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I. INTRODUCTION

1. Transport plays a vital role in the development of all economies, as it is a means for the
movement of goods and services or mobility. It is a key factor for economic growth and has
significant contributions to the GDP of all countries. However, the development of modern
transport has its own adverse effects over the environment as a result of both the infrastructure
expansion and the operational activities of the sector. The execution of modern transport projects
affect the eco-system as it causes environmental degradation due to the bulk civil works involved
during the construction of infrastructures such as roads, railways, airfields, runways and seaports.
The operational aspects of the transport sector on the other hand are largely responsible to the ever
increasing urban air pollution in the form of emissions, and noise pollutions arising from the motor
vehicles.

2. The diverse environmental problems associated with the transport sector have been recognized
to a certain extent and various efforts were being made in Africa under different programmes, some
of which are still ongoing. Among these is the "Clean Air Initiative in Sub-Saharan African Cities",
which was launched in 1998 and is now under implementation through the Urban Mobility
component of the sub-Saharan African Transport Programme (SSATP).

3. This Compendium on transport related environment norms in Africa, is focusing on cross
cutting areas such as policy measures and issues addressed in various conferences, the different
conventions and treaties in relation to the transport sector. It is based mainly on materials produced
by the World Bank and the United Nations Environment Programme (UNEP).

4. The report focuses mainly on air pollution issues, as the problems associated with the other
environment degradations are not properly addressed in the region. There are also no satisfactory
measurements of noise and nuisance.

5. Part A of the report deals with the main transport related environment issues in Africa. Section
two of this part outlines the main objectives of the study. The extent of the problem and the various
achievements including policy and strategic measures and other initiatives in Africa are presented in
sections three to five. The role of different stakeholders and partnerships is presented in Section
six. The proposed future actions and prospects are shown in section seven based on the findings
given in the other sections of the report.

6. Various technical papers studies and conference presentations in relation to "the Clean Air
Initiative" in the Sub-Saharan African cities are considered in Part B of the report. Other activities
related to the UNEP including the Global Environmental Forum, the Nairobi Declaration and the
resolutions of the Johannesburg Summit on the ten-year review of progress achieved in the
implementation of the outcome of the United Nations Conference on Environment and
Development are also presented in this part.

II. OBJECTIVES OF THE STUDY

7. The main objective of the study is to bring about the various transport related environmental
issues of Africa, which are often overlooked, to the attention of decision makers at different levels.
The different African transport related environmental norms are consolidated and analyzed in order
to review past efforts in this area that can be the basis for the identification of future actions by the
concerned bodies at national, subregional and regional levels. Specifically, the findings of this
exercise will be valuable to the consideration of transport related environment issues to the
successor arrangement to UNTACDA ll. Furthermore, the results of the exercise are expected to
pave the way for the required decisions on ECA's partnership in various ongoing environmental
programmes such as the Clean Air Initiative in sub-Saharan Africa and to take part in other global
initiatives.
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III. MAJOR ISSUES AND ENVIRONMENTAL IMPACTS OF TRANSPORT IN
AFRICA

8. There are different environmental impacts of transport that are often classified into four
categories, namely the impacts of motorized vehicles, operational impacts, adverse effects of
infrastructure development and the problems associated with the construction or execution of
transport projects.

9. The adverse environmental impacts of transport associated with the highly increasing motorized
vehicles are noise, vibration, air pollution, litter and anxiety resulting from the high traffic.

10. The environmental problems associated with operational activities of transport are the delays
and accidents arising from day-to-day transport operations.

11. Transport infrastructure development has also environmental impacts that are often associated
with new construction of roads, railways, ports, runways, etc. This is usually manifested in the form
of visual intrusion, severance, disturbance of archaeological and historical heritages, affecting
aquatic system, etc.

12. The adverse environmental impacts associated to construction sites of new transport projects are
the traffic of earth moving equipment and other heavy construction vehicles and machineries;
disturbance resulting from the temporary diversion of streams; and noises arising due to
constructions works.

13. Sub-Saharan Africa is now facing rapid and unplanned urbanization, which is creating new
environmentally related problems. Negative environmental impacts of poorly managed economic
growth such as air and water pOllution, soil erosion, burning of forests and rangelands, and
overexploitation of resources directly undermine peoples' health and their ability to earn a
livelihood and threaten these global environmental assets.

14. This report will mainly focus on the deterioration of air quality or air pollution aspects of the
transport sector in Africa, which has been addressed by various initiatives. As the other issues or
transport related environment problems were not properly addressed in Africa, no detailed
information is available at present. Noises, vibration and other effects of traffic have not been
considered as major environmental problems. As a result these issues are not covered in this
particular report due to lack of information.

15. In many African urban centers the transport sector is contributing to the deterioration of air
quality and environmental damage through hazardous vehicle emissions. At present air pollution is
one of the most serious environmental concerns in Africa, especially in view of its adverse effects
on human health (Annex A.3). Rapid urbanization is a major factor in Africa, as in the other less
developed regions, contributing to the increasing environmental health problems posing significant
new environmental challenges. This is mainly because the urban centers are often exposed to risks
due to modern transport and industrial pollution among others. According to recent studies the
burden of disease from all causes of major environment risks is about 26.5 per cent of the total
DALYs 1 in sub-Saharan Africa (SSA). Urban air pollution accounts for 1 per cent of this while the
other major environmental risks such as water supply and sanitation, Malaria, in door air pollution
and agro-industrial wastes contribute 10, 9, 5.5 and 1 per cent, respectively. The 1 per cent
observation in SSA is the lowest even compared to the Least Developed Countries (LDCs)
standards such as China (4.5 %), Asia and pacific (2 %), Latin America and Caribbean (3 %),

I The disability adjusted life years (DALY) combine life years lost due to premature death and fractions of years of healthy life lost
as a result of illness or disability (source: Lvovsky and othe,; (1999) based on Murray and Lopez. 1996 and World Bank estimates)
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Eastern Europe (3 %), and tD all LDCs (2 %f AlthDugh the figure shown on urban air pollution,
mainly the effect of modem transport to the overall risk, seems low in SSA in view of the other
LDCs it still indicates that it is a potential challenge to the sustainable development in the
subregion.

16. Comparative risk assessment and health studies conducted in various cities from different parts
of the world have indicated that the greatest damage to human health comes from exposure to fine
particulate matter (particles smaller than 2.5 microns in aerodynamic diameter or PM 2.5) and to
lead. The lead emissions from vehicles fall under the categories of both fine particulate matter and
airborne toxics. However, lead has its own category in air-quality guidelines due to its extreme
toxicity. The other major pollutants linked to the transport sector that have impacts on public health
include carbon monoxide (CO), oxides of nitrogen (NO.), sulfur oxides (SO, ), Photochemical
oxidants (ozone), and airborne toxics. The oxides of nitrogen (NO.) and sulfur oxides (SO. ) also
contribute to the formation of secondary fine particulate, which is estimated at as much as 30 per
cent.

17. The adverse effects of the various pollutants resulting from vehicle emissions such as carbon
monoxide, hydrocarbons and nitrogen oxides on health and environment are as presented below.

18. Carbon monoxide (CO): CO is a tasteless, odourless, and colourless gas produced through the
complete combustion of carbon-based fuels. CO enters the blood stream through the lungs and
reduces the delivery of oxygen to the body's organs and tissues. The health treat from CO is most
serious for those who suffer from cardiovascular diseases, particularly those with angina or
peripheral vascular disease. Healthy individuals also are affected, but only at higher levels.
Exposure to elevated CO levels is associated with impairment of visual perception, work capacity,
manual dexterity, learning ability and performance of complex tasks.

19. Nitrogen Oxides (NO.): NO. emissions produce a wide variety of health and welfare effects.
Nitrogen dioxide can irritate the lungs and lower resistance to respiratory infection such as
influenza. NO. emissions are an important precursor to acid rain and may affect both terrestrial
aquatic ecosystems. Atmospheric deposition of nitrogen leads to excess nutrient enrichment
problems ("eutrophication") which can produce multiple adverse effects on water quality and the
aquatic environment, including increased nuisance and toxic algal blooms, excessive phytoplankton
growth, low or no dissolved oxygen in bottom waters, and reduced sunlight causing losses in
submerged aquatic vegetation critical for healthy ecosystems. Nitrogen dioxide and airborne nitrate
also contribute tD pollutant haze, which impairs visibility and can reduce residential property values
and revenues from tourism.

20. Photochemical oxidants (ozone): ground level ozone is the prime ingredient of smog, the
pollution that blankets many areas during the summer. Short-term exposures (1-3 hrs) to high
ambient ozone concentrations have been linked to increased hospital admission and emergency
room visits for respiratory problems. Repeated exposures to ozone can exacerbate symptoms and
the frequency of episodes for people with respiratory diseases such as asthma. Other health effects
attributed to short-term exposures include significant decreases in lung function and increased
respiratory symptoms such as chest pain and cough. These effects are generally associated with
moderate or heavy exercise or exertion. Those most at risk include children who are active
outdoors, outdoor workers, and people with pre-existing respiratory diseases like asthma. In
addition, long-term exposures to ozone may cause irreversible changes in the lungs, which can lead
to chronic aging of the lungs or chronic respiratory disease. Ambient ozone also affects crop yield,
forest growth, and the durability of materials. It is also an effective greenhouse gas, both in the
stratosphere and the troposphere as it absorbs infrared radiation emitting from the earth, captures it

'Ibid
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before it escapes into space, and re-emits a portion back to the earth's surface. The specific role of
ozone in climate change is very complex and not yet well understood. However, depending on
topographic and meteorological conditions, ozone can become a serious problem in large urban
centers. It is often considered as a secondary pollutant that is formed by the reactions of
photochemical reactive organic compounds (commonly referred to as Volatile Organic Compounds
or VOCs) with NO.

21. The World Health Organization (WHO) has recently published air quality guidelines specially
focusing on some common pollutants as shown in Table 3.1 below.

Table 3.1: WHO Recommended guidelines

Compound Guideline value AVeraIDnl!: time
Ozone 120 /.tg/mj (0.06 ppm) 8 hours

Nitrogen 200 /.tg/mj (0.11 ppm) I hour
Dioxide
Nitrogen 40-50 /.tgfm' (0.021-0.026 Annual
Dioxide ppm)

Carbon 100 mg/m' (87 ppm) 15 Minutes
Monoxide

Carbon 60mg/m' 30 Minutes
Monoxide
Carbon 30 mgfm

j
1 hour

Monoxide

Carbon lOmgfm' 8 hours
Monoxide

Source: Phasmg Lead out of Gasoline, An ExammatlOn of Policy Approaches in Different countries, UN
publication, DECO, UNEP.

22. The level of air pollution is as presented in Table 3.2 below for some African cities. The data
are based on reports from urban monitoring sites. The data coverage is not comprehensive because
not all cities have monitoring systems. Some of these urban centers experience air quality levels in
excess of the WHO recommendations. For example the level of Nitrogen dioxide (N02) in 1998 in
Cape Town, which was 72 microgramsr: m3 exceeds the average annual level recommended by
WHO that is 40-50 micrograms per m . On the other hand the Johannesburg City was only 31
micrograms per m3

, which is lower than the recommended range.
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Table 3.2: The level of air pollution in some African cities

ECNIlCIO/060101

Country City City Total Sulfur dioxide Nitrogen
Population (in Suspended (S02) dioxide (N02)

thousands- particles (micrograms (micrograms
2000) (micrograms per cubic meter per cubic meter

per cubic 1995~ 1995b
)

meter 1995b
)

Egypt, Cairo 10,552 - 69 -
Arab Rep.
Kenya Nairobi 2,310 69 - -
South Capetown 2,993 - 21 72
Africa Durban 1,335 - 31 -

Johannesbu 2,335 - 19 31
rg

Source: World Development Indicators, 2001

23. The key sources of air pollution include households, vehicles, large stationary sources, small
and large industries, agriculture and forest fires. Pollution from most of these sources is associated
to the production and consumption of energy. Energy use is necessary for economic growth but it is
often associated with health and environmental degradation. Energy use in transportation sector is
the main contributor as this sector accounts for more than one-quarter of the world's commercial
energy use and consumes about one-half of the world's oil production. The road transport sub
sector in particular accounts for about three-fourths of the total transport energy demand, due to the
current increased dependence over the sub-sector. As income levels rise in the urban centers of
many countries they experience rapid increases in vehicle ownership and hence the motorization
rate is very high.

24. Transport is a means for the movement of goods and services or mobility, which is a
precondition for economic growth and development, and it has significant contributions to the GDP
of all countries. However, vehicle emissions associated to this sector have caused environmental
and health problems in many of the world's major cities. Most vehicle emissions occur near ground
level and in densely populated areas. People are therefore exposed to harmful pollutants from
transport than those from other sources, such as power plants that are mostly situated away from
densely populated centers. In addition, vehicle exhaust particles are small, profuse, and readily
exhaled causing widespread damage to human health.

25. The transportation sector has not only the largest share on the growing world oil demand during
the last 25 years, it has also an increasing trend that is expected to continue during the next 20
years. The developing countries transportation demand has increased by an average annual rate of
5.3 per cent during the period between 1970 and 1994. The trend in Africa is also similar and the oil
consumption of the transport sector has increased from about 80 per cent in 1971 to 97 per cent in
1997 compared to the other energy sources as shown in Table 3.3 below.



