculate the percentage of E.coli
inactivation in a water after certain period of storage if its turbidity,
temperature and pH is known, as shown below:

For the waters contaminated by surface pollutants such as stream
sediments containing one quarter oj its turbidity as organic:
E.coli removal

(%)

= 47.7 - 0.762 t - 0.55 P - 0.023 T - 2.50 d
(number of experiments=54 and R=0.901)

Where,
t = temperature in oC
p = pH value
T = Turbidity in NTU
d = Storage period in days
. R = RegreSSion coefficient
For the waters contaminated by sewage pollutants such as raw
sludge containing one half oj its turbidity as organic:

E.colt removal
.

= 51;0 - 0.045 t - 2.87 P - 0.14 T - 2.77 d.
(number of experiments=64 and· R';'0.893)
9.4.8 Chemical Disinfection
(%)

Under emergency conditions, when large supplies of clean water by
other methods such as storage and filtration are unobtainable, all
sources of water must be diSinfected before being considered for
human consumption. Several chemical disinfectants are available for
water disinfection purpose, each with its own particular use. Both
iodine and various forms of chlorine are prominent water
disinfectants. ChlOrine in gaseous form is relatively cheap, but its use
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in this form makes it very difficult to transport, handle and store
especially in remote areas. Chlorine can only be used effectively with
water.3that have been treated by sedimentation and filtration. In
turbid waters possessing high organic contents, its efficiency is
reduced due to its high reactivity with organic pollutants. Its
efficiency is also sensitive to the temperature and pH changes in the
water. In all, the application of chlOrine is complicated and may not
be possible in remote or disaster areas.
To be effective in a disaster situation, ideally, a water disinfectant
should
i)

it)

Hi)
iv)
v)
vi)
vii)

be effective against water-borne pathogens
react slowly with extraneous organic matter
be effective'
in the presence of nitrogenous pollutants
be biocidally active in a wide range of temperature and pH and
provide immediate palatability.
last longer in residual form to ensure safety from any fresh
biologic growth.
be simple in its application to suit the type of disaster and
skills of the local people.
be easy to handle, transport and store in remote areas safely for
any disaster situation.

The literature review (chapter 5) and the results of the
experimental investigation (chapter 8) suggest that Iodine meets
most of the above reqUirements of an effective disinfectant in
disaster Situations. It offers the follOwing advantages over chlorine:
Iodine can be stored indefinitely in non-metallic containers
without appreciable loss or deterioration to its diSinfecting
capabilities.
iI) Its saturated solutions are suffiCiently high for disinfection
purposes despite its low water solubility.
Hi) Its addition to water is simpler than with chlorine.
iv) No major difficulty is encountered in its use for potable water
disinfection on either a small or large scale.
v) No evidence has been found to indicate that it has any
detrimental effect on general health or on the thyroid function
when used as a water disinfectant.
i)
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vi) Commonly available materials of construction are sufficiently
resistant to its attack to be suitable for construction of iodine
feeders and discharge lines.
vii) Its transportation to remote sites is easier compared with
gaseous chlOrine.
viii) Investigation has also revealed that the germicidal action of
iodine was less dependent upon pH and temperature than that
of chlorine. Organic content did not greatly impair its
effectiveness. It was also found that water containing at least
10,000 E.coli per 100 ml, between pH 6.0 and 9.0, at
temperatures between 5 0 C and 35 0 C, with turbidlties up to 100
NTU and the TOC up to 1l.5 mg/l can be rendered safe for
drinking with an iodine dose of 8 mg/I. However, in the case of
water heavily contaminated with raw sewage, 8.0 mg/l iodine
could bring 100% E.coli inactivation only with samples
containing a turbidity of as low as 7NTU and a TOC as little as
5mg/I.
ix) The experimental results also revealed that the efficiency of
chlorine was higher with waters containing completely
inorganic turbidity at all temperature and pH values
investigated. In the samples containing smaller proportions of
organic material, such as stream sediments, both iodine and
chlorine were almost equally effective. However, with waters
containing higher proportions of organic material iodine was
found to be more effective than chlOrine.
The above results suggest that the waters contaminated by
completely inorganic material may best be treated by chlorine, but
the difficulty of transportation and application may make chlorine an
inferior disinfectant in disaster situations when all services have
been disrupted. The waters contaminated by surface pollutants
containing smaller amount of organic material may effectively be
treated by either chlorine or iodine. However, the waters
contaminated by sewage or other pollutants containing higher
proportions of organic material may be best treated by iodine.
However, should a water contain a turbidity of greater than 7 NTU
or an organic content of more than 5 mg/l TOC due to pollution by
sewage it may not be possible to render it safe with a dose of iodine
less than 10 mg/I. Such water would really require storage for 14
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days. possibly followed by lower level disinfection. to render it safe.
Shorter periods of storage followed by the addition of an appropriate
quantity of disinfectant could also be used (figure 9.7). Boiling is
always an effective response.
The multiple regression equations obtained from the correlation of
the results of disinfection experiments (described in section 8.5)
may be used to calculate the dosage of iodine required for the
complete E.coli inactivation in a water whose temperature. pH and
TOC is known. as given below.
For the waters containing up to 11.5 mg/l TOC.

Required Iodine Dose (mg/l) = -1.35 + 0.0268 t + 0.240 P + 0.568 T
(number of experiments=109 and R=0.889)
Where.
t = Temperature In 0C
P = pH value
T = TOC in mg/l
R = Regression coefficient
For the waters containing the TOC more than 11.5 mg/l.

Required Iodine Dose (mg/l) = - 6.23 + 0.167 t+ 0.667 P + 1.08 T(nuffilJer of experiments=40 and R=0.92)
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FIGURE: 9.7
Strategy For Water Treatment In Disaster Situations.
Based on the results achieved after treatment by storage and chemical disinfection by iodine of different water
samples containing turbiditles upto 100NTU, pHs between 6.0 and 9.0 and temp_eratures between 50 and 350C

Types of Water
Thpel:
Water contaminated
by surface pollutants
such as stream/river
sediments containing one quarter of
its turblty as organic

Option 1

Option 2
Store for 7 days
and use without
further treatment
if stored above 20 0 C.
Otherwise disinfect
using 1 mg/l iodine.

Option 3

Option 4

Store for 2 days
and use without
further treatment
if stored above 350 C.
Otherwise disinfect
using 2 mg/l iodine.

Disinfect immediately
for urgent use by
3.0 mg/l iodine.
OR
advise consumers to
use after boiling for
at least 3 to 5 minutes.

Store for 7 days
Store for 2 days
Store for 14 days
Water contaminated
and use without
and then disinfect
and use without
by sewage pollutants
further treatment
if using 10 mg/l iodine.
further treatment
such as raw sludge
,
<)
containing one half if stored above 20o'C.
,. stored at 3~6C, 9.0pH.
Otherwise disinfect
Otherwise disinfect
of its turbidity as
using 6.0 mg/l iodine. using B.O mg/l iodine.
organiC.

Disinfect immediately
for urgent use by
32 mg/l iodine.
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advise consumers to
use after boiling for
at least 3 to 5 minutes.

