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THE ROYAL SOCIETY OF CHEMISTRY

The RSC is an international learned society for advancing the chemical sciences and also the UK's professional
body for chemical scientists. Supported by over 46,000 members worldwide and by an internationally acclaimed
publishing business, RSC's activities span education and training, contributing to national and international
science policy, conference organization and promotion of the chemical sciences to the wider public. RCS's
relationships with leading national chemical societies and international companies place the RSC at the heart of a
global network of 300,000 chemical scientists.

The RSC's headquarters are in London with a further office based in Cambridge. Other RSC offices are located in
China (Beijing and Shanghai), in the USA in Philadelphia and in 2010 an office will be opened in Bangalore, India.

WWw.rsc.org

SYNGENTA

Syngenta is one of the world’s leading companies with more than 25,000 employees in over 90 countries
dedicated to our purpose: Bringing plant potential to life. Through world-class science, global reach and
commitment to our customers we help to increase crop productivity, protect the environment and improve
health and quality of life.

www.syngenta.com

PAN AFRICA CHEMISTRY NETWORK

The Pan Africa Chemistry Network (PACN) was set up by the Royal Society of Chemistry, with a special focus

on the Millennium Development Goals aimed at advancing the chemical sciences across Africa, and represents
an innovative approach to working with universities, schools, scientists, teachers, and students. The PACN is
engaging with chemical societies throughout Africa, together with the Federation of African Chemical Societies.
A coordinated approach is crucial to success. The PACN, with the support of Syngenta has established regional
hubs in Ethiopia and Kenya, and the RSC has increased the existing collaboration with universities and other
partners in South Africa. These can respond to the local needs of scientists whilst building extensive relationships
across the continent.

The PACN seeks to create a self-sustaining science base in Africa, and it is encouraging the application of best
practices to solving local challenges and enabling contributions to global scientific knowledge. It aims to:

® enhance collaboration between governments, universities, industry and communities;

® support the establishment of a sustainable science base across the continent, which attracts students to
scientific careers and promotes public appreciation of the role of chemical science in Africa’s future;

e disseminate information to researchers and entrepreneurs about available funding opportunities;

e coordinate support for education at all levels, from low-cost practical school teaching to training researchers in
the use of modern research instruments;

® encourage the development of ‘Centres of Excellence’ through the installation of modern analytical
technologies and coordinated training.

www.rsc.org/pacn
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BACKGROUND

On 26th - 29th August 2009 the Pan Africa Chemistry Network (PACN) held the Sustainable Water Conference, hosted by
the University of Nairobi, Kenya, and sponsored by the RSC and Syngenta. The findings and recommendations contained
within this report represent the views of the 180 scientists and practitioners that attended this conference from 14
different countries in Africa, as well as the UK, Switzerland, Colombia and Uruguay.

During this three-day meeting, delegates addressed the scientific issues surrounding sustainable water. The concluding
open forum called for an increased understanding of the role of scientific research in finding solutions to issues relating to
water, especially water quality, in Africa. It also called for an increased scientific voice within African Governments, together
with a shift towards fostering a science-based water management culture.

This report is unique in that it summarises the conclusions and recommendations emerging from the PACN Sustainable
Water Conference, representing the opinions and knowledge of some of Africa’s best scientists in the field of sustainable
water research and development. It also includes the feedback received at the high level workshop organized at RSC
headquarters in London, where experts on water and African issues were invited to discuss a draft of this report.

The report will be launched in Nairobi at the United Nations World Water Day 2010 “Communicating Water Quality
Challenges and Opportunities”, with the intention of alerting the governments of the African nations for which water
quality remains an urgent issue. The document also serves as a roadmap for the numerous scientists in African academia,
government and industry who will ultimately be tasked with undertaking the recommendations outlined herein.

The recommendations presented in this report specify ‘fit for purpose’ solutions for water wherever it is used: for drinking,
for growing food, and to satisfy domestic and industrial needs. It is recognised that biological, physical and chemical
contaminants are all major contributors to sub-standard water quality in Africa, and special attention is given to the latter.
This report emphasises the central role that the chemical sciences will play, in particular through ‘Centres of Excellence’ in
analytical chemistry, in the evaluation and monitoring of water quality.