Comrerufium o('Iransg01t '.R£Catd<£nvircmmenta£'J{prms in f1(rica

Table 3.3: Transport sector energy consumption in Africa (%)

EO\1RCID/06010l

Lources of Energy Selected years
1971 1980 1997

Oil 79.91 98.55 97.37
Electricity 0.00 1.00 1.04
Others 20.09 0.44 1.59
Source: Transport and sustamable development m developmg countnes, TERi PrOject Report No. 2000

UT 42, Department of Economic and Social Affairs, United Nations, New York 10017

26. The fact that the transport sector is the major oil-consuming sector, which is growing very fast
both at global level and in Africa, indicates that it is a contributor to fine particulate emissions.
Urban traffic often gives rise to as much as 80 to 90 per cent of atmospheric lead in cities where
leaded gasoline is still used. Lead in gasoline also contributes to fine particulate emissions. Natural
sources like biogenic emissions from plants and trees, and traffic emissions are also important
sources of atmospheric Volatile Organic Compounds (VOCs). Natural, mobile and stationary
combustion sources are significant contributors to ambient concentrations of NOx. Motor vehicles
are typically responsible for the greatest part of CO emissions too.

IV. TRANSPORT RELATED ENVIRONMENT POLICIES AND INITIATIVES IN
AFRICA

4.1 Policy and Strategic Measures

27. It has been seen that urban air pollution is getting a serious environmental problem in most
African cities caused mainly by the increasing vehicle traffic. Pollution abatement in the transport
sector has thus become increasingly important in the urban air quality management strategies both
at present and in the future. Policy measures that can bring better environmental conditions will be
required, which include improved traffic management in order to reduce congestion and improve
traffic flow. Some of these specific policies and measures should focus on vehicle emission
standards, improved vehicle technology, vehicle inspection and maintenance programmes,
programmes for retiring or scrapping vehicles, and fuel improvements or alternative fuels such as
the phase-out of lead from gasoline that have to be properly coordinated and harmonized in order to
generate the desired improvement in urban air quality. The phase-out of lead from gasoline is
among the first priority of the World Bank's targeted pollution abatement measures for the
developing countries in general and SSA in particular. The World Bank has already recognized that
the phase-out of lead from gasoline is very essential and a technically-feasible measure for reducing
a serious environmental health threat. It has thus initiated and participated in several regional lead
phase-out initiatives that include the ESCAP-funded programme for the elimination of lead in
gasoline in North Africa.

28. As far as transport related environmental issues are concerned, the "identification of ways to
provide affordable, safe and environmentally sustainable mobility, with special regard for the
poorest population" is among the four goals that the Urban Mobility Component of SSATP has set
under the theme ''measures to reduce air pollution". Among the priorities for action in the
African Region Environmental Strategy (ARES) is also to protect peoples' health from
environmental burden by reducing pollution, including water pollution and indoor and
outdoor (mainly from vehicle emissions) air pollution. The World Bank has taken various
measures in the Sub-Saharan Africa Region towards achieving these goals in relation to urban air
pollution and motorized transport.
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29. In this regard the Clean Air initiative in Sub-Saharan African Cities (Annex A.l) that has
been launched in 1998 by the SSATP-UMC is the first regional programme to focus on the interface
between urban transport and energy, and environment. It is aimed towards the reduction of air
pollution generated by motorized vehicles, which is the primary cause of urban air pollution in
Africa, and the first phase of the initiative covers the period between 1998 and 2002. It has focused
on eight large African Cities that have experienced sustained level of unprecedented urban growth
over the last decade. The urban transport in these cities is mainly characterized by increased
motorization that has occurred in the absence of proper traffic management and vehicle regulations,
generating high levels of air pollution with debilitating effects on health, environment and
productivity. This includes a comprehensive study carried out in one of the cities, Ouagadougou, in
1999 that had focused on:

(a) Estimating the present level of air pollution in the city;
(b) Determining the foreseeable development of this pollution; and
(c) Evaluating the impacts of measures likely to be taken to reduce this pollution.

30. This and the other studies conducted since 1998 in Dakar and Abidjan revealed that the burden
of urban Air Pollution in the countries ranges between 1.8 and 2.7 per cent of their GDP.

31. The different conference proceedings and declarations as well as related study papers and
presentations are compiled in Part B.

32. Transport projects in Africa, especially infrastructure development have been usually
implemented through the assistance of international donors in the form of bilateral and multilateral
grants and loans. One of the multilateral agencies is the World Bank that has large involvement in
the implementation of transport projects through programmes such as the sub-Saharan African
Transport Policy Programme (SSATP). Among the World Bank's Initiatives in the implementation
of transport projects in Africa are Environmental Impact Assessment (EIA) and the related
safeguard policies that have provided an important entry point for introducing environmental
considerations into sector operations and for triggering environmental investments.

33. The EIA procedure of the World Bank is an instrument to identify and assess the potential
environmental impacts of a proposed project, evaluate alternatives, and design appropriate
mitigation, management, and monitoring measures. Projects and subprojects need EIA to address
important issues not covered by any applicable regional or sectoral EIA. On the other hand, the
Environmental Management Plan (EMP) is an instrument that details the measures to be taken
during the implementation and operation of a project to eliminate or offset adverse environmental
impacts, or to reduce them to acceptable levels; and the actions needed to implement these
measures. EMP is an integral part of EIA.

34. The implementation of the World Bank's Strategic Environmental Impact Assessment (SEA)
has also proved to be a powerful tool to minimize the different adverse environmental effects of
projects of various sectors including transport. This is mainly because SEA compliments project
specific EIA, providing a tool for proactively examining and prioritising environmental problems at
the national, subregional and regional levels. This integrated approach has allowed to identify the
root causes of environmental problems, made possible the application of different methods and
indicated areas that need intervention.

35. Since the mid-1970s, environmental assessment procedures and other safeguard policies have
been systematically applied to the World Bank projects in order to mitigate the potential adverse
effects of the Bank's investment portfolio on the environment and vulnerable populations. In fiscal
year 2001 for instance, of the 159 new World Bank projects, 11 were classified as Category A
requiring a full environmental assessment. This represents 8 per cent of all new projects in terms of
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lending amount, or $US 0.8 billion. An additional 52 projects, 34 per cent of all new projects worth
$3.4 billion, were classified as Category B and required a simpler environmental analysis. Also,
there were 17 Financial Intermediary, or category F projects, approved in FY01, representing 7 per
cent of all new project lending, or $US 0.7 billion.

36. Safeguard policies were also considered central to the World Bank's support of sustainable
poverty reduction, and one of the elements of the Bank's efforts to further strengthen safeguard
policy implementation in fiscal 2001 was the conversion of the operational policies into a format
that clearly distinguishes between mandatory 'policies' and 'procedures' and non-mandatory 'good
practice'. The policy conversions help remove ambiguities in the current policy statements, and
reflect important lessons from past implementation. The World Bank has already appointed regional
safeguard coordinators; established a safeguards help desk to advise staff on safeguard issues in
particular situations; and revamped and upgraded the safeguards training and dissemination
programme.

37. In addition to environmental assessment and safeguards, a targeted environmental assistance
programme has been developed by the World Bank in order to foster long-term environmental
sustainability, strengthen environmental management capacity, and improve environmental
conditions in developing countries including SSA. As part of this programme, the World Bank
developed a portfolio of projects during the 1990s with clear environmental objectives, which now
amounts to some $USI6 billion.

38. The above activities can show that most of the World Bank Projects in Africa are linked to
environmental protection and improved management of renewable natural resources. This is mainly
due to the fact that African livelihoods and national economies rely mainly on agriculture and on
extraction of mineral and biological resources, and there are few alternatives or options to
compensate when these are lost. It is both the rural and urban poor who are most affected by the
loss of natural resources and the deterioration of environmental services and who are most at risk
from natural disasters that can be aggravated by environmental degradation. Yet the natural
resource base is steadily deteriorating, with some of the world's highest rates of soil degradation and
with loss of forests, rangelands, wetlands, and fish and wildlife populations.

39. It is now recognized by the Bank that the EIA procedure currently used has significant
limitations, as it is generally project-specific, introduced too late in the project cycle to affect
project design, and followed-up inadequately during implementation. Existing EIA procedures are
poorly suited to the Bank's non-lending programmes, which represent a growing proportion of its
interventions. Most significantly, client governments, agencies, and citizens often regard EIA and
safeguard policies as externally imposed rules and obstacles. The Bank is responding to these
lessons by putting substantial efforts into building in-country understanding, commitment, and
capacity into EIA principles and procedures. A particularly important challenge is to adapt EIA to
the Community-Driven Development (CDD) approach, which is a priority for the World Bank
involvement in Africa.

40. According to the results of the World Bank's evaluations, mainstreaming environment into the
Bank's overall operations remains an important challenge. Reviews of efforts to integrate
environment into countries' economic development programmes have provided important lessons,
including the need for longer time frames to support institutional development and environmental
action; the need for institutional capacity building to take into account the changing roles of
government, civil society, and the private sector; the need to continue the EIA process into the
implementation phase by strengthening implementers' capacity to carry out environmental
management plans and by monitoring impacts; the risk of isolating the environmental agenda from
overall development priorities by "sectoralizing" it through isolated environmental planning
processes, programmes, and funds; the risk of creating a "supply-driven" mentality by imposing

"
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external conditionalities rather than building local constituencies; and the risk of creating overly
ambitious and ultimately ineffective institutions by providing temporary external funding at levels
that cannot be sustained. These are the lessons that have been incorporated into the Africa Region
Environment Strategy (ARES) of the World Bank. Transport is among the sectors targeted for their
high significance for environmental management. The priorities identified for action are to:

• Enhance livelihoods through sustainable natural resource management (NRM), including:
(a) Community-based NRM-policy reform, empowerment, and capacity building; (b)
Maintenance of productive natural ecosystems and wild resources; (c) Environmentally
sustainable agricultural intensification; (d) Land, soil, and desertification management; (e)
Water resources management and protection; (f) Sustainable energy, including wood fuels
management; (g) Integrated coastal zone management; (h) Fisheries management and
aquaculture; and (i) Rangeland management and support for pastoral communities.

• Protect peoples' health from environmental burdens by: (a) Reducing pollution; including
water pollution and indoor, and outdoor air pollution (mainly caused by transport); (b)
Improving access to potable water; (c) Reducing vector-borne and water-related diseases;
(d) Improving disposal and management of hazardous wastes; and (e) Maintaining
traditional medicine species and knowledge

• Reduce people's vulnerability to environmental risks and natural disasters through: (a)
Watershed protection; (b) Land use planning; (c) Improved infrastructure design and
construction; (d) Climate forecasting and early warning systems; and (e) Safety nets, with
emphasis on facilitating restoration of livelihoods.

• To improve the quality of growth, ARES will promote policy, regulatory, and institutional
frameworks for environmentally sustainable economic growth. Priorities include: (a)
Building environmental management capacity at national, district, and local levels; (b)
Strengthening in-country environmental constituencies; (c) Increasing public awareness and
education; (d) Strengthening incentives for environmentally friendly private sector
investment; (e) Supporting environmentally oriented tourism; (t) Building regional
information networks; and (g) Developing appropriate financial instruments and sustainable
funding mechanisms.

• To address Trans-boundary, regional, and global environmental problems, ARES will work
on the following themes: (a) Trans-frontier biodiversity conservation areas and initiatives;
(b) Trans-boundary inland water resource management; (c) Trans-boundary coastal zone
management; (d) climate change prediction and adaptation; and (e) capture of global
markets for environmental services.

41. Although the above priorities provide an overall picture, Africa is too diverse ecologically and
socially to be treated as a single unit for purposes of prioritizing environmental action. The
continent can be divided into six subregions characterized by similar environmental conditions and
challenges and, therefore, similar priorities (see table 4.1).
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Table 4.1 Sub-Saharan Africa: Priority environmental issues

ECNRCID/060/Ol

SubreJrion PrioM environmental issues

SUdano-Sahelian "Drought preparedness"; integrated water resource management;
Belt halting/reversing land degradation (desertification); sustainable fuel

wood supply; mi~atory pest outbreaks

Humid West
Africa

Congo Basin

Integrated coastal zone management (sustainable management 0

fisheries resources, urban and industrial environmental waste
Imanagement and sanitation, tourism development impacts, etc.); land
tenure and land management; rain forest conservation; protection for
the high watersheds of maior river svstems

!Rain forest conservation (through a combination of core protected
areas and improved management of forest production areas); coastal
zone management, particularly in areas with intense urban
development
Reversal of land degradation caused by inappropriate agricultural
practices, particularly in arid and semiarid areas; integrated wate

Eastern Africa resource management in areas of growing local scarcity (including
adaptation to climate change); linkage of biodiversity conservation
with environmentally sustainable and socially equitable tourism;
urban and industrial environmental management in coastal areas
Water resource conservation and management; drought preparedness
and adjustment to climate variability; balancing agricultural

Southern Africa development and nature-based tourism development; urban
environmental management m highly urbanized and rapidly
urbanizing areas; maintenance of environmental resources while
meeting ~owing energy requirements

Indian Ocean
Islands

Reversal of land degradation; biodiversity conservation (high degrees
of endemism); pollution control and industrial environmental
management, addressing both public health and tourism development
needs; adaptation to climate change (anticipated rises in ocean levels)

Source: The World Bank (2000), "RegIOnal Strategies: Making sustamable conumtments - An
Environment Strategy for the World Bank"

Implementation o/the Africa Region Environment Strategy (ARES)

42. Priority countries selected at the strategic level are Benin, Burkina Faso, Cameroon, Chad,
Central African Republic, Ethiopia, Ghana, Kenya, Madagascar, Malawi, Mozambique, Nigeria, the
United Republic of Tanzania, Uganda, and Zambia.

