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Background Information about Pakistan:
Population: 152.1m 
Area: 796,000km²

Infant mortality: 98/1000 

Life expectancy: 63.4 years 

Water supply coverage: 91% 

Sanitation coverage: 59% 

Below poverty line: 32.6% 

Development index: 134 
Adult literacy: 49 
Sources: Human Development Report 2006, World Development Report 2006
NB. Official statistics tend to understate the extent of water and sanitation problems, sometimes by a large factor. There are not sufficient resources available for accurate monitoring of either population or coverage.

Why the Fuss:
According to a 2007 World Health Organisation (WHO) report, 1.1 billion people lack access to an improved drinking water supply, 88% of the 4 billion annual cases of diarrheal disease are attributed to unsafe water and inadequate sanitation and hygiene, and 1.8 million people die from diarrheal diseases each year. The WHO estimates that 94% of these diarrheal cases are preventable through modifications to the environment, including access to safe water. Simple techniques for treating water at home, such as chlorination, filters and solar disinfection, and storing it in safe containers could save a huge number of lives each year.
United Nations Target on Clean Water Supply:
World Water Day is celeberated each year on 22 March by United Nations.

The member countries of the United Nations have set a goal to halve the number of people without access to safe drinking water by 2015. This Millennium Development Goal is a great challenge considering that poverty in much of the developing world prevents building even simple water systems. To make chlorinated water more available to many of these poor people, point-of-use systems are being distributed.
What is Water Purification?
[image: image1.jpg]



It is the process of removing undesirable chemical and biological contaminants from raw water. Most water is purified for human consumption (drinking water) but water purification may also be designed for a variety of other purposes, including to meet the requirements of medical, pharmacology, chemical and industrial applications. In general the methods used include physical process such as filtration and sedimentation, biological processes such as slow sand filters or activated sludge, chemical process such as flocculation and chlorination and the use of electromagnetic radiation such as ultraviolet light.

The purification process of water may reduce the concentration of particulate matter including suspended particles, parasites, bacteria, algae, viruses, fungi and a range of dissolved and particulate material derived from the minerals that water may have contracted after falling as rain.

It is not possible to tell whether water is of an appropriate quality by visual examination. Simple procedures such as boiling or the use of a household activated carbon filter are not sufficient for treating all the possible contaminants that may be present in water from an unknown source. Even natural spring water - considered safe for all practical purposes in the 1800s - must now be tested before determining what kind of treatment, if any, is needed. Chemical analysis, while expensive, is the only way to obtain the information necessary for deciding on the appropriate method of purification.
Sources of Water:
1. Groundwater: The water emerging from some deep ground water may have fallen as rain many decades, hundreds, thousands or in some cases millions of years ago. Soil and rock layers naturally filter the ground water to a high degree of clarity before it is pumped to the treatment plant. Such water may emerge as springs, artesian springs, or may be extracted from boreholes or wells. Deep ground water is generally of very high bacteriological quality (i.e., pathogenic bacteria or the pathogenic protozoa are typically absent), but the water typically is rich in dissolved solids, especially carbonates and sulfates of calcium and magnesium. Depending on the strata through which the water has flowed, other ions may also be present including chloride, and bicarbonate. There may be a requirement to reduce the iron or manganese content of this water to make it pleasant for drinking, cooking, and laundry use. Disinfection may also be required. Where groundwater recharge is practised; a process in which river water is injected into an aquifer to store the water in times of plenty so that it is available in times of drought; it is equivalent to lowland surface waters for treatment purposes. 

2. Upland lakes and reservoirs: Typically located in the headwaters of river systems, upland reservoirs are usually sited above any human habitation and may be surrounded by a protective zone to restrict the opportunities for contamination. Bacteria and pathogen levels are usually low, but some bacteria, protozoa or algae will be present. Where uplands are forested or peaty, humic acids can colour the water. Many upland sources have low pH which require adjustment. 

3. Rivers, canals and low land reservoirs: Low land surface waters will have a significant bacterial load and may also contain algae, suspended solids and a variety of dissolved constituents. 

4. Atmospheric water generation: is a new technology that can provide high quality drinking water by extracting water from the air by cooling the air and thus condensing water vapour. 

5. Rainwater harvesting or fog collection which collects water from the atmosphere can be used especially in areas with significant dry seasons and in areas which experience fog even when there is little rain. 

