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Introduction

Introduction

Welcome to the manual “An Introduction to Drinking Water Analysis”.

Within these pages, you will find the instructions and literature that you will need

in order to accomplish the next three days.

As the manual includes only the material for different workshops and tasks, you

will not be able to work through the manual without the instructions of your

assistant. So please listen closely and full fill the instructions given as responsible

and precise as possible.

1.1 Set-Up of the Manual

The lab days and therefore the manual contains material for three different days

and is divided into three chapters plus a glossary and bibliography section at the

end.

Within the chapters you will find two different box types and a highlighted

instruction:

• Yellow highlighting:

If a text is highlighted in yellow, you are not allowed to go on without getting

instructions from your assistant.

• Orange boxes = learning expectations

This box tells you what you are supposed to learn during the next unit.

Please read the learning expectations carefully BEFORE starting!
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• Blue boxes = task boxes

This box contains the tasks you need to accomplish during the next

unit. Solutions are provided in the solution section at the end of each

day.

1.2 Set-Up of the Laboratory

The lab is structured to be done in 3 days. The following graphic gives an overview

of the different parts of water analysis that you are going to accomplish on the

respective day.

1.3 Safety Instructions

Please, always wear a lab coat and safety goggles whenever you do an experiment

or an analysis, as they grant the best protection for your eyes and your skin.

Also be as responsible and precise as possible during the analysis. The amount

of chemicals used might be little, but it can still be harmful if handled without

caution.
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Day I - Physical Property Workshops

Day I - Physical Property Workshops

Please do NOT start working before your lab assistant

has explained the work strategy to you and your group!

1.1 Workshop I - General Information & Observable

Physical Properties

Learning expectations:

• Discuss the importance of observable properties testing (especially of

temperature).

• List key observable properties of drinking water and how to test for

them.

20 min
Using your senses in order to judge water quality and the safety of drinking

water sounds at first like a good idea. To a certain degree, that is definitely true.

However, you need to be careful, as most health threats can not be measured by

observation.

Please read through this section together and explain and discuss the theory.

After finishing, answer the questions in the task box at the end of this section.

5



Day I - Physical Property Workshops

The physical properties that can be observed by human senses are:

smell moldy, organic, rotten, sweet

taste bitter, sweet, salty, minerals, organic

feel temperature

sight colour and turbidity

These properties should be noticed. However, as already mentioned, you can

not judge by pure observation whether drinking a sample of water is a potential

health risk or not. However, these senses are rather important because they can

indicate and influence chemical and microbiological properties and for aesthetic

purposes (e.g. people do not like to drink muddy water).

Colour, Taste, Odour and Turbidity

Colour can be judged by visual evaluation. It is in general caused by organic

matters and metals (iron, manganese, copper). The colour of water may have an

effect on measuring the turbidity of water.

Turbidity is caused by suspended solids, such as sand, silt and clay. The floating

particles reflect light, which makes the water look dirty or cloudy.

Taste and odour do not have a direct influence on a potential health risk. However,

they may be indicators for contamination, especially if a change of taste or odour

of water happens quickly. In order to measure smell, do not breathe in directly.

Instead, use your hand and fan the scent towards your nose.

Never taste water when you are not sure whether it is safe or not!

Temperature

Temperature is measured with the help of a thermometer in Celsius or Fahrenheit.

Over the next few days, we will use the unit degrees Celsius [◦C]. Temperature in

water quality testing is mainly used as a reference value as the results of measured

data vary with the temperature. This is because temperature influences reaction

rates and the solubility of gases. For example, it can increase or decrease the

growth of micro-organisms and influence the solubility of oxygen in water.

The temperature of natural waters varies with the seasons. In summer, the water
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is warmer, which favours the growth of micro-organisms. It is also influenced by

the influx of cooling or sewage water.

Please take turns asking and answering the following questions. There is one

question for each person in your group, so please make sure that everyone

gets a chance to speak:

• What properties can be measured via observation?

• Why do they need to be measured and what can they be indicators for?

• Why is it especially important to measure and record water tempera-

ture?

Answers are provided on p. 19
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1.2 Workshop II: pH Value

Learning expectations:

• Discuss the importance of the pH value for the quality of water.

• Name the main influences on the pH value.

• Measure the pH value autonomously.

50 min
This workshop is structured in two parts. The first part gives you the theoretical

background that you need in order to understand the impact of the pH value on

water quality. During the second part, you will learn how to measure the pH value.

Work through the first part and answer the discussion questions at the end.

After completing the theory part, do your own pH value analysis.

1.2.1 pH Value and its Influence on Water Quality

General Definition

The pH value is defined as "the negative logarithm to base 10 of the hydrogen ion

activity
(

molL−1
)

and is 7.0 in pure water (neutral point)." [1]

The pH value scale extends from 0 to 14. If the pH value is 7, the liquid is

considered to be neutral. If it is below 7 it is called acid, above 7 it is called

alkaline.

Water Analysis

In natural waters the pH value is the result of its contents and their buffering

effect. Therefore, the pH value is seen as a measure of the aggressiveness of water

to concrete and steel and its influence on the flora and fauna of surface water

and sewage plants.

Its pH value is usually between 6.5 and 8.5 at a temperature of 25 ◦
C. Please

be careful about comparing different pH values, as the pH value is influenced by
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temperature. A comparison is only valid if the temperature during analysis was

the same.

As the pH value is directly linked to the contents of water, it can be an indicator

for contaminations, up to a certain extent:

Domestic sewage has a neutral or slightly alkaline pH value, whereas industrial

sewage has an acidic pH value. Salts of anions of weak acids and strong bases

(e.g. alkaline metal carbonates) increase the pH value, salts of cations of strong

acids and weak bases (e.g. CaCl2, MgCl2) decrease the pH value.

These are the main influences on the pH value in natural waters. The next

paragraphs will explain the influence that the pH value has on the environment

and our daily life.

First of all, there is the impact on concrete. If the pH value is below 5 it is very

harmful to concrete. Consequently, water with a pH value below 5 damages

houses and other buildings.

Secondly, we need to consider the impact that the pH value has on the pipes the

water is flowing through. One of the components of natural water is carbonic

acid. If the pH value is too high, lime starts to deposit. A thin layer of lime on the

inside of the pipes is good as it protects the pipes from corrosion. However, if the

pH value is too high, the layer of lime blocks the pipes. If the pH value is too low,

there will not be any protective layer and the pipes can be damaged by corrosion.

Finally, there is the impact that the pH value has on flora and fauna. With a pH

value lower than ≈ 4 and higher than 10, all fish die. There are also a lot of

plants that need a specific pH value in order to grow properly.
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Before you move on to do your first pH value analysis, please answer the

following study questions. There is one question for every group member, so

please make sure that all of you get a chance to speak.

