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PREFACE 

The increase in demand for water, a finite resource, is inevitable 

with the rise in population and the increase in per capita water 

use which is associated with improving living standards. Much 

of the emphasis on water thus far has been on its volume for 

human use. Accordingly, most of the past effort has been on 

gathering, storing and distribution of water for the multiplicity 

of human uses. The attention given to providing water for other 

living beings, ecosystems, the environment and for maintaining 

its quality have been relatively very meagre. 

Recent happenings have compelled international organizations 

and national governments to look into the quality aspects of 

water much more seriously than before. 

More than five million people die annually from water-related 

diseases. Large numbers of water bodies are getting covered 

with algae making them not available for fishing, navigation and 

recreational activities. Furthermore, discolouration and bad 

odour prevent their use for public water supply. Heavy metals 

and other materials from industrial effluents are found in 

harmful concentrations in lakes and rivers. Acid rain has made 

hundreds of lakes fishless and threatens the fish in the oceans in 

time to come. Monuments of priceless value have been damaged 

by acid rain. 

In Sri Lanka, water-related deaths are very high, ten of the large 

reservoirs have had algal blooms, canals and streams have been 

polluted from industrial effluent and the Beira Lake, a onetime 

picturesque and sparkling water body, has been transformed 

into an algae covered, foul smelling embarrassment to the city 

of Colombo.  

Although almost every country has its own laws to protect water 

quality, and has created several state funded institutions to 

implement such laws and to protect the quality of the water 

bodies, one may question whether the state alone can do this 
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job effectively. Clearly, civil society, environment conscious 

organizations, school children and individuals have to come to 

the forefront as custodians of water quality of water bodies. 

The main purpose of this book is to bring about public 

awareness on the properties of water, its multiple uses, the 

quality requirements, the pollution of water and on the action 

required to maintain it in a pollution-free state. 

Many have contributed significantly to the writing of this book. 

I wish to thank my wife Pushpa and other family members for 

their support and encouragement.  I am extremely grateful to 

Mr. J. P. Padmasiri, former Regional Chemist, National Water 

Supply and Drainage Board for giving me freely of his time in 

sharing his vast knowledge on the subject of water and for 

providing me valuable advice and making many useful 

suggestions. I thank Dr. Kingsley de Alwis, Prof. Daya 

Ahangama, Prof. R. P. Gunawardena, Prof. Ananda Jayakody, 

Dr. U. P de S. Waidyanatha and Ms. Jayanthi Abeygunasekera 

for reviewing the manuscript carefully, making corrections and 

giving very useful comments. 

I thank Mr. Tharanga Aluthwatte, Mr. Naveen Wijesena, Mr. 

Kithsiri Ranawana and Dr. M. A. Lathiff for permitting me to 

include their photographs in the book. 

 

 

Dr. Sarath Amarasiri 

June 2008 
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PREFACE TO THE SECOND EDITION 

Six thousand copies of the book CARING FOR WATER 

written in Sinhala, three thousand in Tamil and two thousand in 

English printed in 2008 were distributed to schools, libraries, 

academics, professionals, state officials and many others. The 

book won an award from the Sri Lanka Association for the 

Advancement of Science in 2008. 

Many significant changes of environmental significance have 

occurred since the book was published. The human population 

and human needs have increased. Disposal of human wastes is 

becoming a global problem with respect to their quantity and 

toxicity. Carbon dioxide in the atmosphere reached the 400 

ppm mark in 2013. The number of motor vehicles in the world 

has passed the one billion mark. Climate change has led to 

storms with increasing intensity leading to increased soil 

erosion. Rivers are muddied more frequently than before. Lakes 

and reservoirs are having algal blooms for the first time. 

Industrial waste materials containing heavy metals such as 

mercury, chromium, cadmium and lead arising from the 

manufacture of human wants such as cellular telephones, 

electric bulbs, steel, alloys, motor vehicles, shoes, and in gold 

mining, end up in waste dumps and ultimately enter water 

bodies. Thousands of new chemicals are synthesised in 

laboratories all over the world whose effects on living beings 

and the environment in the short and long term have not been 

adequately tested. 

In these circumstances there is little wonder that human health 

is affected by hitherto unknown diseases such as Chronic 

Kidney Diseases of unknown Etiology in Sri Lanka that has 

killed thousands, wrecked the family life of hundreds of 

thousands in farming communities, and brought a sense of 

despair to millions of Sri Lankans across the country. 
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While the cause of the disease is not conclusively established at 

this point of time, although several hypotheses have been 

formulated, there is almost unanimity of opinion that one of the 

primary causes is the drinking of polluted water. 

This book discusses various ways in which water could be 

polluted in Sri Lanka and offers ideas and makes suggestions 

how to minimise pollution. In the final analysis the human is 

the chief polluter. It is the human, therefore who has to bring 

about necessary changes in his or her thinking and in his or her 

life style. This book is primarily to bring about public awareness 

of the need to change. 

The contribution made by Prof. Viranjanie Gunawardana and 

Dr. Premalatha Balasuriya in reviewing the manuscript, 

identifying errors and making very useful suggestions is 

acknowledged.   

The author wishes to thank the Greater Kandy Water Supply 

Project of the National Water Supply and Drainage Board for 

the publication of the second edition. The author is grateful to 

Eng. Sarath Gamini, Project Director for his keen interest and 

encouragement. The assistance of Ms. Indumini Menikdiwela 

and Ms. Ashika Weerathunga is also acknowledged. 

 

Dr. Sarath Amarasiri 

April 2015 

 

 

 

 

 

 

 



~ 1 ~ 

1. INTRODUCTION 

Water in the form of liquid, solid and gas occurs 

on earth in the oceans, rivers,  lakes, streams, 

reservoirs, springs, glaciers, soils, rocks, air, 

plants and animals. It is found on other planets as 

well, but mainly in the form of ice. Water 

occupies a very large proportion of the bodies of 

all living organisms and takes part in vital 

metabolic processes. While humans can live 

without food for about a month, they cannot 

survive without water for more than four or five 

days. Water is also very important for human 

recreation.  

Owing to increase in human population, rising 

living standards, expansion of agriculture and 

industry and use for a large number of other 

purposes, the demand for fresh water has 

increased several fold recently. However, the 

amount of freshwater available for human 

exploitation is finite and small. 

This limited quantity of water is being polluted 

by human activity, thus damaging ecosystems, 

upsetting natural processes and posing a threat 

to the existence of all living beings. 

 

Water is present on Earth, Moon, Mars, Mercury, Neptune and 

throughout the solar system. Research conducted by the NASA 

spacecraft Messenger that landed on Mercury in March 2011 

has proven that Mercury holds billions of tonnes of water ice at 

its north pole (Ref 8). It is only on the earth that water in the 

liquid form is found on the surface. Elsewhere it is believed to 

exist mainly as ice, and in the subsurface. A picture of the earth 
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showing the spread of water taken from Apollo 17 spacecraft in 

1972 is shown in Figure 1.  

Water is found on earth free, as well as within the atmosphere, 

lithosphere and hydrosphere in cyclic motion. Water in the 

form of liquid, solid and gas occurs in the oceans, lakes, rivers, 

streams, reservoirs, springs, glaciers, soil, rocks, air, plants and 

animals in varying proportions.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The earth as seen from space in December 1972  

(Source Ref 19) 

A very large number of organisms live in water ranging from 

bacteria, algae, zooplankton, plants, fish, crocodile and whale, 

while others that live outside the aqueous medium need it for 

their existence. Water constitutes a very large proportion of the 

bodies of all living organisms and is involved in nearly all vital 

metabolic processes. In fact, while humans can live without 



~ 3 ~ 

food for about a month, they cannot survive without water for 

more than four or five days. Water reacting with carbon dioxide 

and utilizing the energy of the sun enables plants to produce 

carbohydrates through photosynthesis. Water has the ability to 

dissolve a large number of substances and thereby to hold and 

supply essential nutrients for plant and animal life. It also 

possesses certain properties that protect living organisms from 

extremities of cold and heat. Water is also very important for 

human recreation such as angling, boating and swimming. 

Furthermore, some consider a large, silent, still and clear water 

body an ideal surrounding for meditation. 

Much of human history is water centered. Many important 

civilizations developed on the banks of major rivers such as the 

Nile, the Tigris, the Euphrates and the Ganges, where the basic 

needs of man such as drinking, farming and transportation 

were readily met. In fact, according to legend the first king of Sri 

Lanka, Vijaya, and his followers from India landed in Mannar 

and settled on the banks of Malwathu Oya.  

The shortages of water that occurred in many regions of the 

world during the latter part of the last millennium resulted 

mainly from the higher demand for water arising from increase 

in human population, changing agriculture from shifting 

cultivation to settled farming, onset of the industrial revolution 

and the rapid rise of the standard of living in some parts of the 

world. In fact, during the twentieth century, population 

increased five times and industrial production increased one 

hundred times over the respective values for the previous 

century. Irrigated farmland expanded by a factor of four and 

domestic water use more than doubled during the last few 

decades in many affluent countries with upward change in life 

styles. For instance, hand washing was replaced by clothes 

washers and dish washers, more people acquired utilities that 

needed much water, irrigated lawns and home gardens 

increased and much more water was used on general cleanliness 
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and personal hygiene than before.  As a result, growth in global 

water consumption in the recent decades has been more than 

six times the rate of increase of human population. To 

compound matters further, pollution has decreased the volume 

of freshwater on earth and climate change has increased 

uncertainties of water availability in several regions.  

The projected per capita availability of freshwater for a number 

of countries is given in Table 1 based on projected population 

increase. Apparently there are wide disparities in water 

availability among nations. Many countries are expected to run 

into water shortages not encountered hitherto. For example, the 

per capita water availability in India is projected to decline from 

3074 m3/yr in 1975 to 1434 m3/yr in 2025.   
 

Table 1: Estimated per capita water availability of selected 
countries 

Country 

  

Per capita freshwater availability  

( m3  per annum) 

1975 2000 2025 

Bangladesh 15808 9373 6773 

Brazil 64252 40855          31891 

Canada         124995 93140          76551 

China 3050 2215 1911 

India 3074 1882 1434 

Sri Lanka 3878 2656 2123 

U.K. 1263 1207 1184 

U.S.A. 11255 8902 7611 

Source: Ref (16) 

 

Water has multiple uses. It is used for agriculture, industry, 

recreation, urban and municipal development and for meeting 

domestic needs. Agriculture is the largest user of water globally, 

accounting for about 70% of total consumption, followed by 

industry at 23%, and domestic and other uses taking up the 

balance 7%. The domestic consumption in the western countries 
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is about 300 litres per capita per day of which 32% is used for 

toilet flushing, 17% for bathing, 12 % for washing machines and 

38% for cooking, drinking, hand washing and gardening. 

Human consumption of water in drink and food is estimated 

only at about two litres per day. The estimates of water use in 

selected countries in 2002 are given in Table 2. 

It is evident from Tables 1 and 2 that the per capita water use by 

humans is a small fraction of the available freshwater, and one 

may therefore justifiably question why many people are deeply 

concerned about shortage of water at present and the likelihood 

of its worsening in the future. The main problem is that potable 

water is but a very small fraction of the total freshwater. Much 

of the surface fresh water is not drinkable owing to the presence 

of pathogenic organisms. In addition some deep well waters are 

unsuitable for drinking owing to high concentrations of metals 

such as arsenic as in Bangladesh, or high content of fluoride as 

in someparts of Sri Lanka and excessive amounts of dissolved 

salts in many parts of the world. Another problem often is the 

long distances separating sources of freshwater and centers of 

human habitation. Water must not only be safe and wholesome, 

it must be easily accessible and affordable.    

 

Table 2: Estimated per capita water use in selected countries 
in 2002 

Country  Per capita freshwater use ( m3) 

Canada 1488 

Japan 708 

Cuba 678 

Sri Lanka 651 

Indonesia 537 

Russia 456 

South Africa 271 

Source: (Ref 17) 
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Water has to be looked at in terms of both quantity and quality. 

While the preoccupation of many countries in the past has been 

on quantity, there is an increasing concern today about its 

quality.  Basic quality characteristics have to be met with regard 

to supplying drinking water for billions of people. Drinking 

water should be colourless, have no unfavourable smell or 

disagreeable taste, devoid of harmful concentrations of many 

inorganic and organic substances and free of pathogenic 

organisms. In fact a large number of diseases including 

Diarrhea, dysentery, cholera and hepatitis are caused by 

contaminated water. 

Animals also have specific requirements with respect to water 

quality.  Fish require about 4 mg/L dissolved oxygen in water 

for their normal metabolic functions. Shrimp can thrive in 

brackish water whereas murrel (loola) and eel (aanda) can only 

live in fresh water. Some species like salmon spend part of their 

lives in the sea but move to fresh water for spawning and return 

to the sea thereafter. Irrigation water should not have pH values 

that are too low or too high, should not contain high level of 

salts, nor high concentrations of specific elements such as 

sodium, chloride and boron. There are many examples in 

industry where specific quality requirements have to be met. 

Water used for boilers must have a pH of about 9.4 while that 

used in concrete making should not have total dissolved salts 

exceeding about 2000 ppm, nor pH less than about 5.5.  

Every user having obtained water of the required quality for the 

purpose at hand has to discard it somewhere after use. This is 

often referred to as waste water which may not be used for the 

same purpose without modification. Agriculture is the leading 

polluter of water globally, mainly from erosion of poorly 

managed agricultural lands and the transfer of soil particles to 

water bodies. Furthermore, use of chemical and organic 

fertilizers can increase the plant nutrient content of water 

bodies leading to excessive biomass accumulation while 
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pesticides and their residues in water can harm many 

organisms including the human. Industries use a large number 

of inorganic and organic chemicals which can cause harm to the 

aquatic ecosystems from their effluents. Likewise, domestic 

wastes including household wastes and sewage carry a number 

of harmful substances including pathogenic organisms. 

The pollution of water bodies from human activity has had its 

toll on biodiversity and public water supply. In the 1970s two of 

the Great Lakes, Erie and Ontario,  became uninhabitable for 

most species of aquatic organisms due to very high 

concentrations of plant nutrients in the water, while pesticides 

led to the disappearance of the eagle and also caused 

deformities in several species of birds. In the late 1980s rivers in 

the industrial city of Manchester in England were polluted from 

effluents of industries associated with tanneries, meat, food 

processing, dyeing of cotton wool, batteries, paint and paper to 

such a degree that fish was not found for a distance of nearly 

1000 km. 

Marine snails in the Antarctica oceans are being adversely 

affected by the increased acidity of the ocean. The shells of the 

snails are made of aragonite which is calcium carbonate 

chemically and are therefore subject to corrosion by the acidity 

of the sea water. According to the experts at the British 

Antarctica Survey these snails are an important food item for 

fish, whales and seabirds (7). 

Drinking water quality for humans has been badly affected by 

pollution. Some reservoirs that supply drinking water for large 

cities have had algal blooms that are able to produce extremely 

poisonous toxins, the heavy metal content has increased to high 

levels, nitrate levels have far exceeded the WHO guidelines and 

colour and foul odours have remained even after treatment. In 

fact, the   water treatment plant at Ampara is having problems 

with colour and odour from presence of algae in the intake 

reservoir. Chemicals are added routinely to make the water 
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suitable for human drinking. Costs of water treatment increase 

as the level of contamination increases.  

The carbon dioxide content of the atmosphere is rising steadily 

mainly due to burning of increasing quantities of fossil fuel 

which in turn has led to greater acidification of the sea since 

about one third of the carbon dioxide emissions end up sinking 

into the oceans. The carbon dioxide level in the atmosphere 

which was about 300 ppm in 1954 reached 400 ppm in 2014 

(Figure 2).   

Alarms were raised by scientists of the Plymouth Marine 

Laboratory in England in early 2005 that coral reefs could be 

dead within a few generations and that some of the fish that 

contribute significantly to human nutrition and the economy of 

many countries would disappear from the oceans owing to high 

acidity of the sea water in the next 35 to 70 years.  
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Figure 2: The steady increase in the carbon dioxide content 
in the atmosphere 

Source: Scripps Institute of Oceanography (2014&' 

CO2now.org/Current.CO2/CO2.Trend/ 

 

Year 
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The pollution damage to ecosystems is often difficult to assess 

because many living organisms co-exist by symbiosis, 

interdependence and by other mechanisms that are yet to be 

unravelled and understood. Harming the environment can 

cause very serious damage to the earth’s life support systems by 

disturbing the ecological processes such as those that influence 

climate, purify the air and water, recycle essential elements and 

promote the formation of soil. 

Pollution of water bodies does not require much human effort 

but remediation of water bodies is complex, time consuming 

and costly. For example, cost effective technologies are scarce 

for the reduction of high levels of nitrate, phosphate and heavy 

metals in water bodies. Clearly, the strategy of water quality 

management must shift from cure to prevention. This requires 

public awareness of the causes and ill effects of pollution and 

the high costs associated with remediation. Introducing 

meaningful legislation for minimizing pollution and 

enforcement of such laws are overdue. In the meantime, 

understanding of the finite nature of water resources, the reality 

of increasing pollution and the importance of having water in 

sufficient quantity and quality to meet the needs of all living 

beings have to be brought to the attention of the global 

community. In the final analysis, humans should accept the role 

of custodian of the water resources of the world.  

It has to be noted however, that water is there to be used to 

enhance the quality of life of all, rather than to be closeted, 

guarded and worshipped. New and exciting uses for water, 

unimaginable at present, will surely emerge in the coming 

decades, notwithstanding the fact that such new uses may 

produce waste waters which require new treatment 

technologies. The challenge before humankind is to ensure that 

such actions are not at a cost to the environment that leaves a 

debit balance at the end. 
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2. PROPERTIES OF WATER 

Water has a number of physical and chemical 

properties that make life possible. Many of these 

properties are due to the bent nature of the water 

molecule and its ability to form hydrogen bonds 

with other water molecules. The structure and 

the configuration of water molecules are not 

found with molecules of any other substance on 

earth. This makes the properties of water unique. 

The ability of water to dissolve almost any 

substance enables it to provide sustenance to all 

living beings. Unfortunately, this same property 

brings into solution a large number of substances 

in concentrations that are extremely harmful to 

life.  

 

Water has a number of physical and chemical properties which 

have made it absolutely essential for all forms of life on earth.  
 

2.01 The Bent Structure of the Water Molecule 

A molecule of water consists of two atoms of hydrogen and one 

atom of oxygen. Instead of being arranged linearly in the form 

H-O-H, the H atoms are attached to the oxygen atom in a V 

shaped arrangement at an angle of 105 degrees.  

 

Figure 3: The Water Molecule 

Source: Ref (40) 
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The bent structure provides water with two oppositely charged 

sides. One side has a slight negative charge because of the 

presence of two lone pairs of electrons on the oxygen atom, 

while the other side has a slight positive charge because of the 

two hydrogen atoms (Figure 3). 

 

2.02 The Hydrogen Bond 

The positive hydrogen end of one molecule interacts with the 

negative pair of electrons of another water molecule to form a 

bond. These are referred to as hydrogen bonds. Each water 

molecule can form four hydrogen bonds because it can accept 

two and donate two hydrogen atoms (Figure 4). The bond 

energy of the hydrogen bond is 20 – 50 kj/mol, while that of a 

covalent bond is 100 -900 kj/mol. In this way, a network of 

water molecules that attracts each other is formed. No other 

molecule has four hydrogen bonds in the manner described 

here, giving water a unique structure and consequently unique 

properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Hydrogen Bonds Between Water Molecules 

Source: Ref (40) 
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2.03 Boiling point, freezing point and heat of 
Vaporisation  

Owing to the hydrogen bonds that hold water molecules 

together, its boiling point, freezing point and heat of 

vaporisation are high. By analogy to hydrogen sulphide H2S, a 

molecule similar to water chemically, water should be a gas at 

room temperature. Although it has a low molecular weight of 

18, it has a very high boiling point of 1000C at sea level 

compared to Neon with a molecular weight of 20 but boiling at -

2460C.  The boiling point of water depends on the pressure. 

Water boils at only 68 0C on top of Mt Everest.  

On the other hand deep in the ocean where the pressures are 

very high it is still in liquid form even at several hundred 

degrees Centigrade near geothermal sites.  

The freezing point of water which is 0 0C is much higher than 

expected compared to other similar substances, that of 

hydrogen sulphide being – 860C. 

Much energy is needed to convert water to steam, the amount 

being 539 calories per gramme. This is known as the latent heat 

of vaporisation of water. The corresponding figure for ethyl 

alcohol is 204 calories per gramme.  

 

2.04 Specific Heat 

Water has a specific heat of one calorie per gramme which is 

very much higher than most common solids as shown in Table 

3. Consequently, a longer time is required to heat up or cool 

down water than almost any other substance. This high heat 

capacity makes the oceans buffer the temperature of the earth 

and protect living organisms from high temperature 

fluctuations.    
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Table 3: Specific heats of selected substances 

Substance 
Specific heat 

(cal/g/0C) 

Water 1.00 

Wood 0.42 

Aluminium 0.21 

Glass 0.12 

Iron 0.11 

Copper 0.09 

Silver 0.06 

Gold 0.03 

Source: (Ref 40) 
 

2.05 Density 

Unlike most other liquids that have the maximum density at the 

freezing point, that of water is at 40C (Table 4). This is because 

the hydrogen bond produces a hexagonal crystal arrangement 

in ice where the distance between molecules is greater than that 

in water, thereby making ice less dense than water. This causes 

ice to float and to prevent freezing of lower layers of water by its 

insulating action permitting aquatic life to survive below. In fact 

when water freezes its volume increases by 11%, this being the 

reason why a glass bottle filled to the very top with water and 

closed with a stopper will crack when the water is converted to 

ice in the freezer of the refrigerator. 

Table 4 : Density of water at different temperatures 

Temperature 0 c 
Density 

(g/mL) 

30 0.9957 

20 0.9982 

10 0.9997 

4 1.0000 

 0 0.9998 

Source: Ref (15) 
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2.06 Surface Tension 

Water has a surface tension of 72 dynes per meter which is the 

highest among non-metallic liquids. This property is very 

important for plant and animal life. The intermolecular 

attractions due to hydrogen bonding ensure the stability of the 

water column within the xylem. If not for the high surface 

tension, air pockets would develop within the plant stems, 

making water transport from the roots to the plant top not 

possible. The high surface tension makes it possible for the 

water strider to skate on the surface of the water.     

                           

2.07 Water as a Solvent 

Water has a remarkable ability to hold substances in solution 

primarily due to hydrogen bonding. The force of attraction 

between the dipole in water and ions on a crystal makes the ions 

to be surrounded by a number of water molecules, increasing 

thereby the distance between the positively and negatively 

charged ions of the crystal and making it collapse and solubilize. 

With sugar, a non-ionic compound, the water molecule makes 

hydrogen bonds with the OH groups of the sugar molecule and 

dissolves it. In fact water is described as an universal solvent 

since it can dissolve almost any substance even to a small 

extent. However, this can be a disadvantage too because water 

can dissolve pollutants as well.  

The solubility of oxygen in water is about 8 mg/L. The amount 

dissolved depends on the temperature, partial pressure of 

oxygen in air in contact with water, presence of salts and 

aquatic biological activity. The solubility of oxygen in water 

increases as temperature decreases. In fact the increase is more 

than 40% as water cools from 25oC to freezing.  

The oxygen solubility in saline water is lower than in fresh 

water. The oxygen content of natural waters is raised by 
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photosynthetic activity of aquatic plants as shown by the 

following equation. 

6CO2  +  6H 2O   =   C 6H12O6  +  6O2 

The oxygen concentration in water depends on the time of the 

day being highest in the early afternoon as photosynthetic 

activity reaches a peak at that time. 

Water generally contains about 4 mg/L of carbon dioxide. This 

is mainly derived from bacterial decomposition of organic 

matter and respiration of plants and animals as well as from 

atmospheric absorption.   

The ammonia content of unpolluted waters is about 1 mg/L 

while in polluted waters with low oxygen content it can go up to 

about 12 mg/L. Free ammonia in neutral or alkaline waters over 

2.5 mg/L can be harmful to many freshwater living organisms. 

Other dissolved gases in water include methane, hydrogen, 

nitrogen and hydrogen sulphide. 

The anions commonly found in water are carbonate, 

bicarbonate, sulphate, chloride, phosphate and nitrate while the 

corresponding cations are sodium, potassium, calcium and 

magnesium. There are some water bodies with only 8 ppm of 

dissolved salts, whereas, at the other extreme, Hot Lake in 

Washington, USA has as much as 391,800 ppm salt. The sea in 

comparison has about 35,000 ppm salt. 

Pure water has no colour, smell or taste. However, 100% pure 

water can hardly be found in nature because of its extraordinary 

ability to dissolve a very large number of substances that come 

into contact with it. 
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2.08 Hardness of Water 

The hardness of water may be defined simply as its soap 

destroying power. Consumers consider water as hard if large 

amounts of soap are required to produce a lather. Hardness is 

caused mainly by calcium bicarbonate, magnesium bicarbonate, 

calcium sulphate and magnesium sulphate. While chlorides and 

nitrates of calcium and magnesium as well as iron, manganese 

and aluminium compounds also cause hardness; they are not 

found in sufficient amounts to be significant. Hardness is 

classified as carbonate hardness (earlier temporary hardness) 

due to presence of calcium and magnesium bicarbonates and 

non-carbonate hardness (earlier permanent hardness) due to 

presence of calcium and magnesium chlorides, sulphates and 

nitrates. Hard water can cause scaling and clogging of pipes 

reducing thereby the water pressure, and decreasing the 

effectiveness of appliances such as water heaters and electrical 

kettles. 