In the light of climate change and massive population expansion, the vital role that Africa’s scientists must play in meeting
water quality challenges cannot be overestimated. These challenges present the opportunity for genuine partnership

and collaboration between scientific communities and governments, both across the African states and internationally.
The ultimate goal of this report is to raise the profile of water quality in policy agenda, so that water quality is always
considered alongside water quantity.

Report steering committee Report contributors

Dr John Clough, Syngenta Professor Anthony Gachanja, Jomo Kenyatta University of
Dr Simon Cook, CGIAR, Colombia Agriculture and Technology, Kenya

Professor Eric Odada, University of Nairobi, Kenya Eng. Pedro Mastrangelo, 5 Ingenieros, Uruguay

Professor Kevin McGuigan, The Royal College of

Dr Elizabeth Milsom, Royal Society of Chemistry ¢ i Ireland, Ireland
urgeons in Ireland, Irelan

Mr Steve Ntifo, Water UK . . o
Ms Presthantie Naicker, University of KwaZulu-Natal,

Dr Alejandra Palermo, Royal Society of Chemistry South Africa

Ms Alison Sapiets, Syngenta Professor Feleke Zewge, Addis Ababa University, Ethiopia
Professor Shem O. Wandiga, University of Nairobi, Kenya Many others also made valuable contributions including
Professor Paul Worsfold, University of Plymouth, UK participants at the open forum and the workshop.
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FOREWORD

Water is essential for life. Safe, abundant water is vital to our ability to prosper and to
fulfil our potential. Without it, we face a continual decline in our well-being, poverty
and hunger, and increasing levels of conflict.

Across Africa, a third of us have no access to clean water, and almost two thirds

no access to clean sanitation, causing widespread suffering from malaria, typhoid,
dysentery and many other diseases. Apart from this effect upon our health, the loss of
productivity that results from water-related illnesses holds back our progress.

' ‘ The population in many African countries is growing rapidly each year, averaging

J 2.5% across sub-Saharan African, but the lack of safe water and sanitation reduces our
economic growth at twice that rate. And a growing population must be properly fed.

We need to increase our food production by half in the next twenty years. How will we achieve this without reducing

the amount and quality of the remaining water resources which we will need for drinking and sanitation? Clearly, the

provision of sustainable, clean water for our people is of the highest priority.

The effects of climate change make the challenge of conserving our precious water resources even more difficult. The
people of Africa that are responsible for less than 5% of the pollution which has changed the planet’s atmosphere, will
feel the worst of its impact in terms of increased flooding and drought. Climate change is a global problem, and it places
the onus upon the global community to live up to their commitments to reduce by half the proportion of people without
access to safe drinking water and basic sanitation.

Yet despite all the obstacles we face, I remain an optimist when it comes to Africa’s agricultural development and to water
sustainability.

The introduction of new forms of irrigation pioneered by African scientists and research institutions has the potential to
transform the way staple foods are cultivated. Today, only 10% of Africa’s cultivated land is irrigated. Imagine what we can
do if this percentage is increased in a way which also does not overburden our water supplies.

We need to make more use of fertilizers to feed nutrient deficient soils, and of modern crop varieties and new farming
techniques to improve yields. We can see already what can be achieved with determination, vision and partnership.

With the right policies and commitment, Africa has the chance to match, indeed better the Asian agricultural miracle of
the last generation. Better because we can do so in an environmentally sustainable way, which takes fully into account the
fact that 80% of Africans are dependent in some way on agriculture.

Sustainable supplies of water, its better management and protection are the key to this success — just as increased
agricultural productivity holds the key to spreading prosperity and our other development goals.

This report relies upon the collective knowledge of scientists from across Africa, detailing how we can improve our
capacity to tackle these challenges by establishing new centres of scientific excellence and by bringing together the best
minds in science with governments to ensure water sustainability.

I have no doubt of the scale of the challenge, but | am also optimistic that with vision and will, we can encourage
governments across Africa to adopt these solutions and put them into practice.