• What is the pH value in general? Explain also the pH-value scale.

• What is the definition of the pH value in water analysis? Which are the

influences?

• How does the pH value influence the environment? Please discuss

which pH value of water you would consider to be best for the environ-

ment.

Answers are provided on p. 19

For further and more detailed information about the pH-value in general and

about its importance in water quality testing, please consult:

Andrews, J.E., Brimbleombe, P., Jickells T.D., and Liss, P.S.: An Introduction to

Environmental Chemistry. Blackwell Science, Oxford, 2004. (Especially ch. 3.6

and 5.3).

1.2.2 How to Analyse the pH Value

This is the practice-oriented part of the workshop, where you will learn how to

work with the meter.

Set up the work environment and ask your assistant to explain the pH-meter

to you.

Materials needed:

• pH Meter

• pH Electrode

• Sample container with screw cap

10



Day I - Physical Property Workshops

• One large pipette tip

• Deionized water

Setting up the work environment

Fill the sample container to approximately 3/4 full with tap water and have the

other items of the material ready. Afterwards, ask your assistants to explain the

set up of the meter and the analysis steps to you.

Please do NOT start working before your lab assistant

has explained the work strategy to you and your group!
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Experiment Instructions

1. Measure the pH value of the tap water

2. Close the container with the screw cap and shake for one minute

3. Open the lid, measure again and record the value. To notice a significant

change, you might have to shake it another time

4. Blow as much air as you can into the water with the help of the pipette tip:

5. Measure and record the pH value again

6. Clean and dry the used materials and store the meter properly

This experiment shows in an exaggerated way what happens if a sample probe is

stored with a screw cap or shaken during transport.
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Please keep the experiment and the recorded results in mind and answer the

following study questions.

• What happens if the probe is shaken during transport or stored without

a screw cap?

• When should the pH value be measured during analysis?

• How do you set up the meter? What do you need to be careful about

while measuring?

Answers are provided on p. 19
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1.3 Workshop III - Electrical Conductivity

Learning expectations:

• Discuss the importance of the electrical conductivity value for the

quality of water.

• Name the main influences on the electrical conductivity value.

• Analyse the electrical conductivity value autonomously and interpret

the results

50 min
This workshop is set up a little different than the one on pH value. The theory

part is rather short. Instead, the experiment is longer.

Work through the first part quickly.

Afterwards, read the experiment instructions carefully, set up the work

environment and run the experiment.

Answer the study questions at the very end.

1.3.1 Basic Knowledge about Electrical Conductivity

General Definition

The electrical conductivity is defined as "‘the measure of the amount of electrical

current a material can carry"’ [2].

In liquids, the electrical current is conducted via anions and cations, in metals via

electrons. To illustrate, have a look at the figure below:
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The cations (+) migrate towards the negative electrode, the anions (-) towards

the positive electrode. The solution is herewith called an electrical conductor. In

order to measure the electrical conductivity, you have to measure the electrical

current flowing between these two electrodes.

The symbol for the electrical conductivity is κ, it has the unit [Scm
−1].

Water Analysis

Within the context of water analysis the electrical conductivity is defined as a sum

property for dissolved and dissociated compounds. Its value depends on the de-

gree of dissociation of the different compounds and the ion concentration in water.

1.3.2 Measuring the Electrical Conductivity

At this point, the workshop will become more practice-oriented.

Before starting, please set up the work environment as follows:

Materials needed:

• Conductivity Meter

• Conductivity Electrodes

• Deionized Water
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• Spatula

• Olive Oil

• Soil

• Common Salt

• 3 Sample Containers

• Workshop Cards (blue folder)

Setting up the work environment

Set up the work environment as you can see it in the picture:

Please ask your assistant to explain the conductivity-meter to you.

Please do NOT start working before your lab assistant

has explained the work strategy to you and your group!
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Experiment Instructions:

1. Clean and dry the three sample containers thoroughly.

2. Fill the three sample containers to approximately 1/2 full with deionized

water and place each container on one of the sample cards, as shown below

3. Measure and record the electrical conductivity value in a table. The one

below is an example table. Do not write into the manual, but create your

own on your note pad:

Salt Soil Olive Oil

Deionized Water — — —

Conductivity

+ Substance — — —

Conductivity

4. Add a spatula-tip full of salt and earth and a drop of olive oil to the respective

containers.

5. Stir each probe. Make sure to clean the spatula before you use it for stirring

the next probe.
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6. Measure and record the electrical conductivity of each container again.

7. Place the probe theory-cards according to their electrical conductivity value

along the conductivity scale.

8. Match the theory cards with the help of the information that is given on

them.

9. To check your solution, turn the cards around. You have matched the cards

correctly if the patterns match.

10. After you are finished, please clean and store the material properly.

Please answer the following study questions. Some can be answered with

the help of the given information, some need to be discussed and judged by

the outcomes of the experiment:

• What is the definition of electrical conductivity in general and what

does it tell you about water quality?

• Discuss whether measuring electrical conductivity is helpful for the

analysis of drinking water or not. To do so, take the values you have

recorded into consideration and have a look at the values given on the

conductivity scale.

• What does the electrical conductivity value tell you with regard to

water quality?

Answers are provided on p. 19

If you would like to know more about electrical conductivity, please consult

T. Engel, P. Reid: Physical Chemistry. Pearson, 2014. Chapter 10.
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1.4 Solutions Day I

Study questions p.7

Question 1:

Smell, Taste and Colour. Up to a certain extent also temperature and turbidity.

Question 2:

They need to be measured, because they can be indicators for contaminations

and health risks. They also need to be measured for aesthetic purposes.

Question 3:

Because temperature influences reaction rates and the solubility of gases. Hence

it needs to be recorded as reference value.

Study questions p.10

Question 1:

pH =−logaH

The neutral point has the pH value of 7. A value lower than 7 is considered acidic

(e.g. orange juice), a value higher than 7 is called alkaline (e.g. detergents).

Question 2:

The pH value is the result of the contents of water and their buffering effect. In

drinking water it is the result of the equilibrium between lime and carbonic acid.

Salts of anions of weak acids and strong bases increase the pH value, Salts of

cations of strong acids and weak bases have a decreasing effect.

Question 3:

A pH value lower than 5 is harmful to concrete. If the pH value is too high, pipes

are blocked due to the deposition of lime. If it is too low, the protective layer is

removed and the pipes are damaged by corrosion. The best pH value would be

between 6.5 and 8.5 ([1]).
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Study questions p. 13

Question 1:

Shaking increases the pH value (the water gets more alkaline), blowing air (the

influencing property is mainly CO2) into the water decreases the pH value.

