‘WATER AND HEALTH

Water is one of the prime necessities of life that human beings cannot survive without.  It is therefore an acceptable fact that LIFE because all living things are sustained by water.  Because of its importance, water fits in the category of needs rather than wants.  It ranks second in the scale of priority by needs.

	Needs by Priority
	Wants by Choice

	a) Needs are entities of life and are dictated by nature.
	a) Wants are considered after needs are fulfilled

	b) Human beings cannot survive without them e.g.

· Air

· Water             Very

· Food               necessary

· Shelter
	b) Are dictated by social economic status e.g.

· Cars

· Televisions

· Expensive lifestyle


Although needs are very vital in our daily lives, human beings have a tendency to abuse them to a very high degree.

For instance:

a) Human beings discharge excreta to water sources/bodies.

b) Human beings discharge industrial effluent to water bodies.

Generally, water is subjected to the following forms of pollution:

1. Human (Biological) pollution:

· Human excreta with parasites, bacteria, viruses

· Urine and urea with ammonia – nitrates.

2. Industrial pollution (effluent)

· Contains various toxic organic and inorganic wastes, e.g. heavy metals Pb++, Hg++ cadmium, POPs, Petroleum/ solvents chemicals, etc.

3. Agricultural pollution (Agrochemical run offs)

· Pesticides
-
Chlorinated, e.g. DDT

-
Organophosphates, e.g. malathion

-
Carbamates e.g. carbofuran (Furadan)

· Fertilizers 
–         Nitrates oxidized/converted to nitrites.

In the body nitrites + proteins = nitrosamines – cancer       precursors.

Water with nitrates causes met-hemoglobinemia (infantile cynosis syndrome, in layman’s term “ blue baby syndrome”) in babies.

4. Natural (Geological) pollution:

The natural matrix of water is determined by its geology. The geology contributes to:

· Natural hardness e.g. CaHCO3 & Mg++ 
- Causes hardness and corrodes/destroys boilers.
· Ferrous and ferric metals

Fe++ and Fe+++ - jointly with iron bacteria cause rusting of pipes due to oxidation process.

· Fluorides

· Excessive amounts to teeth mottling and skeletal fluorosis e.g. > 1.5 ppm

· Inadequate amount <1.5 ppm – dental carries.

WORLD’S DISTRIBUTION OF WATER SUPPLIES

	Location
	Percentage of Total Water Supply

	1. Surface water:

· Fresh water lakes

· Saline lakes and inland seas

· Average in stream channels
	    0.009

    0.008

    0.001

	2. Subsurface water:

· Soil moisture water

· Groundwater (800 meters deep)

· Groundwater (deep lying)

· Total liquid water on land areas
	    0.005

    0.310

    0.310

    0.643

	3. Ice caps and glaciers
	    2.150

	4. Atmosphere at sea level
	    0.001

	5. World Ocean
	  97.206

	6. Total world’s water distribution
	100.000


	Facts Summary
1. 70%                The planet covered by water but only 3% is clean enough to drink.
2. 1.2 billion       People live in areas of physical water scarcity.

3. 500 million     Number in areas approaching this situation.
4. 1.8   billion      The estimated number of people in areas of absolute water scarcity by 2025.
5. 47%                    The estimated percentage of the world’s population that will be in areas of high 
                                      water stress by 2030.
6. 64 billion           Cubic meters cubed of water required by 80 million  people, the amount of 
                                      global population grows by each year.
7. 27%                     Of the developing world’s urban population without piped water access.
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1. Rain Water:

Harvested from roof run-off into manmade storage facilities e.g. drum, tanks.

Characteristics:

Contains:
Gases, particulates, radio active fallouts and micro-organisms.



NB: by far the most potable of all other types.

2. Surface water:

Rivers, dams, swamps, lakes seas and oceans.

Characteristics:

a) Rivers:
Heavily contaminated by agricultural chemicals and human excreta.

b) Dams:
Particulates, organic matter, heavy metals, susceptible. They are prone  to eutrophication (enrichment by phosphates detergents, fertilizers or sewage. Eventually the dam becomes marshy).
c) Lakes and Swamps: Subject to eutrophication due to the same factors as well as likelihood of algae and hyacinth salty, odour and similar pollutants as in dams.

d) Seas and Oceans:
Salts (chlorides, sulphates, variety of effluent)

3. Ground water:

a) Hand dug wells

Minerals, salts in varying nature, e.g. manganese, 

b) Bore holes


calcium, chlorides, sulphates, carbonates etc.

c) Springs:

Naturally occurring. Quality water, good depending on geological location,

Better than rain water, naturally filters itself as it flows up.
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SOCIAL,  HEALTH COSTS AND IMPORTANCE OF POTABLE WATER AND EFFECTIVE SANITATION
1. Access to  potable(clean) water and effective sanitation has a catalytic effect on many aspects of human development, being essential for a healthy population and environmental sustainability. 

