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Glossary

The following definitions are those used within these documents but may not be dictionary
definitions.

For definitions of the following words refer to the section Background to groundwater and aquifers
pp230-5:

aquiclude; aquifer; aquitard; artesian borehole; basement complex confined aquifer; consolidated
sediments; desalination; dyke; evaporation; fault; fissure; fracture; fractures; ground water; hydraulic
conductivity; igneous; infiltration; joint; laterite; loam; loess; metamorphic; mineral; perched aquifer;
percolation; permeability; pores; porosity; precipitation; rock; saturated zone; sedimentary; sill;
soil; specific yield; sub-soil; sub-surface water; surface water; transmissivity; transpiration;
unconfined aquifer; unconsolidated sediments; unsaturated zone; voids; water table; weathering.

Accessibility How easy something is to access or approach.

Affected population Refugees, internally displaced persons and populations not
displaced but still affected by an emergency. Where a
displacement has occurred a differentiation has been made
between the displaced and non-displaced or ‘local

population’.

Aggessivity The carbon dioxide level in the water. Aggressive waters
tend to be corrosive and hence can damage supply
systems.

Agrochemical pollution Pollution resulting from agriculture including chemicals

used therein.

Assessment Evaluation. Process of identifying and understanding a
situation.
Assisted sedimentation Sedimentation speeded up with the addition of chemicals

such as alum, ferric chloride or other. Includes the
processes of flocculation, coagulation and sedimentation.

Biological survey A study of the water based biological life in an area e.g.
small water animals, plants, algae, invertebrates etc.

Birka An uncovered rainwater catchment pond / tank found in
Southern Sudan and Ethiopia. Often lined with vertical
concrete walls.

BOD, or BOD The five day biochemical oxygen demand is defined as the
amount of oxygen required by bacteria while stabilising
decomposable organic matter under aerobic conditions
(Sawyer and McCarty, 1978).
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Borehole

Catchment map

Disaster

E.coli

EBCT

Emergency

Evaluation

Geomorphological analysis

Global Positioning System
(GPS)

Hafir dam

Hydroclimatic monitoring

Hydrogeology
Industrial pollution

Internally displaced person
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A hole drilled to give access to an underground water
source. Other names include tubewell or drilled well.

A diagrammatic representation of a catchment area i.e. an
area of land where the natural slope of the ground leads
water to be drained into a river basin or reservoir. Map
should include potential sources of pollution.

‘A ‘disaster’ results in serious disruption of society, causing
widespread human suffering and physical loss or damage,
and stretches the community’s normal coping mechanisms
to breaking point’ (Davis and Lambert, 1995).

Esherichia coli, thermotolerant coliform organisms used as
indicator organisms to identify the likelihood of faecal
pollution.

Empty Bed Contact Time. Calculation of time for a volume
of water to pass through a filter with media, calculated
ignoring the volume of the media i.e. as though the filter
bed was empty.

‘A crisis that arises when a community has great difficulty
in coping with a disaster. External assistance is needed,
sometimes lasting for many months, perhaps years’ (Davis
and Lambert, 1995).

‘An assessment at one point of time of the impact of a
piece of work and the extent to which the objectives have
been achieved’ (Gosling and Edwards, 1995 p98).

The analysis, description and interpretation of landforms.
Devise used for locating positions in the world using
information from American military satellites.

A constructed rainwater catchment pond with a settlement
basin at the inlet and a separate outlet for abstraction.

Found in Southern Sudan and Ethiopia.

Monitoring of climatic changes and the effects on the
hydrology of the area.

The study of geology and water in the ground.
Pollution from industrial or agricultural sources.

A person displaced within the boundary of their own
country.
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Invertebrates
Landsat images

Local population

Logistics
Morbidity data
Mortality data

National and local government

Natural threats

Operation and maintenance

Organisation

Refugee

Sanitary investigation

Schmutzdecke

Seasonal yield

Sedimentation

Small water animals

Socio-political consideration
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Any animal lacking a backbone.
Satellite images showing thermal signatures of the ground.

Population living near to the displaced population who were
there prior to the emergency or disaster.

Planning and organisation of the provision of resources.
Data relating to diseases.

Data relating to death.

Central, regional and local government and, although not
strictly true, authorities concerned with the supply and
management of utilities.

Natural phenomenon which causes danger to people,
facilities and the environment. May include earthquakes,

volcanic eruptions, hurricanes and others.

The activities undertaken to ensure the continued running
of a process such as chemical dosing and structural repair.

Used in this document to cover NGOs and international
agencies.

Person who has crossed an international border in genuine
fear of persecution (refer to the Geneva Conventions for
complete definitions).

Survey of the sanitary or hygienic conditions of a water
source.

A layer of sediment and microbiological growth which forms
on the top of a slow sand filter and breaks down pathogens
by biological and chemical processes.

Volume of water obtainable from a water source during a
particular season of the year.

The settlement of solid matter to the bottom of a liquid.

Small invertebrates living in surface water, visible with the
naked eye.

A consideration related to the social or political
environment.
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Spring

Survey
Tankering / trucking

Treatability

Turbidity

Upgrading approach
Water quality analysis

Water quality assessment

Water quality parameter

Water source

Water supply

Well
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Natural outflow of groundwater which often forms the
starting point of a stream.

To look at and take a general view of.
The transportation of water by vehicular means.

How easy a water is to treat/ clean/ improve to a required
level.

The murkiness of water caused by suspended materials.

Where systems are designed at a specified level of service
and then subsequently improved to higher levels of service.

Evaluation of water quality using laboratory or field water
testing equipment.

Evaluation of water quality using one or more of a range of
methods (including water quality analysis, catchment
mapping and others).

A characteristic of water quality, either chemical, physical
or biological.

A water body from which water may be abstracted or
obtained. Can be groundwater, surface water or rainwater.
It could also be a point on an existing supply system.

Where water is provided. It may be from a groundwater
source via a borehole, shallow well or spring or from a
surface water source via direct abstraction or pumped, or
from rainwater collected in tanks, in ponds in the ground or
sub-surface dams. Supply may be simple where the user
abstracts straight from a source or it may be a complex
arrangement of pumps, pipes and taps.

A hole or shaft bored or dug into the earth to allow
abstraction of supply of water, oil, gas etc.
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Water quality analysis and surveying equipment

The types of equipment required to assess water sources in an emergency situation can be split
into the following groups:

e general (including surveying, flow measurement and other); and

e water quality analysis.

Brand names and suppliers have been noted in the following listings for convenience but this
does not imply endorsement by WEDC or DFID. Other brands may be just as suitable.

General equipment (surveying, yield measurement etc.) |

General items include equipment for surveying, yield measurement, sample collection, storage,
and treatability testing.

The most important items of equipment for each activity are as follows:

e surveying (compass; clinometer / Abney level; 3m tape; line level; altimeter / aneroid
barometer; global positioning system)

¢ yield measurement (stop watch; 3m tape)

e sample collection and storage (sample bottles; syringes for dilutions or measurement of
small volumes; sampling container and string)

e treatability testing (beakers (1-litre if possible); spatula / spoon; chemicals)

e other (sampling net for biological survey; workplace mat; tissues; marker pen; Swiss Army
Knife or equivalent; torch / flashlight; survey or record book)

See the tables, pp281-2 for a detailed list of equipment.

Makes and suppliers of general equipment |

Clinometer or Abney level

Makes and Suppliers
Clinometers and altimeters can both be purchased from surveying equipment suppliers. Their
prices range from £85 (including sales tax) to several hundred pounds.

Makes (1996; Abney level):  Abney level (5.25 inch; 6.5 inch)

Makes (1996; Clinometer):  Suunto Clinometer (aluminium body with or without light
illumination); Suunto Compass / Clinometers; Silva Compass /
Clinometers

Example supplier: GeoSupplies Ltd.

Altimeter or aneroid barometer

Makes and Suppliers
Altimeters are supplied by outdoor specialists and possibly surveying equipment suppliers. Their
prices can range from around £100 to several hundred pounds.
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Makes (1996): Thommen Altitronic Traveller (range -500 to +6000m +/- 10m);
Thommen Altitrek Altimeter (range 0 to + 5000m +/- 30m); Avocet
Vertech; Silva;

Example suppliers: Field & Trek Ltd.; Cotswolds

Global positioning system (GPS)

Makes and Suppliers

There are many suppliers and makes of GPS receivers and prices range from approximately
£130 (including sales tax) to thousands of pounds. Following are a few of the makes at the lower
price range and their suppliers:

Makes (1996): Garmin (GPS 38, GPS 40, GPS 45XL); Magellan (GPS 2000,
GPS 300, GPS 4000, Meridian XL, Trailblazer XL); Trimble
(Scout Master (tm) GPS); Silva (GPS XL1000)

Example suppliers: Business on the Move Ltd.; Field & Trek Ltd.; Cotswolds; Silva
(UK)Ltd.

See Catchment mapping: surveying, pp161-8 which discusses each item of equipment and its
applicability to the assessment of water sources. Also see Useful addresses, pp286-8 for suppliers’
details.

Water quality analysis equipment |

A range of equipment types are available for the measurement of each water quality parameter.
Physical and chemical testing equipment
The following list is a selection of equipment types.

Comparator with discs

Colorimetric method. Tablets are dissolved in the sample in a small tube. The sample in the tube
is viewed in the comparator versus a graded colour on an interchangeable disc. The colour intensity
/ shade indicates the concentration of the parameter being tested.

Checkits / pool-testers or pocket kits

Colorimetric method. Tablets are dissolved in the sample and the resulting colour compared to a
scale which is either on the sample container (checkit or pool-tester) or on a separate card (pocket
kits).