43. At the operational level Benin's environment has already been identified as one of five focal
areas for support under the Public Expenditure Reform and Adjustment Credit. Similarly, beyond
EIA and the application of safeguard policies at the project level, SEA will increasingly be
emphasized as a tool for addressing environmental impacts and opportunities more proactively and
on a larger scale. The priority will be to identify area-based and sectoral development programmes
at a relatively early stage in order to help guide development onto environmentally and socially
sustainable paths. The emphasis will be on important ecosystems under threat from rapid
development (for example, Mozambique's Maputo Province and South Africa's Eastern Cape
Province) and on sectoral investment programmes in key areas such as transport, irrigation, water
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supply, energy, infrastructure, mining, and forestry. For example, Strategic Environment
Assessment is being developed for the transport sector in Benin.

44. Building capacity and an enabling environment has to be sustained in the long term, maintaining
a healthy environment, which must be the goal of all actors, not only environmental agencies and
advocates, mainly due to the following reasons:

• National Environmental Action Plans (NEAPs) have proved useful in raising awareness
about environmental issues, particularly in those countries where the preparation process
was highly participatory. In general, they have been less useful in identifying priorities for
action and generating the necessary resources and political commitment, particularly when
environmental objectives compete or conflict with short-term economic or political
objectives.

• Environmental support programmes (ESPs), intended to support implementation of the
actions identified in NEAPs, have had mixed success, often suffering from overly ambitious
and overly complex designs as they sought to address the multisectoral nature of
environmental management through a wide range of activities implemented by multiple
actors. They are also typically supported by numerous donors, which is beneficial in
mobilizing funds but can create problems with donor coordination. ESPs in Africa have had
their greatest success in developing core environmental policy and regulatory systems,
including EA legislation and procedures, usually centered in an environment department or
semi-autonomous agency. However, they have been less successful in mainstreaming
environmental objectives. Challenges for the future include (a) greater mainstreaming, going
beyond the dedicated environmental agencies to build environment into the mandates,
programmes, and human resources of sectoral and other national institutions; (b)
decentralization of systems and capacity for local-level environmental management; and (c)
enhancement of the sustainability of these environmental management institutions and
structures, most of which remain heavily dependent on external donours.

• Integrating local and global environment. The Global Environmental Facility (GEF) will
continue to represent an important source of support for environmental action, used
strategically to maximize local-global linkages. Linking the reversal of land degradation
trends with biodiversity conservation and carbon sequestration is a priority in Africa. In
keeping with both the ARES strategic principles and GEF operational guidelines, the
emphasis will be on an Integrated Ecosystem Management (IEM) approach. The Integrated
Land-Water Management Action Programme for Africa (ILWMAP), currently under
development, will be an important vehicle for coordinating resources from the World Bank,
the GEF, and other multilateral and bilateral donours. Examples of planned projects and
programmes include the Nigeria Micro watershed and Environmental Management Project,
Phase 2 of the Mozambique Trans-Frontier Conservation Areas Project, the CAPE
Programme in South Africa, the Namibia National Conservancy Programme and the
Burkina Faso National Natural Ecosystem Management Programme. Other countries that
have been identified as priorities for developing globally supported IEM projects include
Chad, Mali, Mauritania, the Niger, and Senegal.

45. The Global Environmental Facility has also played an important role in introducing
environmental elements into World Bank-financed programmes and operations. While some
freestanding GEF projects remain, GEF, IDA, and other donour resources are increasingly blended
to support programmes that generate both national-local and global benefits. The most common are
community-based natural resource management projects, which also promote biodiversity
conservation. Increased emphasis is being placed on incorporating sustainable land management
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and ecosystem-level management, from both a biodiversity and a carbon-storage perspective, which
can offer substantial win-win opportunities for the region.

46. The African Development Bank (AIDB) has also established Environmental Assessment
guidelines with an objective to integrate an assessment process of environmental issues into ADB
Group development projects and programmes (with large proportions in transport). This would be
expected to ensure that the Bank Group is financing sustainable development in Regional Member
Countries (RMCs), which combines economic growth with poverty reduction and protection of the
environment. The technical environmental guidelines and assessment procedures envisage to:

• Serve as a working tool for Bank staff and officials of RMCs to assess environmental
impacts of lending programmes and projects;

• Introduce a step wise approach for environmental screening of projects and ensure that this
is carried out in conformity with the project cycle;

• Ensure that during the various stages of the project cycle, and in the related documents, due
attention is paid to environment aspects;

• Provide a better understanding of the mitigative measures required for a given
environmental issue.

4.2 Implementation ofmajor Regional Inmatives

The Clean Air Initiative in Sub-Saharan African Cities

47. The Clean Air Initiative in Sub-Saharan African Cities was launched in 1998 by the World
Bank, in the context of the sub-Saharan Africa Transport Policy Program (SSATP- Urban Mobility)
and the worldwide Clean Air Initiative by the World Bank Institute.

48. As African cities experience increased urbanization and motorization, air pollution, particularly
from vehicles still using leaded gasoline, is worsening. The main focus points of the Clean Air
Initiative are to:

• Raise awareness among decision makers and public authorities on the effects of air
pollution on health, the environment, and productivity. Recent case studies in several
Sub-Saharan African cities (Annex A.6) confirm the growing negative impacts of air
pollution from vehicle exhaust on the living conditions of urban populations, particularly
the most deprived. Children living in the streets are among the most affected by the
debilitating effects of these pollutants, particularly the lead from gasoline; and

• Identify corrective measures for fuel, emission, and traffic to reduce air pollution.
The elimination of lead from gasoline has been identified as a priority, not only because
of the harmful content of lead, but also because of the triggering effect that this would
have on pollution. The use of unleaded gas is a prerequisite to introducing catalytic
converters which, in turn, can help reduce pollutants by as much as 90 percent.

49. The national seminars and workshops to be implemented during the different phases of this
initiative are the following and some of them have already been conducted:

• Dakar -December 1998
• Ouagadougou - June 1999
• Cotonou - October 2000
• Dakar (Regional Conference) - June 2001
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• Abidjan - End of 2001
• Douala - 2002
• Nairobi - TBD
• Lagos -TBD

ECNRCID/060/0l

50. One of the activities was a' Transport Air Pollution Impact Assessment study that has been
conducted in two sub-Saharan African Cities: Dakar and Ouagadougou. The study revealed that in
Senegal and Burkina Faso, as in most sub-Saharan African countries, there are no current air quality
standards. Very few actions have been taken so far to measure the different pollutants emitted, and
to assess their impact on the environment and the peoples' health. Only one study was performed in
Dakar, which confirmed that the pollution by lead originated from the combustion of leaded fuel in
vehicles.

51. The health impact from the local pollutants emitted by mobile sources is nevertheless real. It is
approximated that air pollution generates costs that amount to 2.7% of the GDP in Dakar, and 1.6%
of the GDP in Ouagadougou. If measures are not taken today, these percentages are more likely to
increase in the future. For instance, the increase in costs is estimated to reach up to 2.5% of the
GDP in 2005 for Ouagadougou. Regarding pollutants emissions, the air pollution generated by
mobile sources in urban areas depends on three criteria: (i) daily kilometers traveled, (ii)
composition and age of the vehicle fleet, and (iii) fuel composition and usage. Estimates of local
pollutants emitted daily in each city are shown in Table 4.2 below.

Table 4.2: Estimated daily emissions of pollutants in two African cities (kg/day)

Pollutants Dakar Oua2adou2ou
Total Mopeds

CO 49,595 63,775 77%
NOx 9,997 2,216 9%
HC 5,780 33,488 95%
S0 2 4,766 650 -
PMlO 929 120 -
Source: Anas Benbarka, Transport Air PollutIOn Impact Assessment in two
Sub-Saharan African Cities: Dakar and Ouagadougou: Two Tales of the Same Story

52. The higher use of public buses and an old fleet of private cars in Dakar, the majority of which
are diesel vehicles, explains the high emissions of NOx, S02 and PMlO compared to the other city.
In Ouagadougou, the high number of mopeds, their high usage (more daily travels), and the fuel
they use (over-mixture of lubricant oil with gasoline-8% of oil instead of 4%) result in 1.3 times
more of CO emissions and six times more of HC emissions compared to Dakar.

53. The increasing number of mopeds in Ouagadougou is of particular interest, as these vehicles are
more and more used in many other African cities for their low cost. Depending on the engine they
use, these mopeds emit different pollutants (the 2-stroke mopeds emit more HC, whereas the 4
stroke ones emit more NOx). The poor maintenance condition in which they are, in addition to the
owners tampering with the engines and the fuel mixture, result in high emissions of local pollutants.

54. The ratio of emissions per person traveled is even higher for mopeds (that carry at the most 2
people) than for buses. Three caveats need to be remembered when dealing with mopeds:

• They emit as much CO as a 16-20 year old car;
• They emit 10 times less NO than a 6-20 year old car; and
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• They emit more HC than a car of any age.
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55. Many lessons can be derived from the findings of the assessment; through the case study of
Dakar and Ouagadougou (Annex A.l) that shows the clear picture of transport air pollution that
major Sub-Saharan African cities are facing because of the urban explosion and increase in
motorization they witness. Although the trends and sources of pollution are different (2-wheel
vehicles in one case and 4-wheel vehicles in the other case), the results are the same: a serious
impact on the environment, population health and economic growth that are more likely to increase
if air pollution costs are not internalized and sound policies are not implemented immediately.

56. The lessons learned from Dakar and Ouagadougou could be replicated in the remaining sub
Saharan African cities as they represent the two faces of air pollution generated by transport in
African cities. However, more research and studies need to be conducted in order to quantify and
assess the impact of air pollution in Sub-Saharan African cities.

57. An Urban Air Quality study has also been conducted on Cotonou, under this initiative (Annex
A.6). The study proposed the following priority actions based on the results.

(a) Traffic reorganization through highway prioritization, road surface improvement and
modal separation;

(b) Measures should be taken on vehicles and carburant quality simultaneously; and
(c) Development and implementation of an attractive public transport system to present

a real alternative to the existing transport system; accompanied by measures
allowing:

a. Maximum utilization of the public transport system
b. An acceptable economic re-conversion of the large number of the moto-taxis.

The phasing-out leaded gasoline in Sub-Saharan African Countries

58. The phasing-out leaded gasoline was also another initiative under implementation in the sub
Saharan Africa region. Efforts were made towards this initiative, that is viewed by all stakeholders
as a top priority (Annex A.4). Some of the efforts of the initiative included the organization of a
regional conference for all countries of the region (Dakar, Senegal; June 26-28, 2001). About 200
participants representative of 25 African countries as well as of oil companies, environmental
agencies and international partners attended the event. The main output of the Conference was the
formulation of a Declaration, agreed by all parties, and stating that leaded gasoline would be
completely phased out in all sub-Saharan African countries as soon as possible, and by 2005 at the
latest. In the interim, a recommendation was made for governments to reduce the lead content in
gasoline to an average of 0.2g/l by 2003 (declaration fully endorsed, in particular, by the oil
industry).

59. Five subregional working plans were also prepared in order to speed up the process, which will
be supported by a regional network of African specialists created through the Project and by the
World Bank and other partners. Specific outputs of the Conference also include the initiation of a
database on the specifics of gasoline distribution in the region, a video on the phasing-out of leaded
gasoline in SSA, presentations, the planning of a number of regional and national awareness raising
events and the setting up of an African network of experts on urban air pollution,
"AFRICACLEAN" (members from 15 African countries already registered).

60. One of the activities in this area was the implementation of an action plan to phase-out leaded
gasoline from the three gasoline importing countri'es; namely: Benin, Burkina Faso and Senegal. A
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preliminary research work has been conducted (Annex A.4) by the World Bank in order to lay the
foundation for the implementation of the Action Plans. After assessing the overall situation in the
indicated countries the study proposed some of the following future actions:

• Integrated Assessment: As a result of the variety of sources of lead in the environment and
of populations affected, both the problem of lead poisoning and its solution cut across
disciplines (occupational health, children's welfare, environment, housing, etc.). Therefore,
effective coordination is necessary between various agencies to develop and implement a
lead poisoning prevention programme.

• Other Sources of Lead: Action should be taken to ban the use of lead from the other
consumer products (paint, food cans, ceramic dishes, drinking water, delivery systems,
medicine and cosmetics). In addition, given that lead is a natural element that does not lose
its toxicity with time, action will also be needed to assess the past use of lead and prevent
further poisoning from already existing sources (lead-painted housing and steel structures,
contaminated soils, etc.).

• Link to RegionallIntemational Initiatives: Given their closeness and similar conditions,
the three countries should benefit from each other's experiences with the lead phase-out
programme. For that purpose, a link should be created between the agencies charged of the
lead phase out programme in each country. The lead phase-out initiative in these countries
should also rely on or be linked to past or current similar. initiatives worldwide in order to
benefit from best practices and lessons learned.

• Air Quality Improvement: The use of unleaded gasoline is an important part of a motor
vehicle control strategy. Indeed, unleaded gasoline is coherent with the use of new emission
control technologies (such as three-way catalytic converters) for mobile sources. It is also
the first step in any air quality programme. After the successful launching of unleaded
gasoline use, other activities should be proposed in order to follow up improving the air
quality and reducing the greenhouse gases in the region. These should include: emission
standards for mobile sources (new and in-use vehicles) and punctual sources (industry,
indoor, etc.); emissions inventory and monitoring, be they local or global emissions; etc.

