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The Water Module

Why learn about water?
The United Nations has declared that clean drinking water is a
human right, and that access to water is necessary for all other
human rights to be secured. Improving access to well-managed
water is one of the global Sustainable Development Goals:

SDG target 6.1:
By 2030, achieve universal and equitable access to
safe and affordable drinking water for all
But there are a lot of challenges for managing water resources and

Data from WHO/UNICEF Joint Monitoring
Programme. https://washdata.org/

water supply. Approximately one out of every four people in the
world, about 25% of the global population, do not have consistent
access to safe water. In Sub-Saharan Africa, about 70% of the
population do not have consistent access to safe water. However,
there has been progress towards safer water for more people as
you can see in the bar chart below. Improvements are being made,
but there is still a lot of work to do. This booklet will help you get
started to understand the concepts and issues that are important
for water management.

SAFELY MANAGED
Drinking water from an improved water*
source which is located on premises,
available when needed and free from faecal
and priority chemical contamination

17%
30%

BASIC
Drinking water from an improved source for
which collection time is not more than 30
minutes for a roundtrip including queuing

UNIMPROVED
Drinking water from an unprotected dug
well or unprotected spring
SURFACE WATER
Drinking water directly from a river, dam,
lake, pond, stream, canal or irrigation canal

Coverage in Sub-Saharan Africa (%)

LIMITED
Drinking water from an improved source for
which collection time exceeds 30 minutes
for a roundtrip including queuing

28%
9%
34%

16%
7%

19%
2000

2

13%

27%

2020

*Find bold words and phrases in the glossary on page 63.

The water cycle

1. The water cycle
There has always been the same amount of water on Earth. It
circulates continuously between the ocean, atmosphere, and
land in what is called ‘the water cycle.’ The water cycle is a closed
system. This means that water is neither created nor destroyed in
natural processes on planet Earth, it only changes form between
liquid, gas (water vapour), and solid (ice). Hydrology is the branch
of science that focuses on the characteristics of water on Earth,
particularly how it moves and changes form (so hydrological
means ‘related to the movement of water’). There are some
important natural processes that create the water cycle: these are

“

Between earth and earth’s
atmosphere, the amount of
water remains constant; there is
never a drop more, never a drop
less. This is a story of circular
infinity, of a planet birthing
itself.

”

Linda Hogan, Northern Lights, 1990.

evaporation, transpiration, condensation, precipitation, infiltration,
run-off, and discharge – each one appears in the figure on page 7.

How water moves and changes form
The main source of energy that drives the water cycle is the sun.
Heat energy from the sun causes evaporation of water from the
ocean and from surface water on land. Evaporation occurs when
water molecules are heated enough that they have the energy to
move from a liquid form into a gas. The water vapour produced
by evaporation rises into the atmosphere. It is joined by more
water vapour that comes from plant evapotranspiration. This term
refers to a combination of two processes: 1) evaporation from the
soil and 2) transpiration which is a process that plants do when
they release water through their leaves. Water vapour in the air is
moved around by air currents and stays in the atmosphere until it
becomes cold enough for condensation to occur.

Clouds over Kitui County, Kenya. Photo
by Johanna Koehler.
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The water cycle
When water vapour condenses, it produces clouds, which are
made up entirely of tiny drops of water. If the temperature in the
atmosphere rises, the drops can be evaporated and the cloud will
disappear without producing any rain. If the temperature stays low
enough, the drops move around within the clouds, joining-up with
one another and growing until they become heavy enough to fall
as precipitation (rain, snow, sleet or hail).

Dry river bed in Kenya with farmers herding
livestock. Photo licensed from Thinkstock.

Precipitation falls into the ocean or onto the land. When it falls
onto the land it can fall directly into surface waterbodies like
lakes or reservoirs; it can flow over the land surface as run-off
forming channels and eventually rivers; or it can go into the ground
(a process called infiltration). Eventually, all surface water and
groundwater will discharge into the ocean or will move directly into
the atmosphere through evaporation or plant transpiration, and so
the cycle continues.

Climate and spatial variability
Mixing zones
As you can see in the diagram
on page 7, there is often an area
below lakes and rivers where
shallow groundwater and surface
water mix together. This is called
the hyporheic zone. It is an
important habitat for fish that lay
their eggs there, and many other
organisms. Another mixing zone
can occur in some coastal areas
where the groundwater mixes
with salty water as it intrudes
into the ground from the ocean
or sea, creating a zone of saline
groundwater.
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The general pattern and conditions of weather in an area over
time is called the climate. Climatology is the branch of science
that focuses on understanding the climate and how it changes,
including determining what the climate was like in the past and
predicting what it will be like in the future. The water cycle is
strongly connected to the climate, so understanding climate
change is important for understanding how the water cycle will
change in different places. The temperature and the amount of
precipitation in an area can change a lot between months, years,
and decades.
In addition to climate change, in most places there is a seasonal
pattern to the weather. In some months it can rain a lot and in
other months it does not rain at all. In some months it is very
sunny and hot, so evaporation happens quickly. Other months are
colder, so evaporation is slower. Flooding can happen when there
is intense rainfall (when a lot of water falls in a short time) or when
there is more than normal precipitation for a long period of time.
In contrast, when there is an unusually dry period – when there is
less precipitation than normal for months or years – it is called a
drought. Droughts often cause water scarcity, which means that
there is not enough water to meet all the needs of people, animals
and the environment.

The water cycle

What happens to rivers when there is less than normal
level of rainfall or higher than normal temperatures for a
long time?
How do you think climatologists decide what is a normal
amount of rain?
The rate at which water flows through the water cycle varies at
different times and in different places. Sometimes it is raining in
one village but not in the neighbouring village. Across the whole
planet, the amount of precipitation is uneven and so are the
numbers of people. This uneven distribution of water and people
makes water management difficult and complicated.

How long does the water
cycle take?
For some water (especially water
that ends up deep in the ground
or frozen in glaciers) the cycle
back to the ocean or atmosphere
takes a very long time, much
longer than a human life. For other
water, it takes almost no time at
all – for example when rain falls on
the beach the water drains back
into the ocean very quickly!

In this section we are focusing on natural processes within the
water cycle, but to fully understand water resources and how to
manage them, we should also consider human activity within the
cycle. In Section 5: Water Management we will revisit the water
cycle with human activity included.
Look at the maps showing Sub-Saharan Africa. Where do you
live? Do countries with more rain always have higher population
density? What are some problems with getting too much rain or
too little?

The rainfall map was created using historical data
collected from 1901 to 2016. From what you know about
climate change, do you think this map will look different
in the future?

5

The water cycle
Look at the maps showing
Sub-Saharan Africa. Do
countries with more rain always
have higher population density?
What are some problems with
getting too much rain or too
little?

Tunisia

Morocco
Algeria

Libya

Egypt

Western
Sahara
Mauritania
Senegal

Liberia

Niger

Eritrea

Chad

Sudan

Burkina
Faso

Guinea
Sierra Leone

Mali

Benin

Cote Ghana
d’Ivory

Nigeria
Cameroon
Gabon

Long term
monthly rainfall
1901–2016 (mm)

Ethiopia

Central
African
Republic

Congo

Uganda
Congo, DRC

Somalia
Kenya

Tanzania

Angola

0 – 25

Zambia

26 – 150

Namibia

151 – 300

Malawi

Mozambique

Zimbabwe

Madagascar

Botswana

301 – 450

Swaziland

451 – 600

South
Africa

601 – 953

Lesotho

Katuva/CRU

Estimated population
density in 2015
(inhabitants per km2)
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0–9

75 – 99

10 – 24

100 – 149

25 – 49

150 – 200

50 – 74

300+

(Minzinho/UNDESA)

Groundwater flow

Run-off

Hyporheic zone

Evaporation

Run-off

SALINE GROUNDWATER

Surface water flow

Run-off

WATER VAPOUR (CLOUDS)

VEGETATION AND SOIL

Evapotranspiration

LAKES AND RIVERS

FRESH GROUNDWATER

Infiltration

Run-off

Precipitation (rain & snow)

Evaporation

Melt-run-off

ICE AND
SNOW

The water cycle – also known as the hydrological cycle

SEAWATER

Evapotranspiration

Evaporation

Condensation

The water cycle
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LEARNING ACTIVITIES: The water cycle

The "natural" water cycle where
I live
You could do this activity individually or in groups
of 2–4. Copy and complete the table below,
referring to the diagram and glossary to explore the
meaning of each label.

After you have filled in the table, share it with
others and find out what they wrote.

Water cycle process

Have I ever seen
it with my own
eyes?

Description of an example of what can be seen of this process in
my local area

Surface water flow

Yes

The river

Precipitation

Yes

Last time it rained!

Condensation

Evaporation

Groundwater flow

Infiltration

Run-off

Evapotranspiration

Melt-run-off
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LEARNING ACTIVITIES: The water cycle

1

A small sip of hydrology

Method

Measuring evapotranspiration:

2

Use the food colouring to colour the water in
the jug

3

Water the plant with the coloured water

4

Record the time of day and the weather on
the worksheet. Think about what you think will
happen and write down your predictions.

5

Weigh the cut bottle or clear plastic bag and
record its weight to the nearest 0.1g in the cell
marked (A) on the table in the worksheet.

6

Place the cut bottle or clear plastic bag over the
top of the plant. If using a bag, put the mouth
of the bag over the sides of the pot.

7

Set the stopwatch or timer for 15 minutes

8

When the 15 minutes is up, carefully remove
the cut bottle or clear plastic bag from the plant
without letting any water drip out

9

Weigh the cut bottle or clear plastic bag and
record its weight on the table below.

Hydrologists study the movement of water. They
want to understand everything about water
flow, including the rate at which water is passing
through each process in the water cycle. This
activity demonstrates how this can be measured for
evapotranspiration.

Equipment
•

1 small leafy plant growing in soil in a small pot
or half plastic bottle

•

Plastic bottle cut in half so that the bottom
half is large enough to go over the top of
the plant. If you do not have a plastic bottle
that can cover the plant, you can use a clear
(transparent) plastic bag instead.

•

Marker pen

•

Weighing scale (as accurate as possible)

•

Stopwatch or timer

•

Litre of water in jug

•

Calculator

•

Pencil and ruler

•

Drop of food colouring

2 Measuring precipitation
To measure rainfall, hydrologists use an
instrument called a raingauge. Instructions
for how to build a simple raingauge should be
available from your teacher or club leader.

10 Dry the cut bottle or clear plastic bag well, or
use a new bag that is dry
11 Put the cut bottle or clear plastic bag back on
to the plant and time again for 15 minutes.
Weigh again and record.
12 Dry the cut bottle or clear plastic bag and
replace for another 15 minutes before weighing
again.
13 Convert weight to volume and fill in the table
(1 g = 1 ml)
14 Calculate the rate of evapotranspiration
15 Calculate the average rate of evapotranspiration
during the experiment
16 Discuss the questions on the worksheet and
record your answers
17 Tidy up and put things away
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LEARNING ACTIVITIES: The water cycle

Evapotranspiration student worksheet
Plant ID label:

Common name of plant:
Scientific name of plant
(if known):
Time of day:

Weather conditions:

Predictions
What do you predict that you will see
accumulate on the bottle/bag?

Results
Measurement
period (minutes)

Weight bottle/bag (g)

0

Weight of water
collected (g)

A)*

–

(B)

(B-A)

(C)

(C-A)

(D)

(D-A)

*This is where you record the initial weight of your cut bottle or bag.

Discussion
What was the average rate of
evapotranspiration (ml/min) across the three
measurement periods?

What was the colour of the water that
condensed on the inside of the bottle/bag
and why?

If other groups have conducted the same
experiment using different species of plant,
you could compare results. Did the various
species have different rates of transpiration?
If so, what were the physical differences
in the plants? Why might this make a
difference?
How would you design an experiment to
measure evaporation and transpiration
separately? Would you need more
equipment?
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Volume of water
(ml) (1g = 1 ml)

Rate of
evapotranspiration
(ml/min)
–

–

LEARNING ACTIVITIES: The water cycle

Water cycle crossword
Test your water cycle knowledge by using the clues
to fill in this crossword puzzle.