Store for 14 days
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further treatment.
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CONCLUSIONS AND RECOMMENDATIONS
10.1 Conclusions
The conclusions fonnulated from this series of investigations can be
summarised as follows:
1) Despite the poor quality of waters employed in the investigation.
dosages of 8.0 mg/l iodine were adequate to produce water of potable
quality under most of the investigated conditions of pH (6.0. 7.5 and
9.0), temperature (50. 20 0 and 35 0 C), turbidity (5-7, 25-30. 50-54.
72-75 and 93-100 NTU) and TOC up to 11.5 mg/1. However. the
samples containing raw sludge of more than 7 NTU (5mg/1 TOC)
needed higher dosages.
2) Under none of the highest investigated conditions (35 0 C. 9.0pH
and 93-100NTU) was a dose of 1.0 mg/l iodine effective in reducing the
counts of E.coli to an acceptable level in the poor quality natural water
samples. However. this dose was found adequate to render, a
deionized water sample containing about 5000 E.coli per 100 ml and
100 NTU of stream sediments. to a potable quality under all
investigated conditions.
3) At a low pH (6.0) and at low turbidities (5-7NTU) a dosage of
1.0 mg/l chlorine was effective in removing the E.coli. but its
effectiveness declined both with increasing pH and increasing
turbidity especially in the case of samples containing higher
proportion of organic material. In the samples containing stabilized
(digested) sludge and raw sludge 1.0 mg/l chlorine was found more
effiCient than the same dose of iodine only at lowest investigated
levels of pH and turbidity. These observations support already
recognized characteristics of chlorine disinfection.
4) A dosage of 2.0 mg/l Iodine was observed always to be more
effective in the removal of E.coli than 1.0 mg/l chlorine especially in
highly turbid samples containing higher proportion of organic
material at higher pH values. However. a dosage of 1.0 mg/l iodine
was found to be more effective than the Similar dosage of chlorine in
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the samples containing higher proportion of organic matter at
higher turbidities and pH values.
5) Dosages of 2.0 mg/l iodine were also found sufficient to render
poor quality waters with completely inorganic turbidity to a potable
quality under all conditions employed.
6) An iodine dose of 3.0 mg/l was observed to be adequate to treat
waters contaminated with stream sedlments containing up to 7.0
mg/l TOe (or 100 NTU). to potable quality under all investigated
conditions.
7) Water contaminated by stabilized (digested) sludge containing
5.0 mg/l TOe (26NTU) were brought to potable quality by an iodine
dose of 4.0 mg/l under most of the employed conditions of
temperature and pH. Samples containing 11.5 mg/l TOe (97NTU)
were rendered safe by dosages of 8.0 mg/l iodine.
8) Water polluted by raw sludge and containing 5.0 mg/l TOe
(7NTU) were brought to potable quality by an Iodine dose of 8.0
mg/l under all conditions employed. However. same type of samples
containing 25 mg/l TOe (93NTU) could not be made potable until a
dose of 32 mg/l Iodine had been administered.
9) Water containing artifiCial but completely organic turbidity
giving 510 mg/l TOe and about 5000 E.coli per 100 rnl were made
potable by the dosage of 6.0 mg/l iodine under all Investigated
conditions.
10) The effects of water origin were pronounced. An iodine dose of
0.5 mg/l inactivated almost double the amount of indicator
organisms in the deionized water samples than those containing
stream water at the highest conditions (35 0 e. 9.0pH and 93100NTU) employed.
1 1) The disinfectant capabilities of iodine were found to be less
sensitive to temperature variation than chlorines'. The maximum
effects of temperature variation (from 5 0 e to 350 e) in both the cases
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were recorded in the samples containing raw sludge. where 1.0
mg/l iodine lost one-fourth of its efficiency compared to one-half by
the chlorine at highest turbidity level (93 NTU).
12) The disinfectant capabilities of iodine were also found to be less
sensitive to pH changes than chlorines'. An iodine dose of 1.0 mg/l
always proved to be more efficient than the same dose of chlorine at
higher pH levels (pH9.0). In the samples containing digested sludge.
iodine only lost a fraction of its effiCiency compared to about one
third reduction in the case of chlOrine over the range of pH
conditions investigated.
13) The efficiency of iodine was less affected than chlorine when
the turbidity and TOC in the samples was increased from the lowest
to the highest investigated levels. In the samples containing
digested sludge and those containing artificial turbidity of hydrazine
sulphate and hexamethylenetetramine. 1.0 mg/l iodine was found to
be approximately three times more efficient than the same dose of
chlorine.
14) The source of organic material had an significant effect on the
capabilities of both disinfectants.
15) The greater efficiency of iodine observed in the samples
containing higher pH. higher temperature. higher turbidity and
higher proportion of organiC material suggest that iodine is a
superior disinfectant than the chlorine particularly for the
treatment of poor quality waters which may be expected in the
disaster situations.
16) Samples containing 100 NTU of raw sludge. which were not
treated to an acceptable level by B.O mg/l iodine were best treated
by a storage for 14 days. Results indicated that despite the poor
water qUality. these samples were made free of 120.000 E.coli per
100 ml by 14 days storage at 20 0 C and 350 C. At 50 only 6% E.coli
were found surviving. Their turbidities also reduced from 100 NTU
to less than 7 NTU. The raw sludge samples containing 5 NTU were
made completely free by 14 days storage at all pH and temperature
conditions employed.
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17) Water samples containing 100 NTU of stream sediments and up
to 6000 sub-cultured E.coli per 100 ml were rendered to potable
quality by 14 days of storage at all pH and temperature conditions
employed. Their turbidity also reduced from 100 NTU to 6.45NTU.
IS) Storage of two days removed at least half of the E.coli content in
the samples containing stream sediments at all pH. temperature and
turbidity conditions employed. Similarly. the turbidity also reduced
from 100 NTU to a maximum of 29.75 NTU and a minimum of 15.5
NTU. But in the case of samples containing 100 NTU of raw sludge
E.coli count increased after two days storage at 350 C and pH 6.0 and
7.5. However. in other turbidity levels and pH and temperature
values the E.coli concentration reduced at least to its half. Turbidity
also reduced to a maximum of 30 NTU and minimum of 14.5 NTU.
19) Storage of seven days brought almost complete E. co li
inactivation in the samples containing stream sediments at 200 and
35 0 C and with a few exceptions to the samples containing raw
sludge. However. at 5 0 C the E.coli removal in both the types of
samples was between 77% and 9S%. Turbidity also reduced from
100NTU to a maximum of 15.S0NTU and a minimum of S.O NTU.
20 The storage treatment process was found most effiCient from
E.coli inactivation point of view at highest investigated values of pH
(9.0) in both the types of samples at various different times. It was
also more efficient at highest investigated values of temperature
(35 0 C) and turbidity (IOONTU) in the case of samples containing
stream sediments.
2 1) In most cases. for samples containing raw sludge the efficiency
of storage treatment was slightly higher than those containing
stream sediments.
22) Simple storage appears to be a very effective process regarding
turbidity and E.coli reduction. and suggests important applications
in disaster situations.
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23) The results of the storage treatment process suggest that poor
quality water can be rendered safe by 14 days storage under most of
the conditions employed in this investigation without the help of any
other treatment method. However. for the Situations in which the
storage of 14 days will be impossible due to urgent demand of safe
water. a combination of storage and chemical disinfection by iodine
will be helpful to get potable water in a short time.
Multiple regression equations to calculate the dosages of iodine
required for the complete E.coli inactivation in the waters
containing different amounts of organic matter. and those for
percentage E.coli inactivation by different storage periods in the
waters containing different source and amount of contamination
have been produced. A strategy (figure 9.7) with four options of
water treatment in disaster situations has been suggested according
to the type of water and the urgency of requirement. An algorithm
(decision route) for emergency supply of water in disaster situations
(figure 9.8) has also been produced. which will provide solutions of
most of the problems regarding the urgent provision of safe water in
these Situations.

10.2

Recommendations For the Future Research

10.2.1

Iodination of Poor Quality water

Recommendations for future investigations fall into the two categories
of laboratory-scale and pilot-scale.

10.2.1.1 Laboratory-Scale Work
At laboratory-scale the following work remains to be done with iodine
disinfection of poor quality water:
1) According to Standard Methods (1989) Coliphages may be better
indicators of disinfection efficiency than coliform bacteria. because
they are found to be more resistant to chlorine disinfection than the
total and faecal coliforms. Their resistance to iodine diSinfection is
still unknown. An investigation is therefore recommended on this
issue.
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2) Disinfectant capabilities of iodine have been well demonstrated in
this investigation for waters containing both inorganic and organiC
pollutions. Its capabilities with respect to typical characteristics of
poor quality standing water such as colour. algae and other microplants remain uninvestigated. Some work is therefore recommended
on these quality characteristics.
3) This investigation demonstrated the negative effects of turbidity on
the disinfectant capabilities of iodine. A possible reason for the
reduced bacterial Inactivation Is the adsorption characteristic of the
solid particles. Detailed Investigation Is, therefore. recommended to
study the structure and composition of different suspended solid
particles of different sources of turbidity and the effects of adsorption
on the activity of bacterial removal by the iodination.
10.2.1.2 Pilot-scale Work
As a result of this Investigation. it Is now clear that a strong case can

be made out for continuing the work on a larger pilot-scale Into the
operation of Iodine disinfection of poor quality water.
In order to consider the potential of Iodine disinfection as a best way
to treat poor quality water. It Is suggested that this is carried out on a
pilot-scale at an actual water treatment plant. where It will be easy to
obtain test-water samples containing different levels and types of
contamination. It will also be easy at an actual water treatment plant
to treat different test-water samples coming from different stages of
treatment e.g. raw waters passed through sedimentation tanks,
coagulation and filtration stages etc.
Results obtained after iodination of the waters passed through above
mentioned stages will help to get clear picture of iodine's realistic
applicability In waters containing different level of contamination.
Comparison of the disinfectant capabilities of Iodine and chlOrine will
also be more easy and realistic there on larger scale. Pilot scale
research on an actual water treatment plant Is recommended not only
to allow the disinfectant capabilities of Iodine to be adequately
Investigated on broader scale but also to study the economics of fullscale unit including safety considerations and methods of application
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of iodine and to seek the possibility of applying iodine disinfection
system on a larger scale.
10.2.2 Water Treatment in Disaster Situations

In order to prepare broad based strategies to solve the problems of
urgent provision of safe water in a disaster situation following
recommendations are made for future researchers:
1) Other methods for urgent treatment of poor quality water such as
crude filtration and small scale sand filtration should also be
investigated using different water samples containing different types
and levels of contamination.
2) Other micro-organisms such as cysts. spores and viruses should
also be included in any future investigation concerning the treatment
of poor quality water by storage.
3) Aesthetic characteristics such as colour.
also be taken into account while treating
disaster situation. because these factors may
microbiologically unsafe water with no colour.

odour and taste should
low quality water in a
encourage people to use
taste and odour.