61. In addition, the declaration of the Dakar Regional Conference on Phase-out of Leaded Gasoline
in Sub-Saharan African Cities is presented in Annex A.8. The main issues discussed in the
conference include:

• Health Problems Associated with Leaded Gasoline: Review of expert opinions from the
health and environmental communities.

• Fuel Refining and Distribution - Technical and Financial Issues: Gasoline supply in sub
Saharan Africa is provided primarily by local refineries. Only small amounts of imports
complement the refineries' production. This pattern of supply can be subdivided into five
subregions (West Africa, Nigeria & Neighbouring Countries, West Central Africa, Southern
Africa, and East Africa) each dominated by key refinery centers.

• Integrating Lead Phase-out into Air Pollution Abatement Strategies: Issues related to
vehicle emission standards, maintenance and control; air quality monitoring; blood testing;
pricing and regulatory incentives; and policy strategies.

• Presentation of Successful Programmes of Leaded Gasoline Phase-out: Recent
examples in Latin America and Asia.
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62. The conference provided the ideal framework to set up multi·stakeholder teams for each
subregion, facilitate the exchange of information, and prepare preliminary action plans. The
conference also established the following follow·up programmes:

Disseminating the action plans within Africa and internationally.

• Launching an AFRICACLEAN Regional Network ofAfrican Experts in the field of urban
air pollution in sub-Saharan Africa. This network will be integrated within the Clean Air
Initiative to help sustain communication among participants, enlist the participation of
interdisciplinary colleagues and counterparts, address monitoring as outlined in the action
plans, and reinforce prevention initiatives.

4.3 Conventions and Legislations passed by UNEP

63. During the past decades environmental legislations relevant to the transport sector have been
passed by the United Nations, most of which are based on emission standards related to air
pollution and noise. International legislation addresses visible smoke, carbon monoxide,
hydrocarbons and oxides of nitrogen. Phase·out of lead in gasoline and reduction of sulfur in diesel
fuel has also received increased attention. In addition, limits on emissions of particulate matter from
diesel-fuelled vehicles were gradually tightened.

International Legal Framework

64. The following are the different UNEP conventions in chronological order, addressing the legal
framework for the transport sector related to air pollution and noise.

• Geneva Convention, 20 March 1958 (international harmonization of measures preventing
pollution from automotive vehicles);

• Vienna Convention, 9 November 1968 (prohibition of excessive emissions of harmful gases,
smoke. odours and noise);

• Geneva Convention on the Long-range Trans·boundary air pollution, 13 November 1979;

This convention is the first to deal specifically with the problem of long·range Trans·
boundary Air Pollution where it is not possible to distinguish the contribution of individual
emissions sources. The convention sets out the general obligation to limit, reduce and
prevent air pollution. The definition of "air pollution" is wide and therefore brings many
substances within the scope of the convention. The obligations are limited to what is
economically feasible and refer to the best available technology. The convention obliges
States to exchange information, consult alld undertake research.

• Protocol to the 1979 Convention on Long·term Trans·boundary Air Pollution concerning the
reduction of Sulfur Emissions or their Trans·boundary Fluxes by at least 30%, 08 July 1985,
Helsinki:

The protocol sets specific emission targets and timetables. It requires that by 1993 at latest,
parties reduce their annual sulfUr emissions on their Trans·boundary fluxes by at least 30%,
using 1980 levels as a basis. The protocol requires parties to report annually on both their
emission levels and the basis oftheir calculations.
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• Protocol to the 1979 Convention on Long-range Trans-boundary Air pollution concerning the
Control of Emissions of Nitrogen Oxides or their Trans-boundary Fluxes, 31 October 1988,
Sofia:

The protocol sets out targets and timetables for the annual emissions ofnitrogen oxides or
their Trans-boundary fluxes. It requires that by 31 December 1994 at latest, parties limit
their emissions to the levels emitted during any previous year before1987. The protocol also
requires parties to implement national emission standards to major new stationary and
mobile sources based on best available technologies, which are economically feasible. In
addition, the protocol requires parties to commence negotiations within six months ofentry
into force on further ways to reduce nitrogen oxide emissions.

• Protocol to the 1979 Convention on Long-range Trans-boundary Air Pollution concerning the
control of Emissions of Volatile Organic Compounds (VOCs) or their Trans-boundary Fluxes,
18 November 1991, Geneva:

The protocol applies to all anthropogenic compounds that are capable of producing
photochemical oxidants by reactions with nitrogen oxides in the presence of sunlight with
the exception of methane. The protocol sets an emission or Trans-boundary flux reduction
target for VOCs of at least 30% by 1999, based on 1988 levels or the levels of any year
between 1984 and 1990. Furthermore, this protocol takes a more sophisticated approach
than the previous other protocols. The protocol requires parties to monitor compliance. A
party that suspects another party of non-compliance with the protocol may notify the
Executive Body and leave the matter discussed. Parties are also required to conduct future
negotiations on further reductions and to regularly review the adequacy of the protocol in
the light ofscientific and technological developments.

• UN Framework Convention on Climatic Change (UNFCCC), 9 May 1992, New York:

The ultimate objective of the UNFCCC is the stabilization ofgreenhouse gas concentrations
in the atmosphere at a level that would prevent dangerous anthropogenic interference with
the climate system. Developed country parties and countries of central and Eastern Europe
are required to take measures to limit their greenhouse gas emissions with the aim of
returning individually or jointly to their 1990 levels by the end of2000. Parties are required
to cooperate in developing, applying and transferring technology that reduces or prevents
emissions ofgreenhouse gases. Parties are also required to assist developing countries.

• Kyoto Protocol to the UNFCCC, 11 December 1997.

The Kyoto protocol establishes legally binding commitments for parties to reduce their
emissions ofa basket ofgreenhouse gases by slightly more than 5% between 2008 and 2012
as compared to 1990 levels. The parties have agreed to differentiate individual emissions
targets, ranging from an increase of 10% (leeland) to a reduction of 8% (EU jointly).
Furthermore, "Flexibility mechanism", such as Emission Trading, joint implementation and
Clean Development Mechanism, has been included in order to allow parties mitigation cost
savings. Details ofthese mechanisms are still under negotiation. The Kyoto protocol has not
yet entered into force.

V. MEASURES REQUIRED TO REDUCE ADVERSE ENVIRONMENTAL
IMPACTS OF TRANSPORT

65. The most important measures that are often addressed at the global level to reduce the adverse
environmental impacts of the transport sector are shown here including their special significance in
the context of Africa.
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66. Traffic management: this has economic benefits such as reduction in congestions and facilitates
improved mobility. Traffic congestion has the effect to reduce average speed while it increases
emissions (except for NOx emissions). Therefore, good traffic management means reduction in
congestion and the resultant decline in air pollution. Some of the techniques of traffic management
that are commonly practised ate the following:

1) Area Traffic Control (ATC) system, which is a coordinated computerized controlling of
traffic signals of all or selected gtoup of road junctions along main traffic corridors or urban
centres.

2) Area licensing scheme (ALS), which is a traffic-restraint measure that could be used to
reduce congestion.

3) Electronic Road Pricing (ERP) that can be used to reduce traffic congestion during the
targeted time of the day and specific location.

67. There are also other traffic management measures such as increasing road capacity through
techniques that include:

1) Reversible Lanes for Tidal Flows that can be used in urban expressways or major
atterials where there is a large imbalance of directional traffic.

2) Parking Management practises such as enforcing strict prohibition of kerb side patking
would increase the capacity of busy city streets and consequently reduce congestion.

3) Real Time Traveller Infonnation through various means such as road side display
boards, radio broadcasting, or intelligent vehicle highway systems would help motorists
to select routes that ate less congested that would contribute to more effective utilization
of the available road capacity.

4) Auto Drive Vehicle Highway System is an increase in the capacity of expressways and
other high-speed highways that will enable a latge number of vehicles to be catried at a
uniform high speed with very small safe distance between them.

68. Traffic demand management: this includes demand management measures that can reduce
vehicle usage and higher volumes of traffic such as decreasing private vehicle ownership by
encouraging public transport, fiscal measures, area-wide licensing, electronic road pricing and
preferecial treatment for high-occupancy vehicles. The specific known measures include:

1) Road Transport Pricing Measures in the form of fuel taxes, registration fees, road
taxes, etc.

2) Vehicle Ownership restraint Measures in the form of increasing the costs of owning
vehicle as a result of high taxes and fees.

3) Decentralization of Commercial Centers in order to avoid further increase of traffic
volume in the city centers and the resulting deterioration of productivity.

4) Measures to reduce work trips: this is reducing the demand for travel to work places
and back to home; especially the congestion during peak hours. It can be achieved using
modern leT techniques for works that allow these kinds of means to work at home
instead of travelling everyday.

5) Promoting the use ofpublic transport that could reduce the increase in the vehicle fleet
size and consequently decease the level of environmental pollution. This can be through
mass transit option such as Rail Mass Rapid Transit, Busway system, etc.

69. Transportation and Socio-economic Planning (Policy measures): Transport policy should be
formulated with the objective of providing efficient transport system that could allow easy
movement of people and goods; and to ensure healthier environment and better quality of life. An
integtated land use and transportation planning process can effectively be applied to tackle the
traffic congestion problem.
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70. Zero-emission Vehicles: This includes electric and non-motorized vehicles that are very
environmental friendly, as they do not have any kind of emissions. There are different types of
electric vehicles and Tramway (street railways) that are used in many cities of the developed world.
Appropriate technology could be applied for Africa, based on comprehensive research,
corresponding to its level of development. The use of electricity will be very economical, once the
appropriate technology is introduced, as many African countries are rich in Hydro Electric Power
that is extremely cheap compared to the other energy sources such as petroleum and gaseous fuels.

71. On the other hand, non-motorized vehicles are also appropriate to Africa both from the
environmental point of view and their economic significance. From the environment impact stand
point they use renewable energy and are non-polluting. Their economic advantage is that they are
low cost vehicles affordable by the majority of the urban and rural population of Africa.

72. Tightening vehicle-emission standards: Emissions standards that differentiate between new
and in-use vehicles, means of measuring emissions levels accurately, and methods for enforcing the
emissions standards represent important steps in emissions control.

73. Improving vehicle technology: Considerable progress has been made in improving the vehicle
hardware for reducing emissions. In gasoline vehicles for instance, efficiently operated three-way
catalytic converters can reduce exhaust CO and hydrocarbon emissions by as much as 95 per cent
and NOx by a 75 per cent. For these pollutants, catalytic converters are by far the most effective
means of reducing gasoline-vehicle exhaust emissions. Similarly, modern diesel engines are much
cleaner than those produced in the past.

74. Inspection and Maintenance Programmes: These kinds of programmes, if implemented well,
can be able to mitigate transport wllution by strengthening the enforcement of emissions standards.
This is mainly because well-maintained vehicles can effectively fulfil the required vehicle
emissions standards and technologies. On the other hand poorly maintained vehicles are high
emitters, and are responsible for a disproportionate fraction of total vehicle emissions.

75. Vehicle retirement and scrapping programme: These programmes mostly target passenger
vehicles and for such a programme to succeed it is important to be able to identify gross emitters
with high annual vehicle- kilometres travelled (YKT) and a reasonable remaining life. Howcver,
high emitters are not necessarily old vehicles, although in the absence of detailed data, vehicle age
is often used as selection criteria.

76. Fuel Quality Improvement: Although there are different measures taken in some countries the
most common worldwide practice in improVing the quality of transport fuels is to phase out lead in
gasoline. More than three-quarters of the gasoline sold worldwide today is unleaded. Eliminating
lead in gasoline can reduce ambient concentrations of lead to less than 0.2 micrograms per cubic
meter (llg/m3) and the level of lead in blood to less than 5 micrograms per decilitre (Ilg/dl). Many
health organizations consider 10 llg/d1 to be the threshold above which action is called for. It should
also be noted that leaded gasoline is not the only source of human exposure and for the elimination
of gasoline lead to be effective other sources should also be tackled. In addition, the elimination
lead in gasoline should not be carried out in isolation, because many of the gasoline-blending
components have their adverse health effects of their own.

77. Use of alternative fuels: Using gaseous fuels such as Compressed Natural Gas (CNG) and
Liquid Petroleum Gas (LPG) can also reduce emissions as these fuels emit considerably less
particulate matter than diesel vehicles not eqUipped with particulate traps. Other alternative fuel
options include alcohols, hydrogen and bio fuels. Electric power is another alternative, as vehicles
powered by electricity have zero emissions.
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78. Noise Abatement Measures: traffic noise abatement measures can be in the form of:
• Controlling of noise at the source with measures that reduce noise emission from motor

vehicles engine and vehicle-road interaction;
• Regulating traffic flow to reduce vehicle operation noise;
• Limiting the transmission of traffic noise to receivers by the use of noise barriers or sound

insulation; and
• Avoiding the noise problem by means of sound town/country planning and road geometric

design and airport designs.

79. Transport Safety measures can be taken through traffic safety action prorgramme, coordinated
safety policies; infrastructure and technical improvement of vehicles; training for behavioural
changes of road users; safety data bank; and muitimodal passenger transport system.

80. Creating Environmental Awareness through participation of Citizens and Non-governmental
Organizations, and Environmental Impact Assessment of Transport Projects.

81. Environmental Consideration in the construction of transport infrastructure and
maintenance: This can be achieved through modern improved construction techniques that are
environmental friendly and under a good maintenance management programme.

82. Transportation ofDangerous Goods: this problem can be tackled through improved design and
specification of equipment; selection criteria for containers; recruitment and training of drivers;
control of operations in areas like routing of vehicles, parking, bad weather conditions, vehicle
check points; emergency response procedure and plans that can often minimise risk and adverse
comments by the media; avoid common violations such as failure to display the correct labels and
placards, etc.; other regulations governing transportation of dangetous goods.

