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FOREWORD 

Water is vital for life.  The mere survival of the human species is threatened by 

pollutants in drinking water. Expanding urbanisation, industrial operations and 

agricultural production have resulted in complex inter-relationships between socio-

economic factors and natural hydrological and ecological conditions.  Water quality 

converges at the intersection of these inter-relationships. The availability of safe 

drinking water is thus becoming an ongoing challenge. 

The Government of Southern Sudan (GoSS) supported by UNICEF and WES sector 

partners is committed to the provision of safe drinking water. The commissioning of an 

operations manual as one of the tools for drinking water quality monitoring is a step 

towards this commitment. Water service providers, laboratory technologist, water quality 

monitors in the field and educators will find the operations manual a useful reference 

tool for familiarising with the concept of water quality monitoring in general.   

As the objectives of drinking water quality monitoring in Southern Sudan evolve and 

information on water quality is accumulated; as problems emerge and solutions are 

sought; ongoing demands will be made on the water resources available. The 

operations manual should thus be considered as the starting point of a process whereby 

a review of its contents will be called upon from time to time.  Users of the operations 

manual are particularly encouraged to share comments and inputs for future revision 

and expansion.  

It is our sincere hope that the operations manual will make a positive contribution 

towards the provision of safe drinking water to the people of Southern Sudan. 

 

 

 

___________________________           __________________________ 

Minister: Water Resources & Irrigation   Minister: Health 
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LIST OF ACRONYMS 
 
AWD   Acute Watery Diarrhoea 
0C   Degrees Celsius 

DWQM  Drinking Water Quality Monitoring  

DWQMS  Drinking Water Quality Monitoring System 

GoSS   Government of Southern Sudan 

h   Hours 

mg/l   Milligrams per litre 

ml   Millilitres 

MWRI             Ministry of Water Resources and Irrigation 

MoH   Ministry of Health 

mS/m   Milli Siemens per metre 

NGOs      Non Governmental Organisations 

NTU   Nephelometric Turbidity Units 

RWSS  Rural Water Supply and Sanitation 

ToT   Training of Trainers 

UNICEF  United Nations Children’s Fund   

UWC   Urban Water Cooperation 

WASH  Water Sanitation and Hygiene 

WES   Water Environment and Sanitation 

WHO   World Health Organisation 

WQ   Water quality 

>   Greater than 

<   Less than 
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1. INTRODUCTION   
 

The history of conflict in Southern Sudan has resulted in drinking water treatment 

infrastructures and services to function with scarce resources; impacting negatively on 

their maintenance and operations. Uncontrolled environmental pollution, industrial and 

domestic wastes that are being discharged into water resources without treatment, are 

also impacting on water quality conditions and its management needs.  The 

consequential impacts related to poor drinking water quality management are well 

documented and includes outbreaks and epidemics of waterborne diseases such as 

cholera, typhoid and shigellosis resulting in increased rates of morbidity and mortality in 

communities. 

 

Shortfalls associated with poor drinking water quality are commonly experienced in 

other developing countries in Africa, but expected to occur more rapidly in Southern 

Sudan as the country transits to a development phase.  The use of untreated water 

resources such as rivers, lakes, streams, wells etc. is all too familiar in Southern Sudan. 

Cholera and Acute Watery Diarrhoea (AWD) outbreaks that have persisted since 2006 

have been directly linked with inadequate water and sanitation services. The key issue 

is the public health impact of fecal contamination of domestic water resources. Routine 

water quality monitoring is therefore an important step in safeguarding communities 

from diseases that are related to shortfalls in water, sanitation and hygiene.  

 

MWRI and UNICEF are the lead WASH agencies in Southern Sudan that coordinate 

with other sector partners in the Water, Environment and Sanitation (WES) sector.  The 

overarching custodian role of protecting public health by addressing drinking water 

quality issues is entrusted to GoSS through MWRI and MoH in their advisory, policy 

formulation and coordination functions. It is against this milieu that a strategic 

framework for drinking water Quality monitoring system (DWQMS) for Southern Sudan 

was proposed to address issues of water contamination.  

 

The primary purpose of a DWQMS is the protection of public health, through the supply 

of safe water. The WHO Guidelines for Drinking-water Quality defines safe drinking-
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water, as that which does not represent any significant risk to health over a lifetime of 

consumption. The goal of the DWQMS is to establish technical and informational 

management networks that will monitor drinking water quality from catchments or 

distribution sources to the consumer, and assure its safety and reliability. In the process 

of formulating the DWQMS; specific objectives were addressed.  These included the 

assessment of existing drinking water quality monitoring and management practices in 

Southern Sudan; identifying staff requirements; staff training and equipping of analytical 

laboratories. The inception phase of the mission thereafter identified gaps which needed 

to be thought through as the DWQMS was being formulated.   

 

As an initial process of advocating for quality laboratory and data management 

networks, a standard DWQM form, DWQM guideline values for Southern Sudan and a 

DWQM operations manual were commissioned. The operations manual which is hereby 

presented is an effort to compile a reference manual for DWQM procedures and 

protocols to guide DWQM practitioners. An important point to consider when starting a 

new monitoring programme is that It is better to have a complete record of reliable data 

on water quality at a few sampling stations than to have a lot of data of questionable 

quality from many sampling stations. Reports generated from data that are not credible 

will result in the entire monitoring programme to loose credibility.  

 

The manual is divided into two parts. Part I describes the preparatory phase involved in 

establishing a DWQM system. While Part II describes the operational processes and 

protocols used in assessing drinking water quality.  The operations manual allows for 

the assessment of drinking water quality using a colour coded classification system over 

a range of test values. The information is presented in a simplified user friendly format 

such that both technical and non technical persons will be able to understand the 

concepts of water quality and how it affects public health. 
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1.1 What is the purpose of the Operations Manual? 

The purpose of the manual is to guide in the determination as to whether the water 

supplied conforms to the specified national guidelines.  

 

The Operations Manual is a basic guide for Drinking Water Quality Monitoring (DWQM). 

The information presents DWQM in a simple and systematic format; that can serve as a 

operations and or reference manual for drinking water quality. A colour coded 

classification system representing a range of concentration values for substances 

commonly found in water is included in the manual. The format will appeal to the wide 

spectrum of users in appreciating the concepts of DWQM.   

 

1.1.1 Who is the Operations Manual for? 

Water Quality Laboratories: 

To determine if the water resource or supply used is fit for human consumption. 

 

Water Supply Authorities:   

To determine whether the water supplied conforms to the specified national guidelines. 

 

Water Resource Developers: 

To assess the safety of water supply from various sources associated with surface 

water or groundwater.   

 

Educators: 

To communicate the understanding of drinking water quality monitoring and its 

importance on public health in general.  

 

The stakeholders; 

As a source of information on drinking water quality monitoring and whether the water 

supplied to them is of acceptable quality. 
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1.2 Framework for Drinking Water Quality Monitoring 
 

 
 
 

 
     
  Figure 1: An illustration of the framework on drinking water quality monitoring  
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What information should 
the DWQMS generate? 

What is to be measures? 
Sampled? Where? When?  
How often? 

Obtain background information. 
Audit technical capacity, HR etc. 
Feasibility of proposed strategy. 

Lab requirements. 
Transport & logistics. 

Fieldwork & sampling. Field 
testing: physical, chemical & 
microbiological/biological 

Reliable data.  Internal 
& external quality 
control. 

Laboratory tests/procedures:  
physical, chemical & 
microbiological 
 

Quality control. Data storage. 
Statistical analysis. Interpretation  
presentation & communication 

Preparatory phase 

Operational phase 

Household Water 
Treatment 
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2. OBJECTIVES 

Prior to establishing a water quality monitoring programme, it is important that the 

objectives are clearly defined. This ensures a systematic planning of the programme 

and also makes it easier to subsequently evaluate whether or not the objectives are 

being met. 

To assist with the formulation of objectives, it is important to pose the following 

questions: 

¨  Is drinking water quality monitoring required for basic information, planning and 

policy information, management and operational information, regulation and 

compliance, resource assessment, or other purposes?  

¨  What information is required on drinking water quality? Which parameters should 

be measured and how often? 

¨  What are the human and financial resources available for monitoring?  

¨  Who is going to use the monitoring data? Will it support management decisions, 

or ensure compliance with national guidelines? 

Monitoring programmes may have a single or multiple objectives. Those with a single 

objective are meant to address a single problem while multi- objective programmes may 

cover various water uses, such as drinking water supply, industrial, mining, 

manufacturing, fisheries, irrigation or aquatic life.  

In the case of Southern Sudan, the drinking water quality monitoring system has a 

single objective; that of protecting public health through the supply of safe public water.  

It is envisaged that as the programme gets established, additional parameters may be 

added to the monitoring list whose data may be shared between agencies with related 

or specific objectives. 
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3. MONITORING NETWORK DESIGN 

The monitoring activities need to be well planned and practicable if the objectives of the 

monitoring programme are to be met.  It is therefore important that a programme 

document be prepared to give a complete description of the monitoring area.  This 

includes a description of the geographical limits of the area, the present and future 

planned water uses and identification of the present and expected pollution sources. 

The number of locations to be monitored, the frequency of sampling and the type of 

parameters for analysis should also be specified. It is also essential to consider the 

resources available for all the analytical work, data handling, analysis and interpretation, 

and the preparation and distribution of reports. 