Papers

Colorimetric method. Test paper strips have reactive test zones which produce colours relative to
the concentration of the parameter under test. The strip is dipped into the sample and after the
colour change has occurred it is compared to a scale.

Photometer

Colorimetric method. The photometer is an electronic instrument which has built in filters and a
digital display. Tablets are dissolved in the sample and then the concentration of colour is measured
electronically. Calibration has to be undertaken against a blank of the sample.
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Electronic stick meters

Small electronic stick meters which read digitally when the enclosed electrode is submerged.
They require calibrating against a standard solution periodically.

Tablet count

Titrimetric method. Tablets are dissolved one by one into a sample of known volume until a
prescribed colour change takes place. The concentration of the parameter is determined from the
number of tablets and the size of the sample.

Shelf-life and storage conditions for consumables:

e The foil-wrapped tablets (for photometer, comparator with discs and checkits) should be
stored in a cool, dry place out of direct sunlight to maintain their maximum shelf-life of five
years. If stored in other conditions the shelf-life reduces to two years maximum. They should
always be stored out of direct sunlight.

e The bottled tablets (tablet count method) have a shelf-life of nine months when the seal is
broken if stored in cool, dry conditions. If the seal has not been broken then they last much
longer. If the seal is broken and they are stored in hot, humid conditions then the shelf-life will
be six months at a maximum. They should be stored out of direct sunlight.

e The paper strips (as in the Merckoquant strips) will last for five years if unopened and stored
in a cool, dry place (room temperature is acceptable). If opened or stored in hot and humid
conditions then the manufacturer would not state time scales. They should be stored out of
direct sunlight.

Microbiological testing equipment:

Several methods for the quantitative determination of indicator bacteria in a water sample are
noted below with their major advantages and disadvantages.

Multiple tube (or Most probable number (MPN))

This method involves the addition of measured volumes of the sample to sets of sterile tubes or
bottles each holding a suitable liquid medium (containing lactose). Thermotolerant coliform
organisms (E.coli) produce acid and gas when incubated at 44°C for 48 hours. They then need to
be incubated for a longer period for confirmative tests. This method is often used in laboratories
in developing countries but is not suitable for field analysis.

Advantages:
e can be used for turbid water
e good for the detection of a small number of organisms

Disadvantages:

e result take a long time

e large volume of consumables

e training is required to carry out the test

Membrane filtration

This method involves filtering a measured volume of the sample through a membrane filter with a
pore size of 45um. Micro-organisms are retained on the surface of the filter. The filter is then
placed on an absorbent pad which has been soaked in a suitable selective growth medium
(containing lactose) in a petri dish and then incubated at 44°C for 24 hours. Bacteria grow into
colonies on the filter paper and can be counted visually.
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Advantages:
e results are quicker than from multiple tube method
e uses less consumables than the multiple tube method

Disadvantages:

e it is unsuitable for use with turbid waters or waters containing small numbers of desired
organisms, as they and the undesirable bacteria grow on the same medium

e training is required to carry out the test

e there are many opportunities for contamination

Colilert / MUG

A known volume of the sample is added to pre-prepared test tubes which have then been sealed.
In each tube is a mixture containing salts, nitrogen and carbon sources and a specific indicator for
E.coli and total coliform (MUG and ONPG). Non-coliform bacteria are chemically suppressed.
The tubes are incubated at 37°C. In less than 24 hours positive tubes containing total coliform
turn yellow and positive tubes containing E.coli fluoresce in the dark. The test is confirmatory.

Advantages:

e the short time required to produce confirmed results (less than 24 hours)

e itis a simple test to undertake and does not require lengthy training

o sterilization is not necessary

e additional pieces of equipment are not needed except for an incubator, a fluorescent light
(and sterile, bacteria free water and syringes if required)

e the tubes can be stored at room temperature

e the tubes can be incubated against the body in an emergency

Disadvantages:

e alarge number of consumables are required

e a five tube test will only indicate up to >16 per 100ml. To determine higher levels dilution is
required with bacteria-free water

Dipslides

A pre-prepared sampler, consisting of a plastic handle with a 0.45um filter and an absorbent pad
containing dehydrated nutrient medium, is immersed in the sample. 1 ml of the sample is drawn
through the filter and the resulting sampler is incubated at 44 °C for 24 hours. Each colony represents
1 organism per 1ml (100 per 100ml).

Advantages:

e simple to use and no training needed

e sterilization is not required

e additional equipment is not required except an incubator

Disadvantages:
e the method is not recommended for counts of less than 10 colonies per 1ml (manufacturer’s
literature)

e the dipslides need to be stored at 0-2°C

Other methods:

Studies have been undertaken into alternative, non-traditional, procedures for estimating water
quality. Four simple tests were studied (IDRC / CRDI / CIID, 1990) to try and overcome the
problems of the present bacteriological tests. Problems with current tests are that:

e the tests are not easily portable; e they use expensive supplies;

* they require trained personnel; and e along time is required to obtain the results.
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Water quality analysis:
General equipment

Survey equipment

Left to right: line level, global
positioning system receiver,
compass / clinometer, altimeter
and stopwatch

Other equipment

Left to right: 1 litre beaker,
autoclavable sample containers,
marker pen, spatula / spoon, tissues,
10 ml and 1 ml syringes

De-ionisation pack
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Water quality analysis:
Physical / chemical test equipment

Comparator with disks

Checklists / pool testers and pocket kits

Paper strips

Photometer
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Water quality analysis:
Physical / chemical test equipment

Electric stick meters

Turbidity tube

Test kits

Tablet count
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Water quality analysis:
General equipment

Sampling net

Water quality analysis:
Microbiological test
equipment

Membrane filtration apparatus (minus
incubator)

Left to right: filter pads and dispenser,
membrane lauryl sulphate broth and
MFC broth, filter papers, sampling cup
and line, spares for filtration unit, filter
suction pump, grease, filter unit and
petri dishes)

Colilert test, H,S strip and dipslides

Left to right: Colilert test tubes, fluores-
cent light, H,S strip tube and dipslides

5: EQUIPMENT AND ADDRESSES
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The four tests studied were:

e Bacteriophages

e A-1 broth

e H,S paper strip

¢ Presence / absence tests

The tests are not all quantitative. Further research needs to be undertaken but the tests look
promising and may overcome some of the problems mentioned above. Some of the above tests
are available commercially: the H,S paper strip test is supplied as part of the All India Institute of
Hygiene & Public Health and UNICEF Water Quality Field Test supplied in India. It is also supplied
by the Fundagion Zumaque in Venezuela and Premier Health Care Products in India.

Makes and suppliers of water quality testing equipment |

See table p270 for a selection of ‘ready-made’ test kits as provided by suppliers which include a
microbiological component. Also see the tables pp271-276 which identify alternative items of
field equipment for a range of chemical, physical and microbiological parameters and Useful
addresses, pp286—288 for suppliers’ addresses.

Notes accompanying tables pp271-276:

(i) Prices quoted are as of June 1997 and do not include sales tax or postage and packaging.

(i) PT= Palintest; WT= Wagtech; CAM = Camlab; ELE= ELE; DEL= Delagua; MER= Merck;
TINT= Tintometer

(iii) Items marked with a %= have chemicals which are restricted for transport by IATA regulations.
Note that other items in tables pp271-276 may also be restricted in the same way. Confirmation
should be sought prior to purchase.

(iv) Tables pp272—276 do not include capital costs or details for the photometer or the Lovibond
or Palintest disc comparators. The basic costs for these items can be found in table p271 and
should be added where necessary.
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‘Ready-made’ test kits (including microbiological components)