H.E. Joaquim Alberto Chissano

Former President of Mozambique

Chairperson, Africa Forum for Former African Heads of State and Government
Chairperson, Joaquim Chissano Foundation
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KEY MESSAGES

1. Scientists working within Africa have the
knowledge, expertise and potential to help formulate
and implement sustainable water strategies. Sound
policy is based on the best available scientific evidence,
so it is essential that scientists make their voices heard
within Government. Institutions must support a dialogue
between scientists and policy makers to ensure that
recommendations can be adopted and that a culture of
science-based water management is established.

2. Increasing Africa’s capacity in analytical chemistry
is imperative in order to support chemical monitoring
and water management activities. The creation of
centres of excellence in analytical chemistry, with the
appropriate level of funding, will be essential to achieve

a critical mass of scientifically qualified and technically
trained personnel. These centres should also play a role in
facilitating networking activities between African and non-
African scientists in water research and management, and
ensuring that water quality data is shared.

3. Improving water quality is a vital requirement

for better public health, productivity and economic
prosperity. Even though Africa has abundant water
resources, these are not evenly distributed across the
continent, and rainfall patterns are becoming increasingly
unpredictable due to climate change. A growing number
of African countries are water stressed, with relatively low
water resources per capita. Where there is water its quality
is often deteriorating. This must be addressed through
innovative water management and water treatment
technologies, which are appropriate for local needs,
coupled with adequate monitoring systems.
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4. Food production accounts for a large proportion of
total water use. Any comprehensive strategy to address
water scarcity and quality must also address sustainable
food production. The conversion rates of water to food

in Africa are amongst the lowest in the world, but there

is enormous potential for improvement in the efficiency
of water use as well as land productivity. Africa has the
potential to become the bread basket for the world, but
the challenge of providing adequate supplies of water for
agriculture, whilst maintaining a sufficient source of good
quality water for other purposes, must be addressed for
this potential to be realised.

5. Governments must be responsible and accountable
for providing sustainable water strategies and a
framework to provide clean drinking water, sanitation
services, and food. In order for management strategies
to be effectively implemented, water must be viewed as

a valuable, scarce resource. To ensure delivery, water data
should be shared across jurisdictions and, if appropriate,
new institutions, regulatory bodies and organisations
should be established.



1. WATER, FOOD AND POVERTY: THE CONTEXT

African heads of state joined the global consensus in
agreeing to reduce by half the proportion of people
“without sustainable access to safe drinking water” by
2015." This is within the framework of the Millennium
Development Goals 1 and 7 (“Eradicate extreme hunger
and poverty” and “Ensure environmental sustainability”,
respectively). They further agreed, at the World Summit
on Sustainable Development in Johannesburg, to reduce
by half the proportion of people living without access to
improved sanitation by 2015, compared to 1990 levels.
The provision of water of suitable quality and in sufficient
quantity forms the cornerstone for achieving these
Millennium Development Goals.

In 2009, Africa’s population exceeded 1 billion? and
continues to increase at a rate of 2.4% annually. Of this
population, 341 million lack access to clean drinking
water,? and a further 589 million have no access to
adequate sanitation.* In both cases, increases in coverage
are not keeping pace with population growth, which
means it will be unlikely that the 2015 Millennium
Development Goals will be met.

It is estimated that around half of all patients occupying
African hospital beds suffer from water-borne illnesses
due to lack of access to clean water and sanitation. This is
reducing the overall health and productivity of the adult
workforce> Water-borne diseases like typhoid, cholera
and dysentery are among the major causes of mortality
and morbidity in Africa. Lack of safe water and sanitation
costs sub-Saharan Africa around 5% of its Gross Domestic
Product (GDP) each year.® Households in rural Africa
spend an average of 26% of their time fetching water;
generally women are burdened with this task.

The number of people experiencing starvation has
increased due to prolonged drought between 2007

and 2009 in many countries. In 2005, at least 280 million
people were undernourished, with most of these living
in Sub-Saharan Africa.” Demand for water to grow food
has increased as a result of the increasing population and
Africa has not been able to produce enough food. Over
the past 50 years, cereal yields in Africa have stagnated
whilst population has increased® A lack of investment in
irrigation infrastructure and new technologies means that
Africa has some of the lowest water-to-food conversion
rates in the world.