6. Desalination: of seawater by Distillation or Reverse Osmosis. 

Human Requirement of Water:
The exact amount of water a human needs is highly individual, as it depends on the condition of the subject, the amount of physical exercise, and on the environmental temperature and humidity. The reference daily intake for water is 3.7 litres per day for human males older than 18, and 2.7 litres for human females older than 18 including water contained in food, beverages and drinking water. Food contributes 0.5 to 1 litre and the metabolism of protein, fat, and carbohydrates produces another 0.25 to 0.4 litres, which means that 2 to 3 litres of water for men and 1 to 2 litres of water for women should be taken in as fluid.
A person requires about 30 gallons of water per day for all uses combined e.g. cooking washing, bathing etc. [4.5 Litters = 1 Gallon]
Treatment of Water:
The processes below are the ones commonly used in water purification plants. Some or most may not be used depending on the scale of the plant and quality of the water.
Pre-Treatment
1. Pumping and containment - The majority of water must be pumped from its source or directed into pipes or holding tanks. To avoid adding contaminants to the water, the physical infrastructure must be made from appropriate materials and constructed so that accidental contamination does not occur. 

2. Screening - The first step in purifying surface water is to remove large debris such as sticks, leaves, trash and other large particles which may interfere with subsequent purification steps. Most deep groundwater does not need screening before other purification steps. 

3. Storage - Water from rivers may also be stored in bankside reservoirs for periods between a few days and many months to allow natural biological purification to take place. This is especially important if treatment is by slow sand filters. Storage reservoirs also provide a buffer against short periods of drought or to allow water supply to be maintained during transitory pollution incidents in the source river. 

4. Pre-conditioning - Many waters rich in hardness salts are treated with soda-ash (Sodium carbonate) to precipitate calcium carbonate out utilising the common-ion effect.

Disinfection
Disinfection is accomplished both by filtering out harmful microbes and also by adding disinfectant chemicals in the last step in purifying drinking water. Water is disinfected to kill any pathogens which pass through the filters. Possible pathogens include viruses, bacteria, including Escherichia coli, Campylobacter and Shigella, and protozoans, including Giardia lamblia and other cryptosporidia. In most developed countries, public water supplies are required to maintain a residual disinfecting agent throughout the distribution system, in which water may remain for days before reaching the consumer. Following the introduction of any chemical disinfecting agent, the water is usually held in temporary storage - often called a contact tank or clear well to allow the disinfecting action to complete.
1. Chlorination- Chlorine acts as a powerful disinfectant when used either on its own, as sodium hypochlorite (bleach) or as calcium hypochlorite.  Added to water in minute quantities, it quickly kills bacteria and other microbes.  Chlorine has the major advantage of ensuring clean water right up to the tap, whereas the action of other disinfectants - such as ozone, ultraviolet light and ultra-filtration is only temporary. In addition to purifying water, chlorine helps remove tastes and odours, controls the growth of slime and algae in mains pipes and storage tanks, and helps to remove unwanted nitrogen compounds from water.  Over 90% of Europe's drinking water is chlorinated, and Europeans drink around 400 million glasses of tap water every day.

Chlorine-based disinfection has a long history: the first time bleach was used to disinfect water in 1897 to combat a typhoid outbreak in Maidstone, Kent (UK).  Water chlorination has played a role in extending life expectancy from 45 years in the early 1900s to 76 years today (World Health Organisation).  The use of chlorine and filtration to purify drinking water was cited by Life Magazine (1997) as “probably the most significant public health advance of the millennium.”

Because chlorine is a toxic gas, there is a danger of a release associated with its use. This problem is avoided by the use of sodium or calcium hypochlorite, which is a relatively inexpensive solution that releases free chlorine when dissolved in water. Handling the solid, however, requires greater routine human contact through opening bags and pouring, than the use of gas cylinders or bleach which are more easily automated. The generation of liquid sodium hypochlorite is both inexpensive and safer than the use of gas or solid chlorine. All forms of chlorine are widely used despite their respective drawbacks discussed below. 
2. Chlorine dioxide is another faster-acting disinfectant. It is, however, relatively rarely used, because in some circumstances it may create excessive amounts of chlorite. Chlorine dioxide is made in water and added/used in water to avoid gas handling problems; chlorine dioxide gas accumulations may spontaneously detonate. 

3. Chloramines are another chlorine-based disinfectant. Although chloramine is not as strong of an oxidant, it does provide a longer-lasting residual than free chlorine, and it won't form trihalomethanes (THMs) or haloacetic acids. It is possible to convert chlorine to chloramine by adding ammonia to the water after addition of chlorine: The chlorine and ammonia react to form chloramine. Water distribution systems disinfected with chloramines may experience nitrification, wherein ammonia is used a nutrient for bacterial growth, with nitrates being generated as a byproduct. 