Hardness is measured as the amount of polyvalent cations in 

solution, usually of Ca++ and Mg++.  

It is calculated by using the following formula where the 

concentrations of calcium and magnesium are expressed in 

mg/L.:  
 

Total 

hardness 
= 

2.5 (concentration 

of Ca++) 
+ 

4.1 (concentration 

of Mg++) 
 

The factors 2.5 and 4.1 are the ratios of the formula weight of 

calcium carbonate (100) to the weights of calcium (40) and 

magnesium (24.3). 
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2.09 Acidity and Alkalinity (pH) 

Water is ionized to hydrogen and hydroxyl ions as shown by the 

following equation. 
 

 H2O           H+ + OH - 
 

The concentration of hydrogen ions and of hydroxyl ions in 

water is extremely small, being 10-7 moles per litre. A Swedish 

scientist by the name of Sorenson introduced the pH scale to 

indicate the hydrogen ion or acidity status of water. pH is the 

abbreviation for potential of hydrogen ions (potentia 

Hydrogenis). Numerically, it is the negative logarithm of the 

hydrogen ion concentration expressed in moles per litre. 

Although the pH of pure water is 7.0, water found in nature 

hardly has this pH due to the presence of dissolved substances. 

Water has been grouped into ten different acidity or alkalinity 

classes as follows based on its pH value (Table 5). 

 

Table 5: Classification of water based on pH value 

 pH Class 

< 5.1 Very strongly acidic 

5.1-5.5 Strongly acidic 

5.6-6.0 Moderately acidic 

6.1-6.5 Mildly acidic 

6.6-7.5 Neutral 

7.6-8.0 Mildly alkaline 

8.1-8.5 Moderately alkaline 

8.6-9.0 Strongly alkaline 

>9.1 Very strongly alkaline 

 

The pH of a number of common liquids is given in Table 6. 
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Table 6 : pH of a number of common liquids 

Item pH 

Household ammonia 11.9 

Seawater 8.0 

Blood 8.0 

Water 7.0 

Rainwater 5.6 

Coffee 

Tea 

5.6 

4.9 

Stomach liquids 4.3 

Tomato juice 4.1 

Wine 4.0 

Soft drinks (carbonated) 2.5-3.0 

Lime juice 2.3 

Battery acid 0.3 

 

The daily consumption of large quantities of carbonated soft 

drinks may be harmful to human health. 

The pH of water has a very strong influence on the nature and 

concentration of a number of dissolved substances and on the 

life processes of practically every form of life that comes into 

contact with it. For example, some mollusks may be entirely 

absent in very strongly acidic waters, but occur with thin shells 

in mildly acidic waters, while they grow healthily with thick 

shells in alkaline waters. Furthermore, pH of water is a factor to 

be reckoned with in almost all industrial processes that use 

water. For example, waters with pH less than 7 may lead to 

corrosion of metal pipes.  
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2.10 Transparency 

Pure water is transparent. This allows light to penetrate and 

permit photosynthesis to take place in an aquatic medium. The 

entry of light to the sub surface in a waterbody is reduced by 

presence of suspended solids such as clay, coloured organic 

materials, dyes and aquatic plants such as algae on the water 

surface. 
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3.  WATER ON EARTH 

 

More than 75% of the surface of the earth is 

covered by water. Nearly 97% of the water on 

earth is in the oceans. The amount of fresh water 

easily accessible to humans is considered to be 

even less than 0.6% of the total quantity of water. 

The amount of water on earth is constant since it 

neither gains water from the rest of the universe 

nor loses water to it.  

There are hundreds of thousands of rivers of 

varying sizes and lengths. Nile is the longest river 

with a length of 6648 km and flowing through ten 

countries. Lakes are natural water bodies that 

are surrounded by land. Some lakes are very 

large and are even bigger than some countries.  

 
Water occupies a much greater area than land on the earth. In 

fact more than 75 percent of the surface area of the earth is 

covered by water.  

 

3.01 Sources of Water 

A very large proportion of the total water on earth is in the form 

of oceans as given in Table 7. While the amount of fresh water is 

only about 3.4 %, the quantity easily accessible to the human is 

considered to be even less than 0.6 % of the total.  
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Table 7 : Major natural sources of water on earth 

Water Source 
Volume (103 

km3) 

Percentage of 

total 

Oceans                                                                                                                                   1338000 96.54 

Saline/brackish 

groundwater 
12870 0.93 

Salt water lakes   85 0.006 

Glaciers, permanent 

snow cover 
24.064 1.74 

Fresh groundwater                                                                                                                10530 0.76 

Ground ice,  permafrost                                                                              300 0.022 

Freshwater lakes                                                                                    91 0.007 

Soil moisture                                                                                             16.5 0.001 

Atmospheric water 

vapour                                                                                           
12.90 0.001 

Marshes, wetlands                                                                                           11.5 0.001 

Rivers                                                                                     2.12 0.0002 

Incorporated in biota                                                                                        1.12 0.0001 

Source: Ref (28) 

 

3.02 The Water Cycle  

The total amount of water on the earth is constant because the 

earth neither gains water from the rest of the universe nor loses 

water to it. It appears in nature as a solid in the form of ice and 

snow, as liquid in water and as gas in water vapour. It gets 

converted from one form to another and transported from one 

place to another in a cycle (Figure 5). The major processes in 

this cycle are the evaporation from a free surface, transpiration 

from vegetation, precipitation from rain, snow, fog, dew, and 

percolation and runoff to ground water and surface water 

bodies.  
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The driving forces for this water movement are the energy of the 

sun and the gravitational pull of the earth. Each year about 

453,000 km3 of water evaporates from the oceans while 90% of 

this returns to the oceans with the remainder falling on land. 

The precipitation on land exceeds the evapotranspiration from 

it.  

 

Figure 5 :The Water Cycle 

Source : Ref (54) 

 

3.03 The Salt Water Bodies 

The oceans and the seas are the major salt containing water 

bodies. They are similar in quality and differ mainly in size and 

depth. The area, volume and the depth of some of the salt water 

bodies are given in Table 8. 
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Table 8 : The area, volume and depth of salt water bodies 

Ocean Area (km2) 
Volume 

(km3) 

Mean 

Depth (m) 

Pacific Ocean 165,250,000 707,600,000 4280 

Atlantic Ocean 82,440,000 324,600,000 3930 

Indian Ocean 73,440,000 291.000,000 3960 

Mediterranean 

and Black Sea 
2,970,000 4,200,000 1430 

North Sea 570,000 50,000 94 

Baltic Sea 420,000 20,000 55 

Source: Ref (49) 

Sea water has a specific gravity slightly higher than that of fresh 

water, making it easier for swimming. Sea water has a pH of 

about 8 and an electrical conductivity of about 45 mS/cm. The 

chemical composition of sea water does not vary much from 

location to location. The content of the major components 

therein is given in Table 9. Sodium and chloride are by far the 

dominant components. The total soluble salt content in sea 

water is about 35,000 mg/L. 
 

Table 9 : Chemical composition of sea water 

Item 
Content 

(mg/L) 

Sodium 10178 

Potassium 279 

Calcium 746 

Magnesium 1132 

Bicarbonate 229 

Sulphate 2435 

Chloride 17166 

Source: Ref (14) 
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3.04 The Rivers 

There are probably hundreds of thousands of rivers in the world 

of varying sizes and lengths. Some flow across several countries. 

The Nile for instance flows through Egypt, Sudan, Ethiopia, 

Uganda, Zaire, Tanzania, Kenya, Rwanda, Burundi and Eritrea. 

Furthermore, Turkey, Syria and Iraq share the Euphrates. 

Bangladesh relies heavily on Ganges which originates in India, 

Mekong flows through China, Thailand and Laos while Jordan 

and Israel use the waters of the River Jordan. Conflicts often 

arise when a river flows through more than one country. It may 

be a question of the quantity used by one country or of quality 

arising from one country discharging pollutants into a river that 

is also flowing through another country. The River Meuse flows 

through France, Belgium and The Netherlands before it enters 

the North Sea. An International Commission monitors the 

water quality of the river across the three countries once in four 

weeks. Problems arising in the management of the river are 

resolved during discussions held at regular meetings of the 

Commission. The ten longest rivers in the world are given in 

Table 10.    

Table 10 : The ten longest rivers in the world 

River Location Length (km) 

Nile                                                      Africa      6670 

Amazon                                     South America 6570 

Mississippi                                  North America 6020 

Yangtze                                                 China    5980 

Yanisei                                              Russia    5870 

Amur                                             Russia    5780 

Ob-Irtysh                                                 Russia   5410 

Parana                                       South America 4880 

Hwang                                                    China    4840 

Congo                                                      Africa 4630 

Reference: Ref (52) 
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In comparison Mahaweli, the longest river in Sri Lanka, flows 

through a distance of 335 km. 

 

3.05 The Lakes 

Lakes are water bodies that are surrounded by land. They are 

among the most beautiful creations of nature and also have 

economic significance from tourism, fishing and navigation. A 

few lakes are very large, being even bigger than some countries. 

The Caspian for example, has a surface area of 371,000 square 

kilometers which is more than five times that of Sri Lanka. The 

ten largest lakes in the world are listed in Table 11. 

 

Table 11 : The ten largest lakes in the world 

Lake Country 
Capacity 

(km3) 

Caspian USSR*/Iran 78200 

Baikal USSR* 22995 

Tanganyika Congo/Tanzania 18900 

Superior USA/Canada 12230 

Michigan USA 4920 

Huron USA/Canada 3537 

Great Bear Canada 3381 

Victoria East Africa 2700 

Great Slave Canada 2088 

Aral USSR* 1020 

* formerly USSR  Reference: (51) 
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4. WATER IN SRI LANKA 

The average annual rainfall in Sri Lanka is 

about 1800 mm. The country receives most of its 

rain from the north-east and south- west 

monsoons. 

The surface water bodies in Sri Lanka include 

streams, rivers, lakes, reservoirs and the sea. The 

country has over a hundred rivers and about 

16,000 reservoirs. While shallow wells are found 

in most parts of the country, the majority is 

located in the wet zone. Shallow wells are also 

constructed in the farm lands of the dry zone to 

irrigate short duration crops. Deep wells are 

found in the north, north-west and at a few 

locations in the south. Springs are found 

throughout the country, some of which are 

thermal. 

The quality of the water of rivers and most 

reservoirs is suitable for   agriculture, fisheries 

and industrial activities, but not for drinking 

owing to contamination with harmful 

microorganisms. Water of many shallow wells in 

farming areas has excessive levels of nitrate that 

makes it unsuitable for human drinking.  

 
Water is one of the major natural resources of Sri Lanka. In fact 

its development and that of the country have proceeded in 

parallel for centuries. Even today, water is associated with the 

conduct of many important ceremonies and rituals of all 

religions and races. 

The surface water bodies in Sri Lanka include streams, rivers, 

lakes, reservoirs, lagoons and the sea surrounding the entire 
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country. Shallow and deep aquifers that include domestic wells, 

agro wells and tube wells are the subsurface water bodies.  

The average annual water consumption for domestic and 

industrial purposes has been estimated to be about 1230 million 

cubic metres while the corresponding figure for agriculture and 

power generation is about 4920 million cubic metres. 

 

4.01 Rainfall 

The average annual rainfall in Sri Lanka which amounts to 

about 1800 mm with a range of 900 to 5,500 mm brings down 

about 130 billion cubic meters of water from four rainfall 

seasons, namely, First inter-monsoon, Southwest monsoon, 

Second inter-monsoon and Northeast monsoon. The First inter-

monsoon rains which occur in the period of March to April 

bring about 100 to 800 mm mainly in the form high intensity 

thunderstorms. The southwest monsoon which is effective only 

over the Wet Zone and its neighbourhood during May to 

September gives 150 to 3000 mm of rain with frequent floods 

and landslides in its effective areas.  The Second inter-monsoon 

rains are generally effective over the entire country and bring 

about 400 to 1,200 mm of rain during October and November.  

The northeast monsoon rains are limited to the eastern sector of 

the country during December to February. However, occurrence 

of low level atmospheric disturbances and depressions in the 

Bay of Bengal is quite common during this period and hence, 

widespread rains occur throughout the country amounting to 

800 to 3000 mm. During recent decades year to year variation 

in rains of northeast monsoon period has increased significantly 

resulting in frequent droughts and floods. The period 

corresponding to the first inter-monsoon and southwest 

monsoon is referred to as the Yala season while the second 

inter-monsoon followed by the northeast monsoon makes the 

country’s major growing season, the Maha season. 
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4.02 Waterfalls 

The country has a large number of waterfalls for its small size. 

The sight of the falling water, the sound of the splash and the 

spread of the droplets make waterfalls very popular tourist 

destinations. Some of the taller waterfalls in Sri Lanka are given 

in Table 12. 

Table 12 : Waterfalls in Sri Lanka                                             

Water fall 
Height 

(metres) 

Bambarakande 263 

Diyaluma 220 

Kurundu Oya 206 

Handapan 200 

Olu 200 

Mapanana 148 

Lakshapana 120 

Mahakandura 120 

Kirindi 116 

Ramboda 109 

Ratna 109 

Galdola 100 

Nakkawita 100 

Garandi 100 

Pundalu Oya 100 

Source: Ref (24) 

The tallest waterfall in the world is Salto Angel found in 

Venezuela. Its height is 979 metres.  
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4.03 Rivers 

The majority of the rivers originate in the central highlands that 

contain the highest mountains. More than one hundred of these 

mountains are 1000 to 2000 metres in height. Most of the rain 

falling on the mountain slopes is carried down as surface runoff 

since about 90% of the country consists of impervious hard 

rocks such as granites, gneisses and charnockites, and enters 

the streams and rivers ultimately ending in the sea. On the 

other hand, the rain falling on some of the coastal areas which 

are flat, sandy and often underlain by porous limestone 

percolates down to shallow aquifers as in some parts of the 

north and northwest. The major rivers in the country, their 

lengths and the catchment areas are indicated in Table 13. The 

longest river is the Mahaweli which is 335 km long, draining an 

area of 10,448 square kilometres.  

Table 13 : The major rivers in Sri Lanka, their lengths and 
the catchment areas 

 River 
Length 

(km) 

Catchment area 

(km2) 

Mahaweli Ganga 335 10448 

Malwathu Oya 165 3284 

 Kala Oya 148 2805 

Yan Oya 147 1538 

Kelani Ganga 145 2292 

Deduru Oya 142 2647 

Walawe Ganga 137 2471 

Maduru Oya 136 1559 

Maha Oya 134 1528 

Kalu Ganga 129 2720 

Menik Ganga 114 1287 

Gin Ganga 113 932 

Nilvala Ganga 80 971 

Source: Ref (24, 30) 
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4.04 Reservoirs 

The inadequacy of rainfall, its poor distribution in the dry 

season in most parts of the country, the excess of evaporation 

and transpiration over precipitation and the frequent 

occurrence of droughts and consequent crop loss were realized 

by the rulers of Sri Lanka centuries ago. This led to the 

construction of several large, medium and small reservoirs to 

meet the needs of agriculture and other human uses. In this 

discussion, a reservoir is considered as a collection of surface 

water by human intervention and includes irrigation reservoirs, 

power generation reservoirs and small water bodies such as the 

Kandy Lake, Beira Lake in Colombo and Gregory's Lake in 

Nuwara Eliya. 

A few of the landmark events in the development of water 

resources are; construction of Basawakkulama, the first 

reservoir by King Pandukhabaya (380-310 B.C.), construction 

of Minneriya and Padaviya reservoirs during the reign of King 

Mahasen in 274-301 A.D., the construction of Kalawewa and the 

88 km long canal from Kalawewa to Tissawewa by King 

Dhatusena in 473 and the construction of Parakrama 

Samudraya during 1153 to 1186. The large number of reservoirs 

and the irrigation system collapsed after the Polonnaruwa 

period in the 12th century and it was only nearly 700 years later 

that the British administration commenced the task of 

rehabilitating the dilapidated irrigation system. The 

construction of Senanayake Samudraya in 1952 by D.S. 

Senanayake, the first Prime Minister of Sri Lanka was the first 

major irrigation development activity completed after the 

Polonnaruwa period. 

Some of the giant reservoirs built many centuries ago with great 

engineering skills are still in active use, and could easily be 

considered as the greatest single development activity in the 

entire history of the country. Sri Lanka has about 16,000 
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reservoirs covering an area of about 260,000 hectares. A list of 

the major reservoirs is given in Table 14.  

Some of the reservoirs are used as sources of public water 

supply. Waters of Parakrama Samudraya, Giritale, 

Nuwerawewa, Kantalai, Minneriya, Tissawewa, Uda Walawe 

and Chandrikawewa are used for this purpose. 

 

Table 14 : The major reservoirs in Sri Lanka 

Reservoir 
Associat

ed river 

Capacity 

(ac.ft)** 
Construction Year 

Senanayake 

Samudraya 
Gal Oya 770,000 

Government of 

Sri Lanka 
1952 

Victoria 
Mahaweli 

Ganga 
557,400 

Government of 

Sri Lanka 
1984 

Randenigala 
Mahaweli 

Ganga 
452,100 

Government of 

Sri Lanka 
1988 

Maduru Oya 
Mahaweli 

Ganga 
387,300 

Government of 

Sri Lanka 
1983 

Kotmale 
Mahaweli 

Ganga 
121,500 

Government of 

Sri Lanka 
1985 

Kantalai 
Own 

catchment 
110,000 

King Aggabodhi 

II 

*604-

614 

Minneriya 
Amban 

Ganga 
110,000 King Mahasen 

*274-

301 

Parakrama 

Samudraya 

Amban 

Ganga 
98,000 

King 

Parakramabahu I 

*1153-

1186 

Iranamadu 
Kanagana

-yan Aru 
82,000 

Government of 

Sri Lanka 
1922 

Rajangana Kala Oya 81,500 
Government of 

Sri Lanka 
1957 

Kalawewa 
Dambulla 

Oya 
72,700 King Dhatusena 

*455-

473 

Padaviya Mora Oya 72,500 
King Moggalan 

II 

*531-

551 

Nachchaduwa 
Malwathu 

Oya 
45,100 

King Moggalan 

II 

*531-

551 
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Reservoir 
Associat

ed river 

Capacity 

(ac.ft)** 
Construction Year 

Nuwerawewa 
Malwathu 

Oya 
36,000 King Gajabahu 

*114-

136 

Mahakanadara

wa 

Maradank

-adawela 

Oya 

32,300 King Mahasen 
*274-

301 

Bowatenne 
Mahaweli 

Ganga 
28,400 

Government of 

Sri Lanka 
1976 

Giant’sTank 
Malwathu 

Oya 
26,600 King Dhatusena 

*455-

473 
 

**1 Ac ft = 810 million cubic metres 

*Source: Ref (4, 45) 

 

4.05 Shallow Wells   

Shallow wells have been the year round source of water to meet 

most of the domestic and other needs of the people living in the 

wet zone. During the last twenty years there has been a rapid 

expansion in the construction of large diameter shallow dug 

wells in the dry and intermediate zones, mainly for the purpose 

of providing supplementary irrigation to the cultivation of high 

income generating crops. However, the low permeability of the 

soil, the impervious nature of the crystalline bedrock and the 

shallow depth at which it occurs, the inadequate storage 

capacity of the wells and the low rate of recharge have resulted 

in poor performance of some of the agro wells.  

The porous limestone aquifers located in Puttalam, Mannar and 

Jaffna Peninsula on the other hand are rich sources of shallow 

ground water with high rates of recharge. There are over 

100,000 such shallow wells in the Jaffna Peninsula at depths of 

less than 10 metres. With the excellent physical properties of 

the soils (latosols), use of small pumps, application of chemical 

and organic fertilizer, and hard work, Jaffna farmers obtained 
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very high incomes from growing chilli, onion, vegetables, 

potato, grapes and banana even on small blocks of land with 

irrigation from shallow wells until market access was greatly 

reduced due to the civil war. With the war over, crop production 

and farm incomes are expected to rise substantially. 

 

4.06 Deep Wells 

Deep wells dug beyond the first impervious layer of soil are 

found in Kilinochchi, Paranthan, Mulankawil, Vanathavillu and 

in many other locations including the wet zone. They are used 

for drinking and other domestic purposes, agriculture and 

industry. 

 

4.07 Springs 

A spring is a natural flow of ground water that intersects the 

surface of the earth. Many springs are found in Sri Lanka which 

is active throughout the year. They are very valuable sources of 

water used for drinking, bathing, washing, irrigation and for 

many other purposes. Some springs have an output of about 

50,000 gallons per day. The country has a few thermal springs 

where the water has come into contact with hot layers of 

materials below the earth and emerges with varying degrees of 

warmth. Many people visit these springs traveling long 

distances to bathe in them as it is commonly held that the hot 

waters with dissolved salts have therapeutic value. 

Springs release water stored in the ground that finds its way to 

streams and rivers facilitating continuous flow of water in them 

throughout the year. The then Water Resources Board 

conducted a nationwide survey of springs in the early 1970s and 

identified 225 that were active at that time. However, many 

springs vital to the well-being of man and other animals have 

been destroyed by human activity during the last two decades.  
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4.08 Sea 

Sri Lanka is surrounded by the sea and the country's territorial 

zone extends twelve nautical miles from the mainland. The sea 

is a very valuable water resource as it adds to the beauty of the 

country, attracts many tourists, provides recreation 

opportunities such as bathing, swimming and angling, supplies 

protein rich food and offers a means of livelihood to those 

engaged in the fishing industry.  

 

4.09 Quality of Water Resources 

As previously mentioned in Chapter 1 the quality as well as 

quantity of water is both of great importance. While many 

quality characteristics such as suspended matter, colour, smell 

and taste can be detected by human sensory organs, 

identification of the presence of dissolved materials and 

microbes often requires the use of scientific equipment.  

 

4.10 Quality of Rain Water 

Although acid rain has been a matter of great concern in many 

industrial countries owing to the harm caused to aquatic life 

and the threat of damage to monuments of great historical and 

aesthetic value, reports of adverse effects on the environment 

with respect to Sri Lanka are scarce. The pH of rainfall in major 

tea growing areas studied from 1999 to 2002 by the Tea 

Research Institute showed that it ranged from 5.67 to 6.35 

clearly indicating that acid rain is not a problem in the tea 

plantation areas.    The above study has also shown that 0.47 to 

1.55 kg N/ha and 0.85 to 2.49 kg S/ha are brought down by rain 

annually. A study conducted by the Department of Agriculture 

in 1980 showed that rain water in 10 locations covering the 

most important agricultural areas brought down 5 to 24 kg S/ha 

per year (Ref 5). Acid rain was not reported to be a problem in 

this study too.  
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4.11 Quality of Reservoir Water 

Most of the larger reservoirs are used for agriculture and the 

important quality parameters for this purpose are pH, electrical 

conductivity, sodium, calcium, magnesium and chloride. Waters 

which are highly acidic or highly alkaline are unsuitable for 

crops. Excess dissolved salts in water can cause harm to plants. 

The salinity status of a water sample is determined by its 

electrical conductivity. The United States Department of 

Agriculture (USDA) has classified irrigation water as follows 

(Table 15). 
 

Table 15: USDA classification of irrigation water based on 
electrical conductivity 

Class 
Electrical conductivity 

(dS/m) 

Low salinity water 0-0.25 

Medium salinity water 0.25–0.75 

High salinity water 0.75–2.25 

Very high salinity water >2.25 

Source: Ref (56) 
 

Irrigation with waters of high sodium content may lead to the 

formation of a sodium saturated soil with high pH. Such soils 

are unfavourable for crop growth, being sticky and not 

permitting the passage of air and water through them readily. 

However, irrigation water containing high sodium content may 

be safe if it also contains calcium and magnesium in high 

proportions. 

USDA classifies irrigation waters with respect to the Sodium 

Absorption Ratio (SAR), which is defined as follows: 

SAR = 
Na 

 
½ (Ca+Mg) 
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The concentrations of the ions are expressed in milliequivalents 

per litre. The USDA classification of irrigation water on the 

basis of SAR is given in Table 16. 
 

Table 16 : USDA classification of irrigation water based on 
SAR 

                                              

SAR 
Class 

0-10 Low sodium water 

10-18 Medium sodium water 

18-26 High sodium water 

>26 Very high sodium water 

Source: Ref (56) 

 

A study of the quality characteristics of irrigation waters of 

fifteen major reservoirs spread across Sri Lanka was conducted 

in 1965. This study showed that the waters were within the 

quality requirements for irrigation with respect to pH, salinity, 

sodium absorption ratio, chloride and sulphate. Similar studies 

have been conducted in 1975, 1992, 1997 and 2000 by a number 

of researchers who have shown that apart from a very few small 

capacity reservoirs that have medium salinity during the dry 

months of the year, the others hardly have any limitations for 

agriculture.  

The chemical analysis of seven major irrigation reservoirs 

carried out in 2000 is indicated in Table 17. It has been noted 

that reservoirs which received transfer waters from Mahaweli 

diversion had lower salt content compared to pre diversion 

values. 
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Table 17 : Chemical analysis of water from selected 
reservoirs 

Reservoir pH 

Electrical 

conductivity 

S/cm 

Chloride 

mg/L 

Sulphate 

mg/L 

Maduru Oya 7.3-7.7 100-240 8.7-10.2 2.7-4.1 

Minneriya 7.3-8.5 93-256 10.2-12.0 1.7-4.0 

Parakrama 
Samudraya 

7.2-8.9 125-245 10.1-10.2 2.1-4.1 

Kantale 7.1-8.3 145-268 13.2-24.4 1.7-3.4 

Nachchaduwa 6.9-8.5 240-695 56.0-151.0 4.2-38.2 

Kalawewa 7.1-8.7 82-400 13.5-51.0 0.5-4.8 

Rajangana 7.5-8.6 278-650 34.0-42.8 8.8-12.2 

Source: Ref (42) 

Potassium is an essential plant nutrient and is recommended to 

be added as a fertilizer to all crops. Irrigation water contains 

potassium in varying amounts from 0.9 mg/L in Senanayake 

Samudraya to 15 mg/L in Giant's Tank, Mannar. Furthermore, 

it is much higher in the dry season than in the wet season. This 

information is useful in making location specific potassium 

fertilizer recommendations that can bring about savings in 

application of muriate of potash fertilizer. 