2.The Joint Monitoring Program’s 2010 'Progress on Sanitation and Drinking-Water report' estimated that 2.6 billion people do not have access to hygienic sanitation and almost 900 million people do not have access to safe drinking water.

3. The World Health Organisation (WHO) estimates that 88 per cent of diarrhoeal disease is attributed to unsafe water supply, inadequate sanitation and hygiene. 

4. High incidence of vector-borne disease, intestinal disease, and trachoma in developing countries is strongly correlated with unsanitary practices and the absence of nearby sources of safe water.

5.Deaths per day due to diseases of unclean water and unsanitary conditions are over 30,000 – 70,000.  This translates to over 25 million deaths per year.
6.Millennium Development Goal (MDG7) Target 7c, aims to halve the proportion of people without sustainable access to safe drinking water and basic sanitation by 2015, relative to 1990 levels. At the current rate of progress the world is unlikely to meet the target for sanitation. However, progress against the drinking water target is tracking well and the world is expected to exceed the target. 

7.Time and energy spent by women on fetching water could be utilized in other development activities.

Due to abuse by humans, water can transform into a medium (vehicle) of transmission of diseases  There are  FIVE types of environmental water related infections and  about FIVE chemical and other sources water related  health conditions or syndromes.

1. Faecal – oral infections (waterborne disease due to poor water quality).

2. Water washed infections (water washed diseases due to inadequate water).

3. Water based infections (water based diseases due to contact with water).

4. Water related insect-vector infections (water-insect/V.D. due to location).

5. Water dispersed infections enter the body through respiratory system (amoeba, fetal meningitis, legionella disease).

6. Metals related diseases or syndromes (toxicoses).

7. Organic chemicals related conditions/syndromes (toxicoses, cancers, mutations and birth defects).

8. Hardness in water related conditions(cardiovascular disease).

9. Fluoride in water related conditions(fluorosis).

10. Nitrates in water related syndrome (methemoglobinemia).

The estimated numbers of people suffering from water related diseases are immense.  At any one time there are probably:

· 500 million people with trachoma (often leading to blindness).

· 250 million people with elephantiasis.

· 200 million people with schistosomiasis.

· 160 million people with malaria.

· 100 million people with diarrhoea (gastro-enteritis).

· 30 million people with onchocerciasis (river blindness).

ENVIRONMENTAL CLASSIFICATION OF WATER RELATED INFECTIONS

	CATEGORY
	INFECTION
	PATHOGENIC AGENT
	INTERVENTION

	1. Faecal-oral Infection (Water borne)


	a) Diarrhoea and dysenteries

· amoebic dysentery

· balantidiasis

· cholera

· e- coli – diarrhoea

· salmonellosis

· shingellosis (bacillary dysentery)

· yersiniosis
	H

P

B

H

B

B

B
	1. Improve quality of drinking water

2. Discourage use of other unimproved sources

3. Boil drinking water for at least 10-15 minutes, especially in rural areas.

4. Use proper human excreta disposal system.

5. Wash hands before handling food/after use of toilet

	
	b) Enteric Fevers

· typhoid

· paratyphoid

· poliomylelitis

· hepatitis A

· leptospirosis (spirochaete)

· ascariasis (round worm)

· trichuriasis
	B

B

V

V

S

H

H
	Apply interventions 1 – 5 indicated above

	2. Water washed

(Water-Privation Diseases)

This category of diseases is affected more by the quantity of water rather than by the quality.

Draw Graph
	a) Skin infections

· Taenia capitis (head ringworm)

· Scabies

b) Diarrhoea infections

· Bacterial and viral

c) Eye infections

· Trachoma

d) Other infections

· louse borne typhus &

· louse borne relapsing fever
	M

M

M 

M


	1. Increase water quantity per person per day.

2. Improve accessibility and reliability of domestic water supply.

3. Improve KAP on personal hygiene through health education and health promotion


	CATEGORY
	INFECTION
	PATHOGENIC AGENT
	INTERVENTION

	3. Water-based Infections

Water serves as a habitat for intermediate host organisms in which some parasites pass part of their life cycle
	a) Penetrating skin

· Schistosomiasis (Bilharzia)

b) Ingestion/penetrating skin

· Guinea worm
	H

H
	1. Decrease need for water contact.