VI. KEY ACTORS AND PARTNERSHIPS

83. Partnerships are vital to the implementation of the African Regional Environment Strategy
(ARES). The World Bank is currently engaged in a wide range of important partnerships relating to
environmental priorities in Africa, with a great diversity of UN agencies, bilateral donors, regional
development banks, and NOOs, as well as African governments. In addition to African elements of
many Bank wide initiatives (such as the World Bank-WWF Forest Alliance and the Critical
Ecosystems Partnership Fund), there are several important arrangements specific to Africa, such as
partnership for the "Clean Air Initiative in Sub-Saharan African Cities": This initiative targets eight
cities across the region and the partners are World Bank with the EU, the African Development
Bank, the U.S. Environmental Protection Agency (USEPA), Fonds Fran<;ais pour l'Environnement,
and an international petroleum industry association, among others.

84. The Clean Air Initiative in Sub-Saharan African Cities had also established institutional and
technical contacts with partners such as OEF, the US Environment Protection Agency (EPA),
MEUSSA and ESMAP. There were pilot programmes in eight cities chosen for their stated
commitment to be part of the programme under this Initiative. These cities were Dakar,
Ouagadougou, Abidjan, Cotonou, Harare, Nairobi, Lagos, and Douala. In each of the cities, the
Initiative involves the preparation of specific case studies, national awareness seminars,
identification of priorities for policy and regulatory reforms, and specific action plans.

85. The Initiative is also based on the development of a sustainable partnership with African (local
and national) authorities as well as with partners such as the World Health Organization (WHO),
UNEP, the U.S. Environment Agency (USEPA), the Municipal Development Programme (MOP),
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the EU, the Alliance to End Childhood Lead Poisoning, AFRICACLEAN, SITRASS (network of
African consultants), the USAID, MELISSA, the International Organization of Public Transport
(UITP), and the city of Montreal. Within the World Bank, the SSA Initiative is part of the overall
Clean Air Initiative.

86. In addition to ESMAP, the Donor community is also represented by the Belgian Cooperation,
the Norwegian Trust Fund for Environmentally and Socially Sustainable Development, and Canada,
through the Montreal Twinning Programme (involving the cities of Dakar and Cotonou). The
European Union was expected to join by end 200 I.

87. The World Bank has entered into numerous formal and informal partnerships, which aim to
address issues of regional and global importance that cannot be addressed at the country level.
These partnerships have provided an important adjunct to the traditional Bank-government relations
by building on the emergence of a vocal civil society and the increasing importance of private
sector investments.

88. In a number of these partnerships, the World Bank has played the role of a facilitator to forge
consensus between stakeholders on standards of good practice designed to improve the
environmental performance of the private sector. Through the CEO Forum on Forests, it had sought
to apply the process of independent, transparent multi-stakeholder verification of compliance with
forestry management standards that protect the livelihoods of the poor. Under the IUCN/World
Bank-sponsored World Commission on Dams (WCD), government, NGO, and industry
representatives have laid out key considerations governing the development of dams. It has also
helped catalyse new market mechanisms, as in the case of the Prototype Carbon Fund (PCF), which
demonstrates the feasibility of trading greenhouse gas emission reductions under the emerging
regulatory framework of the Kyoto Protocol's Clean Development Mechanism (CDM). The World
BanklWWF Forest Alliance was formed in 1998 as a result of both organizations' deep concern
about the continuing depletion of forests around the world and the effect of this depletion on many
of the world's poorest people. The goal of the alliance is to significantly reduce the rate of loss and
degradation of forests of all types. Other partnerships have engaged civil society in implementing
projects with significant global environmental benetits. The Critical Ecosystem Partnership Fund,
for example, provides small grants to NGOs to manage ecosystem hot spots around the world.

89. Factors critical to successful partnering include selectively based alignment with sectoral
strategies; support for the Bank's country programmes; realistic expectations of success; and the
complementarity of capacity, skills, knowledge, and competencies of partners. In addition,
partnering arrangements need to be based on a time-bound commitment (including a budgetary
one), evaluation, and an exit strategy. Finally, mainstreaming calls for transparency,
communications, and feedback mechanisms to country programmes.

The World Bank and UN Partnerships

• As an implementing agency with the United Nations Development Programme (UNDP) and
UNEP of the Global Environment Facility WEFJ, the Bank is supporting projects in four key areas:
biodiversity conservation; addressing climate change; phase-out of ozone depleting substances; and
the protection of international waters.

• As an implementing agency for the Montreal Protocol's Multilateral Fund, the Bank supports
programmes in 20 countries and has committed $US445 million since 1991 for over 558 projects to
help enterprises convert to ozone-friendly technologies.
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• The World BanklWWF Alliance for Forest Cansen'arion and Sustainable Use, in which the
Bank has invested close to $US2 million, calls for 125 million acres of highly threatened forest area
around the world to be protected by 2005.

• The CEO Forum on Forests - chaired by President Wolfensohn and the World BankIWWF
Alliance - is a private sector/civil society dialogue process with ambitious targets for improved
forest management and forest conservation.

• The World Bank, Conservation International, the GEF, and the MacArthur Foundation are
partners in the Critical Ecosystem Partnership Fwul (CEPF) to better safeguard developing
countries' biodiversity hotspots-highly threatened regions where some 60 per cent of all
terrestrial species diversity are found on only 1.4 per cent of the planet's total surface area
(www.cepf.net).

• The World Bank partners with governments and private companies for the Prototype Carbon
Fund (PCF) - a $US 145 million fund created by the Bank to develop real-world experience on
how carbon markets and trading could operate in developing countries and in countries with
economies in transition (www.PrototypeCarbonFund.org).

VII. CONCLUSION AND RECOMMENDATIONS

90. Although the level of air pollution in African cities is not as critical as that of industrialized
countries, the problem is becoming more acute. Hence, appropriate remedial measures will be
required. This is mainly because that pollution abatement in the transport sector has become
increasingly important in the urban air quality management policies and strategies at all levels. New
policy measures should emerge that can bring about better environment/conditions such as
improved traffic management that could reduce congestion and eventually improve the traffic flow
in the urban centers. Some of these specific policies and measures should focus on vehicle emission
standards, improved vehicle technology, vehicle inspection and maintenance programmes,
programmes for retiring or scrapping vehicles, and fuel improvements or use of alternative fuels
such as. the phase-out of lead from gasoline that have to be properly coordinated and hannonized in
order to generate the desired improvement in urban air quality.

91. The impact of transport projects on the degradation of Bco-system Environmental Impact
Assessment (EIA) should be given due consideration during the study and design phases of
transport projects. It should also be given due attention both in the transport policy formulations
and the implementation stages of various transport programmes at national, subregional and
regional levels. Based on these, the following are some of the major recommendations. among
others, that would help improve the existing air pollution and accordingly reduce health hazards in
Africa, which are commonly practiced at the global level:

• Use ofAlternative Fuels or Zero emissions vehicles: The use of alternative fuels including
natural gas, methanol, ethanol, electricity, and by-products of petroleum with different
environment friendly qualities should be considered. The use of natural gas, whether in the
form of compressed natural gas CNG or liquefied natural gas LNG, beside its pollution-free
advantages, has been proven to be economically feasible. As many African countries are
rich in Hydroelectric power, the use of electric vehicles will not only reduce air pollution but
also is very economical as its cost is extremely low compared to the fuels.

• Clean Fuel Technologies: The majority of developing countries including African countries
are still using leaded gasoline. Education and new policy formulation are the essential--
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elements in the phasing out of gasoline (Annex A.4). There will be overwhelming health
gains and maintenance savings that are associated with phasing out of lead from gasoline
and should therefore be encouraged in all African countries.

• Promoting Public Transport: The promotion of public transport is a key factor to the
alleviation of the problem of air pollution through well-planned and integrated
transportation systems adapted to local needs for sustainable development. Urban transport
planning will thus have to focus on the development of public transport through improved
services and facilities in order to reduce the demand for private ownership of cars.

• Environmental Impact Assessment (EIA): EIA must be conducted during the study and
design phases of transport projects as per the guidelines of the different donors such as the
World Bank and the African Development Bank.

92. The following specific priority corrective and preventive measures are also proposed to combat
the different problems, based on the various findings shown in the report (Chapter IV) that are
experimented and used in different regions. However, it should be noted that these measures could
not be implemented in Africa in the same way as to the other regions. They need to be adopted
taking the different economic and technological conditions peculiar to Africa into consideration.

93. Urban traffic congestion: through traffic management systems; traffic demand management;
promoting use of public transport system; integrated multimodal passenger transport system; and
comprehensive transportation and socio-economic planning.

94. Traffic generated pollution problem: through adoption of zero-emission vehicles; use of
environmentally friendly fuels; regular and effective vehicle inspection and maintenance
programme; noise abatement measures; air pollution abatement measures.

95. Relieve inconvenience and suffering arising from transport safety problems: Through
measures to enhance road safety; safe transportation of hazardous goods; participation of citizens
and non-government organizations; and incorporation of EIA in transportation planning and project
evaluation.

96. Reduce wasteful use of natural and human resources: Through ralsmg environmental
awareness of policy makers, road users and the general public; efficient road construction and
maintenance; effective financing mechanisms and participation of private sector; strengthening of
institutional role.
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A. IMPORTANT PUBLICATIONS CLEAN AIR INITIATIVES

Sub-Saharan African Cities

ANNEXA.I
Anas Benbarka

Transport Air Pollution Impact Assessment in Two Sub-Saharan African Cities:
Dakar and Ouagadougou, Two Tales of the Same Story

Technical Note

Introduction
In Africa, air pollution generated by motorization is not yet fully acknowledged, compared to other issues. However,
with rapid population growth in large cities, rampant and inadequately controlled urbanization, with longer distances to
travel, older fleet of vehicles and poorly maintained road network, the situation risks to reach dramatic proportions if
sound measures are not implemented today.
The Clean Air Initiative in Sub-Saharan African Cities is the first regional program to focus attention on the interface
between urban, transport and the environment in Sub-Saharan region, its main objective being the reduction of emissions
from urban air pollution sources (transport, in-door activities, industry, etc.).
Dakar (Senegal) and Ouagadougou (Burkina Faso) were the first pilot programs of the Initiative. Representing two facets
of the same problem, the lessons learned from these two cities could be replicated to most of the Sub-Saharan African
major cities. Indeed, whereas Dakar represents the large urban area with an ever increasing number of private cars
incorporated to the vehicle fleet. Ouagadougou represents the city with a large fleet of two-wheel vehicles. What these
differences imply in terms of air quality impacts and policies to implement?

Methodology
In the case of both cities, there was a lack of existing data and measurements that would quantify the air pollution
generated by the transport sector. A mathematical traffic simulation was then used, coupled with a model of pollutant
emission and dispersion in the atmosphere. in order to assess the impacts of air pollution on air quality. the environment
and population health.
Dakar versus Ouagadougou

Energy use and air pollution sources
[n Senegal, the land transport represents 20% of the country's energy consumption. and 29% of the petroleum
consumption. In Burkina Faso, the percentages are respectively 26% and 56%. In both cases. the large share of energy
consumption are localized in the two capitals.
The data on energy consumption is important as it is the first way to approximate the transport contribution to air
pollution in the two cities. Based on the previous percentages. one can assume a larger contribution of the transport
sector to air pollution in Ouagadougou rather than in Dakar.

Vehicle fleet, transportation demand and supply
Dakar and Ouagadougou, as many other Sub-Saharan African cities experience today an urban explosion that translate
into an increase in mobility and motorization rate. However, each city has different characteristics as far as traffic is
concerned. The following table outlines the major differences:

CONCEPT DAKAR OUAGADOUGOU

TranslJ"rt Demand
Pooulation Considered 2,200,000 7i2,000
Daily Trips 4,300,000 2,700,000
Daily Trips per Person 2.0 3.8
Dailv Motorized Trips 3,010,000 (70%) 1,404,000 (52%)

Vehwle Fleet
Age 14 20
Composition: Private Vehicles and Taxis 14% 13%
Buses 86% 6%
Mopeds - 81%
Fuel usage 53% of gasoline vehicles 84% of gasoline vehicles

The major difference between the two cities is the vehicle fleet composition. Dakar has mostly 4-wheel vehicles, among
which public buses are predominant (86%), whereas Ouagadougou has a large share of 2-wheel vehicles, either 2-stroke



or 4-stroke (81%). It is necessary to point to this difference as the pollutants emitted are distinct in each case, along with
the necessary policies to implement in order to abate air pollution in the two cities.

Air quality and health impacts
In Senegal and Burkina Faso. as in most Sub-Saharan African countries, there are no current air quality standards. Very
few have been done so far to measure the different pollutants emitted, and to assess their impact on the environment and
the population health. Only one study was performed in Dakar that confirmed the pollution by lead originated from the
combustion of leaded fuel in vehicles.
The health impact from the local pollutants emitted by mobile sources is nevertheless real. It is approximated that air
pollution generate costs that amount to 2.7% of the GDP in Dakar, and 1.6% of the GDP in Ouagadougou. If measures
are not taken today, these percentages are more likely to increase in the future. For instance, the increase in costs are
estimated to reach up to 2.5% of the GDP in 2005 for Ouagadougou.