Microbial pathogen contamination of reservoir water and 

irrigation canal water from some areas has been shown to be 

quite high. The source of the pathogens may primarily be 

human, cattle and buffalo excreta. Drinking such water can be 

harmful. 

Unfortunately, a programme to monitor reservoirs or any other 

waterbody in Sri Lanka on a continuous and geographically 

spread basis for important parameters is not being carried out. 

Many of the programmes conducted thus far were on a short 

term project basis, often with foreign funding. When the fund 

was exhausted the project was discontinued. 
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4.12 Quality of Shallow Well Water 

A well receives water from vertical and lateral movement. In 

this movement water comes into contact with soils, 

decomposing rock, minerals and other surface and subsurface 

materials. Thus water quality of shallow wells will depend on 

natural materials as well as on human activity such as spreading 

of domestic and other wastes, disposal of sewage, location of 

cesspits and agricultural operations. These can render many 

shallow well waters unsuitable for drinking. Furthermore, 

ground water can be subject to saltwater contamination in the 

coastal areas where the upper layer of freshwater may lie over a 

layer of saline water. Over-extraction of the top freshwater layer 

can cause intrusion of saline water into this layer. 

The chemical analysis of water from a number of shallow wells 

in the country is given in Table 18 showing wide variations 

between locations. It is apparent that well waters have generally 

more dissolved salts than surface water bodies such as 

reservoirs. In fact some wells have high salinity water based on 

the USDA classification. However, the sodium content is not 

sufficiently high to create problems for agriculture. It would be 

prudent though to analyse water quality of potential well sites 

prior to investing on their construction. 

The nitrate content of well water is discussed in Chapter 6. 

Table 18 : Chemical analysis of selected shallow well water 
samples 

Location 
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Location 
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Upcountry Wet 
Zone**** 

20 6.4 0.21 13.0 11.3 5.5 

Low country Dry 
Zone* 

22 7.8 1.52 221.6 43.4 99.4 

Jaffna Peninsula** 
(Farm wells) 

34 7.2 2.5 190.9 171.0 40.8 

Source: Ref (26*, 32**, 60***, 61****) 

 

Shallow wells can be contaminated with faecal coliform 

especially when they are not protected. Floods and storm water 

from high intensity rainfall can transfer faecal material lying in 

the ground to the well water. Routine water analysis by the 

National Water Resources Board has shown that several 

thousands of domestic wells are unsafe for human drinking for 

this reason.   

A significant number of wells in Kidney disease prevalent areas 

in Sri Lanka such as North Central Province have high fluoride 

content. Many scientists have stated that the Chronic Kidney 

disease could be caused by this factor.     

 

4.13 Quality of Deep Well Water 

The quality of water from deep wells is not likely to be much 

affected by anthropogenic influence as opposed to that of 

shallow wells. Here, the chemistry will be determined more by 

the soils, minerals and the bedrock of the locality. Such water 

may contain arsenic and fluoride in harmful concentrations and 

high levels of certain salts that may impart a disagreeable 
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flavour. Bacterial contamination of such waters would be 

extremely scarce.  

Chemical analyses of a few samples of deep well waters carried 

out by the National water Supply and Drainage Board are given 

in Table 19. 
 

Table 19 : Chemical analysis of deep well water samples 

Location pH 

Electrical 

conductivity 

(s/cm) 

Calcium 

(mg/L) 

Magnesium 

(mg/L) 

Kilinochchi1 6.4 520 48.0 16.8 

Kilinochchi 2 6.2 470 36.0 10.8 

Kilinochchi 3 7.0 820 56.0 26.4 

Kilinochchi 4 6.7 500 52.0 10.8 

Mulankavil 1 7.5 3080 142.0 22.6 

Mulankavil 2 8.1 3080 62.0 32.4 

Mulankavil 3 8.0 740 84.0 9.6 

Paranthan 7.1 360 62.0 18 

Koggala 1 7.2 3200 186.0 70 

Koggala 2 7.2 1283 85.0 26 

Koggala 3 7.0 1403 88.0 26 

Koggala 4 7.3 1277 78.0 42 

 

The electrical conductivity values of six samples are high, but 

the calcium and magnesium values conform to the Sri Lanka 

Standards Institute (SLSI) drinking water standards (Chapter 

5). As far as pH is concerned, two samples from Kilinochchi 

have pH values of 6.2 and 6.4 which are slightly below the SLSI 

limit of 6.5. Other samples are within the SLSI pH limits.             
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   4.14 Quality of Spring Water  

The chemical characteristics of spring water will depend on the 

nature of layers of rock, minerals and soil through which the 

water moves. The chemical analysis of a few thermal springs 

from a study conducted in 1974 is given in Table 20. It is 

apparent that only the Kanniyai water sample meets the 

required standards for human drinking. 

It is noteworthy that there are large differences for some 

chemical characteristics between springs. However, the analysis 

has changed little with time since 1976 for many of these 

springs. 

 

Table 20 : Chemical analysis of water from springs 

Factor 

Location 

Dambagaha 

Kebitigollawa* 

Singhaya 

Kebitigollawa* 

Kosgaha 

Kekirawa* 

pH 6.5 6.5 6.2 

Elec 

Conductivity 

(micros/cm) 

98 120 484 

SO4 (mg/L) 0 0 0 

Ca (mg/L) 3.4 10.3 12.6 

Mg (mg/L) 2.0 4.1 10.1 

Fluoride 

(mg/L) 
0 0.01 0.05 

NO3 (mg/L) 0 0.1 0.1 

* Administrative Section 

Source: (Water Resources Board, Anuradhapura 2013) 
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Table 21 : Chemical analysis of water from thermal springs 

Factor 
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Temp 0C  42 52 54 54 44 

pH 6.4 7.6 7.6 6.9 7.7 

Solids (mg/L) 222 870* 990* 550* 5490* 

Cl (mg/L) 16.8 286 75.9 34.7 2630* 

SO4 (mg/L) trace 164 210 194 200 

PO4 (mg/L) 0.5 nil nil nil nil 

Ca (mg/L) 38 22.4 53.9 62.8 545.1* 

Mg (mg/L) 8.3 0.6 2.7 8.7 2.7 

Fe (mg/L) 0.03 nil nil 10.0* nil 
  

* exceeds the maximum permissible levels for human drinking 

(SLSI 2013) 

** Divisional Section 

Source: Ref (6) 
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5. USES OF WATER AND QUALITY 
REQUIREMENTS 

Water is used by all living beings to carry out 

numerous life processes. Water is also needed to 

maintain the integrity of ecosystems and the 

quality of the environment. 

More than two billion people lack access to safe 

and wholesome drinking water. Nearly five 

million die each year from water related 

diseases. The biggest problem for human 

drinking is the presence of pathogenic organisms 

in water, mainly due to contamination with 

human faecal matter. Another concern is the 

presence of high concentrations of chemicals 

from agriculture and industry that can harm 

human health.  

 Nearly all countries have stringent quality 

standards for drinking water to ensure its safety.  

Water quality requirements are also stipulated 

for crops, animals and industry. 

 
Water has multiple uses. Some of the major uses for humans 

are; drinking, food preparation, bathing, washing, recreation 

and for aesthetic purposes. Additionally, man uses water for 

home gardening, irrigation, industry, power generation and 

navigation. Water is also needed for livestock rearing and 

fisheries. In fact water is required by all living beings for their 

existence. Water is vital for maintaining the stability of 

ecosystems and for preserving the quality of the environment. 

Water use may be consumptive as in irrigation, industry 

processes and domestic use, or non-consumptive as in fisheries, 

hydropower generation, navigation, recreation and aesthetic 

use. While each category of water use has its own volume 
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requirements, it is becoming increasingly evident that certain 

specific quality requirements have also to be met for optimal 

utilization of water with respect to each particular use. 

 

5.01 Water for Drinking 

Although availability of safe and wholesome drinking water is 

considered a basic human right, more than two billion people in 

the developing countries lack access to good quality drinking 

water today. Several hundreds of millions of people suffer from 

a number of diseases related to water while about five million, 

majority of who are children, die from such diseases every year 

mainly in highly populated areas in developing countries. Most 

sources of surface water are not fit for drinking as they are 

contaminated by bacteria, viruses and other pathogenic 

organisms.  

There are many reasons why surface water bodies in Sri Lanka 

are unsuitable for human drinking. They are often used for 

washing of clothes, bathing, wallowing of buffalo and 

sometimes for washing of cars, lorries and tractors. There may 

also be human and animal excreta on the banks of streams, 

rivers, lakes and reservoirs that get washed into the water body 

by rain. In some areas waste water from hospitals and 

industries are discharged direct into canals, streams and rivers. 

In spite of the health hazards many people drink this water 

without even boiling it. Some degree of self-purification of 

water occurs naturally such as from dilution, sedimentation, 

aeration, sunlight and plant life, but not always sufficiently for 

safe human use.  

The two basic requirements of water for human drinking are; 

the absence of harmful levels of pathogenic organisms that 

mostly come from contamination with human faeces and the 

absence of harmful levels of chemical substances. In addition 

water should be colourless and have no disagreeable smell.  
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A number of pathogenic organisms extremely harmful to 

human health may be present in water that is contaminated 

with human faecal matter. Some of these pathogens are 

indicated below. 

 Bacteria  –  Salmonella, Shigella and Cholerae 

 Viruses   –  Adenovirus, Poliovirus, Echovirus and 

Hepatitis A virus 

 Protozoa –  Amoeba, Giardia and Cryptosporidium 

 Helminth –  Hookworm, Roundworm and Threadworm 

 

Many of these pathogens can enter water in billions and cause 

disease epidemics.  

However, the presence of such organisms is extremely difficult 

to assess because of the limitations of available laboratory 

techniques. On the other hand, Escherichia coli (E. coli), a non-

pathogenic bacterium that is found in very large numbers in 

human faeces (exceeding 50 million cells per gram), is easily 

detectable. It is for this reason that E. coli is used as an 

indicator organism for the possible presence of human faecal 

matter in water. 

Excessive growth of certain species of blue green algae in water 

bodies can also produce extremely poisonous toxins (discussed 

in Chapter 7). Furthermore, high concentrations of nitrate, 

cyanides and fluoride as well as cadmium, chromium, mercury, 

arsenic, lead and other heavy metals can be harmful in the short 

or long term. A summary of the effects of some of these 

substances is given in Table 22.  
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Table 22 : Diseases and problems caused by organisms and 
chemical substances in water to humans 

 

Causative item 
Disease and problems 

 

Bacteria 
Typhoid, gastroenteritis, bacterial 

dysentery, cholera and tuberculosis 

Virus            

Poliomyelitis, meningitis, infectious 

hepatitis, respiratory diseases, diarrhoea 

and enteritis 

Protozoa 
Amoebic dysentery, diarrhoea and amoebic                                                                                                                                                                                                                                                                          

meningo encephalitis 

Helminths 
Hook worm, round worm, and thread 

worm infections 

Fungi/algae Colour, turbidity, taste, odour and  toxins 

Cadmium 
Decalcification of the bones, protein and 

sugar in urine and kidney damage 

Lead 

Muscular paralysis, damage to nervous 

system, liver and kidney, lowered IQ, 

anaemia 

Fluoride 
Mottling of teeth (dental fluorosis), 

cracking of teeth and osteo fluorosis 

Nitrate Methanomoglobinaemia 

Sulphate Diarrhoea 

Hydrogen 

sulphide 
Taste and odour problems 

Iron Yellow colour, unpleasant taste and odour 

Zinc Unpleasant taste 

Manganese Unpleasant taste 

Mercury 
Affects kidney, nervous system, and causes 

brain damage 
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Causative item 
Disease and problems 

 

Chromium 

(hexavalent) 

Kidney problem, lung cancer and skin 

diseases 

Arsenic Skin, bladder and lung cancer 

Aluminium Alzheimer (memory loss) 

Pesticide 
Kidney disease, reduced vision, joint pains 

and memory loss 

Dissolved salts Unpalatable if greater than 1200 mg/L 

 

Water can have a bad smell due to products of anaerobic 

decomposition such as ammonia and hydrogen sulphide. Many 

organic substances, chemicals and metals such as iron and 

manganese can impart colour to water.  

Owing to the critical importance of drinking water quality on 

human health, most countries have established physical, 

chemical and biological standards for potable water.  The World 

Health Organization (WHO) published a set of guidelines for 

drinking water in 1963; that has been amended thereafter on 

numerous occasions. The most recent amendment was made in 

2010. The Sri Lanka Standards Institute (SLSI) has set a 

number of standards for drinking water in 2013. They are given 

in Table 23. 
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Table 23 : Specifications for potable water by Sri Lanka 
Standards Institute (2013) 
 

Parameter 
Maximum 

permissible level 

Physical requirements 

1. Colour 30 units 

2. Odour Unobjectionable 

3. Taste Unobjectionable 

4. Turbidity 8 Jackson turbidity 
units 

Chemical requirements (basic) 

1. pH 6.5 to 9.0 

2. Total dissolved solids, (mg/L)   500 * 

3. Chloride (Cl), mg/L 1200 

4. Free residual chlorine ( Cl2), (mg/L) 0.2 

5. Alkalinity ( CaCO3), (mg/L) 400 

6. Free ammonia, (mg/L) 0.06l 

7. Albuminoid ammonia (mg/L) 0.15 

8. Nitrate (N) (mg/L) 10 

9. Nitrite (N) (mg/L) 0.01 

10. Fluoride (F), ( mg/L) 1.5 

11. Total phosphate (PO4), (mg/L) 2.0 

12. Total residue (mg/L) 2000 

13. Total hardness (CaCO3), (mg/L) 600 

14. Total iron (Fe), (mg/L) 1.0 

15. Sulphate (SO4), (mg/L) 400 
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Parameter 
Maximum 

permissible level 

Chemical requirements (optional) 

1. Anionic detergents (mg/L) 1.0 

2. Phenolic compounds(as phenolic 

OH), (mg/L) 
0.002 

3. Grease and oil, (mg/L) 1.0 

4. Calcium (Ca), (mg/L) 240 

5. Magnesium (Mg), (mg/L) 140 

6. Copper (Cu), (mg/L) 1.5 

7. Manganese (Mn), (mg/L) 0.5 

8. Zinc (Zn), (mg/L) 15 

9. Aluminium (Al), (mg/L) 0.2 

10. Chemical Oxygen Demand, (mg/L) 10 

Toxic substances 

1. Arsenic(As), (mg/L) 0.05 

2. Cadmium(Cd), (mg/L) 0.005 

3. Cyanide (CN), (mg/L) 0.05 

4. Lead (Pb), (mg/L) 0.05 

5. Mercury (total  Hg), (mg/L) 0.001 

6. Selenium (Se). (mg/L) 0.01 

7. Chromium hexavalent (Cr), (mg/L) 0.05 
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Parameter 
Maximum 

permissible level 

Bacteriological requirements 

1. Total coliforms/100 

(a) Absent in 95% samples 
in a year 

(b) Absent in any two 
consecutive samples 

(c) Not more than 3 
coliform organisms  

detectable 

2. E.Coli/100ml Absent 

3. Microscopic organisms such 

as algae, zooplanktons, 

flagellates, parasites and toxin 

producing organisms 

Free 

4. Concentration of Antitoxin-

a(S) 
0.002 mg/L 

5. Concentration of 

Microsystems (measured as 

MC-LR toxicity equivalents) 

0.001 mg/L 

Source: Ref (47) 

* This is equivalent to an Electrical Conductivity of 780 μS/cm 
 

Chemical Oxygen Demand (COD) and Biochemical Oxygen 

Demand (BOD) are standard tests used to describe the pollution 

status of water with respect to organic matter. The COD is 

determined by adding potassium dichromate and sulphuric acid 

to a water sample and estimating the amount of dichromate 

used up to oxidize the organic matter in the water. BOD is 

obtained by determining the quantity of oxygen in the water 

that is consumed by microorganisms in a specific period of 

time, usually five days.  
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5.02 Water for Food and Beverages  

The Canadian water quality requirements of different products 

in the food and beverages industry along with the standards for 

drinking water are given in Table 24. It is evident that quality 

requirements differ between industries. Furthermore, in some 

industries the chloride and sulphate standards are more 

stringent than for drinking water.   

 

Table 24 : Water quality guidelines for the food and 
beverages industry 
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pH 6.5-7.0 6.9 - 6.5-8.5 6.5-9.0 

Hardness (mg/L) 7.0 250 180 250  

Colour (Hazen units) 5.0 10 - 5 15 

Iron (mg/L) 1.0 0.1 0.3 0.2 0.3 

Sulphate (mg/L) 100 200 60 250 500 

Chloride (mg/L) 60 250 30 250 250 

Fluoride (mg/L) 1.0 1.0 - 1 0.3 

Source: Ref (10) 

 

The industrialist should be aware of the identity of dissolved 

substances in the water. Deep well water that contains high 

quantities of calcium or magnesium for example, may impart an 

unfavourable flavour to a beverage.  

Chlorination is carried out to the water at certain steps in the 

manufacturing process to prevent presence of pathogenic 

organisms. Here again, the correct dose of chlorine has to be 

used so as not to leave any disagreeable odour or flavour.  

 



~ 52 ~ 

5.03 Water for Bathing 

Humans bathe to clean their bodies using water from shallow 

wells, deep wells (lifted), springs, streams, rivers, lakes and 

reservoirs. Water for bathing should preferably have a pH 

between 6.5 and 8.5 since more acidic or alkaline water may 

cause eye irritation. It should be free of suspended materials 

such as silt and clay, have no colour or an unpleasant odour and 

be free of pathogenic organisms. There should also be no algae 

or other floating plants in the water. Additionally, water with 

low hardness is preferred for effective use of soap. 

  

5.04 Water for Swimming 

It is been said that all animals can swim except the camel. A dog 

can swim across a river without any training. Likewise, a one-

year old child placed on the water in a swimming pool will start 

swimming. Why some humans cannot swim may be more due 

to fear rather than having a higher density of the body. 

Swimming is an excellent exercise, a competitive sport and an 

opportunity for recreation as well. The water used for 

swimming must be free of floating matter such as polythene, 

paper cups, plastic containers, water plants and algae. 

Furthermore, it should not have suspended solids and foul 

odours. 

Swimming pools have become extremely popular worldwide. 

They are found in clubs, schools, university campuses and in 

many homes as well, mostly in affluent countries.  Swimming 

pools can be used round the clock and throughout the year. 

Many pools have the facility for heating when water 

temperatures are low. 
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Health hazards associated with swimming pools include the 

following: 

a. Fungal and viral infections of the skin 

b. Infections of the eye, ear, nose, throat and upper 

respiratory tract and intestines. 

 

There are many rigorous requirements with respect to 

maintaining water quality of swimming pools since pool water 

is exposed to faecal contamination as well as organisms from 

skin and nasopharynx. They include: 

a) Persons suffering from skin and eye diseases, or ear 

discharge or communicable diseases should not enter 

the pool 

b) Bathers should empty the bladder and shower before 

entering the pool 

c) Spitting and blowing the nose are not allowed  

 

With regard to water quality, the following actions are to be 

taken by the pool management: 

a) Water has to be passed through rapid sand filters every 

six hours 

b) Up to 15% of water should be replaced by freshwater 

daily to reduce ammonia, albuminoid and organic and 

nitrate nitrogen derived from bathers that  can  reduce 

the  bacterial destroying action of chlorine 

c) Chlorine level to be maintained continuously at 1 mg/L 

d) pH of water to be maintained at 7.4 - 7.8 

e) Total coliform MPN/100 ml to be less than 600. 
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5.05 Water for Animals 

As for humans, all other animals require water for their 

metabolic activities and other body needs. Many obtain their 

food from water. Figures 7, 8, 9 and 10 show a monkey, a 

crocodile, buffalos and elephants near sources of water 

respectively. Since they are unable to communicate like 

humans, we are not fully aware of their likes and dislikes for 

water, nor is much information available from scientific 

research on how physical, chemical and biological 

characteristics of water affect animals. The rhinoceros, buffalo 

and elephant like to spend much time in the water. These 

animals are low sweating and use the water to dissipate the heat 

of their bodies. 

Buffaloes produce less milk and lower reproductive capacity due 

to heat stress. They have fewer sweat glands than cows.  

Research conducted on the wallowing habit of buffalo has 

revealed that their body temperature and pulse rate are 

significantly lowered by lying in water. Showering of buffaloes 

twice a day, wallowing in water and drinking cool water 

increases feed intake and can lead to a an increase in milk 

production by 20-25% (Ref 2).  In fact it is the experience of 

many farmers that the animal is much more effective in 

ploughing rice fields after a period of wallowing. Some 

managers of state owned animal farms have set aside a specific 

time period daily for buffalo to immerse themselves in water.  
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Figure 6: Langur monkey quenching thirst at National 
Wild Life Park, Bundala 

Photograph: Courtesy Naveen Wijesena 
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Figure 7: Crocodile at Embilikela lagoon, 
Bundala 

Photograph: Courtesy Tharanga Aluthwattha 
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Figure 8: Buffalo enjoying the water 

Photograph: Courtesy Kithsiri Ranawana 
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Figure 9: Elephant family looking for water 

Photograph:  Courtesy Tharanga Aluthwatta 
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The limits of tolerance for the total dissolved solids in drinking 

water for poultry, pigs and beef cattle in the United States have 

been set at 2860, 4290 and 10,100 mg/L respectively by the US 

Geological Survey in 1995. The standards for livestock watering 

reported from Canada in 2005 are indicated in Table 25. 

 

Table 25: Standards for Livestock Watering 

Item 
Permissible 

limit (mg/L) 

Nitrate  100 

Fluoride  1 

Sulphate 1000 

Cadmium  0.08 

Chromium 0.05 

Lead  0.1 

Mercury  0.003 

Zinc  50 

Aluminium  5 

Boron  5 

Copper 0.5 

Total dissolved solids  3000 

Source:   Ref (11) 

 

5.06 Water for Fish 

According to the Central Bank the annual fish production in Sri 

Lanka was about 253,000 tonnes in 2006 from the deep sea, 

coastal, brackish and inland waters. Of this amount about 

94,00O tonnes were obtained from the deep sea and consisted 

mainly of skipjack tuna (atawella) , sail fish (thalapatha), seer 

(thora), shark (mora),  and Yellowfin tuna (kelawella), while the 

rest of the fish captured was mainly anchovy (halmessa),  

herring (salaya),  sardinella (hurulla) and Trevally (parawa). 
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The brackish water bodies of Sri Lanka are found in lagoons and 

salt water swamps and serve as habitats for shrimp and crab.   

Freshwater fish farming mostly in lakes and man-made 

reservoirs covers an extent of about 1400 square km in Sri 

Lanka. The common freshwater fish include carp, murrell 

(loola), brown snake (kanaya), eel (aanda) and thilapiya. The 

annual production is about 38,000 tonnes. 

Fish requires water that should be free of suspended solids and 

devoid of other harmful substances. Clay particles damage gills 

while many heavy metals such as zinc and cadmium in water 

lead to reduction in enzyme activity of many species. High 

concentrations of ammonia in water cause excess urine flow in 

trout and chlorine reduces the food intake. It is also reported 

that detergents damage the taste buds of catfish, low oxygen 

uptake adversely affects swimming ability and that phenol 

causes paralysis and cardiovascular congestion resulting in 

suffocation. Most of the harmful items mentioned above found 

in water are caused by human activity. 

Fish cannot tolerate extreme pH values. In fact growth is 

retarded below pH 6.5 and above 9, while death may occur 

below pH 4 and above pH 11. The optimum temperature range 

for most fish is 20–28 0C. Temperatures below 1800C and above 

300C cause reduction in growth and adversely affect 

reproduction. Dissolved oxygen concentrations less than 1 mg/L 

can be lethal if exposure lasts longer than a few hours.  

The FAO water quality guidelines (1994) for inland fish are 

given in Table 26. 

Table 26:  Water Quality Guidelines for Fisheries 

Item Value 

pH 6.5-8.0 

Dissolved oxygen (mg/L) 5 

Ammonia (mg/L)  < 0.09 
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Item Value 

Chlorine (mg/L) < 0.003 

Aluminium (mg/L) < 0.01 

Iron (mg/L) < 0.1 

Chromium (mg/L) < 0.03 

Magnesium (mg/L) < 15 

Sodium (mg/L) < 50 

Sulphate (mg/L) < 50 

Salinity (mg/L) < 5% 

Hardness (mg/L) < 100 

 

 

5.07 Water for Shrimp Culture  

Shrimp is generally much more expensive than most varieties of 

fish and is considered a delicacy by most people. While shrimp 

lives in both fresh water and brackish water, the human 

preference in Sri Lanka is for brackish water shrimp for which 

there is a high demand both locally and abroad. The water 

quality requirements for brackish water shrimp are given in 

Table 27. 