3.1 Prioritisation process 

It is not possible to predict the movement of micro organisms in water as this can 

change drastically at any one time depending on many environmental factors. Faecal 

pollution can be a consequence of different land uses. This includes human settlements 

where sanitation is inadequate or lacking altogether.  Runoff from such settlements after 

heavy rainfall may contribute to the contamination of surface waters. Livestock farming 

without organised waste disposal may also impact on faecal pollution. Generally, direct 

or indirect exposure to faecally contaminated water carries a health risk. Direct risk 

involves drinking contaminated water while indirect risk involves activities such as 

eating raw foods washed with contaminated water, swimming or bathing in polluted 

waters.  

 

A ranking of priority areas is important in the identification of problematic land uses and 

water users sensitive to microbial water quality. Prioritisation involves screening by 

ranking areas according to the health risk they carry. The purpose therefore is to short 

list areas where the monitoring programme should be established.  Figure 1 highlights 

the issues to be considered in prioritising areas for water quality monitoring. 
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                                         Why? 

·  Ensures a cost effective prioritisation process.  

·  Ensures maximum use of available resources. 

·  Gives the representative status of water quality where it 

matters the most. 

                                          
                                          Why? 

·  Fulfils the objective of the water quality monitoring 

system. 

·  A basis for the protection of public health. 

                                                   

 
                                          Why? 

·  Allows for implementation of water quality monitoring 

·   

 
 
 
                                         Why?     

·  Generate water quality data. 

·  Report on water quality data. 

·  Address water quality problems. 

                                              
Figure 2.  An illustration of the issues associated with the prioritisation process. 
 

 

3.2 Inventory of sampling stations 
A list of sampling sites (areas) are been made and sampling stations (the water source 

e.g. borehole) chosen during the prioritisation process. Once the sampling sites have 

been accepted, an inventory (record) of the sampling stations should be prepared. The 

inventory should include information on the geographical location of the sampling 

stations, their accessibility, the frequency of sampling and the types of tests to be 

performed both on site and in the laboratory.  

Screen for 
potential high 
risk areas 

Select high 
health risk 
areas 

Rank areas 
according to 
health risk 

Monitor water 
quality at 
selected areas 
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3.2.1 Description of the monitoring area 
Prior to monitoring, it is important to describe the monitoring area in terms of the local 

weather patterns, geo-hydrological information, environmental conditions and human 

activities that may affect water quality. 

 

3.2.2 Selecting sampling sites 
A sampling site is the general area of a water body from which samples are to be taken. 

Selection of sampling sites requires consideration of the monitoring objectives and 

some knowledge of the geography of the water source and the uses of the water and of 

any discharges of wastes into it. The final decision on the precise location of a sampling 

station can be made only after a field investigation. 

 

3.2.3 Selecting sampling stations 
Sampling points for groundwater monitoring are confined to places where there is 

access to an aquifer, and in most cases this means that samples will be obtained from 

existing wells. One sample is usually sufficient to describe the water quality of the 

aquifer. If the water in the well is corrosive and is in contact with steel pipe or casing, 

the water samples may contain dissolved iron. Wells with broken or damaged casings 

should be avoided because surface water may leak into them and affect the water 

quality. 

Springs can also be useful groundwater sampling points, provided that they are 

protected against contamination with surface water. Springs are often fed from shallow 

aquifers and may be subject to quality changes after heavy rainfall. 

Other possible sampling stations are boreholes drilled especially to investigate the 

features of an aquifer, although these are expensive and would be justified only in 

particular circumstances. 
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4. PRELIMINARY SURVEYS 
 

4.1 The need for preliminary surveys 
 
Preliminary surveys allows for collection of necessary information of the area where 

monitoring is taking place. The surveys will highlight the typical water quality problems 

experienced in the areas and the trend of waterborne diseases. 

When a new programme is being started, it is advisable to set up a pilot project. This 

provides an opportunity for newly trained staff to gain experience in the implementation 

and planning of the programme. It may also provide an opportunity to assess the 

sampling network, get an indication of the number of samples required and how often.  

During the preliminary survey it is important to consider variations in the quality of water 

from different types of water resources at selected sampling sites in order to be 

informed of the representative profile of water quality data from the different water 

sources. Preliminary surveys also help to refine the logistical aspects of monitoring. For 

example, access to sampling stations is tested and can indicate whether refinements 

are necessary to the site selection. Sampling sites may be found to be impractical for a 

variety of reasons; such as transport difficulties. Similarly, operational approaches may 

be tested during the pilot project and aspects such as the means of transport, on-site 

testing techniques or sample preservation and transport methods, can be evaluated. As 

such, sample volume requirements and preservation methods can then also be refined. 

In general, preliminary surveys provide opportunities for training staff and for ensuring 

their involvement in the planning process from the onset. Thus, avoid major problems 

and inefficiencies which may otherwise arise. 
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5. RESOURCE ALLOCATION 
 

Implementing a monitoring programme requires allocation of resources, including 

equipment for laboratory and field work, transport, office space, equipment and trained 

personnel. These resources have to be budgeted for if drinking water quality monitoring 

is to be realised. 

5.1 Laboratory facilities 
Laboratory facilities are one of the cornerstones of an effective water quality monitoring 

system. Analytical services must be adequate for the volume of work expected. 

Analyses of water samples may be conducted using laboratories owned by government 

ministries, public institutions or private agencies.  In most cases some of the analytical 

work will be done in the field, using either field kits or a mobile laboratory. The choice of 

a facility to undertake the analytical services will depend on various considerations: 

 

Variables to be analysed 

If only a few simple tests are required, analyses can be undertaken in the field using 

field kits.  

Sampling frequency and number of sampling stations .                                                

This will influence the volume of work, the staff and the facilities required.  

Location of existing laboratory facilities                                                                      

Ideally the laboratory should be sufficiently close to the sampling stations to permit 

samples to be delivered without undue delay. 

On-site testing                                                                                                             

Field kits are available for analyses of a wide range of variables in the field. This makes 

it possible to run a monitoring programme without the need for a fixed laboratory; 

though limitations of analytical quality control will be an issue. 

In practice, an agency responsible for monitoring water quality, will establish its own 

central laboratory, which can be also provide capacity building services in the discipline 
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of water quality monitoring. In cases where large areas have to be monitored, regional 

laboratories may be set up or field kits used for certain analyses.  

5.2 Transport 
The areas where the sampling stations are located will dictate the type of vehicle 

required for sampling missions.  Remote areas may require a four-wheel drive vehicle 

while a motorcycle will suffice for areas that are easily accessible and not too far from 

the testing laboratory.  

5.3 Staffing 
Staff on a water quality monitoring programmes fall into four broad categories: 

programme management, field staff, laboratory staff and data processors. The numbers 

required for each category will depend on the size and scope of the monitoring 

programme. 

5.4 Communication 

Communication ensures increased awareness on environmental issues and how they 

relate to water quality monitoring. Communication includes activities such as writing 

reports and sharing such information at public fora such as seminars and workshops.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

PART II 
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6. FIELD WORK 
 

6.1 How often should the samples be collected? 
�
A major drawback of testing water quality, is that the results are unknown when the 

sampled water has passed through into the distribution system. It is therefore of crucial 

importance to test water on a regular frequency depending on the size of the population 

served and to build up a database which will highlight the general trend and problems 

which could arise. It is therefore of utmost importance to use the most appropriate 

technique, sampling procedures and strategy. 

6.1.1 Frequency and timing of sampling 

Sampling frequency at stations where water quality varies considerably should be 

higher than at stations where quality remains relatively constant. A new programme, 

however, with no advance information on water quality variation, should be preceded by 

a preliminary survey and then begin with a fixed sampling schedule that can be revised 

when the need becomes apparent. 

The frequency of bacteriological examination of water supplies and the location of the 

sampling stations should be such that it enables proper control of the bacteriological 

quality of the water. Sampling points should be chosen to include raw water, pumping 

stations, treatment plants, reservoirs, booster stations and the distribution system. The 

testing of drinking water quality should be both frequent and regular. The frequency will 

depend on the quality of the source, the treatment efficiency of the water, the risk of 

contamination, the history of the water supply and the size of the population served. 

Table 1 indicates sampling frequency is recommended by WHO (1984). 

6.1.2 Sampling frequency of chlorinated waters  

When water requires chlorination before entering the distribution system, a constant, 

daily check on both the bacterial quality as well as the chlorine residuals should be 

performed. Chlorine residuals should preferably be recorded continuously and any 

deterioration investigated immediately. 
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Table 1:  Sampling frequency per population served 

Population served Minimum sampling frequency 

> 100 000  10 every month per 100 000 population served 

25 000 - 100 000 10 every month 

10 000 - 25 000   3 every month 

2 500 - 10 000   2 every month 

<2 500   1 every month 

*Sampling frequency should be increased during rainy seasons. 

 

Water in the distribution system:   

Contamination of the distribution system increases in importance with the length of the 

pipe line and the number of plumbing systems attached to it. Although it is desirable to 

take samples at least on a weekly basis, it may not be possible in small systems. The 

minimum sampling frequency suggested by the WHO (1984) is given in the following 

table: 

Table 2:  Minimum sampling frequency for small water distribution systems 

Population served  Minimum number of samples  

< 5 000 1 Sample per month 

5 000 - 100 000 1 Sample per 5 000 population per month 

> 100 000 1 Sample per 10 000 population per month 

 

The samples should be evenly spaced throughout the month. Some of the samples 

should be taken at certain fixed points such as pumping stations and storage tanks or 

problem areas. Other samples should be taken at random throughout the distribution 

system, especially in buildings or places where large numbers of people gather such as 

schools, hospitals and public buildings (WHO, 1984). 
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6.2 Preparation for sampling  

6.2.1 Containers 
Microbiological samples should be collected in sterile plastic or glass bottles. The 

sample bottles have to be carefully cleaned and rinsed with distilled water before 

sterilization.  