The water resources that Africa has are being degraded
due to high demand and untreated waste water entering
the environment from industry and domestic sources.
Adaptation and planning of water resources is difficult,

as many African countries have no established water
quality monitoring programmes. Most of the rivers and
water courses are non-gauged and the rural and peri-
urban water supply is not considered to be an essential
part of most water treatment systems. Water pollution
statistics are limited as adequate analytical laboratories are
scarce. There has been a lack of focus on water as a critical
resource and therefore this sector has seen substantial
under-investment. Above all, the absence of a structured
framework for water governance is hindering effective
water management.
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2. PROVISION OF WATER RESOURCES IN AFRICA

2.1 Where is the water?

Africa as a continent appears to have an abundance of
water; it has 17 rivers, each with catchments over 100,000
km?, more than 160 lakes larger than 27 km?, vast wetlands
and limited, but widespread, groundwater. Rainfall similarly
is plentiful, with Africa’s annual average precipitation being
at a level comparable to that of Europe and North America.’
Withdrawals of water in Africa for its three main uses —
agriculture, domestic, and industry — is low, estimated to be
only 3.8% of total annual renewable water resources.'®

However, Africa is a continent with large disparities in water
availability between sub-regions. About 50% of Africa’s total
surface water is concentrated within a single basin — the
Congo river basin — and 75% of total water resources are
concentrated in just eight major river basins.' The countries
with the highest available freshwater per capita include

the Democratic Republic of Congo, with around 250,000
m? per capita per year. In contrast, Burundi and Kenya have
only around 840 and 950 m? freshwater per capita per year,
respectively.

Figure 1 shows the extreme spatial variability of rainfall
across the continent, from the humid tropics to the arid
Sahara. There are, of course, substantial differences in rainfall
at different times of the year and, in some regions, it also
varies from year to year and from one decade to the next.

o
R
'I:n\-"f.‘f‘l.\.-u.
i el
Annual Precipitation LR anlia:
" "
Cantimetars irches e R,

v HE L SASTEREL FIMERARE
1 & 1 6O TR AN

Figure 1. Map of annual rainfall across Africa'

Climate change is also likely to exacerbate this situation.
The 4" Intergovernmental Panel on Climate Change
Report states that climate change and variability have
the potential to impose additional pressures on water
availability in Africa.”” It is also thought that the incidence
of extreme weather events, such as droughts and floods,
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will further impact on the access that communities have to
water. However, the vulnerability of water supply cannot
be solely attributed to climate change. Other factors, such
as population increase and changes in land use, can also
contribute to water scarcity and the degradation of its
quality.

2.2 Water stress and scarcity

The disparity in water resources across Africa means that a
quarter of all people are experiencing water stress (defined
as between 1000 and 1500 m? per capita per year)."* With
populations increasing, water scarcity (less than 1,000 m?
per capita per year) is emerging as a major development
challenge for many African countries.

Water scarcity was experienced in 10 African countries in
1995: Algeria, Burundi, Cape Verde, Djibouti, Egypt, Kenya,
Libya, Malawi, Rwanda and Tunisia. Projections indicate that
the situation will worsen by 2025, 14 countries will suffer
water scarcity and a further 11 countries will suffer water
stress.” In a few years, at the current rate of water demand,
almost all sub-Saharan African countries will be below the
level at which water supply is enough for all. Even worse,
most of them will be in a state of water-stress or scarcity.

The amount of water available is a key concern in countries
racing towards their physical limit of available fresh

water. In other countries, the rapid population growth

and the expansion of urban settlements, industry and
commercialised agriculture, is adding extra pressure on
water resources that are also degrading in quality.

2.3 Water quality

Water quality is impacted both by natural processes, such
as seasonal trends, underlying geology and hydrology,
weather and climate, and by human activities, including
domestic, agriculture, industry and environmental
engineering. 75% of Africa’s drinking water comes

from groundwater'® and is often used with little or no
purification. Water contaminated by microbiological
pollutants spread diseases such as dysentery, cholera and
typhoid. Chemical contaminants, including those naturally
found in the underlying bed rock, can also cause disease
and developmental problems, and can adversely affect
agricultural yields and industrial processes. A detailed
knowledge of water quality is essential so that drinking
water can be adequately treated and the contamination of
its sources can be prevented.