 

Table 27: Water Quality Requirements for Brackish Water 
Shrimp Culture 

Parameter Optimal Range 

Temperature (0C)  29-30 

Turbidity, platinum units 2-3 

Dissolved oxygen (mg/L) 4-7 

Salinity (mg/L) 15,000- 20,000 

Ammonia (mg/L) <0.11 

Hydrogen sulphide (mg/L) <0.002 

BOD (mg/L) 8-10 

Visibility (cm) 30-40 

Source: Ref (35) 
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5.08 Water for Crops 

Water for agriculture is supplied by rain, natural water tables 

and irrigation. Crop cultivation requires water for a number of 

purposes. In rice cultivation for instance, much water is used for 

ploughing the field, harrowing, levelling and weed control. 

Water in the form of rain or irrigation is also needed for 

preparing the land for upland crops. In rice cultivation it is a 

fairly common practice to keep the land flooded throughout 

much of the season. This facilitates weed management and also 

provides a desirable soil chemical regime for the rice crop. 

Water is necessary for several important processes such as 

photosynthesis, for solubilising plant nutrients in the soil as 

well as added fertilizer and transporting them to the plant 

through the root system. Irrigation water also brings plant 

nutrients to the soil, particularly potassium, while rain supplies 

small quantities of nitrogen and sulphur. Water also helps to 

remove undesirable substances from the soil such as salts 

brought in by sea water during a tsunami or a tidal wave. In fact 

much of the salt brought in by sea water during the December 

2004 tsunami in Sri Lanka was washed off quickly by 

subsequent rains in many of the coastal areas where the soils 

were sandy. 

The water requirement of a number of crops estimated by the 

Field Crops Research and Development Institute at Maha 

Illuppallama is given in Table 28. It is apparent that crops differ 

quite significantly in their requirements.  
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Table 28: Water Requirements of Crops* 
 

Crop 
Crop duration 

(days) 

Water requirement 

(mm) 

Paddy 135 1180 

Paddy 105 910 

Chilli 150 920 

B onion 95 700 

Maize 115 460 

Soybean 105 710 

Greengram 75 460 

Cowpea 90 770 

Groundnut 110 735 

Bean 90 530 

Cabbage 120 445 

Carrot 100 330 

Cucumber 130 790 

Eggplant 130 825 

Raddish 60 200 

Tomato 135 860 

Banana 330 1565 
 

* Information provided by Dr. N. K. Nayakakorale 

 

Irrigation water can have adverse effects on crop growth too. 

Acidic waters can increase the concentrations of metals such as 

iron and aluminium in soil to toxic levels, while high pH waters 

can reduce the concentration of iron, copper, manganese and 

zinc in the soil solution to levels insufficient for plant growth. 

Excess dissolved salts are harmful due to direct effects from 

particular ions and can also cause water stress to plants. Boron 

in high concentrations can be phytotoxic. Some elements in the 

irrigation water can cause harm to soils that can in turn 

adversely affect plant growth.  
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For example, high quantities of sodium in the water compared 

to calcium and magnesium can lead to sodium saturated soils 

which can become alkaline and also render soils hard and less 

permeable to water. Water quality standards for irrigation in Sri 

Lanka are not available. However, the standards employed in 

Canada are given in Table 29.  
 

Table 29: Water Quality Standards for Irrigation 

Parameter Quality Requirement 

Total dissolved solids (mg/L) 500 

Chloride (mg/L) 100 

Fluoride (mg/L) 1 

Zinc (mg/L) 1 

Cadmium (mg/L) 0.005 

Chromium (mg/L) 0.005 

Copper (mg/L) 0.2 

Lead (mg/L) 0.2 

Boron (mg/L) 0.5 

Aluminium (mg/L) 5 

Faecal coliform MPN/100ml 100 

Source: Ref (11) 

 

5.09 Water for Industry 

Water is used for numerous purposes in industry such as 

washing of raw materials, bringing them to solution or slurry 

form before a reaction, in product formulation itself,  in 

conveyance as for vegetables and fruit processing, generating 

steam, as a coolant, cleaning of factory premises and diluting 

wastewater before discharge, etc. Only a limited quantity of 

water actually enters into chemical reactions in industry in 

comparison with the vast amount that is used for other 

purposes. The information on water use by a few industries is 

given in Table 30. 
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In many industries the characteristics of the water used 

influence the quality of the final product and also affect plant 

maintenance costs. When water contains more than 200 mg/L 

hardness it can cause scaling of equipment and shorten the life 

of pipes and fixtures. If acidic, water can lead to corrosion of 

metallic components. 
 

Table 30: Quantity of Water used by Selected Industries 
 

Product 
Consumption of water 

(cubic metre) 

Steel 10-300 per  t 

Tannery 5-150 per 100 m 2 leather 

Milk processing 4.5 per 1000 litre 

Thermal power 450 per t coal burnt 

Cotton dyeing 10-250 per t 

Whisky 70 per 1000  litre 

Beer 10-15 per 1000 litre 

Crepe rubber 32 per t 

Newspaper 80 per t 

                                     

 

5.10 Water for Concrete Making 

According to the British Guidelines for making concrete, water 

that is highly coloured, having a strong odour or containing 

green or brown slime forming algae, should not be used without 

a prior trial run. Likewise, waters having more than 2000 mg/L 

dissolved salts are not recommended. The limit for chloride in 

water is 500 mg/L and that of alkali carbonates and 

bicarbonates is 1000 mg/L. If these limits are exceeded the 

settling time of the cement is adversely affected as well as the 

strength of the concrete. 
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5.11 Water for Boilers 

Much of the energy consumed in the world is used for the 

production of steam for various industrial processes for which 

boilers of numerous sizes and designs are used. The water from 

municipal sources for domestic use is often not suitable as 

boiler feed water, the quality becoming more demanding, 

higher the pressure of operation. All materials that will cause 

foaming, corrosion and scale forming have to be absent or if 

present, shall remain only in very small quantities. Corrosion is 

associated with high concentrations of gases such as oxygen and 

carbon dioxide in the water. High pH feed water minimizes 

corrosion. Scale formation in boilers will impede heat transfer 

and will cause overheating. Scales consist of calcium carbonate, 

calcium sulphate, silicates of calcium, magnesium, iron and 

aluminium, and oxides of iron and copper. A number of water-

conditioning substances, mostly sodium compounds are also 

added to boiler water. The quality guidelines for boiler water are 

given in Table 31.  

 

Table 31: Quality Guidelines for Boiler Water 
 

Item 

Pressure MN/m2 

6.0-

7.8 

7.9-

9.8 

9.9- 

11.8 
>11.8 

pH 8.5-9.5 8.5-9.5 8.5-9.5 
8.5-

9.5 

Oxygen (O2), (mg/L), 

max 
0.01 0.005 0.005 0.005 

Iron + Copper (mg/L), 

max 
0.02 0.01 0.01 0.01 

Silica (SiO2) (mg/L), max 0.05 0.02 0.02 0.02 

Total hardness (mg/L), 

max 
nil nil nil nil 

Source: Ref (23) 
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5.12 Water for Pulp and Paper Industry 

The pulp and paper industry require large quantities of water 

for the numerous steps of its production processes. In fact the 

factories are often located along rivers for this reason. The 

water quality tolerance limits for the paper industry are given in 

Table 32. It is seen that quality requirements such as turbidity, 

colour and many other characteristics are highly variable 

depending on the item of interest. Owing to the importance of 

water quality in the industry, many modern pulp and paper 

mills set up their own water treatment plants as sophisticated as 

those in municipalities producing drinking water. 
 

Table 32: Water Quality Tolerance Limits in the Paper 
Industry 

Item 

High 

grade 

paper 

Kraft 

Papers 
Soda and 

sulphate 

paper 
Bleac

hed 

Unble

ached 

Turbidity ( SiO2 

scale), max   
10 25 100 15 

Colour (hazen 

units), max 
5 15 100 10 

Iron (Fe), (mg/L), 

max 
0.25 0.25 1 0.25 

Manganese (Mn), 

(mg/L), max 
0.05 0.1 0.5 0.05 

Total residual 

chlorine (Cl2), 

(mg/L), max 

2 2 - 2 

Total dissolved 

salts, (mg/L), max 
300 300 500 300 

Total hardness, 

(CaCO3), (mg/L), 

max 

100 100 200 100 

Source : Ref (22) 
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5.13 Water for Navigation    

Use of rivers, lakes and the ocean for transport of people and 

materials has been practiced from the dawn of civilization. As 

time moved on, the vessels grew bigger and the energy for 

providing motion changed from human muscle to wind, 

petroleum and to even nuclear power. At present nearly 48,000 

registered ships criss-cross the oceans carrying about 650 

million tonnes of materials annually. Transport over water is 

often cheaper than by airplane or the railway. Accidents are also 

less frequent compared to most other forms of transport, 

although the sinking of the Titanic is not to be easily forgotten.  

 

5.14 Water for Hydroelectric Power Generation 

Electric power generation is one of the biggest water users, 

withdrawing large volumes of water without actually consuming 

it and requiring a steady supply of water throughout the year so 

that the power station can run without interruption. Power 

generated by falling water is an environmentally friendly way of 

providing electric energy compared to burning of fossil fuels 

that produces carbon dioxide and other gases which in turn 

contribute to global warming. Traditional hydroelectric power 

makes use of natural slopes to create a head of water.  

Usually a river is dammed and the water is stored in a reservoir, 

from where it is made to fall under gravity through pipes to 

water turbines which are connected to electricity generators. 

Steep mountain rivers with high discharge throughout the year, 

such as from melting glaciers in Switzerland provide ideal 

locations for hydropower. The huge potential of the river Nile is 

utilized by the Aswan High Dam Project in Egypt to produce 

about 70,000 kWh of electricity per annum.  

However, hydroelectric plants are capital intensive with very 

high initial investment costs. It must be borne in mind also that 
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on occasions, upstream activities may interfere with regular 

water flows and also cause sedimentation that will reduce the 

storage capacity of the collecting reservoir. In some situations 

the water has to be used for electricity generation as well as 

irrigation. While the former will require steady flows, irrigation 

may need large volumes at certain specific stages of the 

cropping season such as land preparation. A balance has to be 

achieved as in Sri Lanka when the limited water available has to 

be optimally used to satisfy both power generation and 

irrigation  

Until very recently hydroelectric power generation required a 

minimum head of about 7 m for an economically viable plant. 

During the last few years however, new technologies have been 

introduced where heads as low as 5.2 m have been used as in 

the Mississippi River basin, while very low capacity stations 

generating 18 to 125 kW  are in use in China with a head of only 

about 2 metres.  

There are only a small number of countries in the world that 

possess the right combination of flow and topography for 

hydroelectric power. China with more than 80,000 power 

plants, mostly of small capacity though, is the leader in 

hydroelectric power generation with 13.5% of global production, 

followed by the countries of the former USSR (11.1%), United 

States (7.2 %), Zaire (6.7 %) and Canada (5.5%). Hydroelectric 

power supplies about 20 % of the electricity needs of the world. 

More than 90% of the electricity used in Ghana, Norway and 

Zambia is produced by hydropower. 

Hydroelectric power generation for Sri Lanka was first 

conceived by Eng. D. J. Wimalasurendra who planned a power 

plant to supply electricity to the city of Colombo. Accordingly, 

the Laxapana power station construction commenced in 1938 

and was completed in 1950.  Laxapana was followed by the 

construction of Castlereigh and Norton Bridge power stations. 

The Udawalawe power plant was commissioned in 1969. Waters 
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from Maskeli Oya Diversion Stage 1 together with the discharge 

waters from Laxapana were taken through a tunnel to power the 

Samanala power station at Polpitiya. 

The Stage 2 of damming Maskeli Oya involved construction of 

the Canyon crosses bund. This is a bund between Moussakelle 

and Laxapana. Water from the Mausakelle reservoir was taken 

through a tunnel to power two new plants constructed close to 

Laxapana. The damming of Maskeli Oya led to the destruction 

of the beautiful Laxapana waterfall. The disappearance of such 

natural waterfalls is an unfortunate event but unavoidable in 

the larger interest of national development. In fact if the 

proposed Upper Kotmale power plant is commissioned the 

Devon and St. Clair waterfalls will suffer the same fate. 

As the demand for electricity in Sri Lanka was increasing at a 

rate of about 10% per year, the government began looking at 

other possible power generation sites in the 1970s. This led to 

the commissioning of further power plants with Mahaweli and 

Walawe river waters. The power plants at Bowatenne, Kotmale, 

Randenigala, Rantembe and Victoria all use Mahaweli river 

waters.  

A list of hydropower plants in Sri Lanka, the year of initiation 

and capacity of power generated are given in Table 33.   
 

Table 33: Hydropower Plants in Sri Lanka 

Hydropower 

Plant 

Year of 

Initiation 

Power generated 

(MW) 

Lakshapana 1950 50 

Inginiyagala 1963 11 

Wimalasurendra 1965 50 

Udawalawe 1969 6 

Polpitiya 1969 75 

New Lakshapana 1974 100 

Ukuwela 1976 38 
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Hydropower 

Plant 

Year of 

Initiation 

Power generated 

(MW) 

Bowatenne 1981 40 

Canyon 1983 60 

Victoria 1984 210 

Kotmale 1985 201 

Randenigala 1986 122 

Rantembe 1990 49 

Samanela Wewa 1993 120 

Source: Ref (24) 
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6. POLLUTION OF WATER 

Most uses of water bring about pollution, large 

or small. 

The main causes of water pollution are poor 

standards of sanitation and hygiene, improper 

disposal of sewage, soil erosion, use of 

agricultural chemicals, acid rain and industrial 

effluents. A very large number of streams, canals, 

rivers, lakes, reservoirs and the ocean are 

polluted all over the world.  

Almost all of the pollution is brought about by 

human activity 

 
Pollution may be defined as the introduction of substances to a 

medium that brings about harm to living organisms, disturbs 

ecological systems and damages structures or amenities. It is 

most commonly caused by human activity. Pollution is of two 

types; point source and non point source. Examples of the 

former are effluents such as from a tannery, rubber factory or a 

coconut mill, where the source of pollution is confined to a 

limited space and the pollutant clearly identifiable. On the other 

hand, pollution brought about by many causes and several 

parties, and spread over a large area that makes it difficult to 

estimate individual impacts are referred to as non point sources 

of pollution. Examples of the latter include fertilizers and 

pesticides from agriculture, erosion and atmospheric 

deposition. 

Pollution can be sudden, intense and cause immediate ill effects 

or be slow, hardly noticeable, and cause harm over time. There 

are thousands of recorded examples where pollution has acted 

slowly but damagingly. A few examples of water pollution are 

given below. 
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In attempting to control a fire in a chemical warehouse in Basal, 

Switzerland in 1986, thirty tonnes of chemicals including 

pesticides, mercury containing organic compounds and other 

chemicals were washed into the river Rhine. The human 

population which was dependent on the river for many of its 

requirements had to face a very serious problem as the water 

intake to a number of cities had to be closed. Over half a million 

fish was estimated to have died as a result of chemicals entering 

the river. 

A huge explosion occurred in a chemical plant in Jilin province 

in China in November 2005, spilling 100 tonnes of cancer-

causing benzene and nitrobenzene into the Songhua river. The 

benzene levels in the water rose to 108 times the safety level 

that led to the water supplies being cut off to nearly four million 

residents in Harbin city for six days. This incident also led to 

China apologizing to Russia since the polluted river flowed 

through Siberia. 

The introduction of chemicals referred to as fuel oxygenates to 

facilitate the breakdown of carbon monoxide and ozone from 

auto exhaust gases has caused problems. The oxygenates 

themselves have shown to be carcinogenic and leaks of the 

chemical from pipes and underground storage tanks have 

contaminated ground water. This is an example of a substance 

introduced to reduce atmospheric pollution but acting to bring 

about ground water pollution. 

Uranium and other nuclear materials used for the manufacture 

of the atomic bomb 60 years ago have caused radioactivity of 

water in the domestic wells in Niagara County in New York. In 

fact more than 200 court cases have been filed by the local 

population against the government seeking compensation for 

developing cancer. The courts have already ordered the 

payment of compensation to some of the litigants. 
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In 1996 Erin Brockowitch, a lawyer’s clerk, almost single 

handed went to Courts against a giant power company for 

contaminating groundwater in Hinkley, California with the 

carcinogenic hexavalent chromium. As a result the Company 

had to pay a sum of 333 million dollars in compensation to 654 

people whose health was adversely affected by chromium. 

In January 2008, ninety residents near a former IBM plant in 

New York State in Endicott and Union have filed a law suit 

seeking damages from IBM for dumping chemicals including 

trichloroethylene and tetrachloroethylene to water. These 

chemicals are alleged to cause birth defects and cancer in 

humans.  

The decline of the European otter, the reduced population of 

beaver from Canadian forests, deaths of water fowl in the 

United States and the scarcity of eel in British rivers are 

attributed to pollution of the aquatic environment. 

Here in Sri Lanka, the Beira is a good example of a water body 

which got converted slowly from a sparkling lake to a foul 

smelling eyesore with the advent of time by the acts of the 

human. The lake was constructed by the Portuguese for military 

purposes over 500 years ago while the Dutch developed it to be 

the central point in the famous canal transport network 

connecting the Beira to Negombo and Panadura. The lake was 

such a beautiful spot that its banks were subsequently chosen to 

hold parties for the British elite. It is on record that a lavish 

celebration of the defeat of Napoleon was held at the Beira lake 

by the British government in 1815. 

With respect to life on the lake, there is evidence that a well-

known Botanist named Trimen made a systematic study of the 

aquatic plants in the Lake in 1879 and prepared a very long list 

of them that provided testimony to the health of the water body 

at that time. But twenty years later the lake got polluted as 

people began to settle down illegally on its banks. Human 

excreta found its way to the water, industries discharged their 
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effluent and oil from garages and service stations went direct to 

the lake. The organic matter input to the lake increased rapidly 

over the years, their breakdown significantly increased the 

concentration of plant nutrients in the water and caused 

massive growth of algae, some of which had the property of 

producing extremely poisonous toxins. Furthermore, the 

decomposition of the algal biomass reduced the oxygen 

concentration in the water, leading to the formation of bad 

smelling hydrogen sulphide gas and other harmful products. A 

combination of these factors led to frequent fish kills in the 

Beira Lake. A beautiful lake was destroyed by man. 

Many chemicals pollute water bodies. However, it is the 

concentration rather than the identity of the substance that is of 

much relevance. This was succinctly stated by Bombastus 

Paracelsus (1493-1541), the founder of the science of 

pharmacology, as follows; "All substances are poisons; there is 

none which is not a poison. The right dosage differentiates a 

poison and a remedy". For example, copper and zinc are 

essential nutrients for plants and animals, but are harmful to 

many organisms at high concentrations. In fact copper and zinc 

containing compounds are used to control algal and fungal 

growth. For that matter, nitrogen and phosphorus are necessary 

for the synthesis of the very basic building blocks of the smallest 

forms of life, but are also two of the key items that bring about 

eutrophication and the destruction of waterbodies. Even 

petroleum products, the despised water pollutant, after all, 

consist mostly of hydrocarbons which serve as food for bacteria.  

There is a long list of items that are generally considered as 

water pollutants. The common pollutants are; organic matter 

that consumes dissolved oxygen in water, suspended solids, 

ammonia, phosphorus, oil, grease and animal excreta. Others 

include acidity, salinity, nitrogen, nickel, chromium, lead, 

arsenic, uranium, cadmium, mercury, cyanides, hydrogen 

sulphide, chlorine, petroleum hydrocarbons, pesticides and 
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their residues and radio nuclides. High temperature of water 

bodies, sedimentation and turbidity are also considered as 

pollutants.  

The United States Environmental Protection Agency has 

classified over 120 substances consisting of organic and 

inorganic chemicals as toxic water pollutants that are found in 

the effluents of industries manufacturing dyes, explosives, 

paints, pesticides, pigments, plastics, polymers and several 

other products. Many of these chemicals pose a serious threat to 

human health, as they are carcinogenic, damage the liver and 

kidney, and affect the central nervous system adversely. The 

EPA has also developed water quality standards for effluents 

from bioassay of aquatic organisms based on the LD 50 value, 

which is the concentration of a pollutant required to kill 50% of 

a test organism after a specific exposure time. The maximum 

allowable concentration of the pollutant in water is between 

10% and 1% of this value.    

 

6.01 Pollution of Water from Domestic and Urban 
Wastes 

Every day, every household generates various kinds of materials 

that are not considered of sufficient value to be retained. These 

are termed domestic wastes. A can of fish for example is hardly 

of any value after it has been opened and the contents 

consumed. In fact the empty can is a nuisance until it is got rid 

of. Domestic wastes may be roughly divided to those that are 

readily degradable and those that are not. Among those that 

decompose rather rapidly are mainly the animal, cereal, fruit or 

vegetable residues left over from handling, cooking and eating. 

Those that decompose very slowly or those that hardly 

decompose are glass, crockery, plastics, petroleum industry 

byproducts and metals. Polythene products are supposed to 

take about thirty years to degrade. Many other wastes lie in 
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between such as paper, hard board, packing materials, wood, 

clothing and fibre. 

While the domestic wastes generated in low income households 

in rural areas are of low magnitude and mostly degradable, 

those produced in affluent households, particularly in urban 

areas are not only large in quantity, but also not easily 

degradable.  If municipalities or other public organizations 

come to each household regularly and remove the garbage, at 

least such households do not have a waste disposal problem.  

However, in most of the poorer countries such services are not 

often available and as such the household will have to dispose of 

their wastes in one way or another. A small number of 

households bury much of the easily degradable material in their 

own compounds while many others throw it out of their 

boundary, place it on the road-side, dump it on 'no man's land' 

on the way to work or even throw it to a flowing water body 

such as a river.  

Much of the domestic and urban wastes abandoned on the 

surface of land by those who generate them, come in contact 

with water in the form of direct rainfall, storm water from high 

intensity rains and flood waters. Water thus contaminated finds 

its way into domestic wells, streams, rivers, lakes, reservoirs 

and the ocean. 

An example of water pollution mainly from domestic and urban 

wastes is the 'Meda Ela' that begins at the Kandy Lake, traverses 

a distance of about 8 km through the Kandy town and its 

environs and empties in to the Mahaweli river at Getambe. On 

the way it receives the waste waters of thousands of households, 

schools, hospitals, tourist hotels, public urinals, municipal 

market, laundries, garages and service stations culminating in a 

flow of water of a dirty brown colour, with much suspended 

material and often an unbearable smell. There is evidence that 

this canal is polluted by human faecal matter as well. It is also 

not uncommon to see empty bottles of liquor, plastic 
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containers, polythene bags, vegetable and fruit refuse floating in 

the canal on its way to the Mahaweli river. Perhaps this 

indicates the state of civic consciousness and sense of social 

responsibility of a portion of the residents of Kandy, the 

internationally recognized heritage city of the world, of which 

Sri Lanka is so proud.  

A study of the water quality of the Meda Ela was conducted in 

1996 where thirty samples were collected from five points of the 

canal during the dry and wet seasons along with samples of the 

Mahaweli river. The results of the study are summarized in 

Table 34. 
 

Table 34: Water Quality Parameters of the Kandy Meda Ela 
and the Mahaweli River 

                                                             

Item 
Meda 

Ela 

Mahaweli 
river 

upstream 

Mahaweli 
river 

downstream 

Dissolved oxygen 
(mg/L) 

3.4 6.5 4.8 

BOD (Biological 
Oxygen Demand) 
(mg/L) 

12.5 1.6 2.1 

Nitrate nitrogen 
(mg/L) 

0.56 0.14 0.16 

Total phosphorus 
(mg/L) 

0.6 0.13 0.18 

Source: Ref (34) 

While the dissolved oxygen content of the canal water was low 

in comparison to that of the river water, the BOD, nitrate 

nitrogen and phosphorus values were much higher. The total 

coli and E coli values of many of the canal water samples were 

too numerous to be counted. In fact the upstream and 

downstream water samples from Mahaweli river also had total 

coli and E coli counts that were too numerous to be counted 

indicating the polluted status of the river itself.  
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In another study conducted by the National Water Supply and 

Drainage Board on the waters of the Meda Ela during 2004 and 

2005 where fifty water samples were collected and analysed, the 

results showed that the mean BOD value was 57 mg/L and the 

dissolved oxygen content was 2.5 mg/L and that faecal coliform 

was present in the water.  

 

6.02 Pollution from Acid Rain 

The term acid rain was coined by British chemist Angus Smith 

in 1872 who showed its harmful effects such as corrosion of 

metal surfaces, damage to buildings and scorching of plants.  

The pH of unpolluted rainwater in equilibrium with 

atmospheric carbon dioxide is about 5.6. Much of the acidity in 

rain is caused by sulphur dioxide and nitrogen dioxide found in 

high concentrations in the atmosphere in some locations. 

Sulphur dioxide can be produced by the burning of fuel oils, in 

smelting processes, volcanic activity and from oxidation of 

other gases such as methyl mercaptan and carbonyl sulphide 

produced by anaerobic decomposition of organic matter. 

Nitrogen dioxide is formed from combustion of fuel, industrial 

activity and lightning discharges in the atmosphere where 

molecular nitrogen is converted to the oxide. Sulphur dioxide 

and nitrogen dioxide combine with rain drops as they form and 

fall down forming sulphuric and nitric acids. 

Rapid corrosion of bridges at many locations has been 

attributed to acid rain. The speed limits of trains in some areas 

of Poland have been lowered owing to the corrosion of the rail 

track caused by acid rain. The Parthenon, considered the most 

beautiful temple in the world by many, is located in the 

Acropolis of Athens. It was built in 447 BC in honour of the 

patron goddess of Athens, named Atina. The temple had several 

marble statues that were damaged by acid rain. Lord Elgin, the 

British Ambassador to Greece purchased these statues and 
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shipped them to the British Museum in London in 1806 where 

they are presently lying and named the Elgin Marbles. The Taj 

Mahal in India, the Statue of Liberty in New York and the 

Coliseum in Rome have also suffered damage from acid rain.  