Parameter Delagua/ Oxfam ELE ELE ELE g Wagtech CAMLAB HACH,
‘50 ‘25 ‘250 ‘potalab’ ‘potakit’ MEL presence/
absence
safe drinking
water lab
E.coli membrane membrane membrane membrane membrane membrane MUG reagents in
(includes lighter, filtration - filtration - filtration - filtration - filtration - filtration - disposable test
tweezers, 16 test 50 test 25 test 25 test 50/ 16 test adjustable tubes and
silicone grease, 44°C 37 or 44°C 37 or 44°C 37 or 44 °C 37 or 44°C 25 to 50°C fluorescent lamp
etc.) aluminum dishes aluminum aluminum dishes aluminum dishes aluminum dishes plastic dishes (incubator
{lauryl sulphate dishes (50) or (25) or plastic (25) or plastic (50) or plastic {Isb} (incubator included which
broth (Isb)} plastic dishes dishes (8) dishes (8) {Isb} dishes (16) not in kit box) fits in kit box)
(incubator in kit (16) {Isb} {Isb} (incubator (incubator in kit {Isb} (incubator
box) (incubator in in kit box) box) in kit box)
kit box)
sampling cup yes yes yes yes yes yes -
turbidity tube meter meter tube tube tube -
5-2000 TU 0-50 NTU 0-50 NTU 5-500 JTU 5-500 JTU 5-500 JTU
pH comparator meter meter photometer meter comparator pH stick probe
{phenol red 6.8- 0-14 0-14 {phenol red 6.8- 0-14 4-11{universal}
8.2} sk{other
indicators
available}
conductivity meter meter meter meter meter pocket meter
0-2000 uS/cm 0-2000 uS/cm 0-2000uS/cm 0-1999uS/cm 0-199uS/cm TDS probe
(temperature (temp. comp.) (temp. comp.)
compensation)
temperature meter meter meter meter meter thermometer thermometer
-30 to- +150°C -30 to +150°C -30 to +150°C 0-100°C
redox - meter meter meter meter - -
0-1999 mV 0-1999mV 0-1999 mV 0-1999 mV
nitrates - photometer photometer sk photometer photometer sk comparator comparator
0-1.0mg/l (as 0-1.0mg/l as 0-1.0mg/l 0-20 (as N)mg/I 0- 15 (as N)mg/l 0-50mg/l as ?
NO,-) NO,-)
nitrites - photometer photometer sk photometer photometer sk comparator -
0-0.5 (as N) 0-0.5 (as N)mg/I 0-0.5 (as N)mg/I 0-0.5 (as N)mg/I 0-0.4 (as N)mg/I
mg/l
ammonia - photometer photometer sk photometer photometer sk comparator -
0-1.0mg/l 0-1.0mg/! 0-1.0mg/l 0-1.0mg/l 0-1.0mg/!
aluminium - sk photometer sk photometer sk photometer sk photometer sk comparator -
0-0.5mg/I 0-0.5mg/! 0-0.5mg/l 0-0.5mg/l 0-0.5mg/I
fluoride - sk photometer sk photometer sk photometer sk photometer sk comparator -
0-1.5mg/l 0-0.5mg/! 0-0.5mg/l 0-1.5mg/l 0-1.5mg/l
iron - sk photometer sk photometer sk photometer sk photometer sk comparator -
0-10mg/l 0-10mg/! 0-10mg/l 0-1.0 /10mg/l 0-1.0/10mg/l
manganese - sk photometer sk photometer sk photometer sk photometer sk comparator -
0-0.03 mg/I 0-0.03mg/! 0-0.03mg/l 0-0.03mg/l 0-0.03mg/I
chlorine comparator photometer photometer photometer photometer comparator comparator
({DPD1 & DPD3} 0-5.0mg/! 0-5.0mg/! 0-5.0mg/! {DPD} 0-5mg/l (DPD}0to 1,2, 0-3.5mg/l
or 5mg/l
case supplied yes yes yes no (carrying bag yes no yes
can be bought)
weight 6 kg 20kg 16kg 9kg
Notes: 28 parameters as ELE 50 as ELE 50 36 parameters 19 parameters Only indicates
can be tested can be tested can be tested presence/
with the with the with the absence of
( *Kindicates photometer photometer comparator E.coli. ltis not
optional extra) quantitative
Also stopwatch Also stopwatch
and deionised and deionised
water pack water pack
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Microbiological tests — field equipment alternative

Equipment / Supplier Code Capital cost Consumables cost

consumable (£) (£)
Dipslides Incubator WAG WAG8000 603.98 -

Dipslides PT (or Millipore) PT 710 - 16.40 for 10

Consumable cost per test = £1.648 (for 100 when purchasing more than 100)

Colilerts Incubator WAG WAG8000 603.98 -

Colilert tubes PT CT010 - 45.25 for 50 tubes
for dilutions: Plastic syringes BDH / Merck - 19.86 & 16.19 per

(1ml and 10ml) 100

UV lamp PT CT102 25.25 -

Consumable cost per test = £13.95 (for 15 tubes and count to >1600 / 100ml)

Membrane filtration

Delagua kit includes DEL
filtration unit,

incubator, physical /

chemical test

equipment (pH,

1050

chlorine and

turbidity) and

consumables

for 200 tests

MLS broth DEL - 3.00 for 38.1g tub
(200 tests)

Pads and filter DEL - 20.00 for 200

papers

Pad dispenser DEL - 6.11

Consumable cost per test = £0.15 for one filtration without wastage (for 6 filtrations using syringes for dilutions
then cost = £1.23 without wastage)

Photometer and Comparator costs

Equipment Code Supplier Capital cost
(%% %k % or sk sk sk are high- (£)
lighted in tables pp272-276
when appropriate)

Photometer (as Palintest but PT250 PT (also supplied by ELE and WT) 480.00

also supplied by others) "

Disc comparator 142000 TINT (also supplied by ELE and WT) 31.50

(as Lovibond but also supplied

by others) %ok

Set of five No. 13.5mm cells 354243 TINT (also supplied by ELE and PT) 16.00

(10ml) cells for Lovibond disc

comparator * &

Disc comparator ‘standard kit’ PT220 PT 54.60

includes comparator, cells,

dilution tube, case okosk

(Palintest)
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Equipment selection |

The ideal equipment requirements for assessing emergency water sources are:

Individual items:

e easy to use with simple instructions

e small and easily transportable

* no restrictions on air transport

e fast and easy to produce results

e covers range and is accurate enough

e limited requirement for distilled / deionized water

e dilutions not necessary

e does not require calibration (or then calibration to itself, or then calibration to deionized water)
e robust — limited effects from: U.V.light; shock; humidity; temperature

e can test several parameters

e easy to repair or replace

e limited consumables or consumables easy to obtain

e reasonable cost of equipment and consumables

* microbiological test equipment - limited need for sterilization

Whole kit:

e can be packed into a durable case; and

e possible to carry the kit over long distances by hand or using a shoulder strap.

There are very few items of equipment which are perfect for the task as most items have both

positive and negative features. Examples of negative features of the equipment include:

e the ranges measured by the equipment are not appropriate and hence dilutions are required
to measure the parameter to the World Health Organisation guideline value;

e the equipment is bulky, heavy, expensive or fragile; or

e some of the test reagents are restricted for air transportation by IATA regulations.

Example total kit list |

The following kit has been identified as suitable for assessing emergency water sources and
treatment processes in the field. Modifications to this kit list would be required for a monitoring
programme.

The kit has been divided into three sections:
e Core tests

e Secondary tests

e General and treatability tests

When packaging the kit it can be divided into the following parts:

1. The Delagua kit has all of the equipment to undertake the core tests (including microbiological
analysis) if the conductivity stick / sensor, standard solution for calibration and the pH non-
bleeding sticks (to widen the pH measurement range of the pool-tester included in the kit) are
added.

2. The secondary tests would need to be packed separately to the core tests if the Delagua kit is
used. They include paper strips, a photometer, and tablet count methods. A deionized water
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pack would be required to provide dilution water for the manganese test as the photometer
measures a range below the WHO guideline level. It can also be used to provide dilution
water when one of the parameters is found to be unusually high. The general items for survey
and yield measurement, sample collection and storage, and treatability can be packed with
the secondary test equipment.

Alternatively, if the Delagua kit is not selected and an alternative incubator is used then the whole
kit could be packed into a single case.

Reasons for choice

When identifying suitable physical / chemical test equipment the aim was to identify a single,
simple, small but robust item of equipment covering the required range for measurement without
the need for dilution. The ideal requirements for equipment have been noted earlier on p227.
Laboratory trials, field trials and personnel preferences were also used to assess the alternative
options.

The final choice of equipment was partially directed by the difficulty of measuring fluoride in the
field. The photometer has been included in this kit list to measure several of the parameters
simply due to its ability to measure fluoride to WHO guideline levels. The only other simple item of
equipment identified as potentially suitable for field analysis of fluoride was the disc comparator.
However Nessler attachments are required for the measurement of fluoride, and this consists of
long glass tubes which are not suitable for a portable field kit. Although the photometer can
measure several parameters and, therefore, is favorable in this way, it is electronic and hence not
always trusted by fieldworkers. Some of the reagents required to measure the secondary
parameters (e.g. nitrates and nitrites) are also restricted by IATA transport regulations. Some of
the parameters require dilution to measure at WHO guideline levels (e.g. manganese).

Should fluoride measurement not be required the following items of equipment can be interchanged
with the photometer:

e lron: - Lovibond checkit

* Manganese: - Aquaquant manganese kit (easy to use and samples do not require
dilution but it has liquid reagents and is bulky)

e Aluminum: - Lovibond checkit

e Chlorine: - Checkit

The photometer would not be suitable for daily monitoring of chlorine or aluminium residual on
site. The checkits are much more suitable for this purpose.

Simple field equipment for the measurement of arsenic to WHO guideline levels was not identified.

The next best alternative to the membrane filtration test (for a quantitative measurement of E.colli)
was found to be the Colilert test. The main problem with this test is the volume of consumables it
requires, it's cost, and the need for sterile dilution water. However the test is simpler to undertake
and incubates at 37°C which is advantageous in the field. The main disadvantage of the Delagua
kit is its weight.
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Water treatment: Mobile treatment units and modular kits

Details [ |

Mobile treatment units are self-contained and portable. Modular kits come in pieces and are fitted
together on location. The following table identifies a selection of mobile units and two modular
treatment kits. Most of the larger relief organizations have their own selection of modular kits
which are ordered through their logistics departments. Items such as water storage tanks have
not been included in this table. For information on Oxfam tanks, bladder tanks, fast tanks, modular
distribution kits, pumping units, etc. contact the relief organizations directly.

Nothomb (1995, p8), referring to mobile treatment units states that ‘The uses are still not clearly
defined, nor are the specifications. No unit seems to live up to the high expectations. The
performances have not been properly and independently evaluated, as neither the indicators of
performance nor test protocols are defined.’

Water treatment: Mobile treatment and modular kits

Description Performance Supplier Approximate cost
(details taken from manufacturers’ literature or from (1995)
Nothomb, 1995)

Modular kits

Treatment unit for water for 30 m¥%h max. Used at 5 to 8m%¥h at a pressure of approx. MSF Belgium 250,000 fb
emergency situations 1 bar produces an effluent of 5 NTU from water of 50 - 200 (8000 ecus)
{includes: Four containers NTU. Uses coagulation with ferric chloride (or alternatively

mounted on ‘euro-palettes’ aluminium sulphate with pH adjustment), and rapid sand

weighing a total of 500kg. filtration with chlorination to complete. Storage tanks are not

Contains all material for part of the kit.

approx. 1.5 months of
treatment (except fuel).
Includes pumps, feed
controls, piping, etc.} .