4) Samples Similar to standing surface water of poor quality usually
expected in droughts should also be included in any future
investigation of poor quality water treatment for a disaster situation.
5) An investigation is also recommended to find out the economics of
the treatment of water by boiling.
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APPENDIX A
WATER-RELATED INFECTIONS

A-I: Environmental Classification of Water-related Infections
Source: Caimcross and Feachem (1983)
Mechanism of
Infection
Transmission
Faecal-oral;
(al Dlarrhoeas and Dvsenteries
(Water-borne or AJnoebic dysentery
Water-wased) Balantidiasis
Campylobacter enteritis
Cholera
E.coli diarrhoea
Giardiasis
Rotavirus diarrhoea
Salmonellosis
Shigellosis (bacillary dysentery)
(hI Enteric Fevers
Typhoid
Paratyphoid
(cl Oth~rs
Poliomyelitis
Hepatitis A
Leptospirosis
Ascariasis
1iichuriasis
Water-washed:

Water-based:

Water-related
Insect Vector:

(a] Skin and E:t:e InfectiQns
Infectious skin diseases
Infectious eye diseases
(bl Qth!;:rs
Louse-borne typhus
Louse-borne relapsing fever
(al Pen~tratln~ Skin
Schistosomiasis
(bl In~est!;:d
Guinea worm
Clonorchiasis
Diphyllobothriasis
Fasciolopsiasis
Paragontmiasis
Others
(a) Biting Near Water
Sleeping Sickness
[hI Br~ed!n2 N!;:ar Water
Filariasis
Malaria

River blindness
(c) MosguitQ-borne viruses
Yellow fever
Dengue
Other
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Pathohenic
Agent
Protozoon
Protozoon
Bacterium
Bacterium
Bacterium
Protozoon
Virus
Bacterium
Bacterium
Bacterium
Bacterium
Virus
Virus
Spirochaete
Helminth
Helminth
Miscellaneous
Miscellenous
Rickettsia
Spirochaete
Helminth
Helminth
Helminth
Helminth
Helminth
Helminth
Helminth
Protozoon
Helminth
Protozoon
Helminth
Virus
Virus
Virus

A-2: The Transmission Mechanisms of Water-related
Infections and the Required Water Improvements Relevant to
Each Mechanism
Source: Bradlev (1977) and Cairncross and Feachem (1983)
Cate Transmission
Examples of
Relevant Water
Il!orv
Mechanism
the Diseases
improvements
(I)

Water-borne

A-

Classic

Typhoid. Cholera

B-

Non-classic

Infective Hepatitis Microbiological Improvements.

(11)

Water-washed

A-

Skin and Eye
Diseases.

Scabies. Trachoma Quantity Improvements.

B-

Diarrhoeal
Diseases.

BacUJary dysenteI') Quantity Improvements.

Microbiological Sterility.

(Ill) Water-based
A-

Penetrating skin

Schistosomiasis

Protection of User.

B-

Ingested

Guinea worm

Protection of Source.

(IV)

Water-related
Insect Vector

A-

Biting near water Sleeping Sickness Water piped from the
source.

B-

Breeding in wateJ Yellow fever
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Water piped to the site
of use.

A-3 : Main Infectious Diseases In Relation To Water Supplies

Source: Bradlev (1977)
Category
with reference
to A-2

Disease

lA
lA
lA
lA
IB
IB
IB
IA.lIB
IA.lIB
lB. II B
lIA
HA
HA
HA
HA
HA
HA
HA
HB
HB
IIIA
IIIB
IVA
IVB
IVB

Cholera
Typhoid
Leptospirosis
Tularaemia
Paratyphoid
Infective Hepatitis
Some enterovirus
Bacillary dysentery
Amoebic dysentery
Gastroenteritis
Skin sepsis/Ulcers
Trachoma
Conjunctivitis
Scabies
Yaws
Leprosy
Tinea
Louse-borne fevers
Diarrhoea! disease~
Ascariasis
Schistosomiasis
Guinea worm
Sleeping sickness
Onchocerciasis
Yellow fever

Percentage
suggested
reduction
Freq- Seve- Chro- by water
uency
rity nicity improvements

•

•
•
•
•
•
•
•
•
•

••

•
•

•
••
••
••
•

••
••
•
•
•
••

•

••
•

* *

• * •
* • •

* * *
*

*

• • *

• •

* *

••

•

*

* *
*
* •

*
* *

*
*

••

* *

*

*
• * •

•
•
•
•

••
••

•

•

•

• *

• •

•

• * •

•

• * *

•
•

••

• •

•

• *

• • *

• •
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90
80
80
40?
40
10?
10?
50
50
50
50
60
70
80
70
50 _ f/
50
40
50
40
60
100
80
20?
10?

APPENDIX B
WATER QUALITY CRITERIA
Sol: WHO Guidelines For Drinking Water Quality (1984)
Parameter
MicrQ/Jio[Qgical Qualitu
Faecal coliforms
Coliform Organisms

Unit

Guideline Value

number/ 100 ml
number/ 100 ml

Zero'
zero'

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l (N)
mg/l

0.05
0.005
0.05
0.1
1.5
0.05
0.001
10.0
0.01

InQrga!li~ CQn~tiruf!]t~

Arsenic
Cadmium
Chromium
Cyanide
Fluoride
Lead
Mercury
Nitrate
Selenium
Af~tl:J.ft~ Qualitu
Aluminium
Chloride
Colour
Copper
Hardness
Iron
Manganese
pH
Sodium
Solids (Total Dissolved)
Sulphate
Taste and Odour
Turbidity
Zinc
Key:
• Treated water

enterin~

0.2
mg/l
250
mg/l
TCU (True Colour Unit) 15
1.0
mg/l
mg/l (as CaC03)
500
0.3
mg/l
0.3
mg/l
----6.5 to 8.5
200
mg/l
1000
mg/l
400
mg/l
----Inoffensive to
most consumers
NTU
5
5.0
m~/l

the distribution system.
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B-2: Comparison of Microbiological Drinking Water Standards
Recommended by the WHO. the United States and Several
Develo .•. Countries (Adopted From The World Bank. 1977).
Organization /
Country

Guideline Values

WHO (1984)·

1) Water entering distribution system: Chlorinated
or otherwise disinfected samples= E.coli 0/100 ml:
Nondisinfected supplies = E.coli 0/100 ml:
coliform = 3/100 ml occasionally.
2) Water in d'lstribution system: 95% samples in a
year coliform = 0/100 ml: E.coli= 0/100 ml in all
samples: no sample greater than three coliform per
100 ml: coliform not detectable in 100 ml of any
two successive samples.
3) Individual or small community supplies: Less
than 10/100 ml coliform: 0/100 ml E.coli in all
samples

United States

Number of coliform bacteria as determined by
membrane filter test shall not exceed 1/100 ml as
the arithmetic mean of all samples examined per
month. When 10 ml fermentation tubes are used.
coliform bacteria shall not be present in more than
10% of the portions in any month. When 100 ml
tubes are used. coliform shall not be present in
more than 60% of the portions in any month.

China (1981)·· Total colony counts not more than 100/ ml:
E.coli not more than 3/ ml.
India(l973)

Coliform: 0 to 1.0/100 ml permissive: 10 to 100
per 100 ml excessive but tolerated In absence of
alternative better source: 8 tolO/lOO ml acceptable
only if not in successive samples: 10% of monthly
samples can exceed 1 /l 00 ml.
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B-2 (Continued)

Organization /
Country

Guideline Value

India (1975)
E.coli: 0/100 ml.
(recommended) toliform: 10/100 ml in any (recommended)
sample. but not detectable in 100 ml of any two
successive samples or more than 50% of samples
collected for the year.
Philippines

Coliform: not more than 10% of 10 ml portion
examined shall be positive in any month.
Three or more positive 10 ml portions shall not be
allowed in two consecutive samples: in more than
one sample per month when less than 20 samples
examined: or in more than 5% of the samples
when 20 are examined per month.

Qatar

Coliform: 0/100 m!.
Coliforms presence In two successive 100 ml
samples give grounds for rejection of supply..

Tanzania
(Temporary.
1974)

Non-chlorinated pipe supplies:
0/100 ml coliform
--- classified as excellent:
1 - 3 /100 ml coliform-- classified as satisfactory:
4- 10/100 ml coliform - classified as suspicious:
10 / 100 ml coliform --- classified as unsatisfactory:
1 or more E.coli/ 100 ml classified as unsatisfactory.
Other Supplies:
WHO Standards to be aimed at.

Thailand

Coliform: 2.2 /100 m!.
E.coli: 0 / 100 ml.