The quantity of sulphate sulphur brought down by rainfall in a 

few countries in the Asian region is given in Table 35. The 

quantities vary from about 5 to 30 kg S/ha/year. Acid rain is not 

a matter of serious concern in these countries. 

Table 35: Sulphate Sulphur in rainfall in a few Asian 
countries 

 

Country 
Sulphate S in rain 

(kg S/ha/year) 

China(1987) 13-29 

Korea(1987) 12-28 

Malaysia(1983) 4-29 

Philippines(1987) 14-25 

Sri Lanka(1982) 5-24 

Source: Ref (27) 

Although much of the atmospheric pollutants fall locally, some 

can be transported more than 1000 km before they fall as rain, 

sometimes in another country. In fact it has been reported a few 

decades ago that about 15% of the acidity in Norway is from 

emissions in Britain and about 20% falling in Sweden has had 

its origin in Eastern Europe.  

Acid rain falling directly on to freshwater could immediately 

change its chemistry depending on the acidity and the quantity 

of rain and the volume of the recipient water body. The quality 

of runoff water from rain reaching a water body can be 

influenced by the surrounding soils and geology. If they are 

calcareous some of the rainwater acidity may be neutralized 

while if the bedrock consists of laterite, granite and gneiss the 

rain may cause the dissolution and transport of some metals in 

toxic concentrations to the water body.  
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Microbial populations are affected by pH of water. As acidity 

increases there is a shift in population from bacteria to fungi. 

Most aquatic invertebrates require relatively large quantities of 

sodium, potassium and calcium for their various physiological 

processes. The concentrations of these ions are low in acidic 

waters which are dominated by hydrogen and aluminium ions.  

Studies in a large number of acidic waters have shown that the 

shell thickness of crustacean fauna and their species richness 

are significantly reduced as pH of water decreases. The 

crustaceans are important sources of food for fish. 

Several species of fish are adversely affected by acidity in the 

water. Sodium and chloride are two important ions which are 

found in the blood plasma of fish. These two ions which are lost 

from the body through the gills and urine need to be replaced 

but this cannot be readily done in acidic waters. Consequently 

body cells of fish get damaged, sometimes with fatal 

consequences. 

On impact with soil acid rain solubilises aluminium leading to 

high concentrations in waters below pH 5.0. This is harmful to 

fish as it may cause asphyxiation due to clogging of gills with 

aluminium oxide. Acid waters may also contain high 

concentrations of cadmium, copper, zinc and other heavy 

metals which can cause skeletal deformities of fish.  

Fish eggs are very sensitive to acidity. Mortality of trout eggs 

exceeded 80% at pH 4.5, 18% at pH 5.5 and less than 2% at pH 

7.5. Numerous studies in Norway have clearly demonstrated the 

inverse relationship between acidity in water and salmon 

population.  

Research conducted in the Adirondack Mountains in New York 

has shown that 19 out of 40 lakes with pH less than 5 were 

fishless. It is estimated that 200 to 400 lakes in USA may have 

lost their fish populations due to acidification.  
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In Britain, brown trout was found in only 28% of the streams 

with pH less than 5, but occurred in 95% of the streams with pH 

greater than 6.5. On the other hand, eel was found widely 

distributed with respect to acidity but biomass was three to four 

times lower in waters with pH less than 5.5 compared to waters 

with pH greater than 6.0. It is generally accepted that a pH 6-7 

does not adversely affect fish but that pH values below 4.5 are 

harmful to most species. 

Eggs of many species of amphibians are adversely affected by 

acid waters. Many species of birds are also similarly affected. 

Otter population also has decreased with lowering of pH of their 

aquatic habitats. 

Fish in acidic waters may have high concentrations of heavy 

metals that can get into humans by consumption. Another way 

for heavy metals to enter human bodies in high concentrations 

is through drinking water as their solubilities are higher in low 

pH waters. High intake of aluminium can cause bone wasting 

disease and Alzheimer’s disease. Conventional water treatment 

plants are not set up for removal of heavy metals in water.  

Adding lime can reverse acidification. This has been practiced 

in Europe for a long time. In Sweden itself about 4000 lakes 

have been limed using pulverized limestone (CaCO3), hydrated 

lime (Ca(OH)2) and quicklime (CaO).  

 

6.03 Red Rain in Sri Lanka 

On the 14th and 15th of November 2012 the inhabitants of 

Sevanagala, Moneragala, Padiyatalawa, Polonnaruwa and a few 

other locations were surprised and a few even frightened when 

rain of red colour fell suddenly from the sky lasting for about 15 

minutes. 

People of the area had sightings of meteors and fire balls, and 

even recovered materials not of earth origin shortly before this 
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rain. Red rain has been hardly reported or even spoken of 

earlier in Sri Lanka. 

According to the local newspapers the Medical Research 

Institute (MRI) and the Institute of Nanotechnology have 

reported that the rain water was coloured owing to the presence 

of a unicellular red alga named trachelomonas.  

Professor N. C. Wickramasinghe, the Sri Lanka born 

internationally famed Astrobiologist and the Director of the 

Buckingham Centre for Astrobiology in the Buckingham 

University, UK, visited Sri Lanka a few weeks after this incident, 

had discussions with the MRI Scientists and returned to UK 

with samples of the red rain to conduct further research.  

He has indicated in an email interview with the Nation 

newspaper that the red rain contains an organism that has not 

been identified with any known terrestrial organism.  

Furthermore, Professor Wickramasinghe has stated that the 

finding of the Sri Lankan scientists that the organism contained 

high concentrations of arsenic and silver makes it very unlikely 

that the organism is of earth origin. 

A joint statement by Prof. Wickramasinghe and Dr. Anil 

Samaranayake of MRI appearing in the Buckingham University 

website states “It would be tempting to connect the meteors and 

fireballs with the red rain events experienced in Sri Lanka 

during November and December 2012”.  

Although this was very probably the first instance of red rain 

reported in Sri Lanka, there are reports of such rain from 

Kerala, India, Thailand and Laos. Red rain has fallen in Kerala 

in 2001, 2008 and also in June 2012. In a joint report the 

Centre for Earth Science Studies and the Tropical Botanical 

Garden and Research Institute in Kerala stated in November 

2001 that the red colour was due to the presence of spores of an 

alga belonging to the genus Trentepohlia. However, recent 
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information from Kerala is that the organism that was present 

in the red rain is yet to be identified conclusively. 

There are further reports in 2013 of even yellow and green rain 

in Sri Lanka. Few households have set up facilities successfully 

to collect rain water that falls on the roofs. 

Although coloured rain is scarce, its occurrence in Sri Lanka 

should be a matter of great concern. Coloured rain water is 

unlikely to be accepted for human drinking even if it does not 

contain any harmful substances.  

 

6.04 Pollution of Water from Acid Mine Drainage 

Drainage waters from mines cause pollution from their very 

high acidity. It has been established that about 16,000 km of 

streams were polluted in USA in this manner. In coal mining, 

large amounts of pyrite (FeS2) are oxidized by air, water and 

chemosynthetic bacteria as shown below, leading to the 

production of sulphuric acid.  

2FeS2 + 2H2O + 7O2  =  2FeSO4 + 2 H2SO4 
 

Most numerous bacteria in acid mine waters are Thiobacillus 

thiooxidans and Thiobacillus ferroxidans that oxidize sulphur 

and iron respectively. When pH is 2 - 4.5 aluminium may be as 

high as 2000 mg/L and ferrous ion as high as 10,000 mg/L. 

Organisms in water responsible for breaking down organic 

matter may be destroyed at this low pH so that the self-

purification process is inhibited. Fish are very severely affected 

by acid mine discharge. 
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6.05 Pollution of Water from Agriculture 

Agriculture is considered as the biggest polluter of water bodies 

on a global scale. Although man has been in existence for over a 

million years, agriculture is comparatively recent, being only 

about 12000 years old. Uses of chemical and organic fertilizers, 

growth stimulators and pesticides have increased several folds 

during the last hundred years. Even today, with agriculture 

highly intensified in many countries, over 700 million people 

are undernourished. To feed them adequately, increasing 

quantities of agro chemicals will have to be used.  

Furthermore, cultivation of increasing extents of poor quality 

land that is erodible and the non-adoption of basic soil 

conservation measures lead to heavy losses of top soil. In fact, it 

has been estimated that in the 1960s Zimbabwe lost ten million 

tonnes of nitrogen and five million tonnes of phosphorus 

annually by soil erosion. Much of this gets into water bodies. 

Agriculture is both the cause and victim of pollution. It 

discharges pollutants to water bodies and is often also the 

recipient of waste water which contaminates crops and 

transmits diseases to farm workers and consumers.  

 

6.06 Pollution of Water from Chemical Fertilizer 

Many of the commonly used fertilizers are soluble in water, 

examples being urea, sulphate of ammonia, concentrated 

superphosphate and muriate of potash. When such fertilizers 

are added to soil, it is inevitable that rainfall and irrigation will 

dissolve them and cause part of them to enter water bodies. 

Nitrogen 

Agriculture was ranked as the major polluter of rivers and lakes 

in USA in 1994, and nitrates have been identified as the leading 

cause of ground water pollution in forty nine out of the fifty 

States. It has been estimated that about 100,000 people in 
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Sweden in 2002 were dependent on drinking water exceeding 

the permitted level of 45 mg nitrate per litre. In some countries 

more than 10% of the population is exposed to nitrate levels in 

drinking water that are higher than the WHO guideline limit of 

50 mg nitrate per litre. 

The most commonly added chemical fertilizers in the world are 

those that contain nitrogen. This nitrogen is usually in the form 

of ammonium or nitrate. In the case of urea (NH2CONH2), it is 

rapidly transformed to ammonium when added to the soil. The 

ammonium ion is converted to nitrate by soil bacteria under 

aerobic conditions and since the nitrate ion and soil colloids are 

both negatively charged, the soil cannot absorb it and 

consequently the nitrate ions are easily lost to the ground water, 

streams and other water bodies. The high nitrogen content in 

the waterbody may lead to a situation referred to as 

eutrophication, which will be discussed in Chapter 7.  

High nitrate levels in drinking water have been associated with 

a disease known as methaemoglobinaemia, or blue baby 

syndrome. Nitrate itself is not considered toxic but nitrate may 

be reduced to the nitrite by bacteria in the intestinal tract which 

is then absorbed into the blood stream. Infants are unable to 

detoxify the nitrite which combines with hemoglobin and 

reduces the absorption of oxygen by blood. Infants’ drinking 

water containing more than 50 mg/L nitrate could become 

seriously ill and may die if not given medical treatment. In fact 

the Department of Environmental Quality in Idaho, USA has 

recently advised against giving water containing more than the 

above stated nitrate level to children younger than six months. 

They further advice pregnant women and nursing mothers to 

avoid drinking such water. 

It must be noted that conventional water treatment plants do 

not have the provision to reduce the levels of nitrate in drinking 

water. Several such plants in many countries have been closed 

down for this reason. 
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The Department of Agriculture in Sri Lanka has carried out 

nitrate analysis of a very large number of water samples 

beginning 1988, from shallow farm wells in the Jaffna 

Peninsula, Kalpitiya and several locations of the North Western 

Province. The mean values are given in Table 36. 
 

Table 36: Nitrate Content of Shallow Farm Well Water 
Samples 

 

Location Number of wells Nitrate (mg/L) 

Jaffna Peninsula 7 134.7 

Kalpitiya 1 116 31.3 

Kalpitiya 2 168 72.7 

Kalpitiya 3 22 121.4 

Kalpitiya 4 11 175.7 

Kalpitiya 5 4 228.3 

North Western Province 21 7.2 

Source: Ref (25, 32) 

Much of the soils in Kalpitiya and a very significant extent in 

Jaffna are very sandy and therefore permeable. Addition of high 

levels of nitrogenous fertilizer and frequent irrigation lead to 

heavy leaching of nitrate under these conditions. The nitrate 

levels in the water from many of the farm wells of Jaffna and 

Kalpitiya given above are higher than the SLSI and WHO limits 

for drinking water. Studies conducted by the University of 

Jaffna in 2006 on the nitrate content in the water from 70 wells 

in Jaffna, have shown that high nitrate values exceeding the 50 

mg/L limit were present in many community wells, as well as in 

domestic wells where the water is used for drinking.  

Furthermore, in two wells where the water is drawn for public 

water supply, the nitrate levels were very close to the SLSI 

stipulated limit. These findings show that nearly twenty years 

after high nitrate values were reported in Jaffna wells, the 

problem of nitrate pollution still remains. The health risk to the 

people drinking this water is clearly evident.  
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Recent research conducted by the University of Peradeniya has 

also shown that water of two wells in Nuwara Eliya contained 

extremely high levels of nitrate.   

 

Phosphorus 
 

Phosphorus is another plant nutrient commonly added as a 

fertilizer. However, the chemistry of phosphate is quite different 

from that of nitrate. While nitrates are water soluble, 

phosphates combine with a number of cations in soil such as 

calcium, magnesium, aluminium and iron to form a series of 

compounds which are sparingly soluble. As such the runoff 

from uncultivated, unfertilized or sparingly P fertilized lands 

usually contains small quantities of dissolved phosphate. This is 

illustrated from stream water analysis conducted year round 

from a number of locations in Sri Lanka in 1963 when use of 

phosphate fertilizer was very low (Table 37). 

Table 37: Phosphorus Content of Stream Water in rice 
Growing Areas 

 Location 
Phosphate 
(mg/L P) 

Kalutara 0.02 

Galle 0.02 

Pussellawa 0.02 

Ratnapura 0.02 

Source: Ref (3) 
 

However, with chemical fertilizer heavily subsidized, very large 

amounts of phosphorus are being added to the soil in the 

upcountry wet zone, upcountry intermediate zone and the mid 

country wet zone. As a result, soil phosphorus levels in many of 

the farmlands have significantly increased, even beyond 

environmentally safe limits, posing a threat to drinking water in 

the country. This aspect is discussed in more detail in the next 

chapter.  
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6.07 Pollution of Water from Organic Manures 

Much of the organic manures in Sri Lanka are derived from 

animal wastes. A majority of cattle and buffalo in the country 

are free grazing animals whose dung is spread across the land. 

Water pollution under these circumstances is not very common. 

There are instances however, where animals defecate near 

waterbodies. This dung gets washed into the water during rains 

and adds nutrients to the water. In the dry season much of the 

water evaporates and the concentration of nutrients can 

increase to cause eutrophication. 

Pollution of water is a threat in many developed countries 

where large numbers of animals are fenced into a small area of 

pasture land and grain is brought from outside as 

supplementary feed. About 50-75% of the phosphorus present 

in cereal grains, corn and soybeans is in the form of phytate, a 

compound that animals are unable to digest. In these 

circumstances much of the phosphorus consumed ends up in 

the faeces. Continuous high density dairy farming on the same 

land can increase the soil P value to hazardous levels to pollute 

water. 

In Sri Lanka animal dung is recommended to most crops but 

the amounts of phosphorus brought in annually in this manner 

cannot be considered as an environmental threat.   

Since all plants contain 17 essential nutrient elements and since 

cattle for example, consume much plant material, it is obvious 

that cattle manure will have all the plant nutrients. As the 

manure breaks down in the soil the nutrients are released in 

inorganic form and will be subject thereafter to the same rules 

of chemistry as the nutrients from chemical fertilizer. It is a 

misconception that organics are environmentally friendly and 

chemical fertilizers are not. Organics breakdown slowly and 

release small quantities of nutrients at a time so that the rate of 
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nutrient addition to the water will be low on a time basis in 

comparison to most chemical fertilizers 

 

6.08 Pollution of Water from Pesticides 

Although natural pesticides have been used by man for 

thousands of years, use of synthetic pesticides to protect crops 

from diseases, insect attack and weed infestation is a relatively 

recent phenomenon. Fungicides, insecticides, nematicides and 

weedicides are collectively referred to as pesticides. Although 

development of synthetic pesticides was heralded sometime ago 

as a land mark event in increasing food production in a hungry 

world by destroying pests quickly and cheaply, most pesticides 

are now thought of as  pollutants that are upsetting ecosystems, 

disturbing prey-predator relationships, causing loss of 

biodiversity and creating health problems to the human and 

other living beings.  

Pesticides can be chemically divided into four main groups. 

a. Chlorinated hydrocarbons. Example - DDT (dichloro 

diphenyl trichloro ethane) 

b. Organophosphates Example. -  Malathion 

c. Carbamates.  Example - Carboryl 

d. Heavy metal containing compounds.  Example - 

Bordeaux mixture 

DDT was one of the earliest pesticides that was developed by 

Paul Muller of Switzerland in 1945 for which he won the Nobel 

Prize. This was followed by the introduction of 

organophosphates and carbamates. The active ingredient of a 

pesticide, the additives used in its formulation and the 

degradation products formed in the photochemical, chemical or 

microbial decomposition in the soil, can enter a water body by 

percolation and surface runoff. Even though a pesticide or its 
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breakdown product may not be soluble in water, it can get into 

solution when the contaminated sediments reach the lower 

depths of a water body under the reducing conditions prevailing 

there.  In addition such sediments can be ingested by fish for 

example, and enter the human body by moving up the food 

chain.  

Pesticide manufacture is shifting from the production of highly 

toxic, persistent and bio-accumulating products to those which 

decompose rapidly and are non-toxic to non-target organisms. 

Pesticides enter water bodies from direct application, runoff 

from soil, sewage and as discharge from industry. 

Organochlorine pesticides have had adverse effects on wild life. 

The biomagnifications (increasing concentration along the food 

chain) factor of DDT from water to algae to fish and birds may 

be over 100,000. Human breast milk contained DDT in excess 

of the stipulated limit of 0.74 mg/kg in many countries in the 

early 1980s. Pentachloro biphenyl is another pesticide which is 

very persistent and harmful to living organisms.  

Some pesticides are banned in developed countries but are still 

found in poorer countries because they are much cheaper, 

although harmful to the environment. 

The persistence of a pesticide is the time required for its 

concentration to decrease by half due to biodegradation, 

hydrolysis, photolysis or oxidation. 

WHO has issued a set of guidelines for pesticide content in 

drinking water in 2004 after taking into consideration their 

harmful effects on human life (Table 38). 
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Table 38: WHO Guidelines for Limits of Concentration of 
Selected Pesticides in Drinking Water 

 

Pesticide 
Upper Limit of 

Concentration (μg/L) 

Alachlor 20 

Aldrin/Dieldrin 0.03 

Atrazine 3 

Carbofuran 7 

Chlordane 0.2 

Chloropyrifos 30 

Dimethoate 6 

DDT 1 

2-4-D 30 

Endrin 0.6 

Ethylene dibromide 0.4 

Heptachlorobenzene 0.03 

Lindane 2 

MCPA 2 

Methoxychlor 20 

Pentachlorophenol 9 

Simazine 2 

2,4,5-T 9 

Trichloroethane 70 

Source: Ref (63) 

 
Pesticides such as DDT are lipophilic, meaning that they are 

soluble in fat and accumulate in fat tissue. Other pesticides such 

as glyphosate are metabolized and excreted. The effects of 

pesticides on aquatic life are numerous. They cause cancers, 

inhibit reproduction, damage the immune system, cause 

physical deformities and give rise to egg shell thinning. At high 

concentrations pesticides may be fatal. 
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Many pesticides breakdown rapidly in soil by hydrolysis and 

photolysis to simple compounds such as water, carbon dioxide 

and ammonia. However, there are exceptions. For example, 

chlordane epoxide, a breakdown product is four times more 

toxic than the parent chlordane. Microorganisms degrade many 

pesticides as they use these compounds as sources of carbon 

and energy. Some like 2-4-D are rapidly broken down while 

others like Atrazine are persistent and degrade slowly. 

Chloropyrofos was found in 65% of surface water samples in the 

US States of Alabama, Florida and Georgia. According to 

studies conducted by the Department of Agriculture, Sri Lanka, 

chloropyrofos has also been found in drinking water samples in 

the North Central Province. This pesticide has also been found 

in 12 out of 14 agro wells sampled at Sigiriya.  

 

6.09 Pollution of Water from Sediments 

A very large number of solid substances of various sizes are 

found in water, in suspension and floating.  Particulate matter 

arising from silt, clay, organic residues and plankton can end up 

as sediment in a water body. They may be carrying 

contaminants already and in addition they could sink to the 

bottom and absorb pollutants from the aqueous medium. Table 

39 gives size ranges for a variety of organic and inorganic 

substances found in water. Most of the microorganisms are not 

visible to the naked eye, the limit of human visibility being 

about 0.1 mm. 

Table 39: Particle Sizes for a Range of Substances Found in 
Water 

Particle type Particle size (mm) 

Dissolved solids 10-8-10-6 

Colloidal solids, clays 10-6 -10-3 

Virus 10-5- 10-4 
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Particle type Particle size (mm) 

Bacteria 10-4- 0.1 

Algae 10-3- 0.5 

Amoeba 10-2-0.5 

Suspended Inorganic solids 10-3 -1 

Settleable solids 10-2-1 

 
It is a fairly common sight in Sri Lanka for rivers to be muddied 

after a fairly high intensity rainfall (Figure 10).  

 
 

Figure 10: Muddied Mahaweli River 

Photograph courtesy:  Dr. M. A. Lathiff 
 

This is a direct result of transport of soil particles largely from 

exposed sloping land by moving water. A sizeable extent of 

sloping land without adequate soil conservation measures is 

planted with annual crops that do not cover the land during 

most times of the year, thereby subjecting it to erosion.  
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Furthermore, in many commonly cultivated crops like potato, 

carrot, beetroot and radish the marketable portions are 

underground and at harvest the plant is uprooted disturbing the 

soil, bringing it up and spreading it on the surface, in sharp 

contrast to plucking few young leaves of a tea bush  which does 

not disturb the soil in any way. Gem mining, quarrying, building 

construction, laying pipe lines underground and road 

construction and maintenance are other activities which add 

soil particles to water.   

Particulate matter impedes the passage of light through water 

by scattering and absorbing the rays. This interference of light is 

referred to as turbidity which is a measure of cloudiness. It is 

usually determined quantitatively by a photoelectric detector. A 

standard is used in this measurement which consists of a 

suspension of silica of specified particle size so that 1.0 mg/L 

suspension measures as 1.0 NTU. The WHO limit for drinking 

water is 5 NTU. High turbidity can hinder the effectiveness of 

disinfectants in public water systems. Turbidity of water 

reduces photosynthetic activity of phytoplankton through 

reducing entry of sunlight. Turbid waters may allow the growth 

of disease causing organisms such as bacteria, viruses and 

parasites.  

Clay particles in water can harm gills of fish. Furthermore, their 

spawning is adversely affected. Increase in sediment load 

reduces the water depth in many water bodies and at times 

adversely affects navigation.  

The chemical effects of soil loading are no less harmful. Ferric 

oxide coatings on soil and several other compounds absorb 

phosphate ions very strongly in a quick reaction and form 

sparingly soluble substances which sink to the bottom of a 

water body where the prevailing anoxic conditions increase the 

solubility of iron phosphates several fold. In fact the Fe2+ 

concentration in the water at the lower depths in the Kandy 
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Lake was more than a thousand times of those at the upper 

layers due to the anaerobic conditions at the bottom (Ref 60). 

As much as 90% of the phosphorus in a waterbody may be in 

the sediment.  In fact the same principles apply to the water 

insoluble pesticides such as the organochlorine DDT which will 

attach itself to soil and get solubilised under the reduced 

conditions at the lower depths. Water insoluble pesticides can 

enter human body via sediments even without solubilisation. 

The contaminated sediment can be ingested by aquatic 

organisms and enter the human body through the food chain.  

Most heavy metals that enter water bodies originate from urban 

runoff and industry effluents. They get attached to the 

particulate matter in the water and sink to the bottom. Dredged 

sediment from a water body in a heavily industrialized area in 

Leipzig contained as much as 1,500,000 kg Zinc, 200,000 kg 

chromium and 8000 kg cadmium. 

 

6. 10 Pollution of Water from Aquaculture 

Aquaculture involves the raising of fish and other aquatic 

organisms in a highly intensive manner. There are several 

adverse effects of aquaculture on the aquatic environment. 

These include release of uneaten food, faeces and other 

excretory products, proliferation of parasites, disease causing 

organisms and contamination with a number of aquaculture 

chemicals.  

 

6.11 Pollution from Fishing 

Anglers often use a lead piece in order to keep the bite 

submerged. This causes some degree of water pollution. 

Sometimes these items get detached from the fishing line and 

sink. Swans and other such animals swallow the lead mistaking 

for food and subject themselves to lead poisoning. Sometimes 

these lead particles get entangled in the throat and obstruct the 
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passage of food consumed by the animals. It has been found in 

Britain that there is a correlation between angling and lead 

content of the blood of swans.  

 

6.12 Pollution of Water from Petroleum Hydrocarbons 

Crude oil consists of different organic compounds, majority of 

them being hydrocarbons having 4 to 26 carbon atoms per 

molecule. It also contains several toxic compounds such as 

polynuclear aromatic hydrocarbons, polychlorinated biphenyls 

and a number of heavy metals. Petroleum products are 

commonly used by humans in their day to day life in the home, 

and in transport such as car, bus, train, boat, ship and 

aeroplane. It is also used in practically every industry. The 

current annual world oil production is about three billion 

tonnes. It is inevitable that some portion of oil used in almost 

any industry will get into water bodies. While the amounts 

entering fresh water bodies have not been fully assessed, the oil 

input into the marine environment is estimated at about 2.2 

million tonnes a year. Much of this pollution comes from 

terrestrial discharge and as discharge of oil during tank 

clearing, fuel oil sludge and other forms of waste oil (Table 40). 