Oxfam slow sand filter kit Will supply 3.2m%hour Oxfam (UK & £16,310
{includes 2 x 95,000 litre and Ireland) (US$26,000)
2 x 75,000 litre tanks and

fittings including

underdrainage, but does

not include treated water

tanks}

Mobile units

Self-contained water Can fulfil daily water requirement of 10,000 people. Slotted UNICEF $US29,000
purification kit well PVC pipe is provided with 6m-long perforated water

{includes: 1 trailer-mounted collection pipe to construct an infiltration gallery to reduce

water purification unit, 1 turbidity. Sand and gravel required locally. Main treatment

steel tank 40m?, six water process of unit is rapid sand filtration.

distribution kits with six

taps each, piping, tools,
necessary accessories

such as monitoring tools
and consumables for min six
months (excluding gasoil)}

Portable water purifier Small-scale use only. Up to a maximum of 1500 litres / day. Uses Pre-Mac, Kent,

{includes: purification unit coarse filtration, absorption filtration with activated charcoal UK

only with cartridge for 25 to cloth, primary disinfection and secondary disinfection with an

5000 litres depending on iodine-resin complex. Can also have post filtration to remove

size of unit} iodine residual. Tests have indicated > 99.9% of virus removal.

Aquarius 150 * water Uses pre-chlorination, coagulation and flocculation, horizontal Water International US$3000
purification unit sand filters and an activated carbon filter. Flow rate of 0.6m%¥hr Ltd. UK

at 75 NTU. (Sizes vary from 0.18 - 6m%hr ). 90kg. US$200
consumables for 90 days. Disinfection capacity not consistent.
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5: EQUIPMENT AND ADDRESSES

Description

Performance
(details taken from manufacturers’ literature or from
Nothomb, 1995)

Supplier

Approximate cost
(1995)

GB13000D* water
purification unit

Uses diatomaceous earth coated filter. Chlorination. Flow
rate of 4.3m%hr at 75 NTU. (5-7m%hr) 350kg. US$20,900
consumables for 90 days. Can reduce max. turbidity of
200 NTUto 5 NTU. Disinfection capacity not consistent.

Goodmann Ball Inc.
USA

US$37,000

LMS* water purification
unit

Uses course straining. Sand and activated carbon filtration
and optional microstrainer. Venturi chlorine doser. Flow rate
of 8.0m¥hr at 75 NTU.1600kg. US$270 consumables for 90
days. Can reduce max. turbidity of 50 NTU to 5 NTU.
Disinfection capacity not consistent.

LMS Industries,
France

US$18,000

Berkefeld* water
purification unit

Uses pre-chlorination, coagulation with ferric chloride,
adsorption with powdered activated carbon, flocculation with
lime, filtration (using candle filters pre-treated with diatomite
and activated carbon). Flow rate of 5.4m%hr at 75 NTU. 3000kg
(includes weight of vehicle). US$33,500-93,000 consumables
for 90 days. Can reduce max. turbidity of 500 NTU to 5 NTU.
Good disinfection to WHO recommended levels.

Berkefeld Anlagebau
GmbH, Germany

US$87,000

CLM5000* water
purification unit

Pre-chlorination, pH correction, coagulation and flocculation
with polychlorate aluminium sulphate and then filtration on a
foam medium. Activated carbon filtration. UV disinfection

and / or chlorination. Flow rate of 4.0m%hr at 75 NTU. 1600kg.
US$2680 consumables for 90 days. Can reduce max. turbidity
of 200 NTU to 5 NTU. Good disinfection but to < 30 min contact
time.

Sulzer Chemtech
Ltd., Switzerland

US$56,000

Conniston* water
purification unit

Filtration in filter coated with diatomaceous earth and
chlorination via a venturi chlorine doser. Flow rate of
4.0m%¥hr at 75 NTU. 250kg. US$200 consumables for 90
days. US$24,300 consumables for 90 days. Can reduce

max. turbidity of 200 NTU to 5 NTU. Disinfection capacity not
consistent.

Stella-Meta, UK

US$21,000

Lightweight water
purification unit (WPU(L))
portable**{strainer, pump
unit, filter, chlorinator and
fittings, two tanks capacity
1,550 1}

Average 1.36 m¥h. Unit will filter 95% of all particles greater
than 0.005 mm. Raw water is passed through a floating suction
strainer and pumped into a Vokes filter unit (diamotaceous
earth) and then it is chlorinated using a venturi feed system.
Uses liquid chlorine. Flexible water tanks.

Refer to British army

Standard Water
purification unit (WPU(S))
portable**{strainer, pump
unit, filter, chlorinator and
fittings, two tanks capacity
8,000 1}

Average 6.8m?h. Unit will filter 95% of all particles greater
than 0.005mm. Raw water is passed through a floating suction
strainer and pumped into a Vokes filter unit (diamotaceous
earth) and then it is chlorinated using a venturi feed system.
Uses liquid chlorine. Flexible water tanks. Total weight 540kg.

Refer to British army

Reverse Osmosis Plant
(Weir Westgarth)
containerised**

Average 4.15m%¥h.

Refer to British army

Water purification unit
(NBC)**

{All equipment mounted in
a trailer. pumpset, filtration
unit, high pressure pumps
set, reverse osmosis units,
carbon absorption
columns, chlorine dosing,
two 13,640 | fabric water
storage tanks and relative
fittings}.

Average 6.8m%h in non-NBC mode or 2.28m%hr in NBC
mode. Can supply water from brackish sources, or water
contaminated by sewage, nuclear, biological or chemical
substances but not sea water. Process involves filtration,
reverse osmosis, activated carbon absorption and chlorination.
There are four eight inch diameter reverse osmosis modules
and four stellacarb carbon absorption columns. Total weight
for towing is 3300kg.

Refer to British army

Water purification unit
(NBC) Desalination

version: Trailer mounted **

Average 1.9m¥h

Refer to British army

* Information on these units was taken directly from Nothomb (1995) and the results of an interagency collaborative testing meeting in Geneva,
Switzerland on June 12-20, 1995. For further direct comparisons refer to Nothomb (1995).

** Units used by the British Army
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Useful addresses

Organizations which may be able to interpret industrial pollution data |

Should you not be able to interpret industrial pollution laboratory data yourself, or you are not able
to find an organization in the vicinity to do it then the following organizations may be able to assist.
They should either have the capacity to interpret the data or will be able to provide alternative
contacts. There is likely to be a charge for any interpretation work and this should be discussed
with the organiation when you first contact them.

This study does not have the capacity to confirm the skill of the organizations or the personnel
responding to requests and so further investigations should be undertaken where necessary.

Details of organizations and contacts

The National Centre for Environmental Toxicology
Water Research Centre (WRc plc)

Henley Road

Medmenham

Marlow, Bucks

SL7 2HD

UK

Tel: +44 1491 571 531
Fax: +44 1491 579 094
e.mail cet@wrcplc.co.uk

Office of Science and Technology

United States Environmental Protection Agency
Washington DC 20460

USA

Contact for accidental spills of contaminants: Mr Jim Taft of the Office of the Ground Water and Drinking Water (OGWDW)
Tel: +202 260 5519

Contact for treatment and removal of contaminants: Dr Krishan Khanna of the Health and Ecological Criteria Division (HECD)
Tel: +202 260 7588

Umweltbundesamt Institute for Water, Soil and Air Hygiene
PO Box 33 00 22

14191 Berlin

Germany

Tel: +49 30 8903 1400
Fax: +49 30 8903 1830

Contact: Director and Professor H.H. Dieter

WELL

Water and Environmental Health at London and Loughborough
London School of Hygiene & Tropical Medicine (University of London)
Keppel Street

London

WCIHE 7HT

UK

Tel: +44 171 927 2211
Fax: +44 171 636 7843
e.mail: scairncr@Ishtm.ac.uk

Department of Urban Environmental Health,
World Health Organisation,

CH-211, Geneva 27

Switzerland

Tel: +41 22 791 2111

Fax: +41 22 791 0746
Telerg: UNISANTE-GENEVA
Telex: 4154160MS
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5: EQUIPMENT AND ADDRESSES

Equipment manufacturers and suppliers

International suppliers

Company International head office Africa, Asia, Middle East  European Office The Americas & Australasia
Berkefeld Anagebau Luckenweg, 5 as international
GmbH Postfach 3202

29227 CELLE

Germany

Business on the Move
Ltd.

2, Woodhill, Kentish Lane,
Hatfield, Herts.

AL9 6JY, UK

Tel: +44 1707 663533
Fax: +44 1707 645976
internet location:
www.21store.com/botm/
botm.htm

as international

Camlab Limited
(Hach products)

HACH Company
International Marketing
Department, PO Box 389
Loveland, Colorado 80539
USA

Tel: +1 303 669 3050

Fax: +1 303 669 2932
Telex: 160840

HACH distributes through
a network of dealers and
distributors. Details can
be obtained from the
head office.

Camlab Limited,
Nuffield Road,
Cambridge

CB4 1TH, UK

Tel: +44 1223 424222
Fax: +44 1223 420856

as international

Cotswold

Contract Department
tel: +44 1277 224647
fax: +44 1277 260 789

as international

ELE International
Limited

Eastman Way

Hemel Hempstead

Hertfordshire

HP2 7HB, UK

Tel: +44 1442 218355

Fax: +44 1442 252474 |
219045

Telex: 825239 ELELTD G

as international

Field & Trek Plc.