4. Ozone (O3) is an unstable molecule, a "free radical" of oxygen which readily gives up one atom of oxygen providing a powerful oxidising agent which is toxic to most waterborne organisms. It is a very strong, broad spectrum disinfectant that is widely used in Europe. It is an effective method to inactivate harmful protozoans that form cysts. It also works well against almost all other pathogens. Ozone is made by passing oxygen through ultraviolet light or a "cold" electrical discharge. To use ozone as a disinfectant, it must be created on-site and added to the water by bubble contact. Some of the advantages of ozone include the production of fewer dangerous by-products (in comparison to chlorination) and no taste or odour is produced by ozonation. Although fewer by-products are formed by ozonation, it has been discovered that the use of ozone produces a small amount of the suspected carcinogen bromate, although little bromine should be present in treated water. Another of the main disadvantages of ozone is that it leaves no disinfectant residual in the water. Ozone has been used in drinking water plants since 1906 where the first industrial ozonation plant was built in Nice, France. In many countires ozone is accepted as being safe; and it is applied as an anti-microbiological agent for the treatment, storage, and processing of foods. 

5. Ultra Violet  radiation (light) is very effective at inactivating cysts, as long as the water has a low level of colour so the UV can pass through without being absorbed. The main disadvantage to the use of UV radiation is that, like ozone treatment, it leaves no residual disinfectant in the water. Because neither ozone nor UV radiation leaves a residual disinfectant in the water, it is sometimes necessary to add a residual disinfectant after they are used. This is often done through the addition of chloramines, discussed above as a primary disinfectant. When used in this manner, chloramines provide an effective residual disinfectant with very little of the negative aspects of chlorination. 

6. Hydrogen peroxide is another disinfectant. It works similar to ozone, yet activators such as formic acid are required to increase the working of this chemical substance. It also has the disadvantages that it is slow-working, phytotoxic in high dosage, and decreases the PH of the water it purifies. 

7. Various Portable water purification are available for disinfection in emergencies or in remote locations. Disinfection is the primary goal, since aesthetic considerations such as taste, odor, appearance and trace chemical contamination do not affect the short-term safety of drinking water. 

8. Solar water disinfection is a low-cost method of disinfecting water that can often be implemented with locally available materials. Unlike methods that rely on firewood, it has low impact on the environment. 
Options in Pakistan:
1). Installing New Tub well: can be installed in an area where people normally use canal water because the underground water is hard. 
Costs: 
> Estimated population of a village: 10,000
Initial water quality tests: 

£200

Land:


  


£2,000

Installation:
(Half cusic capacity)

£10,000 (0.5 Cubic foot water/ second)

Annual Maintenance:   


£1,000


Running cost:



£6,000 (Bills and salaries of 3 people)
Chlorination: 
  


£879
Water testing meter annual cost:
£1000 (includes a daily test)


Miscellaneous:
  


£500  

Total Setup:



£21,579 for first year

Subsequent cost:  


£8,879 per year
Please note these costs are based upon generous calculations to include price hikes or unexpected costs.

2). Point of Use Disinfection System: consists of very simple equipment. People who collect their drinking water daily from lakes, rivers or wells are able to disinfect their water before using it. A bottle of liquid or a packet of solid treatment chemicals is provided along with a water storage container. The chemicals, which may include calcium or sodium hypochlorite, are measured into the water container. Point-of-use treatment is certainly not as convenient as centralised water treatment, but evidence shows this simple, low-cost method reduces the risk of diarrhoeal disease and death.
Even in the developed world, point-of-use systems can be life savers when natural disasters, such as earthquakes and hurricanes, disrupt water supplies. Clean, safe water is a public health necessity, and calcium hypochlorite helps to provide it where it is needed most.

3). Adding Calcium Hypochlorite: One example is the village of Yamaranguila, home to 2,500 people living in the mountainous southwestern part of Honduras. Yamaranguila has a simple water supply system using spring water which flows naturally from underground. This water is disinfected with calcium hypochlorite and stored in a large tank. Pipes deliver safe drinking water, by gravity, to homes. (The gravity system takes advantage of the mountainous terrain.)

Before Yamaranguila began chlorinating its drinking water in 1987, it was tragically common for children to die of diseases caused by drinking unsafe water. Today, in Yamaranguila, as in Western Europe, it is rare for a child to die of a water-related disease.

Costs: 
> Estimated population of a village: 10,000
> Estimated daily water requirement: 300,000 gallons

> 1 Kg of Calcium Hypochlorite costs about 80 pence required for 100,000    

    gallons of water
Initial water quality tests:


  £200 
Cost of chlorination for a village:
  £879 / year

Water testing meter annual cost: 
  £1000 (includes a daily test)

Running cost per annum (negotiable):  £720 (salaries of 2 people)
Miscellaneous 



  £300

Total: 




  £3,099 per year

Please note these costs are based upon generous calculations to include price hikes or unexpected costs.