The United Nations Environment Programme (UNEP) has
recently set up GEMStat database, dedicated to water



quality.”” The database includes data for all regions in the world
including Africa, and contains information about physico-
chemical parameters (e.g. pH), nutrients, major ions (including
metals), organic matter and organic contaminants, together
with microbiological and hydrological data. However, the data
collected for Africa is only limited to specific regions and in
many cases does not give a detailed assessment of the sources
of ground and surface water.

Improvement in coverage is needed in parts of the globe,
particularly in Africa. Where the quality of water is being
measured, a worrying picture is emerging. Many important
water bodies, which provide water for drinking, washing and
irrigation for many thousands of local inhabitants, are showing
unacceptable levels of potentially toxic substances. These
include heavy metals, persistent organic pollutants (POPs)
and biological contaminants. These pollutants originate from
a variety of sources, including local industries and domestic
waste water. It is clear that, without increased monitoring,

it will be difficult to protect water quality and implement
preventative policies and practices.

2.4 Drinking water and sanitation

Access to clean drinking water and basic sanitation, including
toilets, waste water treatment and recycling, affects a country’s
developmental progress in terms of human health, education
and gender equality. The provision of sustainable drinking
water and sanitation are inadequate across many parts of
Africa and, where available, water supply and sanitation
services are differentiated according to urban, rural or informal
settlements.

Provision of potable water varies amongst urban, rural and
peri-urban dwellers. The middle- and upper-class urban
dwellers receive water from major rivers, dams and deep well
sources. Most of Africa’s rural and peri-urban water-needy
depend on smaller tributaries and catchments and seasonal
rivers. They also have access to shallow bore holes and rain

@® River
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water catchment. Most of the ground water resources have
not been quantified, nor studied to assess the withdrawal

and recharge rates, and in fact, when properly utilized,

Africa’s aquifers may provide enough water for the growing
population as long as the water withdrawal and recharge rates
are stabilized.

Not surprisingly, African towns and cities have better water
supplies and sanitation services than rural areas, yet two-
thirds of the African population live in the countryside. An
estimated 82% of urban residents in Sub-Saharan Africa have
access to safe water and 55% to sanitation facilities. Developed
water supply and sanitation services in the urban areas are
concentrated in the upper and middle class areas. The urban
poor have the least access to these services and pay the
highest price for their water. Further differentiation is made
between urban centres with declining water distribution
systems, due to inadequate, aging and overloaded networks
and the situation of peri-urban dwellers.

The lack of an adequate water supply at home or in its
immediate vicinity is a particular problem for women and
girls, who are often responsible for fetching water, often from
sources which are a long way from home. In rural regions of
Africa, they spend, on average, three hours a day engaged

in the collection of water for a family of six. This restricts their
opportunities for education, to say nothing of the physical
burden to which they are thereby exposed.

IN SUMMARY

® Africa has plentiful water resources but these are unevenly
distributed across the continent; rainfall can also vary
substantially from one year to the next. Climate change is
likely to increase this variability still further, and will make it
harder to provide a reliable supply of water.

® The available data suggests that water quality is declining,
but there is a pressing need for more data to be collected.

Figure 2. UNEP GEMS/ Water global Network worldwide distribution of over 2,800 monitoring stations
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3. WATER AND FOOD PRODUCTION

Food production comprises a large proportion of Africa’s
economy, bringing in, on average, 20% of the GDP for each
country. In sub-Saharan Africa, it accounts for 67% of jobs.'®
Africa has the highest rate of rural poverty in the world,

and the poorest remain in agriculture, with women taking
the leading role in agricultural activities. Improving and
sustaining agriculture in Africa will therefore be fundamental
to economic development and the alleviation of poverty.

In its Global Environmental Outlook 4, the UNEP said that,
'to meet the Millennium Development Goals on hunger,

a doubling of global food production will be required by
2050'. Sub-Saharan Africa in particular is currently a net-
importer of grain but, with Africa’s population expected to
at least double to 2 billion by 2050, it is essential that food
production increases, ideally to the point where the region
evolves to become a net-exporter of food.

