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Short Description

This manual is part of a series of guides devised by the Oxfam Public Health Engineering Team to help provide a reliable...
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1. Introduction These guidelines are partly based upon the use of Oxfam equipment packages, which are devised by the Oxfam Public Health Engineering Team to help provide a reliable water supply where mass displacement of people has occurred, e.g. as found in refugee camps and relief centres. Work with smaller communities who may not have been displaced from their homes, requires the use of different treatment approaches, although often using the same basic treatment methods. Equipment and approaches appropriate for these situations are also included. The techniques and equipment described here reflect the most current practice of Oxfam GB humanitarian department. However a programme of ongoing applied research and development means that some of these approaches will be improved and modified in the future and these will be incorporated into subsequent revisions of these guidelines. Thus these guidelines serve in part to indicate future possibilities as well as describe what is currently possible. The object of water treatment is to provide potable water, i.e. pathogen free and chemically safe, which is low in physical impurities and is also aesthetically acceptable to the consumer. However the greatest health risks in the overwhelming majority of situations where disasters occur are due to the presence of pathogens (microbiological contamination), where as chemical contamination is rarely on immediate health impact. Therefore these guidelines reflect this and focus accordingly. However it maybe that in the future that greater risks will be presented by chemical pollution of water and for example the extensive arsenic poisoning of groundwater in Bangladesh and Eastern India highlights that there can be other longer term detrimental health impacts. In the early stages of water supply in an emergency, water quality (and quantity) may well fall below WHO recommendations, in which case the initial emphasis will be on raising both quality (and quantity) to come within acceptable limits in the shortest possible time. It is also desirable in emergency situations to provide an extra level of protection in the water, in the form of a chlorine residual, to deal with contamination at a household level, e.g. in water containers. Surface water sources often present the quickest option for water supply in the short term, but surface waters, unlike most ground waters, are much more prone to contamination by suspended solids and pathogens. This in turn often means that the biggest treatment problems encountered are the removal of suspended solids and providing means of effective disinfection. In choosing a water source(s), the quality of raw water has to be balanced against the quantity available. From a health point of view, a larger quantity of relatively good quality water is better than a small quantity of very high quality water and this must be taken into account by choosing sources that have sufficient quantity of water available. In some instances, where good quality water is limited, it may be necessary to provide two different qualities of water to consumers, reserving water from a poorer quality source for washing, whilst the water from a small good quality source could be used for food preparation and drinking. This may create difficulties in keeping the two water qualities separate, both for bulk production and at a household level and will also need considerable support from a public health promotion program if it is to be understood, acceptable and successful. Also one large source of dirty water, which though requiring more treatment than several small cleaner sources, may be more convenient from a management point of view, because all pumping/treatment systems could be centralised at one location. The selection of a water source depends not just upon its quality and quantity of water that needs to be supplied, but also its proximity to any proposed settlements, potential extraction difficulties and water rights, along with other issues. These guidelines will not go into these important factors that may influence the choice of a source, but rather concentrate solely upon treatment processes.
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2. Assessing water quality Summary The main parameters to take into consideration in assessing water quality for immediate short term supply in an emergency context are; suspended solids, pH, the level of Faecal contamination (microbiological) and conductivity (a measure of salinity). Ground water sometimes has a high iron content and in dealing with waters from industrialised societies/locations, chemical contamination may also be of concern. Whilst relatively simple measures can be undertaken to treat water with high suspended solids and faecal contamination, adjusting pH is more difficult, though less likely to be a problem. However, treating saline water, which occurs in some areas, particularly in coastal areas and also dealing with chemical contamination is complex and not dealt with in these guidelines.