Drawbacks of Chlorination: 

Although chlorine is effective in killing a variety of bacteria, viruses and protozoa, including Salmonella, Shigella and Vibrio cholerae, it has limited effectiveness against protozoans that form cysts in water (Giardia lamblia and Cryptosporidium, both of which are pathogenic).

Another drawback is that chlorine from any source reacts with natural organic compounds in the water to form potentially harmful chemical by-products trihalomethanes (THMs) and haloacetic acids (HAAs), both of which are carcinogenic in large quantities. The formation of THMs and haloacetic acids may be minimized by effective removal of as many organics from the water as possible prior to chlorination. 
A new study has found pegnant women living in areas where tap water is heavily disinfected with chlorine nearly double their risk of having children with heart problems, a cleft palate or major brain defects. Scientists say expectant mothers can expose themselves to the higher risk by drinking the water, taking a bath or shower, or even by standing close to a boiling kettle. The danger comes from chemical by-products in chlorinated water known as trihalomethanes which can be absorbed through the skin. They can then pass into the womb.

UK Drinking Water Inspectorate Letter on Drawbacks:
To: Board Level contacts of Water and Sewerage Companies and Water Companies in England and Wales Information Letter 12/99 - 14 July 1999

Dear Sir/Madam,

Chlorinated Drinking Water and Health

Purpose

1. The purpose of this letter is to pass on to water companies the latest advice that the Drinking Water Inspectorate (DWI) has received from its medical advisers about the most recent evidence suggesting that there may be a link between the consumption of chlorinated drinking water and cancer in humans and adverse pregnancy outcomes.  The letter also advises water companies on what actions they should take and on the further studies that the Inspectorate has put, or is considering putting, in hand.

Background

2. Chlorination has been of paramount importance for about a century in protecting public health from harmful micro-organisms in water supplies. In the early 1970s chlorination by-products, formed by the reaction between chlorine and organic matter in the water source, particularly trihalomethanes such as chloroform, were detected in water supplies.  Some of these by-products have been shown to be carcinogenic in animal tests at high doses and concern was expressed that their presence in drinking water might cause cancer in humans.  This prompted a host of studies in the UK, the rest of Europe, the USA and elsewhere into the possible association between chlorinated drinking water and cancer.

3. In 1986 a Department of Health (DH) expert Committee reviewed the evidence and advised the then Department of the Environment (DOE) that:

"We have found no sound reason to conclude that the consumption of the by-products of chlorination, in drinking-water which has been treated and chlorinated according to current practices, increases the risk of cancer in humans. The effective disinfection of water supplies is clearly of great importance in maintaining public health.  In our opinion, modification of chlorination processes which have proved effective over many years, or the replacement of chlorination by other disinfectants, is not required by the available data on cancer epidemiology, animal carcinogenicity and mutagenicity in relation to chlorination by-products in drinking-water."

This advice was incorporated in Water Policy Letter 12/1986 which DOE issued to water suppliers in September 1986 and which was reproduced in Annex 1, Guidance Letters,  of Guidance on Safeguarding the Quality of Public Supplies published in 1989 on privatisation of the water suppliers.

4. There were reviews of new studies and evidence in 1992 and 1996 by DH expert Committees. These reviews did not change the 1986 advice.

5. Since then there have been more studies on chlorination by-products and cancer, and on a range of adverse reproductive (pregnancy) outcomes. Two of these latter studies reported a weak to moderate association between consumption of tap water and chlorinated by-products in tap water and spontaneous abortion.& Hence the request from DWI to its medical advisers for further advice.

Advice from DH Committees

6. DH has obtained advice from its specialist expert committees, the Committee on Carcinogenicity of Chemicals in Food, Consumer Products and the Environment (COC) and the Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment (COT). DWI has been provided with advice in the form of statements from these two Committees and copies of these statements are attached at annex 1 and annex 2 respectively. The statements can also be found at the DH websites at www.doh.gov.uk/coc.htm and www.doh.gov.uk/cot.htm respectively.

7. The advice from COC on the possible association between chlorination by-products and cancer is:

"Overall, the further epidemiological studies fail to provide persuasive evidence of a consistent relationship between chlorinated drinking-water and cancer. It remains possible that there may be an association between chlorinated drinking water and cancer which is obscured by problems such as the difficulty of obtaining an adequate estimate of exposure to chlorination by-products, misclassification of source of drinking water (including the use of bottled water), failure to take adequate account of confounding factors (such as smoking status), and errors arising from non-participation of subjects."