Explanation: As mentioned, carbonic acid is part of the contents of water. Shaking

the probe sets CO2 free. By blowing air into the water, CO2 is dissolved again and

makes the probe more acid. This also happens if the lid is not closed, until the

equilibrium is balanced.

Question 2:

As storing and transporting changes the pH value, it should be measured before

transport, directly after sampling the probe.

Question 3:

Connect the electrode and the meter as follows:

In between measurements, the electrode needs to be rinsed with deionized water.

It should be stored in a 3 M KCl solution.

The electrode needs time to adjust to the new pH value. The value can be recorded

if the “AR” symbol at the bottom right corner of the display is constantly visible:
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Study questions p.18

Question 1:

Electrical conductivity is the measure of the amount of electrical current a material

can carry. Hence, with regards to water, it is the sum property for dissolved and

dissociated compounds.

Question 2:

No, that is not possible. If the electrical conductivity value is higher than 2790

µScm−1 it is considered to be no longer drinkable, because the amount of dissolved

or dissociated compounds is too high, and the risk that there is a dangerous

compound is too high. However, if the electrical conductivity value is below 2790

µScm−1 and there are pathogens in the water, it is also not drinkable without

health risk.

Question 3:

It is a property for the "pureness" of the water with respect to dissolved and

dissociated compounds. Hence, if the electrical conductivity value is higher than

zero it is a sign that there are compounds in the water that should be analysed.

Furthermore, if the electrical conductivity of a water source changes, it is a

indication of a change in the water quality. Therefore, conductivity is used to

monitor water quality.
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Day II - Analysis of Chemical

Properties

1.1 What to Expect

The second day will be all about analysis with photo- and spectrometers.

Learning expectations:

• Working as a team

• Designing a poster

• Planning a presentation with the help of literature

• Working carefully and autonomously

• Autonomous analysis of the respective properties

You will work in different groups than yesterday. You and your group are expected

to prepare a presentation of your specific topic and present it to the other groups

at the end of the day.

Please listen carefully to the instructions and ask your assistant for help if you are

unsure of what to do.
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1.2 Fluoride & Turbidity

1.30 h
What to expect:

Your group will gain basic knowledge about the impact of fluoride-ions as a

content of water on water quality and health. You will also learn basic knowledge

about turbidity and do an analysis of fluoride and turbidity with the help of a

photometer.

At the end of the day, you will be expected to present the newly learned knowl-

edge to your fellow students.

Please read through the work instructions and prepare the topic carefully,

as it is up to you, how good the analysis of fluoride and turbidity will work

tomorrow.

Work Instructions:

• Read the study questions below and answer them with the help of the

literature provided.

• Create a 10 min presentation about your topic. The presentation should

include the answers to the study questions.

• In order to present your topic to the other students, please prepare a poster.

A guideline for creating a clear poster is provided in the literature section.

An example poster can be found in the solution section of Day II (p. 59).

Please do not just copy it! Rather use it to make sure that you did not leave

out important facts on your own poster.

• Make a fluoride and a turbidity analysis yourself, with the help of the

analysis instructions on page 34.
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Study Questions:

1. Fluoride

• What is the origin of the fluoride ions?

• What are the potential health effects of fluoride?

• Are there any WHO guidelines?

• How does the analysis work?

• How are the chemicals disposed after the analysis?

2. Turbidity

• What is the definition of turbidity?

• Where does turbidity originate from?

• What effect does turbidity have on water quality?

• Are there any WHO guidelines?

• How does the analysis work?
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Day II - Analysis of Chemical Properties

Guidelines for Creating a PosterI

(A translation is provided on page 28.)

1. In general

A poster should convey information in a clear and understandable way.

Therefore, it should not be completely filled with information. Think about

the purpose of each element and make sure, that every element is as concise

and organized as possible.

2. Creating the poster

• Research the information you would like to convey with your poster.

Read through the literature provided, answer the study questions and

decide on what has to be on the poster and what can be explained with

words during your presentation.

• Think about the format. Would you like to use landscape or portrait

format?

• Discuss in your group the best way for organizing the information.

• Arrange the information on the poster. For this, you could do the first

draft on a A4 paper (1 in the graphic below). You could also cut papers

into pieces and write the information on it, so that you can move it on

the poster until it fits (2 in the graphic below).

• Proofread the texts, before you write them on the poster.

• Make sure that you have included the answers to every study question.

• Either write and draw everything directly on the poster or glue the

paper pieces on it.

IThese guidelines are adapted. If you would like to have more guidelines, please have a look at:
https://www.clarku.edu/offices/its/academictechnology/documents/Guidelines-for-Poster-
Design-2013.pdf
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3. Design help

• Think about the title, subheadings, texts and graphics. The title should

state the topic of your research. Subheadings indicate different sections

of your topic.

• Each answer to the discussion questions should have its own separate

space.

• Heading and subheadings should be readable from a few steps away.

• The caption of every graphic should be below the picture.
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• Use numbers, letters or arrows, so that the reader knows where to

start.

• Signal which pieces of information belong together by using boxes,

headings or other separation devices.

4. Don’ts

• Do not use more than 3 colours!

• Do not write your heading in all capital letters.

• Do not fill every single space that is available with information. Leave

some blank space.

• Do not include graphics without purpose.
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LiteratureII

IIThe literature is adapted and to be found in its original form in [3], [4], [5].
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Analysis Instructions:

Do NOT start the analysis before your lab assistant has

explained the photometer to you and your group!

Fill tap water into one of the sample containers and use it for the analysis.

FluorideIII

Please mark the tube that you have used. Place the tube back into the storage

box after you have finished the analysis.

IIIGraphik by courtesy of Macherey-Nagel.
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NEVER mix the content of the fluoride test tube with the content of the ni-

trate test tube!!

Turbidity

1. Calibration (only once)

2. Analysis:

Perform only steps 1 and 6 of the calibration instruction
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1.3 Nitrogen Compounds & SAC Value

1.30 h
What to expect:

Your group will gain basic knowledge about the impact on water quality and

health of nitrogen ions as a content of water. You will also learn basic knowledge

about the SAC value and do an analysis of nitrogen ions and the SAC value with

the help of a photometer and a spectrometer.

At the end of the day, you will be expected to present the newly learned knowl-

edge to your fellow students.

Please read through the work instructions and prepare the topic carefully as

it is up to you how good the analysis of nitrogen compounds and the SAC

value will work tomorrow.

Work Instructions:

• Read the study questions below and answer them with the help of the

literature provided.

• In order to present your topic to the other students, please prepare a poster.