2. Control snail population by increasing the velocity of water to 0.65 meters/second

3. Prevent contamination of surface waters by human. excreta, i.e. protection water sources by building and using pit latrines.

Apply intervention strategies, 1 – 3 as indicated above.

	4. Water-related Infections

(Water-related insect-vector infections)

This category of diseases is affected more by the quantity of water rather than by the quality.

Draw Graph
	a) Biting near water

· Trypanosomiasis (Sleeping sickness)

b) Breeding near water

· Filariasis (Elephantiasis)

· Malaria

· Onchoceciarcis (river blindness)

· Mosquito borne viruses

· Yellow fever

· Dengue
	P

H

P

H

V

V

V
	1. Improve surface water management

2. Apply environmental modification and manipulation (destroy insect breeding sites)

3. Decrease need to visit breeding sites

4. Use mosquito nets

Apply strategies, 2 – 4 as indicated above

	5. Water-dispersed Infections

(Freshwater Infection)
Pathogen of this category can proliferate in freshwater and enter the body through the respiratory tract
	a) Amoebae (not pathogenic) but in warm water proliferate and if large numbers enter the body along the ol-factory tracts cause:

· Fatal meningitis

b) Bacteria dispersed as aerosols from air conditioning systems e.g.

· Legionella disease
	P

B
	1. Reduce contact with such types of environment.

2. Try to clean air conditioning regularly and disinfect the system

	6. Metals
	Intake of metals in drinking water, e.g. heavy metals
	T
	1. Control and proper management of industrial waster

	7. Organic chemicals
	Intake of synthetic chemicals organic chemicals, e.g. pesticides, POPs,etc.
	T, C,MU, BD
	1. IPM
2. Proper management of hazardous chemicals

	8. Hardness in H2O
	Some epidemiologic evidence indicates an inverse  correlation of CVD
	CVD
	Monitoring

	9.   Fluoride
	Damage to teeth and bones 
	F
	Use of water filters e.g. Activated granular carbon

	10. Nitrates
	Serious sometimes fatal poisonings of infants >45 mg/l
	MT
	Less use of fertilisers and  monitoring of septic tanks 


Key: H = Helminth; B = Bacterium (a); P = Protozoan; V = Virus; S = Spirochaete; R = Rickettsia; CVD=Cardiovascular diseases; T= Toxicoses; C= Cancers; MU= Mutation; BD= Birth Defects; F= Fluorosis; MT= Methemoglobinemia; M = Miscellaneous

TREATMENT OF RURAL COMMUNITY WATER SUPPLIES

1. 1. It should be borne in mind that the quality of drinking-water is a powerful environmental determinant of health. 

2. 2. Assurance of drinking-water safety is a foundation for the prevention and control of waterborne diseases.
3. 3. This two fore stated statements justify the need to treat water intended for drinking and other domestic purposes. 
4. The treatment takes into account the following variables:

1. Source of water.

2. Storage facilities.

3. Treatment or type of treatment.

4. Purpose the water is used for e.g. human drinking.

	SOURCE
	STORAGE FACILITY
	TYPE OF H20 TREATMENT
	USE/ TREATMENT

	i) River/streams
	Tanks, jerry cans
	Boiling/Waterguard
	Drinking

	ii) Protected springs
	Jerry cans, pots
	Filtration/sedimentation
	Drinking

	iii) Unprotected springs
	Drums, buckets
	3 pot system, solar disinfection (SODIS)
	Drinking

	iv) Hand dug wells
	-
	Chlorination
	Drinking

	v) Bore holes
	-
	Chlorination
	Drinking

	vi) Roof catchment
	Tank
	Boiling, chlorination
	Drinking


I. Boiling

This method requires some form of heat energy to raise water to a boiling point.  Hence time and energy are the most important factors.  At least a period of 20 minutes is required to ensure complete destruction of most pathogens including cysts and spore-forming bacteria.