"We therefore consider that efforts to minimise exposure to chlorination by-products remain appropriate, providing that they do not compromise the efficiency of disinfection of drinking-water."

8. The advice from COT on the possible association between chlorination by-products and adverse pregnancy outcomes is:

"We consider that there is insufficient evidence to conclude that the presence of chlorination by-products in tapwater increases the risk of adverse reproductive outcomes.  We recommend, however, that the claimed associations between drinking-water habits and the incidence of adverse reproductive outcomes be investigated further, since any causal association would be of significant public health concern. We therefore consider that efforts to minimise exposure to chlorination by-products remain appropriate, providing that they do not compromise the efficiency of disinfection of drinking water."

Advice to water companies

9. Water companies are required to meet the standard for total trihalomethanes (THMs) of 100 (g/l as a three monthly average as set in the Water Supply (Water Quality) Regulations 1989.  The new EC Drinking Water Directive requires a slightly tighter standard for THMs of 100 (g/l as a maximum to be met by 25 December 2008.  DWI Information Letter 7/98 on the Periodic Review of Prices and AMP3 advised water companies to assume that the tighter standard for THMs should be met by the end of 2003.

10. In the context of the Periodic Review of Prices the Inspectorate has supported for inclusion in Water Companies' Business Plans a number of schemes to improve treatment to meet the tighter standard for THMs. These schemes are subject to specified caveats.  Water companies should now initiate these schemes, resolve the caveats with DWI and implement the agreed option for each scheme so that compliance with the tighter standard is achieved as soon as practical and no later than the end of 2003.

11. Water companies that already comply with the tighter standard for THMs should review the operation of the treatment processes at relevant treatment works and take any reasonably practical operational measures that are appropriate to reduce THM formation and the formation of other chlorination by-products, provided such measures do not compromise the efficiency of disinfection of drinking water. DWI supports the view that effective disinfection of  water supplies is of paramount importance in protecting public health.

Action by DWI

12. DWI is not proposing to carry out further studies into the possible association between chlorinated drinking water and cancer. There have been many studies carried out in the past 15 to 20 years and DWI has been advised that further studies would be unlikely to add substantially to our knowledge. However we will keep the position under review and our medical advisers will be asked to evaluate any further studies carried out elsewhere.

13. DH and DWI have jointly commissioned SAHSU (the Small Area Health Statistics Unit) to carry out a case control study to examine whether there are adverse reproductive outcomes associated with chlorination by-products in drinking water. The study is in two parts. The first part, which is underway, is investigating whether there is an association between THM concentrations and still births, low birth weight and sex ratio at birth. The second part, which is about to start soon, is to investigate whether there is an association between THM concentrations and congenital malformations. We thank those water companies that are assisting with this study by providing information on water supplies and THM concentrations. This work is expected to be completed  by the end of  March 2000. DWI is also considering carefully what further research might be appropriate in this area.

Enquiries

14. Any enquiries about this letter should be address to Owen Hydes, Deputy Chief Inspector, Zone 2/E4 (telephone 020 7944 5960) or Tony Lloyd, Superintending Inspector, Zone 2/E5 (telephone 020 7944 5959).

Recommendations:
It has been proven by research that projects that involve and empower the community are more beneficial and sustainable in the long run hence:

· It will be our recommendation that the community benefiting from clean water supply should be engaged in its set up and upkeep. This could be by asking the community to raise funds that is multiplied by the charity as nothing comes free in the world.

· It should also be linked to the upgrading of sewerage system. Communities can be made responsible for ensuring drainage systems in and around their homes are adequately covered to prevent spread of infections.

· System should be in place to continuously monitor the quality of water and daily tests should be done to check the chlorine levels.

· The persons employed for the maintenance should be responsible members of the local community.

Further Readings:
http://www.eurochlor.org/index.asp?page=679
http://www.water-research.net/watertreatment/chlorination.htm
http://www.dailymail.co.uk/health/article-1023340/Chlorine-tap-water-nearly-doubles-risk-birth-defects.html
http://www.water.org.uk/home/resources-and-links/waterfacts/drinkingwater
http://www.dwi.gov.uk/regs/infolett/1999/info1299.htm
http://www.wateraid.org/international/what_we_do/where_we_work/default.asp 

http://en.wikipedia.org/wiki/Drinking_water 

http://en.wikipedia.org/wiki/Safe_Drinking_Water_Act
http://en.wikipedia.org/wiki/Water_purification
http://www.doh.wa.gov/ehp/dw/publications/chlorination_of_drinking_water.htm[image: image2][image: image3][image: image4]
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