ACROSS: Clues for horizontal words:

DOWN: Clues for vertical words:

1. Water falling out of the atmosphere in a liquid
or solid state (13 letters)

2. Movement of water vapour into the atmosphere
due to both evaporation from soil and
transpiration from plants (18 letters)

5. Water flowing out; the opposite of recharge (9
letters)
6. The process by which vapour becomes a liquid
often due to cooling (12 letters)
7. When there is not enough water to meet the
needs of people, animals, and the environment
in a region (2 words, 13 letters)

3. An extended period of less than normal
precipitation that often affects the availability
of water supplies – a natural hazard caused by
climate variability (7 letters)
4. The branch of science that focuses on how water
moves and changes form (9 letters)
6. The overall conditions of weather in an area over
time (7 letters)

8. A body of water that forms behind a dam (9
letters)
9. Water that flows over land to surface streams,
rivers, and lakes and eventually to the ocean /
sea (6 letters)
1

2

3
4

5

6

7

8

9
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Geology

2. Geology

Not to scale

“Geo” means “earth” and “ology” means “a branch of knowledge”
so “geology” is what we know about the Earth. Like hydrology,
geology is a branch of science. Geologists study the physical
structure and substance of the Earth. Geology is connected to
water in many ways because interactions between the Earth and
water impacts how landscapes form and change over time, how
water is stored and moves in the ground, and how the quality of
water changes when it is in the ground. .

Layers of the Earth

To scale
Crust
Upper mantle
Mantle
Outer core
Inner core

Most of the Earth is made up of the inner core, outer core and
the mantle and it is hot – hot enough for the rock to be melted
(geologists call melted rock ‘molten’, this word is used when a hard
material like rock or metal is so hot that it becomes a thick liquid).
When volcanoes erupt we see the molten material from the mantle
come to the surface. There are three main reasons why it is so hot
inside the Earth: 1) when the planet first formed it was very hot and
some of this original heat remains in the deep Earth; 2) the molten
material moves, and this movement creates heat due to friction; 3)
there are chemical processes in the deep Earth that produce heat.
Groundwater does not come from the core or the mantle. All the
groundwater that we use is stored in the crust – the outermost
layer of Earth. If the Earth was a mango, the crust would be the
skin, a thin layer compared to the mantle and the core. The crust
layer is cool enough so that it is solid rock. Minerals are the building
blocks of rocks in the crust. They each have their own structure and
combination of elements. A single rock can contain many different
minerals.

Minerals and elements
Many of the elements in the periodic table are present in minerals
that form the rocks in the Earth’s crust. The common ones that
make up most of the crust are oxygen (47%), silicon (28%),
aluminium (8%), iron (5%) and calcium (4%). Elements form
minerals; minerals form rocks; rocks form the Earth’s crust.
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Geology

Elements

Minerals

Rocks

Earth’s crust

Let us consider the rock in the top photo as an example. This is
granodiorite, a type of rock found in many parts of the world
including, for example, western Kenya and southeastern Cameroon.
A coin is used to give an idea of size. Granodiorite is made up
of three main minerals that interlock together. The interlocking
mineral grains are very small and difficult to see. They are shown
on the next image down, which is called a photomicrograph. This
image was captured using a microscope, an important tool that
geologists can use to magnify and study small, thin sections of
rock.
The granodiorite minerals are quartz (Qu), plagioclase feldspar
(Pl), and biotite mica (Bt). Quartz is formed by two elements:
silicon and oxygen. Plagioclase feldspar is more complicated. It
is formed from silicon, oxygen and aluminium as well as calcium
or sodium. Biotite has even more elements including potassium,
magnesium, iron, aluminium, silicon, oxygen, fluorine and
hydrogen.
We are also interested in rocks that are made up of only one
mineral. Diamond, for example, is a very unique mineral. It is
formed from only one element: carbon. In some parts of the world,
gemstones such as ruby are found. Ruby is also a single mineral;
its scientific name is corundum and it is made up of aluminium,
oxygen and chromium. Rubies are red and can be confused with
garnets, which are less valuable. Examples of garnets are shown
in the photo on the right (the red stones). Garnets are complex
minerals – they all contain silicon and oxygen and two other
elements, which could be calcium, magnesium, iron, manganese,
aluminium or chromium.

13 elements are listed above. Can you find them in the
periodic table on the next page?

Photos by Tom Nowicki.
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The Periodic Table

Geology
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Geology
The three categories of rocks
There are more than 3000 different minerals and hundreds of kinds
of rocks, but all rocks can be divided into three categories based on
how they form:
Igneous rock is formed when molten rock, also known as magma,
from the mantle cools down and solidifies. This cooling happens
when magma is pushed into the crust or all the way through to the
Earth’s surface like in a volcano. The granodiorite rock discussed in
the previous section is an example of an igneous rock.
Sedimentary rock is formed by a process that is like recycling.
Existing rock is broken down by wind and water, in a process called
weathering, and the pieces become sand, mud and pebbles that
can be blown by the wind or washed down rivers. Eventually these
pieces stop moving and form a layer of material (often in deserts,

Pahoehoe lava in Hawaii, USA, forming new
igneous rock. Photo by Hawaii Volcano
Observatory (DAS).

lakes, at the end of rivers, or in the ocean). Over time, more and
more pieces settle forming more and more layers. After thousands
or millions of years the weight of these many layers creates enough
pressure that the pieces are crushed together to form solid rock
again. Sedimentary rock also forms in the same way under the
oceans from layers of coral and mollusc shell fragments and is
called biogenic when it is formed from the remains of once living
creatures.
Metamorphic rock is formed when existing rock in the crust is
transformed by heating and crushing (high pressure). Because of
the heating and crushing, the original rock undergoes chemical
and physical changes that make the original minerals change into
different minerals. A new kind of rock with different properties is
formed.

Colourful layers of sedimentary rock
in Makhtesh Ramon, Israel. Photo by
Rhododendrites, Own Work, CC BY-SA 4.0
Wikimedia Commons.

It is possible to find groundwater in all three types of rock
formation. In Section 3: Groundwater, you will learn more about
how groundwater is stored in rocks and how we get it out of the
ground so that we can use it.

Look down at your feet and imagine drilling a deep
hole right down into the ground. What would you find?
Would someone standing in Nairobi, Kenya find the
same materials as you do if they drilled under their feet?
What about someone in another part of the world, for
example France or Canada?

Metamorphic rock cliff at Black Canyon of
the Gunnison Park, Colorado USA. Photo by
National Parks Services, Lisa Lynch.
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The Udden-Wentworth
grade scale for clastic
sediments
Clay particles: less than 0.004 mm
Silt particles:

0.004–0.06 mm

Fine sand grains:
Coarse sand grains:

0.06–0.5 mm
0.5–2 mm

Granules:

2–4 mm

Pebbles:

4–64 mm

Cobbles:

64–256 mm

Boulders:

more than 256 mm

A photo of the sedimentary conglomerates layer
of the Ngwa deposits. Source: Kenfack et al
(2011) CC by 4.0.
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Sedimentary rocks can tell a story about
water in the past
A closer look at sedimentary rocks can tell us about how water
was flowing in an area many, many years ago. For example, on a
mountainside near Dschang in Northwest Cameroon, geologists
from the University of Dschang and the University of Yaoundé
conducted a geological study of rocks known as the Ngwa deposits
to understand how and when they formed.
First, the geologists figured out that there are five layers between
the surface and 11 metres of depth into the ground. You can see
the layers in the diagram on page 17. The first is a thin layer of soil
in which plants can grow. Below that is a layer of tuff, which is
loose igneous rock that was ejected out of the Mount Bambouto
volcano more than 5 million years ago! Below that they found
a layer of sedimentary sandstone rock which is even older than
the tuff. The sandstone is made up of coarse sand grains mixed
together with clay particles. Below the sandstone they found a
layer of even older sedimentary rock. This older sedimentary rock
contains pebbles and cobbles mixed with sand grains - it is called
conglomerate rock. Below the conglomerate, they found a layer of
igneous rock called trachyte that formed when magma cooled.
These geological layers tell a story about what the environment
was like in this area more than 5 million years ago. The trachyte
rock is underneath the other four layers, which means that it is the
oldest of them all. It formed when volcanic activity brought magma
to the surface.
After the magma cooled, sand, pebbles and cobbles were washed
down by water from hills and mountains to cover the trachyte rock
and create the conglomerate layer. We know that there must have
been a lot of fast-moving water at this time because the pebbles
and cobbles are heavy and the water must have been powerful to
move them. The shape of the pebbles and cobbles tells us that they
must have been moved for many kilometres in a powerful river that
bashed them around and slowly caused them to become smooth
and rounded.

Geology
But the sandstone layer above the conglomerate is different.
It contains only small sand grains and tiny clay particles. These
particles are so small and light that they only settle out of the
water when it is moving very slowly or not at all (this process is like
the sedimentation step that you will learn about in Section 4: Water
Quality). The clay in the sandstone layer tells us that over time the
landscape changed and a lake or a swamp formed over the land.
Slowly, as sedimentation continued, the lake or swamp would have
filled up with sand and clay and eventually there would be no
space remaining for water to rest in that place.
After the formation of the sandstone, there must have been
another volcanic eruption and the tuff layer was formed on top of
the sandstone. Geologists have tested this tuff rock and judged that
it is at least 5 million years old. Above this old tuff is the soil layer,
which formed more recently from a mix of weathered rock particles
and organic remains.
Diagram showing how the rock type changes

Surface (0 m)

moving down into the Ngwa deposits. Adapted

Soil layer (from the surface
to 0.5 m deep)

from Kenfack et al. (2011) CC by 4.0

Tuff layer – igneous debris
ejected from the Mount
Bambouto volcano
(from 0.5 m to 2 m deep)

Sedimentary sandstone
(from 2 m to 5 m deep)

Sedimentary conglomerate
(from 5 m to 9 m deep)

Trachyte – igneous rock
formed by rapidly cooled
magma
(from 9 m to 11 m deep)
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LEARNING ACTIVITIES: Geology

Water use in mining
Is there a mine in your area? Can you find out what
mineral or rock they are extracting and what it is
used for? Can you find out how they use water in
the mining process?

Using geology to understand
water flow in the distant past
On pages 16–17, you read about a study of the
geology of the Ngwa volcanic and sedimentary
deposits in Northwest Cameroon. You learned that
geologists can understand past environments by
studying the shapes and sizes of rocks and rock

•

Larger rock pieces like pebbles and cobbles
require more power to move and are associated
with fast-flowing water.

•

Rounded, smooth shapes are created when rock
pieces are moved by water over long distances.

•

Sedimentation of smaller rock particles like
sands and clays occurs when water is moving
slowly or is still.

Now, can you complete the three tasks below
and figure out which environment matches which
sample?

particles. There were three key rules applied in that
example:

Sample Information
Data on sizes of rock pieces:
Size range (mm)

Sediment grade

Sample 1

Sample 2

Sample 3

Weight percent

Weight percent

Weight percent

more than 256

20

64–256

10

45

4–64

40

20

2–4

30

10

0.5–2

15

5

0.06–0.5

20

0.004–0.06

30

less than 0.004

50
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LEARNING ACTIVITIES: Geology

Tasks:
1

Fill in the sediment grade label for each size range in the table above.

2

Create a bar graph for each sample to see what the data looks like.

3

Using the data and the descriptions from the geologist’s notebook, match the sample with the
environments shown in the three pictures on the next page.

30

30

20

20

10

10

0

0
Clay

Boulders

40

Cobbles

40

Pebbles

50

Boulders

50

Cobbles

60

Pebbles

60

Granules

70

Course
sand

70

Fine sand

80

Silt

80

Granules

90

Course
sand

90

100

Fine sand

100

Silt

Weight %

Sample 3

Clay

Weight %

Sample 1

Notes on shape of rock pieces from the geologist’s
notebook:

100
90
80

•

Sample 1 – the geologists have not assessed
the shapes yet, so you have no data about this.

•

Sample 2 – the rock pieces are rounded and
smooth.

•

Sample 3 – the rock pieces are jagged and
sharp.

70
60
50
40
30
20
10
Boulders

Cobbles

Pebbles

Granules

Course
sand

Fine sand

Silt

0
Clay

Weight %

Sample 2
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Which sample matches which environment?