Key:
• Data extracted from WHO. 1984.
•• Data extracted from IDRC. 1981.
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B-3: Comparison of Chemical and Physical Drinking water Standards Recommended by the WHO,
the United States, and Several Develo jine Countries (World Bank, 1977, WHO, 1984 and IDRC, 1981).
Chemical and Physical
Parameters

United
Guideline States
Values
(1977)
(1984)
WHO

(1976)

Korea
India
(Recommended)
(1975)

China

Philippines

Qalar

Tanzania
(Temporary)
(1974)

Thailand

300

(1963)

300

---

---

600

---

2

5

30

5

15

---

2

-----

20

50

20

0.3

0.3

1.0

0.3

1.0

0.3

1.0

0.5

0.05

0.1

0.5

0.3

0.5

0.3

0.5

0.3

---

6.5-8.5 6.5-9.2

---

6.5-9.2

---

6.5-9.2

6.5-8.5

45

45

45

45

50

---

Sulphate.as S04(mg/l)

400

---

-----

400

200

400

250

600

Fluoride. as F (mg/I)

1.5

1.4-2.4

0.5-1.0

1.5

1.0

1.0-1.5

1.6

8.0

Chloride. as Cl (mg/I)

250

250

---

1000

150

600

250

800

Arsenic. as As (mg/I)

0.05

0.05

0.04

0.05

0.05

0.2

---

0.05

0.05

Cadmium. as Cd (mg/I)

0.005

0.01

0.01

0.01

---

0.01

---

0.05

---

Chromium (mg/I)

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

Cyanide. as Cn (mg/I)

0.1

0.01

0.05

0.05

---

0.01

---

0.2

0.2

Copper. as Cu (mg/I)

1.0

1.0

1.0

1.5

Lead. as Pb (mg/I)

0.05

0.05

0.1

0.1

0.1

0.1

0.1

0.1

0.05

Mercury. as Hg (mg/I)

0.001

0.002

0.001

0.001

---

---

---

Selenium. as Se (m.!!/I)

0.01

0.01

0.01

0.01

-----

0.05

---

0.05

--0.01

500

---

---

600

Turbidity (NTU)

5

1 to 5

5

Colour (TCU)

15

---

Iron. as Fe (mg/I)

0.3

Manganese.asMn(mg/1)
pH

0.3
6.5-8.5

Nitrate. as N03 (mg/I)

Total Hardness
(mg/I as CaC03)

1.0

1.5

0.3

lOO

3.0

45

~50
1.0-1.5
330

1.0

APPENDIX C
CHARACTERISTICS OF ESCHERICHIA COLI
C-l: Characteristics Of The Escherichia con.
Source: Humphries (1974).
Named For:

Description
Professor Theodor Eschertch. a bactertolog1st
who first Isolated them.

Relevant Kingdom:

Plant.

Class:

Schizomycetes.

Order:

Eubacteriales.

Family:

Enterobactertaceae.

Genus:

Eschertchla.

Species:

coilform.

Size:

1.0 - 3.0 J.Lm.

Ecological Origin:

Cornrnensal Bacterta found In intestine of man
and warm-blooded animals.

Environmental Origin:

Mesophilic Bacterta.

Nutritious Origin:

Hetrotrophic Parasites.

Characteristic

Cell Type:

Procaryotic:
with no true nucleus.

no
no
no
no
no

nuclear membrane.
spindle formed.
rnitochondrta.
endoplasmic reticulum and
chloroplast.

F1ageUa:

About 20 nrn In dia and 1.0 J.Lm or more In
length.

Storage Material:

Glycogen as granules. acting as carbon and
energy source.

Reproduction By:

Sexual way

Responsible For:

Faecal odour.

Harmful Effects:

Cause infection of urinogenital tract and diarrhoea
in children especially.

Uses:

Used as Indicator organism. which means their
presence In water supply indicate the possible
presence of other harmful organisms which may
have become contaminated with faeces.

263

C-2: Generalised D

of a Bacterial Cell.

Source: Hum hrles (1974)
slime

caplUle
volutin

rihosomes

terminal organ
of flagellum

nuclear

cell
wall

IUlphur
granules

fimbriae

APPENDIX D
DISSOLVED OXYGEN DATA
Saturation Values of Dissolved Oxygen in Fresh Water Exposed to Dry Air
ContaininJ:( 20.9% OXYJ:(en under a Total Pressure of 760 mm of Mercury
Source: Whipple and Whipple (1911)
Dissolved Oxygen (mJ:(/I)
Temperature

°c

0

Chloride Concentration (mg/I)
Difference per 100 mg CI5.000

0

14.62

13.79

0.017

1

14.23

13.41

0.016

2

13.84

13.05

0.015

3

13.48

12.72

0.015

4

13.13

12.41

0.014

5

12.80

12.09

0.014

6

12.48

11.79

0.014

7

12.17

11.51

0.013

8

11.87

11.24

0.013

9

11.59

10.97

0.012

10

11.33

10.73

0.012

11

11.08

10.49

0.011

12

10.83

10.28

0.011

13

10.60

10.05

0.010

14

10.37

9.85

0.010

15

10.15

9.65

0.010

16

9.95

9.46

0.010

17

9.74

9.26

0.009

18

9.54

9.07

0.009

19

8.89

0.009

20

9.35
9.17

8.73

0.009

21

8.99

8.57

0.008

22
23

8.83
8.68

8.42
8.27

0.008
0.008

24

8.53

8.12

0.008

25

8.38

7.96

0.008

26

8.22

7.81

0.008

27

8.07

7.67

0.008

28

7.92

7.53

0.008

29

7.77

7.39

0.008

30

7.63

7.25

0.008
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APPENDIX E
EFFECT OF TEMPERATURE AND pH ON HO CL
Undissociated Hoel (%) at Different Temperature and PH values
Source: White (1986).
Percent Hoel
0
aoe
lOoe
IpH
5 e
150 e
20 0 e
25 0 e
3ao e
5.0
99.85
99.82
99.80 99.79
99.74
99.71
99.68
5.5
99.53
99.45
99.36 99.27
99.18
99.09
99.00
6.0
98.53
98.28
98.00 97.73
97.45
97.18
96.92
6.1
98.16
97.84
97.50
97.16
96.82
96.48
96.15
6.2

97.69

97.29

96.88

96.45

96.02

95.60

95.20

6.3
6.4

97.11

96.62

96.10

95.57

94.53

94.04

96.39

95.78

95.14

94.49

95.05
93.84

93.21

92.61

6.5

95.50

94.75

93.96

93.16

92.37

91.60

90.87

6.6

94.40

93.47

92.51

91.54

90.58

89.65

88.78

6.7

93.05

91.92

90.75

89.58

88.43

87.32

86.27

6.8

91.41

90.03

88.63

87.23

85.85

84.54

83.31

6.9

89.42

87.77

86.10

84.43

82.82

81.29

79.86

7.0
7.1

87.04
84.22

85.08
81.92

83.10
79.63

81.16
77.39

79.29
75.26

77.53
73.27

75.90
71.44

7.2

80.91

78.25

75.64

73.11

70.73

68.52'

66.52

7.3

77.10

74.08

71.15

68.35

65.75

63.36

61.22

7.4

72.78

69.42

66.20

63.18

60.39

57.87

55.63

7.5

67.99

64.33

60.88

57.68

54.77

52.18

49.90

7.6

62.79

58.89

55.27

51.98

49.03

46.43

44.17

7.7

57.27

53.23

49.54

46.23

43.32

40.77

38.59

7.8

51.57

47.48

43.81

40.58

37.77

35.35

33.30

7.9

45.82

41.79

38.25

35.17

32.53

30.28

28.39

8.0

40.18

36.32

32.98

30.12

27.69

25.65

23.95

8.1

34.79

31.18

28.10

25.50

23.32

21.51

21.01

8.2

29.77

26.46

23.69

21.38

19.46

17.88

16.58

8.3

25.19

19.78

17.76

13.63

21.10

16.38

14.64

16.10
13.23

14.74

8.4

22.23
18.50

12.07

11.14

8.5

17.52

15.28

13.46

11.99

10.80

9.84

9.06

9.0

6.29

5.39

4.69

4.13

3.69

3.33

3.05

9.5

2.08

1.77

1.53

1.34

1.19

1.08

0.98

10.0

0.67

0.57

0.49

0.43

0.38

0.34

0.31

11.0

0.07

0.06

0.05

0.04

0.04

0.03

0.03
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APPENDIX F
ANALYTICAL AND CHEMICAL TESTS PROCEDURE
F-l

Analysis of stream water and test-water samples.

1.1

Temperature

Temperatures of all the streamwater samples were determined
insitu. For this purpose Bibby SMPl meter was used. This meter has
facilities to determine temperature. pH and permanganate value.
The knob was turned to oC to determine the temperature of the
stream water. Everytime immediately before use the meter was
standardised, and after use Switched off, washed with tap water and
rinsed with distilled water. Temperatures of test-water samples,
although were set by thermostat but were confirmed by using
ordinary thermometer before starting any reaction.