Contracts Department
Unit 3

Wates Way
Brentwood, Essex
CM159TB, UK

Tel: +44 1277 263 554

as international

GB Nets

Linden Mill

Hebden Bridge
West Yorkshire,
HX7 7DP, UK

Tel: +44 422 845365

as international

Geosupplies Ltd.

16, Station Road
Chapeltown

Sheffield, S30 4XH, UK
Tel: +44 114 245 5746
Fax: +44 114 240 3405

as international

Goodman Ball Inc.

3639, Haven Avenue
Menlo Park
CA 94025, USA

as international

LMS Industries

73100 Aix-les-Bains,
France

as international

Merck Ltd.
(BDH Products)

PROMOCHEM GMBH
POB 101340
Mercatorstrasse 51
D46469 Wesel Germany
Tel: +49 281 98 87 0
Fax:+49 281 9887199
Telex: 812741 Promo D

Howse & McGeorge Ltd.
Laboratory Division

PO Box 72030

Nairobi, Kenya

Tel: +254 2553064 /

2553154

Fax: +254 2601345
Telex: 21554 Arabco JO

Merck House

Poole, Dorset

BH15 1TD, UK

Tel: +44 1202 664 778
Sales tel (freephone):
+0800 223 344

Fax: +44 1202 666536
Telex: 411 186 TETRA G

MERCK PTY LTD
207 Colchester Road,
Kilsyth, Victoria 3137,
Australia

Tel: +61 03 97285855
Fax: +61 03 97287611

There are many other distributors in Africa, Asia, the Middle East, Europe, USA and Australasia other than those noted here.
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Company International head office  Africa, Asia, Middle East European Office The Americas & Australasia
Merck Ltd. E MERCK (INDIA) Limited Gallard Schlesinger

(BDH Products) Shiv Sagar Estate ‘A’ Industries Inc.

(cont.) Dr Annie Besant Road 584, Mineola Avenue

PO Box No. 16554
Worli,

Bombay 400 018

Tel: +91 22 4922855
Fax: +91 22 4950307
Telex: 1173756

Carle Place

New York, 11514-1731 USA
Tel: +1 516 333 5600

Fax: +1 516 333 5628

Quimibras Industrias
Quimicas SA

Praca de Bandeira 141, GR
201, Rio de Janeiro

RJ 20220, Brazil

Tel: +55 21 273 2022

Fax: +55 21 293 3291
Telex: 30083 REDY

Millipore Corporation

80, Ashby Road,
Bedford,

MA 01730,
Massachusetts,

USA

Tel: +1 800 645 5476
Fax: +1 617 275 5550

For Austria, Central
Europe, Africa, Middle East
and the Gulf:

Millipore Ges.m.b.H.
A-1130 Wein,

Austria,

Tel: +43) 1 877 8926

Fax: +43 1 877 1654
Telex: + 43 1 877 1654
Millipore also has
subsiduaries in many other
countries including: China,
India, Japan, Malaysia,
Taiwan etc.

Millipore (U.K.) Ltd.

‘Tehe Boulevard’

Blackmore Lane, Watford
Hertfordshire, WD1 8YW,UK
Tel: +44 923 816 375

Fax: +44 923 818 297

Telex: 24191 milipor g

As international office

Millipore S.A.

BP 307, F-78054 Saint-
Quentin

Yvelines Cedex, France
Tel: +33 1 30 12 7000

Fax: +33 1 30 12 7180
Telex: 698371 F

Millipore has many other
subsiduaries across Europe.

MSF Belgium

Logistics Department
Duprestr 94

B-1090 Jette Brussels
Belgium

Tel: +32 2 474 7474
Fax: +32 2 474 7575

as international

OXFAM (UK and Ireland)

Public Health Team
OXFAM (UK and Ireland)
274, Banbury Road
Oxford

0OX27DZ, UK

Tel: +44 1865 312 135
Fax: +44 1865 312 600
Telex: 83610 OXFAM G

as international

Palintest Ltd.

Palintest House
Kingsway

Team Valley
Gateshead

Tyne & Wear

NE11 ONS, UK

Tel: +44 191 491 0808
Fax: +44 191 482 5372

as international

21, Kenton Lands Road
PO Box 18733

Erlanger, Kentuky 41018
USA

Tel: +1 606 341 7423
Fax: +1 606 341 2302

4/84-88 Riverside Road,
Chipping Norton,

PO Box 318, Padstow,
NSW 2211, Australia
Tel: +61 2 755 3486
Fax: +61 2 755 3491

Pre-Mac (Kent) Ltd.

40, Holden Park Road
Southborough, Tunbridge
Wells, Kent

TN4 OER, UK

Tel: +44 1892 534 361
Fax: +44 1892 515 770

as international

Robens Institute
(Delagua)

Robens Institute
University of Surrey
Guildford, Surrey
GU2 5XH, UK

Tel: +44 1483 509 203
Fax: +44 1483 503517
Telex: 859331

as international
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Company

International head office Africa, Asia, Middle East

European Office The Americas & Australasia

Silva (UK) Ltd.

Unit 10

Sky Business Park
Eversley Way

Egham, Surrey

TW20 8RF, UK

Tel: +44 1784 471 721
Fax: +44 1784 471 097

as international

Stella-Meta

Laverstoke Mill
Whitchurch
Hampshire
RG28 7NR, UK

as international

Sulzer Chemtech Ltd.

PO Box 65
8404 Winterthur
Switzerland

as international

The Tintometer Ltd.
(Lovibond products)

Waterloo Road
Salisbury

SP12JY

UK

Tel: +44 1722 327242
Fax: +441722 412322
Telex: 47372

Tintometer GmbH
SchleefstraBe 8a
D-44287 Dortmund
Germany

Tel: +49 231 945100
Fax: +49 231 94510 20

Tintometer AG
Hauserstauae 53
CH-5200 Windisch
Switzerland

Tel: +41 56 422829
Fax: +41 56 424121

UNICEF

UNICEF Supply Division
UNICEF Plads

Freeport

DK-2100 Copenhagen
Denmark

Tel: + 4527 35 27

Fax: + 45 26 94 21

Wagtech International
Limited

10, Thatcham House
Turners Drive

Kitgum House
1083, Jinja Road

Thatcham, Berkshire P.O.Box 3218
RG13 4QD Kampala
UK Uganda

Tel: +256 41 232100 /
259646

Fax: +256 41 244606

Telex: 61208 magric uga

Tel: +44 1635 872929
Fax: + 44 1635 872808
Telex: +846256 wagtec g

as international

Water International
Limited

The Atrium, Mercury Court
Tithebarn Street

Liverpool

L2 2QP, UK

as international

Equipment manufacturers and suppliers — Local

Company

Address

Fundacion Zumaque

Oficina: Edificio Maraven, Piso 6o, Chuao-Apartado 829 - Caracas 1010A, Venezuela

Telefono: +58 2 908.22.06

Premier Health Care Products

41 & 42, S.V. Co-op, Ind. Estate, Balanagar, Hyderabad 500 037, A.P. India

Tel: +91 40 273515/ 273525, Fax: +91 40 271879

All India Institute of Hygiene & Public Health
and UNICEF, Calcutta

Contact either of the organizations noted on the left
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General n

The addresses which follow are only a few of the many which could be useful for obtaining
information on water sources around the world. The embassy of the country of concern or your
home country government survey department may be able to provide relevant addresses for
the country under consideration.

General addresses

Address Information

Ordnance Survey Topographic maps,

RomseyRoad geological maps

Maybush

Southampton

SO9 4DH

UK

British Geological Survey Geological maps, hydrogeological maps, reports,
Keyworth satellite imagery and general data for Great Britain
Nottingham and Overseas.

NG12 5GG, UK

or BGS also have a system under trial where they answer any
Hydrogeology unit request made for hydrological information for any area to
Macclean Building be used in an emergency response, and they are
Crowmarsh attempting to respond using interpretations of satellite
Gifford imagery and other data within two to five weeks.
Wallingford

Oxfordshire

OX10 ORA

UK

Spot image Satellite imagery

16, Bis Avenue
Edourd Belin BP 4359
31030 Toulouse, Cedex

France
National Cartographic Information Center (NCIC) Free information on national state topographic maps
US Geological Survey, 507 and information and remote sensing.

National Center, Reston
Virginia 22092, USA

Operations section WRD Data on surface water, groundwater and water quality
US Geological Survey collected by the US Geological Survey

405, National Center, Reston

Virginia, 22092, USA

United States Geological Survey USGS maps, books, professional papers and other
Box 25425 publications on the geology of the USA and overseas
Federal Center

Denver, Colorado

80225, USA
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United Nations addresses

Address

Information

United Nations Environment Programme (UNEP)
PO Box 30552, Nairobi, Kenya

Tel: +254 2 230 800
Fax: + 254 2 226 886
IPAUNEP @Igc.apc.org

Responsible for the Global Environmental Monitoring
System (GEMS)

World Meterological Organisation
World Weather Watch Department
WMO/OMM, Case Postale No0.2300
CH-1211 Geneva 2

Switzerland

Tel: +41 22 730 8333
email: nkootval @www.wmo.ch

In case of emergency, natural disaster or other crises
for which UN assistance has been requested and in
which meterology or hydrology may affect the process
of providing humanitarian relief, 24-hour operational
contacts through DHA’s emergency number
+4122917 2010

Department of Humanitarian Affairs (DHA)
Vienna International Centre

PO Box 500

1400 Vienna

Austria

Tel: +43 1 21131
Fax: +43 1 232156
Telex 135 612

and

Palais des Nations
CH-1211 Geneva 10
Switzerland

Tel: +4122 9171234
Fax: +4122 9170023
e.mail: DHAGVA@DHA.UNICC.ORG

Assists the UN system in co-ordinating humanitarian
assistance

United Nations High Commissioner for Refugees (UNHCR)
Centre William Rappard

154, rue de Lausanne

1202 Geneva 21

Switzerland

Tel: +41 22 739 8111
Fax: +41 22 731 9546
Telex: 415 740

Concerned with the international protection of refugees
and the promotion of durable solutions for their problems.
Often acts as the co-ordinating organization in the field.