Table 40: Major Additions of Petroleum Pollutants to the 
Marine Environment 

Source % 

Terrestrial discharge 37 

Vessel Operations 33 

Tanker accidents 12 

Atmosphere 9 

Natural sources 7 

Seabed exploration 2 
Source: Ref (37) 

 

There is hardly any evidence of a build-up of oil residues in the 

seas in spite of the entry of several million tonnes of oil 
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annually, suggesting that the marine environment is presently 

able to breakdown the anthropogenic introduction of oil. 

However, accidental oil spills amounting to about 400,000 

tonnes a year can be extremely harmful in a localized 

environment because of its concentrated effect on a relatively 

small area.  

Plants and animals are adversely affected by contact with oil as it 

hinders respiration, photosynthesis and feeding. Some animals 

lose their buoyancy as their coats get covered with oil. The 

plumage of birds gets damaged and affects the body insulation 

from heat and cold. Oil ingested fish can die of dehydration as 

water movement to the body is restricted  Even if oil is not fatal, 

fish in oil polluted waters develop an oily smell and taste causing 

problems in marketing. 

The fate of an oil spill from a tanker in the sea can depend on 

several factors such as physical and chemical properties of the 

oil and the nature and activity of the microbial population. 

Some of the main physical properties that matter here are the 

specific gravity, volatility and viscosity. The specific gravity of 

most oils is less than that of water, making them float. The 

heavier oils will sink often mixing with suspended materials.  

Many petroleum products such as kerosene, diesel and gasoline 

evaporate rapidly. This is facilitated by strong winds and warm 

temperatures. Heavy crudes with low boiling points undergo 

very little evaporation. 

Both sea water and fresh water have a range of bacteria and 

fungi which can utilize oil as a source of carbon and energy. In 

some waters with low quantities of nitrogen and phosphorus the 

activity of the degradation causing organisms is low and 

additions of nitrogen and phosphorus are made to increase the 

speed of biodegradation. Low water temperatures inhibit the 

breakdown of oil due to lower bacterial activity in colder 

regions.  
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Oil spills can cause economic damage to the fishing industry. It 

can also hinder bathing, diving, boating and angling and other 

recreational activities and adversely affect tourism. Some power 

stations located close to the sea using sea water for cooling 

purposes can be forced to shut down if the water is highly 

polluted with oil. Likewise, desalination industry will be badly 

affected. Oil spills at harbours caused by accidents in loading 

and discharging can restrict the movement of ships. 

 

6.13 Pollution of the Sea  

There is a serious misconception in the minds of some that the 

sea has an unlimited capacity to absorb anthropogenic wastes 

and biodegrade them quickly. Many rivers carry industrial 

pollutants to the sea. Rivers Elbe, Rhine, Schelde, Thames, 

Humber and Tyne from Europe, and Rhone, Arno and Po from 

the Mediterranean are well known examples of rivers that 

pollute the sea in this manner. In some countries untreated 

sewage is pumped into the sea even at present. Massive algal 

blooms are a common site on the coastline of some European 

countries caused by the discharge of several hundred thousand 

tonnes of nitrogen by their rivers to the Baltic and North Sea.  

Mercury poisoning took place in Minamata, Japan from the 

effluents released to the sea from 1932 to 1968 by a factory 

producing acetaldehyde and vinyl chloride that used mercuric 

oxide as a catalyst.  Apparently microorganisms converted 

mercury to the highly toxic methyl mercury in water which was 

absorbed by the fish and passed to local inhabitants through the 

food chain. One thousand people died and several thousands 

were permanently disabled. It took a while to establish that the 

cause of poisoning was the highly toxic methyl mercury. 

The sea is also polluted from accidents involving oil tankers and 

oil rigs. The 1000 foot long oil tanker Exxon Valdez carrying 53 

million gallons of oil sank in Alaska in June 1989 after a 
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collision with the reef, spilling 10 million gallons of crude oil. 

This led to the killing of tens of thousands of sea birds, 

destroying the fisheries, harming many other living organisms 

and to causing environmental damage from which the region 

has not fully recovered. One thousand miles of coastline was 

polluted. The clean-up cost a sum of 3.4 billion dollars 

(http://news.yahoo.com/s/ap/2009061/ap-on-bi-ge/us-exxon-

valdez) 

In April 2010 the oil rig Deep-water Horizon exploded 50 miles 

away from the Louisiana coast spilling more than 200,000 

gallons of oil to the sea daily. This is considered the worst oil 

spilling accident in the world. Twenty two workers died in the 

accident. The US Department of Justice after an exhaustive 

inquiry imposed a fine of US 4.5 billion dollars on British 

Petroleum Company. 

The occasional red tides consisting of algae in the western coast 

of Sri Lanka with foul odour is ample testimony to the fact that 

the sea in some coastal areas has reached its limit of waste 

assimilation, and a warning that pollution of the sea is taking 

place in and around Colombo. 

In order to maintain a clean sea, the UN International Maritime 

Organization has issued international controls stipulating strict 

conditions effective June 01, 1989 with regard to dumping of 

materials by ships, as follows. 

a) No wastes of any kind could be thrown to the sea within 

5 km from land 

b) Plastics and other non-degradable materials may not be 

dumped anywhere 

c) Other wastes may be dumped at varying distances, 

depending on the nature of the waste.  For some wastes 

this distance is 40 km from land. 
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6.14 Pollution of Lagoons from Fresh Water 

Lagoons are shallow brackish water bodies with connections to 

the sea by which sea water flows into the lagoon and vice versa. 

The basically brackish aquatic ecosystem has phytoplankton, 

zooplankton, fish, shrimp and other forms of life adapted to the 

high salt status of the water. 

The Bundala National Park which has several lagoons has 

international recognition as a bird sanctuary hosting more than 

fifty species of birds, mostly migrants who leave their mother 

countries during the winter season. They enjoy the food in the 

lagoons including salt water shrimp. However, two of the 

lagoons at Bundala namely, Malala and Embilikala, have lost 

their brackishness due to the entry of discharged irrigation 

water from the Lunugamwehera and Kirindi Oya irrigation 

settlement projects. In fact the electrical conductivity of the 

water is down to 2 mS/cm compared to the neighbouring 

lagoons having a value of about 30 mS/cm. Consequently, the 

shrimp population could dwindle at Malala and Embilikala 

lagoons in time to come. From the definition of pollution given 

at the beginning of this chapter, fresh water is clearly the 

pollutant here. 

Reduction of the salt level of the lagoons may drastically reduce 

the number of migrant birds visiting Bundala in the future. 

Figure 11 shows migrant birds at a lagoon in Bundala attracted 

by the shrimp. 
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Figure 11: Migrant Greater Flamingo at a lagoon in Bundala 

Photograph: Courtesy Tharanga Aluthwattha 

 
 

6.15 Pollution of Water from Industry 

If it is correct that society has improved its quality of life from 

industrial development, it is also true that society has had to 

pay the price in environmental quality degradation arising from 

it. Many industries pollute water through solid and liquid 

wastes and cause harm to living organisms. There are also 

industries that cause pollution through heat. 

Some industries whose effluents cause pollution of water bodies 

in Sri Lanka include food processing, desiccated coconut, 

brewery, dairy, slaughter houses, leather, textiles, batteries, 

paints and electroplating.  

The major pollutants from the industries are acids, alkalis, 

chlorine, ammonia, hydrogen sulphide, sulphur dioxide, 
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nitrogen dioxide, lead, nickel, cadmium, zinc, copper, mercury, 

chromium, cyanides, fluoride, sulphide, sulphite, sulphate, 

phenols, hydrocarbons and other organic compounds.  

The amounts of waste water discharged from a few industries 

are given in Table 41. 
 

Table 41: Amounts of Waste water Generated from Selected 
Industries 

Industry Waste water generated Source 

Crepe 

rubber 

29 cubic metres per tonne 

rubber 

Central Environment 

Authority (1992) 

Concentra

ted latex 

3 cubic metres per tonne dry 

rubber 

Central Environment 

Authority (1992) 

Desiccated 

coconut 

50 cubic metres per day 

processing 50,000 coconuts 

Central Environment 

Authority (1992) 

Tannery 
35 cubic metres per tonne 

hide 

Central Environment 

Authority (1992) 

Textile 

processing 

100 cubic metres per tonne 

cloth 

Central Environment 

Authority (1992) 

Pulp and 

paper 

80 to 270 cubic metres per 

tonne paper 
Heathcote (1998) 

Source: Ref (13) 
 
 

6.16 Pollution of Water from the Leather Industry 

A tannery basically starts with a raw hide of an animal, subjects 

it to a number of processes using a variety of chemicals and 

machinery, and produces a wide range of leather materials for 

the manufacture of clothing, shoes, bags, belts and many other 

end products for which there is a great demand. 

The main chemicals used by the leather industry and their 

functions are:  
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 Sodium sulphite, sodium sulphydrate, arsenic sulphide, 

sodium cyanide, sodium hydrosulphate, dimethylamine 

sulphate, sodium hydroxide and calcium oxide for dehairing 

and removing fats. 

 Lead acetate, ferric sulphate, copper sulphate, sodium 

dichromate and potassium titanium oxalate for dye making 

 Chromium sulphate for providing resistance to the hide 

against bacterial attack and allowing it to withstand high 

temperatures, and giving stability to the dye. 

 

The liquid effluents by the tanning operations are likely to 

contain most of the above chemicals in addition to organic 

materials from the hide itself that will be a source of pollution to 

the receiving water. The sulphides can be extremely harmful to 

living organisms. They have caused many fatal accidents in the 

industry during maintenance operations. Ammonia which is 

liable to be formed is toxic to many organisms and has a high 

BOD as well. Chromium is a highly toxic metal. Cadmium and 

copper in harmful concentrations have also been found in 

tannery effluents. The quality characteristics of tannery effluent 

are given in Table 42. 

Table 42: The Composition of Tannery Effluent  
 

Item Quantity (mg/L) 

pH 9-10 

BOD  1500-2000 

COD  4000-5000 

Sulphide  150-250 

Chromium  100 

Grease  50-100 

Suspended solids  2000-3000 

Sulphate  1500-2000 

Chloride  3000-4000 

Source: Ref (13) 
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6.17 Pollution of Water from the Pulp and Paper 
Industry      

Paper mills consume a large quantity of water. Production of 

newspaper requires about 80 cubic metres per tonne while the 

corresponding value for tissue paper is as high as 270 cubic 

metres per tonne. Water is required for feeding the boiler, 

cooling, sealing in pumps, bleaching, washing and diluting. 

Some of the chemicals used in the paper industry are sodium 

hydroxide, sodium silicate and magnesium sulphate.  

Discharges from a paper mill include high quantities of toxic 

substances, metals, coloured substances, materials of high BOD 

and COD and liquids of extreme pH values.  

The suspended materials in the effluents of the paper industry 

include lime mud, kaolin, pigments, fillers and resins.  

 

6.18 Pollution of Water from the Rubber Industry 

The area cultivated to rubber in Sri Lanka is about 200,000 

hectares while the annual production of rubber is about 110,000 

tonnes. This is used mostly for manufacture of tyres, tubes, 

valves, shoes, hoses, etc. The production of creped rubber and 

ribbed smoke sheet rubber (RSS) generates much waste water 

containing organic pollutants and several chemicals. These 

waters enter streams and rivers which are used for bathing, 

washing and even as intake for public water supply. There are 

many complaints by the people living close to discharge areas 

about the unpleasant odours resulting from wastewater 

discharge. 

Many chemicals are added at various stages of manufacture of 

rubber products. Sodium sulphate is added to prevent pre-

coagulation, sodium metabishulphite to prevent enzymatic 

discolouration, naxobleach to remove carotenoids and formic 

acid or oxalic acid for coagulation.  
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About 32 cubic metres of water are used for the production of 

one tonne of crepe rubber. The waste waters contain proteins, 

sugars, organic acids, sulphites, mercaptans, as well as 

compounds containing nitrogen, phosphorus and potassium. 

The pH of the waste water is about 5.5. Other characteristics of 

the wastewaters are given in Table 43. 
 

Table 43: Composition of Effluent from Crepe Industry 
 

Waste water 
parameter 

Concentration       
( mg/L) 

Total N 225 

Sulphides 15 

Sulphites 190 

Total solids 5600 

Suspended solids 150 

BOD 1900 

COD 5600 

Source: Ref (13) 

 

6.19 Pollution of Water from the Concentrated Latex 
Industry 

Concentrated latex is used for the manufacture of dipped 

products where the mould of a specific product is dipped into 

centrifuged latex. Examples of such products are gloves, 

balloons and condoms. This is a fast growing industry with 

most of the products exported.  

Ammonia, zinc oxide, tetra methyl and disulphides are used for 

preventing pre-coagulation and as preservatives. The industry 

generates much wastewater containing several pollutants. 

The pH of the wastewater is about 4.5 while the other 

characteristics are given in Table 44. 
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Table 44: Composition of Effluent from Latex Industry 
 

Waste water 
parameter 

Concentration 
(mg/L) 

Total N 900 

Total P 500 

Total solids 13000 

Suspended solids 1000 

COD 25000 

Source: Ref (13) 

 

6.20 Pollution of Water from the Desiccated Coconut 
Industry 

Sri Lanka produced about 30,000 tonnes of desiccated coconut 

in 2010, most of which was exported. In fact Sri Lanka is the 

second largest exporter in the world, being second only to the 

Philippines. Calcium hypochlorite is the only chemical used in 

the industry, while much of the pollution arises from coconut 

water which has very high COD and BOD values of about 

40,000 and 10,000 mg/L respectively. A mill with a capacity of 

about 50,000 nuts per day generates about 50 cubic metres of 

waste water including about 10,000 litres of coconut water. The 

wastewater contains high concentrations of carbohydrates, oil 

and grease and adversely affects waterbodies close to the mills, 

causing problems for bathing and drinking. Some of the 

characteristics of the waste water are given in Table 45. 

Table 45: Composition of Effluent from the Desiccated 
Coconut Industry 

Item 
Composition 

(mg/L) 

pH 4.0-5.5 

BOD 1000-5000 

COD 4000-8000 

Oil  4000 
Source: Ref (13) 
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The wastewater may reduce the oxygen content of the receiving 

water and cause harm to aquatic life and may also damage crops 

due to its low pH. 

 

6.21 Pollution of Water from the Dairy Industry 

Milk collected from 85 regional milk collection centers totaling 

about 81 million litres annually is distributed to processing 

plants where the milk is processed into pasteurized milk, 

sterilized milk, ice cream, yoghurt, curd, butter, cheese, 

condensed milk, powdered milk and other products. The main 

sources of waste water generated in the dairies are derived from 

washing and cleaning of tanks, trucks and cans, spills from 

leaks and handling, discarded spoiled products and detergents 

used for cleaning. The characteristics of waste water from a 

dairy are given in Table 46 
 

Table 46: Composition of Effluent from the Dairy Industry 

Parameter Value 

pH 5.3 

BOD (mg/L) 545 

COD (mg/L) 1360 

Suspended solids (mg/L) 270 

Source: Ref (13) 

 

The waste water is acidic since milk sugars are rapidly 

converted to lactic acid under low oxygen conditions. This 

causes casein to precipitate and form a black sludge with a high 

BOD. Most dairies in Sri Lanka discharge wastewater into 

streams and rivers without any treatment causing decrease in 

oxygen content of receiving water, bad odours and harm to 

aquatic life as well as making the water unfit for drinking and 

bathing of humans.   
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6.22 Pollution of Water from the Textile Industry 

The textile industry is engaged in the manufacture of finished 

cloth from cotton and   synthetic materials. The three major 

operations in the manufacture of finished cloth are spinning, 

weaving, and finishing. Spinning and weaving are basically dry 

processes which hardly produce any pollutants. Finishing on 

the otherhand uses a large number of organic and inorganic 

chemicals that may lead to the presence of significant amounts 

of pollutants in the waste water. The substances that may be 

present in waste waters from each of the finishing steps are 

given in Table 47. 
 

Table 47: Substances Present in Waste Waters from Textile 
Processing Industry 

 

Operation Effluent constituents 

Desizing 

(hydrolyzing starch 

to glucose) 

Enzymes, starch, glucose, acids, sodium 

chloride 

Scouring (removing 

waxes, grease, oils) 

Surfactants, waxes, grease, oil, sodium 

phosphate, sodium hydroxide 

Bleaching 

Sodium silicate, sodium hydroxide, calcium 

hypochlorite, sodium phosphate, sodium 

carbonate, sodium sulphite, oxalic acid, 

chelating agents, surfactant 

Mercerizing 

(adding luster) 
Sodium hydroxide, suspended solids 

Dyeing and printing 

Organic acids, kerosene, solvents, pigments, 

sodium carbonate, chlorinated organic 

compounds 

Final treatment 
Detergents, starch, resins, chlorinated 

organic compounds 

Source: Ref (13) 
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The textile industry produces about 100 cubic metres waste 

water per tonne of cloth. The industry in Sri Lanka is estimated 

to generate about 13,300 kg COD per day, only second to 

natural rubber industry. The pollution in Lunawa and Bolgoda 

lakes is attributed mainly to the discharges from the textile 

industry. 

 

6.23 Pollution of Water from the Metal Finishing 
Industry 

The processes involved in the metal finishing industry are; 

electroplating, galvanizing, spraying, polishing, hardening, 

anodizing and chromating. The most common activities in Sri 

Lanka are electroplating and galvanizing using lead, nickel, 

zinc, chromium and copper. 

The waste water in the industry contains many pollutants. They 

include sodium carbonate, sodium hydroxide, sodium 

phosphate, sodium silicate, sodium cyanide, borax, 

hydrochloric acid, sulphuric acid, nitric acid, iron, copper, zinc, 

nickel, cadmium, chromium, lead, phenolic compounds, organic 

solvents and oil-water emulsions.  

 

6.24 Pollution of Water from Radioactive Materials 

Today about 150 nuclear reactors are in operation and about 70 

are under construction. There are almost always proponents 

and opponents when a nuclear plant is planned and 

constructed, an example being the position with respect to the 

nuclear plant being constructed in Kadankulam, South India. 

The opposition to the setting up of a nuclear plant is mainly 

owing to the fear of an accident and the escape of radioactive 

materials to the environment. Radioactive materials can kill 

humans at high concentrations and cause many illnesses at low 

concentrations.  
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A nuclear power plant converts the energy released by splitting 

of atoms into electrical energy. The processes of generating 

electricity from a nuclear plant are basically the same as those 

in a conventional power plant apart from the fact that coal or oil 

fired boiler is replaced by a nuclear reactor.  

The radioactive material commonly used in the nuclear industry 

is uranium dioxide. The uranium atoms split naturally, a 

process referred to as fission, liberating very large amounts of 

heat. This heat is converted to electricity via steam and the 

turbine. The smaller atoms produced during nuclear fission are 

called fission products. These include iodine, cesium and 

strontium atoms. They are highly radioactive. Large amounts of 

water are required in the operation of a nuclear reactor for the 

production of steam and for keeping the system cool. It is for 

this reason that nuclear reactors are most often located near a 

lake, river or in the ocean. Very stringent safety conditions are 

laid down in the designing, construction and management of 

nuclear plants to ensure that radioactive materials do not 

escape into the surroundings. 

The most serious environmental catastrophe involving 

radioactive materials occurred in 1945 from the explosion of the 

Atomic Bomb in Hiroshima. Another tragedy involving 

radiation occurred in 1986 in the city of Chernobyl in Ukraine in 

the former Soviet Union. On this occasion one of the four 

nuclear reactors was damaged by a chemical explosion after it 

got overheated. Highly radioactive material including iodine - 

131 and caesium -137 escaped into the atmosphere for more 

than ten days. The radioactive cloud blew over a vast area as far 

as Western Europe and brought about contamination of the air, 

water and all living organisms that came into contact. The 

incident caused 31 immediate deaths and made hundreds of 

thousands of people suffer from thyroid diseases, anemia, 

cancer, loss of vision and loss of appetite. In financial terms the 

damage cost 350,000 million US dollars. 
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On March 11, 2011 a very serious accident occurred in the 

nuclear plant at Fukushima Daiichi, Japan due to the 

occurrence of a strong earthquake (magnitude 9) followed by a 

tsunami of unprecedented force that raised the sea level by 14 m 

(Ref 21). The tsunami waves reached the plant about 45 minutes 

after the earthquake. Unfortunately, the nuclear facility was 

designed and constructed to withstand a sea level rise of only 

5.7m. As a result sea water flooded into the plant resulting in a 

total blackout. All generators were damaged apart from one 

emergency diesel operated generator. The cooling system 

ceased to function, the reactors got overheated and a series of 

explosions took place. Radioactive materials and contaminated 

water escaped to the environment. Although this accident cost 

only two human lives on site, Dr. Richard Garwin, a renowned 

nuclear expert has estimated that the number of deaths will be 

about 1500 in the long term (Ref 53).  

One year after the accident Bluefin tuna caught in the sea in San 

Diego, California, about 8300 km away from Fukushima, was 

found to contain the radioactive material Caesium 137 produced 

in Fukushima (Ref 9). This shows that adverse effects of a 

nuclear accident in one country can have disastrous effects on 

life even in a faraway country, and possibly lead to serious 

international conflicts. 

 

6.25 Thermal Pollution 

Effluents from some industries have high temperatures even 

after subjecting the discharges to cooling procedures. Such 

thermal pollution is common from the effluents of thermal 

electricity generating stations. The discharge may be 6 to 16 

degrees Celsius higher than the ambient temperature levels. 

Temperature is a critical factor in habitat choice for some 

aquatic organisms. Species such as salmon and trout prefer cool 

temperatures and will not reproduce successfully in conditions 
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where ambient temperatures are too high. Less desirable 

species of fish such as carp are reported to be dominant in heat 

polluted waters. The activities of microorganisms that cause the 

degradation of organic wastes can be adversely affected if the 

temperature of waste waters exceeds 37 degrees Celsius.  

Research by scientists at NASA and the European Space Agency 

has shown that global sea levels have risen about 11 mm during 

the last two decades. This is owing to the melting of polar ice 

sheets resulting from global warming. The polar bear whose 

staple food is seal, walks about 10 to 15 miles daily on ice 

looking for cracks that may provide access to the seal swimming 

in the water below the ice. It is reported that a polar bear can 

sniff a seal more than a mile away. Owing to the recent warming 

at the poles and the resulting melting of the ice, continuous 

stretches of ice are rare and the bears have to swim from one 

island to another in the search for food. It is reported that many 

bears are tired out from swimming long distances and perish 

from drowning. In fact the World Wild Life Fund has warned in 

2002 that polar bears may disappear in about 2060. One of the 

major reasons for issuing this warning may be the melting of 

ice.   

 

6.26 Standards for Discharge of Industrial Effluents to 
Inland Waters 

Many rivers, lakes and other waterbodies of the industrially 

developed countries have been polluted from industrial 

effluents. India and China are also facing this problem at 

present. Consequently, many countries have set up water 

quality standards to protect their waterbodies from pollutants.  

Sri Lanka has gazetted a set of regulations under the National 

Environmental Act No. 47 of 1980, known as the National 

Environmental Regulations No. 1 of 1990. They appear in the 

Government Gazette of 2nd February 1990. These regulations 
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stipulate the general standards for discharge of effluents to 

inland waters and are given here in Table 48. In addition, 

standards have also been specified for rubber, textile and 

tanning industry effluents by the above dated Gazette 

Notification. It is to be noted that phosphorus is not included in 

these standards. 
 

Table 48: General Standards for Discharge of Effluents into 
Inland Surface Waters              

    

Determinant Tolerance limit 

1. Total suspended solids (mg/L)                        50 

2. Particle size of total suspended 
solids 

Shall pass sieve of 
aperture size 850 micro 
m 

3. pH value at ambient temperature 6.0 - 8.5 

4. BOD (mg/L) 30 

5. Temperature of discharge 

Shall not exceed 400C in 
any section of the stream 
within 15m downstream 
from the effluent outlet 

6. Oil sand greases (mg/L) 10 

7. Phenolic compounds (as phenolic 
OH) (mg/L) 

1 

8. Cyanides (as CN) (mg/L) 0.2 

9. Sulphides (mg/L) 2 

10. Fluorides (mg/L) 2 

11. Total residual chlorine (mg/L) 1 

12. Arsenic (mg/L) 0.2 

13. Cadmium total (mg/L) 0.1 

14. Chromium total (mg/L) 0.1 

15. Copper total (mg/L) 3 

16. Lead total (mg/L) 0.1 

17. Mercury total (mg/L) 0.0005 

18. Nickel total (mg/L) 3 

19. Selenium total (mg/L) 0.05 

20. Zinc total (mg/L) 5 
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Determinant Tolerance limit 

21. Ammoniacal nitrogen (mg/L) 50 

22. Pesticides undetectable 
23. Radioactive material 

(a)Alpha emitters (mcurie/mL) 
(b)Beta emitters (mcurie/mL) 

107 
108 

24. COD (mg/L) 250 
 

Source: Regulations published under The National Environment Act 
No 47 of 1980 in Government Gazette of Republic of Sri Lanka dated 

2nd February 1990 
 

These values are based on dilution of effluents by at least 8 

volumes of clean receiving water. If the dilution is below 8 

times, the permissible limits are multiplied by 1/8 of the actual 

dilution. 

The National Environmental Act No 47 of 1980 has provisions 

to penalise those who violate its regulations by way of fines or 

by closure of factory, trade or business responsible for such 

violation. 

New products are manufactured all the time. Furthermore, 

existing industries themselves continuously change the 

manufacturing processes. These may add new substances to 

industrial effluents that may cause harm to water resources. As 

such state institutions responsible for the protection of the 

aquatic environment must be constantly watchful, amending as 

required, the quality standards of industrial effluents in a timely 

manner.  