1.2

pH

pH of each streamwater sample was also determined insitu. It was
measured by using a hand probe, type Palintest pH-microsensor.
Firstly it was standardised with buffer standard solution at a given
pH. If any variation occured on the scale, was altered via the
adjustment screw. Then it was dipped in to the flowing brook water
to a required pOint. The reading was recorded when the digits
consolidated. After use, the meter was switched off. washed with tap
water and rinsed with distilled water. pH of test-water samples was
also determined by similar apparatus and procedure.
1.3

Turbidity

Turbidity of each streamwater sample was determined immediately
after collection. For this purpose a portable Turbidimeter type
HACH was used (plate 7). At first the scale of the eqUipment was
standardised with the standard solution provided. A suffiCient
volume of adequately mixed sample was placed into the tube
provided and then the turbidity of the sample in NTU
(nephelometric turbidity unit) was determined. Turbidity of testwater samples was also determined using same apparatus and
procedure.
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1.4

Alkalinity

Alkalinity of each sample was determined by titration method
(Standard Methods. 1989). For this purpose 100 ml of sample were
poured into aclean 250 ml Erlenmeyer flask. Six drops of
phenolphthalein indicator solution were also added to it. Swirled
and titrated with 1.6 N sulphUriC acid until the solution turned from
pink to colourless. The amount of titrant used was recorded at this
stage and regarded as phenolphthalein alkalinity (mg/l). Titration.
then was continued after Brown Cresol Green-Methyl Red indicator
solution and Swirled all the time until colour changed to light pink.
The amount of titrant was recorded and regarded as total alkalinity
(mg/I).
TABLE: F-1.1
Alkalinity Relationships
Source: Standard Methods (1989).
Type of Alkalinity as CaC03 (mMll
Hydroxide
Result of Titration
Carbonate
Bicarbonate
P=O
P < T/2
P = T/2
P > T/2
P=T

0
0
0
2P - T
T

0
2P
2P
2(T - P)
0

T
T - 2P
0
0
0

Key:
P = Phenolphthalein Alkalinity
T = Total Alkalinity.
The relationship among stoichiometric classification of the three
principal forms of alkalinity i.e Hydroxide. carbonate and
bicarbonate was calculated from the table F -1.1. shown above. given
by Standard Methods (1989).
1.5

Chloride value

Chloride value was determined by Mohr Argentometric Method
(Standard Methods. 1989). For this purpose 100 ml of well mixed
sample were poured into a clean 250 ml Erlenmeyer flask in which
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1.0 ml of K2Cr04 indicator solution was added and titrated against
standard AgN03 titrant to a pinkish yellow endpoint and chloride
value in mg/l was calculated by the following formula;
mg Cr /1 = [ml AgN03 x N of AgN03 x35.45 x1000) / ml sample.
1.6

Total suspended soUds

For measuring total suspended solids. the method was basically as
described in Standard Methods (1989). A 7.0 cm diameter. 0.1
IlGF/C filter paper type Whatman was clipped Into the Hartley
pattern Buchner funnel and washed with three successive 20 ml
portions of distilled water. A vaccum pump was used to help the
filtration process. After complete filtration the filter paper was
placed in a aluminium planchet and dried in an oven at 1050 C for an
hour. It was cooled in a dessicator and weighed immediately before
use. A volume of 200 ml of sample was filtered through the same
filter paper. After all the sample was filtered. the filter paper plus
suspended solids dried again in the oven at the same temperature
for the same period. It was then cooled in the dessicator and
weighed. The cycle of drying. cooling and weighing was repeated
until a constant weight achieved. The difference in weights of the
filter paper (before and after the sample filtration) in mg. was
multiplied by 5 to get the amount of mg suspended solids per litre
of the sample.
1.7

Total soUds

Total solids were determined according to the method described in
Standard Methods (1989). A clean evaporating dish was ignited at
550±500 C for one hour in a muffie furnace. Dish was then stored in
a desiccator until room temperature and weighed immediately
before use. 100 ml of well mixed sample was poured into that
evaporating dish and evaporated to dryness on a steam bath. Dry
evaporated sample was deried for one hour in an oven at 103 to
105 0 C. Dish was cooled in a desiccator and weighed. Cycle of drying.
cooling and weighing was repeated until a constant weight was
obtained and following calculations were made to achieve the
amount of total solids in water in mg/l:
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Total solids (mg/ll = [IB - A) x 1000) / sample volume (mll
Where:
A = Weight of dish (mg).
B = Weight of dish + dried residue (mg).
1.8

Volatile soUds

Volatile solids were determined in continuation of the method for
total solids. according to the method suggested in Standard
Methods (1989). The residue in the evaporating dish after the
determination of total solids to a constant weight was ignited in a
preheated muffie furnace at a temperature of 550+500 C for about 20
minutes. The dish was then cooled partially in air and then finally in
a dry atmosphere of a desiccator and weighed. the cycle of igniting.
cooling and weighing was repeated until a constant weight was
obtained. the amount of volatile solids was determined using
following calculations:
Volatile solids (mg/ll = [(B - C) x 1000) / sample volume (rnl)
Where:
B = Weight of dish + reSidue before ignition (mg).
C = Weight of dish + reSidue after ignition (mg).
1.9

Biochemical oxygen demand ( BOO)

1.9.1

Reagents

1.9.1.1 Manganous sulphate solution
500 g of MnS04 .5H20 were dissolved in distilled water and volume
made up to one litre.
1.9.1.2 Alkaline iodide azide
400 g NaOH were dissolved in 560 ml of distilled water. 900 g Nal
were also added and the solution kept hot until all Nal dissolved.
After cooling the volume was made upto one litre. The solution was
let to stand overnight and decanted if considered necessary.
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1.9.1.3 Starch indicator solution

A little cold water was added to 5 g soluble starch mixed into a thin
paste and poured into one litre of boiling distilled water. After
allowing to settle overnight the clear supernatant was collected and
used.
1.9.1.4 Sulphuric acid (500Al)
1.9.1.5 Sodium thiosulphate N/80 solution

3.15 g Na2S203.5H20 were diluted in one litre glass distilled water
and 5 mg mercuric iodide were added to stabilize the solution and
stored in brown glass bottle.
1.9.1.6 Ferric chloride solution

0.25 g FeC13.6H20 were dissolved in distilled water and diluted to
one litre.
1.9.1.7 Calcium chloride solution

27.5 g CaCl2 were dissolved in distilled water and diluted to one
litre.
1.9.1.8 Magnesium sulphate solution

22.5 g MgS04.7H20 were dissolved in distilled water and diluted to
one litre.
1.9.1.9 Phosphate buffer solution

8.5 g KH2P04. 21.75 g K2HP04. 33.4 g Na2HP04 and 1.7 g NH4Cl
were dissolved in about 500 ml of distilled water and diluted to one
litre. pH was checked to be 7.2.
1.9.1.10 Dilution water

This was prepared by adding one ml of each of ferric chloride.
calcium chlOride. magnesium sulphate and phosphate buffer solution
(mentioned above) per litre of freshly distilled or deionized water.
Air was bubbled into it to saturate with oxygen. It was stored in
clean plastic vessel and always prepared fresh before use.
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1.9.2

Procedure

The 5-day biochemical oxygen demand (the BOO) was determined
by calculating the difference between dissolved oxygen in the
sample at the time of its preparation and 5 days after. The
determination of dissolved oxygen was carried out according to the
Winkler Method. described by the Department of Enviroment
(HMSO. 1972). The sample was diluted to one litre according to its
quality by dilution water. prepared by the method shown above in
1.9.1.10. One ml of alylthiourea (ATU) was added to the mixture and
mixed gently. The mixture then was poured gently. avoiding
aeration. into two 250 ml glass stoppered airtight BOO bottles. until
overflowing. The bottles were tapped a few times to allow air
bubbles to escape. Both bottles were labelled. Bottle no. 1 was
stoppered and incubated at 20 0 C for 5 days in the dark. To bottle
no.2. 2.0 ml each of manganous sulphate and alkaline iodide azide
solutions were added. A brown preCipitate was formed immediately.
This was let to settle to the lower third of the bottle. Mixing and
settling was repeated for second time. Settled preCipitate was then
dissolved by adding 4.0 ml of 50% sulphuric acid and shaked to get
clear iodine liqUid. 200 ml of that solution were removed from the
bottle and poured into a clean 500-ml conical flask and titrated with
N/80 sodium thiosulphate solution until the colour changed from
honey to straw. At this stage 2 ml of starch indicator solution were
added and the blue-black colour titrated to a colourless end pOint.
The volume of titrant was recorded at this point. Same procedure
was carried out to the bottle no. 1 after 5 days and the amount of
titrant noted. Exactly same method was repeated simultaneously
with another two bottles carrying only dilution water as a blank
determination. 5-day BOD was determined by making following
calculations:
5 day BOD (mg/I) = [(D - B) / 21 x dilution factor
Where:
D = Difference between the volumes of titrant used for diluted
sample at the time of preparation and after 5 days
B = Difference between the volumes of titrant used for blank at the
time of preparation and after 5 days.
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1.9.3 Chemistry of the BOD

When manganous sulphate and alkaline iodide azide were added to
the sample. a white precipitate Mn(OHh was formed:

The white precipitate was oxidised by the oxygen present in the
medium into a brown precipitate:
2Mn(OHh + 02 - -....~ 2MnO(OHh ,
Precipitate was dissolved by aCidification into manganic sulphate:

Manganic sulphate reacted with iodide (I") and liberated iodine 12 in
an amount equivalent to the dissolved oxygen Originally present:

The liberated iodine was titrated with a standard sodium
thiosulphate solution:

1.10

Chemical oxygen demand (COD)