A slope near the top of a mountain where rock is exposed to weathering. Image by brewbooks on Flickr CC BY SA 2.0

The bottom of a lake. Image by Jochem Koole on Flickr CC by 2.0

The bottom of a fast-flowing river. Image by Joe Coyle on Flickr CC BY-NC 2.0
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Geology crossword
ACROSS: Clues for horizontal words:

DOWN: Clues for vertical words:

5

The scientific mineral name for ruby (8 letters)

1

7

A mineral found in granodiorite rock that is
formed of only two elements (6 letters)

The category of rocks that form directly from
cooled magma (7 letters)

2

The outermost layer of the Earth (5 letters)

3

The element that forms diamonds (6 letters)

4

The name for rock that is so hot it has become
liquid (6 letters)

6

The category of rocks that form from heating
and crushing of existing rock (11 letters)

8

A red mineral that is less valuable than ruby (6

9

The most common element in the Earth’s crust
(6 letters)

10 The name for rocks that form from the remains
of once living creatures (8 letters)
11 The name for an image captured by a
microscope (15 letters)

letters)
1
2

3

4
5

6
8

7

9

10

11
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3. Groundwater

Evaporation +
transpiration

Evaporation +
transpiration

Rain
Snow
Hail
Fog
Dew

Runoff

Groundwater recharge

Cross-section showing unsaturated and
saturated zones above and below the water
table. Based on USGS 2016.

How does water get into the ground?
In many places the first layer of the ground is soil – a layer of
decomposing organic material and rock material in which plants
can grow. Below the soil layer there are different types of rock
materials. The ground can be thought of as two zones – the
unsaturated zone and the saturated zone. The unsaturated zone
does contain some water but it also has air in the open spaces
between rock materials. Below it, deeper in the ground, is the
saturated zone. Saturated means full up – all the open spaces
(the pores) are filled with water and the ground is holding as
much water as it can. The top of the saturated zone is called the
water table. This can be thought of as the boundary between the
saturated and unsaturated zones.
When precipitation falls on land, some of it goes into the ground.
In other words, it infiltrates into the ground. When water infiltrates
into the ground, some of it clings to the soil or to roots of plants.
This is called soil moisture and it can be used by plants to grow.
However, not all infiltrated water is used by plants. Some of it flows
horizontally through the shallow ground until it ends up in a stream
or other surface waterbody (this is called interflow). Other water
flows downwards into the saturated zone below the water table
and becomes groundwater (this is called recharge). Groundwater
is recharged from rainwater and snowmelt and from seepage from
the bottom of reservoirs, lakes and rivers. Groundwater can also be
recharged when water supply systems (e.g. pipes, canals or sewers)
leak and when crops are irrigated with excess water.

Land surface

Unsaturated zone
Water table
Saturated zone
GROUND WATER

22

SURFACE WATER

Groundwater
What is porosity?
Even though it looks completely solid, there is actually a lot of
void (empty) space in the ground. Water in the ground is stored
in this space, which is made up of a) small voids (called pore
spaces) between the particles that make up rocks or soil, b) the
space created by rock fractures (cracks) and c) solution channels
– the spaces created in carbonate rocks by the dissolving action
of underground water. Depending on the geology, some types of
ground have more space than others. This is measured using a ratio
called porosity:
porosity =

volume of void space in rock or sediment
total volume of rock or sediment

Rock formed from coral reef, Kisite Island, Kwale
County, Kenya. Photo by www.yakari-travel.de;
Flickr; CC BY 2.0.

Ground that has high porosity can store more water than ground
that has low porosity.
Globally, at least 2 billion people depend on groundwater and in
rural areas of Africa and Asia it is a particularly important resource
for drinking water as well as agriculture and other livelihood uses.
It is a very important resource for humans, but only if we can get
it out. Removing water from the ground is called abstraction.
Abstraction is only possible if the water can flow through the
ground.

What is permeability?
Water can move through the ground when the pore spaces and
fractures are connected. If they are connected, water can find a
path to flow through the space.
Permeability is a measure of how well the spaces are connected.
As an example, some of the rocks which make up the coastal
area of East Africa are formed from old coral reef and are very
permeable – water can flow through them quickly. You can see in
the photograph from Kisite Island, Kenya, that it has many small
holes and passages.
If a material does not have connected pores, the permeability is
low and the water cannot move easily. These materials are said
to be impermeable. Geological materials such as clay or shale are
made of fine particles and have many small pores, but the pores
are not well connected. These types of materials usually stop the
flow of groundwater (or slow it down a lot).

Sample of shale by Amcyrus2012. Own work, CC
BY-SA 4.0 via Wikimedia Commons.

Gravel

Rock

PERMEABLE
Pores

Fractures

IMPERMEABLE
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What is an aquifer?
When groundwater in the saturated zone (below the water table)
can flow through interconnected spaces we call this zone an
aquifer. Aquifers are groundwater resources that people can take
water out of. In other words, aquifers are able to yield (provide)
water. The layout and properties of different geological materials
control how groundwater moves. This means that there are
different types of aquifers. The two main types to know about are
shown in the figure below.
Unconfined aquifers: The top of an unconfined aquifer is the
water table, usually not far below the ground surface. Water at the
ground surface infiltrates through the unsaturated zone to recharge
the aquifer. The lower boundary of the aquifer is a confining layer
of less permeable material (an aquitard or aquiclude). An aquitard
is a layer of material that slows the flow of water. An aquiclude is
Flowing artesian borehole in Kilimambogo, NE.
of Nairobi. Photo by Rotary Clubs of Nairobi,
(Kenya), Carlisle, PA and Indianapolis (USA),
Edgbaston Convention and Stratford-Upon-Avon,
(UK), and Hanau (Germany).

Representation of unconfined and confined

a completely impermeable layer that stops water movement. The
water in an unconfined aquifer is at atmospheric pressure so to get
it to the surface it must be pumped out or pulled out (for example
with a handpump or a bucket in an open well).

Rainfall recharge area for the unconfined aquifer

aquifers. Although the aquifers look like big
caves full of water, remember that they are full of

Rainfall

sediment and rock and the water is stored in the
spaces between this material. Adapted from the

Recharge area for
confined aquifer

Artesian
well

United States National Groundwater Association.
Flowing
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well
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Confined aquifers: Both the upper and lower boundaries of
confined aquifers are rock layers of low or no permeability (i.e.
they form an aquitard or aquiclude). These are usually deeper
than unconfined aquifers. In a confined aquifer, the water is under
pressure from the rocks above and/or from the water flowing into
it from a recharge zone. If a borehole is drilled into a confined
aquifer, water will rise inside the borehole due to the pressure on
it, and it may even flow out at the top. A borehole drilled into a
pressurized aquifer is called “artesian”. The name artesian comes
from the first recorded example of a naturally flowing well which
was drilled by monks in the province of Artois in France in 1126.

See the ‘flowing artesian well’ in the figure and photo
on page 24? Water is coming out of it without pumping.
Can you explain why in your own words?
As you learned in Section 1: The water cycle, groundwater is part
of the water cycle. Aquifers are recharged by infiltration from the
surface, and groundwater flows into waterbodies and oceans. It is
important to understand that the way that water flows into, within,
and out of the ground in any place can change over time. Changes
to the climate affect groundwater recharge patterns. Geological
processes, which slowly change landscapes through the creation of
new rock and the weathering of old rock, also impact groundwater
and can even cause some water to become confined in the ground
for a very long time. Paleowater is the term used for groundwater
that has remained in an aquifer for thousands or millions of years.

Example of results from a geophysical transect
using electrical methods (Gro for GooD
project, coastal Kenya). The labels show the
geophysicists’ initial interpretation of the results.
The identification of faults (breaks in the rocks
where the rocks on either side have moved in
relation to each other) is important because
fissures, cracks and faults in the rock affect how
groundwater will flow through it.

Model resistivity with topography
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How is groundwater detected and assessed?
Hydrogeology is the study of groundwater and the geological and
non-geological materials that it interacts with. Hydrogeologists
study aquifers to understand how they can be used and sustainably
managed. They use data to predict what will happen to aquifers
when water is abstracted or when changes to the climate reduce or
increase rates of groundwater recharge. Knowing where water goes
and how fast it moves underground can also help prevent or limit
groundwater contamination.
Drill rig in coastal Kenya. Photo by Mike Lane.

How do people access
groundwater?
Shallow groundwater can be
accessed by digging a well that
goes deeper than the water table
(into the aquifer/saturated zone)
and then drawing water out.
Groundwater can also be accessed
by drilling a borehole down into
the aquifer and pumping the
water out. There are many kinds of
pumps including electric pumps,
solar pumps, diesel pumps, and
handpumps. The Afridev is the
most common handpump in all of
Africa.

In what ways do you think
handpumps are better than
solar pumps? In what ways
are solar pumps better than
handpumps?
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It is challenging to detect groundwater because you cannot see
through the ground. Hydrogeologists can use climate and geological
data to assess if groundwater is likely to be found in a particular
area. They also use “geophysical methods” to measure physical
properties of rocks below the surface and map out where water will
be found and how it will move underground. Geophysical methods
help us understand the geology of an area better. Understanding
the geology helps us know how much water may be stored. When
the geology indicates that there may be a lot of groundwater,
boreholes can be used for further studies to assess how much can
be abstracted for human use.
Boreholes can also be used to take samples to assess water quality.
Hydrogeologists do a lot of work to understand the chemical and
biological quality of groundwater. You will learn about water quality
in Section 4.

Is groundwater a sustainable resource?
Whether groundwater can be used in a sustainable way depends
on how much is being used and how quickly it is being recharged by
infiltrating water. If recharge is reliable and the amount abstracted is
less than the amount recharged, we can treat the groundwater as a
renewable resource. However, if abstraction and outflow is greater
than recharge, this is called over-abstraction and the aquifer will
eventually be pumped dry.
Groundwater that is being recharged slowly or not at all should be
managed as a non-renewable resource – once it is gone, it is gone.
In these situations, water managers should be careful about how
much water is being used and for what purposes, they should work
out ways to conserve water and minimise wastage, they should
consider options for building infrastructure to increase recharge
to the aquifer, and they should be planning for what to do in the
future.

Groundwater
How can you grow crops without rain?
In some dry areas of the world, even though there is hardly any
groundwater recharge from rainfall, water can still be pumped up
from underground and used for growing crops. For example, large
groundwater reserves under the Sahara Desert in North Africa are
used to grow crops in huge circular fields using a technique called
pivot irrigation, as seen in the picture.
The water in the Saharan aquifer is paleowater – water that has
been trapped deep in the ground for a million years - it infiltrated
into the ground when the climate in northern Africa was very
different and there was a lot of precipitation. As the aquifers in
this area are not linked to the oceans, or to rivers or lakes, this
groundwater has been sitting there all this time.

Photo taken from an aeroplane of pivot irrigation
in the Sahara desert Future Atlas.com, Michele
Walfred, University of Delaware, USA. CC BY 2.0.

In the case of the Sahara Desert in North Africa, a recent study
has shown that the massive aquifer beneath the desert is actually
being recharged: rainwater and run-off bring an average of 1.4
km3 of water into the aquifer per year. However, water is being
abstracted from the aquifer at a rate of 2.75 km3 per year for use in
crop irrigation, industry, tourism and households.
Close-up photo of a pivot irrigator in use. Photo

Based on the rates of abstraction and recharge in the
Sahara given above, is the groundwater in the aquifer
being used sustainably?

by Patrick Thomson.

You could say that using renewable groundwater is like spending
some of the money you earn every month, whereas overabstraction is like using up your savings until eventually you have
none left. Can you think of another analogy that could be used
to explain sustainable versus unsustainable rates of groundwater
abstraction?
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Groundwater where I live

Method

Are there boreholes, wells or handpumps accessing
groundwater near to your school? Ask your teacher
if you can arrange one of the following activities to
find out more about a groundwater source:

1

Make 4 holes at the base of each plastic bottle
3 cm from the base.

2

Cut off the bottom of the bottle 1-2 cm from
the base.

•

3

Thread 4 pieces of string through the holes
so that the bottles can be suspended upside
down.

4

Take the lid off the bottles and tape a piece of
fine cloth over the opening.

5

Hang the bottles up in a row.

6

Fill the first with soil, the second with sand, the

•

Arrange to interview some of the people using
the groundwater source – What do they use
the water for? How often do they visit to collect
water? Are there any problems with the water
source? What other sources of water do they
use?
Can you find out who drilled the borehole or
well and/or who installed the handpump? Who
looks after the water supply and keeps it in
good condition?

Infiltration experiment
If you dig into the ground where you live, what
do you find? Soil? Sand? Pieces of gravel? Rock?
Does this vary depending on where you dig? This
experiment aims to show how the rate of infiltration
(how fast rainwater soaks into the ground) varies
depending on the material at the surface. It will
also demonstrate the porosity and permeability of
different materials.

Materials
•

Gravel

•

Stopwatch

•

Sand

•

Scissors/knife

•

Soil (or a different
type of sand if soil is
not available)

•

String or wire

•

Small circle of fine
cloth or window
screen

•

Tape

•

Water

•

3 plastic bottles

•

Measuring jug or
bottle
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third with pebbles or gravel.
7

Draw a picture of the set up. Can you see any
pores in the material?