6.2.2 Dechlorination 
Sodium thiosulphate  (Na2S2O3) is  a  satisfactory  dechlorination  agent that neutralizes 

chlorine, and prevents the continuation of the bactericidal action after the samples have 

been taken.  This  will  give  a true and more accurate indication of the micro-organisms 

present in the water sample collected.  

 

Preparation of Sodium thiosulphate (Na 2S2O3)   

Add 100 g of Na2S2O3 to 600 ml distilled or demineralised water and make up to a final 

volume of 1000 ml. The stock solution may be sterilized and added aseptically to 

sample bottles or may be sterilized within the sample bottle. Use 0.8 - 1 ml Na2S2O3 per 

1 litre chlorinated water (which will be a 100 mg/l final concentration), which is sufficient 

to neutralize up to 60 mg/l chlorine in 1 litre of water without affecting the microbial 

quality.  

6.3 Sampling procedure for taps 
Keep sample bottles closed until they are to be filled. Collect a sample that will be 

representative of the water being tested, and use aseptic techniques to avoid sample 

contamination, i.e. disinfection of the sample taps or pouring devices with sodium 

hypochlorite (100 mg NaOCl/l ) and neutralize with a cotton wool swab containing 

Na2S2O3 (as prepared above) followed by flushing the tap for ± 3 - 5 minutes. Remove 

the bottle cap and ensure no contamination of cap or the neck of the bottle occurs when 

filling occurs. Fill the container without rinsing and leave approximately 2.5 cm air space 

to facilitate mixing by shaking before examination. Replace the cap immediately after 

sampling (APHA, AWWA and WPCF, 1989).  
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6.3.1 Potable water 
Apply the same procedures described above. Never sample leaking taps where water 

runs down on the outside of the tap. When collecting water from wells and boreholes, 

pump water for 5 minutes where a pump is fitted. When no pumping equipment is 

available, collect water directly from the well by means of a weight at the base of the 

bottle or any other suitable manner. Take special care to avoid contamination of the 

sample in any manner. When sample locations for a distribution system are identified, 

include dead-end sections and all the different lines in the sample programme. In this 

way; breaks, reduction in positive pressure and problem areas will be identified.  

6.3.2 Raw water 
Collect representative water samples from rivers, lakes, wells etc. Collection of samples 

too near to a river bank, above or below, or too far from a draw-off point is undesirable.  

Surface water 

Select an upstream and downstream sampling point when applicable. Choose a 

sampling frequency that will reflect the conditions of the water body. Sampling 

frequency may be daily for water supply intakes. 

6.4 Sampling procedure for surface water 
Hold the sample bottle near its base in one hand and plunge it mouth downward below 

the surface of the water. Turn the bottle with its mouth slightly upwards in the direction 

of the current. When sampling in a reservoir, repeat the above motions, but create an 

artificial current by pushing it forward away from the hand.  

6.4.1 Sample size 
Sample volume should be sufficient to carry out all the tests required. A sample volume 

of 1000 ml (1 litre) is usually sufficient.  

6.4.2 Sample identification 
No sample should be accepted for analysis unless it is identified sufficiently. Important 

information that could be included for identification are:  

a. Date  

b. Time  
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c. Origin of sample  

d. Type of sample  

e. Presence of sodium thiosulphate  

f. Temperature  

g. Person collecting the sample etc.  

6.5 Sample storage and transportation 
Samples should be examined promptly after sample collection to avoid unpredictable 

changes in the sample. Use an iced cooler/cooler box for transportation of samples that 

can not be examined within one hour after sample collection. Sample temperature 

should be kept below 10 °C for a maximum transporta tion time of 6 hours. During 

extreme cases, not more than 24 hours should have elapsed between sample collection 

and examination. Samples not fulfilling these requirements should not be analyzed.  

 
�
�
�
�
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7. HOUSEHOLD WATER TREATMENT 

 
Home treatment is becoming increasingly popular as households adopt the different 

options available to ensure a safe supply of drinking water. This is particularly important 

for rural and poor urban households in developing countries whereby treated water 

supplies may not available, affordable or reliable due to operational challenges and 

breakdowns.   

 

In both urban and rural areas it is now common for households to boil, filter or treat 

water with household bleach to improve the quality of drinking water.  Several research 

studies have shown that home water treatment coupled with improved storage and 

handling can significantly improve the microbial quality of water and reduce the 

frequency of diarrhoeal episodes.  

 

Simple and economical home treatment options are available to address bacteriological 

contamination of drinking water.  Below are the common home treatment options that 

may be used to improve drinking water quality. 

 

¨  Boil water for 5 – 10 minutes. This is the most effective for making drinking water 

bacteriologically safe.  Though it may not be the most economical option for poor 

households. 

¨  Disinfect water by adding 1 teaspoon of domestic bleach to 20 litres (I bucket) of 

water.  Mix well and leave for 1 hour before use.  If the water has high turbidity, 

the water should first be filtered through a fine cloth before adding bleach and left 

to stand for at least 2 hours. 

¨  Home filtration can be achieved using a suitable home treatment device or by 

using several layers of a very fine cloth. 

¨  Commercially available chlorine tablets are gaining popularity for disinfecting 

drinking water in households. Their popularity is based on their affordability when 

compared to options such as boiling. 
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8. LABORATORY ANALYSIS 
 

8.1 Chemical and Physical Methods of Analysis 
The general methods used for water quality analyses are: 

¨  Manual laboratory analytical methods 

¨  Instrumental analytical methods 

A synopsis of the above methods is given below.  For specific protocols that apply to 

specific water constituents; technical reference materials from the equipment supplier 

should be consulted.  

 

Manual laboratory methods 

¨  Gravimetric methods 

¨  Volumetric method 

¨  Colorimetric method 

 

8.1.1 Manual laboratory and analytical methods 

Gravimetric methods 
These methods depend on analysis by mass.  The analyses involve precipitation, 

evaporation or filtration of a solid from the water sample; e.g. the determination of total 

suspended solids (TSS).   

 

The parameter to be determined is usually precipitated, evaporated or filtered from the 

water and the residue thereafter dried at a specified temperature and weighed. An 

accurate and sensitive analytical balance is key to gravimetric methods. Gravimetric 

methods can be cumbersome and are usually avoided where instruments exist to 

directly determine the parameter in question.   

 

Volumetric methods 

This is analysis by volume which is also known as titrimetry (titrations); where the 

volume of a standard solution is determined to reach the end point of a reaction. The 

basic reagents required for a volumetric analysis are: 
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¨  A standard solution whose strength is known for the titration 

¨  An colour indicator to show when the end point of the solution is  

The data obtained during a titration is then translated into mass terms using the 

appropriate calculations.   

 

Colorimetric methods 

These methods involve analyses whereby a reagent is added to a solution. The 

resultant colour change is directly proportional to the concentration of the 

solute/constituent of interest. The concentration can be determined by comparing the 

colour intensity of the solution to a reference colour standard. Colorimetric methods are 

convenient, fast and economical for determining a variety of constituents in water. 

Examples of apparatus that use colorimetric methods include colour-comparators, 

colorimeters, photometers and spectrophotometers.  Colorimetric methods are routinely 

used as part of portable field kits.  

 

8.1.2 Instrumental laboratory methods  
Instrumental methods make use of instruments such as conductivity meters, pH meters 

or spectrophotometers for determining a wide range of constituents in drinking/domestic 

water.  These instruments may use: 

¨  Optical methods 

¨  Electrical methods 

¨  Chromatographic methods 

 

Instrumental methods are preferred over manual methods as they are convenient, 

sensitive and fast.  Not all laboratories can afford automated instruments though basic 

water laboratories are expected to have at least some handheld meters with multiple 

functions which are usually provided with portable field kits. Small water quality 

laboratories are expected to have at least handheld meters with multiple functions to 

test for pH, TDS and electrical conductivity. 
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8.2.1  Devices routinely used in water quality testing 
pH Meters 
pH is a measure of the acidity or basicity of a solution.  Pure water is close to pH 7.0. 

Solutions with a pH less than 7 are referred to as acidic and solutions with a pH greater 

than 7 are referred to as alkaline. A pH meter  is an electronic instrument used to 

measure the acidity or alkalinity of a liquid. The pH probe measures pH as the activity of 

hydrogen ions.  A typical pH meter consists of a special glass electrode (probe) and a 

reference electrode connected to an electronic meter.  When the glass electrode and 

the reference electrode is immersed in a test solution, the voltage across the two 

electrodes measures the hydrogen ions concentration in solution i.e. the pH which is 

then displayed as  the pH reading on the electronic meter.  

 

Electrical conductivity meter 
An electrical conductivity meter measures the ability of a solution to conduct an electric 

current.  The conductivity of a water sample will therefore be a measure of its ability to 

conduct an electric current depending on the number and type of ions in solution. 

Conductivity therefore gives on indication of dissolved salts in solution. Conductivity in 

water is measured in SI units of milli Siemens per metre (mS/m).  Drinking water of high 

quality will have a typical range of electrical conductivity of 0.0005 – 0.05 S/m. 