Contamination types: Contamination Type Physical



Contamination Agents Particles and suspended solids



Biological



Faecal waste



Algae



Chemical



Minerals, soil type



Industrial effluents



Comments · As dramatic seasonal variations in the physical quality and quantity of river water are very possible in regions where heavy seasonal rains occur and/or where flow velocities are high, an assessment needs to take this into account. · A careful consideration of natural features can provide information when deciding where to site pumped intakes, i.e. does the riverbank have obvious flood terraces? · Try to establish if there is sufficient good quality of water does it deteriorate? · Faecal contamination is very dangerous indeed and can contribute to an outbreak of a water borne disease (including cholera and typhoid etc.) through the faecal-oral transmission route. If a protected source is available, say springs feeding a small stream or pond, use this source water. · Algae are difficult to remove using coagulants and can impart a bad taste to the product water. They can also block sand filters. Consider river bank or bankside filtration arrangements. · The pH and salinity of different sources can vary, even though the sources may be in a close proximity. pH is an important factor where treatment involves the addition of coagulants (alum etc) as the quantity to be added is influenced by pH, as is the contact time for chlorine. · In a number of situations industrial or agrochemical pollution can be very marked. As the removal of such contamination requires high technology solutions, it is generally not possible to reliably achieve this during an emergency without use of more expensive and complex treatment plants. A check to ensure that insect larvae and fish life flourish in the water source can provide an indication of quality, e.g. by keeping fish in the header tank. · Look for signs of agricultural activities, empty chemical sacks etc. to establish if there is a potential for chemical contamination. Rivers and streams are more likely to be “self cleansing” than ponds and lakes.
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Taste, Odours, colour: It is often very difficult to identify the causes of tastes and odours in water, the likely sources of a few of the main problems are detailed in the following table (some of which may occur in the water treatment system itself). Taste or Odour Cause Fishy or musty taste · Algae and odour ·



Iron taste:



·



Sulphur taste, egg smell Brackish taste



rotten · ·



Mouldy taste and odour



·



Chemical taste



· ·



Colour



·



Comments Intake filtration and slow sand filtration can reduce, though not prevent, problems. Select raw water sources carefully. Particulates caused Aeration and filtration can reduce this but also by catchment try to minimise turbidity. Iron bacteria can produce odour problems. geology. Bacterial activity, common in old cast iron pipework. Mineral content due No real solution other than to minimise to catchment geology turbidity and particulate content of the water. Sodium chloride Check source water for salt source. Where wells near saline intrusion are used, care (salt) should be taken to avoid drawing saline water into freshwater lenses. Moulds and actino- Flush mains from time to time to avoid warm, stagnant zones in pipes. mucetes Various classes of Most can only be removed with the help of activated carbon and pre-ozonation. Solvents chemicals Chlorine compounds and phenols can react with chlorine in water. Minimize chlorine dosing by treating the raw water to such a level that chlorine demand is minimized. May be caused by Removal of suspended solids will reduce chemical or physical colour effectively in many cases. A brown colour is produced by iron presence and has contamination aesthetic implications, especially when cloths are washed.



2.1 Suspended solids (NTU) NTU (nephlometric turbidity units) is a term is a measure of how much suspended matter such as organic material, e.g. algae, mud, rust etc., is carried in the water and has a bearing on the number of pathogens in the water and on how easy it is to disinfect water to kill off these pathogens. Whilst there is not an exact correlation between turbidity (measured in NTU) and suspended solids, the relationship is close and it is easier to measure turbidity using the turbidity tube. (Oxfam code FTT or found in the Oxfam DelAgua kit, code FK or the Measuring and Testing kit, code FMT.) WHO recommends that if water is more than NTU 5, then some form of treatment to remove turbidity is necessary before the water can be effectively disinfected with chlorine. The NTU should be measured and if found to be higher than 5, then the next stage is to undertake a simple sedimentation test to establish if and how long it takes for the suspended solids to settle out. This will indicate likely settlement times, which in turn will help with sizing either sedimentation tanks or choosing a coagulation/flocculation-based system. A visual inspection can give an indication on whether particles are organic (algae etc.) which give a greenish/brownish colour or colloidal (very small) which appear as a fine suspension. These present greater difficulties for treatment, often requiring a coagulation/ flocculation stage in the process. 7



2.2 Microbiological (faecal coliforms) Faecal coliform bacteria (>99% of which are E.coli) are an indicator of the level of human/animal waste contamination in water and the possibility of the presence of harmful pathogens i.e. microbiological contamination. A measure of this contamination will determine whether the water will need to be chlorinated or not according to WHO standards (0/100ml in all cases, though it is acknowledge that many supplies, especially rural water, will normally have low levels of contamination when chlorination is not employed2). It is recommended that chlorination should always be used in the early stages of an emergency situation and measurement of faecal coliforms will then not be essential. However the measurement of faceal coliforms can give an indication of likely chlorine demand (i.e. water with more faecal coliforms will generally require more chlorination, but it also indicates where more intensive treatment is needed) as well as enabling changes in raw water quality to be monitored. Faecal coliforms can be measured using the Oxfam DelAgua kit, (Oxfam code FK). Studies show a high correlation between level of faecal coliform contamination and risks identified by a visual inspection of basic sanitary indicators, otherwise known as a sanitary survey. Put very simply, if there are numerous water contamination risks, such as latrines sited near water sources, uncontrolled open defecation by animals in areas where this can be washed into water sources etc., then there is likely to be a higher risk of contamination. Thus a simple visual inspection of water sources can be used as the first stage of assessment of likely water quality. It is worth noting that sometimes the presence of coliform organisms (total coliforms) is used as an indicator. However coliform organisms may not always be directly related to the presence of facael contamination or pathogens in the drinking water, but the coliform test is still useful for monitoring the microbial quality of treated piped water supplies. The DelAgua test kit does not test for these and they are not dealt with further here.