Disadvantage of Boiling Water

1. Reduced Oxygen content resulting into unpalatable taste.

2. Likely to increase some minerals/chemical concentration.

3. Loss of some minerals of public health importance such as calcium, iron, etc.

II. Three Pot System
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III. Solar Disinfections (SODIS)

It is one of the ancient methods but rarely considered or used by households.  It is an affordable system, mainly dependent on solar energy and provides alternatives for water treatment at a household level.
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Procedure

i) Use a transparent plastic or glass bottle (not coloured).

ii) Fill up to ¾ of the bottle with H2O turbidity is < 30 Ntu.

iii) Shake well then fill to brim and replace cap tightly.

iv) Expose (layout) on an iron sheet for a minimum of 5 hours on a sunny day and at least 2 days on a cloudy day.

How it Works (Mechanism of Solar Rays)
The sunlight/solar has three rays, namely:

· Ultraviolet rays

· Infrared rays

· Visible light

2. When ultraviolet radiation strikes bacteria cell, it kills immediately it affects DNA, nucleic acid and enzymes.

3. While infrared produces temperature is adequate to destroy pathogenic microorganisms because they are sensitive to heat.

4. Secondly, at wavelength: 320 – 400 nm of UV-A radiation + water temperature, synergist effects are realised and further destroys pathogens.

5. Sunlight breaks O2 molecule and releases free radicals and atomic oxygen.  It combines with water to form Hydrogen Peroxide.

6. These intermediates products produce microbicidal activities.

What SODIS Does not Do

1. Once the sample is removed from the sunlight, these temporary products (i.e. Hydrogen Peroxide, free radicals and atomic oxygen) have no significant residual effect.

2. SODIS does not change the adour nor the taste of water.

3. SODIS does not increase or decrease the quantity (volume) of water.

Limitations

1. SODIS is not useful for large volume of water.

2. SODIS requires relatively clean water (turbidity <30 Ntv).

3. SODIS needs solar energy (radiation).
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a) The tank is suitable for a family or a group of 10 people.

b) It can operate for a year before cleaning.

c) The system ahs a capacity of 40 litres of drinking water.

How it Works
The raw water poured into 40 litres tank comes down to the filter tank through the plastic hose pipe.  

The pressure forces the water to flow upwards through various layers of the filter media and eventually through the delivery tube at the side.

HEALTH BENEFITS/SIGNIFICANCE
This particular filter is particularly useful in rural areas where the surface water is biologically of poor quality.

a) The system removes the following:

b) Organic matter
→ which discolour and impart smell and taste in water

c) Pathogens 

→ renders water portable by removing ≥ 75% of the pathogens

Hence family members are significantly not exposed → better health.

V
COMMERCIAL FILTERS (Ref. Saturday Nation 24.3.2001)
There are several brands in the market.  The price ranges from Ksh.2,000/= - Ksh.27,000/=.  Generally speaking they are not affordable by majority of rural communities and even urban poor.  Hence, only a few in urban centres use them.

They have granular activated carbon filters.  The filter is capable of removing:

a) Excess chlorine

b) Organic chemicals e.g. pesticides, POPS

c) Inorganic chemicals – heavy metals

d) Pathogens


[image: image7.wmf]Connection 

to tap

Granular 

Activated 

Carbon 

Cartridge filter 

(1

m

m) diameter

Glass c Filtered 

H

2

O


Advantages
1. Sieve out sediments that are smaller than dust.

2. Removes excess chlorine if > 0.2 mg/l.

3. The 1μ (one micron size) sediment layer removes most of the bacteria.

4. Some filters called “three in one” ultraviolet sterilize water.

Three in one have a chamber with:

a) Filter with mesh sizes for sediment removal

b) Carbon cartridge for chlorine, taste, odour removal and alumina – fluoride removal

c) Ultraviolet fitting – sterilizes water

DISINFECTIONS OF WATER
One common water disinfectant is chlorine.  “JIK” (commonly known) is in fact a liquid bleach i.e. 3.5% sodium hypochlorite.  Thus the active ingredient is the hypochloride proportion.

A.
The table below demonstrates small-scale chlorination of water using Jik
Chlorination of water by “Jik” in small containers – tanks, jerry cans

	Volume of water in litres
	Amount of Jik to be added

	20

100

1,000

5,000
	24 D

4 ml

40 ml

200 ml




Footnote:
D = drop eye dropper ≈ 0.050 ml



1 teaspoon = 3 mls



1 cup = 250 mls

B.
Disinfectant of well(s) in particular a well of 1 metre (3 ft) diameter
	Depth of well/water (m)
	Volume of water (in litres)
	Amount Jik to be added (mg/l)

	i. 0.5 m

ii. 1.0 m

iii. 1.5 m

iv. 2.0 m

v. 3.0 m


	   400

   800

1,200

1,600

2,400


	16 ml

32 ml

48 ml

64ml

96 ml




Note:
i.
Contact time:
Leave the Jik to react with water for 30 minutes prior to using the water.

ii.
A slight odour of chlorine means sufficient Jik (chlorine) was added.

iii.
Caution:
Do not use Jik which is perfumed.