Almost all of the acts of pollution described in this chapter have 

been triggered by human activity. It is clearly the responsibility 

of humans to arrest the increasing pollution of the water bodies 

on earth. If this is not done, the very existence of life in many 

parts of the world may be endangered in the not too distant 

future. 
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7. EUTROPHICATION 

Eutrophication may be defined as the 

enrichment of a water body with plant nutrients. 

Presence of high amounts of plant nutrients in 

water may cause excessive plant growth. A large 

portion of a waterbody may be covered by algae 

under these conditions. Such a formation is 

referred to as an algal bloom. Large algal blooms 

occurred in Lake Erie in North America in the 

1960s.  

The phosphorus content of water of many 

reservoirs in the North Central Province of Sri 

Lanka is high. Several of the larger reservoirs 

have had algal blooms from time to time. Some 

algal species are very toxic. This is a matter of 

great concern since many reservoirs are used as 

sources of drinking water in Sri Lanka.  

Excess additions of phosphorus from chemical 

fertilizer and animal manures, high intensity 

rainfall and soil erosion have been identified as 

the main causes of eutrophication globally. 

Remediation of eutrophied waterbodies 

usually requires a long period of time and a large 

amount of money. 

 

The word eutrophication came into usage in the early 1960s. It 

is derived from the Greek words eu and trophe meaning well 

nourished. Eutrophication may be defined as the enrichment of 

a waterbody by plant nutrients that can lead to high growth of 

phytoplankton and macrophytes therein. However, a water 

body that contains a large quantity of aquatic plants, or is 
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covered by algae, is commonly said to be eutrophied, without 

any checking of the nutrient content of the water.  

Many natural waterbodies are relatively low in plant nutrients 

and are described as oligotrophic. They will take very long 

periods of time to become eutrophic, meaning high in nutrient 

content, unless nutrients are brought in by external factors. It is 

often the activity of the human that hastens large flows of plant 

nutrients to water bodies and make them eutrophic in relatively 

short time. This is referred to as cultural eutrophication, and is 

brought about mainly from human sewage, excrement of 

livestock, detergents and synthetic fertilizers. Primary 

productivity of lakes increases as their nutrient levels rise, and 

as plant materials accumulate the lakes may gradually become 

terrestrial.  

Painstaking research by a large number of scientists over many 

years has shown that plants require seventeen elements, 

referred to as essential plant nutrients, for their growth and that 

each has a unique role to play. They are; carbon, hydrogen, 

oxygen, nitrogen, phosphorus, potassium calcium, magnesium, 

sulphur, copper, iron, manganese, zinc, boron, molybdenum, 

chlorine and nickel. While all the seventeen elements are 

equally important for plant growth, since no plant can grow in 

the absence of even one of them, nitrogen and phosphorus 

stand out as the two nutrients that are most commonly limiting 

productivity of plants in aquatic media. It is for this reason that 

aquatic plants often increase their growth when the 

concentrations of these two nutrients are increased in water. A 

number of whole-lake experiments conducted in Ontario, 

Canada have proved that P was the limiting factor in 

accelerating algal growth in these water bodies. By far, taken 

globally over the last few decades, it is the entry of phosphorus 

to water bodies than any other nutrient that has caused sudden 

and large increases of algal growth.  
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Nutrients enter a water body in a multitude of ways. Rainfall 

brings down nitrogen and sulphur. Rain also brings nutrients to 

water bodies in the form of runoff after it falls on soil. Further 

sources are weathering of soil minerals, silt and clay from 

exposed land surfaces, soil disturbing agricultural activities, 

chemical fertilizers and organic manures. Another way for 

nutrients to enter a water body is through the death and decay 

of fauna and flora living therein. Nutrients entering waterbodies 

also come from domestic solid waste, sewage, sludge from 

sewage treatment plants and urban wastes.  

Large herds of animals are found in the grasslands of the dry 

zone of Sri Lanka and their dung is found near waterbodies 

(Figure 12). The plant nutrients contained therein find their way 

to the water body by direct impact of rain and also by the rising 

water levels during the rainy season.   

 

 
Figure 12: Animal dung near an irrigation reservoir 

Photograph: Courtesy Naveen Wijesena 
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7.01 Phosphorus in Detergents 

History records that soap-like water soluble materials had been 

used by the Egyptians as far back as 1500 BC. They were made 

by mixing animal and vegetable fats and oils with alkaline salts. 

The large scale commercial soap making began very much later 

with the patenting of a process for making sodium carbonate 

from common salt in 1701 by Nicholas Leblanc, a French 

chemist. Most frequently used alkalis in soap making today are 

sodium hydroxide (caustic soda) and potassium hydroxide 

(caustic potash). 

The shortage of fats for making soap during World War 1 

compelled the European scientists to look for a substitute for 

soap that did not require animal or plant fat. This led to the 

beginning of the synthetic detergent industry in Germany in 

1916. Other countries followed and by the mid-1930s USA was 

the leading detergent manufacturer. In 1953 USA was 

producing more detergents than soaps. The word detergent 

originated from the Latin word detergere meaning wipe away.  

A typical synthetic laundry detergent has a complex mix of 

materials that include surfactants, builders, brighteners, 

perfumes, anti-dirt re-deposition agents and enzymes (Ref 18). 

Surfactants are included mainly to overcome the poor spread of 

water on the clothes due to its high surface tension. 

Furthermore, the surfactant molecule has a unique chemistry 

with one end of the molecule attracting oil and grease and the 

other end attracting water. This helps to remove the dirt and 

keep it afloat. A detergent contains several surfactants.  

Phosphates in detergents are referred to as builders that 

enhance the cleaning efficiency of the surfactants. The most 

commonly used builder from 1947 to the late 1980s was sodium 

tripolyphosphate (STPP) having the formula Na5P3O10. It can tie 

up calcium, magnesium, iron and manganese which cause 

hardness in water that reduces foaming. Builders also keep dirt 
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from re-depositing and help to breakdown oil and grease. 

Furthermore, phosphates destroy germs as well. In addition 

phosphates are crystalline and therefore free flowing.  

The presence of phosphates in detergents which was as high as 

15 % in the 1960s created a great public uproar in North 

America as it was attributed to the eutrophication of Lake Erie, 

the formation of algal blooms and the death of fish. At that time 

as much as 20,000 pounds of phosphorus per day was getting 

into Lake Erie from the use of detergents. Many citizen action 

groups were formed during this period to protest on the use of 

high phosphorus containing detergents. Among them the “The 

Student Council on Pollution and Environment” and the 

“Housewives to End Pollution” played a leading role. 

Consequently, Canada placed a limit of 2.2% on the phosphorus 

content of detergents by the introduction of Canada Water Act 

of 1970. 

Since STPP contained phosphorus and since public opinion was 

rapidly building up against P containing detergents, Zeolite A, 

an aluminium silicate that is phosphate free, and considered an 

efficient cost effective builder, began to replace phosphate. By 

1998 Austria, Belgium, Germany, Ireland and Italy had 

abandoned using STPP while 27 states in USA had partially or 

totally banned using P in laundry detergents. Canada, USA, 

most Western European countries and Japan are hardly using P 

containing laundry detergents as of 2012. Ohio State of USA 

banned the inclusion of phosphate into dishwasher detergents 

on 1st July 2010. The situation with respect to Eastern Europe, 

Asia, Africa and Latin America is not well documented.  
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7.02 Phosphorus in Fertilizers 
 

Phosphorus containing fertilizers used in Sri Lanka are the rock 

phosphates such as Eppawela rock phosphate that are not 

soluble in water and triple superphosphate which is about 90% 

water soluble. The agricultural research institutes in Sri Lanka 

recommend phosphorus fertilizer to all crops mandated to 

them. While rock phosphate is recommended to the perennial 

crops such as tea, rubber, coconut and most spice crops, triple 

superphosphate is recommended to rice, corn, chilli, onion, 

potato, vegetables and other short term crops. 

The plantation companies had been adding chemical fertilizers 

to their crops for more than a century. They had access to new 

research findings and followed the recommendations made by 

the research institutes. This may be the main reason why there 

is hardly any high phosphorus build up in the soils in the tea, 

rubber and coconut estates. On the otherhand, in the short term 

crop sector the extension service suffered a serious breakdown 

with the sudden removal of the field level extension workers 

(Krushikarma Vyapthi Sevake) of the Department of 

Agriculture in the late 1980s without replacement. With proper 

technical guidance hardly available, most growers of potato and 

vegetables in Nuwara Eliya, Bandarawela, Welimada and 

Marassana relied mostly on the advice of fertilizer dealers, and 

got into the practice of adding more fertilizer than 

recommended by the Department of Agriculture.  

Nitrogen fertilizers are soluble in water and move easily out of 

the soil due to its chemistry. On the other hand phosphate 

fertilizer reacts quickly with the soil, gets converted to a number 

of less water soluble phosphorus compounds that have a much 

longer residence time in the soil. However, after reaching a 

certain level of P build up in the soil, further addition of large 

quantities of phosphorus fertilizer lends itself to easier 

movement out of the soil to the waterbodies as the more 

reactive sites in the soil have become saturated with previous 

additions of phosphorus. 
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7.03 Phosphorus from Animal Manure 

Many dairy farms in North America and Europe are very large 

and the animals are permanently fenced in. These conditions 

generate large quantities of animal dung that usually give rise to 

high soil P values. The nutrient content of poultry, cattle and 

swine excreta are given in Table 49. They are potential 

pollutants of waterbodies.  

 

Table 49: The Plant Nutrient Content of Dried Poultry, 
Cattle and Swine Excreta (%) 

 

 Poultry 
excreta 

Cattle 
excreta 

Swine 
excreta 

Nitrogen 4.5 3.2 3.8 
Phosphorus 2.5 1.6 2.1 
Potassium 2.3 0.5 1.3 

Source P: (Ref 46) 
 

About 45-70% of the phosphorus in animal manure is inorganic 

and therefore readily bioavailable, while the rest is organic and 

takes some time to mineralize (36), In fact field experiments 

conducted in Ohio, USA have shown that phosphorus in runoff 

was much higher from chemical fertilizer than from cow dung 

and poultry dung when equal amounts of total P are added (31) 

Several countries have laws and regulations to limit the scale of 

operations of big animal farms and to monitor the P content of 

the soils. In Sri Lanka the animals are mostly free grazing and 

only small quantities of their dung are collected. While some of 

the small waterbodies in the dry zone get the nutrients from 

animal wastes deposited by the cattle that visit them, large scale 

pollution of big reservoirs by animal dung is rare. There are a 

few intensive dairy farms in the uppermost catchments of the 

Kotmale River where the animal dung and feed residues move 

directly into streams.  
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The phosphorus content of animal manure depends on the feed. 

Soybean, barley and corn have high phytate content of low 

digestibility such that nearly 60% of the phosphorus taken up is 

ejected from the body with the urine and excreta.  

Many vegetable farmers in Sri Lanka apply 10 to 15 tonnes of 

animal wastes a year adding 15 to 20 kg P to the soil annually. 

 

7.04 The Agronomic and Environmental Soil 
Phosphorus Critical Values 

Although almost any sample of soil contains phosphorus, much 

of it cannot be taken up readily by plants owing to its low water 

solubility. It is for this reason that soil scientists do not use the 

total phosphorus in a soil determined by digestion with strong 

acids as an index of P availability to plants.  

More than 60 years ago, soil scientists mainly from USA 

developed a number of soil tests to assess the ability of a given 

soil to supply phosphorus to a plant during its period of growth. 

This value is referred to as the available phosphorus content of 

a soil. By far the most commonly used method for determining 

available phosphorus worldwide is that developed in 1954 by a 

team headed by Dr. Sterling Olsen of the Agriculture Research 

Service of the United States Department of Agriculture at the 

laboratories of Colorado State University, Fort Collins. This 

method is currently used in Sri Lanka to determine the amount 

of P fertilizer to be added to the short term crops including rice, 

vegetables, potato, maize, chilli and onions.  

Lands to which P fertilizer have not been added such as forest 

land, would hardly have an Olsen P value exceeding 10 ppm P. 

As more and more P fertilizer is added to a soil its Olsen P value 

increases and a point is reached beyond which further additions 

of P would hardly be profitable to the farmer. This point is 

termed by many as the critical agronomic limit for a given soil-
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crop-environment combination. In most countries this value is 

set at about 30 ppm Olsen P.   

A vast majority of farmers in the developed countries get their 

soils chemically analysed for the plant nutrient content at 

frequent intervals by an accredited laboratory after payment of 

a fee. The Department of Agriculture in Sri Lanka offers this 

service to farmers and provides fertilizer recommendations to 

many crops based on the soil test value. 

The phosphorus content of more than 1600 soil samples 

collected during the period 2003-2008 from farmlands in the 

Nuwara Eliya district are shown in Table 50. About 70% of the 

soils exceeded the critical agronomic limit of 30 ppm Olsen P 
 

Table 50: Olsen Phosphorus Values of Soils from Nuwara 
Eliya District 

Number of soil samples 

Olsen P (ppm) 2003-2004 2005-2008 % 

0-20 202 126 20.0 
20-30 83 80 9.1 
30-60 138 191 20.1 
60-90 68 131 12.2 
90-120 53 79 8.1 
>120 170 316 29.7 

Source: Department of Agriculture, Half Yearly Reports (2004-2009) 

 

Analysis of 100 soil samples from the Badulla district in 2008 

showed that 83% of them had more than 30 ppm Olsen P (25). 

The results of soil analysis from Nuwara Eliya and Badulla 

districts indicate clearly that many farmers have added large 

quantities of phosphate fertilizers. Such additions would not 

have brought in additional incomes to the farmers. In fact, over 

fertilization with phosphorus can bring about nutrient 

imbalances and even induce deficiency of the plant nutrients 

iron and zinc.  
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Several researchers have reported that as the available soil P 

increases the amount of P moving out of the soil by erosion, 

surface runoff and interflow increases (36, 55, 57). In fact a 

point is reached when the P fixing sites are saturated, and 

further increase of fertilizer P addition leads to a dramatic 

increase in P loss from runoff (20). It was perhaps in the mid-

1960s that serious environmental concerns began to be 

expressed internationally regarding the increase of phosphorus 

concentrations in waterbodies resulting from addition of 

phosphate fertilizers to soil. Many countries have now accepted 

the need to set up an environmental critical limit for soil 

phosphorus. Some countries have already set this value at 50-

60 ppm Olsen P (12, 41).  

In several states of USA soil phosphorus threshold values have 

been worked out separately to satisfy agronomic and 

environmental needs. The agronomic soil critical value is the 

point beyond which further addition of P is not profitable. The 

environmental soil critical level is the point beyond which 

further additions will enrich the P content of waters that can 

lead to eutrophication. While the idea of establishing 

environmental critical limits is rational and necessary, a single 

value to cover all lands will clearly be not possible, owing to 

large variations in the soil types, slopes, agroecologies as well as 

the differing social and political cultures from region to region. 

In the 1600 soil samples collected from Nuwara Eliya referred 

to earlier, more than 50% had soil P values exceeding 60 ppm P. 

A few samples had more than 300 and one had more than 400 

ppm P. Examples of farmlands of other countries having such 

high values are extremely rare.  

While high soil P may not harm the Nuwara Eliya farmers 

environmentally, this may endanger the safety of drinking water 

of hundreds of thousands of people living 100 to 200 miles 

away.  
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Some countries being sensitive to the increase of soil P levels 

from addition of P fertilizer have introduced laws and 

regulations to arrest this situation. The state of Idaho in USA 

has set a limit of 40 ppm for Olsen P in their farm lands. If the 

soil test value is more than 40 ppm P, farmers are permitted to 

add the amount of P removed by the crop as a maximum. 

Similar laws have been also introduced in Manitoba, Canada in 

2007 (41). If such laws were operating in Sri Lanka, the current 

rates of application of P fertilizers to many of the vegetable 

growing farms will be considered illegal. Nutrient management 

planning and soil testing have been successfully employed in 

many developed countries to reduce soil phosphorus to 

environmentally safe levels without decreasing crop 

productivity. 

 

7.05 Classification of Waterbodies on Eutrophication 
Status 

Waterbodies contain differing amounts of plant nutrients due to 

natural events such as weathering of soil minerals, landslides, 

earthquakes, tsunamis and numerous activities of the human.  

Classification of water bodies is important to describe their 

trophic condition and to take steps for their proper 

management. Numerous attempts have been made to classify 

lakes and reservoirs with regard to eutrophication status based 

on plant biomass, clear depth, chlorophyll content and nitrogen 

and phosphorus concentrations (1, 57). However, there have 

been many differing viewpoints on the demarcation of the 

boundaries. Given in Table 51 is a classification scheme put 

forward in 2002 by the European Joint Research Centre based 

on phosphate content of water. Experimental evidence has 

shown that in some lakes the algal biomass increases when the 

P content of the water increases beyond 20-30 micrograms/L 

(39). 
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Table 51: Classification of Eutrophication of Waterbodies 

Class Trophic Level Total P (microg/L) 

1 Oligotrophy < 10 

2 Oligo-mesotrophy                     10-20 

3 Mesotrophy 20-50 

4 Eutrophy   50-100 

5 Hypereutrophy >  100 

Source: Ref (18) 
 

Examples of eutrophication of water bodies by human activity 

are numerous. A survey conducted in the 1980s in a number of 

countries has shown that out of nearly 800 lakes and reservoirs 

about 200 were eutrophic (Table 52). 
 

Table 52: Eutrophication of Lakes and Reservoirs of 
Selected Countries 

Country 
Oligotrop

hic % 
Mesotrophic 

% 
Eutrophic 

% 

Number 
of water 
bodies 

Canada 73 15 12 129 

USA 7 23 70 493 

Italy 29 28 43 65 

Germany 8 38 54 72 

China 44 32 24 34 

 
Most of the Canadian lakes are oligotrophic because of the 

scarce human population in their watersheds and the 

consequent low discharges of nutrients to the lakes and 

reservoirs. On the other hand the high percentage of eutrophic 

waters in USA is owed to small size of water bodies, high 

population and intensive farming in the catchments.  

Many of the eutrophic water bodies were oligotrophic a few 

decades ago. The change from oligotrophy to eutrophy took 

place primarily owing to the acts of the human. 
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Oligotrophic lakes are usually very clear, while eutrophic lakes 

could be turbid and have excesses of algal and plant growth. 

Low and high P waters cannot be arbitrarily generalized as 

“good and desirable” or “bad and undesirable” respectively, 

since each category may be favourable or unfavourable 

depending on the proposed activity. The fishing industry may 

prefer medium levels of plant nutrient content to promote 

aquatic plant growth as food for fish, whereas those whose 

business is to provide drinking water to the public would like 

low nutrient content that would not favour algal growth. In fact 

there are optimal levels of P worked out to support the best 

health of biological communities. The Lake Erie Management 

Plan (33) proposes 20-30 micrograms per litre total P content 

in water as the value that will support an algal population, but 

not lead to the formation of algal blooms. The United States 

Environment Protection Agency in 1976 recommended the P 

limit of 25 micrograms per litre to prevent eutrophication (1). 

The amounts of phosphate fertilizers added to rice and many 

other short term crops in Sri Lanka were extremely small 50 

years ago, compared to the amounts added at present. The 

question is often asked whether waterbodies would have higher 

P concentration now than those in the past. Kalawewa, 

Minneriya tank, Nuwerawewa and Parakrama Samudraya are 

irrigation reservoirs situated in the North Central Province. The 

phosphorus content of the water collected and analysed in 

1964-65 and in 2010-2012 is given in Table 53 along with the 

trophic status. The phosphorus content in the reservoirs has 

increased several folds since the 1960s. They have changed from 

mesotrophic status to hypereutrophic. 
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Table 53: Phosphorus Content and Trophic Status of Four 
Irrigation Reservoirs 

 

Reservoir 

P content 
1964-65 

microg/L
* 

Trophic 
Level 

P content 
2010-12 

microg/L
** 

Trophic 
Level 

Kalawewa 50 Mesotrophic 230 
Hypereutro

phic 

Minneriya 50 Mesotrophic 170 
Hypereutro

phic 
Nuwarawe
wa   

40 Mesotrophic 220 
Hypereutro

phic 
Parakrama 
Samudraya      

40 Mesotrophic 160 
Hypereutro

phic 
* Source:   (Ref 3) 

** Source: National Water Supply and Drainage Board 

 

7.06 Algal Blooms 

When a mass of phytoplankton is sufficiently dense as to be 

clearly visible, it is referred to as a bloom. Most of the blooms 

are algal, hence the commonly heard term the algal bloom. 

Algal blooms came into prominence mainly in the developed 

countries associated with high industrial activity and intensive 

crop and livestock farming. The most well-known example of 

formation of algal blooms occurred in Lake Erie in the 1960s. 

The largest algal bloom occurred in Australia in the Darling 

River in 1991 when 1000 km of the river was affected which led 

to New South Wales declaring a State of Emergency for a period 

of 21 days.  

Algal blooms have been reported in reservoirs at Kotmale, 

Mausakelie, Castlereigh, Rajangana, Kandalama, Nachchaduwa, 

Nuwerawewa, Tissawewa, Giritale, Ulhitiya and Parakrama 

Samudraya during the last twenty years. 

There are a few small sized waterbodies in the dry zone of Sri 

Lanka that are covered by algae during the dry season. An algal 
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bloom in a small reservoir in the southern dry zone is shown in 

Figure 13.  

  

 
Figure 13: An algal bloom in a water body in southern Sri 

Lanka 

Photograph: Courtesy Tharanga Aluthwatta 

 
Algal photosynthesis may be expressed by the following 

equation developed by Stumm and Morgan in 1981. 

106 CO2 + 16 NO3
- + HPO4

- + 122 H2O  + 18 H+  =   

    C106H263O110 N16 P +  138 O2 

 

Considering the fact that the atomic weights of nitrogen and 

phosphorus are 14 and 31 respectively, the ratio of the mass of 

nitrogen to phosphorus in the alga is 

16 x 14 
= 7.2 

1 x 31 
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As a general guideline, it can be considered that when the 

concentration of nitrogen in water exceeds that of phosphorus 

by a factor of 10 to 1, algal growth is phosphorus limited. 

Likewise, when the N/P ratio is less than 10 algal growth is 

nitrogen limited. 

Blooms are a hindrance to recreational activities such as 

swimming, sailing and angling. The water with an algal 

presence requires special treatment if it is to be used for 

drinking owing to the disagreeable colour, unpleasant odour 

and unacceptable taste. The algae can clog pipes and increase 

costs in filtration. The extracellular products of algae can lead to 

the formation of trihalomethanes during the standard practice 

of disinfection by chlorination. These are known to be 

carcinogenic. Two major problems with algal blooms are the 

likely drop in the level of oxygen in water during decomposition 

leading to fish kills and the possible production of algal toxins 

during their degradation. They also produce dimethyl sulphide 

which can contribute to acid rain. 

 

7.07 Toxin Production by Algae 

While there are many types of blue-green algae only a few 

produce toxins. These include Anabaena, Microcystis, 

Cylindrospermopsis, Lyngbia, Oscillatoria and Nodularia. Some 

of these toxins are harmful to humans and other animals. 

Symptoms seen in humans after contamination include skin 

irritation, dermatitis, gastroenteritis, stomach cramps, diarrhea 

and vomiting. Some of the toxins cause liver and kidney 

problems in the human. Microcystin LR, an algal toxin has 

toxicity 1000 times that of cyanide. These toxins are colourless 

and could remain active for several weeks after the algae have 

completely decomposed. They cannot be destroyed by boiling 

the water.  
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Toxicity of a bloom can be uncertain because toxin production 

varies from time to time and from location to location in a water 

body. It is best therefore, to avoid contact with such waters. 

Information on algal toxins is summarized in Table 54. 
 

Table 54:  Characteristics of Algal Toxins 

Toxin 
Chemical 

class 

Target 

organ 

Producing 

organism 

Microcystin 
Cyclicheptap

eptide 
Liver 

Microsystis, 

Anabeana 

Nodularin 
Cyclicpentap

eptide 
Liver Nodularia 

Anatoxin a   Alkaloid Nerve Anabaena 

Paralytic 

shellfish 

poisons 

Alkaloid Nerve 
Anabaena, 

Aphanizomenon 

Cylindrospe

rmopsin 
Alkaloid Liver 

Cylindrospermopsis

, Umezakia, 

Aphanizomenon 

Endotoxin 
Lipopolysach

aride 

Skin, 

Gastrointesti

nal tract 

Cyanobacteria 

Source: Ref (38) 

 
The first recorded toxic algal bloom occurred in 1878 in South 

Australia where cattle, sheep and pigs died few hours after 

consuming the scum. In Canada ten children fell sick in late 

1950s after swimming in a lake covered with algae. There have 

been many similar instances of human illness after recreational 

use of water contaminated with blooms of Microcystis and 

Anabaena. 

The Grand Lake St. Marys in Ohio, USA was a famous tourist 

attraction site drawing more than 700,000 visitors annually. It 
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was well known for fishing tournaments that numbered more 

than 70 a year. Tourism brought in more than 200 million 

dollars income annually to the local inhabitants. In 2010 the 

lake was fully covered by an algal bloom. The algal species 

present included Microsystis and Cylindrospermopsis that can 

release toxins which are extremely harmful to humans and 

other animals. Tourists turned back on reading the following 

notice at the entrance to the lake. 

 

In 2011 the Ohio Environmental Protection Agency ordered the 

closure of the lake owing to the excessive presence of toxic blue-

green algae. 

Over 500,000 people were without drinking water in August 

2014 in Oledo, the 4th largest city in Ohio State, USA. This 

situation arose owing to the detection of the algal toxin 

microcystin in Lake Erie that supplied water to the city. 