An example poster can be found in the solution section of Day II (p. 59).

Please do not just copy the solution! Rather use it to make sure that you

did not leave out important facts on your own poster.

• Make an analysis of nitrate ions yourself, with the help of the analysis

instructions on page 46.

Study Questions:

1. Nitrate

• What is the origin of the nitrate ions?

• What are the potential health effects of nitrate?

• What is a high concentration of nitrate associated with?

• Are there any WHO guidelines?
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• How does the analysis work?

• How are the chemicals disposed after the analysis?

2. SAC Value

• What is the definition of the SAC value?

• What does it indicate?

• How does the analysis work?
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Guidelines for Creating a PosterIV

(A translation is provided on page 41.)

1. In general

A poster should convey information in a clear and understandable way.

Therefore, it should not be completely filled with information. Think about

the purpose of each element and make sure, that every element is as concise

and organized as possible.

2. Creating the poster

• Research the information you would like to convey with your poster.

Read through the literature provided, answer the study questions and

decide on what has to be on the poster and what can be explained with

words during your presentation.

• Think about the format. Would you like to use landscape or portrait

format?

• Discuss in your group the best way for organizing the information.

• Arrange the information on the poster. For this, you could do the first

draft on a A4 paper (1 in the graphic below). You could also cut papers

into pieces and write the information on it, so that you can move it on

the poster until it fits (2 in the graphic below).

• Proofread the texts, before you write them on the poster.

• Make sure that you have included the answers to every study question.

• Either write and draw everything directly on the poster or glue the

paper pieces on it.

IVThese guidelines are adapted. If you would like to have more guidelines, please have a look at:
https://www.clarku.edu/offices/its/academictechnology/documents/Guidelines-for-Poster-
Design-2013.pdf
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3. Design help

• Think about the title, subheadings, texts and graphics. The title should

state the topic of your research. Subheadings indicate different sections

of your topic.

• Each answer to the discussion questions should have its own separate

space.

• Heading and subheadings should be readable from a few steps away.

• The caption of every graphic should be below the picture.
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• Use numbers, letters or arrows, so that the reader knows where to

start.

• Signal which pieces of information belong together by using boxes,

headings or other separation devices.

4. Don’ts

• Do not use more than 3 colours!

• Do not write your heading in all capital letters.

• Do not fill every single space that is available with information. Leave

some blank space.

• Do not include graphics without purpose.
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LiteratureV

VThe literature is adapted and to be found in its original form in [4], [1].
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Analysis Instructions:

Do NOT start the analysis before your lab assistant has

explained the photometer to you and your group!

Fill tap water into one of the sample containers and use it for the analysis.

NitrateVI

Please mark the tube that you have used. Place the tube back into the storage

box after you have finished the analysis.

NEVER mix the content of the nitrate test tube with the content of the fluo-

ride test tube!!

VIGraphik by courtesy of Macherey-Nagel.
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SAC Value

Please ask your assistant to explain the spectrometer and the analysis steps to

you and your group.
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1.4 Water Hardness

1.30 h
What to expect:

Your group will gain basic knowledge about the impact on water quality and

health of water hardness. You will also learn basic knowledge about diluting a

sample and do an analysis of water hardness with the help of a photometer.

At the end of the day, you will be expected to present the newly learned knowl-

edge to your fellow students.

Please, read through the work instructions and prepare the topic carefully, as

it is on you, how good the analysis of hardness will work tomorrow.

Work Instructions:

• Read the study questions below and answer them with the help of the

literature provided.

• In order to present your topic to the other students, please prepare a poster.

An example poster can be found in the solution section of Day II (p. 59).

Please do not just copy the solution! Rather use it to make sure that you

did not leave out important facts on your own poster.

• Make an analysis of hardness yourself, with the help of the analysis instruc-

tions on page 57.

• Perform a dilution of the sample if necessary.

Study Questions:

1. Water Hardness

• What is water hardness?

• What impacts does hard water have on human health?

• What are indications of hard water?

• How does the analysis work?
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• How are the chemicals disposed after the analysis?

2. Dilution

• When is a dilution of the sample necessary?

• How do you dilute the sample?

• How do you enter the dilution into the photometer?
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Guidelines for Creating a PosterVII

(A translation is provided on page 53.)

1. In general

A poster should convey information in a clear and understandable way.

Therefore, it should not be completely filled with information. Think about

the purpose of each element and make sure, that every element is as concise

and organized as possible.

2. Creating the poster

• Research the information you would like to convey with your poster.

Read through the literature provided, answer the study questions and

decide on what has to be on the poster and what can be explained with

words during your presentation.

• Think about the format. Would you like to use landscape or portrait

format?

• Discuss in your group the best way for organizing the information.

• Arrange the information on the poster. For this, you could do the first

draft on a A4 paper (1 in the graphic below). You could also cut papers

into pieces and write the information on it, so that you can move it on

the poster until it fits (2 in the graphic below).

• Proofread the texts, before you write them on the poster.

• Make sure that you have included the answers to every study question.

• Either write and draw everything directly on the poster or glue the

paper pieces on it.

VIIThese guidelines are adapted. If you would like to have more guidelines, please have a look at:
https://www.clarku.edu/offices/its/academictechnology/documents/Guidelines-for-Poster-
Design-2013.pdf
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3. Design help

• Think about the title, subheadings, texts and graphics. The title should

state the topic of your research. Subheadings indicate different sections

of your topic.

• Each answer to the discussion questions should have its own separate

space.

• Heading and subheadings should be readable from a few steps away.

• The caption of every graphic should be below the picture.
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• Use numbers, letters or arrows, so that the reader knows where to

start.

• Signal which pieces of information belong together by using boxes,

headings or other separation devices.

4. Don’ts

• Do not use more than 3 colours!

• Do not write your heading in all capital letters.

• Do not fill every single space that is available with information. Leave

some blank space.

• Do not include graphics without purpose.
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LiteratureVIII

VIIIThe literature is adapted and to be found in its original form in [6].

55



Day II - Analysis of Chemical Properties

56



Day II - Analysis of Chemical Properties

Analysis Instructions:

Do NOT start the analysis before your lab assistant has

explained the photometer to you and your group!

Fill tap water into one of the sample containers and use it for the analysis.

Dilution

Earlier analyses have shown that the hardness of the drinking water fountain is

out of the range of the test tubes. Therefore, you need to dilute the sample with

distilled water before you start the analysis.

Use a pipette in order to mix 1 part of sample probe and 5 parts of distilled

water in a new, clean and rinsed (3 times) sample container. Swivel the container

carefully until the two waters have mixed. Then start the analysis with the diluted

probe.