2.3 Acidity/alkalinity (pH) WHO guidelines recommend drinking water be in the range pH 6.5 - 8.5. Ideally the water will be fairly neutral with pH around 7 and this can be checked using the Pool Tester, (Code FPO, or found in the FK or FMT kits), which has a range from 6.8 - 8.2. Where the pH is outside this range, a pH stick type meter will be required (as found in the FMT kit). Knowing the pH value is also important, as pH alters the effectiveness of two of the chemicals commonly used in water treatment. Chlorination is considerably slowed down when the pH is higher than 8, and either contact time or initial dose needs to be increased (see section on chlorination). The effectiveness of aluminum sulphate, commonly used as a coagulant, is severely effected by low or high pH, with a range of about pH 6.5 - 7.5 being optimum (see section 3.1.3. for more information).



2.4 Iron This can be checked by use of a simple comparator which measures total iron content (included in Oxfam code FMT kit). Information from the local population, along with the tell tale signs of rusty/reddy brown stains on concrete/clothes etc., will provide further evidence of high iron levels. The WHO advised limit is 0.3mg/l.



2.5 Salinity (TDS/Conductivity) The amount of TDS (Total Dissolved Solids) is a measure of the salinity of the water and it is measured using water (electrical) conductivity, though some meters give a direct reading of TDS (see relationship between TDS and conductivity in appendix 1). Changes in conductivity may indicate changes in the mineral composition of raw water or seasonal variations in reservoirs, though it may 8



also indicate sewage, industrial or agricultural pollution or intrusion of saline waters. WHO guidelines give a maximum value for TDS of 1000mg/l, although in some areas of the world higher values are accepted. A TDS stick meter (code FDS, also included in the FMT kit) is a convenient way of measuring this parameter. If the salinity of the water is approaching the WHO limit, then consideration should also be taken of the consumer’s tastes, who may refuse to drink this water and instead go to other potentially contaminated waters. Where the salinity of water exceeds either consumer acceptability or WHO guideline, then an alternative source may be needed. Treatment processes to reduce the salinity of water are beyond the scope of these guidelines and, if possible, other sources should be located.



2.6 Chemical Over and above the tests mentioned above, it might be appropriate to undertake the following water chemistry tests; Chloride, Sulphate, Nitrate, Hardness, Ammonia and Fluoride, which can all be undertaken fairly simply. Fluoride levels may also need to be checked, especially in the African Rift Valley and other areas known for fluoride problems. This level should not be above 1.5 mg/litre but higher levels may have to be accepted for short periods. In large areas of Bangladesh and Bengal in India, Arsenic is a major problem, but this is difficult to detect at lower concentrations and difficult to remove. Many of these tests can be undertaken with a simple comparator, but it would often be better to use a dedicated kit such as Palintest 5000 Photometer and relevant reagents. These can be ordered if required, but are not that commonly used by Oxfam, as these chemical concerns are often of less health significance in the short term in an emergency situation and are also less often encountered. Where there are concerns over industrial and mining wastes and the possibility of these leaching into water systems, the following parameters could also be of concern; Nickel, Zinc, Chromium VI, Manganese, Copper, Lead, Mercury and Organophosphate (pesticides). However some of these tests are difficult to undertake without lab equipment and thus an awareness of what agricultural, industrial and mining activity has occurred in the area could be used in the first instance, rather than having recourse to testing.
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3. Treatment technologies Summary Ground water will invariably be cleaner than surface water and will have less treatment requirements. Surface water sources in rural areas particularly, will probably need treatment to address highsuspended solids and subsequently to disinfect to kill off microorganisms. Removal of the suspended solids invariably present the greatest treatment challenge, and there is a need to choose technologies that will be sustainable in the medium to long term where required and over complex solutions should be avoided in general. For this reason the guidelines are written around the use of sedimentation and aluminum sulphate as a coagulant, as this is commonly available. There are a range of more complex and/or expensive solutions available on the market which are not dealt with here. Similarly the use of chlorine and slow sand filtration is explained here as these are the most appropriate low tech/cost solutions. Water supplies with chemical contamination, often found in industrialized areas are not dealt with here, as these tend to be much more complex to treat.