Pollutants emissions
The air pollution generated by mobile sources in urban areas depends on three criteria: i) daily kilometers traveled, ii)
composition and age of the vehicle fleet, and iii) fuel composition and usage. The next table provides an approximation
of local pollutants emitted daily in each city:

Pollutants Dakar
Ouaeadoueou

(kglday) Total Mopeds
CO 49,595 63,775 77%
NOx 9,997 2,216 9%
He 5,780 33,488 95%
SO, 4,766 650 -

PM IO 929 120 -

The higher use of public buses and an old fleet of private cars in Dakar, the majority of which are diesel vehicles,
explains the high emissions of NOx, SO, and PM,•. In Ouagadougou, the high number of mopeds, their high usage (more
daily travels). and the fuel they use (over-mixture of lubricant oil with gasoline-8% of oil instead of 4%) result in 1.3
times more of CO emissions and 6 times more of He emissions compared to Dakar.
The increasing number of mopeds in Ouagadougou is of particular interest, as these vehicles are more and more used in
many other African cities for their low cost. Depending on the engine they use, these mopeds emit different pollutants
(the 2.,.sttoke mopeds emit more He. whereas the 4-stroke ones emit more NOx). The poor maintenance condition in
which they are. in addition to the owners tampering with the engines and the fuel mixture, result in high emissions of
local pollutants. The ratio of emissions per person traveled is even higher for mopeds (that carry at the most 2 people)
than for buses. Three caveats need to be remembered when dealing with mopeds:

• They emit as much CO as a 16-20 year old car;
• They emit 10 times less NO than a 6-20 year old car; and
• They emit more He than a car of any age.

Policies to reduce air pollution generated by transportation



DAKAR OUAGADOUGOU
Policies Ta11!.eling the Vehicle fleet and Fuel Usage

Modernization of the vehicle fleet through:

• Introduction of tax and regulatory measures to control
Modernization of vehicle fleet through: vehicle imports, with the aim of reducing the number of
• Introduction of tax and regulatory measures to older private cars in operation;

control vehicle imports, with the aim of reducing Use of cleaner 2-wheel vehicles:
the number of older private cars in operation; • Replacement of 2-stroke mopeds by 4-stroke ones

• Improvement of existing inspection and (less He emissions);
maintenance centers. providing them with new • Stricter standards for the quality of oil used as mixture;
equipment for measuring vehicles emissions. • Education of users on the right mixture oil/fuel to use;
training the staff, and defining tighter

• Analysis of existing technologies for mopeds worldwide to
standards for the vehicles;

implement the cleanest one;

• Technical inspection an maintenance program for mopeds;

Improvement of fuel quality through:

• Introduction of tax incentives to encourage the use of cleaner fuels;

• Elimination of leaded gasoline and diesel;

• Reduction of sulfur content in gasoline and diesel.

Policies aimino at Imoroved ODerational Efficiencv
Reorganization of mass transit in order to achieve

Reorganization of mass transit in order to achieve optimum
optimum integrated operation of the various modes integrated operation of the various modes of transport:
of transport:

• Encourage the use of public transport instead of mopeds;• Large capacity bus with defined routes and
stations; • Facilitate the award of exploitation permits to private bus

• Coordination of routes. timing. and connections;
operators;

• Coordination of routes. timing, and connections.• Unify the fare system.
Traffic management:

• Invest in road infrastructure;

• Road maintenance;

• Traffic control and management;

• Extension of rush hours by displacing schools schedule.
Policies Taroetino the Land Use and Urban Plannino

Diminish the mobility demand through sound urban
Diminish mobility demand through sound urban planning:

planning:
• Decentralization of services to the population;• Homogeneous repartition of schools around the city;
• High density habitat in downtown.• Decentralization of the administrative down town.

Conclusions
Through the case study of Dakar and Ouagadougou, we have a fair picture of transport air pollution that major Sub
Saharan African cities are facing because of the urban explosion and increase in motorization they witness. Although the
trends and sources of pollution arc different (2-wheel vehicles in one case and 4-wheel vehicles on the other case), the
results are the same: a serious impact on the environment, population health and economic growth that are more likely to
increase ifair pollution costs are not internalized and sound poHcies are not implemented immediately.
The lessons learned from Dakar and Ouagadougou could be replicated to the remaining Sub-Saharan African cities as
they represent the two faces of air pollution generated by transport in African cities. However. more research and studies
need to be conducted in order to quantify and assess the impacts of air pollution in Sub-Saharan African cities.



ANNEXA.2

Introduction to the Use of Diesel Vehicles:
Health Impact Assessment and Good Practices

Introduction
The use of diesel engine offers many benefits to society. It is reliable. fuel efficient. durable. easy to repair. and
inexpensive to operate. For this reason diesel fuel was. and still is. widely used as a transport fuel for light and heavy
duty vehicles. Compared to gasoline-powered vehicles. diesel vehicles achieve emissions reductions as far as
hydrocarbons (HC) and carbon monoxide (CO) are concerned. However. the public health concern is still raised when we
shift to other pollutants such as nitrogen oxides (NOx), sulfur oxides (SOx) and particulate matter (PM).
This technical note will assess the health impact of diesel engines use. and will review the best technologies and policies
options to mitigate this impact.

The diesel-powered vehicles

The diesel fuel and additives
Diesel fuel is produced during the refining of crude oils but is generally blended to meet the specifications for technical
performance. As for other components. the sulfur content of diesel fuels depends on the source of crude oil and the
refinery process. It is regulated by law in a number of countries and is usually between 0.05 and 0.5% by weight.
As far as the additives are concerned. they are used to influence the flow, storage. and combustion of diesel fuel. to
differentiate products. and to meet trademark specifications. Various exist that are effective in reducing smoke emissions
from diesel engines. The majority of these are Organa-metallic in nature and compounds containing manganese, iron and
barium are generally considered most useful. However, the performance of these additives varies significantly with type
of application, and it is additives containing barium which have been shown to be particularly effective in reducing
smoke from diesel engines.

The diesel engines
A diesel engine is a compression 19nition engine where air is compressed in the combustion chamber and the ignition is
achieved by the high pressure and temperature of the air. Contrarily to the gasoline engine. the quantity of air compressed
in a diesel engine is not limited by any control device. The diesel engine high compression ratio is one of the main
reasons for its better efficiency. However, the combustion leads to oxidization at high temperature of the nitrogen in the
air, which forms toxic oxides of nitrogen, including nitrogen dioxide in greater quantities than the ones found in
comparable gasoline engines.

The diesel vehicle neet
Diesel fuel is widely used as a transport fuel for light and heavy duty vehicles. Other sources include off-road and
stationary engines, electricity generating plants, space and water heaters in households and commercial installations. We
will concentrate however on emissions from the diesel vehicle fleet given its large contribution to air pollution in the
city.
With regard to Sub-Saharan African countries. there are additional factors that need to be considered when dealing with a
fleet of diesel vehicles. First, many of these countries lack a well maintained road infrastructure. Second. the lack of
available public transport result in overuse and overloading of vehicles, and failure to respect periodic maintenance
recommended by vehicle manufacturers. Third. the price distortion between gasoline and diesel encourage the use of
diesel vehicles (diesel is sold cheaper than gasoline). Fourth. the poor fuel quality and local fueltarnpering increase the
amount and toxicity of pollutants emitted. All these factors militate against the effective use of resources in relation to
the diesel vehicle, as wen as increase environmental degradation and public health concern,

Emissions and health Impacts
The emissions from diesel motor vehicles have been well described, but the individual results are often not comparable.
Indeed, the composition of diesel exhaust varies considerably depending on engine type and operating conditions, fuel
consumption and quality. lubricating oil, presence of emissions control system. in addition to different physical, climatic.
social and economic conditions for each country,
Diesel engine exhaust emissions. from incomplete combustion. contain hundreds of chemical compounds. which are
emitted partly in the gaseous phase (CO. CO" SOx, NOx• HC. etc.) and partly in the particulate phase of the exhaust
(elemental carbon. organic compounds adsorbed from fuel and lubricating oil. sulfates from fuel sulfur. traces of metallic
components. etc.).
The levels of CO. NOx, HC. and PM emitted by diesel engines are regulated by law in a number of countries. The
composition of diesel exhaust gases is similar to that of gasoline engine gases. but because of the relatively higher
fueIJair ratio, CO and He emissions occur in lower concentrations in diesel ex.haust, and the emissions of NOx
(especially NO,), PM and sulfur compounds is higher (the latter being due mainly to the higher sulfur content of diesel
fuels). The release of particles is a main characteristic of diesel exhaust that emit them at a rate about 20 times greater
than that from gasoline-fueled vehicles. Let's analyze the emissions of each one of these pollutants.

4



HC emissions
The concern for He is their contribution to the ozone fannalion. There are three sources of He emissions from vehicles.
For exhaust emissions. diesel vehicles have similar or lower quantities emitted than gasoline vehicles. For evaporative
losses. diesel fuel has low volatility, resulting in near zero evaporative emissions. Finally, for crankcase losses, they are
also inherently low. The result should be then an improvement in public health as regard to HC emissions with the
introduction of diesel vehicles.

CO emissions
The CO emissions from diesel vehicles are much lower than from gasoline vehicles, even if these latter are equipped
with emission control systems. Therefore, diesel vehicles provide a significant public health advantage over gasoline
powered vehicles as far as this pollutant is concerned.

No", emissions
When uncontrolled, diesel and gasoline vehicles emit approximately the same levels of nitrogen oxides (NOx). However,
diesel vehicles emit about one-fourth of their nitrogen oxides as NO,. NO, is of particular concern for its significant
adverse impact. Indeed, the mix of NO" HC and aldehydes under sunlight is responsible for photochemical smog.

PM emissions
In general, diesel engines are operated with excess air; the air/fuel ratio is about 1.5. The release of particulate matter
increases with decreasing air/fuel ratio, increasing load, and increasing temperature. More particulate matter is released
from older, intensively used engines than from new, low-mileage engines, probably because of greater consumption of
lubricating oil. In addition, as a result of emission control techniques such as turbo charging and injection timing, the
relative importance of emissions caused by lubricating oils has increased. The emission of particles from light-duty diesel
vehicles is also correlated with the sulfur content of the fuel, as the formation of metal sulfates increases the particle
mass. Increasing fuel aromaticity also increases particle emissions.
PM emissions from diesel vehicles raise two concerns: the contribution to general levels of suspended particulate matter
in the air, and the potential carcinogens and mutagens in the organic substances that are adsorbed onto the diesel
particulate matter. There are three main sources of particulate emissions: i1Jcomplete combustion of the fuel, incomplete
combustion of the lubricating oil, and the formation of sulfate from the fuel sulfur content.

Smoke, odor and noise
Properly adjusted, gasoline-powered vehicles emit very little smoke or odorous compounds. Diesel-powered vehicles can
emit significant quantities of both. These are the two most visible pollution elements emitted. Both result from the
incomplete combustion of fuel. Noise is also an issue as the engine works under very high pressure which gives rise to
mechanical noise.

Exposure and health impacts
The general population is most likely to be exposed to diesel exhaust in micro-environments such as busy streets. The
identification of SOurces is difficult, and the contribution of diesel exhaust to lotal pollution by traffic combustion
products is generally calculated on the basis of emission factors and the percentage of diesel fuelled vehicles. The levels
of exposure of the general population to diesel particulate matter are toxicologically relevant.
Diesel exhaust contributes to air pollution in general. Although the role of diesel particles cannot be singled out in acute
or chronic studies, they may be partly responsible for the range of health effects found to be associated with the usual air
pollutants listed above.

Emission control technologies and policies

Greater use of diesel vehicles in the transportation sector creates opportunities to solve certain environmental problems
associated with motor vehicles (CO and He emissions), but raises concern about public health and welfare owing to
increased emissions of NOx, PM, smoke and odors. In order to take fuB advantage of the opportunities and to minimize
the concerns, action was taken in the areas of vehicle design. servicing and operation, fuel characteristics and refinery
patterns. As a result, diesel engine emissions have changed dramatically over the last 30 years. For instance, emissions of
oxides of nitrogen and particulate matter from the diesel engines introduced today are significantly lower than those from
older engines. Below are some technologies and policies that have proven to be effective in reducing emissions from
diesel vehicles.

Engine technology
Diesel exhaust emissions can be reduced by improving engine design and by use of particle traps (trap oxidizers) and
catalytic converters. While particle traps remove both the soot and soluble organic compounds adsorbed onto the
particles, catalytic converters reduce the levels mainly of CO and He. In practice, particle traps are successfully used and
literature is abundant in the subject (they can achieve up to 90% reduction in particulate). Catalytic converters however
still require fuels with a low sulfur content, as sulfur poisons the active centers of the catalyst. In many of the Sub
Saharan African countries, this is not the case.



Diesel vehicle operation
There is need to improve the vehicle operation and maintenance in accordance with the manufacturers specifications and
good engineering practice~ as weB as to pay attention to the education of garage mechanists and vehicle drivers and
operators.
Diesel engines. although more flexible than spark ignition engines, are designed to use fuel with a given range of
specifications, which must be respected. Contamination of fuel by water and sediment may occur during transportation~

handling or storage. Adulteration of diesel fuel, for example with heavy fuel oil. would give rise to incomplete
combustion and emission of black smoke and HC. as well to the need of more frequent maintenance. Strict fuel quality
control should be ensured.
Diesel engines are also designed to operate under a range of load conditions. If the engine is overloaded, unburned fuel is
emitted as black smoke. Regulations to control the maximum loading of vehicles should be put in place.
Other specific usage conditions include the following:
- Warm-up temperatures to allow the compressed air/fuel mixture reaching an appropriate temperature;
- Adequate gear selection in commercial and public transport vehicles according to road and load patterns in order to
obtain optimum fuel economy and less smoke;

Maintenance and technical inspections: oil and filter changes. injection pump, emissions. etc.