Analysis - Water Hardness

1. Dilute sample (1+5)

2. Total hardness

Add 1 x Nanofix R2 to the test tube, shake the tube and wait for 2 min. Add

200 µL of the diluted sample, shake and clean the tube and wait for 1 min

until measuring with method 043-1. Afterwards, press F3 and enter the

dilution factor.

3. Calcium

Switch to method 043-5 (with the arrow keys), add 200 µL R3, shake and

clean the tube. Press “Null Zero” and measure after 1 min. Record the

result.

4. Magnesium

Switch to method 043-6 and measure again. Record the result.
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Please mark the tube that you have used. Place the tube back into the storage

box after you have finished the analysis.
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1.5 Solutions Day II

Study questions p.24

1. Fluoride

• Fluoride in water is associated with volcanic activity, agriculture and

granite rock polishing industries and industrial production of phos-

phate fertilizers. Another source is granite

• In concentrations lower than < 1.5 mg/L fluoride strengthens peoples

teeth and prevents decay. However, in higher concentrations it causes

dental and skeletal fluorosis.

• WHO Guideline: < 1.5 mg/L

• Analysis:

Prepare test tube as follows:

a) Add 2 mL of sample

b) Shake the test tube

c) Clean the outside with a dry and clean cloth

d) Wait for 15 minutes

Photometer Method 040:

Enter test tube, press "M" and record the result

• Disposal:

2. Turbidity

• Turbidity is a term for the "dirtiness" of water, caused by suspended

solids floating in water. Light reflects off the particles which makes the

water look cloudy. It is measured in NTU.

• The particles are from plants, animals, earth, or chemical compounds,

caused by heavy rain, algal bloom or human activities.

• Turbidity can be an indicator for poor water quality as it is associated

with microbiological contamination.
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• There are no WHO guidelines for turbidity. However, the World Health

Organization suggests that the turbidity should be below 1 NTU for

aesthetic reasons.

Sample Poster Fluoride & Turbidity

Please note, that there are many possibilities to design a poster. This is only a

suggestion.

Study questions p.36

1. Nitrate

• Nitrate sources are faeces from human and animals, dead waste water,

fertilizer, septic systems and decaying plants.

• Can cause “blue baby syndrome”, which is especially risky for infants

< 6 months.

• A high concentration of nitrate is associated with microbiological con-

tamination and thereby a hazard to human health.

• WHO guideline: < 50 mg/L (short-term exposure)
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• Analysis: Method 064-1

2. SAC Value

• SAC = Spectral Absorption Coefficient. It is a quantitative detection of

humic substances that absorb UV by 254 nm.

• The SAC value of a water source is usually steady. If the SAC value

changes, it might be because of a change in water quality.

• Analysis instructions are on the wall above the spectrometer.

• Disposal: As the content of the cuvette is only water, pour it down the

drain and clean and dry the cuvette with a clean and soft cloth.

Sample Poster Nitrate & SAC Value

Please note that there are many possibilities to design a poster. This is only a

suggestion.
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Study questions p.48

1. Water Hardness

• Hard water is high in dissolved minerals, especially in calcium Ca2+

and magnesium Mg2+.
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• It contributes a small amount toward the total Ca2+ and Mg2+ human

dietary needs.

• Spotted dishes and glasses, a film on shower walls, bathtubs and sinks,

forming of scales if heated, clogged pipes.

• Disposal:

2. Dilution

• If the concentration of chemical compounds is too high.

• x parts of distilled water added to y parts of sample probe.

• Do the first analysis, than press F3 before the next measurement. The

dilutions are always entered as 1 part sample + x parts distilled water.

Sample Poster Hardness & Dilution

Please note that there are many possibilities to design a poster. This is only a

suggestion.
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Day III - Water Analysis in Action

1.1 What to Expect

The third day will be all about sampling, recording and analysing.

Learning expectations:

• Taking a sample probe

• Recording the results carefully

• Working carefully and autonomously

You will work autonomously in the same groups as on day one, after your assistant

has explained and demonstrated the data recording form and the procedure of

sampling a probe to you. Please listen carefully to the instructions and ask your

assistant for help if you are unsure what to do.
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1.2 Sampling and Analysing a Water Sample

Your assistant will demonstrate and practice the procedure with you.

Do NOT start working, before your lab assistant has

explained the work strategy to you and your group!

After you get the data recording form, please perform the analysis on your

own. However, your assistant will be ready to answer questions or lend a

hand whenever necessary.

Do not forget that the pH value and the electrical conductivity have to be

measured and recorded right after taking the sample, so take the boxes with

you.

A short overview of the steps is provided below.

Steps of Analysis

1. Prepare the material needed for sample taking and on-site analyzing:

• Sample container 500 mL

• pH meter

• Electrical conductivity meter

• Distilled water

• Tissues

• Additional sample container for cleaning procedures

• Label sample container

• Data recording form

2. Clean the container and rinse it with distilled water

3. At the drinking water fountain:

• Taking the sample
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• Measurement and recording of the pH value and the electrical conduc-

tivity. Use the additional container to clean the electrodes.

• Clean and store the meters properly

• Take everything back to the lab

4. Prepare the material needed for the analysis in the lab:

• Photometer

• Test tubes for nitrate, hardness, fluoride and turbidity

• Data recording form

• Sample

• Pipette with tips

5. In the lab:

• Perform the analysis of fluoride, nitrate, hardness (do not forget the

dilution!) and turbidity and record the results

• Measure the SAC value with the help of the spectrometer and record

the results

• Clean the devices and place everything in the lab box carefully. Please

make sure that nothing gets damaged and that the material is complete.

If not, call your assistant.
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Glossary

Contamination Pollution of water due to human or natural causes.

Drinking WaterIX Safe drinking water does not represent any significant

risk to health over the lifetime of consumption, including

different sensitivities that may occur between life stages.

It should be free of pathogens, low in concentrations of

toxic chemicals, clear and - for aesthetic reasons - taste-,

odour- and colourless.

Electrical Conduc-

tivity

Within the context of water analysis the electrical con-

ductivity is defined as a sum parameter for dissolved and

dissociated compounds. It therefore indicates contamina-

tion of water of an ionic nature.

Hardness of

Water

Hardness in drinking water is defined as those minerals

that are dissolved in water having a positive electrical

charge. The primary components of hardness are calcium

(Ca2+) and magnesium (Mg2+) ions. Dissolved iron (Fe2+)

and manganese (Mg2+) also satisfy the definition of hard-

ness, but typically make up only a very small fraction of

total hardness.X

Health The well being of a human or animal. It is strongly influ-

enced by the quality of water, as contaminations of water

such as bacteria or chemical compounds can cause illness

and diseases.
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Minerals

(Nutrition)

Any of the inorganic elements, such as calcium, iron, mag-

nesium, potassium, or sodium, that are essential to the

functioning of the human body and are obtained from

foods or water.XI

pH Value pH is a measure of the acidity or alkalinity of water. The

pH of drinking water generally lies between 6.5 and 8.0.