The basic principles of water treatment outlined below are applicable for all three scales of supply requirement; refugee/ displaced camp, village and household levels. Obviously, the scope and need for undertaking some tests, such as jar test, chlorine residual checks, roughing filter pilot studies etc, for treatment at household level is minimal, unlike requirements for centralised treatment systems. Non-the-less the principles for both testing and treatment are useful throughout. Which treatment technology or combination of technologies is used, also depends upon the type of water to be treated. The flow chart gives an indication of how different types of water could be treated, once the parameters mentioned in section 2 have been measured. As explained in the previous section, reduction of suspended solids, along with removal/disinfection of microbiological contamination are likely to be the main treatment concerns.
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Water treatment in Emergencies Fe>5 aerate Fl>1.5 check for alternative source



TDS>1000 check with users



2



Sedimentation coagulation/ pre-filter



Yes Turbidity >20



No Slow Sand FIlters/ Chlorination



No Turbidity 8 increase contact time (Table 1)



Check E.coli Chlorinate if nec.



Distribution



Residual chlorine 0.2-0.5mg/l Increase Cl dose if nec.



14 Adjust chlorine dose



3.1 Suspended solids removal/reduction This section is particularly applicable for surface water treatment. Most groundwater will have little or no suspended solids.



3.1.1 Treatment at intake The intake (pump or gravity) is often the most neglected part of the treatment system, but it is very important, as allowing unnecessary debris and dirt into the system, means more treatment will be required downstream. Intakes should always be designed to reduce intake of debris and to strain out solid matter which would otherwise enter the treatment system, but flow control and cleaning can be problematic. The creation of intake channels which do not face the main flow of a river can be effective in reducing the amount of suspended solids carried to any suction pipe inlet screen. Also the position of the intake relative to banks is important; fast flowing water carries more dirt and it is important to look for natural sedimentation basins within the river. When the position of the intake has been chosen, seek to make it as efficient as possible whilst maintaining accessibility for maintenance operations. Twin lines have the advantage of allowing maintenance to be carried out, whilst abstraction rates are maintained in the other pipe and a second pipe can be added later where a treatment system is likely to be in existence for more than a few months. With careful planning of pumping lines and valve positions, suction pipe intake assemblies can be “backwashed” in position with selected washwater. 11



Fabrics wrapped around suction pipe screens and custom-made perforated pipes or drums can all have an application in maintaining good physical raw water quality and their length and thus their flow capacity can be adjusted to suit local conditions. Specifically the intake can be upgraded by using intake structures such as an oil drum or plastic drum (Oxfam code FPD), drilled with holes to act as a large strainer. Gabions constructed out of coarse gravel will also protect intakes from excessive suspended solids. Also simple measures such as positioning a pump intake strainer about 0.5m below the water surface (to avoid algae growth), but above the river/lake bed (to avoid drawing up sediments on the bottom) will have significant impact. When time permits, the construction of sand filled intake galleries adjacent to sumps will provide better cleaning, although care must be taken in construction otherwise they will be prone to excessive blockages. If raw water quality is such that, even with the use of primary sedimentation tanks, treatment is being compromised due to high levels of physical contamination, consideration should be given to river bed or bankside filtration. There are many different types of filtration/infiltration “intakes” and even more names given to them, but basically the aim is to obtain a raw water which has been “filtered” as it seeps through granular soil or selected fill. Fast flowing rivers tend to have sands and gravel deposits along their banks and excavation of a suitably long trench in the bank can provide access to a suitable supply of raw water which has been considerably improved by the riverbank filtration. This method is particularly recommended when algae is a problem. However, ponds, lakes and very slow rivers are more likely to have silts and clays as the local soil strata and, in this case, it may be necessary to construct a filter drain using imported materials. The surrounding riverbed itself becomes a biological filter that destroys bacteria and reduces the level of ammonia and iron that may be present. Water moving over this bed helps to clean it, helped by any fish present which will feed on these sediments.