8

Make a prediction – which material do you
think will allow fastest infiltration of water?

9

Place the empty measuring jug underneath
one of the bottles and get your stopwatch
ready.

10 One person starts the timer whilst another
person pours 250ml of water into the top of
the first bottle (slowly so it doesn’t overflow).
11 Observe and record the volume of water in the
measuring jug after 30 seconds, 1 minute, 5
minutes, 10 minutes, 30 mins.
12 Repeat timed experiment for the other bottles
(If in groups, compare your results with the
groups with other materials in the bottles).
What did you observe? Make a graph of your
results.

LEARNING ACTIVITIES: Groundwater

Infiltration experiment worksheet
Draw a picture or diagram to show
how the experiment is set up:

Make a prediction: Which material
do you think will have the fastest
infiltration rate and why?

Soil
Time (mins)

Sand
Volume (ml)

Time (mins)

Gravel
Volume (ml)

Time (mins)

1

1

1

5

5

5

10

10

10

30

30

30

Volume (ml)

Graph

Volume

Plot soil, sand and gravel data in
different colours. The slope of the
graph shows the infiltration rate.

1

5

10

30

Minutes

Conclusion
Which material allows water to
infiltrate the fastest?
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Saturation experiment
After 30 minutes put the lids back on each of the
bottles. Had all 250ml been filtered through the
bottle into the measuring jug?
Fill the measuring jug with 1 litre of water and
pour slowly into each bottle, slow enough so that
it soaks in and doesn’t overflow over the sides
straight away. What is the maximum volume each
bottle can hold?

Saturation experiment worksheet
Soil

Sand

Gravel

Volume left in bottle after 30 mins (ml)
[A] (250ml minus volume recorded in
previous table)
Volume poured into the bottle before it
cannot hold any more (ml) [B] (1000ml
minus what is left in measuring jug)
Maximum saturated volume (A+B)
Which material holds the most water?

Using your results, how would you
rank the different materials in terms of
porosity and permeability?

Most porous

Most permeable

Least porous

Least permeable

• Soil
• Gravel
• Sand

If you wanted to make an impermeable layer in one of the
bottles, what material could you use?
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Groundwater crossword
Test your groundwater knowledge by using the
clues to fill in this crossword puzzle.

ACROSS: Clues for horizontal words:
2

The zone between the land surface and the
water table where pore space contains both
water and air (15 letters – 11, 4)

4

A break or crack in a rock (8 letters)

5

The study of groundwater and the geological
and non-geological materials that it interacts
with (12 letters)

10 What we call material that is holding as much
water as possible (9 letters)
11 A deep, narrow hole made in the ground,
usually to locate water or oil (8 letters)
12 Movement of water a) into the ground from a
surface waterbody or b) out of the ground into
the ocean or onto land (7 letters)

DOWN: Clues for vertical words:
1

A measure of the connectivity of void spaces in
the ground (12 letters)

6

Groundwater that has been stored in an aquifer
for thousands of years (10 letters)

3

The process of taking water out of the ground
temporarily or for permanent use (11 letters)

7

What we call material that has connected void
spaces so water can flow within it (9 letters)

6

8

A layer of geological material that is
impermeable; it stops the flow of water (9
letters)

The ratio of the volume of void spaces in a
rock/sediment to the total volume of the rock/
sediment (8 letters)

9

Water that is added to an aquifer (e.g. when
rain infiltrates into the ground) (8 letters)

1
2

4

3

5

6

7

8

9
10

11

12
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4. Water quality
Water is a natural habitat for many living things and it is a powerful
solvent, so as it moves through the hydrological cycle it picks up
and carries many things with it. Because of this, water quality will
naturally be different in different places and at different times of
year.
When thinking about water quality, there are three main
considerations:
1.

Microbiology – bacteria, viruses, protozoa, and worms

2. Chemistry – dissolved metals and other elements and
chemicals
3. Sensory – temperature, colour, smell, taste, turbidity

Photos licensed from Thinkstock.

Sensory quality refers to the characteristics of water that can be
judged by the senses – sight, taste, smell, and touch. But many
microbiological and chemical water quality characteristics are not
observable unless the water is tested in a laboratory or with a fieldtesting kit. These tests are created by chemistry and microbiology
scientists and they make it possible to figure out what is in the
water. Usually you can only test for one thing at a time, so many
tests are needed to fully describe understand the total water
quality.

Water quality standards
When water quality is tested, the results can be compared to water
quality standards. Water quality standards tell you the limit of how
many biological organisms or how much of a chemical substance
can be in an amount of water before it becomes unsafe. They are
expressed as measures of concentration, which is a scientific term
that means ‘the relative amount of a substance contained in a
particular volume of solution, mixture, or space.’
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For example, fluoride is an element that naturally occurs in some
types of rocks and can be dissolved in groundwater. Consuming
a small amount of fluoride is good for people – it can help with
protecting teeth from decay. But consuming too much fluoride
is bad for people – too much fluoride can cause tooth decay and
weaknesses in bones. The World Health Organisation advises that
drinking water should not contain more than 1.5 milligrams of
fluoride per litre of water, but concentrations of less than 1.5 mg/L
of fluoride can be good.
For other substances, like the bacteria Escherichia coli, there is no
good amount. The World Health Organisation advises that drinking
water should have zero Escherichia coli bacteria per 100 mL (about
the size of a small glass of water). This is because the presence
of Escherichia coli in water may indicate that the water has been
contaminated with human or animal faeces, and therefore it
may contain pathogens that cause diarrhoea and other health
problems.

Image of Escherichia coli bacteria taken by a
scanning electron microscope, which is a special
type of microscope that produces images by
scanning the surface of a sample with a beam
of electrons. The bacteria are very tiny (about 2
µm long) so we cannot see them unless we use a
microscope that allows us to magnify their size.
Photo by NIAID. CC BY 2.0.

Many countries base their drinking water standards on guidance
from the World Health Organisation. In addition to drinking water
standards, many countries also have environmental water quality
standards and recreational water quality standards. When water
quality is tested, the results can be compared to these standards
to see if the water is safe for drinking, swimming, bathing, and for
wildlife and healthy ecosystems.

What do you think would be a good way to decide what
concentration a water quality standard should be set at?
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Contamination and pollution
Most of the things that are dissolved or living in water are
harmless or even beneficial. However, it is possible for water to be
polluted by human activities or to be naturally contaminated with
substances that can cause illness and/or make the water taste bad.

Dark siltstone with minerals containing iron
and other elements that can be dissolved in
groundwater. The rusty red colour is caused by
the iron being exposed to the air. Iron is not
harmful to health, but when large amounts of
iron are dissolved in groundwater it can become
coloured and have a metallic taste. Photo by
Saskia Nowicki.

Natural contamination: Water can contain microbiological
pathogens that are spread by wildlife. This is more common for
surface water than for groundwater because wildlife are more
likely to make contact with surface water. Groundwater is naturally
better protected from pathogens, but that doesn’t mean it is
always safe. Water can dissolve elements from rocks that are
harmful to human health. For example, an element called ‘arsenic’
is common in rocks in some areas and high levels of arsenic can
cause diseases in humans. Arsenic is tasteless, odourless, and
colourless, so to confirm if it is in an aquifer the water must be
tested. Water can also dissolve other elements from rocks that can
make it taste salty. This is one reason why groundwater can be
naturally salty, even when it is far away from the ocean.
Pollution from human activities: Water can be polluted by humans
in many ways. Some examples include:
•

Improper management of wastewater and solid waste
(including open defecation, livestock waste, building latrines
too close to water sources, or inadequate sewage treatment)

•

Improper use of fertilizers and pesticides in agriculture

•

Insufficient management of wastewater outflows from
industrial activities

•

Swimming and bathing in water sources

A puddle of water with oil pollution. Photo by
MPCA Photos. CC BY-NC 2.0.

In cases when natural contamination is a problem, water will have
to be treated or sourced from a different location. Water treatment
is also often needed to manage water quality impacts from human
activities.
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Water treatment
Not all pollutants are visible, so even though water may look clear
it could still be unsafe to drink. The best way to have safe drinking
water is to use a multi-barrier approach. This is the approach that
is recommended by the World Health Organisation and it involves
five different steps:
•

Source protection

•

Sedimentation

•

Filtration

•

Disinfection

•

Safe storage

The Llobregat water treatment facility in
Barcelona, Spain. Photo by Saskia Nowicki.

The first step is to protect the water source from being polluted.
After water is protected as well as possible, the next steps are
sedimentation, filtration and disinfection. These are all types
of treatment. This treatment can be done at a very big scale. For
example, the picture on the right shows a water treatment facility
in Spain that can treat 200,000 cubic metres of water in a day
(that is 10 million 20 litre jerry cans!). In places that do not have
centralised treatment facilities, and most rural places do not
have them, the same three treatment steps can be used at the
household level to make water safer.

Is there a water treatment facility in the city you are in
or near to? Can you find out what processes they use to
treat the water? Can you find out what volume of water
they treat? How many people use this water?

1

Source protection

Protecting water can lead to improved water quality and health.
Protecting water means keeping pollutants away from it. Usually,
surface water is more difficult to protect than groundwater
because it is more difficult to prevent humans and animals (and
their waste!) coming in contact with the water when it is open to
the air. Protecting surface water as much as possible can help to
improve water quality, but usually treatment will still be needed to
make the water safe to drink.
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Pit latrine

Localised
pathways

Remember that pollution in rivers will flow downstream, so if
possible, it is better to collect water upstream of where pollution
is happening. For example, if there is an area of the river where
people usually go to wash or animals usually go to drink, you
should collect water upstream from that place.

Water table

Annulus
between casing
and borehole
wall not sealed
Aquifer
pathway

Groundwater is often cleaner and less accessible than surface
water, and water is naturally filtered through layers of ground
material before it enters aquifers, this process can remove some
pollutants. However, aquifers are vulnerable to pollution when:
•

The water table is close to the surface. For example, when you
can see the water in an open well it is close to the surface

•

The ground above the aquifer is permeable. The more
permeable the ground is, the more easily pollutants can flow
into the aquifer

Two pathways to groundwater pollution.
Note: The ‘casing’ is the pipe that is installed into
the borehole which has holes at the bottom to
let the water in; the ‘annulus’ is a ring-shaped
hole that forms between the sides of the
drilled hole and the pipe/casing. The annulus is
supposed to be blocked up with special material
to stop water from travelling down it, but
sometimes this is not done properly (Lawrence
et al. 2001).

Different pathways to groundwater pollution
In many parts of Sub-Saharan Africa, people rely on shallow
groundwater pumped out by handpumps from unconfined
aquifers. The ground is permeable above unconfined aquifers,
which means that the groundwater can be polluted from latrines
and other waste sources on the surface (for example animal
faeces inside livestock pens). When pollutants are washed down
through the ground into an aquifer, the pollution has arrived
in the groundwater through the ‘aquifer pathway’. Pollution
of groundwater can also come from ‘localised pathways’. This
is when pollutants enter the water through wells/boreholes
themselves (or the ground immediately surrounding them). This
happens if wells/boreholes are not well protected or properly
constructed. The figure on the left shows an aquifer pathway by
which pollution has entered to groundwater from a latrine as well
as localised pathways directly around the borehole.

What factors might affect how far away a pit latrine
needs to be from a borehole to avoid the risk of
pollution?
Have you heard of composting toilets? Would they be
useful in your area?
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Protecting groundwater from pollution
Protecting groundwater requires consideration of both aquifer
and localised pathways. To be effective, water protection requires
stakeholders to work together. The first thing to do is identify all
the possible sources of pollution in the area and then try to keep
the pollutants away from the water. These are some important
steps that communities can take:
•

Keep the area around the water source as clean as possible
(remove garbage, faeces and other types of pollutants so that
they cannot be washed into the well/borehole)

•

Build latrines away from and downhill of water sources

•

Use latrines and avoid open defecation especially near water
sources

•

Build fences to prevent animals from going near water sources

•

Build animal pens away from water sources

•

Build good drainage channels around taps and pumps so that
water does not form pools in which pathogens can collect and
then infiltrate into the groundwater

•

Use concrete to cover the area around handpumps and wells
so that surface water cannot flow directly into the well through
the surrounding ground

•

If a pump is not available and it is necessary to use buckets to
collect water, keep the buckets and rope as clean as possible

A rural water kiosk with a fence protecting the
borehole pump house and kiosk. Photo by Saskia
Nowicki.