Food and Agriculture Organisation (FAO)
via delle Terme di Caracalla
00100 Rome, ltaly

Tel: +39 6 579 73152
Fax: +39 6 579 75155

Soils, vegetation cover and other aspects of land
use around the world.




291

Bibliography

Adams, J. (1995) ‘Environmental health and environmental impact: Policy and practice in
emergency water supply and sanitation’, in: OXFAM, Sanitation Workshop, 11-14 December.

Anderson, M.B., Howarth, A.M. and Overholt, C. (1992) A Framework for People — Orientated
Planning in Refugee Situations Taking Account of Women, Men and Children: A practical tool for
refugee workers, Geneva.

Assar, M. (1971) Guide to Sanitation in Natural Disasters, WHO, Geneva.

Ayoade, J.O. (1988) Tropical Hydrogeology and Water Resources, Macmillan Publishers, Hong
Kong.

Bahu, B., Crittenden, B., and O’Hara, J. (1997), Management of Process Industry Waste, Institution
of Chemical Engineers, UK.

de Barg, L. (1995) Water Quality Monitoring and Watershed Management, Step by Step, USA
Bartram, J. (1990) Drinking Water Supply Surveillance, Robens Institute, Guildford,UK.

BDH, (1997) ‘Safety data sheets’, BDH, UK.

Bell, G.R. (1992) Oxfam Emergency Water Supply Program, Rohingya refugee camps, Bangladesh.
Bhalla, D.K. and Majumdar, K.M., (1996) ‘Deteriorating ground water quality’, in Pickford, J. (ed)
Proceedings of the WEDC 22nd Conference, Reaching the Unreached: Challenges for the 21st

Century, New Delhi, India, Septmber.

Bouvier, A. (1991) ‘Protection of the environment in times of armed conflict’, International Review
of the Red Cross, Nov-Dec.

Bouvier, A. (1992) ‘Recent studies on the protection of the environment in times of armed conflict’,
International Review of the Red Cross, Nov-Dec.

Brassington, R. (1988) Field Hydrogeology, John Wiley & Sons, UK.

Bridgewater A.V. and Mumford, C.J. (1979), Waste Recycling and Pollution Control Handbook,
George Goodwin Ltd., London, UK.

Brikke, F., Bredero, M., De Veer, T. and Smet, J. (1995) Draft - Linking Technology Choice with
O&M in the Context of Rural and Low-income Urban Water Supply and Sanitation, IRC, O&M
Working Group, WS&S Collaborative Council

Brink, A.B.A., Partridge, T.C. and Williams, A.A.B. (1984) Soil Survey for Engineering. Clarendon
Press, Oxford, UK.

British Army, Field Manual Extracts



292

British Standards Institution, (1988), Draft for Development, Code of Practice for the Identification
of Potentially Contaminated Land and its Investigation DD 175. British Standards Institution.

BS 5930:1981 Code of Practice for Site Investigations, HMSO.

Cairncross, S. and Feachem, R. (1978) Small Water Supplies, Bulletin No 10. Ross Institute,
London.

Cairns, J., Albaugh, D.W., Busey, F. and Duane Chanay, M. (1968) ‘The sequential comparison
index: A simplified method for non-biologists to estimate relative differences in biological diversity
in stream pollution studies’, Journal WPCF, 10(9) pp1607—-13

Campbell, G.R. (1996) Personal Communication, Addis Ababa, Ethiopia.

Carroll, R.F. (1991) Disposal of Domestic Effluents to the Ground, Overseas Building Note 195,
Building Research Establishment, UK.

CEHA, (1991) Manual on Water and Sanitation for Health in Refugee Camps, CEHA & UNEP,
Jordan.

Chalinder, A. (1994) Water and Sanitation in Emergencies, Relief and Rehabilitation Network, UK.

Choveaux, N. (1991) Hands-on Stream and Pond Life: A Field Guide, Umgeni Valley project,
Sahre-Net, South Africa.

Clegg, J. (1986) Observers Pond Life, Penguin Group, South Africa.

Coad, A. (1995) Water Treatment Lecture Notes, WEDC.

Collins, C.J.L. (1996) ‘Refugee crisis around the Great Lakes’, Africa Recovery, May.
Conti, R., (1997) Personal Communication, ICRC, Geneva

Dahi, E. (1996) ‘Contact precipitation for defluoridation of water’, in WEDC 22" Conference,
Reaching the Unreached: Challenges for the 21¢ Century, New Delhi, 9-13" September.

Dahi, E., Mtalo, F., Njau, B., and Bregnhj, H. (1996) ‘Defluoridation using the Nalgonda Technique
in Tanzania’, in Pickford, J. (ed) WEDC 22" Conference, Reaching the Unreached: Challenges
for the 215t Century, New Delhi, 9-13" Sept. 1996

Davies, A. and Barclay, J. (1996) Silva GPS and Electronic Compass, Silva, UK Ltd., UK.
Davies, T.T. (1997) Personal communication.

Davis, J. (1988) ‘From emergency relief to long term development’, Waterlines, 6 (4) pp29-31.
Davis, J. and Brikke, F. (1995) Making Your Water Supply Work: Operation and Maintenance of

Small Water Systems, Occasional Paper Series 29, International Reference Centre for Community
Water Supply and Sanitation, The Netherlands.



293

Davis, J. and Lambert, R. (1995) Engineering in Emergencies: A Practical Guide for Relief Workers.
Intermediate Technology Publications, London.

Degremont. (1979) Water Treatment Handbook, 5™ Edition. John Wiley and Sons, New York.
Dickinson, G.C. (1969) Maps and Air Photographs, Edward Arnold (Publishers) Ltd., UK.

Disaster Relief Agency (1995) Proposal for Stand-by Quick Response Mobile Water Transport
System for Emergency Situations, Disaster Relief Agency, The Hague, The Netherlands.

van Dongen, Pieter and Woodhouse, M. (1994) Finding Groundwater: A Project Managers Guide
to Techniques and How to Use Them, UNDP - World Bank Water and Sanitation Program,
Washington.

Economic and Social Commission for Asia and the Pacific (1990) Water Quality Monitoring in the
Asian and Pacific Region, Water Resources Series No 67. UN, New York.

Ellet, K.K. (1993) An Introduction to Water Quality Monitoring Using Volunteers: A Handbook for
Co-ordinators, Alliance for the Chesapeake Bay Inc., USA.

Fell, N. (1996) ‘Outcasts from Eden’, New Scientist, 31 August, pp24-27.

Flemming, G. (1991) Recycling Derelict Land, Institution of Civil Engineers, UK.

Foerster, J. (1996) ‘Uvira Water Supply Project’, Internal Report, ICRC /ARC, Melbourne, Australia.
Galvis, G., Visscher, J.T., Fernandez, J., and Beron, F. (1993) Pre-treatment Alternatives for
Drinking-water Supply Systems. Occasional Paper Series, International Reference Centre for

Community Water Supply and Sanitation, The Netherlands.

Gosling, L. and Edwards, M. (1995) A Practical Guide to Assessment, Monitoring, Review and
Evaluation. Development Manual 5, Save the Children, London.

Gould, T.J. (1992) ‘Sustainable Refugee Participation in Water Supply and Sanitation Schemes’.
MSC thesis, WEDC, UK.

Grabow, W. (1996) ‘Waterborne Diseases: Update on Water Quality Assessment and Control’,
Water South Africa, 22,(2), April.

Green, D.R., (1991) Field Kits and Associated Training for Monitoring Drinking Water Quality in
Pacific Island Countries. Institute of Natural Resources, University of the South Pacific, Fiji.

Greensmith, J.T., (1967) Practical Geology for Schools, Leonard Hill, London.

Groundwater Survey (Kenya) Limited, (1989) Well Siting for Low-cost Water Supplies (Vol.2).
Groundwater Survey (Kenya) Ltd., Nairobi.

Guoth-Gumberger, Marta and Rueh, (1987) Small Projects, Training Manual, Vol Il Water Supply,
Sudan Council of Churches, Munuki Water and Sanitation Project, Sudan.



294

Hansch, S. (1995) How Many People Die of Starvation in Humanitarian Emergencies, Refugee
Policy Group, Washington, USA.

Hansch, S. (1996) Operational Lessons of NGO Assistance to Rwandan Refugees: Experiences
from Zaire, Tanzania and Burundi, The Refugee Policy Group, Washington USA.

Hawkes, H.A. (1957) ‘Biological Aspects of River Pollution’ in L. Klein Aspects of River Pollution.
Butterworths Scientific Publications, London.

Hayes, A. (1988) ‘Drilling water wells in disaster areas’, Waterlines, 6(4) pp10-12.
Hellawell, J.M. (1978) Biological Surveillance of Rivers, WRC, Stevenage.

Hilton, T.E., (1964) Practical Geography in Africa, Longmans, Green & Co. Ltd., UK.
HMSO, (1996) The Special Waste Regulations, No. 972. HMSO, London.
Hodgkiss, A.G. (1970) Maps for Books and Theses, David Charles, UK.