3.1.2 Sedimentation Sedimentation is the simplest form of water treatment of all and by allowing water to stand for a long enough period of time, improvements will be achieved with physical impurities settling (sedimenting) out and by pathogens dying off during water storage (standing). However, in some cases it can be rather slow to achieve sedimentation without flocculants to assist and very slow for pathogens to die off (requiring several days-weeks), designing a treatment system solely on this process of sedimentation and storage could result in a very high requirement for storage tanks and vessels. As a consequence, sedimentation is usually used as one stage in the treatment process, either for sedimentation of coarse solids or of flocs after coagulation/flocculation (see section 3.1.3). Simple settling tests conducted in jars can give guidance on the amount of retention time required for any particular raw water, though these rather crude results should be verified on a full scale plant in practice. It is suggested that if suspended solids take more than 6 - 8 hours to settle out such that supernatant water (clear water on top) is less than 5NTU, then the process needs to be assisted, either by adding a roughing filtration or coagulation/flocculation treatment stage. At a water treatment plant level, this suggested time for adequate sedimentation should be considered in the light of overall system design and tank costs/availability, while at a family level the number of water vessels people have access to would be the determining factor. While technical books exist for design of sedimentation tanks, these are often based upon use of purpose built tanks, often rectangular in shape with internal features to lend themselves to more efficient sedimentation. As these are not used by Oxfam either at bulk treatment or family level, it is not considered appropriate to go into the design theory for sedimentation tanks here, which is based upon these rectangular tanks. Inlet and outlet arrangements to Oxfam tanks used for sedimentation should be considered carefully to minimise the disturbance of sediment that builds up in these tanks between cleaning operations, otherwise treatment will be less efficient.
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3.1.3 Coagulation and flocculation Where excessive suspended solids in the form of colloids or organic matter, are present in water that cannot be easily removed by straining, or sedimentation, then the use of chemicals to assist in coagulation and flocculation will be required. Colloids can be thought of as suspensions of fine particles in the water which produce a cloudy or turbid appearance. The fine particles carry an electrical charge and exhibit a mutual repulsion which makes them difficult to remove by simple sedimentation or filtration. Coagulants act to saturate the particles with ions of opposite charge whilst reacting with natural hardness in the water to create flocs which trap the fine particles and aggregate. The aggregated flocs are then able to be removed by sedimentation and/or filtration. It should be noted that while flocculants do assist in the removal of pathogens which “cling” to particles of dirt, they do not kill them, i.e. they do not act as a disinfectant. The most commonly used coagulant in developing countries is aluminum sulphate, known as alum, which can often be found in local markets in the form of crystals. While Oxfam uses powdered aluminum sulphate, other relief agencies use coagulants such as ferric chloride and ferric sulphate, which while being stronger coagulants, do present problems with airfreight and are less well understood by local operatives.



Aluminum sulphate (alum) Aluminum sulphate (code FAS - common names Alum or Sulphate of Alumina) can be obtained in liquid or granulated forms and is commonly used as a coagulant. The granular form (chemical formula - Al2 (SO4)3.n H2O with n typically between 14-18) is most commonly used by Oxfam because it is relatively easy to freight (as it is not classified as a hazardous chemical), simple to transport by land in sacks and is widely available in all but the remotest areas of the world. It can be added to water and shaken or stirred vigorously to produce a solution which is suitable for dosing into the raw water in treatment processes. It does, however, have some detrimental health effects when used in the long term and its prolonged use is not recommended. Aluminum sulphate coagulates best in a pH range between 6.5 and 7.5 as its solubility depends on the pH of the raw water and is lower outside this range. pH adjustment can be made to improve coagulation. The addition of acid, usually sulphuric, would be required to reduce the pH, while the addition of lime or soda ash will increase the pH. Aluminum ions combine with hydroxide ions during flocculation, and the addition of alum decreases the pH of the water. The addition of lime (an alkaline) will increase the pH and is useful to keep the pH within the optimum range. The dose of aluminum sulphate required for coagulation of any surface water will vary, but will probably be in the range of 25 - 150mg/litre or 25 - 150g/m3 (this is the weight of alum, of which only 25% of this weight is aluminum sulphate, the rest is water). The correct dose of alum will flocculate suspended solids in the water together into large “fluffy” lumps. These will then be heavy enough to settle out the water naturally within an hour or two. The settled water at the top should then be very clear, i.e. 
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