 

Spectrophotometers 
A spectrophotometer is a device that can measure the intensity of light as a function of 

the color. It uses a photoelectric cell as a colour sensing device. The basis of 

spectrophotometry is that when light is made to pass through a solution, the emerging 

beam will be lower in intensity than the entering beam due to either the suspended 

material scattering the light beam (used to measure turbidity) or due to absorption of the 

beam by the solution.  Spectrophotometry is convenient and accurate for determining 

the concentration of a variety of compounds found in drinking water.   
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8.2 Bacteriological Methods of Analysis 
There are different methods of bacteriological analysis depending on the organisms of 

interest.  Testing for drinking water quality routinely involve methods such membrane 

filtration technique and multiple tube fermentation technique.  These give quantitative 

information on specific organisms. Methods also exist whereby only qualitative 

information on the presence or absence of organisms in a water sample is assessed. 

 

In a laboratory set up, the choice of tests in drinking water quality monitoring will depend 

on the resources available.  The type of equipment and reagents that will be required to 

perform the basic bacteriological test for water quality monitoring include: 

Autoclave  

Weighing balance  

Glassware (beakers, flasks, glass tubes and measuring cylinders)  

Bunsen burner (with gas cylinder and connector accessories) 

Membrane filtration unit (manual or automatic) 

Dehydrated media  

Petri plates 

Consumables (Alcohol, liquid soap,  paper tissue roll etc) 

Distilled/deionised water 

Incubator 

Fridge 

Colonies counter (optional) 
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8.3 Bacteriological Water Quality 
 
PROTOCOLS FOR TESTING INDICATOR MICRO ORGANISM IN WATER 
 

8.3.1 Total Coliform Test 

Objective 
The test is used for the enumeration of total coliforms bacteria in water sources  

 Method 

1. Prepare 65 mm of m-Endo agar plates, (with ± 15 ml of medium per plate).     

    Allow for enough plates to carry out the analysis in triplicate. Store plates  

   upside-down in the dark at 4 ± 3 °C, or use imme diately after the media has solidified. 

2. Prepare serial dilutions of the sample in sterile saline solution if necessary.                   

    The ideal dilutions will produce between 20 and 80 colonies after incubation.  

3. Use pre-sterilized membrane filters. 

4. Set-up a membrane filtration system connected to a vacuum line. 

5. Filter 100 or 10 ml samples directly. When 1 ml quantities of sample or  

    dilutions are used, add 10 ml of sterile saline before the 1 ml of the specific  

    sample or dilution is introduced. This allows the sample to spread evenly over  

    the membrane filter; to prevent colonies from growing on top of each other. Perform    

    the analysis at least in duplicate but preferably in triplicate.  

6. Remove the filter membrane aseptically by means of a sterile forceps and place it  

    face-up on the agar plate.  

7. Ensure no air bubbles are formed between the membrane filter  and the agar surface. 

8. Incubate plates in an inverted position at 35 ± 1 °C for 20 - 22 h. 

9. All the pink to dark red metallic sheen colonies should be counted and recorded.  

 

Expression of Results:  Results to be expressed as total coliforms /100 ml.  

Remarks:  Test as soon as possible since the water quality may change with time. 
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8.3.2 Faecal Coliform Test 
         

Objective 

The test is used for the enumeration of faecal coliform bacteria in water sources.  

 Method 

1. Prepare 65 mm of m-FC agar plates, (with ± 15 ml of medium per plate).     

    Allow for enough plates to carry out the analysis in triplicate. Store plates upside- 

   down in the dark at 4 ± 3 °C, or use it immediat ely after the media has  solidified. 

2. Prepare serial dilutions of the sample in sterile saline solution if necessary.                   

    The ideal dilutions will produce between 20 and 80 colonies after incubation. 

3. Use pre-sterilized membrane filters. 

4. Set-up a membrane filtration system connected to a vacuum line. 

5. Filter 100 or 10 ml samples directly. When 1 ml quantities of sample or  

    dilutions are used, add 10 ml of sterile saline before the 1 ml of the specific  

    sample or dilution is introduced. This allows the sample to spread evenly over  

    the membrane filter to prevent colonies from growing on top of each other Perform    

    the analysis at least in duplicate but preferably in triplicate.  

6. Remove the filter membrane aseptically by means of a sterile  forceps and place it  

    face-up on the agar plate.  

7. Ensure that no air bubbles are formed between the membrane filter and the     

     agar surface. 

8. Incubate plates in an inverted position at 44.5 ± 0.5 °C for 20 - 22 h. 

9. All the dark blue colonies should be counted and recorded.  

 

Expression of Results:  Results to be expressed as faecal coliforms/100 ml.  

Remarks:  Samples should be tested as soon as possible since the water quality                  

may change with time. 
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8.3.3 Heterotrophic plate count test 

Objective 
The heterotrophic plate count (HPC), previously known as the standard plate count or 

total plate count is used to determine the number of culturable heterotrophic bacteria in 

various waters. It is also used to determine changes in the water environment i.e. during 

water treatment processes and in water distribution systems etc.   

Method 

1. Prepare (200 ml) sterile plate count media into a 250 ml sterile Schott bottle.  

    Store at 4 ± 3 °C; or to use immediately; place  the molten agar in a water hot 

    bath at approxinately 50 °C until needed. 

2. Prepare a ten-fold dilution of the sample to be analysed. The ideal dilutions  

    will produce between 30 and 300 colonies per plate after incubation.  

   Where a higher bacterial count is suspected, e.g.>3000, prepare a dilution of 1 in a  

   100 (10-2). 

3. Pipette 1.0 ml of the test sample into a sterile petri dish. Perform the test at least in  

    duplicate but preferably in triplicate. 

4. Pour ± 20 ml agar from Schott bottles (at a temperature of 50 °C) into the  

    petri dishes. Swirl the media gently clockwise and anti-clockwise to allow  

    thorough mixing of the test sample with the media.  

5. Allow the media to solidify at room temperature (approximately 10 minutes). 

6. Incubate the plates upside down at 35 °C for 48 h. 

7. After incubation count all the colonies and record 

 

Expression of Results : Results are be expressed as the total number of colonies 

counted per millilitre. The two/three plates of a specific dilution with counts between 30 

and 300 colonies are counted and the average determined. Ensure that the dilution 

factor is incorporated in the final expression of the result. For example, an average 

count of 92 colonies were counted from three plates in a 1/100 (1x10-2) dilution. The 

result will be 9 200 or 92 x 102/ml. 
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9. ANALYSIS USING PORTABLE FIELD KITS 
 
 

What are field kits? 

Field kits are a portable assembly of test kits designed to perform simple analytical 

methods that can be used in the field. A variety of field kits are available for monitoring 

drinking water quality. Basically, field kits comprise of chemical based test kits and 

hand-held devices for testing routine water quality monitoring parameters such as pH, 

electrical conductivity, turbidity and residual chlorine directly in the field.  Field kits range 

from the basic which can be used to run few tests to monitor water quality to the more 

comprehensive; with which a number of physical, chemical and microbiological tests 

can be performed.  

 

Reliability of field kits 

The accuracy of the test kits vary over a wide spectrum from good; acceptable to poor. 

This limitation must be recognised if used on a regular basis as they only give a general 

indication of water quality and not accurate measurements. Conventional laboratory 

procedures should therefore be considered whenever possible. 

 

How useful are field kits? 

Field kits serve a very important purpose of giving a quick indication of water quality and 

can be more effective if used in conjunction with laboratory methods. In addition: 

¨  Field kits make it possible to test for parameters that are preferable to measure 

on site e.g. pH and residual chlorine or those that cannot be preserved. 

¨  Field kits allow for a rapid analysis of water quality in remote sites. 

¨  Non technical people find field kits results easier to understand than detailed 

technical laboratory reports.  Thus a good way of disseminating water quality 

information in the field. 

 

 

 

 



 33

 
10. FACT SHEETS 

PHYSICAL WATER QUALITY 
 
 
 
 

pH Value 
 
Electrical Conductivity 
 
Total Dissolved Solids 
 
Turbidity 
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General Information 

Water with a pH below 7 is acidic while that above pH 7 is alkaline. In general terms, the 

taste of water is sour when acidic and soapy when alkaline. The pH of natural waters 

can be influenced by various factors such as temperature, acid rain, microbial activity, 

surface runoff and mining activities. The pH of most unpolluted sources will have a pH 

range of 6.5 – 8.5 with a taste acceptable to most consumers.   

Health Effects 

The pH of water will only have direct health effect at extreme values.  Highly acidic 

waters may corrode distribution pipes and cooking utensils. The by-products of 

corrosion may have indirect health effects on the consumers.  

 

 
 
 
 

 
Range 
(mg/l) 

 
 

    Drinking  

 

 

Taste 

 

 

< 3 Acid burn  Extremely sour  

3-4 Severe irritation of mucous membranes  Very sour  

4-5 Irritation of mucous membranes  Sour  

5-6 No health effects  Slightly sour  

6-9 No health effect  Pleasing taste  

9.5-10.5 Irritation of mucous membranes  Soapy taste  

10-11 Severe irritation of mucous membranes  Very soapy  

>11 Alkali burn  Extremely soapy  

pH 
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General Information 

Electrical conductivity (EC) an indicator of total dissolved solids (TDS) which includes 

ions of carbonates, bicarbonates, chlorides, sulphates, nitrate, potassium, sodium, 

calcium and magnesium.  All natural waters contains varying concentrations of TDS as 

a result of the nearby geological formations and soil types the water is in contact with. 

TDS therefore informs if the water is drinkable.  As EC is much easier to measure than 

TDS, it is routinely used as an estimate of the TDS concentration.   