Hodgson, R. and Tannock, S. (no date) ‘Water and Environmental Sanitation in Urban Emergencies’.
a note prepared for UNICEF.

Hofkes, E.H. (ed.) (1983) Small Community Water Supplies. Technology of Small Water Supply
Sytems in Developing Countries, Technical Paper Series 18. International Reference Centre for
Community Water Supply and Sanitation, The Netherlands.

Howard, J. (1979) Safe Drinking Water. Information and Practice When Treatment of Drinking
Water Supplies is Necessary. Oxfam, Oxford.

Hutton, L.G,, (1983) Field Testing of Water in Developing Countries, Water Research Centre, UK.
Hynes H.B.N. (1974) The Biology of Polluted Waters. Liverpool University Press, Liverpool, UK.

ICRC (1994) Water and War: Symposium on Water in Armed Conflicts, Montreux, 21-23, November,
ICRC.

IDRC, CRDI, CIID (1990) Use of Simple, Inexpensive Microbial Water Quality Tests, Results of a
Three Continent, Eight Country Research Project, eds. B.J Dukta and A.H. EI Shaarani. IDRC,
Canada.

IFRC (1995) World Disasters Report, Martinus Nijhoff Publishers, The Netherlands.

IIED (1991) ‘Participatory Rural Appraisal of the Feb 91 Bangalore PRA Trainers Workshop, IIED,
London’. MYRADA, Bangalore.

Intertect,(1971) Refugee Camps and Camp Planning, Report I: Camp planning. Intertect, Dallas,
Texas.

Intertect (1971) Refugee Camps and Camp Planning, Report Il: Camp improvements, Intertect,.
Dallas, Texas.



295

Interdepartmental Committee on the Redevelopment of Contaminated Land (ICRCL) (1983), Notes
on the Redevelopment of Scrap Yards and Similar Sites, Guidance Note 42/80.

Interdepartmental Committee on the Redevelopment of Contaminated Land (ICRCL) (1986), Notes
on the Redevelopment of Gas Work Sites, Guidance Note 18/79.

International Reference Centre for Community Water Supply and Sanitation (1976) Prediction
Methodology for Suitable Water and Wastewater Processes, Technical Paper No.8. WHO
International Reference Centre for Community Water Supply and Sanitation, The Netherlands.

Jagour, M., (1996) Personal Communication, MSF France, Bujumbura, Burundi

Jahn, ALLA.S. (1981) Traditional Water Purification in Tropical Developing Countries: Existing
methods and potential application. GTZ, Germany.

Jordan Jnr, T.D. (1984) A Handbook of Gravity Flow Water Systems, Intermediate Technology
Publications, London.

Kawamura, S. (1991) Integrated Design of Water Treatment Facilities, John Wiley and Sons, UK.
Keller, A.Z. and Wilson, H.C. (1992) Hazards to Drinking Water Supplies, Springer—Verlag, Germany
Klein, L. (1957) Aspects of River Pollution. Butterworths Sceintific Publications, London.

Lambert, B. (1994) ‘Engineers humanitarian relief and water supplies’, Waterlines, 13(1) pp2-3.
de Lange, E. (1994) Manual for Simple Water Quality Analysis, INT Foundation, The Netherlands.

Larcher, P. (1997) Personal Communication, Construction Enterprise Unit, Loughborough University,
UK.

Lashley, D.A. (1997) Vulnerability Assessment of Drinking Water Supply Infrastructure of
Montserrat, Pan American Health Organization

Leurs, R. (1993) A Resource Manual for Trainers and Practitioners of Participatory Rural Appraisal
(PRA), Development Administration Group, UK.

Lloyd, B. and Helmer, R. (1991) Surveillance of Drinking Water Quality in Rural Areas, Longman
Scientific & Technical, United States.

Maier, F.J. (1963) Manual of Water Fluoridation Practice, McGraw-Hill Book Company Inc., USA.

Manja, K.S., Maurya, M.S., and Rao, K.M. (1982) ‘A simple field test for the detection of faecal
pollution in drinking water’, Bulletin of the WHO 60(5) pp797—-801.

Mann, H.T. and Williamson, D. (1973) Water Treatment and Sanitation: Simple Methods for Rural
Areas,. Intermediate Technology Publications, London.

Martin, F.W., Lippilt, J.M., and Prothero, T.G. (1992) Hazardous Waste Handbook for Health and
Safety, 2" Edition. Butterworth-Heinemann, UK.



296

Masschelein, W.J. (1992) Unit Processes in Drinking Water Treatment, Marcel Dekker Inc., Basal,
Switzerland.

Mbugua, J. and Nissen-Petersen, E. (1995) Rainwater an Under-Utilized Resource, Swedish
International Development Authority, Nairobi.

McCaffrey, S.C., (1993) ‘Water, politics and International Law’ in Gleich, P.H. Water in Crisis, A
Guide to the World’s Freshwater Resources, Oxford University Press, New York.

McKensie, S. and de la Haye, Renee. (1996) ‘Interim Evaluation of OXFAM’s Environmental
Health Programme in the Goma Refugee Camps’, OXFAM.

Miller, G.T. (1994) Living in the Environment (8th Edition). Wadsworth Publishing Company, Belmont,
California.

Ministry of Defence, (1970) Manual of Map Reading, Air Photo Reading and Field Sketching, Part
1lI, 3rd Edition. Ministry Of Defence, UK.

Moro-Castro, D. (1996) Personal Communication, UNHCR

MSF, (1994) Public Health Engineering in Emergency Situations. MSF Paris, France.

MSF Holland, (1995) (Draft) Operational Policies for Watsan Programmes. TSG MSF Holland.
MSF Belgium, (1996a) Eau, Hygiene et Assainissement, Chemie des Eaux Guideline. MSF Belgium.
MSF Belgium (1996b) Log-News no 11. Departement Logistique, MSF Belgium.

MSF Holland (undated) Early Assessment Forms, Old and New Versions. MSF Holland.
Mundo, D. F. (1995) ‘Money isn’t everything’, Refugees 4.

Nair, K.S. (1996) Personal communication, CARE, Jijiga, Ethiopia.

National Rivers Authority (1994) Abandoned Mines and the Water Environment, London, HMSO.

Nemerow, N.L. and Dasgupta, A. (1991) Industrial and Hazardous Waste Treatment. Van Nostrand
Reinhold, New York.

Nembrini, P.G. and Etienne, Y. (no date) Water, Sanitation and the Environment in Confiict Situations.
ICRC, Genéve, Switzerland.

Nixon, S.C. (1993) ‘Bankside Storage and Infiltration Systems’ (ENV 9037): Final report to the
department of the environment, DOE 3266 (P).

Nothomb, C. (1995) ‘Portable Water Treatment Units for Emergency Situations’, MSc thesis,
WEDC, UK.

Ockelford, J.J. (1989) ‘An Expert System for Water Supplies in Disaster Relief’, MSc thesis,
WEDC, UK.



297

Ockwell, R. (1986) Assisting in Emergencies. A Resource Handbook for UNICEF Field Staff.
UNICEF, Geneéva, Switzerland.

ODA (no date) Manual of Environmental Appraisal, Overseas Development Administration, UK.

Oxfam (1991) Oxfam Water Supply Scheme, Well Digging Pack: Survey Auger Kit (For Investigating
Possible Sites for Hand Dug Wells). OXFAM Technical Unit, Oxford, UK.

Oxfam (1995) The Oxfam Handbook of Development and Relief. Oxfam (UK and Ireland), Oxford,
UK.

Oxfam, Oxfam Water Supply Scheme for Emergencies: filtration pack, distribution pack, water
pumping pack. OXFAM, Oxford, UK.

Pacey, A. and Cullis, A. (1986) Rainwater Harvesting. The Collection of Rainfall and Run-off in
Rural Areas. Intermediate Technology Publications, London.

PAHO (1997) Draft Guidelines for the Preparation of the Vulnerability Analysis of the Drinking
Water supply and Sewerage System, PAHO (restricted document)

Palintest Ltd. (1989) ‘Rapid Methods for the Bacteriological Testing of Water’, Oxford Conferences,
Sutton Coldfield, UK, Monday 5th June.

Pollard, S.J., Harop, D.O., Crowcroft, P., Mallett, S.H., Jeffries, S.R., and Young, P.J., (1995)
‘Risk assessment for environmental management: Approaches and applications’, Journal of the
Chartered Institution of Water and Environmental Management, 9(6).

Pre-Mac Water Filters (1995) Suppliers Information, Pre-Mac (Kent) Ltd.

Premier Deepwell Handpumps (P) Ltd., Domestic Defluoridation Unit, India.

Premier Health Care Products (no date) Water Testing Kit. A Simple Field Test for the Detection of
Faecal Pollution in Drinking Water, India.

Price, M. (1995) Introducing Groundwater. George Allen & Unwin (Publishers) Ltd., UK.

Reed, R. and Dean, P.T. (1995) ‘Recommended methods for the disposal of sanitary wastes from
temporary field medical facilities’, Disasters 18,(4).

Renchon, Bridgette, and Smith, M.D. (1986) L’eau dans les Camps de Personnes Deplaces,
MSF, Universite Catholique de Louvain.

Sandler, R.H. and Jones, T.C. (1987) Medical Care of Refugees. Oxford University Press, New
York-Oxford.

Sakharwarz, B. (1994) ‘Planning for the long-term in Cambodia’, Waterlines 13,(1) pp19-21.

Sawyer, C.N. and McCarty, P.L. (1989) Chemistry for Environmental Engineering, 3rd Edition.



298

McGraw Hill Int.