Crop-yields in sub-Saharan Africa are particularly low, with
the result that food production has not kept pace with
increases in the population. Cereal yields, for example,

have not increased over the last 50 years, whereas yields

in developed countries have more than doubled in the
same period of time. Calls have been made for a ‘Green
Revolution in Africa’ to address low use of inputs and the
use of improved crop varieties and to put in place the robust
institutional frameworks required to support change. The
call is even more urgent given recent evidence that climate
change is likely to make a heavy impact on agricultural
production and food security in many African countries.?

It is essential that food production increases dramatically
over coming decades, yet in doing so it cannot consume
more water in regions already stressed, nor can it risk
compromising water quality. Taking Africa as a whole,
agriculture accounts for 70% of water withdrawal but in
sub-Saharan Africa this figure is higher, approaching 90%.”'
With water scarcity facing several African countries, and
the demand of rapidly growing urban areas increasing the
pressure on water supplies, a green revolution will be an
enormous challenge. But it is a challenge that Africa can
meet by taking a holistic view of food and water systems and
by innovation through science and technology.

3.1 An integrated picture of water and
food systems

Water flowing through African landscapes provides a range
of supportive services, from water for direct consumption
and sanitation, through to water that supports food
production and maintains environmental function. Water
benefits are integrated throughout the landscape, and hence
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parallel approaches are required to manage them so that the
environment benefits all.

Agricultural intensification, if mismanaged, can cause
environmental problems relating to reduced biodiversity,
over-exploitation of water resources, and agrochemical
pollution, including the misuse of pesticides. However,
the increase in agricultural activity required in Africa can
be made sustainable if modern practices are adapted for
local conditions, and are coupled to good training and
stewardship.

Firstly, the objectives of food security and environmental
security must be integrated, and the relationship between
many Africans — particularly the poorest — and the lands on
which they rely for their livelihoods must be recognised.

The co-development of food and water systems will need
institutions that cross normal sector boundaries. New policies
on water that also include food are needed, and any food
policies must recognise the reliance of food production on
water. Poverty alleviation programs need to recognise that
changes in agriculture needs will subsequently affect the
environment. It will be essential to coordinate the activities of
institutions concerned with water, food and the alleviation of
poverty with all those who use water.

The land and environment should be looked on as a provider
of services to its inhabitants. A review of the status of any
agricultural land will be needed (including for example the
ecology, water availability and potential to produce food);
then plans must be developed at different scales, from
national and river basin/catchment levels down to individual
fields, on how best to provide the desired outcomes.
Recognition and payment to farmers or land owners for
environmental services can help protect watershed and
forestry environments, which in turn provide clean drinking
water, stable water flows to irrigation systems, carbon
sequestration, and protection of biodiversity. Compensation
of this type, however, will rely on appropriate subsidy policies
and measurement of the services supplied (see Chapter 4 -
Measuring Environmental Health).

3.2 Increasing water efficiency

Access to water is a major determinant of land productivity
and the stability of crop yields. Increasing productivity from
rain-fed agricultural land should initially be a priority, as
existing knowledge and technologies can be applied to aid
areas where crop yields are still below average.

Approaches that require minimal external inputs, by
exploiting biological and ecological processes, include:
conservation tillage, green manure cover crops, and the



introduction of crop varieties that are more tolerant

of pests, diseases and drought. Since the introduction
of cover crops, no-till acreage has increased by nearly
40%. This approach reduces the demand for energy and
water by reducing evaporation of moisture from the soil,
raising its carbon content and improving its structure,
increasing earthworm populations and combating wind
and water erosion. However, lack of information on
agro-ecology and the high demand for management
skills are major barriers to the adoption of sustainable
agricultural techniques in Africa.

Where appropriate, an increase in the area of irrigated
land is also desirable, as irrigated land productivity

can be more than double that of rain-fed land.?? In
sub-Saharan Africa, only 4% of the area in production

is under irrigation, compared with 39% in South Asia
and 60% in India. With climate change leading to rising
uncertainties in rain-fed agriculture, investment in water
storage infrastructure and irrigation systems could
ensure crop yields should rainfall become more erratic.