It is important to remember that this is an ongoing task. To protect
water, stakeholders need to regularly inspect the area around water
sources for potential hazards and take actions to keep pollutants
out of the water. The most common and harmful pollutant is often
human and animal faeces.

2 Sedimentation
Even if you have done your best to protect water, it may still
contain contaminants that could make people sick. You can do
sedimentation for another layer of safety. This is a very simple step;
it just takes time. Sedimentation happens when you let water sit in
a container and the particles that are suspended (floating) in the
water slowly fall/settle out to the bottom because they are heavier
than the water. Large particles will settle to the bottom more
quickly, small particles will take more time.
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Water
containing
insoluble
impurities

Clear water

Insoluble impurities

It is possible to add chemicals to the water to make the particles
group together into clumps. The clumps are heavier so they settle
out faster. These chemicals are used in large water treatment
facilities and sometimes households will also use them in small
amounts. Alum (hydrated potassium aluminium sulphate) or
crushed seeds from the Moringa plant are widely available and can
be used to speed up the sedimentation process. In the activities
section you will learn how to do this.
If you do not have access to alum or Moringa, you can still let
sedimentation happen – it will just take longer. Put the water in
a clean container, cover it so that no additional pollutants can
enter, and wait. After some time, the water will become clearer and
you can take it out of the container. Be careful not to disturb the
particles (sediment) at the bottom of the container otherwise it will
mix back into the water and the water will become turbid again.
When water has high turbidity it is good to do sedimentation
before filtering or using disinfection products because the filter will
then last longer and the disinfection will work more effectively.

3 Filtration

An example of a ceramic bucket filter being
tested by a school water club in Kwale County,
Kenya. In this example the water slowly passes
through the ceramic layer that has been inserted
inside the bucket. This ceramic has been specially
treated to make it more effective at removing
pathogens. When the water passes through the
ceramic it collects at the bottom of the plastic
bucked and can be poured out using the small
tap. Photo by Kingwede School Water Club.
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After sedimentation, the next step is filtration to remove
contaminants that are too small and light to settle out during
sedimentation. When water does not have high turbidity, you
can skip directly to filtration. Filtration is a physical process that
involves passing water through a filter – a material that catches
contaminants, which are larger than water particles, and holds
them back while clean water drains through. Some filters are
also designed to grow a biological layer that kills or inactivates
pathogens and makes their removal more effective. There are many
kinds of filters. Some work better than others and different filters
can remove different types of pollutants. Ceramic, for example, is
often used as a filter material.

Water quality
Other common types of filters are membranes and sand.
Membranes are flexible sheet-like material that acts as a boundary
to block pollutants from passing through. There are many kinds of
membranes but they are often expensive and can be difficult to
acquire. Sand is a less technical solution and it can be effective.
Sand filtration can be done to treat water for a whole community
if the community builds a good slow sand filtration system. Such a
system is made up of different parts including water storage tanks,
an aerator, pre filters, and slow sand filters.
It is important to remember that all filters will eventually get clogged
up by the matter that they have removed from the water. When this
happens, they must either be cleaned or replaced. Different filters
can last for different lengths of time and have different procedures
for cleaning / replacing.

UV Radiation using clear plastic bottles. Photo by
SODIS Eawag, CC BY 3.0, Wikimedia Commons.

4 Disinfection
After filtration, there is another important treatment step to make
water safe for drinking: It must be disinfected. Disinfection will kill
pathogens that remain in the water after the first two treatment
steps. There are different ways to disinfect but the most common
are:
•

Chlorine – The effectiveness of chlorine disinfection is impacted
by the chemistry and temperature of the water, but guidelines
are available to know how much chlorine should be used for
different volumes of water. If chlorine tablets, liquid, or powder
are purchased for treating drinking-water at home or at school,
the package should come with instructions for how much to add
to a particular volume of water.

•

Boiling – Boiling will kill pathogens regardless of the chemistry
of the water. Boiling should be done for at least 1 to 3 minutes
to be safe. Of course, boiling requires fuel to heat up the water
and this is sometimes difficult or expensive to obtain.

•

Ultraviolet radiation exposure – Ultraviolet (UV) radiation
comes from the sun. Water that is left in the direct sun can be
disinfected by UV radiation. Water does not have to reach boiling
temperatures (because in this case it is not the temperature that
is killing the pathogens) but it needs to be exposed to the sun
in a clear and shallow container. Some companies make special
containers for this purpose, but it is also possible to use plastic
water bottles (see picture on this page). If using this method, it
is particularly important to do sedimentation and filtration first
because otherwise pathogens can ‘hide’ behind turbidity in the
water to survive the UV exposure.
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When relying on UV exposure to disinfect water, it is important
to leave the water in the sun for long enough. The length of
time that is needed depends on how strong the sun is. There
are devices that measure the strength of UV radiation and tell
you when the water has been exposed for long enough (e.g.,
the WADI device manufactured by a company called Heloiz).
If you do not have access to a device like this, the general
guidance is that when the sun is strong and there are no
clouds, the water should be exposed for one day (including
the hottest hours in the middle of the day). When the sun is
not strong and it may be partly cloudy, the water should be
exposed for two days. If it is raining or very cloudy, this method
of disinfection should not be used.
•

Solar distillation – Another disinfection method that uses
energy from the sun is solar distillation. Distillation purifies
water through evaporation and condensation. First water is
heated using solar energy until it evaporates. The water vapour
is then captured in a separate container and cooled down so
that it condenses back to liquid form. When water evaporates,
it leaves behind anything that it was carrying so all pollutants
are left behind. This method can even remove salt from
saltwater. Of course, you must get rid of what is left behind
(which is called ‘residual brine’). If there are pollutants in the
brine that may be harmful to the environment, you must be
careful how you manage it.

What are the advantages and challenges of each
disinfection method? Which do you think is the best
method and why?
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5 Safe storage
After all the work of protection, sedimentation, filtering and
disinfection has been done, the final step is to store the water
safely. It is possible for water to be polluted again after it has been
cleaned – safe storage makes sure this does not happen. Keeping
clean water stored safely means storing it away from possible
sources of pollution. The most important thing is to keep animals
and people (including hands and feet!) out of the water. Here are
some tips:
•

Keep water in a clean and covered container (it should be a
special container that is only for treated water)

•

Remove water from the container using a tap or by pouring it
through a narrow opening in a way that will not let anything
get into the container and prevents hands from touching the
water

•
•

Make sure the container has a stable base so it does not tip
over and if possible, keep it elevated off the ground

School water storage tanks in Kitui County,
Kenya. Photo by Saskia Nowicki.

When the container is empty of water, clean it carefully with
soap or diluted bleach, and rinse it well with clean water

It is best to drink water soon after it has been treated. The longer it
is left in storage the more likely it will become dirty again.

How is water stored at your home or school? Could this
be improved based on the information above?
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Doing a sanitary inspection of a
water supply

Hand pump

Drainage
channel

In many rural areas, people get drinking water
from handpumps that are installed on boreholes
or dug wells. The pictures on this page show
the recommended design for dug wells with
handpumps to make sure that they are protected
from pollution. But often conditions in real life do
not match with this recommended design.

Inspection port
(lockable)
Cover
slab

Headwall

Collar

Apron

1m

Well wall
3m

The World Health Organisation (WHO) provides
guidelines for examining water supplies to figure
out what hazards need to be managed to protect
the water quality. The first step is conducting a
“sanitary inspection”. Sanitary means a clean

Rising
main

environment that is free from pollution, especially
faecal waste that can spread microbiological
pathogens. Sanitary inspection is an activity where
you examine a water supply and answer questions
about what pollution hazards you have observed.

Water level

Inspection port
and lockable lid
Hand pump

Collar

Apron

Cover
slab

Headwall

Soakaway

Fence or barrier

Drainage
channel
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Part 1. Conducting a sanitary inspection.
Look at the two pictures on pages 43 and 44, each
shows a handpump that is installed on a covered
dug well in a rural area. In each picture there are
some hazards that could be causing pollution of the
water in the well.

For each picture, answer yes or no to the
WHO sanitary inspection questions and then
count how many times you answered yes.

Picture 1

43
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Picture 2
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WHO Sanitary Inspection Questions:
Picture 1

Picture 2

Yes

Yes

No

No

Is the handpump damaged or loose where it attaches to the cover slab?
Is the cover slab missing or are there holes or deep cracks in the cover slab?
Is the inspection port missing a lid or are there holes in the lid?
If you can see into the well through the inspection port (see the small inset
image), are there any cracks or gaps in the wall near the ground surface?
Is the well missing an apron or are there holes or deep cracks in the apron?
Is the drainage channel missing or not allowing the spilled water to flow outside
of the fence (this could be caused by the channel being blocked, cracked, or not
having enough slope for the water to flow down)?
Is the fence missing or broken so that animals can get close to the well?
Is there a latrine that is uphill of the well?
Is there a latrine that is close to the well?
Are there any other signs of pollution close to the well (e.g. an animal pen, a
garbage dump, an area where people do open defecation, a storage area for fuel
or pesticides or other chemicals)?
Are there any uncovered wells close to the well?
For the last three questions, you might ask what counts as ‘close to the well’? The WHO recommends that sources
of pollution like latrines or waste dumps should not be within 15 metres of a well or not within 30 metres if they are
uphill of the well. But these distances are just estimated guidelines. The actual safe distance for latrines and other
sources of pollution depends on the geology and the aquifer in the area where the well has been dug. The two most
important factors are the permeability of the ground and the level of the water table. Remember what you learned
Section 3: Groundwater. When the water table is close to the surface, pollution can be washed into the aquifer more
easily by infiltrating water. When the ground is very permeable, water and pollution can flow quickly through it
and sources of pollution must be far away from wells to be safe. In ground that has very low permeability, or when
aquifers are confined below an impermeable layer, it can be safe to have sources of pollution closer to wells because
the ground does not allow the pollution to flow into the aquifer. Often the permeability of the ground might not be
known, so it is safer to keep sources of pollution far away from wells.

Total number of hazards identified for picture 1:

/ 11

Total number of hazards identified for picture 2:

/ 11
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Part 2. Taking action to improve water
safety.
Based on the results of your sanitary inspection,
write a plan for what should be done so that
people who drink the water from these wells do not
become sick.
Plan for picture 1:

Plan for picture 2:
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Comparing methods to speed up
sedimentation

Note: This activity has used the World Health
Organisation sanitary inspection guidance for dug
wells with handpumps. The WHO also provides
guidance for doing sanitary inspections and
making water safety management plans for other
types of small water supplies including:

Sedimentation is an important step in water
treatment, particularly if the water is turbid and full
of floating solid particles. Sedimentation occurs as
gravity causes these particles to settle at the bottom
of a container or pond. Various substances known as
coagulants can be added to water to speed up the
process of sedimentation, by making the particles
group together into clumps. In this experiment, you
will compare two different coagulants to see how
they affect the rate of sedimentation. Remember to
follow any safety instructions from your teacher when
doing experiments.

•

Materials

If you had some money to do these plans, but you
could only work on one of them at a time. Which
plan would you work on first and why? What
additional information would help you decide
what to do?

Dug wells that are open, from which water is
drawn with a bucket

•

Boreholes with handpumps

•

Boreholes with motorized pumps

•

Small piped water systems

•

Spring sources

•

Rainwater collection and storage

•

Surface water sources

•

Household water practices including water
collection, treatment and handling, and
storage

This guidance can be found on their website:
www.who.int/teams/environment-climatechange-and-health/water-sanitation-and-health/
water-safety-and-quality/small-water-supplymanagement

•
•
•
•
•
•
•
•
•

2 litre sample of murky water from a muddy place
or a water sample made by mixing dirt and water
3 x 2 litre plastic bottles cut in half
1 tablespoon of alum (potassium aluminum
sulfate)
Small pestle and mortar
Moringa seed (1 seed per litre of water, choose
good quality seed)
2 x tablespoon
3 x metal spoon or stirrer
Funnel
Timer or clock

Method
1

Grind moringa seed into a powder.

2

Put lid on original sample and shake.

3

Use a funnel to pour the same amount of water
into each bottle.

4

Add ground moringa seed to one bottle and a
tablespoon of alum powder to another; Stir all
three bottles for 5 minutes. Stop stirring and start
the timer.