Schulz, C.R. and Okun, D.A. (1984) Surface Water Treatment for Communities in Developing
Countries. Intermediate Technology Publications, London.

Seaman, J. (ed.) (1981) ‘Medical care in refugee camps’, Disasters 5(3).

Semat Technical (UK) Ltd., Everything You Want to Know About Coagulation and Flocculation,
Semat Technical (UK) Ltd.

Sewell, R. (1988) ‘The software of emergency water supplies’, Waterlines, 6(4) pp2-5.

Shelembe, E.B. (1995) Monitoring Visible Water Life. Share-Net, Umgeni Valley Project, South
Africa.

Shelley, C. (1994) ‘Refugee water supplies: Some political considerations’, Waterlines 13(1).
Shen, T. (1995), Industrial Pollution Prevention. Springer-Verlag, Berlin.
Sherlock, P. (1988) ‘Coping with equipment in emergencies’, Waterlines, 6(4) pp26-8.

Shook, G.A. and Englande, A.J. (1992) ‘Environmental health criteria for disaster relief and refugee
camps’, International Journal of Environmental Health Research 2, pp171-83.

Shook, G.A. (1983) ‘Developing a sanitary survey form for evaluating refugee camp locations,
Journal of Environmental Health 45(6) pp295-8.

Sigma Chemicals Co. (1997) Material Data Sheets, Sigma Chemical Co., UK.

Silley, P.T. (1955) Topographical Maps and Photographic Interpretation. George Philip & Son Ltd.,
UK.

Simmonds, S., Vaughan, P. and Gunn, W. (1985) Refugee Community Health Care. Ross Institute,
Oxford University Press, Oxford.

Siru, D. (1992) ‘Sanitary Survey Training in Malaysia’, MSc thesis, WEDC, UK.

Skinner, B. and Cotton, A. (1992) Community Rainwater Catchment. International Labour Office,
UK/ Geneva.

Smethurst, G. (1992) Basic Water Treatment for Application WorldWide, 2nd Edition. Thomas
Telford, London.

Smith, G.N. (1990) Elements of Soil Mechanics, 6th Edition. BSP Professional Books, Oxford,
UK.

Smith, M. (1995) ‘Sanitary Survey Lecture Notes’, WEDC, UK.

Stern, P. (ed), from an original work by F. Layland (1983) Field Engineering: An Introduction to



299

Development Work and Construction in Rural Areas. Intermediate Technology Publications, UK.

Stern, P. (1979) Small Scale Irrigation: A Manual of Low-Cost Water Technology. Intermediate
Technology Publications Ltd., London.

Stern, P. (1997) Personal communication.

Sterritt, R.M. and Lester, J.N. (1988) Microbiology for Environmental and Public Health Engineers.
E. & F.N. Spon, London.

Stulz, R. and Mukeriji, K. (1993) Appropriate Building Materials: A Catalogue of Potential Solutions,
3rd Edition. SKAT & IT Publications Ltd.,St. Gallen, Switzerland and London.

SUUNTO (no date) Manufacturer’s instructions for SUUNTO PM-5 Clinometer.

Sylvester, D. (1952) Maps and Landscape. George Philip & Son Ltd., UK.

Tearle, K., (1973), Industrial Pollution Control. Business Books Ltd, London.

Tebbutt, M. (1994) Camp Assessment, Technical Fact Sheet. Concern, Burundi.

Tebbutt, T.H.Y. (1992) Principles of Water Quality Control, 4th edition. Pergamon Press, Oxford.
Tilley, M.N. (1995) ‘Military Water Treatment Systems’, Water Supply, 14 (3 / 4) pp439-52.

Twort, A.C., Law, F.M., Crowley, FW. and Ratnayaka, D.D. (1994) Water Supply, 4th Edition.
Edward Arnold, London.

Ulens, H. (1992) ‘Water Field Testing in Emergency Situations’, MSc thesis, WEDC, UK.
Umgeni Valley Project (undated), Water Quality Slide, South Africa.

United States Environmental Protection Agency, (1980) Design Manual On-site-wastewater
Treatment and Disposal Systems. USEPA, Washington.

United States Environmental Protection Agency (1991) Volunteer Lake Monitoring: A Methods
Manual. USEPA, Washington.

United States Environmental Protection Agency (1990) Volunteer Water Monitoring: A Guide for
State Managers. USEPA, Washington.

UNCHS (Habitat), (1987) Water Supply and Waste Disposal Management: Impact-Evaluation
Guidelines. UNCHS, Nairobi, Kenya.

UNDP & IAPSO (1995) Emergency Relief Items Compendium of Generic Specifications. UNDP /
IAPSO, Geneva.

UNDP - World Bank (1991) ‘Information and Training for Low-Cost Water Supply & Sanitation:
Water treatment’, Participant’s notes. UNDP - World Bank, Water and Sanitation Programme 4.5,
Washington, USA.



300

UNDTCD (1991) Criteria for Approaches to Water Quality Management in Developing Countries,
Natural Resources Water series No 26. UN, New York.

UNESCO and WHO (1978) Water Quality Surveys: A Guide for the Collection and Interpretation
of Water Quality Analysis Data. United Nations Educational, Scientific and Cultural Organisation
and WHO, UK.

UNHCR (1982) Handbook for Emergencies. UNHCR, Geneva.

UNHCR (1992) Water Manual for Refugee Situations, Programme & Technical Support Section,
Geneva, Switzerland.

UNHCR (1996a) Inventories for Water Supply Systems, UNHCR Regional Liaison Office, Addis
Ababa, Ethiopia

UNHCR (1996b) Refugees 3(105).

UNHCR (1996¢) Refugees and the Environment, Caring for the Future, Geneva.
UNHCR (1997) UNHCR Environmental News, (1) June.

UNICEF (1975) Aqua Plus Guidelist. UNICEF Supply Division, Copenhagen.

UNICEF (1986) Assisting in Emergencies. A Resource Handbook for UNICEF Field Staff. UNICEF,
New York, USA.

UNICEF (1995) Water Engineering: Technical Supply Bulletin No8. Water Purification Unit, UNICEF,
Denmark.

UNICEF and All India Institute of Hygiene and Public Health (1996a) A Manual on Water Quality
Field Test Kit. UNICEF, Calcutta Field Office and the All India Institute of Hygiene and Public
Health.

UNICEF and All India Institute of Hygiene and Public Health (1996b) Specification for Water
Quality Field Test Kit for Testing 100 Samples. UNICEF, Calcutta Field Office and the All India
Institute of Hygiene and Public Health.

United Nations Department of Humanitarian Affairs (1996) Mudflows; Experience and lessons
learned from the Management of Major Disasters, Prepared in support of the International Decade
for Natural Disaster Reduction, United Nations Department of Humanitarian Affairs.

United States Environmental Protection Agency (1990) Technologies for Upgrading Existing or
Designing New Drinking Water Treatment Facilities. United States Environmental Protection Agency,
Washington.

United States Environmental Protection Agency, (1996) Drinking Water Regulations and Health
Advisories, EPA 822-B-96-002. United States Environmental Protection Agency, Washington.



301

United States Environmental Protection Agency / Life Systems, Inc., (1994) Emergency Spill
Guidance Document for the Office of Water, United States Environmental Protection Agency / Life
Systems, Inc., Washington.

USAID, (1982a) Water for the World: Methods of Developing Sources of Surface Water. Technical
Note No. RWS.1.M, USAID, USA.

USAID, (1982b) Water for the World: Testing of the Yield Wells. Technical note No. RWS.2.C.7.

USAID, (1982c) Water for the World: Planning How to Use Ground Water Sources. Technical
note No. RWS.2.P.1.

USAID, (1982d) Water for the World: Selecting a Well Site. Technical note No. RWS.2.P.3.
WaterAid (1988), Water Aid’s Technical Handbook, 2nd Edition. Water Aid, London.
Wegelin, M. (1995) ‘Update on roughing filtration’, Sandec News 1 pp22-3.

Whitton, D.G.A. and Brooks, J.R.V. (1975) The Penguin Dictionary of Geology. Penguin Books
Ltd., UK.

WHO (1971) International Standards for Drinking-Water, 3rd Edition. WHO, Geneva.
WHO (1976) Surveillance of Drinking Water Quality. WHO, Geneva.

WHO (1984a) Guidelines for Drinking-Water Quality Vol. 1 Recommendations, 1st Edition. WHO,
Geneva.

WHO (1984b) Guidelines for Drinking-Water Quality Vol. 2 Health Criteria and Other Supporting
Information. WHO, Geneva.

WHO (1985) Guidelines for Drinking Water Quality Vol. 3 Drinking-Water Quality Control in Small
Community Supplies. WHO, Geneva.

WHO (1993) Guidelines for Drinking-Water Quality Vol. 1 Recommendations, 2nd Edition. WHO,
Geneva.

WHO (1996) Guidelines for Drinking-Water Quality Vol. 2 Health Criteria and Other Supporting
Information, 2nd edition. WHO, Geneva.

WHO/Robens Institute, (1996) Environmental Sanitation for Cholera Control (draft), WHO/Robens
Institute

Wilson, R., (1985) Assessment of Present Water and Sanitation Situation and Recommendations
for Improvement. UNHCR, Geneva.

Youde, M. (1996) Emergency Water Supply for Bujumbura Contingency Plan, Oxfam (UK & Ireland).

WRC / WHO (1989) Disinfection of Rural and Small Community Water Supplies: A Manual for



302

Design and Operation. WRC, UK.

Zavaleta, J.O., Cantilli, R. and Ohanian, E.V. (1993) ‘Drinking water health advisory program’
Ann. 1st. Super Sanita 29(2) pp355-8.