The introduction of improved crop varieties generated
through conventional breeding or genetic modification
could also help to boost yields and improve the

quality of many foodstuffs, as it has in other parts of

the world. The higher crop yields obtained through
genetic modification are believed to have saved millions
of square miles of wildlife habitat from conversion

to agricultural use. In the past, most biotechnology
research occurring outside Africa was driven by
commercial interest, which was of little benefit to

small or poor consumers and did not suit Africa’s wide
ranging ecosystems. This is beginning to change, with
work being carried out, for example, on cowpea® and
maize,** plus a number of other varieties of crop that are
nutritionally important to African communities.

3.3 Water quality and agrochemicals

While low-input farming systems have valuable
resilience in the face of climatic or economic uncertainty,
it is clear that, to an extent, use of agrochemical inputs
to cropping systems must increase to achieve the levels
of water productivity necessary to meet the twin goals
of food and water security. Since their introduction,

crop protection products have played a significant

role in increasing yields; without them there would be
approximately 40% loss in agricultural productivity.®

In the context of agriculture, the most significant
water pollutants are excess nitrogen- and phosphorus-
containing compounds discharged via effluent from
livestock production, fertilizers and agrochemicals

incorrectly disposed of, and eroded soil. All these
potential contaminants should be managed carefully to
minimize their movement into water. Growers should be
encouraged to use Integrated Pest Management (IPM)
programs recommended for their crops and local areas,
and when using any product the label should be read
and closely followed to minimize any residues escaping
from the field and entering the local watershed.

RECOMMENDATIONS

® A strong focus on developing and improving
technologies to conserve and reuse water for
agriculture is required; including optimising water use,
treatment of contaminated water, recycling water,
desalinating water and harvesting water for irrigation.

® Modern biotechnology should be used to develop
crops that are resistant to attack by pests and to
environmental stresses, including drought and salinity.
Nutritionally enhanced crops also hold tremendous
potential to provide significant benefits for human and
livestock nutrition, health, welfare, and growth.

® Higher yields from crops should be sought through
enhanced responsiveness to fertilisers and pesticides.

® Farmer education in the use and storage of plant
protection products should be continued.

® The impact of agriculture on the entire cycle of water
use and water governance should be recognised.
Water in agriculture is both a source of water pollution
(return flows, groundwater contamination and
surface water eutrophication and salinization) and is
impacted by poor quality water — especially in the use
of untreated wastewater in vegetable production and
in the impact on farmers’ health through exposure to
water-borne pathogens.
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4. WATER QUALITY: MONITORING ENVIRONMENTAL HEALTH

Environmental monitoring is essential if we are to
identify sources of contaminants and build strategies
to avoid these entering water resources that may be
used for human consumption. Good environmental
monitoring, operating within a robust legislative
framework, is an essential prerequisite to achieve this.
The first step is an assessment of the present status of
the aquatic environment. Effort can then be focused on
the restoration and protection of environmental health.

In order to build the capacity to protect environmental
health, investment needs to be made in suitable
hardware (technology that is fit for purpose including
low technology options). However, the training of
suitable personnel, together with the development of
systems for data validation and quality assurance, are
equally important. This requires people to operate and
maintain the instrumentation and others to interpret
the data, formulate policy and implement strategy. This
is achievable through the identification and support of
‘Centres of Excellence’ within the region in question.

In determining a strategy for the protection of
environmental health of the African continent, it is
essential to involve and engage the communities

who will benefit most from the rewards of a healthy
environment. The equipment will need to be robust,
low-cost and easy to maintain. The use of local or
indigenous knowledge, where appropriate, will increase
the probability of acceptance and success in the drive
for the protection of the health of both humans and
ecosystem in Africa.

4.1 Environmental monitoring
networks

The establishment or improvement of monitoring
networks should:

® 3scertain where water quality and quantity is a
problem;

e identify when remedial action is required;

® allow for short and long term planning and actions to
take place.
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Fit For Purpose Rapid Analytical Techniques:
The Requirements

Analytical sampling is expensive and time consuming
and sample integrity may be lost even before it reaches
a laboratory. Monitoring needs to occur in situ, so that
high quality data with excellent resolution can be
collected for process studies and mapping. For this we
require:

® robust, portable, automated instrumentation;

® contamination-free environment (includes reagents,
containers, sampling apparatus, transportation);

® sensitive and selective detection;
® removal of matrix interferences e.g. sea salts;

® system stability (reagents, standards, pumps,
detector);

® on-board filtration and prevention of bio-fouling;

® remote calibration, validation and maintenance.