5

Record your observations of the appearance of
each bottle at the start, and then at 5 minute
intervals.
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Student observations
Water appearance
Appearance and smell
before the start of
treatment

Appearance 5 minutes
after adding coagulant

10 minutes after adding
coagulant

15 minutes after adding
coagulant

20 minutes after adding
coagulant

30 minutes after adding
coagulant

Which treatment
worked fastest?
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No treatment

Alum

Moringa seed
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Extension: Investigate how turbidity is
measured
Materials
•

A flashlight

•

Four flat-bottomed transparent cylindrical
drinking glasses

•

Samples of 1) unfiltered water (the original
untreated water), 2) water after sedimentation
with alum, 3) water after sedimentation with
moringa, and 4) the clearest water you can find

Method
1

Pour equal volumes of each type of water into
the flat-bottomed transparent drinking glasses.

2

Move the glasses of water into a dark room and
place them on a flat surface.

3

Place the flashlight against the side of each
container and shine a beam of light through
each of the samples. Look at the path of the
flashlight beam.

4

How does the path of the flashlight beam
through filtered water compare to that through
unfiltered water? How does the filtered water
compare to the clearest water?

5

Now pour half of the unfiltered water out and
replace it with clear the clearest water. Examine
the effect by shining the flashlight through
the glass. How many times must you repeat
this dilution before you can see no difference
between the what started as unfiltered water
and the clearest water?

Why does the path of the flashlight tell us anything
about the turbidity? The reason is that the particles
in the water scatter the light from the flashlight.
Scientists studying water quality often use turbidity
meters called nephelometers which measure
how much light is scattered at different angles.
As more particles cause more scattering of the
light, the nephelometer is designed to provide a
precise measurement of turbidity, which is given in
Nephelometric Turbidity Units (NTU). (Nephele was
the ancient Greek goddess of clouds.)
This activity has been adapted from the Global Experiment
that was conducted during the International Year of Chemistry,
2011.

Solar still design challenge
The solar still is a device that that uses solar energy
to purify water. Different versions of solar stills are
used to desalinate seawater and in desert survival
kits. Solar stills are also available for home water
purification.
In this activity you will build a solar still and find out
how it can purify water. You will be challenged to
use your knowledge to build a more efficient solar
still. Follow your teacher's instructions to complete
this activity.
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Water quality crossword
DOWN – Clues for vertical words:

Test your water protection and treatment
knowledge by using the clues to fill in this
crossword puzzle.

ACROSS – Clues for horizontal words:
5

Something that can dissolve other substances
(7 letters)

6

A person that is impacted by / has an interest
in the decisions made for a water source (11
letters)

8

A biological organism (often bacteria or viruses)
that causes disease (8 letters)

9

Radiation that comes from the sun and has a
wavelength shorter than visible light (11 letters)

10 A measure of the cloudiness/haziness of water
due to suspended particles (9 letters)

1

2

4

3

5

6
7
8

9

10
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1

A ring-shaped hole that forms between the
sides of a drilled hole and the pipe or casing
that is installed in the hole (7 letters)

2

A flexible sheet-like material that acts as a
boundary so that some substances are blocked
from moving through it (8 letters)

3

The process by which the physical, chemical
or biological properties of water are changed
by addition of any substance that makes the
water harmful to humans or the environment (9
letters)

4

The action of passing water through a device /
material to remove unwanted substances (10
letters)

5

The treatment step used to clarify turbid water
before using a filter (13 letters)

7

Water that contains unwanted materials from
homes, businesses and industries (10 letters)

Water conservation

5. Water management
In Section 1: The Water Cycle, Section 2: Geology, and Section 3:
Groundwater, you learned about how water changes form and
moves between the atmosphere, the surface, and the ground. From
what you have learned and from your own experiences, you will
know that humans impact the water cycle in many ways. Human
activity often influences the quality of surface and groundwater, as
you learned in Section 4: Water Quality. And people can also change
how water is stored and where it moves by building structures that
affect water flow, for example, dams that form reservoirs, boreholes
for pumping water out of aquifers, or canals to irrigate fields for
growing crops. When water is taken from the natural cycle for
consumptive use in agriculture, industry, and domestic activities,
the amount of water stored in lakes, reservoirs or the ground can
be reduced.

Have a look at the water cycle image on page 52. It
includes examples of some human activity. In what ways
do human activities cause changes in the water cycle
where you live?

ABSTRACTION footprint

The water taken and
used from rivers, lakes
or aquifers e.g. for
farming or use in a
factory

RAINWATER footprint

The rainwater used by
plants that are then
consumed by people or
livestock

WASTEWATER footprint

How much water do you use?
You may or may not use water to grow your own food or make
things yourself, but if you think about what you eat, what you wear,
and even the buildings and roads that you use – water will have
been involved in the production, transport, and construction of all
these products and infrastructure.
When you step on sand, you can make a mark that is the size
of your foot, which is called a footprint. When you use water,
for drinking and washing and through the food, products, and
infrastructure that you consume or use, you make an impact on the
water cycle – this can be called your “water footprint”. The more
water that you use (both directly and indirectly through food and
other items) the bigger your water footprint is. A water footprint
can be divided into different categories including abstracted water,
rainwater used by plants, and wastewater that contains pollutants.
The Water Footprint Network calls these “blue, green and grey”
water footprints (waterfootrprint.org).

The freshwater that is
needed to dilute
pollutants from
households, farms or
factories enough to meet
specific water quality
standards

waterfootprint.org
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All of the items that you use have their own water footprints. The
water footprint of an item is the total amount of water required to
produce it. For example, a bag of rice that you can buy in a shop
has a water footprint – this includes the amount of water that was
used to grow the rice, the water that would be needed to dilute
any pollution from pesticides or fertilizers that were applied to the
rice to make it grow better, the water used to produce the bag
that the rice is in, and the water used to transport it to the shop.
To calculate your own personal water footprint, you would have to
add up the footprints of all the items you consume and use.

Rice paddies in Vietnam. A lot of water is needed
to grow rice. Photo by chericbaker. CC BY-NC-ND.

Food that requires a lot of water to grow (like rice for example) or
items that require a lot of water to produce (like a car for example)
are called “water intensive”. In the same way, industries that use a
lot of water are also called water intensive. Globally, the agricultural
industry that produces food is the most water intensive industry.
Meat and animal products have particularly large water footprints
because water is needed for the animals to drink and also to grow
food for them, and because livestock can produce a lot of polluting
waste. The textile industry that produces clothing is also very water
intensive.

What is water management?
You have learned that water is important for many different
purposes - it is needed for drinking and to grow food and produce
all of the items that we use. In Section 1: The Water Cycle, you
learned that water is not evenly distributed around the world –
some places have a lot of water, and some places have very little
water. And you learned that the amount of water that is available
in any area can change over time due to weather variability and
long-term climate change. All of this means that people need to
make good decisions about how to use water and what to use it
for.

What other water intensive
industries can you think of?
What do you think is the most
water intensive industry in your
country?
What do you think are the most
water intensive crops grown in
your country?
Look at the wastewater footprint
definition. Thinking back to the
chapter about water quality, why
is dilution one way to reduce
the impact of pollution?

Water management is the process of controlling how water is
moved and used to minimise damages (like water scarcity, flooding,
and pollution) and maximise benefits (like supplying clean drinking
water, growing food, and producing things for people to use).
There is always a limited amount of water, so people must decide
how much water to abstract from the water cycle, what it can be
used for, and how it is returned to the water cycle – including how
polluted wastewater should be treated and discharged.
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If you were responsible for
creating a budget for managing
the drinking water supply in
your area, what proportion of
the money would you give to
expanding the supply, and what
proportion would you keep for
maintaining the equipment?

Water management also involves decisions about how to spend
funding. For drinking-water supplies for example, someone must
decide how much money should be spent on:

What proportion would you
spend on treating the water?
Can you think of any other
costs that should be considered
for managing drinking water
supplies?

c.

a. installation of new pipes and boreholes so that more people
can be supplied,
b. maintenance activity to keep water systems functioning well
over time, or
water treatment chemicals (like alum for sedimentation or
chlorine for disinfection) and treatment facilities to improve the
quality of the water.

Who makes decisions about how water is
managed?
In the government, people make policies and laws about water.
Policies and laws are used to guide or control the decisions that
people and organisations make so that water is managed in the
way that the government wants it to be. Regulators (people who
work for regulatory agencies, which are a special part of the
government) are responsible for making sure that policies and laws
are being followed.

Mechanics fixing a water point. Photo by Nancy
Gladstone.

Often national policies and laws about water are influenced
by goals and guidance created by international organisations.
For example, governments often refer to the United Nations’
Sustainable Development Goals and the guidance on drinking
water quality standards from the World Health Organisation.
In democracies, government policies and laws are usually also
influenced by what the government thinks is important to their
supporters / voters.

If you worked in the Ministry of Water, what policy would
you want to make?
Many scientists, engineers, and management professionals also
influence decisions about water. Some do research and use the
data that they gather to advise the government on what policies
and laws are needed. Others work on designing, building, and
operating water supplies – they operate water treatment plants for
example, or design and build dams, or are responsible for collecting
data and writing reports to a regulatory agency to show whether
laws and policies are being followed.
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Planning for the future is an important part of water
management. If you were a scientist trying to figure out
how much water a city will need 20 years in the future,
how would you do it?
Businesses and people who work in industry also make decisions
about water, including how much water they use and how much
pollution they release into surface waterbodies and groundwater
aquifers. Sometimes these decisions are guided by government
policies and laws. Using too much water or causing a lot of
pollution can have consequences like having to pay fines or facing
criminal charges and possibly going to jail in very serious cases.
But when strong policies or laws have not been made or are not
enforced, businesses and companies decide for themselves how
they will use water and what kind of impact their activities will
have. In these situations, if companies are careless about how
they use water, it may have a damaging impact on people and the
environment.

In 2018:

5 service providers
Working in:

14 operational areas
Maintained over:

People also make water management decisions in communities,
especially in rural areas. In rural areas, large piped water supplies
are not common. Instead, small water supplies are often built by
the government, NGOs, or communities themselves. After a water
supply is constructed, communities often select people to form a
water management committee that is responsible for managing
the water supply. One of the biggest challenges that these
committees face is keeping the water supplies in good condition
and fixing breakdowns. In some places, service providers are
helping with this challenge by offering maintenance services for
rural water supplies. The image on the right highlights five service
providers that are working in Kenya, Uganda, the Central African
Republic, and Burkina Faso with data on their activities in 2018.

Managing water for sustainable agriculture
One of the most important uses of water is for growing crops. From
small gardens to huge industrially-managed farms and plantations,
all agriculture needs water. Where large amounts of water are
used, we need to think about sustainability – will the water be
used up too quickly for it to be replaced by rainfall? Will pesticides
or fertilizers pollute run-off water from farms and cause problems
for the environment and human health? What can farmers and
gardeners do to use water more efficiently and to limit pollution?

2800 waterpoints
800+ piped waterpoints from
99 schemes
1950 handpumps
Serving an estimated:

1 million
people

What decisions about water
use are made by people in
their households? Are these
decisions different in rural areas
compared to cities?
Can you find out who makes
decisions about water at your
school? What are the biggest
challenges that they must
manage?
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Ways that farmers protect soil and conserve water
However large or small a farm is, the harvest depends on soil and
water so farmers who are concerned with long term sustainability
develop ways to protect both of these resources. Different
conservation techniques may be needed depending on the type
of soil and seasonal patterns of rainfall, and farmers may need to
adapt as the climate changes. Some examples from conservation
agriculture include:
Taita, Kenya, Terraced Farmland, Upland. Photo
by Peter R Steward, CC by NC 2.0, Flickr.com.

•

Building terraces to prevent soil being washed away and allow
the harvest rainwater and run-off for re-use on the farm

•

Building cut-off drains and ditches to retain water in the soil

•

Planting drought-resistant indigenous plants adapted to the
local climate and/or varieties of crops that need less water

•

Composting and mulching – Organic matter can be used as a
surface mulch layer or rotted down to compost and mixed into
the soil. These practices improve soil structure which results
in better drainage: Water does not pool on the surface and
evaporate or sit in the soil and cause rotten roots, but rather
seeps gradually into and through the soil at a rate which allows
plants to make good use of it

•

Some farmers now use targeted “drip” irrigation systems that
transport water to crops through pipes and release water as
needed. The purpose of these systems is to avoid wasting
water to evaporation. Systems are available for small farms and
even some schools use them. It is important to monitor how
effective they are.

Drip irrigation at a primary school in Kwale
County, Kenya. Photo by Saskia Nowicki.