Water at 25 ◦C with a pH less than 7.0 is considered acidic,

while a pH greater than 7.0 is considered basic (alkaline).

When the pH level is 7.0, the water is considered to have

a neutral pH.

SAC Value The spectral absorption coefficient. At a wavelength of

254 nm it is a quantitative detection of humic substances

and is used in order to control water quality.

Sewage Waste material (such as human urine and feces) that is

carried away from homes and other buildings in a system

of pipes [7].

Turbidity The "cloudiness" or "dirtiness" of water. Turbidity is caused

by suspended solids, such as sand, silt and clay, floating

in water. Light reflects off these particles, which makes

the water look cloudy or dirty. High levels of turbidity

are usually associated with high levels of microbiological

contamination. It is measured in nephelometric turbidity

units (NTU).

World Health

Organisation -

WHO

The World Health Organisation (short: WHO) is part of the

United Nations (UN) and focuses on international public

health. Among others, it writes the Guidelines for Drinking

Water Quality (2011) to protect public health and help

make sure that people are drinking safe water around

the world. The WHO Guidelines cover microbiological,

chemical and physical parameters, their implementation

varies among countries.
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Introduction

Introduction

This manual is designed for the lab supervisors. It will guide you through the

lab days by providing information about what is important and how everything

should be done. Please read the instructions carefully and perform the tasks

conscientiously.

1.1 General Background Information

The construction of the lab is based on the theory of learning via participatory

approaches. Participatory approaches try to actively involve participants in the

process of learning, so that learning from each other via shared experiences is

possible. Therefore, much of the theoretical and practical content of the lab

should be delivered through interactive presentations and group discussions. So,

please make sure, that the participants have the possibility to interact, help and

teach each other.

1.2 Trainer Roles and Responsibilities

It is essential that the lab supervisors work well together as a team. You should

meet with the other supervisors before the workshop to discuss the workshop

agenda and then assign the roles and responsibilities. It is also useful to clarify

the role of the other trainers when they are not actually conducting a workshop

session - please, even though you are not the one standing in front of the group,

assist in the group work, be available to answer questions and lend a hand,

wherever you can. Please ensure that all supervisors are present for the entire lab

time. [1]
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1.3 How to Use This Manual

The following section explains the set-up of the manual and the symbols that are

used. It also provides information about the general learning expectations.

Manual Set-Up

Each lab day of the assistant manual is structured as follow:

1. Materials needed on the particular day

2. Preparations

3. Learning expectations

4. What to do and how to work today

Please read through the instructions every day before the lab starts.

Learning Expectations

The overall learning expectations of the lab are:

• Working as a team

• Performance of an autonomous literature research with the literature pro-

vided

• Preparation of a presentation

• Performing a presentation

• Connecting theoretical knowledge with everyday life

• Performing an autonomous water analysis

• Interpretation of the analysis results

• Practice precise working

There will be specified learning expectations at the start of the different chapters

for each day.

3



Day I - Physical Property Workshops

Day I - Physical Property Workshops

1.1 Before the Lab Starts

Material needed today

• pH value meter

• Electrical conductivity meter

• Manuals for students

• Electrical conductivity cards (Workshop 3)

• 3 sample containers for each group

• Pipettes + pipette tips

Preparation

Please make sure, that the pH value meter and electrical conductivity meter are

available and intact. If necessary, calibrate the pH value meters. You need to

explain the meters to the students. If you are unsure how to use them, please

have a look at the instruction manuals beforehand!

1.2 Learning Expectations

• Activation of existing knowledge about water quality

• Expanding knowledge of water quality

• Constructing a mind map
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• Gaining knowledge about observable physical properties

• Gaining knowledge about the importance of the pH value and electrical

conductivity for water quality testing

• Performing an autonomous analysis of the pH value and electrical conduc-

tivity

1.3 What to Do During the Lab

Introduction

30 min
1. Welcome the participants

2. Do a safety instruction

3. Hand out the manuals

4. Explain the overall schedule for the three days below (for students on p. 4)
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5. Explain the outline for today

What it is Suggested Duration

Introduction General information and

definition of water quality

30 min

Instruction Explanation on the proce-

dure and the set up of the

manual

05 min

Group Division Division into groups 10 min

Testing Physical

Properties

Three Workshops about the

theory and practice of test-

ing physical properties

2 h

Ending the Day Final quiz about the gained

knowledge

15 min

6. Write "Water Quality" on the centre of the board and ask the participants

to create a mind map. This method is great to get everyone into the topic

and to bring all participants to the same level of understanding of the

term. An example figure is provided below. The keywords (in white or

green boxes) should be written by the participants and are very likely to

be different than the ones provided. Please ask the participants to explain

their own keywords to the whole group, after everyone has finished writing.

Afterwards, complement the words that are highlighted in green and explain

them to the students.

Explanations of the terms are provided in the glossary on p. 25 and on p.

59 of the students’ manual.
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Instruction

05 min
Before starting the workshops you need to explain the working procedure. Please

explain the set-up of the manual and how the students are supposed to work

in order to accomplish the tasks. Here are some bullet points that you need to

explain:

• Yellow highlighting:

If a text is highlighted in yellow, the students are not allowed to go on without

getting instructions from you.
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• Orange boxes = learning expectations

This box tells the students what they are supposed to learn during the

next unit.

They should read the learning expectations BEFORE starting!

• Blue boxes = task boxes

This box contains tasks for the students. Solutions are provided in the

solution section at the end of each day.

x min
• At the start of each unit there is a clock symbol on the right and a time span

printed beneath it. Each lab day will take 3 h, if you work through the unit

within the suggested time span.

Group Division

10 min
Please ask the participants to split up into groups made up of three students each.

2 hWorkshops

Before starting the workshops, please give a short introduction and overview of

the workshops.

1. General Information and Observable Properties:

Page 5 of the students manual.

This workshop provides basic knowledge about the analysis of water quality.

The workshop is supposed to be done in 20 min. The students will have

to work through the text and answer the study questions. Afterwards,

the students should move on either to the pH value and the electrical

conductivity theory part.

2. pH value:

Page 8 of the students manual.
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The students will learn basic knowledge about the influence of the pH

value on water quality and will perform their first pH value analysis. The

workshop is supposed to last 50 minutes.

3. Electrical Conductivity:

Page 14 of the students manual.