C.
Continuous disinfection
As the water from the well or tank is used and new/raw water enters, it too needs to be disinfected.

i. Practically water should be regularly tested to determine level of chlorine.

ii. A slight odour of chlorine indicates presence of free residual chlorine.

FLOURIDE (FLUORINE)
The term “Fluoride” and “Fluorine” are interchangeably used in literature as generic terms.  “Fluoride” is the ionized form of fluorine that occurs in drinking water.

FLUORIDE IN ENVIRONMENT

Fluorine ranks 13th among the elements in the order of abundance in the earth’s crust.  The ionic form (Fluoride) rarely occurs naturally.  The mean content in rock lies between 0.1-1.0 grams/kg.

The primary minerals containing Fluoride are:

(a) Fluorspar – CaFz. Theoretical Fluorine Content 48.5%

(b) Cryolite – 3 NaF.AIF3.  Theoretical Fluorine Content of 5.45 g/kg

(c) Fluorapatite – CaF2.3Ca3 (Po4)3.  Theoretical Fluorine Content 38 g/kg

Organic soils have the lowest Fluoride contents.  They are present to these soils due to use or application of the following:

(a) Phosphate Fertilizers which contain fluorides.(These add up 0.005 – 0.028 mg/kg/year).

(b) Pesticides

(c) Irrigation waters

(d) Particulate emissions and gaseous materials (Vulcan eruptions)

(These add up to about 0.004 – 0.018 g/kg/year)
FLUORIDES IN WATER
They are fairly soluble in surface and ground water.  Concentration in ground water depends on several factors: 

1. Geological and porosity of rocks

2. Chemical and pH characteristic

3. Temperature and depth of the well

4. Complexing factors and actions of other elements

GLOBAL CONCENTRATION LEVELS
1. In Kenya, India and South Africa the concentration levels are much higher than other parts of the world.

2. Worldwide higher Fluoride concentrations are found:

· Along the Rift Valley;

· Volcanic Regions, and

· Adjacent Areas

SURFACE WATERS
1. Except those in Rift Valley and adjacent most surface waters have low concentration – 0.01-0.3 mg/l.

2. However, sea waters have slightly high concentrations with a mean of 1.3 mg/l

Most of the fluorides come from the river waters which are rich in fluoride.

LEVELS IN SELECTED KENYA WATERS (USE TRANSPARENCY)
Fluorides in River Waters


Fluorides in Lake Waters
Tana River

1.3 PPM

Lake Victoria 

0.5-0.8 PPM

Narok River

3.15 PPM

Lake Naivasha

2.8-15.0 PPM

Tsavo River

2.00 PPM

Lake Baringo 

7.2-18.2 PPM

Machakos River
7.70 PPM

Lake Turkana

10.0-23.5 PPM

Uaso Nyiro River
6.00 PPM

Lake Nakuru

180.0-280.0 PPM







Lake Magadi

1200.0-1600 PPM







Lake Bogoria

100-220 PPM

NOTE:





NOTE:

Most rivers have concentration levels

Extremely high “F” are found in saline lakes

Below 2.0 PPM

The main reasons for high levels in lakes are:

(a) River flowing them bring high contents of fluorides.

(b) Most lakes in Rift Valley have no outlets.

(c) Evaporation effects make the lakes richer and richer in fluoride and other minerals.

FLUORIDE LEVELS IN BORES IN KENYA
No. of Boreholes and Wells

Concentration (PPM)
% of Total Sampled
414




0.0-0.6



27.7

387




0.7-1.7



26.0

255




1.8-3.0



17.1

329




3.1-10.0


22.0

107




over 10.00


7.1

Most ground water sources have exceeding levels.

FLUORIDES AND HEALTH
1. Fluorides are either soluble or insoluble.  The in-solubles include cryolite and calcium fluoride.

2. The solubles are providers of fluorides in the body.

BENEFICIAL HEALTH EFFECTS ON HUMANS

1. Cariostatic (Positive/Protective) effects:

These effects are experienced when the Fluoride levels in drinking water are maintained at the range of 0.7-1.5 ppm, thus dental caries are minimized.