Using greywater on plants

Watering crops in a greywater tower, Ethiopia.
Photo by Sustainable sanitation, CC BY 2.0
Flickr.com.

Another possibility for conserving water is to use greywater – the
wastewater from household activities like cooking and washing
– on crops or other plants. In this way, greywater can become
recycled water. Professionally-designed greywater systems can
be installed to filter, treat, and store the water to make it safer and
easier to re-use, but it is important to get expert advice on the
costs and benefits of installing such a system.
Most simply, greywater can be collected in a bucket or other large
container and transferred to the garden directly, but it is important
to pay attention to the safety guidelines in the learning actvities
below.

What happens to greywater at your school?
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The water cycle where I live
You could do this activity individually or in groups of
2–4. If you are working in groups, pause at each
to
get feedback from each group; if individually, turn to
your neighbour and discuss. You can use what other
people came up with to add to your lists and tables.

*

1

Make a list of ways people use water in your area
during the rainy season.

2

Look at the diagram of the water cycle including
human activity. Are the items on your first list
included in the diagram?

3

Make a list of places where people in your area
get water from.

6

Building on the table that was created in the
activity on page 8, fill in the rows and columns
for each of the circled words. Which of the
processes have you seen, and which are taking
place where you live?

7

You can do this final step with everyone
together, or continue to work in small groups.
Put each of the words from your two lists, plus
each of the circled words showing processes on
to pieces of paper. Arrange them into a water
cycle. Use a pen or more paper to make arrows
to show the flow of water around your diagram.

8

Discuss as a group: How would your diagram

*

4

Look at the diagram of the water cycle including
human activity. Are the items on your second list
included in the diagram?

5

Here are the labels from the water cycle diagram
including human activity. Circle the labels which
show the ways in which water moves around the
cycle. (Clue: You should circle 13 of them).

*

Condensation

Surface water flow

Groundwater abstraction
Saline groundwater
Infiltration

Evaporation

Groundwater flow
Run-off

Dam

Industrial water use and disposal
Reservoir

Evapotranspiration

Agricultural water use and run-off
Melt-run-off

Conservation agriculture project
Which food crop plants growing in your
area use the most water and which ones
use the least?

Precipitation

Borehole

change during the dry season when there is
less rain? Does your diagram explain everything
about where the water used in your area comes
from and goes to? What else does your diagram
make you want to find out?

Is there a gardener or farmer that you
could ask about this or can you think of a
way to measure it directly?
Can you find out about some of the
water-saving techniques that are used by
farmers in your area?
Are there any water-saving techniques
that could be used in the gardens at your
school?

Domestic water use and disposal
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Greywater Safety Guidelines
•

•

•

Water from toilets or washing soiled nappies
(blackwater) is not safe for re-use due to faecal
contamination
Residential gardens close to streams or shallow
water tables should not be irrigated with
laundry water: There is a risk of ground and
surface water contamination from salts and
other non-biodegradable substances found
in washing powder or other laundry products;
Long-term use at one site may pose a risk to
soil quality
Shower and bath water or water from a
bathroom hand basin is most appropriate for
use in the garden because the residues from
soap/cleaning products are small

•

Kitchen sink water can be used if it does not
contain oil/grease or blood

•

Filter the water before use so that any lint,
hair and food particles are removed to reduce
bad odours and avoid attracting pests. A filter
could be a sock over the end of the pipe/
hose, a simple sand/gravel filter, or something
professionally-designed. The filter will need to
be cleaned regularly.
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Important safety points for using
greywater
•

To avoid bacteria growth, do not store
greywater for more than 24 hours before using
it.

•

Greywater should be used on crops in
combination with freshwater to avoid build-up
of salts that are bad for plants. To address this
issue, pour freshwater on the crops/soil at least
once a month if it has not been raining.

•

Don’t use greywater on vegetables where you
eat the leaves or on crops that will be eaten
uncooked.

•

Don’t pour greywater directly onto leaves or
spray it into the air, pour it directly onto the
ground – this reduces the health risk from
bacteria

•

Ideally, pour the greywater onto a mulch
(a surface layer of organic matter used in
gardening; learn more in the next section!)
rather than bare soil so that it filters slowly
into the soil below; Alternatively, find out more
about the construction of greywater towers
which filter water before supplying it to crops

•

Wash crops with clean water and / or cook
them before eating

LEARNING ACTIVITIES: Water conservation

Can a t-shirt have a footprint?
T-shirts are often made of cotton, which is a crop
grown in many countries around the world. You
can read about cotton production in India in the
newspaper article on the following page. “Blue”
and “Green” water (see diagram on page 51) is used
for irrigation and also in the process of preparing
and dying the final cotton textile used to make
the t-shirt. The WASTEwater footprint of a t-shirt
depends on how much pollution was caused by its
production from the pesticides, dyes and any other
chemicals used in the process. All these elements
can be put together to estimate the total water
footprint of a t-shirt.
If you can find a t-shirt with a label showing where
the cotton was grown, you can use the information
below to calculate the water footprint of that
t-shirt. You will also need a weighing machine or
use the average t-shirt weight of 0.25kg.

Where was it made? (Check the label)
Country

Water footprint to produce 1
kilogram (kg) of cotton

USA

8,100 litres (L) of water

China

6000 L

Pakistan

9,600 L

Uzbekistan

9200 L

India

22,500 L

Global Average

10,000 L

Weight of one t-shirt:
Remember 1 kilogram = 1,000
grams

(kg)

Calculate the water footprint of the t-shirt
Water footprint
of cotton

T-shirt weight

(in L per kg)

(in kg)

Water
footprint of
t-shirt
(in L)

x

=

Figures from The Water Footprint of Modern Consumer Society
by Arjen Y. Hoekstra, Routledge, 2013

Why do the water footprints for cotton
produced in different countries vary so
much?
If you can watch videos in school, ask your
teacher about a video called Cotton and
Water to find out about ways to reduce
water use in cotton production.

HOW MUCH
WATER WAS
USED TO MAKE
THIS SHIRT?

Cotton harvest. Photo by Kimberly Varden; CC BY 2.0;
Flickr.com.
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Extract from Guardian newspaper article from World
Water Day 2015

The cost of cotton in water-challenged
India
Stephen Leahy
Friday 20 March 2015 14.12 GMT

Severe water scarcity in India is exacerbated by
the cotton industry. Concerns are high, but are
businesses,consumers and government doing
enough?
You might not realise it, but India exports enormous
amounts of water when it exports raw materials such
as cotton and products such as automobiles.
The water consumed to grow India’s cotton exports
in 2013 would be enough to supply 85% of the
country’s 1.24 billion people with 100 litres of water
every day for a year. Meanwhile, more than 100
million people in India do not have access to safe
water.

Virtual water
Cotton is by no means India’s largest export
commodity – petroleum products followed by gems
and jewellery follow closely behind. All of these
exports require water to produce, and the quantities
needed are staggering. Not only does it take water to
grow anything, it also takes water to make anything:
cars, furniture, books, electronics, buildings, jewellery,
toys and even electricity. This water that goes largely
unseen is called virtual water.
What’s easy to forget is that virtual water is as real
as the water you drink. Producing 1kg of cotton in
India consumes 22,500 litres of water, on average,
according to research done by the Water Footprint
Network. In other words, this 22,500 litres of water
cannot be used for anything else because it has
either evaporated or is too contaminated for reuse.
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By exporting more than 7.5m bales of cotton
in 2013, India also exported about 38bn cubic
metres of virtual water. Those 38bn cubic metres
consumed in production of all that cotton weren’t
used for anything else. Yet, this amount of water
would more than meet the daily needs of 85% of
India’s vast population for a year.

Doing things differently
Cotton doesn’t usually consume this much water.
The global average water footprint for 1kg of cotton
is 10,000 litres. Even with irrigation, US cotton
uses just 8,000 litres per kg. The far higher water
footprint for India’s cotton is due to inefficient
water use and high rates of water pollution —
about 50% of all pesticides used in the country are
in cotton production.
Most of India’s cotton is grown in drier regions and
the government subsidises the costs of farmers’
electric pumps, placing no limits on the volumes
of groundwater extracted at little or no cost. This
has created a widespread pattern of unsustainable
water use and strained electrical grids.
Recent reports show that India’s water
consumption is far too high. In 54% of the country
40 to 80% of annually available surface water is
used. To be sustainable, consumption should be
no more than 20% in humid zones and 5% in dry
areas, to maintain the ecological function of rivers
and wetlands, experts say.
India’s extensive groundwater resources are also
rapidly being depleted, with 58% of wells in the
drier north-west India experiencing declining water
levels.

LEARNING ACTIVITIES: Water conservation

Water management crossword
Test your knowledge by using the clues to fill in this
crossword puzzle.

ACROSS: Clues for horizontal words
2. A procedure, protocol, or set of principles, often
created by people in the government, that is
used to guide decisions (6 letters)
4. The total amount of water directly and
indirectly used by a person, or the total amount
of water used to produce something (2 words,
5, 9 letters)
7. Use of a resource that lowers the amount that
is available for use over time, such as removing
water from a lake or aquifer and not returning
the same amount back (2 words, 11, 3 letters)

9. Prevention of wasteful use of a resource such as
water (12 letters)
10. A small group of people selected by a larger
group to represent them and do a set of tasks
(9 letters)

DOWN: Clues for vertical words
1. The wastewater from household activities like
cooking and washing (9 letters)
3. A description of an industry that uses a lot of
water (2 words, 5, 9 letters)
5. Activity that is done to keep something working
or in good condition (11 letters)
6. Continuing at the same speed or amount
without breakdown or depletion (11 letters)

8. The activity of deciding and controlling how a
resource like water is used (10 letters)
1

2

3

4
5
6
7

8

9

10
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VISION FOR WATER

Use your water knowledge
Choose two questions from the list below and
discuss in pairs or small groups to get your ideas
flowing.
Make a poster, write a school newsletter article, or
create an awareness campaign on the theme of
OUR VISION FOR WATER to share what you have
learned in this module with others.

Discussion points
•

Who is responsible for making water safe to
drink?

•

Who is responsible for making sure there is
enough water for everyone?

•

How much water is enough water for drinking
and household activities?

•

How much water do people in your school use
every day? Do you think the water footprint of
your school should be reduced or increased? If
so, how would you do that?

•

How can commercial users of water like
agriculture, factories or mines conserve water
and protect supplies?

•

What are the main risks of drinking unsafe
water and what can be done to reduce the
risks?

•

Why is groundwater from a handpump usually
safer to drink than water collected from a lake,
river or open well? What can be done to protect
the safety of groundwater?

•

What do you think everyone should know about
water?

•

What are the best ways to share important
messages about water?
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Hold a debate
Organise a debate with a water management
theme. Some examples might be:
We believe that greywater should be used in
agriculture and gardening because it is a form of
water recycling that helps to conserve water.
VS.
We believe that greywater should not be used in
agriculture and gardening because it contains soap,
other chemicals, and possibly pathogens from
household activities that could be harmful.
Or,
We believe that paleowater in old aquifers should
be abstracted and used because it can provide
supply for drinking, growing food, and economic
production. It is not useful for anything if it stays in
the ground.
VS.
We believe that paleowater in old aquifers should
not be abstracted because it is a non-renewable
supply and when it is depleted it will be difficult for
people to find another water supply and there will
be water scarcity.