This workshop is very practice oriented. They are supposed to measure the

influence of three different substances on the electrical conductivity and try

to judge whether the water is still considered to be suitable for drinking or

not.

The overall time of the workshop is supposed to be 50 minutes.

The students are supposed to work on their own with the help of their manual.

However, they are not allowed to start any experiment before you have explained

the set-up of the meters to their group. Please explain:

pH Meter

• How to connect the electrode to the meter correctly. If you do not remember,

please have a look into the pH meter manual.

• How to work with the electrode. Please emphasize that the electrode is very

fragile and needs to be stored in 3 M KCl in order to stay intact. Also stress

that the meter needs sometime in order to adjust to the pH value of the

fluid. The students need to wait until the “AR” symbol at the right corner of

the meter display stops blinking before they can record the pH value and

the temperature.

• Between two measurements, the electrode needs to be rinsed with deionized

water in order to avoid contamination of the next fluid.

• Disconnect the electrode before turning the meter off.

Conductivity meter

• How to connect the electrode to the meter.
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• How to work with the electrode. The electrode may not be cleaned with

any hard item. Again, the students need to wait until the “AR” symbol at

the right corner of the meter display stops blinking before they can record

the electrical conductivity value.

Now, please hand out the manuals and set the time on 20 minutes for the first

workshop. Afterwards, tell everyone to move on to the second workshop.

After the end of the third workshop, please ask everyone to clean their bench and

to store the meters and boxes properly.

Ending the Day

15 min
Ask everyone to come to a final assembly. This is going to be a quiz in order to

repeat the newly learned knowledge and to end the day in a fun way.

Ask the following questions. The students are supposed to write the answers on a

sheet of paper. Allow only 1 minute to write the answers down. Afterwards move

on to the next question.

At the end of the quiz, the groups are supposed to exchange the answer sheets.

Read the answers out loud. The groups should tick each right answer and count

the points (one point for each tick). The group with the most points is the winner

of the day.
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Questions Answers

What is meant by the abbreviation

"‘WHO"’?

World Health Organisation. An organi-

sation, that focuses on public health.

Which parameter always needs to be

noted as a reference parameter?

Temperature

What does the pH value indicate? Acidity or alkalinity

Give two examples of physical tests

that do not require any equipment or

reagent.

Odour/smell, colour, taste

What is the normal range of pH for

drinking water?

pH 6.5 to 8.5 for surface water

Which is more acidic: water with a pH

of 8 or water with a pH of 4?

Water with a pH of 4 is more acidic.

The lower the pH value the higher the

acidity.

How is the pH electrode stored? In a watering cap, containing 3 M KCl

Why should pH and conductivity be

measured as soon as possible?

Because they can change over time as

chemical reactions go on during trans-

port.

What does the electrical value of water

indicate?

Contamination of water of ionic nature
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Day II - Analysis of Chemical

Properties

1.1 Before the Lab Starts

Material

• Manuals for students

• One photometer for each group

• Nanocolor Nitrate 50

• Nanocolor Fluoride 2

• Nanocolor Hardness (Härte) 20

• Nanocolor Turbidity (Trübung)

• Spectrometer

• One poster for each group

Preparation

• Make sure that the photometers are available and working.

• Have a look inside the Nanocolor test boxes. There should be at least two

test tubes left in each box.

• Make sure that the SAC value poster is on the wall by the photometer.
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1.2 Learning Expectations

• Expanding knowledge of water quality

• Gaining knowledge of the impacts of turbidity, SAC value, fluoride, nitrate

compounds and hardness on water quality

• Performing a sample dilution

• Performing an autonomous analysis of turbidity, SAC value, fluoride, nitrate

compounds and hardness

1.3 What to Do During the Lab

Introduction

20 min
1. Welcome the participants

2. Hand out the manuals

3. Explain the schedule for today
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What it is Suggested Duration

Introduction Explanation of work struc-

ture, outline of the day and

group division

30 min

Working in Literature research; 1.30 h

Expert Groups analysis of the respective

parameter;

preparation of presenta-

tions

Presentations Each expert group presents

their topic to the other

groups. Each presentation

should last about 10 min

30 min

Cleaning Clean the benches, store

the photometers adequately,

hang the posters on the

walls

10 min

4. Explain the work structure for today as follows:

There are three topics to be worked on:

• Fluoride and Turbidity

• Nitrogen Compounds and SAC value

• Water Hardness and Dilution

5. The groups from yesterday are supposed to split up into three expert groups

as illustrated in the figure below:
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Please give the students some time to change the groups and step in if there

are difficulties.

6. Explain the working method to the groups:

The students are supposed to prepare a 10 minute presentation on their

topics so that the other students know the most important facts about the

respective topic at the end of the day. For this, they have to create a poster

that includes the answers to the respective study questions and perform an

analysis of the parameter with the photometer.

The materials are provided on page 23 (fluoride, turbidity), on page 36

(nitrogen compounds, SAC value) and on page 48 (water hardness) of the

students’ manual.

1.30 h
Working in Expert Groups

The students are supposed to work on their own with the help of their manual.

Please help whenever necessary and have an eye on the time.

Before they start the analysis, please explain the photometer to them, as it is

shown in the figure below. The example is done for the fluoride analysis. The

nitrate analysis works exactly the same. Only the turbidity and the hardness

analysis are a little different.
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Day II - Analysis of Chemical Properties

1 hEnding the Day: Presentations

After the expert groups are finished preparing the presentations, ask everyone to

assemble around the board.

Each group has 15 minutes to present their topic. They should explain the analysis

of the parameter. However, they do not need to do one during their presentation.

After every presentation, there should be time to discuss questions.

Cleaning

10 minBefore everyone leaves, please make sure that the chemicals are disposed and

photometers are stored properly, that the benches are clean and the posters are

hanging on the wall, so that everyone can have a look at them tomorrow.
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Day II - Analysis of Chemical Properties

Chemical Disposal

The students are supposed to mark the tubes that have been used. After they

have finished the analysis they should put them back into the respective storage

container.

After all tube tests have been used, please dispose them as follows:

• Hardness 20: Dilute with water and dispose into the sink. Dispose the

plastic capsule into the residual waste.

• Nitrate 50: Dispose into inorganic waste container.

!!!DO NOT MIX WITH THE CONTENT OF THE FLUORIDE TEST TUBES!!!

• Fluoride 2: Dispose into organic waste container.