2. Dentine and Enamel Effect:

By consuming water with minute amounts of fluoride in the first 8-12 years of life, the incidences of dental caries are reduced (makes dentine and enamel formation strong).

In 1938, USA, Dean demonstrated that dental caries were less prevalent in areas with high prevalence of dental fluorosis (mottling of enamel) and vice versa.

· Relationship between Dental Caries and Fluoride Levels in Water
· Distribution of Dental Fluorosis at Different Levels of Fluoride in Drinking Water

(Dean 1942)
Fluoride in drinking water mg/l

NEGATIVE HEALTH EFFECTS
1. Concentration levels above 1.5 PPM may cause dental fluorosis →disfigurement in teeth i.e. mottling of enamel.

The changes vary from superficial enamel mottling to severe hypoplasia (undeveloped/incomplete) of enamel and dentine

2. Concentration levels exceeding or at 3.6 mg/l results in skeletal fluorisis (demineralization of bone).

3. Concentration levels > 10 mg/l may cause or lead to development of crippling skeletal fluorosis (Knock Knees Syndrome).

· This syndrome is more prevalent in tropical and sub-tropical areas.

· It is frequently complicated by factors such as calcium deficiency and malnutrition.

· Patients with dys-functioning kidney are prone to fluoride toxicity.

FLUORIDATION VS DEFLUORIDATION OF DRINKING WATER
The process of fluoridation versus de-fluoridation remains a controversial issue.  Some health experts support while others disapprove it.  However, the choice is left to individual municipalities.  But from the public health point of view it is recommended that:

(a) Municipal water supplies with “F” content below 1 mg/l should fluoride and those with concentration levels above 1.5 mg/l (ppm) should de-fluoridate.

(b) Most developing countries cannot afford to do either.

(c) WHO sets standards for fluoride in drinking water at 1.5 ppm ( mg/l).

MUNICIPAL WATER TREATMENT (URBAN WATER SUPPLIES)
From Public point of view and based on the Public Health Act CAP 242; it is the obligation of the municipality to supply the citizens with water whose quality is of “Public Trust”. 

Water is “Public Trust” means that, the water should be free of:

a) Pathogenic microbes

b) Chemicals with potential health effects

c) Physical substances with negative health effects.

d) Save from the point of treatment (plant) to the point of consumption.

PLANT – CONSUMER

The process of providing water of Public Trust is achievable by subjecting raw water through the following processes (stages).

a) Aeration:  Physical process, exposing water to air reduces smells.

b) Coagulation (Flocculation):  Chemical and physical processes.  Physical because of sedimentation. Chemical because of addition of any of the following coagulants:

i) Aluminium sulphate (alum)

ii) Sodium aluminate

iii) Ferrous sulphate and lime (softener)

iv) Ferric chloride

c) Filtration:  physical process, water is passed through a filter media to remove, turbidity, pathogens.

d) Disinfection:  chemical process, water is chlorinated by automation process.

Prior to treatment, samples are taken at various points.  These are necessary to determine.

a) Types of and the number of E. coli and coli form per ml per water.

b) How much chemicals to use i.e. alum and chlorine

c) Turbidity and other inorganic and organics.
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1. Alum Al2 (SO4)2
It is a coagulant soluble in water.  It has electrical charges like Fe salts and is used because it is cheaper than Fe salts.  This process removes the coloring causing materials.

Caution:

Alum is now linked with mental degenerative diseases such as senility, dementia and alzheimer’s disease.

2. Agitation Basis

Water is violently agitated with a mechanical devise.  This causes chemicals to distribute and react forming more and more flocs.
3. Baffle Basin

This slows the flow rate, increases the mixing rate thereby forming more and more flocs.

4. Sedimentation Basin

Further slowed rate.  Water is allowed to remain in the basin for a specified time.  Most impurities and bacteria settle at the bottom and due to reduced surface area and nutrients a significant number of bacteria perish.

5. Filtration Basin

Usually there are two types i.e. slow or rapid sand filter.  The sand filter works by the following mechanism:

a) Adhesion

b) Agglomeration

c) Centrifugal forces

d) Metabolism

a) Adhesion

b) Agglomeration

This works by accumulation of particles, causing more barriers, hence more bacteria are trapped.

c) Centrifugal forces

As particles get closer to each other they form large particles which are trapped.

d) Metabolism

Organisms compete for survival, hence end up eating each other.

i) Filter Bed:  it removes turbidity, colour and odour.

ii) Schemutz-decke: “top dirty material on the filter” due to build up of materials on the top layer of the filter.
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Schmutz-decke


· It causes turbidity in water.