Health Effects  

Health effects are minimal at TDS concentrations below 3000 mg/l TDS. Higher 

concentrations of TDS gives water an unpleasant taste and may affect the kidneys. 

High concentrations of TDS may have a laxative effect on individuals and may also 

affect patients of renal, cardiac, hypertension conditions. 

 
 
 

 
Range 
(mS/m) 

 
EC: (mS/m) 
TDS: (mg/l) 

Drinking 

 

 

                  Taste 

 

 

EC: <70  
TDS: <450  

No health effect  Fresh taste  

EC: 70-150 
TDS: 450-1000 

Negligible health effects  Pleasing taste  

EC: 150-370 
TDS: 1000-2400 

Slight salt overload  Salty taste  

EC: 370-520520 
TDS: 2400-3400 

Possible health risk  Very salty  

EC: >520 
TDS: >3400 

Risk of dehydration  Extremely salty and bitter  

Ideal Good Fair Poor Unacceptable 

Ideal Good Fair Poor Unacceptable 

Electrical conductivity (EC) 
Total Dissolved Solids (TDS) 
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General Information 

Turbidity indicates the concentration of suspended matter in water; which in turn affect 

the transparency of the water. This suspended particles consists of inorganic (soil 

particles) and organic (micro-organisms and debris) matter.  Soil particles contribute 

greatly to the turbidity in natural waters. Sewage ands other forms of waste can also 

contribute significantly to turbidity. Turbidity is measured in Nephelometric Turbidity 

Units (NTUs)  where very clear water will have less than one NTU to over 1000 NTU in  

muddy water.  

Health Effects 

Consumption of turbid water may not necessarily have any direct health consequences. 

Turbidity though, can have a significant effect on the microbial quality of water. Thus, 

depending on the nature of the suspended material causing turbidity, there may be 

varying associated health consequences. 

 

 
 
 

 
Range 

(Nephelometric 
Turbidity Units - 

NTU) 
 
 

                     Drinking 

 

 

Appearance 

 

 

< 0.1 No health effects  Very clear  water  

0.1-1 Slight risk of potential health effects  Water with good 
transparency 

1-20 Possible secondary health effects  Water slightly cloudy  

20-50 Secondary health effects  Water appears muddy  

> 50 Serious health effects  Very muddy appearance  

Ideal Good Fair Poor Unacceptable 

Turbidity (NTU) 
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11. FACT SHEETS MICROBIOLOGICAL WATER 
QUALITY 

 
 
 
 

Total coliforms 
 
Faecal coliforms 
 
Heterotrophic plate count 
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General Information 

Total coliform are used as indicator bacteria to evaluate the efficiency of  drinking water 

treatment processes and the sanitary quality of water. The presence of total coliform in 

drinking water supplies will imply inadequate treatment or post-treatment contamination 

and the possibility of the presence of pathogens. Total coliforms may or may not be of 

faecal origin. Total coliforms are expressed as the number of colonies per 100 ml water. 

 
Health Effects 

Total coliforms can cause waterborne diseases such as gastroenteritis, salmonellosis, 

dysentery, cholera and typhoid fever. 

 

 
 
 
 
 

 
Range 

(Counts/100 ml) 
 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

0 No health risk  No effect  

0-10 Low risk of infection  No effect  

10-100 Risk of infection in sensitive 
groups  

No effect  

100-1000 High risk of clinical infections in 
all users 

No effect  

>1000 Serious risk of clinical infections 
in all users 

No effect  

Ideal Good Fair Poor Unacceptable 

Total Coliforms  
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General Information 

Faecal coliforms are used as bacterial indicators of faecal pollution.  Such bacteria are 

commonly found in water contaminated with faecal matter of human or animal origin. As 

such, faecal coliforms are used to evaluate the quality of water supplies.  Faecal 

coliforms are expressed as the number of colonies per 100 ml water. The presence of 

faecal coliforms is used to indicate the presence of pathogens that can be transmitted 

via the faecal-oral route such as bacterial, viruses, protozoa and other parasites.  

 

Health Effects 

Diarrhoeal waterborne diseases such as cholera, dysentery, typhoid fever, 

gastroenteritis and shigellosis are common with the consumption of water contaminated 

with faecal coliforms. 

 
 

Range 
(Counts/100 ml) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

0 No health risk  No effect  

0-1 Low risk of infection  No effect  

1-10 Risk of inf ection in sensitive 
groups  

No effect  

10-100 High risk of clinical infections in 
all users 

No effect  

>100 Serious risk of clinical infections 
in all users 

No effect  

 
 
 
 

 

Faecal Coliforms 

Ideal Good Fair Poor Unacceptable 
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General Information 

Heterotrophic bacterial counts include enumerating a wide range of different types of 

bacteria which are found in nature.  Heterotrophic bacteria are used to indicate the 

general microbial quality of water and whether the water treatment and disinfection 

processes are efficient.  The enumeration of heterotrophic plate counts are expressed 

as the number of colonies per 100 ml water. 

 
Health Effects 

High heterotrophic plate counts in treated water indicate a significant possibility of 

pathogenic micro-organisms such as bacteria, viruses or parasites being present in the 

water which could pose a health risk if consumed. 

 
 

 
   

 
Range 

(Counts/100 ml) 
 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

 No health risk  No effect  

 Low risk of infection  No effect  

 Risk of infection in sensitive 
groups  

No effect  

 High  risk of clinical infections in 
all users 

No effect  

 Serious risk of clinical infections 
in all users 

No effect  

Heterotrophic Plate Count 

Ideal Good Fair Poor Unacceptable 
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12. FACT SHEETS  

CHEMICAL WATER QUALITY  
 
 
 
 

Arsenic 

Cadmium 

Calcium 

Chlorine (residual) 

Chloride 

Copper 

Fluoride 

Iron 

Magnesium 

Manganese 

Nitrate/Nitrite 

Potassium 

Sodium 

Sulphate 

Total Hardness 

Zinc 
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General Information 

Arsenic is a poisonous chemical. In certain regions of the world, high   concentrations of 

arsenic are naturally found in groundwater. Mining activities may also elevate the 

concentration of arsenic in nearby water bodies. Some pesticides also contain arsenic 

which may leach out into water sources. 

 

Health Effects 

Long term consumption of water with elevated levels of arsenic can lead to arsenic 

poisoning or arsenicosis. The symptoms include skin getting dark and hardened as well 

as skin lesions. Long term health implications include cancers of the skin, bladder, 

kidneys and lungs; and blood and reproductive disorders. Arsenic in water has no smell, 

taste or colour.  

  

 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<0.01 !
	��
�"���
�
#����#
��	�  
 

No effect  

0.01-0.05 ��
����
#����#
��	�  
 

No effect  

0.05-0.2 Increased health risk in sensitive 
groups  

No effect  

0.2-2.0 Chronic health risk  No eff ect  

>2.0 Acute health risk  No effect  

Ideal Good Fair Poor Unacceptable 

Arsenic (As) 
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General Information 

Cadmium is a soft metal, chemically similar to zinc. It is very toxic to living organisms. 

The presence of cadmium in the aquatic environment and in drinking water is of 

concern because it accumulates in the body and Cadmium takes decades to break 

down. Cadmium is not usually found in water at concentrations greater than 0.005 mg/l 

unless the water has been subject to pollution from cadmium containing industrial 

effluents; or where water has been in contact with galvanising processes. Cadmium is 

used in electroplating, in alloys, in certain solders and in nickel-cadmium batteries. Salts 

of cadmium are used in photography, pottery, the electronics industry etc.  

 

Health Effects 

High concentrations of cadmium are acutely toxic and can cause severe kidney 

damage. Cadmium also causes acute gastroenteritis which can be clinically mistaken 

for microbial food poisoning.   

 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<0.003   No health risk  No effect  

0.003-0.005 Low health risk in sensitive 
groups 

No effect  

0.005-0.02 Increased health risk in 
sensitive groups 

No effect  

0.02-0.05 Chronic health risk  No effect  

>  0.05 Acute health risk  No effect  

Cadmium (Cd) 

Ideal Good Fair Poor Unacceptable 
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General Information 

Calcium is an alkaline earth metal and occurs naturally at different concentrations in most waters. 

Thus, Soft waters contain low, while hard waters contain high concentrations of calcium. Calcium is 

an essential element the skeleton of mammals. Typical concentration of calcium in fresh water is 15 

mg/l; while in sea water it is approximately 400 mg/l. On heating water containing calcium 

bicarbonate, a calcium carbonate precipitate forms which is recognised as scaling in hot water 

systems. 

Health Effects 

The guideline values for calcium are mainly based on aesthetic effects, particularly because of 

scaling in domestic appliances and the impairment of soap lathering. Calcium is an important 

mineral element in the human diet and has been reported as having a protective action against 

cardiovascular disease. In sensitive users, long-term consumption of water with high concentrations 

of calcium has been implicated to contribute to the incidence of human kidney stones.  

 
 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<80 No health risk  No effect  

80-150 Low health risk  Insignificant change  

150-300 Increased health risk in sensitive 
groups 

Slight change in taste  

>300 Chronic health risk in sensitive 
groups 

Change in taste  

Ideal Good Fair Poor Unacceptable 

Calcium (Ca) 
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General Information 

In nature, chloride occurs as a component of sodium, potassium, calcium and 

magnesium which are all highly soluble in water. High levels of chloride in domestic 

water results in salty taste and accelerates the corrosion of metals. Chloride is a 

common constituent in water, is highly soluble, and once in solution tends to 

accumulate. Typical concentrations of chloride in fresh water range from a few to 

several hundred mg/l. In sea water the concentration is approximately 19 800 mg/l. 