1.10.1

Reagents

1.10.1.1 Potassium dichromate solution 0.25 N

12.259 g K2Cr207. previously dried at 103 0 C for 2 hours. were
dissolved in distilled water and diluted to one litre.
1.10.1.2 Mercuric sulphate solution

50 g HgS04 were dissolved in a mixture of 225 ml of distilled water
with 25 ml concentrated sulphuric acid.
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1.10.1.3 Silver sulphate solution
2.5 g of ~S04 were dissolved in 250 ml of concentrated sulphuric
acid and left stand I to 2 days to dissolve fully.
1.10.1.4 Ferroin indicator solution
1.485 g 1.10 phenanthroline monohydrate and 0.695 g of FeS04
.7H20 were dissolved In distilled water and diluted to 100 ml.
1.10.1.5 Ferrous ammonium sulphate (FAS) solution 0.25 N
98 g of Fe(N~h (S04) . 6H20 were dissolved in 500 ml of distilled
water containing 20 ml concentrated sulphuric acid. cooled and
diluted to one litre in a volumetric flask and stored in a brown glass
bottle. This solution was standardised before use against standard
K2Cr207 solution. For this purpose 10 ml of K2Cr207 were diluted to
100 ml distilled water and 30 ml of concentrated sulphuric acid
added to it. This solution was allowed to cool and titrated with FAS
solution Fe(NH3h(S04h using 2-3 drops of ferroin indicator
solution. The normality of Fe(NH3h(S04h was calculated according
to the following formula:
N of FAS Solution = [ml of K2Cr207 / ml titrant of FAS] x 0.25.
1.10.2

Procedure

Chemical oxygen demand (the COD) was determined using closed
reflux. Titrimetrlc Method. deSCribed in Standard Methods (1989).
Firstly. the block heater / the COD reactor was preheated at 1500 C.
To each digeStion vial 0.5 ml of mercuric sulphate solution. 1.0 ml
of 0.25 N potassium dichromate solution. 2.0 ml of sample (diluted
or undiluted. depending upon the quality of sample) and 2.0 ml of
silver sulphate in concentrated sulphuric acid were added. A blank
in which 2.0 ml distilled water were added instead of sample. All
sample and blank vials were prepared in duplicate. After tightening
the cap. vials were inverted several times to mix and placed in block
digester. After 2 hours of reflux these vials were removed and cooled
to room temperature. To each vial 3 drops of ferroin indicator were
added. a small TFE-covered magnetic stirring mini bar was placed
and stirred rapidly on magnetic stirrer while titrating the excess
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dichromate in the vials with 0.25 ferrous ammonium sulphate
solution. The end point was taken as when the colour changed from
blue-green to reddish-brown. The same was repeated for the blank.
Following calculations were made to determine the chemical oxygen
demand of that sample:
COD (mg/ll = [(A - B) x N x 8000 x dilution factor) / V .
Where:
A = FAS used for Blank titration (ml).
B = FAS used for sample titration (mll.
N = Normality of FAS solution and
V = Volume of the sample (mll.
1.10.3

Chemistry of the COD

Determination of the COD was a measure of estimating the oxygen
equivalent of oxidisable matter (organic or inorganic) in a water
system. This was achieved by producing a known excess amount of
nascent oxygen by reacting dichromate with sulphuric acid:

Some of the oxygen reacted with the oxidisable matter in the
sample and the excess was titrated with the standard ferrous
ammonium sulphate (FAS):

The difference between input oxygen (by way of K2Cr207) and
excess oxygen was the oxygen taken up. or in other words the
chemical oxygen demand of the sample.
1.11

Enumeration of Escherlchia coH

Escherichia coli were used as the indicator organisms of faecal

pollution throughout the investigation and were determined by the
membrane filtration technique (Plate 9). described in Standard
Methods (1989). This technique was found highly reproducible and
yielded numerical results more rapidly than any other technique,
therefore extremely useful in monitoring drinking water in
emergencies and for the examination of a variety of natural waters.
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1.11.1 Equipment and materials required
Autoclaved membrane filter funnel.
ii) Filter-flask with clamps. stand etc.
ill) Vaccum pump with tubing arrangement.
iv) Membrane filters and media absorbant pads (47 mm dial.
v) Sterilized petri dishes.
vi) Sterilized forceps.
vii) Burner.
viii) Syringe and needle.
ix) Incubators.
x) Colony counter.
xi) M-FC broth.
xii) 500-mI bottles containing sterilized 450 ml ringers
solution (quarter strength)
xiii) Sterilized buffer solution.
xiv) Sterilized glassware.
xv) Alcohol wash bottle.

i)

1.11.2

Preparation of culture medium and other reagents

1.11.2.1 M-Fe broth
3.70 g of M-Fe broth powder. which contained l.0 g of Bacto
Tryptose. 0.5 g Proteose Peptone No.3. 0.3 g Bacto Yeast Extract.
0.5 g Sodium Chloride. l.25 g Lactose. 0.15 g Bacto Bile Salts no.3
and 0.01 g Aniline Blue were rehydrated in 100 ml of distilled water
containing l.0 mI 1% rosolic acid in 0.2 N NaOH in a 250 ml conical
flask. heated to near bOiling. promptly removed from heat and
cooled to room temperature. Immediately before filtration process 2
ml of this broth were added to each petri dish containig media
absorbent pad and covered till placing membrane filter inside it.
This broth was prepared fresh everyday before use.
1.11.2.2 Ringers solution (Quarter strength)
2.25 g sodium chlOride. 0.105 g potassium chlOride. 0.12g calcium
chloride and 0.05 g sodium bicarbonate were dissolved in 1 L of
distilled water. pH was checked to be 7.0 and autoclaved at 121 0 C
for 20 minutes in two 500 ml bottles each containing 450 mI of this
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solution. This solution was prepared in large quantity to prepare
appropriate dilutions of dtfferentsamples.
Alternatively 1 tablet. (containing 1.125 g sodium chloride. 0.0525 g
potassium chloride. 0.06 g calcium chloride.6H20 and 0.025 g
sodium bicarbonate) was dissolved in each 500-ml bottle containing
500 ml of distilled water. 50 ml of the solution were removed to
leave 450 ml solution in each bottle (making provision for 50 ml of
sample). All bottles were autoc1aved at 121 0 C for 20 minutes and
cooled at room temperature before use.
1.11.2.3 Stock phosphate buffer solution
34.0 g potassium dihydrogen orthophosphate were dissolved in 500
ml of distilled water. pH was adjusted to 7.2 with 1 N sodium
hydroxide (prepared by dissolving 40.0 g sodium hydroxide in one
litre of distilled water) and diluted to one litre with distilled water.
This solution was kept in refrigerator at 4 0 C and discarded when it
became turbid.
1.11.2.4 Working phosphate buffer solution
1.25 m1 of stock phosphate buffer solution was added to one litre
bottle containing distilled water and mixed to make one litre of
working phosphate buffer solution. Before use it was autoc1aved at
121 0 C for 20 minutes and cooled to room temperature.
1.11.3

Procedure

1.11.3.1 Sample dilution
Water sample to be fIltered was shaked atleast 25 times. Using a 50ml sterilized cylinder. 50 ml portion of the sample was poured into
a bottle containing 450 ml of ringers solution (quarter strength).
Bottle was stoppered immediately. Diluted sample was shaked very
well and labelled as 10- 1 (50 ml made upto 500 ml is a dilution by a
factor of 10). Taking fresh sterilized 50 ml cylinder, 50 ml from 101 dilution sample were poured into another bottle containing 450
ml ringers solution. Stoppered and labelled as 10. 2 . Similarly other
dilutions were prepared according to sample quality. All used
measuring cylinders were placed in a sterilizing oven for
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sterilization before washing and all dilution bottles. after use. were
autoclaved before discarding their content.
1.11.3.2 Preparation of petri dishes

The packing of sterilized petri dishes was opened and a sterile
absorbent pad was placed inside every petri dish using the
dispenser. Using a sterile 2 ml pipette. 2 ml of prepared M-Fe
broth were pipetted on to the absorbent pad. Petri dish was covered
and marked appropriately for sample identification. Duplicate petri
dishes were prepared for each sample dilution and all were set
aside.
1.11.3.3 Filtration

Sterile wrapping was removed from around the filter holder
carefully and placed in the filter flask. Utmost care was taken not to
touch the inside of filter holder. Sterile forcep was carefully opened
from its wrapping and placed in a alcohol bottle. Sterile membrane
was taken from its packet and loaded in the sterile filter holder
with grid side up with the help of forcep. For this purpose smooth
tipped forcep that was dipped in alcohol. taken out quickly.
flammed to stertile the tip and allowed to cool for a few moments
before handling the membrane. Membrane was then rinsed by about
20 ml of working phosphate buffer solution with the help of
sterilized 50 ml syringe and needle. Using a vaccum pump
connected with flask all liquid was filtered through membrane filter.
Sample filtration was started from the most diluted sample. The
diluted sample was first shaked atleast 25 times and its 50 ml
portion was taken in sterilised measuring cylinder and poured in
filter funnel containg membrane filter. When the sample was filtered
across the membrane. the funnel walls were rinsed 3 times with
atleast 30 ml of sterile working phosphate buffer solution using
syringe and a needle. After complete filtration vac cum pump was
turned off and filter holder funnel was lifted off. Membrane filter
was removed using flame sterilized forcep and transferred
immediately to the previously prepared petri dish with care so that
no air bubble was trapped underneath of the membrane filter. which
could prevent its parts from receiving nutrient media.
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1.11.3.4 Incubation