· Reduces flow rate of water.

· When this happens, it indicates need for back flushing:

· First air pressure

· Second force water upwards.

CHLORINATION AND STERILIZATION OF WATER

Chlorination:
The process means addition of desired quantity of chlorine in water to render it safe for drinking. Thus it is a disinfection process which reduces bacterial population to safe levels.  Provides residual effect.

Sterilization:
This process guarantees complete destruction of bacterial population, but does not provide residual effect.

Why is Chlorine  is used as water disinfectant?
a) It is cheaper compared with other disinfectants, hence it is cost effective.

b) It provides a residual effect (long time effect).

Forms of chlorine used i.e. any of the following is used

a) Gaseous chlorine – 100% chlorine i.e. Cost Effective.

b) Liquid chlorine – 12% chlorine and 88% Na hypochlorite

c) Solid chlorine – 75% chlorine and 25% Ca hypochlorite.

From a safety point of view it is better to use liquid chlorine.
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Chlorine Demand Curve (Hypothetical Curve)


A.
Chorine reacts with ammonia to form:
i) NH3 + HOCl  -  NH2Cl  + H2O  (monochloramine)

ii) NH2 Cl  + HOCl -  NHCl2  +  H2O (dichloromine)

All act as additional

iii) NHCl2 + HOCl  -  NCl3  +  H2O (trichloramine)

disinfectants

Note: Organic compounds possess unsaturated bonds that increase chlorine demand.







Cl
OH


e.g.   – C   = 
C  –  +  HOCl


 C    –  
  C –



H
H

Chlorine can also react with phenols to produce: mono, di or tri-chlorophenols which impart taste and odour to drinking water.

Chlorine reacts with humic substances to for Trihalomethanes, names:

i) Bromodichloromethane

ii) Bromoform

iii) Chloroform (CHCl3) – potential animal carcinogen

Chlorine +   Nitrates in H2O      Chloramine     Converted 
Nitrites

(Ammonia)





in living cells converted

N-Nitrosamines










(potential carcinogen)


Once ingested


       (water used 


         used to 

Methemoglobinemia


        prepare baby’s
(blue baby syndrome)


        food)

B. Characterized by drastic reaction, which peaks.

C. All the reaction is deemed over i.e. no more reaction.

D. Free residual chlorine zone:  for every ppm of chlorine you add at point A, the same amount you get at point D.  therefore, chlorine demand is equal to initial dose less free residual chlorine or  A – C = Free Residual Chlorine. e.g. Chlorine dose, 3 drops to 500 ml H2O approximately 3 mgCl2/l after 30 minutes (contact time) you get 1mgCl2/l of Free Residual Chlorine.

Hence demand = 3 – 1 = 2mgCl

Contact Time @ PH 7

i) Contact time of 30 minutes of pH7. ensures complete destruction of schistosomiasis cercariae and spore forming bacteria e.g. bacillus anthracis.

ii) If the pH rises from 7 – 8.5 contact time should be increased to 45 minutes.

Important

As a public health preventive measure, it is crucial measure, it is crucial to maintain free residual chlorine of 0.2 – 0.5 ppm for the following reasons:

i) To protect water from the point of treatment to the point of consumption.

ii) To disinfect water after points of repair.

iii) Disinfect the network (pipes) due to build up of bacteria colonies.

Super Chlorination of Water

At times of waterborne epidemics such as cholera, typhoid etc, the health authorities i.e. City MOH instructs the water engineer in writing to raise the free residual chlorine above 0.5 ppm, (i.e. 0.5 – 0.8 ppm).

This ensures destruction of cholera vibrio, shigella, salmonella typhi and other dysenteric organisms.

MICROBIOLOGICAL TESTING OF WATER

Normally in establishing of water quality, E. coli is used as an indicator.  Present of it in drinking water means such water is likely (over 75%) to be contaminated by disease causing pathogens.

These are two methods preferred in testing and the choice of which method is left to the discretion of health authorities and the water technical staff.

a) Multiple Tube Method (Durham Tube Method).  This procedure requires two tests; i.e.

i) Presumptive test

ii) Confirmation test

b) Membrane Filter Method (filters 47 – 50 mm diameter).

i) Total coliform

ii) Feacal coliform

Types of water or quality to be filtered.