SOx emissions reduction
Sulfur oxides emissions are directly related to the sulfur content of the fuel. The best control would be then to reduce the
sulfur content of the diesel used.
Fuel sulfur at high levels, as is the case in Sub-Saharan African countries. is a major barrier to several NO control
technologies. Only sulfur levels below 30 to 50 ppm would enable promising catalyst-based diesel exhaust control
technologies to be successfully introduced.

HC emissions reduction
Unhurned HC are products of the incomplete comhustion of the fuel or the lubricating oil. They can be controlled by the
correct matching of the air/fuel mixing process and injection equipment.

NOx emissions reduction
NOx formation is enhanced by an increase in combustion temperature. oxygen availability and ignition delay period. An
effective way of reducing NOx emissions is to retard the injection timing such that burning occurs later in the cycle.
However, this can increase smoke and fuel consumption. Since NOx emissions are highest at high loads, a flexible timing
could be introduced through the use of electronic controls. This would vary the injection timing to obtain a better trade
off between the various pollutant levels.
Another solution would be the Partial exhaust gas recirculation (EGR) already used for spark ignition engines. It could
decrease the combustion temperature and reduce then NOx. The EGR may be disadvantageous as HC and PM emissions
might be increased.
As mentioned before, the high sulfur content in diesel remains a seriolls limiting factor for introducing more
sophisticated technologies to reduce NOx emissions.

PM emissions reduction
Three major areas are necessary to explore in order to reduce PM emissions from diesel vehicles:
- Fuel composition. It has an important effect on particulate emissions from diesel engines. The sulfur content determines
the amount of sulfate formed. Fuel with higher ectane number provides lower smoke. Studies have shown that the fuel
desulfurisation may be more cost effective compared to reducing aromatic content to control particulate emissions.

- Engine technology. Diesel exhaust emissions can be reduced by improving engine design. especially to optimize the
air/fuel mixture during the combustion process. For example, high efficiency turbo charging such as variable geometry
turbochargers (VGT) and charge cooling increase the air/fuel ratio and so lead to a reduction in PM under most engine
conditions.

After treatment techniques. Diesel exhaust emissions can also be reduced by use of particle traps (trap oxidizers) and
catalytic converters. While particle traps remove both the soot and soluble organic compounds adsorbed onto the
particles, catalytic converters reduce the levels mainly of CO and He. In practice, particle traps are successfully used and
literature is abundant on the subject (they can achieve up to 90% reduction in particulate). Catalytic converters however
still require fuels with a low sulfur content. as sulfur poisons the active centers of the catalyst. In many of the Sub
Saharan African countries, the sulfur content of the diesel still remains high.

Smoke, odor and noise reduction
These are the three most visihle forms of pollution that characterize a diesel engine. There are three necessary and
vehicle operator related conditions for the control of these pollutants:
- correct operation of the fuel pump and adequate adjustment of the injection timing and maximum fuelling level setting
at the time of manufacture and service;
- use of appropriate fuel;



- correct vehicle loading during operations, with prohibition of vehicle overloading and tampering with maximum
fuelling devices.

Regulatory aspects
Countries that wish to familiarize themselves with vehicle emission control should take note of ex.isting regulatory
programs such as those applied in most European countries and the US. For new vehicles, CO, He and NOx restrictions
are applied for diesel vehicles. in addition to PM and smoke control in some countries. For in-use vehicles various
technical inspection schemes are currently applied to control CO and HC. although there is still no specific test for diesel
vehicles, to control especially NOx and PM. While a significant number of developing countries have technical
inspection schemes of varying degrees of efficiency, covering vehicle safety, few have full-scale mandatory inspection
for emissions.

Conclusions
Diesel engines have some advantages over gasoline engines for many reasons. First. in terms of efficiency, they offer an
increase in thermodynamic efficiency and an improvement in fuel economy over comparable sized vehicles powered by
gasoline engines. Second, they do not require lead additives in the fueL Third. the emissions from gasoline vehicles of
local pollutants such as CO (fatigue, chest pain, dizziness, headaches, impaired vision, even fatal at very high
concentrations), He (that provoke eye irritations, coughs, sneezing in low density. and cause cancer or mutations in high
densities), and global GHG such as CO, (responsible for global warming), are generally lower than comparable gasoline
vehicles. However, diesel engines have also some adverse health effects compared to gasoline engines. Diesel engines
produce much higher emissions of NOx (especially NO,) and PM. Both affect adversely the health of the population.
While nitrogen oxides contribute to acid rain and are precursors to ozone formation. particulate matter affect the
respiratory systems and may carry compounds that are carcinogens or mutagens. Other environmental effects associated
with the use of diesel vehicles include reduction of visibHity due to the smoke released, the smell and noise pollution
associated with traffic pollution.
The use of diesel vehicles in transportation may be promoted and encouraged if and only if measures are taken to reduce
its health impact on populations Technologies that reduce emissions from diesel engines already exist. The major
concern is their successful implementation, especially in countries as in Sub-Saharan Africa. In order to do so, especially
in urban areas. a number of recommendations should be highlighted;
- Diesel exhaust emissions should be controlled as part of the overall control of atmospheric pollution, particularly in
urban environments;
- Emissions should be controlled strictly by regulatory inspections and prompt remedial actions;
- Urgent efforts shouJd be made to reduce emissions, specifically particulate, by changing exhaust train techniques,
engine design. and fuel composition.
- In the Sub-Saharan African countries case, efforts should also be directed to public awareness about the proper
conditions of use and operation of diesel fuel and vehicles.



ANNEXA.3

Assessment of Lead Healtb Effects

Tbe Case of Sub-Saharan African Countries

Introduction
Lead is a cumulative toxin capable of causing hannful effects, particularly in children, when present at high levels in the
environment. Its health effects have been well documented worldwide, and as a result many programs have been
launched in several countries to prevent lead poisoning from various sources. Particular attention has been paid to leaded
gasoline, the single largest source of environmental lead pollution in most urban areas, accounting for approximately
90% of lead emissions released in the atmosphere.
In Sub-Saharan African (SSA) countries, lead poisoning remains a major issue to address. However, although the most
probable cause of poisoning is the use of leaded gasoline, extensive research still needs to be undertaken in order to
measure sources of exposure to lead before taking action. This paper wiU summarize the sources of exposure to lead in
the environment and resulting health effects, and will then review some epidemiological studies that have been
conducted in SSA countries to assess the sources of lead poisoning. Finally, it will outline the steps that need to be taken
to address lead poisoning in SSA countries.

Sources of Exposure and Healtb Effects

Sources of Exposure
Exposure to lead and lead compounds can result from breathing air, drinking water, and eating soil or foods that contain
lead. Lead can be carried in the air for long distances attached to particles of dust and remain suspended in the air for
weeks. Rain may remove it from the air, but it is then deposited in the soil, creating a health hazard for many years.
Inhaling air with dust that contains lead, as occurs in and near areas with heavy automobile traffic, is a main source of
exposure. Indeed, burning of gasoline that contains lead additives is one of the largest sources of lead in the atmosphere.
Other sources include emissions from iron and steel production. smelting operations, municipal waste, and lead acid
battery manufacturers. Lead is also released into the air by active volcanoes, burning of lead-painted surfaces, and
cigarette smoke.
Inhaling lead-containing dust introduces lead into the body. In adults, very little of the lead swallowed in food,
beverages, water, and dust or soils enters the blood from the gastrointestinal tract and moves to other parts of the body.
However, when children swallow food or soil containing lead, much more of the lead enters their blood and affects their
health. Regardless of how lead enters the body, most of it is stored in the bones. Because some lead is stored in the body
with each exposure, the levels of lead in bone and teeth increase with age.

Healtb Effects
At all levels of exposure, lead poisoning causes severe adverse health effects in both children and adults, affecting their
productivity and ability to learn and thrive.
CJassic acute lead poisoning occurs at high levels of exposure. and its symptoms are easy to identify: blindness. brain
damage, kidney disease, convulsions and cancer, often leading to death. The effects of pervasive exposure to lower levels
of lead are more easily misdiagnosed, because the symptoms of illness are similar to those of other known ailments.
Children are the worst-affected victims of leaded gas. Because of their immaturity, they are most susceptible to systemic
and neurological injury, including lowered IQs (a 10 microgram per deciliter increase in blood lead was found to cause
an approximately 2.5 decrease in the IQ of exposed children), reading and learning disabilities, impaired hearing,
hyperactivity, behavioral problems and growth interference. Such illnesses are particularly insidious, because they often
go undetected for some time. In adults, elevated blood-lead levels are related to hypertension and cardiovascular disease,
particularly strokes, heart attacks and premature death. Lead exposure before or during pregnancy is especially serious,
affecting fetal development and frequently leading to miscarriage.

Use of Lead in SSA Countries

Current situation
In SSA countries, the principal sources of lead in the atmosphere include leaded gasoline, deteriorated house paint,
mining and smelting operations, polluted waters, contaminated food, cosmetics and medicines. It is estimated that nearly
10,000 metric tons of lead emissions are released annually from SSA countries (mostly South Africa and Nigeria),
compared to 8,000 t1year in North America'. The use of leaded gasoline remains a crucial issue to address. Some of the
highest concentrations of lead in gasoline are still found in Africa, where there has been almost no progress in phasing

, Childhood lead poisoning in Africa: a growing public health problem. Jerome O. Nriagu; Mary L. Blankson;
Kwarnena Ocran. The Science of the Total Environment 181 (1996). 93-100. Table I.



lead out of gasoline. Gasoline sold in most African countries currently contains 0.5-0.8 glIIead2 (compared to 0.15 gil in
Europe and 0.026 gil in the US and Canada).
Whereas in many SSA rural areas the level of lead pollutlon is still low. it increases drastically in urban and mining
areas. In addition, the outdoor lifestyle, living conditions (narrow streets, highly populated areas, etc.) and health
situation (malnutrition. communicable diseases, etc.) make SSA populations more susceptible to environmental lead
poisoning.

Assessment of health impacts from lead exposure
Very few studies have been performed in SSA countries to assess the health impacts of lead exposure, especially from
the combustion of leaded gasoline. However, the scientific data gathered from three epidemiological studies in Senegal.
Nigeria and South Africa provide a preliminary picture of the current situation in SSA countries.
Study in Senegal
This pilot study' investigated the prevalence of elevated blood lead level in 38 8-12 year-old children from rural areas
(the Khombole department in the This region where there is almost no motorized traffic) and urban ones (near heavily
used intersections in Dakar). The preliminary results were as follows:
- The blood lead level for children in urban areas was significantly higher than that of children in rural areas.
- The blood lead levels were relatively high in both urban and rural areas: 61±18.3 J.lgli in rural areas, and 106.7±16.9
J.lgli in urban areas, compared to the medium blood lead level in the US (36J.lglI), and the level of concern (100 J.lgll)
recommended by the United Statcs Centers for Disease Control (CDC, 1991).
These results show that lead use, especially in gasoline, has a significant impact on health, and that further assessment
and analysis in other urban areas in the SSA countries is needed.
Study in Nigeria
This study' investigated lhe prevalence of elevated blood lead levels in 87 children 1-6 years old in Kaduna, a medium
size city in northern Nigeria. The mean blood lead level was found to be 106 J.lglI, and 2% of the children had a blood
lead level greater than 300 J.lglJ. The highest average blood lead level was found in 5 year old children and was attributed
to the tendency for this age group to play longer in contaminated outdoor environments. The strongest associations were
found between blood lead level and car ownership and residence in a house on a tarred road. All automobiles in Nigeria
use leaded gasoline with an average lead content of 0.74 gil'. Atmospheric lead emissions in Nigeria in recent years have
been estimated to be 2,800 metric tons per year with most (90%) derived from automobile tailpipe'. There are other
sources of atmospheric lead, such as burning of garbage and of biomass for cooking, and lead-rich medicines and
cosmetics, but the main lead emissions are generated by motorized transport.
Study in South Africa
This study' investigated the prevalence of elevated blood lead levels in 1200 cbildren 3-5 and 8-10 years old in rural and
semi-urban areas of KwazululNatal. Average blood lead levels in the Durban metropolitan area were 100 J.lg/l, with 5%
of the children showing levels grealer than 250 J.lgll. By comparison, the average blood lead level in a rural area located
120 km from Durban was 38 J.lg/l, and 2% were greater than 100 J.lgll. The results show that many children in
KwazululNatal are at risk of lead poisoning. Household factors significantly associated with blood lead levels in cbildren
included distance from tarred roads, overcrowding, household hygiene. and burning solid waste for heating Of cooking.

Policies to Reduce Lead Poisoning
As we have seen, therefore, the primary potential source of airborne lead in most urban areas is the automobile tailpipe.
To address this, most developed countries have concentrated on the removal of lead from gasoline as their main risk
reduction strategy, and the subsequent decline in gasoline lead content has been associated with a sharp drop in blood
lead levels across all segments of their population. For instance. the virtual elimination of leaded gasoline in the US
resulted in a 77% decrease in the average blood lead level of the population between the years of 1976 and) 991.