Glossary

Glossary
Term

Definition

abstraction

the process of removing something, such as taking water out of the ground or out of a surface
water body

Afridev

a handpump design that was created based on research in Africa and is commonly used
throughout the continent

aquiclude

a layer of geological material that is impermeable; it blocks water and does not allow it to flow
through

aquifer

an underground geological formation that stores and yields water

aquifer pathway

a route that solutes (substances dissolved in water) and microorganisms (bacteria, protozoa,
viruses) can travel where they move down through the ground into an aquifer and then flow with
the groundwater into an abstraction point like a well or borehole

aquitard

a layer of geological material that has low permeability; it slows down the flow of water

biogenic

created by living organisms

blackwater

wastewater that contains faeces

borehole

a deep, narrow hole made in the ground, often to locate/pump out water or oil

climate

the general pattern and conditions of weather in an area over a long period of time – descriptions
of climate are often based on averages of weather variables like rainfall and temperature over
many years

climatology

the scientific study of the climate

committee

a small group of people chosen to represent a larger group of people and do a set of tasks; in
rural areas, communities often select people to form a water management committee that is
responsible for managing a water supply that the community uses

compost

organic material from plants and animals that has decayed (become rotten or broken down by
bacteria or fungi) and can be used to provide nutrients for growing plants

concentration

the relative amount of a substance contained in a particular volume of a solution, mixture, or
space

condensation

the process by which a vapour becomes a liquid often due to cooling

conservation

prevention of wasteful use of a resource such as water

consumptive use

use of a resource that reduces the supply: such as removing water from a river, lake or aquifer
without returning the same amount (e.g. consumption of water by plants, humans, and animals
and the incorporation of water into the products of industry or food)

discharge

water flowing out (e.g. out of a stream, pipe, or aquifer); the opposite of recharge

disinfection

cleaning something by killing the microorganisms (bacteria, protozoans, viruses) that are in it (e.g.
water) or on it (e.g. a table)

drought

an extended period of less than normal precipitation that often affects availability of water
supplies, it is a natural hazard caused by climate variability
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Glossary
Term

Definition

evaporation

conversion of a liquid (water) into a vapour (a gas) usually through application of heat energy

evapotranspiration

movement of water vapour into the atmosphere due to both evaporation from soil and
transpiration from plants

filtration

the process of passing water through a device/material to remove unwanted substances

fracture

a break or crack in a hard object or material like rock or bone

geology

the scientific study of the physical structure and substance of the Earth

glacier

a slow-moving mass or river of ice formed by the accumulation of snow over many years on
mountains or in the Arctic or Antarctic regions

greywater

wastewater from household activities like cooking and washing

hydrogeology

the scientific study of groundwater and the geological and non-geological materials that it
interacts with

hydrology

the scientific study of the characteristics and movement of water

impermeable

what we call material that water cannot flow through; it does not have connected void spaces so
it blocks the flow of water

improved water
source

improved drinking water sources are those that have the potential to deliver safe water by nature
of their design and construction, and include: piped water, boreholes or tubewells, protected dug
wells, protected springs, rainwater, and packaged or delivered water

infiltration

movement of water from the land surface into the subsurface/ground

installation

building or putting something in place (e.g. a water system)

intensive

involving the use of a lot a resource such as water, land, or time; something is water intensive
when it uses a lot of water.

interflow

water travelling horizontally through shallow ground during or soon after precipitation (it
discharges quickly into a stream or other waterbody but does not move down below the water
table)

irrigation

controlled application of water to agricultural fields to supplement the water that is supplied by
precipitation

localised pathway

a route that solutes (substances dissolved in water) and microorganisms (bacteria, protozoa,
viruses) can travel to get into a well or borehole by moving through the ground very nearby or
falling directly into the well/borehole

maintenance

the activity of keeping something working or preserving a condition or situation; for example,
mechanics do maintenance work on machines and equipment like cars or handpumps to keep
them working

management

the activity of being responsible for the running of an organisation or the activity of deciding and
controlling how a resource is used; water management is the process of controlling how water is
used

membrane

a flexible sheet-like material that acts as a boundary, lining, or partition so that some substances
are blocked from moving through it

microbiology

the scientific study of microorganisms, which are very small creatures including viruses, bacteria,
protozoans and some worms

molten

liquefied by heat (usually refers to melted rock, metal, or glass)
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Definition

non-renewable

non-renewable resources are finite – e.g. a goldmine – once the gold deposits are mined out, no
more gold will be formed in that place.

organic

relating to or created by living organisms (plants, animals, bacteria, fungi, protists).

over-abstraction

withdrawal (removal) of groundwater over a period that exceeds the amount of water recharged
to the aquifer

paleowater

groundwater that has been stored in an aquifer for thousands to millions of years; typically, it is
recharged once after several thousand years or longer, or not at all

pathogen

a biological organism (often bacteria or viruses) that causes disease

permeability

a measure of the connectivity of void spaces in the ground

permeable

what we call material that has connected void spaces so water can flow through it

policy

a system of principles to guide decisions to achieve intended results; a policy is often in the form
of procedures or protocols for action; it is created by people or organisations, often part of the
government, to guide the activity of other people or organisations

pollutant

any substance that when added to water (or another substance) makes it impure and unfit for
consumption or an intended use

pollution

changing the physical, chemical, or biological properties of water by introducing any substance
that makes the water harmful to use

population density

the number of people per unit of area e.g., number of people per square kilometre – a figure used
to compare how many people are living in different towns, countries or regions

pore spaces

void spaces between geological material

porosity

the ratio of the volume of void or air spaces in a rock or sediment to the total volume of the rock
or sediment

potentiometric
surface

an imaginary level above a confined aquifer – the level to which water from a confined aquifer
would rise to in a pipe because it is under pressure exceeding that of atmospheric pressure

precipitation

water falling out of the atmosphere in a liquid or solid state

recharge

water that is added to an aquifer (e.g. when rain infiltrates into the ground)

recycled water

water that is used more than one time before it returns back into the natural water cycle

reservoir

a body of water that forms behind a dam

run-off

water that flows over land to surface streams, rivers, and lakes and eventually to the ocean/sea

rural

adjective referring to countryside areas rather than town or city areas, which are described as
‘urban’

sanitary

the condition of a clean environment that is free from pollution, especially free from faecal waste
that can spread microbiological pathogens

saturated

what we call material (like soil or a sponge) that is holding as much water as possible

saturated zone

the area below the water table where the ground is saturated with water (all the void spaces are
filled with water)

sedimentation

the process of suspended material settling or ‘falling’ out of water, being deposited as a sediment

seepage

when water moves into the ground from a surface waterbody (e.g. some water from lakes and
rivers moves down into the ground) or out of the ground into the ocean or onto land

65

Glossary
Term
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soil

the top layer of the Earth’s surface, containing unconsolidated rock and mineral particles mixed
with organic material

soil moisture

water clinging to soil in the unsaturated zone

solvent

something that can dissolve other substances

stakeholder

a person who is impacted by and / or has an interest in a project, business, or other activities
of an organisation (e.g., all the people who are impacted by or have a responsibility for the
management of a water source are stakeholders for that water source – this would usually
include community members, government officials, and possibly owners or company employees)

surface water

water in rivers, lakes and streams on the land surface

sustainable

able to continue at the same speed or amount, with the same inputs and outputs, without having
a breakdown or depleting (lowering the amount of) a resource

transpiration

the process by which water absorbed by plants, usually through their roots, is released into the
atmosphere, mostly through the leaves of the plant, due to photosynthesis (photosynthesis is the
process that plants use to transform sunlight into energy that they can use - the process produces
oxygen and water in gaseous form)

turbidity

a measure of the cloudiness/haziness of water due to suspended particles (often silt or organic
matter)

ultraviolet light

radiation that comes from the sun and has a wavelength shorter than visible light

unsaturated zone

the zone between the land surface and the water table where pore space contains both water and
air (plant roots can capture the moisture passing through this zone, but it is not enough water to
fill wells)

vapour

the state of water in which individual molecules are highly energized and move about freely; also
known as gas/gaseous

wastewater

water that contains unwanted materials from homes, businesses, and industries; a mixture of
water and dissolved or suspended substances

water intensive

phrase used to describe a process or activity that requires a lot of water

water quality

the chemical, physical, and biological characteristics of water with respect to its suitability for a
particular use

water scarcity

when there is not enough water to satisfy the needs of people, animals and the environment in a
region (when water demand is greater than water supply)

water table

the level in the ground below which the soil and rock are fully saturated with water (all the spaces
are filled with water); this is the name for the top of an unconfined aquifer

water treatment

steps that can be taken to remove harmful chemicals and pathogens from water, such as
sedimentation, filtration and disinfection

waterbody

any significant accumulation of liquid water such as a lake, sea or river

weathering

the process of materials like rock, wood, or metal breaking down over time because of contact
with air, water, changing temperatures, and biological organisms (animals, plants, bacteria, and
fungi)
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Sources & further reading
3. Groundwater

WHO/UNICEF Joint Monitoring Programme.
washdata.org/

Text and diagrams adapted from the US Geological Survey

1. Water cycle

Water Science School website

Water cycle diagram adapted from Physical Geology by
Steven Earle, CC-BY 4.0 international license.

Survey Open File Report 93–643.

opentextbc.ca/geology/water-cycle/

pubs.usgs.gov/of/1993/ofr93-643/

Long term monthly rainfall 1901–2016. Graphic produced by
Jacob Katuva using data from the University of East Anglia
Climate Research Unit (CRU). CRU Datasets, British
Atmospheric Data Centre, 2008; Available from

badc.

nerc.ac.uk/data/cru
Population density map by Minzinho – Trabalho próprio,
public domain, based on data from United Nations
Department of Economic and Social Affairs – Population
Division Total Population, July, 2015

UNESCO/WWAP, 2012 Facts and Figures from the United
Nations World Development Report: Managing Water under
Uncertainty and Risk. Available from
unesdoc.unesco.org/images/0021/002154/215492e.pdf
Groundwater in the Sahara desert: Institut de Recherche
pour le Développement (IRD). Sub-saharan water: Not just
fossil water. ScienceDaily, 22 July 2013 from J. Gonçalvès, J.
Petersen, P. Deschamps, B. Hamelin, O. Baba-Sy. Quantifying
the modern recharge of the “fossil” Sahara aquifers.

Rain gauge design adapted from Wrage, K.J., Gartner, F. R.,
Butler, J.L., 1994. Technical Note: Inexpensive rain gauges
constructed from recycled 2 liter plastic soft drinks bottles.
Journal of Range Management, 47 (3).

Geophysical Research Letters, 2013; 40 (11): 2673 DOI:
10.1002/grl.50478

4. Water quality
Lawrence, A.R., Macdonald, D.M. J., Howard, A.G. Barret, M.H.,

2. Geology
More details here:

water.usgs.gov/edu/earthgwaquifer.html and D.W.
Clark and D.W. Briar, What is Groundwater? U.S. Geological

Pedley, S., Ahmed, K.M., et al. (2001) Guidelines for assessing
www.geo.brown.edu/research/

Milliken/GEOL0810_files/PlanetaryGeology_

the risk of groundwater from on-site sanitation.
Commissioned report (CR/01/142) of British Geological
Survey.

BackgroundMaterial.pdf

nora.nerc.ac.uk/id/eprint/20757/1/ARGOSS%20

Manual.PDF

Ngwa deposit case study and diagram adapted from
Kenfack, P., Tematio, P., Kwékam, M., Ngueutchoua. G. and
Njike, P. (2011). Evidence of a Miocene volcano-sedimentary
lithostratigraphic sequence at Ngwa (Dschang Region, West
Cameroon): Preliminary analyses and geodynamic
interpretation. Journal of Petroleum Technology and
Alternative Fuels Vol. 2 (3), pp. 25-34. Available online at
www.academicjournals.org/JPTAF. This article is
published under the terms of the Creative Commons
Attribution License 4.0.
Blair, T. and McPherson, J. (1999). Grain-size and textural
classification of coarse sedimentary particles. Journal of
Sedimentary Research 69 (1): 6 doi: 10.2110/jsr.69.6

Nelson, S., Rau, M. 2011. Moringa: the science behind the
miracle tree. Science in Schools: The European Journal for
science teachers, Issue 18 03/03/2011.
www.scienceinschool.org/2011/issue18/moringa
WHO Sanitary Inspection Guidance Packages:
www.who.int/teams/environment-climate-changeand-health/water-sanitation-and-health/water-safety-andquality/small-water-supply-management
WHO Drinking Water Guidelines:

www.who.int/teams/

environment-climate-change-and-health/water-sanitationand-health/water-safety-and-quality/drinking-waterquality-guidelines

Grains activity inspired by What can grains tell us by Maggie
Williams, Earth Sciences Teacher’s Association.

www.

geolsoc.org.uk/lessonplans
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5. Water management
www.waterfootprint.org
Mekonnen, M.M. and Hoekstra, A. Y. 2014. Kenya’s water
footprint, including the ‘virtual water’ that is exported in the
form of food crops, tea and cut flowers: Water conservation
through trade: the case of Kenya. Water International, 2014,

Case study of SuSanA projects; Greywater tower, Arba
Minch; Ethiopia; Wudneh Ayele Shewa (ROSA project),
Bogale, SuSanA 2010.

www.susana.org/_resources/

documents/default/2-90-en-susana-cs-ethiopia-arbaminch-greywater-tower-2010.pdf
Sacher, N. and Gensch, R., Xavier University. How to build

39 (4): 451–468.
Hoekstra, A.Y. The water footprint of modern consumer
society. 2013. Routledge.
Video on water use in the cotton industry:
youtu.be/Hfi4DUHDavQ

Conservation agriculture
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