Chloride inputs to surface waters can arise from irrigation return flows, sewage effluent 

discharges and various industrial processes.  

 

Health Effects 

The guideline values for chloride are based on aesthetic effects.  Effects on human 

health are only observed at very high concentrations whereby nausea is caused at 

concentrations greater than 2 000 mg/l and vomiting and dehydration may be induced at 

levels beyond 10 000 mg/l.  

 

 

 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<100 No health ri sk No effect  

100-200 Insignificant health risk  Insignificant effect  

200-600 Increas ed health risk to sensitive 
groups 

Salty taste  

600-1200 Possible chronic health risk  Very salty taste  

>1200 Risk of nausea and vomiting. 
Causes dehydration in infants 

Repulsive salty taste  

Chloride (Cl) 

Ideal Good Fair Poor Unacceptable 
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General Information 

Residual chlorine does not naturally occur in nature. It is the concentration of free 

chlorine available 30 minutes after water has been disinfected with chlorine. Free 

available chlorine indicates the efficacy of the disinfection process as it also protects 

against pathogens which may enter the distribution system post disinfection. It is used 

as a rapid indicator of the microbiological safety of the treated water. 

 

Health Effects 
Negative health effects may result from absence of residual chlorine after water is 

disinfected with chlorine. Absence of residual chlorine will either be as a result of water 

not having been treated with chlorine or with insufficient chlorine.  In both cases, if the 

untreated or partially treated water contains pathogenic micro-organisms, the risk for 

infection is increased. 

 
 
 

 
Range 
(mg/l) 

 
 

                      Drinking 

 

 

Appearance, taste & smell  

 

 

<0.05 Serious risk of infection  if water is 
microbiologically contaminated 

No effect  

0.05-0.2 Insufficient disinfection. Possible risk of 
infection 

No effect  

0.2-0.3 Adequate disinfection . Low risk of 
infection 

Slight odour  

0.3-0.6 Good disinfection.  Slight odour & taste  

0.6-0.8 Good disinfection. Low heal th risk  Strong odour &taste  

0.8-1.0 May irritate mucous membranes  Unpleasant odour & taste  

1.0-1.5 May irritate mucous membrane and cause 
nausea 

Unpleasant odour & taste  

>1.5 Toxic effects. Cause nausea and vomiting  Repulsive odour & taste  

Ideal Good Fair Poor Unacceptable 

Ideal Good Fair Poor Unacceptable 

Chlorine (residual) 
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General Information 

Copper is an orange coloured metal widely used as a conductor of heat and electricity.  

High concentration of copper in domestic water may be as a result of the corrosion of 

copper pipes in distribution or plumbing systems especially in areas where water has a 

low pH. Water with high concentrations of copper has a characteristic blue-green colour.  

 

Health Effects 

There is no negative health effects associated with water containing copper at levels 

normally found in drinking water. At fairly low concentrations copper can give rise to 

staining of laundry; while high concentrations will results in nausea, vomiting, and cause 

acute damage to the liver, kidney and red blood cells.  

 

 

 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

0-1.0 No health risk  No effect  

1-1.3 Insignificant health risk  Slight metallic taste  

1.3-2.0 Low health risk in sensitive 
groups 

Metallic taste  

2.0-15 Chronic health risk in sensitive 
groups 

Strong metallic taste  

>15 Acute health risk. Nausea and 
vomiting 

Repulsive metallic taste  

Ideal Good Fair Poor Unacceptable 

Copper (Cu) 
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General Information 

Fluoride in its elemental form, fluorine is a greenish-yellow gas, which readily dissolves 

in water. A small amount of fluoride is necessary for proper hardening of dental enamel 

and gives protection against bacterial acids thus reducing tooth decay. Fluoride 

accumulates in the skeleton of humans and animals. Typically unpolluted surface water, 

has approximately 0.1 mg/l; sea water 1.4 mg/l and ground water, up to 3 mg/l, although 

some ground water may contain high fluoride concentration of 12 mg/l.  

 

Health Effects 

 Discolouration of teeth occurs at fluoride concentrations of 1.5 - 2.0 mg/l. The most 

susceptible group are children in their formative years (up to seven years of age). Long 

term high intake of  fluoride leads to its accumulation in the skeletal resulting in skeletal 

fluorosis; a condition which makes the bones brittle and susceptible to breaking easily.  

 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<0.7 
 

No health risk  No effect  

0.7-1.0 
 

Insignificant health effect in 
sensitive groups. Slight 

possibility of tooth staining 

No effect  

1.0-1.5 Increased health effects in 
sensitive people and tooth 

staining  

No effect  

1.5-3.5 Possible health risk. Causes 
tooth staining 

No effect  

>3.5 Increased health risk. Severe 
tooth staining 

No effect  

Ideal Good Fair Poor Unacceptable 

Fluoride (F) 
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General Information 

Iron is the fourth most abundant element and constitutes five percent of the earth's 

crust. It is a silvery metal but usually appears greyish black/brown due to oxidation. In 

water, iron can be present in a dissolved form or in a suspended form. Iron is an 

essential micronutrient required for the formation of haemoglobin in living organisms. 

The concentration of dissolved iron in water is dependent on the pH, turbidity, 

suspended matter and the occurrence of several heavy metals. 

 

Health Effects 

 Depending on the concentration of iron in drinking water; the health effects can either 

be acute or chronic.  Young children are at a risk of acute poisoning if they consume 

water with high concentrations of iron. Chronic iron poisoning can occur after a 

prolonged regular intake of excessive iron from water or through food cooked in iron 

pots.  

 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<0.01 No health risk  No effect  

0.01-0.2 No health risk  Slight metallic taste or colour  

0.2-1.0 Insignificant health risk  Increased metallic taste and 
colour 

1.0-5.0 Increased health risk in sensitive 
groups 

Objectionable taste and 
appearance 

5.0-10.0 Chronic health risk  Objectionable taste and 
appearance 

>10.0 Acute risk of iron poisoning  Repulsive taste and 
appearance 

Ideal Good Fair Poor Unacceptable 

Iron (Fe+2) 



 50

 
 
 
General Information 

Magnesium is an alkaline earth metal and is commonly found in water. Magnesium, 

together with calcium is responsible for hardness of water.  It is an essential nutritional 

element required for normal functioning of muscles and the concentration of magnesium 

in water can contribute significantly to the total dietary intake. Typical concentration of 

magnesium in fresh water is less than 10 mg/l. Hard groundwater can have high 

concentrations of magnesium exceeding several hundreds mg/l. 

Health Effects 

The bitter taste of high concentration of magnesium in water will discourages 

consumption. The common health effect of excess magnesium intake is diarrhoea 

especially if it is associated with sulphate.  

 

 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<30 No health risk  No effect  

30-70 No health risk  Acceptable taste  

70-100 Insig nificant health risk in 
sensitive groups 

Slightly bitter taste  

100-200 Increasing health risk in 
sensitive groups 

Bitter taste  

200-400 Risk of diarrhoea  Very bitter taste  

>400 Diarrhoea  Very bitter taste  

Ideal Good Fair Poor Unacceptable 

Magnesium 
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General Information 

Manganese is a grey white metal commonly found in soils and in water. It is an 

essential element for humans and animals but is neurotoxic in excessive amounts.  

Typical concentrations of manganese found in fresh water have no toxic effects. Water 

with high levels of manganese has a tea-like colour and cause staining of fixtures and 

laundry.  

 

Health Effects 

Manganese is considered one of the least potentially harmful elements. Health 

problems associated with manganese concentration in water are rare. Neurotoxic 

effects may occur at high concentrations which may occur from industrial exposure. 

 

 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<0.05 Negligible health risk  No effects  

0.05-0.1 Negligible health risk  Slight taste or colour  

0.1-0.4 Insignifi cant health risk  Increasing taste and colour  

0.4-1.0 Slight health risk in sensitive 
groups 

Increasing taste and colour  

1.0-4.0 Slight health risk in sensitive 
groups 

Strong taste and colour  

4.0-10.0 Health risk in all  Strong taste and colour  

>10.0 Increased health risk in all  Repulsive taste and 
appearance 

Ideal Good Fair Poor Unacceptable 

Manganese 
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General Information 

Nitrates and nitrites occur together in the environment and can be converted from one 

to the other. Nitrates are common in soils and water. A significant source of nitrates in 

natural waters is from plant and animal debris, sewage and agricultural runoff. Nitrate in 

drinking water is a primary health concern as it can easily be converted to nitrite in the 

digestive tract. Nitrite can interfere with the functioning of red blood cells.  

Health Effects 

Nitrate can cause tiredness; and may react with proteins from food to form complex 

compounds that have the potential to cause cancer. Nitrites upon absorption, combines 

with the oxygen-carrying red blood pigment, haemoglobin, to form methaemoglobin, 

which is incapable of carrying oxygen. This condition is termed Methaemoglobinaemia, 

which is life threatening in infants under the age of three. 