After placing the membrane filter inside the petri dish it was
covered immediately and labelled on the base with dilution no. of
the sample. date. name initials etc. Similarly all the samples were
filtered and petri dishes prepared in the end were placed in a water
proof plastic bag and transferred to an incubator where they were
incubated for 18 hours at 440C±0.20C.
1.11.3.5 Identification and counting of colonies

After 24 hours of incubation all petri dishes from the incubator
were removed and Escherichia coli colonies were counted within
the 30 minutes using wet method of counting. For this purpose the
bottom of petri dish was placed on the gridded glass-screen of
colony counter and blue coloured colonies of Escherichia coli were
counted using naked eye or magnifying glass if necessary.
1.11.3.6 Calculations

Duplicate reading of Escherichia coli of all the dilutions were
achieved. By using their appropriate dilution factor the exact
number of colonies was calculated for each sample dilution and
mean was taken of two values for each sample. These were the
readings per 50 ml. therefore were multiplied by 2 to get number of
colonies per 100 ml of that sample. After counting of colonies all
petri dishes were placed in a bin. especially used for keeping biohazardous material. till autoclaving and discarding safely.
1.12

Total organic carbon (TOe)

Determination of total organic carbon (TOC) of the samples
collected from stream and prepared for the experimentation with
other additives were carried out in the Nottingham's Environmental
Laboratory of National Rivers Authority. Severn-Trent Region.
Dohrmann DC-80 Analyser was used for this purpose. The
instrument had a limit of detection equal to 0.18 mg/l TOC at 1000
ilL sample with 10 degrees of freedom. Filter water samples were
manually aCidified with phosphoric acid to pH 2 and sparged with
carbon dioxide-free nitrogen or organ to remove inorganic
carbonate. The sample was pumped via an automated sampling valve
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1

into a reactor vessel containing an acid. patassium persulphate
solution. Under the action of DV radiation soluble organic carbon
was oxidised to carbon dioxide gas. which was sparged from the
reactor vessel by nitrogen or argon and passed via a U-tube trap to
an infrared detector. The latter was linear over a wide range. so that
a Single point calibration procedure could be used. the sample loop
volume being varied in accordance with the maximum value
required.
1.12.1

Apparatus

i) A TOC analyser fitted with a UV-irradiated reaction vessel and
automatic sample and reagent introduction and equipped with a gas
sparge facility in order to remove the carbon dioxide reaction
product to an infra-red detector capable of linear calibration over a
wide concentration range.
ii) Glass test-tubes 150 x18 mm. scrupulously clean used for
samples other than water supply samples and decontaminated by
soaking in the cleaning solution overnight. rinsed first in tap water
followed by deionized water.
iii) Glass vaccum filtration eqUipment and glass-fibre filters (grade
GF/C).
iv) Acid dispenser set to 0.20 ml (+ 0.01 ml).
v) Volumetric glassware (to class B standard).
1.12.2

Reagents

1.12.2.1 Potassium persulphate solution

20.0 g of potassium persulphate were dissolved in 900 ml of organic
carbon free water. 1.0 ml of 85% w/v phosphOriC acid was added
and diluted to a volume of 1 L in a volumetric flask . .
1.12.2.2 Phosphoric acid (Dilute. 20% v/v)

50 ml of 85% w /v phosphoric acid was added to 150 ml organic
carbon free water slowly with stirring and diluted to 250 ml with
organic carbon free water.
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1.12.2.3 Stock Potassium hydrogen phthalate solution (2000 mg/l)

0.425 g potassium hydrogen phthalate. dried at 1200 C for 2 hours
in 80 ml of organic carbon free water. 0.5 ml of 20% v/v phosphoric
acid were added and diluted with organic carbon free water to 100
ml. in a volumetric flask. This solution was stable for one month if
refrigerated at 4 oC.
1.12.2.4 Working Potassium hydrogen phthalate solution
(Standard A, 400 mg/I)

20 ml stock solution of potassium hydrogen phthalate and
phosphoric acid (200/0 v/v. 0.5 ml) were diluted to 100 ml in a
volumetric flask. This solution was prepared weekly.
1.12.2.5 Standard B. 10 mg/I

5.0 ml of stock solution of potassium hydrogen phthalate and
phosphoric acid were diluted to 1 L in a volumetric flask. This
solution was prepared weekly.
1.12.2.6 Blank solution

1.0 ml 85% w/v phosphoric acid was added to 1000 ml organic
carbon free water. This was prepared daily.
1.12.2.7 Glassware cleaning solution

50 ml of Decon 90 concentrate were diluted to 1 L organic carbon
free water.
1.12.3

Procedure

1.12.3.1 Sample preparation

Sample was shaked properly and if it was clear of any suspended
matter. a sampler test tube was filled to 0.5 inch below the rim. If
the sample had suspended matter. a portion of it was filtered
through a glass fibre filter paper by means of a small Buchner filter
flask. First 20 ml of filtered sample were discarded and then it was
collected in a scrupulously clean glass test-tube. All test tubes were
numbered and recorded on the work schedule.
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1.12.3.2 Instnunent set up and calibration

Total organic carbon analysing instrument Dohramnn DC-80
analyser was set up and switched on according to manufacturer's
operating instructions. The TOC/POC switch was turned to TOC and
toggle switch on the electronic module was switched to "ppm C".
The instrument then was allowed to stabilize the display reading
and that reading was recorded. Autosampler tray was loaded clockwise with 3 calibration standards (10 mg/l ) on standard positions 1
to 3. 0.2 ml of 20% v/v dilute phosphoric acid from a dispenser was
added to each autosampler tube and instrument was calibrated
according to manufacturer's operating instructions to give reading of
total organic carbon (TOC) in mg/1.
1.12.3.3 Sample determination

Samples were loaded in batches of 25, each batch was followed by a
control standard and blank water. Mter pressing the 'Auto' button on
the sampler, the sampler arm descended, flushed and loaded the
sample loop in approximately 4 minutes 16 seconds and then
injected into the reaction module. The arm, then moved to the next
sample. The sample valve switched from 'Inject' to 'Load' at
apprOximately 6 minutes 6 seconds and loading occured when the
electronic module signalled 'Ready'.
Analysing time per sample varied from 4 to 8 minutes, but where
the detector did not return to base line within 8 minutes, such
sample was re analysed with appropriate dilution. Mter the outer row
was sampled, the sampling head moved automatically to the inner
row of samples.
Results of the test samples (mg/l Carbon as TOC) obtained from the
printer roll were recorded on the work schedule and COinCided
with their reference numbers. After use sample tubes were emptied
and rinsed with tap water and then distilled water. Contaminated
and dirty tubes were cleaned as described earlier in apparatus
section of this test. Instrument was then shut down according to
manufacturer's operating instructions.
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F-2:
2.1

Preparation of Artificial Turbidity Suspension
Reagents

2.1.1 Solution A

1.000 g hydrazine sulphate (NH212.H2S04 were dissolved in distilled
water and diluted to 100 m1 in a volumetric flask.
2.1.2 Solution B

10.00 g hexamethylenetetramine (CH2)6N4 were dissolved in
distilled water and diluted to 100 ml in a volumetric flask.
2.2

Procedure

5.0 ml solution A and 5.0 ml solution B were mixed in a 100-ml
volumetric flask and allowed to stand 24 hours at 25±3oC. Diluted to
100 ml mark with distilled water and mixed. The turbidity of this
suspension was 400 NTU. This suspension was prepared monthly
(Standard methods. 1989).
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F-3: Standardisation of iodine and chlorine solutions
The strength of iodine and chlorine solution was determined using
iodometric method described in the Standard Methods for the
examination of water and wastewater (1989). Followings are the
details of this method:
3.1
3.1.1

Iodometrlc titration of Iodine
Reagents

3.1.1.1 Concentrated Acetic acid (Glacial).
3.1.1.2 Potassium Iodide (KI) crystals.
3.1.1.3 Standard Sodium thiosulphate N/lOO
25.0 g Na2S203.5H20 were dissolved in 1 litre freshly boiled and
cooled distilled water. The solution was stored for aUeast 2 weeks in
a brown glass bottle and standardised against potassium bi-iodate
solution before use.
3.1.1.4 Standard Potassium bl-Iodate. 0.1000 N
3.249 g anhydrous potassium bi-iodate KH(I0312 were dissolved in
distilled water and diluted to 1 litre. It was stored in a glass
stoppered bottle.
3.1.1.5 Starch indicator solution:
Described in the section 1.9.1.3 of Appendix F-1.
3.1.2