4.2 Increasing analytical capacity in
Africa

The increasing growth in the African population,
combined with a lack of stringent environmental
safeguards, has given rise to serious concern about
water quality, and the associated threats to human
health and the environment. If Africa and its research
scientists are to embrace the recommendations of this
report, increasing Africa’s capabilities and capacity in
analytical chemistry is imperative. In order to support
chemical monitoring and management activities such as
those discussed here, there is an urgent need for more
personnel who are scientifically qualified and technically
trained in relevant advanced analytical techniques.
These include, for example, modern capillary gas
chromatography (GC) methods incorporating detection
either by electron capture (EC) or mass spectrometry
(MS). Thus, it is essential to create and support centres of
excellence in analytical chemistry, with a critical mass of
experts, in African universities.

The status of instrumentation in African Higher
Education institutions is a grave problem which urgently
requires addressing. Governments need to provide
funds to enable universities to access and maintain the
required equipment, and also to facilitate continued



training of researchers. Optimisation of resources is
crucial if funds are to be used wisely, and national and
regional centres of excellence, with shared research
facilities, should be established as part of this effort.

Underlying issues related to equipment donated to
Africa should be considered, including:

1. Procurement: clearance problems at the port of entry
with consequent costs and delays;

2. Installation: engineers’ expenses difficult to source;

3. Maintenance and repairs: lack of trained personnel,
engineers’ expenses;

4. Experimental hardware: lack of specialized
instrumentation (e.g. GC/MS) in African universities,
as well as a shortage of trained personnel able to use
and maintain such equipment;

5. Decommissioning: lack of knowledge of procedures
involved.

The Pan Africa Chemistry Network coordinates and
supports activities aimed at building capability and
capacity in this area. Examples are the commissioning and
installation of gas chromatography-mass spectrometry
instrumentation at Jomo Kenyatta University of
Agriculture and Technology, Kenya, and more recently
at Addis Ababa University, Ethiopia, and the provision of
analytical training courses for researchers across Africa.
The ultimate aim is to develop well-equipped chemical
research communities by supporting regional centres
of excellence. It is important that these centres are
supported, promoted and continuously funded.

RECOMMENDATIONS

® |ncrease networking and capacity-building activities

in analytical chemistry by providing, transporting
and commissioning equipment in good condition to
African research centres.

Develop centres of excellence in experimental
techniques (at least one per country or region). These,
operating under the auspices of PACN for instance,
could run training courses to facilitate instrument
usage by other universities in the region.

Strengthen the already successful ‘centre of
excellence’ at Jomo Kenyatta University of Agriculture
and Technology and develop shared facilities at new
regional centres of excellence in other countries.

Governments and universities should examine
possible funding schemes that could be viable in
Africa to facilitate creation of centres of excellence in
the chemical sciences.

Facilitate networking activities of African and non-
African scientists in the area of water research and
management.

Networking among African scientists both within and
outside Africa is vital if African R&D is to be engaged
in the international arena: the PACN should be seen as
an example of this.
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5. TECHNOLOGIES TO PROTECT AND IMPROVE WATER QUALITY

Water quality is defined by its chemical, physical, and
biological characteristics and needs to be considered
in the context of whether it is fit for purpose. This will
depend on its intended use. Key processes that impact
on water quality include:

® Futrophication, i.e. elevated nutrient concentrations
leading to excessive algal growth and deoxygenation
due to diffuse run-off from agricultural land and point
source discharges from wastewater treatment plants;

e Diffuse and point source discharges/drainage from
mining activities;

® | ocalised discharges of organic micropollutants
and metals from specific industries and domestic
wastewater;

® Saline intrusion into groundwater in coastal areas;

® Frosion and sedimentation from, for example,
deforestation, rainfall events (which are temporally and
spatially highly variable) and engineering projects.

5.1 Clean drinking water

Methods to produce clean drinking water differ across
the globe but, in general, involve the removal of

Case Study 1 - EPA Compact Water Plants utilised
in Africa for small and remote communities

EPA (Estacion Potabilizadora de Agua) Com