 
 
 
 

 
Range 
(mg/l) 

mg/l  N 
mg/l  NO 3 

 

Drinking 

 

 

Appearance, taste & smell 

 

 

<6 mg/l N  
<26 mg/l NO 3 

Negligible health risk  No effect  

6-10 mg/l N  
26-44 mg/l NO 3 

Insignificant health risk  No effect  

10-20 mg/l N  
44-89 mg/l NO 3 

Slight chronic  health  risk to 
infants 

No effect  

20-40 mg/l N  
89-177 mg/l NO 3 

Possible chronic health risk  to 
infants 

No effect  

>40 mg/l N  
>177 mg/l NO 3 

Acute health risk to infant  No effect  

Ideal Good Fair Poor Unacceptable 

Nitrite (N) / Nitrate (NO3)  
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General Information 

Potassium is an alkali metal and an essential dietary element. It usually occurs in water 

in association with other ions such as chloride, bicarbonate, sulphate or nitrate. 

Potassium is also found with sodium in many minerals. Typical concentrations of 

potassium in fresh water are 2-5 mg/l. High concentration of potassium occur in runoff 

from irrigated lands, fertiliser production and domestic waste.  

Health Effects 

High concentrations of potassium gives a bitter taste to water and can induce nausea 

and vomiting. Consumption of excessively high concentration of potassium can disrupt 

cardiac and muscle function and irritate mucous membranes. 

 

 
 
 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<25 No health risk  No effect  

25-50 Insignificant health risk  Insignificant effect  

50-100 Slight health risk to sensitive 
groups 

Slight bitter taste  

100-500 Possible health risk  Bitter taste  

>500 Definite health risk to all  Extremely bitter taste  

Ideal Good Fair Poor Unacceptable 

Potassium (K) 
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General Information 

Sodium is an alkali metal highly soluble in water.  It is a constituent of table salt or 

sodium chloride. Sodium is an essential dietary element.  Levels of sodium in surface 

waters are generally low in areas of high annual rainfall and high in arid areas with low 

annual rainfall. Sodium concentration is also high in waste water due to addition of 

sodium chloride in foods and in runoffs from irrigated soils. Sea water has high sodium 

concentration at approximately 11g/l. 

 

Health Effects 

High sodium intake of sodium in babies can have negative health effects on the kidneys 

and the heart.  Water containing high sodium levels can exacerbate disease conditions 

such as high blood pressure, kidney and heart diseases.  

 
 

Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<100 No health risk  No effect  

100-200 Insignificant health risk  Insignificant effect  

200-400 Slight health risk to  
 sensitive groups 

Slight salty taste  

400-1000 Possible health risk in  
 sensitive groups 

Salty taste  

>1000 Definite health risk  Extremely salty taste  

 
 
 
 Ideal Good Fair Poor Unacceptable 

Sodium (Na) 
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General Information 

Sulphate is an oxygenated ion of sulphur and forms salts with elements such as 

potassium, sodium, magnesium etc. Sulphate is commonly found in water and comes 

from the dissolution of sulphates from soil and rock. It can also be deposited in water 

from sources such as tanneries and textile mills. Typical concentrations of sulphates in 

surface water is 5 mg/l and sea water above 900 mg/l 

 

Health Effects 

Elevated levels of sulphate give a salty or bitter taste to water and can result in acute 

health effects such as diarrhoea.  High concentration of sulphate can also corrode metal 

fittings in water distribution systems.  

 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<200 No health risk  No effect  

200-400 Insignificant health risk  Acceptable taste  

400-600 Slight risk of diarrhoea in  
 sensitive groups 

Slight bitter taste  

600-1000 Possible  riskof diarrhoea in  
 sensitive groups 

Bitter taste  

>1000 High risk of diarrhoea  Extremely bitter and salty 
taste 

 
 
 
 Ideal Good Fair Poor Unacceptable 

Sulphate (SO4) 
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General Information 

This is the sum of the calcium and magnesium concentrations expressed as mg/l of 

calcium carbonate.  The total hardness value indicates whether the water is soft or hard 

and relates to the ease or difficulty of lathering of soap. Temporary hardness can be 

reduced by boiling whereby permanent hardness cannot.  Total hardness is calculated 

from the calcium and magnesium concentrations as: 

Total hardness (mg CaCO /R) = 2.497 x [mg Ca/R] + 4.118 x [mg Mg/R] 

Health Effects 

Some total hardness is beneficial as it contributes to the essential elements of calcium 

and magnesium.  Individuals with a history of kidney stones and infants under one year 

of age should avoid waters with elevated total hardness.  

 
 

 
 
 
 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

  

0-100 No health risk  No effect  
(Soft water) 

100-200 No health risk  Slight scali ng of kettles   
(Moderately hard water) 

 

200-300 Insignificant health risk  Insignificant effects  
(Hard water) 

300-600 Possible chronic health risk  in 
sensitive groups  

Effect on taste  
(Very hard) 

>600 Chronic health risk in sensitive 
groups 

Strong taste  
(Extremely hard) 

Ideal Good Fair Poor Unacceptable 

Total Hardness (as CaCo3) 
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General Information 

Zinc is a grey metallic element. It is an essential nutritional trace element. The source of 

zinc in domestic water is from the leaching of galvanised plumbing and fittings. Typical 

concentration levels of inc in water is 0.015mg/l.  Zinc and zinc salts are widely used in 

galvanising, alloys; paint, cosmetics, pharmaceuticals and insecticides, thus waste 

deposits into water bodies from such industrial processes may elevate the levels of zinc 

in the environment.  

Health Effects 

Zinc concentrations that are normally found in water do not pose any negative health 

effects. At zinc concentrations above 20 mg/l, water will taste bitter and appear cloudy; 

at which point nausea and vomiting may occur.  

 

 
 

 

 
Range 
(mg/l) 

 
 

Drinking 

 

 

Appearance, taste & smell 

 

 

<3 No health risk  No health risk  

3-5 No health risk  Slight taste  

5-10 No health risk  Noticeable taste and milky 
appearance 

10-20 No health risk  Harsh (caustic) taste  

>20 Insignificant health ris k in 
sensitive groups 

Repulsive taste  

Ideal Good Fair Poor Unacceptable 

Zinc 
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13. ANALYTICAL QUALITY ASSURANCE 
 

13.1 Analytical Quality Control Procedures 

General quality control: 

Check media, filters, dilution water, glassware and equipment for sterility; use known 

positive and negative controls for each medium used; perform duplicate or triplicate 

analyses; and draw parallels between different analysts.  

Measurement of method precision: 

Calculate precision of duplicate or triplicate analyses for different types of water.  

Records and Data Reporting 

Microbiological records should be kept for at least five years. Information which should 

accompany results include: date; place; time of sampling; name of sample collector; 

identification of sample; date sample was received, person responsible for performing 

the analysis; analytical methods used; the raw data and the calculated results.  
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14. LABORATORY SAFETY 

A safe and healthy work place is the responsibility of the institution, the supervisory 

personnel and the laboratory personnel themselves. A safety conscious culture should 

be established in every working environment. The necessary personal protective 

equipment should be made available and used appropriately. The laboratory should be 

supplied with suitable emergency equipment such as fire extinguishers, alarm systems, 

eye wash and safety showers as required. This equipment should be inspected 

regularly to ensure that it is in good working order.  

14.1 Safety Equipment 

Fire extinguisher: 

There are different types of fire extinguishers.  The choice of fire extinguisher for a 

laboratory should be guided by its suitability to contain most types of fires.  

Safety shower: 

Safety showers are an basic part of a laboratory, especially where harmful acids, alkali 

or other liquids are used. It should be situated near a doorway with easy access, and it 

should be tested regularly.  

Eye wash: 

An eye wash bottle should be available in every laboratory, containing water ready for 

use. The bottle should be cleaned and the water should be replaced on a weekly basis.  

Storage facilities: 

It is important to know the properties of laboratory materials and chemicals, as well as 

the consequences of accidents such as spilling, fires or explosion. Store only small 

volumes of dangerous reagents in a laboratory, do not store chemicals that combine to 

form flammable, explosive or dangerous compounds together in the same laboratory.  

Safety wall chart: 

A safety wall chart of hazardous laboratory substances should be supplied in every 

laboratory, and the personnel should be acquainted with how to use it in an emergency.  
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Personal Protective Equipment 

For a water laboratory personal protective equipment includes gloves, laboratory coats, 

masks and automatic pipettes or bulbs to protect the inhalation of powdered chemicals. 

These should be used whenever necessary.  

Clothing: 

Clothing should be suitable for laboratory work and laboratory coats should be worn at 

all times whilst in the laboratory. 

Gloves: 

Different gloves should be used depending on the type of work performed i.e., working 

with hazardous liquids or hot materials. Use proper fitting gloves suitable to perform the 

task. 

Automatic pipette/bulb: 

Automatic pipettes or bulbs should be used in pipetting microbial cultures. Never mouth 

pipette. 
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15. DATA MANAGEMENT, REPORTING &  

      COMMUNICATION 
 

15.1 Data Management  
The Water Quality Data Management system should have facilities for: 

 

¨  Submission of water quality monitoring data. This submission must include 

manual records and or electronic capture with importing options; 

 

¨  Routine entry of all water quality monitoring data into the main WASH database. 

 

¨  Assessment and interpretation of drinking water quality data, including 

comparison of results with the national guidelines on drinking water quality. 

 

¨  Compiling tabular, graphical and spatial summary presentations of drinking water 

quality data. Spatial representation of water quality monitoring data will involve 

the preparation of maps that will allow stakeholders to locate their areas of 

interest, at national, state, counties, payams etc.  

 

¨  Allow on line access to all the sector partners and stakeholders on water quality 

monitoring information. 
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RWSS 
NGOs 
 

RWSS 
NGOs 

 

UWC 
RWSS 
NGOs 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 3:  An illustration of how WQ data can be supplied to the GoSS WASH  

                database from different administrative levels. 