Type of Water


Volume of Sample to be Filtered (ml)

Good quality treated




50 – 100


Untreated drinking water



10 – 50


Surface water





1 – 10
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i) Total Coliform Procedure

a. Use vacuum Erlenmeyer flask

b. Filter the sample

c. Place the sample in a petridish with selective broth medium

d. Incubate @35oC or 37oC for 18 – 24 hours with 100% humidity

NB:  Colonies of coliform bacteria are:

· Medium red or
·  dark red colours with greenish gold or metallic surface sheen.

· Colonies are counted with an aid of a lens

Total coliform per 100ml of water filtered =  No. of coliform colonies counted  x 100







    No. of ml of sample filtered

ii) Determination of Faecal Coliform

The procedure is the same or similar to total coliform except petridish incubation time is done different – omit.

Procedure

1. Place petridish in an incubator @ 44oC ± 0.5oC – 24 hours 100% humidity.

2. the colonies of faecal coliform are blue in colour.  Non-faecal colonies are grey or cream coloured.  Count using magnifying lens.

Faecal coliform per 100 ml
=
  No. of faecal coliform counted  x







   No. of ml of sample filtered
GUIDELINES FOR DRINKING WATER QUALITY BY WHO – MICROBIOLOGICAL AND BACTERIOLOGICAL

I.
Microbiological Quality
	
	UNIT
	GUIDELINE VALUE
	REMARKS

	A1  Treated Water (H2O) Entering   

       Distribution System

Faecal coliform

Coliform organisms

(Pathogenic serotypes)
	Number/100ml

Number/100ml
	0

0
	Free chlorine residual = 0.2-0.5 ppm, following 30 min contact times

	A2  Untreated Water (H2O) Entering

       Distribution System

Faecal coliform

Coliform organisms

or coliform organism
	Number/100ml

Number/100ml

Number/100ml
	0

0

3
	Sampling encouraged all year round.  In occasional sample not consecutively

	A3  Water in the Distribution System

Faecal coliform

Coliform organisms
	Number/100ml

Number/100ml
	0

0
	should have 95% sampling throughout the year

	B   Unpiped Water Supplies

Faecal coliform

Coliform organisms
	Number/100ml

Number/100ml
	0

10
	should not occur repeatedly.  If occurs even after protection, seek for alternative source

	B   Emergency Water Supplies

Faecal coliform

Coliform organisms
	Number/100ml

Number/100ml
	0

0
	Advise public to boil water incase of failure to meet guidelines


II.
Biological Quality
	
	Unit
	Guideline
	Remarks

	Protozoa

Helminth 
	
	No guide line value set
	Advise – Boil water



Inorganic Constituents of Health Significance
	Constituent
	Unit
	Guideline Value
	Remarks

	Arsenic
	mg/l
	0.05
	

	Asbestos
	mg/l
	none set
	

	Barium
	-
	none set
	

	Beryllium
	-
	none set
	

	Cadmium
	mg/l
	0.005
	

	Chromium
	mg/l
	0.5
	

	Cyanide
	mg/l
	0.1
	

	Fluoride
	mg/l
	1.5
	Natural or deliberately added

	Hardness
	-
	none set
	No health related problems

	Lead
	mg/l
	0.05
	

	Mercury
	mg/l
	0.001
	

	Nitrate
	mg/l
	10
	>45 reduced in body to Nitrite Methaemoglobinemia in Infants (Infitile Cyanosis).



Organic Constituents of Health Significance
	Constituent
	Unit
	Guideline Value
	Remarks

	Aldrin & dieldrin
	µg/l (ppb)
	0.03
	

	Benzene
	µg/l (ppb)
	10
	

	Carbontetra chloride
	µg/l (ppb)
	3
	Tentative guideline value

	Chlordane
	µg/l (ppb)
	 0.3
	

	Chlorobenzene
	µg/l (ppb)
	none set
	Odour at 0.1-3 ppb

	DDT (pesticide)
	µg/l (ppb)
	1
	

	Gamma – HCH (Lindane)
	µg/l (ppb)
	3
	

	Hexachlorobenzene & chlorophenols
	µg/l (ppb)
	No health related guideline value set
	Odour at 0.1 ppb threshold

	Trihalomethanes
	µg/l (ppb)
	none set except chloroform
	Potential carcinogen to lab. animals

	(i.e. chloroform
	µg/l (ppb)
	30
	Potential carcinogen to humans

	(bromodichloromethanes
	µg/l (ppb)
	none set
	Potential carcinogen to lab. animals

	(bromoform
	µg/l (ppb)
	none set
	Potential carcinogen to lab. animals
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