!!!DO NOT MIX WITH THE CONTENT OF THE NITRATE TEST TUBES!!!
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Day III - Water Analysis in Action

1.1 Before the Lab Starts

Material

• Manuals for students

• One photometer for each group

• Nanocolor Nitrate 50

• Nanocolor Fluoride 2

• Nanocolor Hardness (Härte) 20

• Nanocolor Turbidity (Trübung)

• Spectrometer

• Data Recording Form Pad

Preparation

• Make sure that the pH meters, the electrical conductivity meters and the

photometers are available and working.

• Switch on the spectrometer.

• Have a look inside the Nanocolor test boxes. There should be at least one

test tube left for each group in each box.

18



Day III - Water Analysis in Action

1.2 Learning Expectations

• Taking a sample probe

• Recording the results carefully

• Working autonomously

1.3 What to Do During the Lab

Introduction

10 min
1. Welcome the participants

2. Explain the schedule for today

What it is Suggested Duration

Introduction What to expect of today 10 min

Taking a Demonstration and 30 min

Sample Probe explanation of the proce-

dure

Data Recording Explanation of the data

recording sheet

10 min

Analysis of a Sample

Probe

Autonomous sample-taking,

analysing, recording and in-

terpreting the results

1.30 h

Ending the Day Cleaning, comparison of re-

sults, integration into re-

sults of former lab groups

30 minutes

3. Explain the working method to the groups:

The analyses today are supposed to be done in the original groups (as

on Day I). The students have to show their sample-taking abilities to the

assistants. Afterwards, they are handed a data recording sheet to record the
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Day III - Water Analysis in Action

results of their own analysis. The sample should be taken from the drinking

water fountain. At the end, the results should be compared to the results of

previous lab days, so that you can monitor the water quality of the fountain

over time.

Recording the Data

10 min
Please explain the data recording form to the students as follows:

The sheet is divided into three sections. The first includes general information,

the second the actual recording of the results and the third section is to confirm

the results.

The general information are needed in order to assign the corresponding sample

to the sample taker and analyser. These are the same information that are

recorded on the label of the sample container.

The recording section is subdivided into two sections. The on-site section for the

analysis of the pH value and the electrical conductivity on the water fountain, the

second for the analysis at the lab.

The last section is also of great importance:

Always sign your recordings after you have finished the analysis to confirm that

you have accomplished the analysis carefully and that your recordings are valid

and can be used for further interpretation.
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Day III - Water Analysis in Action

30 min
Taking a Sample

Please explain and demonstrate the procedure of taking a sample.

Afterwards, ask each group to show it to you.

1. Materials needed

• Sample container 500 mL with screw cap

• One label for each bottle

• Data recording form

2. Preparations

a) Cleaning the sample container

At first, wash the sample container thoroughly with soap. Rinse it

afterwards with distilled water, at least three times.

b) Labelling the container

Each container needs to be labelled. You will find a sample label at the

appendix of this manual. Please complete the missing information and

stick it on the container.

3. Sampling tap water

a) Carefully remove the cap from the labelled container. Don´t lay it on

the ground as it might contaminate the sample. You should rather give

it to one of your fellow students or place it facing up in a clean place.

b) Open the tap so that the water flows at a moderate pace and fill the

container.

c) Put the cap back on the bottle to ensure safe transport back to the

laboratory.
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1.30 h
Doing an Autonomous Analysis

The students are supposed to work on their own. As usual, please lend a hand

whenever necessary.

Before handing out the data recording forms, please remind the students that the

pH value and the electrical conductivity analysis have to be done at the water

fountain directly after taking the sample.

Also check, whether the students prepaired all of the equipment:

• One sample container for the probe + label

• One sample container for cleaning purposes

• Conductivity meter

• pH value meter

• Distilled water bottle

• Some tissues

Afterwards, hand out the manuals, one data recording form per group, and send

them to the water fountain.

40 min
Ending the Day

After the students have performed the analysis and recorded the results, make

sure that the devices are clean and stored properly. If so, ask everyone into

assembly to discuss the results.

Each group should name their results and their interpretation of them. Please

discuss the interpretations of the results. Afterwards, collect the recording forms

and sign them yourself. Record the average of the results in the result booklet

and on the SAC value poster.

23



Day III - Water Analysis in Action

After finishing, ask everyone to store the boxes properly. Make sure that the lab is

clean and orderly before you leave.

24



Glossary

Glossary

Contamination Pollution of water due to human or natural causes.

Drinking WaterI Safe drinking water does not represent any significant

risk to health over the lifetime of consumption, including

different sensitivities that may occur between life stages.

It should be free of pathogens, low in concentrations of

toxic chemicals, clear and - for aesthetic reasons - taste-,

odour- and colourless.

Electrical Conduc-

tivity

Within the context of water analysis the electrical con-

ductivity is defined as a sum parameter for dissolved and

dissociated compounds. It therefore indicates contamina-

tion of water of an ionic nature.

Hardness of

Water

Hardness in drinking water is defined as those minerals

that are dissolved in water having a positive electrical

charge. The primary components of hardness are calcium

(Ca2+) and magnesium (Mg2+) ions. Dissolved iron (Fe2+)

and manganese (Mg2+) also satisfy the definition of hard-

ness, but typically make up only a very small fraction of

total hardness.II

Health The well being of a human or animal. It is strongly influ-

enced by the quality of water, as contaminations of water

such as bacteria or chemical compounds can cause illness

and diseases.
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Minerals

(Nutrition)

Any of the inorganic elements, such as calcium, iron, mag-

nesium, potassium, or sodium, that are essential to the

functioning of the human body and are obtained from

foods or water.III

pH Value pH is a measure of the acidity or alkalinity of water. The

pH of drinking water generally lies between 6.5 and 8.0.

Water at 25 ◦C with a pH less than 7.0 is considered acidic,

while a pH greater than 7.0 is considered basic (alkaline).

When the pH level is 7.0, the water is considered to have

a neutral pH.

SAC Value The spectral absorption coefficient. At a wavelength of

254 nm it is a quantitative detection of humic substances

and is used in order to control water quality.

Sewage Waste material (such as human urine and feces) that is

carried away from homes and other buildings in a system

of pipes [2].

Turbidity The "cloudiness" or "dirtiness" of water. Turbidity is caused

by suspended solids, such as sand, silt and clay, floating

in water. Light reflects off these particles, which makes

the water look cloudy or dirty. High levels of turbidity

are usually associated with high levels of microbiological

contamination. It is measured in nephelometric turbidity

units (NTU).

World Health

Organisation -

WHO

The World Health Organisation (short: WHO) is part of the

United Nations (UN) and focuses on international public

health. Among others, it writes the Guidelines for Drinking

Water Quality (2011) to protect public health and help

make sure that people are drinking safe water around

the world. The WHO Guidelines cover microbiological,

chemical and physical parameters, their implementation

varies among countries.
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