 

15.2 Reporting 
Regular reporting is important to ensure that the relevant authorities receive information 

needed to make informed decisions about the management and regulation of drinking 

PAYAM 
BOMA 

VILLAGE 

 
COUNTY 

 
STATE 

WASH DATABASE 
 

GoSS 

¨  Field testing 
¨  Manual data capture 
¨  Weekly submission of  WQ data to 

Local Water Committee 

¨  Field testing 
¨  Manual/electronic  data capture 
¨  Weekly collection of  WQ data from 

payams, bomas, villages etc 
¨  Weekly submission of  WQ data to 

State WASH Database manager 

¨  Field/Laboratory testing 
¨  Manual/electronic data capture 
¨  Weekly submission of  WQ data 

to GoSS WASH Database 
manager 
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water quality.  Public reporting on drinking water quality ensures public accountability 

and transparency.  The following reports are recommended: 

Monthly Report.  

This is an operational monitoring report. It is a summary of the compliance of drinking 

water quality during the month. It is useful in assessing system’s performance, 

treatment process efficiency and infrastructure problems.  

 

An example of a simple spread sheet to monitor operations at a water treatment plant is 

given.  In the example below 10 samples from different points along a water distribution 

system are tested to investigate if they comply with the minimum specified physical, 

chemical and microbiological requirements for drinking water. The average monthly % 

compliant and % non compliant water sample can then be represented as a pie chart to 

reflect on the efficiency of the operation.   

 

 Table 3: An example of a spread sheet to monitor operations at a water treatment plant 

Day No. samples No. Compliant No. non compliant % compliance % Non compliance 
1 10 6 4 60 40 
2 10 7 3 70 30 
3 10 4 6 40 60 
4 10 8 2 80 20 
5 10 8 2 80 20 

% Monthly  average compliant & non compliant sample s   78 22 
 

 

Figure 4:  Pie chart representation of a monthly water quality report 

Monthly drinking water sampling & monitoring

78%

22%

% Compliant 

% Non compliant 
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Reports that reflect on specific parameters such as bacteriological sampling or chemical 

parameters to reflect on the efficiency on disinfection can also be drawn using simple 

spread sheets. 

 

Quarterly report  

This can serves as a consultative audit report that can be used by auditors to assess 

compliance of water supply agencies with the National Guidelines for the quality of 

potable water. These audits can be used to determine required regulatory intervention, 

assess progress with achieving drinking water quality compliance, and recommend 

funding where capacity is lacking. 

 

Annual Report  

This is the Stakeholder information report.  Annual reports summarise drinking water 

quality performance over the previous year.  The report should include targets for water 

services quality, performance against targets, and interventions undertaken to improve 

water services during the annual period.  Annual reports should be made available to 

consumers, regulatory authorities and stakeholders. 

 

15.3 Communication 
Communication with the community is essential for consumer confidence and drinking 

water supplier credibility.  Communication on water quality should be targeted to all the 

national, state, county and private stakeholders. Dissemination of water quality 

information to the community can make use of popular mainstream media such as radio 

or publication of simple brochures that give status reports on the quality of drinking 

water supplied.  This will have a major impact on the confidence and reputation of the 

water supply. Communication is particularly important in the even of an incident or 

emergency related to the water supply.  
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ANNEX 1: FIELD CHECKLIST FOR WATER QUALITY SAMPLING 
 

Equipment Tick 

Map indicating sampling locations  

Note book   

Pens, pencils and waterproof marker pens for labelling  

Water quality monitoring forms  

Data labels (if available)  

Cooler bag with ice packs  

Paper towels  

pH meter  

Turbidity meter  

Conductivity meter  

Temperature meter or thermometer  

Spare batteries (for field meters)  

Sterile glass bottles (microbiological tests)   

Clean plastic bottles (chemical tests)  
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ANNEX 2: DRINKING WATER QUALITY MONITORING FORM 

 
Footnote 1: 

1. Complete information and all water tests required for initial monitoring of new  water sources 
2. § = Testing is compulsory for routine monitoring of existing water sources 
3. ¥ =  Testing is recommended for routine monitoring of existing water sources 

          
 
 
 
 
 

 
Government of Southern Sudan 

Ministry of Water Resources and Irrigation.  GoSS-J uba. 
 

 
 

Directorate of Rural Water Supply and Sanitation 
 

WATER QUALITY MONITORING REPORT FORM 

Source Location   
 

 
Longitude: 

Village 
 

 
Latitude: 

Payam 
 

 
Sampled by: 
(Name of person/Organisation) 

County 
 

 
Date of sampling 

State 
 

 
Date of analysis 

LOCATION DESCRIPTION (rural, urban, dense settlemen t, agricultural areas, mining area etc.) 

 
 
 
 
 
Type of monitoring (Tick one):  
*See Footnote 1  

Initial monitoring for a new 
water source 
 

Routine monitoring for 
existing water source 
 

 
SOURCE TYPE  (tick as applicable)              �                                                                                  �  

House connection  Protected spring  

Yard tap  Unprotected spring  

Public standpipe  Rainwater collection  

Borehole/Hand-pump  Water tanker/truck  

Protected dug well  Surface water (river, dam, lake, pond, 
stream, canal, irrigation channel etc) 

 

Unprotected dug well  Other (Specify)  
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    Footnote 2: 
      1 To be tested at point of use where the pH is lower than 6 
      2 To be tested in endemic areas only 
      3 To be tested during outbreaks/epidemics only  
 
   RECOMMENDATION ON FITNESS OF USE: 
 
  ____________________________________________________________________________________________ 
 
 
  ____________________________________________________________________________________________ 
 
 
Signed (Laboratory Technologist)        _______________________________                    Date _____________________________ 
 
 
 
Signed (Laboratory Manager)              ______________________________                      Date _____________________________ 

AESTHETIC QUALITY/PHYSICAL PARAMETERS S. Sudan Max Permissible Limit (mg/L) 

Taste  Acceptable  

Odour  Acceptable  

Colour (NTUs)  � 15 

Appearance  Clear  

§ Turbidity (NTUs)  � 5.0  

§ pH  6.5    - 8.5  

¥ TDS (mg/l) 
 

� 1000  

§ Electrical Conductivity (mS/m)  1500  
 
CHEMICAL PARAMETERS (mg/l) 

 
S. Sudan Max Permissible Limit (mg/L) 

¥ Arsenic  � 0.05 

Cadmium1  0.003-0.005  

Calcium  80-150 

¥ Chloride  
200  

§ Chlorine (Residual) – For   
    treated water only 

 
0.2-0.6 

Copper1  1.5 

¥ Fluoride  1 

¥ Iron (Total)  0.5 

Manganese  0.4 

¥ Nitrate (NO3)  30  

Nitrite (NO2)  0.5  

Potassium  25-50 

Sodium  100 

Sulphate  200 

Total Hardness as CaCO3  200 

Zinc  3 

 
MICROBIOLOGICAL  PARAMETERS      

 
S. Sudan Max Permissible Limit (mg/L) 

¥ Total Coliforms  
   (counts/100ml)  <50 

§ Faecal coliforms  
   (counts/100ml) 

 <10 

Heterotrophic Plate Count (counts/ml)  <10 000 

Guinea worm larvae2  0 

Vibrio cholerae3   0 
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ANNEX 3: DRINKING WATER QUALITY GUIDELINES FOR S. SUDAN 
 

Parameter S. Sudanb GV (mg/L) 

Physical   

Taste Acceptable  

Odour Acceptable  

Colour (NTUs) � 15 

Appearance Clear  

Turbidity � 5.0  

pH 6.5    - 8.5  

TDS � 1000  

Conductivity 1500  

 Chemical   

Aluminium 0.2  

Antimony 0.005  

Arsenic � 0.05 

Barium 0.7  

Boron 0.5  

Cadmium 0.003-0.005  

Calcium 80-150 

Chloride 200  

Chlorine (Residual) 0.2-0.6 

Chromium 0.05  

Copper 1.5  

Cyanide 0,05  

Fluoride 1  

Iron (Total) 0.5  

Lead 0.01  

Magnesium 30-70 

Manganese 0.4  

Mercury (Total) 0.006  

Molybdenum 0.07  

Nickel 0.07  

Nitrate (NO3) 30  

Nitrite (NO2) 0.5  

Potassium 25-50 

Selenium 0.01  

Silver 0.1  

Sodium 100 

Sulphate 200  

Total Hardness as CaCO3 200  

Uranium (DU) 0.015 
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cfu =  colony forming units                                              GV = Guideline Value                     ND = Not Determined     NS =  Not Specified                                                      
mg/l =   milligram per litre                                               ml = millilitre 
 
 

 
 

Zinc 3  

Microbiological   

 
 

Permissible 
compliance 
contribution (100%)   

 
 

 
95%
min 

4% 
max 

1% 
max 

 
Total Coliforms  
(cfu/100ml) 0 

 
 

0 
 

0 10 50 

 
Clinical infections unlikely in healthy 
adults, but may affect some sensitive 
groups. 

Faecal Coliforms 
(cfu/100ml) 0 0 0 1 10 

Clinical infections unlikely in healthy 
adults, but may affect some sensitive 
groups. 

Heterotrophic 
Plate Count 
(cfu/1ml) NS  NS 100 

100
0 

1000
0 

Useful in assessing the effectiveness of 
treatment and disinfection. 

 Guinea worm 
(Cyclops) NS  NS  0 0 0 

The presence of one infective cyclop in 
drinking water has the potential to start an 
outbreak 