Standardization of Sodium thiosulphate solution

1.0 ml concentrated H2S04. 10.0 ml 0.1000 N KH(I0312. and 1.0 g
KI crystals were added to 80 ml distilled water with constant
stirring. The liberated iodine was immediately titrated with the
O.OIN sodium thiosulphate (Na2S203) solution until the mixture was
near colourless. 1.0 ml starch indicator was added and the blue
colour titrated to a colourless end pOint. The normality of Na2S203
solution was calculated as:
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3.1.3

Procedure

5.0 ml of concentrated acetic acid (glacial) and about 1 g KI crystals
estimated on a spatula were placed in to a 500 ml glass conical flask.
10.0 ml of iodine solution and 190 ml of demand free water were
also added to the flask. Liberated iodine was titrated immediately
away from direct sunlight with the standardised sodium
thiosulphate. When yellow colour of the liberated iodine was almost
discharged, 1.0 ml of starch indicator solution was added and
titrated again until blue colour was discharged. Similar titration was
carried out for blank, using 200 ml of demand free water only. The
concentration of iodine solution was calculated as:
mg/ml Iodine as 12 = [(A ± B) x N xI26.9) / ml sample of iodine
where:
A = ml titration for the sample.
B = ml titration for the blank (positive or negative) and
N = normality of Na2S203 solution.
3.2 Iodometrlc titration of chlorine

Same procedure (described in 3.1.3) was repeated for the
iodometric titration of chlorine solution using only 5.0 ml of
chlorine solution and 195 ml of demand free water. The
concentration of chlorine in the solution was calculated as following:
mg/ml chlOrine as CI2=[(A±B) xNx 35.45) / ml chlOrine sample
Where.
A = ml titration for the sample
B = ml titration for the blank (positive or negative)
N = normality of Na2S203 solution.
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F-4: Measurement of the residual iodine and chlorine levels
in water
At the start of the investigation calibration curves were prepared
separately for both iodine and chlorine so that the residual
disinfectant level in the samples could be read directly from the
curves against the spectrophotometer· readings indicated. The
calibration curves were constructed by plotting simultaneous
concentration measurements of their solutions by the DPD
colorimetric determination at 550 nm as developed by Black and
Whittle (1967). The line best fit was located in each graph by simple
curve fitting. Routine determinations of iodine and chlorine in the
samples during the investigation were made using the DPD
Colorimetric method.
4.1

Calibration curve for iodine

4.1.1 Preparation ofDPD solution

To apprOximate 100 ml of deionized water was added 4.0 + 0.2 ml
of 10% v/v sulphuric acid and 5.0 + 0.2 ml of 8.0 g/l ethylene
diamine tetra-acetic acid disodium salt (EDTA) solution. In this way
0.30 + 0.01 g of ( NH2CsH4N (C2H5h . H2S04. 5H20) DPD sulphate
was dissolved and the solution was then diluted using deionized
water to 200 ml in a graduated flask. The DPD solution so prepared
was stored in a refrigerator to provide a cool. dark environment.
and because of its instability a fresh solution was prepared each
week.
4.1.2 Preparation of Buffer Solution

To apprOximately 100 ml of deionized water was dissolved 4.8 +
0.1 g of disodium hydrogen phosphate. and to this was added 20 +
2.0 ml of 8.0 g/l ethylene diamine tetra-acetic acid disodium salt
(EDTA) solution. This was diluted to 200 ml using deionized water
in a graduated flask and 4 drops of 2% w/v mercuric chloride
solution was added to prevent mould growth and to prevent
interference (especially in the free chlorine test caused by traces of
iodide). It is stated in 'Methods of Analysis' (Yorkshire Water
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AuthOrity. 1981) that a stable combined DPD- buffer reagent is also
commercially available in powder or tablet form.
TABLE: F-4.1
Iodine Calibration Results at 550 nm wavelen,gth by 10 mm cell.
Iodine Concentrations
Absorption
Absorption Reading (m,g/l)
Blank Readin,g
Readin,g
Blank
0.0025
0.1
0.0125
0.0100
0.5
0.0275
0.0250
l.0
0.0550
0.0525
2.0
0.1025
0.1000
0.1550
3.0
0.1525
4.0
0.2050
0.2025
5.0
0.2575
0.2550
0.3025
0.3000
6.0
7.0
0.3550
0.3525
8.0
0.4025
0.4000
9.0
0.4575
0.4550
10.0
0.4975
0.4950
FIGURE: F-4.1
Calibration Curve for Iodine at 550 nm wavelen,gth by 10 mm cell.
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4.1.3 Calibration procedure

After knowing the strength of prepared stock iodine solution by
Iodometric Titration Method dilutions were made in twelve 100 ml
capacity graduated flasks for the concentrations from 0.1 to 10.0
mg/I. Twelve 250 ml capacity conical flasks were then taken one at
a time and to each of these in turn was added in order 5.0 + 0.1 ml
of DPD solution. 5.0 + 0.1 ml of buffer solution and one of the 100
ml samples of the iodine dilutions. All flasks were swirled following
each addition of liquid in order to ensure thorough mixing.
Immediately after mixing a clean 10 mm cell was rinsed out with
the flask content then filled. and the light absorbence at 550 nm
was measured in the Pye Unicam SP6-250 spectrophotometer
against distilled water in a 10 mm reference cell. by subtracting the
absorption reading for the reference cell from that for the sample
cell. The spectrophotometer used was fitted with a zero adjustment
control which enabled the blank reading to be set to zero.
When all of the iodine dilutions had been used. a graph of
absorbence against iodine concentration was drawn. and a best fit
line passing through the origin was drawn for the pOints by using
simple curve fitting. The calibration graph plotted is shown in figure
F -4.1. and the calibration results obtained are tabulated in table F4.1.

4.2

Calibration curve for chlorine

4.2.1 Preparation of stock potassium pennanganate solution

A one litre stock solution was prepared by dissolving 0.891 +0.0005
g of potassium permanganate (KMn04)ln about 200 ml of delonlzed
water which was then diluted to one litre
4.2.2 Preparation of working potassium pennanganate solution

A 10 ml volume of stock potassium permanganate solution was
diluted with 90 ml of deionized water in a 100 ml graduated flask.
When 1.0 ml of this solution is diluted to 100 ml with deionized
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water. a chlorine equivalence of 1.00 mg/l will be produced in the
DPD reaction (Standard Methods. 1989).
4.2.3 Calibration procedure
~

~SiX

graduated flasks of 100 ml capacity had the volumes of working
potassium permanganate solution as shown in Table F-4.2 added to
them. using a burette; and the flasks were then filled to their 100
q
ml marks with demand free water ..SiX 250 ml capacity conical
flasks were then taken one at a time and to each of these in turn
was added in order 5.0 + 0.1 ml of DPD solution. 5.0 + 0.1 ml of
buffer solution and one of the 100 ml samples of the potaSSium
permanganate dilutions. All flasks were swirled following each
addition of a liquid in order to ensure thorough mixing. Immediately
after mixing a clean 10 mm cell was rinsed out with the flask
contents then filled. and the light absorption at 550 nm was
measured in the spectrophotometer against distilled water in a 10
mm reference cell. by subtracting the absorption reading for the
reference cell from that for the sample cell. The spectrophotometer
used was fitted with a zero adjustment control which enabled the
blank reading to be set to zero.

TABLE: F-4.2
Chlorine Calibration Results at 550 nm wavelenJ:(th with 10 mm cell
Working
Chlorine
Absorption
Absorption
Equivalence
Reading(-)
Reading
KMn04
Solution (mll
Blank Reading
(mg/ll

0.1
0.5
1.0
1.5
2.0
3.0
4.0
5.0

Blank
0.10
0.50
1.00
1.50
2.00
3.00
4.00
5.00

0.0100
0.0300
0.0950
0.1700
0.2525
0.3350
0.4850
0.6550
0.8075
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0.0200
0.0850
0.1600
0.2425
0.3250
0.4750
0.6450
0.7975

FIGURE: F-4.2
Calibration Curve for Chlorine at 550nm wavelen th with10mm cell.
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Concentration of chlorine (mgJl)

When all of the potassium permanganate dilutions had been used, a
graph of absorbence against chlOrine concentration was drawn, and
a best fit line passing through the origin was drawn for the pOints
using simple curve fitting. The calibration graph obtained is shown
in figure F-4.2, and the calibration results obtained are tabulated in
table F-4.2.
4.3

Test procedure for reslduallodlne and chlorine

In order to determine free available iodine (and chlorine), 5.0 + 0.1
ml of DPD solution were added in a 250 ml conical flask followed by
5.0 + 0.1 ml of buffer solution, and these were mixed. To this way
added 100 + 0.5 ml of the test sample having residual iodine (or
chlorine), and mixed thoroughly. A clean 10 mm cell was rinsed out
with the flask contents immediately after mixing and then filled.
The absorbence of the cell contents at 550 nm wavelength was
measured against distilled water in a 10 mm reference cell by
subtracting the spectrophotometer reading for the reference cell
from that for the sample cell. The equivalent iodine or chlorine
concentration in terms of mg/l was then read off from their
corresponding calibration curve.
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