In 1991 the entire Kotmale reservoir had a dense thick bloom of 

Microsystis aeruginosa. This has been attributed to the effect of 

materials rich in plant nutrients coming in from the catchment 

from a dairy related industry. 

In May 1999 a cyanobacterium species Mycrocystis aeruginosa 

which had some toxin producing strains emerged as a bloom in 

the Kandy Lake. This lake was constructed between 1810 and 

1812 by the last King. It is one hectare in area and has a 

maximum depth of 13 m, a capacity of 0.348 MCM and a 

perimeter of 3.25 km. Waste water from the city of Kandy enters 

the lake through 28 inlets. The Institute of Fundamental 

Studies has provided comprehensive limnological data from 

studies conducted from 1997 to 2002.  

NOTICE 
An algae bloom has made this area potentially 

unsafe for water contact.  
Avoid direct contact with visible surface scum 
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Some water quality parameters of the lake in 2002 are given in 

Table 55. The high BOD value of 56 mg/L shows that the lake 

water was highly polluted. 

Table 55: Characteristics of Water of Kandy Lake 

Parameter Amount 

Turbidity (NTU) 14.1 

NO3-N (mg/L) 0.168 

NH4-N (mg/L) 0.292 

Total P (mg/L) 0.078 

BOD (mg/L) 56 

Chlorophyll-a (mg/L) 0.032 

Source: Ref (43) 
 

The lowering of the water level of the lake during the dry spell of 

1999 may have given access for M. aeruginosa to utilize 

phosphorus in the anoxic deeper layers and increased its 

biomass to bloom level. 

The Institute of Fundamental Studies of Sri Lanka has carried 

out a survey of algae in 61 reservoirs in Sri Lanka in 2012 and 

found the presence of toxin producing species Microcystis, 

Cylindrospermopsis and Anabaena in several of them. 

According to the WHO Guidelines the safety limits for 

Microsystin toxin are 1 ppb for drinking and 20 ppb for 

recreation. 

A system of alert levels has been formulated in Australia based 

on algal counts in water to ensure that the health of the people 

is protected. If the counts exceed 15,000 cells/ml and the bloom 

is fairly widespread, toxicity testing is performed and users 

notified of the toxic status for necessary action to be taken. If 

the problem persists, alternative water sources should be sought 

or the water treated with activated carbon to get rid of the toxin. 

Farmers are advised to keep livestock away if the water is 

discoloured by blue-green algae. 
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7. 08 Deoxygenation of Waterbodies 

The level of oxygen dissolved in water decreases when organic 

matter or other oxidisable matter is broken down. This can be 

shown in a simple manner by considering the oxidation of the 

ammonium ion. This is a two-step process involving oxidation 

of ammonium to nitrite by the bacterium nitrosomonas, 

followed by the action of nitrobacter oxidizing nitrite to nitrate. 

The two step reaction can be combined for simplicity by the 

following single equation. 

NH4
+  + 2 O2              NO3

-  + H2O +  H+   

To decompose one mole of ammonium-nitrogen four moles of 

oxygen are required. The oxygen uptake is therefore 64/14 = 

4.57 g of oxygen per g of nitrogen. Every banana skin that is 

thrown into water has to be broken down at the cost of 

dissolved oxygen in the water. 

The oxygen level of the water can drop below 3 mg/L when an 

algal bloom is being decomposed. The population of many 

species of bacteria, fungi and protozoa increases when oxygen 

levels are reduced. Fish are adversely affected as they have to 

breathe more rapidly, the movement of oxygen through the gills 

is restricted and their muscular performance significantly 

diminished. Ammonia concentration rises under low oxygen 

conditions and may cause harm to many freshwater species of 

fish. 

 

7.09 Fish Kills 

A “Fish Kill” may be defined as a sudden death of fish. Fish kills 

have been reported from many water bodies in Sri Lanka over 

the years. They include Parakrama Samudraya, Pimburettawa 

reservoir, Tissawewa and the Beira Lake. In March 2007 about 

three tonnes of fish died in Rekawa lagoon. It is reported that 

the main cause was the dumping of large amounts of solid 
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wastes by a Government organization near the lagoon that led 

to enrichment of the nutrient concentration in the water, 

excessive algal growth and the reduction of the dissolved oxygen 

during algal decomposition.  

The National Aquatic Resources Research and Development 

Agency conducted a study of fish kills that occurred during 

2011-2012 in Beira Lake, Diyawanna Oya, Siyambalagamuwa 

Wewa, Thalan Lagoon and Pamunuwila Canal, Kelaniya. Beira 

Lake and Pamunuwila canal water had 0.65 and 0.97 mg/Litre 

phosphate respectively during this period (59). These 

waterbodies were hypertrophic under the European Union 

classification (Table 50).  

The main reason for most fish kills is the pollution of water by 

the acts of the human. 

  

7.10 Remediation of Eutrophied Waterbodies 

There are many instances where eutrophied water bodies have 

been restored although at considerable expense. The two basic 

steps to be taken in remediation are; reduction in the inflow of 

nutrients into the waterbody and a reduction in the nutrient 

concentration in the water. In order to do this, preliminary 

surveys have to be conducted to find out the sources of nutrient 

discharge, their relative contributions determined and methods 

employed that are likely to succeed and cost effective. Remedial 

procedures require much scientific input, time and money. 

Since numerous studies on algal growth have shown that the 

main cause of increase in algal biomass in a lake is the entry of 

N and P into water bodies, the strategy of lake recovery is 

usually directed towards reducing the inflow of these nutrients. 

The P content from sewage in some of the developed countries 

is now considerably reduced by treatment plants specially 

designed to remove P.  
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Likewise, enactment of new legislation and its strict 

enforcement have led to most industries removing substances 

harmful to the environment before effluent is discharged. 

Controlling N and P inflows from non point sources in the 

watershed such as from agricultural activities is more difficult. 

Proper selection of crops and adoption of correct agronomic 

practices that minimize nutrient escape to the environment 

must be made with encouragement and financial assistance if 

necessary so that food production and environmental protection 

can take place simultaneously in the larger interests of society.  

Another method to reduce N and  P entry to a lake  from a non 

point source is to make use of a naturally occurring wetland 

near a lake or to create one, to receive nutrient rich waters, 

allow growth of macrophytes and harvest them, getting rid of N 

and P thereby. Diluting and flushing the phosphorus containing 

waters, and inactivation by precipitation with chemicals such as 

ferric and aluminium sulphates have also been employed. 

Many examples of restoration have ended up in failure in spite 

of decreases of external nutrient loading, owing to nutrient 

releases from lake sediments especially under low oxygen 

conditions. There are examples where the annual P release from 

the sediment exceeds 90% of the external loading. In such 

situations physical removal of the sediment becomes a strong 

option for consideration. 

In 1999 the water in the Kandy Lake was highly polluted. The 

water was turbid, algae was present on the surface, a foul smell 

emanated from the lake, fish was scarce, birds were hardly 

present and E. coli was detected in the water. This state of 

affairs was caused mainly from the harmful materials brought 

in from the effluent of many of the industries operating nearby, 

and from the storm water coming into contact with animal 

faecal matter and other harmful waste materials spread on the 

surface of the land. 
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Restoration activities of the lake were begun seriously in 2003 

after allocation of necessary funds, application of scientific 

principles in water quality management, cooperation of a 

number of professionals and hoteliers in the city of Kandy, and 

the dedication and leadership of the Irrigation Department. The 

remediation activities included installation of corrective 

measures by the industrialists and hoteliers to reduce the levels 

of pollutants in their effluent and the dredging of the lake at a 

cost of Rs. 38 million.  In 2008 the water was clear, algae was 

absent, fish had multiplied and the birds were back. 

Lake Mjosa, the largest lake in Norway, was eutrophic from the 

1970s. In 1975 the Cyanobacteria Oscillatoria bornettii f. tenuis 

was very dominant in the lake giving an unpleasant odour and 

taste in the drinking water. This led to the initiation of several 

programmes directed towards the remediation of the lake. A 

survey carried out on the source of pollution revealed that the P 

load came from municipalities (36%), industry (28%), 

agriculture (11%) and forested and unproductive land (22%). A 

new sewage plant was accordingly introduced in 1980 that 

could remove P with 90% efficiency and the phosphorus 

concentration which ranged from 0.015 to 0.018 mg/L 

decreased to 0.011 mg/L. A change in the algal composition 

resulted with diatoms taking over from cyanobacteria. 

The phosphorus concentration in waters of Lake Zurich in 

Switzerland for instance, which was less than 0.03 mg/L prior 

to 1950, increased to 0.09 mg/L in 1965 merely as a result of 

sewage discharge from the highly populated cities. This was 

decreased by more than 85% by addition of ferric or aluminium 

sulphate in the waste water treatment process. This in fact was 

the first lake in the world where phosphorus was reduced 

successfully by chemical precipitation. 

After the 1950s, water quality of Japanese lakes deteriorated 

due to entry of heavy metals from industries, waste water from 

food and pulp factories and nutrient discharge from sewage and 



~ 139 ~ 

agriculture. Among 148 lakes surveyed in 1990, cyanobacterial 

blooms occurred with a high frequency in 28% of them. Lake 

Biwa, the biggest lake in Japan which supplied water to Osaka 

and Kyoto was originally oligotrophic but became eutrophic due 

to entry of nutrients from urbanization and industrialization. 

From 1977 the transparency of the lake decreased due to high 

density of phytoplankton, the treated water developed an 

unpleasant smell and the lake had algal blooms every year.  

Accordingly, the Government enacted an Ordinance for the 

prevention of eutrophication in Lake Biwa in 1980. The law had 

provision to control effluents from agriculture and livestock 

farms and to ban phosphate containing synthetic detergents. 

Although these measures were taken there was no significant 

reduction in the N and P concentrations of the water nor in the 

frequency of occurrence of algal blooms, because the nutrient 

flow from the non point agricultural sources in the watershed 

could not be effectively controlled.  

In 2012 the state of Ohio decided to add aluminium sulphate to 

reduce the phosphorus content of Grand Lake St. Marys that 

had been closed for tourists owing to the presence of toxic algae. 

The phosphate content was thereby reduced by 50%. The cost of 

the operation exceeded 8.5 million dollars. The cause of the P 

build up was the large number of livestock farms in the 

watershed. 

Crop and animal production have to go on, and efforts to 

safeguard the environment have also to continue. Food and 

clean water are both essential for life.   
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7.11 Algal Blooms Visit Lake Erie Again - the Need for 
Continuous Monitoring 

The occurrence of large algal blooms of Lake Erie during the 

1960s, the abandonment of recreational activities, hindrance to 

navigation, fish kills and the unbearable smells extending 

several kilometres inland are very well known internationally. 

The causal factor was the entry of large quantities of P to the 

lake mainly from detergents, chemical fertilizers and livestock 

excrement through surface runoff from the watershed and from 

the P brought in by a very large number of tributaries and 

rivers. 

A combination of organized social protests, lowering the P 

content of detergents and their total ban in some parts of 

Canada and USA, expansion of agricultural extension activities, 

creating public awareness against phosphorus loading to the 

lake and initiating a series of laws and regulations and their 

strict enforcement, led to a significant reduction of P content of 

the lake. The algal problem was brought under control in the 

mid-1980s. 

However, quite unexpectedly, the problem resurfaced in the 

1990s. In 2003 a massive bloom of Microcystin aeruginosa 

appeared. In 2006 toxin producing Lyngbya wollei grew 

profusely in Lake Erie. USA and Canada have taken remedial 

action. Ohio Lake Erie Phosphorus Task was appointed by the 

Ohio Environmental Protection Agency in 2007 (33). Another 

Task Force appointed by the Great Lakes Commission in 2011 

(50) to study in depth the factors that caused large algal growth, 

and to make recommendations to prevent such occurrences in 

the future.  

 

The Main Findings are the following. 

a. The amount of dissolved P in the water has increased 

since the mid-1990s to pre-clean up levels of the 1970s. 
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b. A significant increase of urban and suburban land use 

activities including crop and livestock farming has 

occurred. 

c. Climate change has brought about high intensity storms 

and increasing runoff.  

d. Application of surface P without incorporation by large 

scale farmers has caused increased P movement in 

runoff 

e. There has been a change of aquatic ecosystem towards 

harmful algal species due to invasive species such as 

zebra mussels that engage in selective feeding of algae, 

leading to an increase in population of the toxic forms. 

 

The Key Recommendations are the following: 

 The U.S. Geological Survey should establish a 

comprehensive phosphorus monitoring plan for Lake 

Erie and its watershed. 

 All land owners should be required to do soil testing on a 

regular basis. 

 Applications of phosphorus fertilizer should be carried 

out below the soil surface, or incorporated to the soil 

immediately after application. 

 

Many thought that Lake Erie was rehabilitated once and for all. 

The recent events have shown that even in advanced societies as 

the West, environmental complacence can set in. Continuous 

vigilance is required. 
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8. CONCLUDING REMARKS AND WAY 
FORWARD 

Hundreds of thousands of waterbodies all 

over the world are highly polluted owing to the 

irresponsible behaviour of humankind and the 

unique ability of water to dissolve almost any 

substance. 

Steps that should be taken by governments to 

arrest water pollution include; creating public 

awareness on the hazards of water pollution , 

improving standards of sanitation and hygiene, 

continuous monitoring of quality of water in 

waterbodies, increasing area under forestry, 

placing greater emphasis on soil conservation, 

protecting natural drainage systems, 

encouraging and facilitating civic minded social 

groups to act as custodians of waterbodies and 

impressing on the citizenry to be environment 

conscious in all their actions. 

 
A consideration of the factors that have led to the deterioration 

of water quality worldwide shows clearly the bad influence of 

humankind. For instance, nitrates and phosphates from 

agriculture, sediments from improper land use, pesticides from 

pest control activities, chromium from the leather industry, lead 

from batteries and the paint industry, mercury from gold 

mining,  acid rain from atmospheric pollution, phosphates from 

detergents, biological pollutants from dumping of wastes 

including human excreta and radioactive materials from the 

nuclear industry. 

It is very much easier to pollute a waterbody than to clean it. 

The concentration of nitrates, heavy metals and many other 

harmful substances in water cannot be reduced by conventional 
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water treatment methods. Furthermore, removal of pollutants 

from large water bodies such as lakes and reservoirs requires 

enormous financial resources and very long periods of time. 

Remediation is but an attempt to bring back a waterbody to its 

pre pollution state by utilization of a large amount of financial 

and other resources. Often, the generation paying for it is not 

the one that caused the problem. 

Hundreds of thousands of waterbodies are currently found in 

the developed and developing countries that are polluted to the 

extent that they are not fishable or swimmable. Here in Sri 

Lanka, the Beira Lake, the Bolgoda Lake and many water ways 

that had clean water not too long ago, have become polluted. 

Some of them have got eutrophied and have also produced algal 

blooms. Hundreds of millions of rupees have been spent on 

restoration of Beira Lake. However, it is plain to see that even 

today Beira is full of algae and smelling bad.  

Governments all over the world need to take a number of 

measures in order to arrest the increasing threats to water 

quality that will have very adverse effects on humans, animals, 

plants and the environment. Some of the steps that should be 

taken by Sri Lanka in particular, are indicated below. 

 

8.01 Increasing Public Awareness 

It has been said that a well-informed citizenry provides strength 

to a nation. A large section of the Sri Lankan population is not 

well informed about many of the important aspects concerning 

water quality. A significant number of people continue to drink 

water from surface waterbodies without boiling, and fall sick as 

a result. Some people assume that clear and flowing water is 

safe to drink and are unaware that water contaminated with 

harmful viruses and bacteria is often colourless, odourless and 

tasteless. Likewise, many farm families unknowingly consume 

water from wells in the vicinity of the farm containing high 
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quantities of nitrate. Nitrate also does not impart a colour, 

odour, or taste to water.  

It was the lack of basic knowledge on the danger of excessive 

pumping of water from shallow wells inundated by the sea 

during the 2006 tsunami that proved costly at a number of 

locations. Over-pumping resulted in the disturbance of the 

natural freshwater lens floating on the heavier layer of salt 

water, and caused intrusion of salt water into domestic wells 

from below during tsunami rehabilitation. A leaflet explaining 

the dangers of over-pumping was finally prepared and supplied 

to inhabitants and local officials more than three months after 

the tsunami. 

Some deep well waters have high levels of heavy metals that can 

cause harm. Likewise, fluoride content in some well waters can 

be too low or too high for oral health but people drinking this 

water are not always aware of this risk. 

The general public is also not fully aware of the fact that water 

belongs to all forms of life. The human is only the trustee. 

Continuous public awareness programmes should be 

carried out regularly by issue of brochures, publication 

of newspaper articles, conduct of radio and television 

programmes and by other means to educate the public 

on the importance of water to humans, animals, plants 

and the environment. Prizes should be awarded and 

recognition given to writers, poets, artists, individuals, 

groups, societies and others for their outstanding 

contributions to increasing public awareness on this 

subject. 

 

8.02 Improving Public Health and Sanitation  

Many surface waterbodies including domestic wells have been 

shown to be contaminated with E. coli, largely due to contact 
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with human excreta. Household garbage and other wastes 

placed indiscriminately on the surface of the land also 

contribute to water pollution. Many of the domestic wells do not 

have a surrounding wall that prevents entry of flood waters. 

Hospital statistics reveal that a large number of patients, 

particularly children from rural areas suffer from water-related 

diseases. Many poor people lack energy sources for boiling, 

cannot afford disinfection, have no access to medical facilities 

or find them unaffordable. 

Public health programmes should be strengthened 

particularly in rural areas where public water supply 

schemes are scarce. Special emphasis should be given 

to improving personal and food hygiene. Drinking 

water sources should be regularly checked for 

presence of disease causing organisms by the public 

health officers. 

 

8.03 Monitoring Water Quality of Waterbodies  

Many waterbodies that are in a state of pollution today may not 

have reached this condition if they had been monitored many 

years ago and corrective action taken in a timely manner. It 

must be remembered that Beira Lake was a sparkling waterbody 

in 1815 that became highly polluted over time. Although water 

quality assessment of some reservoirs has been carried out in 

the 1960s, hardly a single water body in Sri Lanka has been 

continuously and comprehensively monitored.  

Water has multiple uses. This must be taken into consideration 

in planning, designing and implementing a water quality 

monitoring programme. For example, Parakrama Samudraya 

water is used for irrigation, for human drinking after treatment, 

for fisheries and for other purposes. It would therefore not be 

sufficient to determine its suitability for irrigation only. For 

instance, It may have levels of heavy metals that do not harm 
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crops, but that may be taken up by fish and pass over to humans 

through the food chain in harmful concentrations. 

Many rivers and reservoirs are used as sources of 

public water supply at present, and more are likely to 

be used in the future for this purpose. The quality of 

the water resources of the country must be maintained 

at satisfactory levels to meet the requirements of the 

present and the future generations.  A countrywide 

continuous monitoring programme of rivers, streams, 

lakes, reservoirs and other waterbodies should be put 

in place with the provision of staff, laboratories, and 

other required resources. Such monitoring should 

take into account that water has multiple users with 

varying requirements of quality. 

 

8.04 Monitoring Plant Nutrient Content of Soil 

Eutrophication of many waterbodies has resulted from excess 

additions of nitrogen and phosphorus containing chemical 

fertilizers. In the cultivation of potato and vegetables, farmers 

currently add about ten times the phosphorus recommended by 

the Department of Agriculture. This leads to a soil P build up 

and to high removal of P to waterbodies from erosion and 

surface runoff. The large additions of phosphorus do not bring 

additional incomes to the farmer. It adds P to lakes and 

reservoirs. Many irrigation reservoirs in Sri Lanka have very 

high P levels and are classified as hypertrophic. In January 2013 

the Ulhitiya and Rankinda reservoirs had an algal growth that 

made the water dark green with an unpleasant odour that made 

it undrinkable.  

In some countries farmers are legally required to get their soils 

chemically analysed from an accredited laboratory and  submit 

a nutrient management plan for approval before cultivation. 

Such action may be urgently needed given the fact that the high 
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levels of phosphorus found in the soils of Sri Lanka are hardly 

found anywhere else in the world, and the increasing frequency 

with which algae are forming in our waterbodies.    

Immediate action needs to be taken to stop adding 

excess P fertilizer to soils Country-wide programmes 

should be initiated, to educate the farmers, 

agricultural advisors, administrators, policymakers, 

school children and politicians in this regard.  

 

8. 05 Monitoring of Industrial Effluents  

The Central Environment Authority is one of the statutory 

organizations that are entrusted with the protection of the 

quality of the water resources of the country. It has thus set 

standards for the effluents from a number of industries as 

announced by gazette notification dated 2nd February 2002. 

However, the fact that many waterbodies in Sri Lanka are 

polluted, such as the Beira Lake, Bolgoda Lake, Wellawatte 

canal and the Rajagiriya canal seems to raise the question as to 

whether the monitoring is adequate and whether the polluting 

industries follow the directions given to them by the authorities.  

The state should not allow the setting up of an industry 

unless it is fully satisfied that any pollutants in its 

effluent will not be in concentrations likely to harm the 

receiving waters. The rigorous checking of the quality 

of the effluent is necessary. Once a year routine 

checking may be inadequate. Unannounced checks 

should also be carried out.  

 

8.06 Increasing the Area under Forestry 

Yu, an ancient Emperor of China is credited with the famous 

saying “To protect rivers, protect forests”. Among the many ills 

of removing forests, the one that concerns most in this 

discussion is the pollution of water from soil erosion.  
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Minimising removal of forests and increasing vegetative cover 

have become an important area of responsibility of every 

human. It must also be mentioned here that more trees will 

help in reducing the already high and increasing carbon dioxide 

concentration in the atmosphere that contributes to water 

pollution by way of acidification. More forest area will be 

helpful in keeping water clean.  

Illegal cutting down of forests should not be allowed. 

The area under forests should be increased by the state 

as well as by private citizens for whom incentives 

should be provided by the state. 

 

8.07 Greater Emphasis on Soil Conservation 

A considerable extent of sloping lands has been stripped of its 

native permanent vegetative cover and used for agriculture. 

Although some tea plantings have been very well managed with 

effective soil conservation measures, large areas of other lands 

are subject to erosion. Furthermore, annual crops such as 

potato, leek and carrot that cause soil disturbance at harvest are 

grown on hilly lands with little efforts at soil conservation. The 

government regulations that are meant to ensure that lands are 

not subject to erosion are hardly implemented. Nor do the 

relevant central and provincial government departments have 

required human and other resources to conduct an effective soil 

conservation programme. Soil conservation was given much 

attention in the colonial period with a large cadre of qualified 

staff very competent in this subject positioned across the 

country. The staffs have been trimmed to a handful of officers 

after the 1960s.   

High priority has to be assigned to soil conservation in 

view of the loss of top soil, decrease of productivity, 

and environmental damage including pollution of 

waterbodies.  
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8.08 Citizens as Custodians in Protecting Waterbodies 

Sri Lanka cannot depend on its laws and law enforcement 

agencies alone to protect its waterbodies. This is borne out by 

the water pollution that goes unabated notwithstanding the 

numerous Acts of Parliament, Gazette Notifications and 

Regulations that have been in force for more than forty years.  

It would be prudent for citizens themselves to act as custodians 

of waterbodies near their dwellings and carryout campaigns of 

public awareness and engage in other activities to keep the 

water clean. This would be of relevance especially to a large 

number of small waterbodies that do not come under any form 

of water quality surveillance by state institutions. 

Many people in Sri Lanka do not exhibit a sense of 

environmental consciousness as evident from the polythene 

bags, plastic cups, tin cans, empty bottles, vegetable and fruit 

refuse that are seen floating in many of the water bodies. There 

are on the other hand, numerous examples of groups of citizens 

elsewhere who jealously guard their lakes and reservoirs from 

acts of pollution. Ransom Canyon in Lubbock Texas has a 

beautiful lake surrounded by mountains and forest. The local 

inhabitants play an active role in keeping the lake clean. While 

visitors are welcome to enjoy the breath-taking beauty of the 

lake and its surroundings, they are told not to alight from their 

vehicles during the visit, primarily to prevent any form of 

pollution of the lake. 

School children as well as housewives in many countries have 

grouped together to be the  watchdogs of waterbodies in their 

localities and have brought pressure on polluters, law makers 

and law enforcement officers to ensure that waters are not 

polluted. 

Local bodies, community groups, school children and 

individual citizens must consider it their duty to 
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protect the waterbodies in their habitats and take 

appropriate action in this regard.  

 

8.09 A New Path 

It is a fact that almost all waterbodies on earth were very much 

less polluted a hundred years ago as compared to the present. 

This was mostly because the population was less, living 

standards were modest and processes of self-purification of 

water were in place. Sunlight, microorganisms, forest cover, 

filtration through soil and other natural mechanisms purified 

the water.  

The situation is very different now. Population is much higher 

and increasing, forests are felled more than established, soil 

erosion has increased, more fuels are burnt increasing the 

carbon dioxide content in the atmosphere, new substances are 

synthesized that are not easily degraded and cause harm to 

living organisms.  

Many of the polluting substances are used supposedly to raise 

the standards of human living. Chromium for example, is used 

in the shoe industry to give the shoe a smarter look, 

disregarding the fact that chromium in water can cause kidney 

and liver disease. Is production of good looking shoes at the risk 

of causing kidney problems a sign of human progress or 

decline? Is it a sign of human achievement to wear whiter-than-

snow clothes, if such whiteness is obtained by using detergents 

having environmentally hazardous substances? 

An attitudinal change for the world, countries, 

governments and individuals to be much more 

environmental conscious in all their activities is 

urgently needed.  
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