2 See footnote I.
3 Blood lead levels among rural and urban Senegalese children: influence on the oxidative stress markers
(preliminary study). Diouf A.; Garcon G.; Campion J.; Sbirali P.; Cisse M.; Diop Y.; Hannotbiaux M.H.; Thiaw
C.; Fall M.; Ndiaye B.; Barry 0.; Siby T.; Ba D.; Zerimech F.; Haguenuer J.M.; Congres de la Societe Fran,aise
de Toxicologie. Environnement et Toxicologie: Bilan avant Ie 21eme siecle. October 1999.
4 Lead poisoning of children in Africa III. Kaduna, Nigeria. Jerome Nriagu; Ngozi T. Oleru; Harles Cudjoe; Ada
Chine. The Science of the Total Environment 197 (1997) 13-19.
5 Environmental impact of vehicular traffic in Nigeria: health aspects. Ogunsola, OJ.;A.F Oluwole; 0.1.
Osubiojo; M.A. Durosinmi; A.O. Fatusi; W. Ruck. The Science of the Total Environment 1461147 (1994a) 111
116.
, Atmospheric lead emissions and source strengths in Nigeria: 1988 inventory. Obioh; Oluwole; Akeredolu. In:
Heavy Metals in the Environment (R.J. Allan and J.O. Niragu, Eds). CEC Consultants Ltd, Edinburgh, Scotland,
1993. Pp 271-274.
7 Lead poisoning of children in Africa 11. KwazululNatal. South Africa. Jerome Mriagu; Champak C. Jinabhai;
Rajen Naidoo; Anna Coutsoudis. The Science of the Total Environment 197 (1997). I-II.



The solution to childhood lead poisoning does not rest solely with the introduction of unleaded gasoline. however. Some
South African studies8 suggest that there are variations in the degree of susceptibility to atmospheric lead. and that the
introduction of unleaded gasoline will produce a slower rate of change in South African children than has been reported
in developed countries. Native townships have a variety of socio-ecological factors likely to affect the exposure and rate
of blood lead level change. including excessive dustiness, narrow streets. overcrowding, contaminated rain water.
malnutrition, poor hygienic conditions. and the use of lead-containing medicines and cosmetics.
While data is still lacking to assess the sources of lead poisoning in SSA countries, action should be taken firsr to
eliminate lead from gasoline as the main source of lead poisoning in these countries. When information becomes more
available, tbe objective would be then to adopt an integrated, multidisciplinary prevention program that would Ibat would
target all sources of lead.

Conclusions
Broader assessment of Ibe degree of childhood lead poisoning in SSA countries is a definite and urgent necessity. This
research should be combined with Ibe formulation and implementation of policies to reduce risks of lead poisoning. The
scientific evidence is ample and definitive: research conducted around the world has revealed the principal means of
exposure and the health impacts, and points to the need for programs to protect children from lead in their environment.
Some preliminary studies performed in SSA countries (mostly Nigeria and SOUlh Africa) confirm the prevalence of high
blood lead levels in children living in both rural and urban areas. With all the evidence pointing to automobile emissions
as the main source of lead in the environment, action should be taken to eliminate lead from gasoline use as the first step
in an integrated prevention program that would target other sources when more data is available.

8 See footnote below.



ANNEXA.4

Lead Phase-Out in Sub-Saharan African Countries
The Case of Three Gasoline-Importing Countries: Benin, Burkina Faso and Senegal

Preliminary Investigation to elaborate an Action Plan

Anas Benbarka
The World Bank, August 2000

Introduction
Leaded gasoline is the greatest single source of human exposure to lead worldwide. The health impacts it generates,
especially the relationship between leaded gasoline use and elevated blood lead levels, have been well documented and
understood. As a result, many action plans have been implemented to eliminate lead additives from gasoline and switch
to unleaded gasoline. Experience worldwide have demonstrated that it is practicable, technically feasible, cost-beneficial,
and can be done quickly, in both developed and developing countries.
Most of the Sub-Saharan African (SSA) countries, including the three gasoline-importing countries of Benin, Burkina
Faso, and Senegal, have among the highest lead concentration in gasoline worldwide. The health impacts resulting from
exposure are expected to be high. For this reason, each one of these countries need to implement an action plan aiming at
eliminating leaded gasoline.
The following note is a preliminary research work which objective is to claritY the necessary steps to take (i.e. data to
gather, themes to explore, stakeholders to address, policies to adopt, etc.) in order to implement an efficient action plan to
phase-out leaded gasoline from the three gasoline-importing countries of Benin, Burkina Faso, and Senegal.

Technical Considerations

Lead Additives
The combustion processes that take place in the spark-ignition gasoline engine are far from ideal. The knock
phenomenon is one abnormal combustion mechanism. It occurs when the gas mixture most remote from the flame
initiation auto-ignites before the flame can reach it. Therefore for additives to affect the situation they must act either to
increase the speed of the flame or to decrease the propensity of the end-gas mixture to auto-ignite. Lead alkyls serve the
latter solution. They have provided the most cost-effective anti-knock additives for the last 60 years. On a weight basis,
as little as O. I% gives a very substantial benefit in octane number to a base fuel. The most commonly used lead alkyls
were tetraethyllead (TEL) and tetramethyllead (TML).

Alternative to Lead Additives
There are other metallic additives that can increase the octane number. Manganese. in the form of
methylcyclopentadienyl manganese tricarbonyl (MMT), proved to be as effective on a weight basis as lead. I has been
used as a primary anti-knock in unleaded gasoline in the USA since 1974 at up to 40 ppm by weight of manganese.
However, its use was controversial, and was condemned by the USEPA given the possible effects it has on emission
control systems and the toxicity of the manganese released in the atmosphere.
There are a number of alternatives to replace lead or metallic additives to gasoline in order to meet the octane
specifications. Certain oxygenated compounds such as methanol, ethanol, methyl tertiary butyl ether (MTBE) and others
have been promoted as lead substitutes, since they have proved to be valuable in helping to achieve the required octane
quality for low-leaded and unleaded gasoline. These materials are perhaps more appropriately regarded as blend
components than additives, since they are used at relatively high concentrations. Particularly. ethanol is routinely blended
into gasoline to raise octane level. Its technical difficulties have been surmounted and its cost as an octane-boosting
additive is competitive with the industry's preferred octane-boosting oxygenate, MTBE, a petroleum-derived suspected
carcinogen that was outlawed recently in California.
Another way to increase the gasoline's octane rating is to increase the concentration of benzene and other aromatic
hydrocarbons. However, benzene is considered as a carcinogen. and the use of gasoline with higher aromatics will result
in benzene emissions in the atmosphere from the gasoline tank first (as evaporative emissions). then from the tailpipe. in
particular if the vehicles lack emissions control systems such as catalytic converters. That is why the content of benzene
and other aromatics must be carefully considered when choosing a manufacturing process for unleaded gasoline. Many
cost effective refinery techniques exist that increase the octane number without increasing benzene emissions.
To replace lead additives with other blends is a short-term strategy to increase octane, On a longer perspective, it might
be more economical to add new refinery process unit' to convert low-octane hydrocarbons into higher octane
hydrocarbons, if the country produces its oil. In our case (gasoline-importing countries), the issue is not raised in a direct
manner. The gasoline imported, whether unleaded or with reduced amount of lead, will have to meet the standards and
requirements (octane number, paraffin and olefin content, lead content, etc.) set by the adequate ministry or regulatory
agency.



Unleaded Gaso6ne for Old Manufactured Vebicles
One of the recurrent technical issues that appear when dealing with the elimination of lead addtives is the valve seat
recession

9
in old manufactured vehicles. Under high temperatures and stress, the exhaust valves md valve seats create

small deposits of iron oxide that result in the wear of the valve seat. Lead additives have the adva'i1tage of serving as a
lubricant between exhaust valves and their seats. Modem technology vehicles have now hardened volve seats that do not
require the luhricating effect of lead. However. many technical studies showed that under high operating conditions (high
speed and high load for a long period of time). the old technology vehicles. with soft valve seats, suffer important
damages if they use unleaded gasoline. This issue may have lost its relevance for industrialized counu'es. but remain
important when considering SSA countries. Indeed. most of these countries have old vehicle fleets (av«age age 20
years), and lax driving conditions (no control for heavy loading). Benin. Burkina Faso. and Senegal are no exception.
In that regard, an analysis should be performed in order to measure to which extent the use of unleaded gasoline might
pose a problem for the old vehicle fleet (age of vehicle fleet. vehicle technology. especially the valve seats, cOst of
replacing them. the necessity of adding luhricants to unleaded gasoline. or leaving a small amount of lead as lubricant".
etc.). When Thailand realized that it was necessary to ban lead additives it conducted a study of its on-road vehicle fleet
to determine the effect of unleaded gasoline. It was estimated that less than 10% (percentage that would decrease over
time) of the vehicle fleet possessed soft valve seats susceptible to be damaged without the use of lead as lubricant. That
information gathered prompted the government to go ahead with their lead phase-out-program"- In Hungary, where tlle
distribution of leaded gasoline was stopped in 1999, nearly 400.000 in-use vehicles had soft valve seats. To protect them.
a new brand of research octane numher (RON) 98 gasoline containing a lubricating additive was introduced'!. To
approach the issue from another angle. many studies worldwide have shown that vehicle maintenance savings from the
use of unleaded gasoline are far more important and outweigh any negative side effect. such as potential for valve seat
recession, if any, on some old manufactured vehicles (generally pre-1980). Some studies showed that, as a result of
switching to unleaded gasoline. several nations, including Canada, the US. and Australia, have reported maintenance
savings in the range of US$ 0.05/1iter of gasoline". In any case. a thorough analysis should be conducted for Benin.
Burkina Faso and Senegal in order to choose the best way to deal with their old vehicle fleet when introducing unleaded
gasoline.
As of the use of blends ofMTBE and other ethers in gasoline (as an alternative additive for unleaded gasoline). there has
never been any problem reported on materials compatibility or corrosion in either the vehicle of the fuel distribution
system.

Control and Inspection for Compliance
Monitoring of the gasoline imported and sold to ensure that it has no lead additives is an important component of the
program. Indeed, given that the pump price will probably increase due to the import of unleaded gasuline. risks of
cheating and tampering with gasoline are high. Procedures should be established in order to regularly control fuel quality
in the production and distribution chain and to curtail the illegal import of leaded gasolinc l4

.

Healtb Benefits

Reduction of Blood Lead Levels
The combustion of leaded gasoline is considered the major source of lead released in the atmosphere. This is the case for
developed countries where other major sources of lead (leaded-paint, iron and steel production. smelting operations,
municipal waste. etc.) were already targeted. and still is the case for SSA countries, where the majority oflead emissions
comes from the combustion of fossil fuels l5 (primarily gasoline whose lead content are among the highest in the world
for many of SSA countries).

9 Valves are designed to allow inflow of the fresh air/fuel mixture and outflow of the exhaust gas and to seal off
the combustion chamber during combustion and gas expansion phases of the engine cycle.
JO The amount of lead required to minimize valve wear In susceptible engines was found to be 0.05 glbter.
''Prevention of Valve-Seat Recession in European Markets". McArragher. J.S. et al. Fourth International
Symposium on the Performance Evaluation of Automotive Fuels and Lubricants. Birmingham, UK. 1993.
11 Valve Seat Recession and Protection Due to Lead Phaseout in Thailand. Akarapanjavit N.; Pipon B. SAE
Technical Paper Series. No 962029. Society of Automotive Engineers. 1996.
12 Eliminating a Silent Threat. World Bank Support for the Global Phaseout of Lead from Gasoline. Magda
Lovei. May 1999. Box 2.
"Why Lead Should Be Removed from Gasoline. The World Bank. Environment Department Dissemination
Notes. No 32. December 1995.
'4 In their Implementer's Guide to Phasing Out Lead in Gasoline, the US Environmental Protection Agency has
developed a framework to set in place an effective conlrol program. outlining the necessary monitoring
~rocedures and estimated costs of the matetial. Please see full references at the end of the note.
5 Childhood lead poisoning in Africa: a growing public health problem. Jerome O. Nriagu; Mary L. Blankson;

Kwamena Ocran. The Science of the Total Environment 181 (1996).93-100.



The switch to unleaded gasoline in SSA countries will result in the reduction of blood lead levels in populations,
panicularly the most vulnerable portions (children). Extensive studies l6 in developed countries have demonstrated a
direct link between a reduction in gasoline lead content and a decrease in blood lead levels for children. In the United
States, the 50% drop in use of lead gasoline between 1976 and 1980 coincided with a 30% drop in blood lead levels".
Later, by 1988-1991, when the use of lead in US gasoline had been almost completely eliminated, tbe average blood lead
levels had dropped from 16 l-lgldl to an average of 2.8 l-lgldl". In the UK, a 50% drop in gasoline lead levels
corresponded with a 20% drop in blood lead levels".
At all levels of exposure, lead poisoning causes severe adverse health effects in both children and adults, affecting their
productivity and ability to learn and thrive.
Children are the worst-affected victims of leaded gas. Because of their immaturity, they are most susceptible to systemic
and neurological injury, including lowered IQs (a 10 microgram per deciliter increase in blood lead was found to cause
an approximately 2.5 decrease in the IQ of exposed children), reading and learning disabilities, impaired hearing,
hyperactivity, behavioral problems and growth interference. Such illnesses are particularly insidious, because they often
go undetected for some time. In adults, elevated blood-lead levels are related to hypertension and cardiovascular disease,
particularly strokes, heart attacks and premature death. Lead exposure before or during pregnancy is especially serious,
affecting fetal development and frequently leading to miscarriage.

EconomicJSoclaI Benefits
The elimination of leaded gasoline in SSA countries will result in economic benefits due to avoided costs of lives lost
and short lifetime earnings, reduced productivity, medical care, and improvement in educational performance. Studies20

quantifying the social benefits from reduction in lead content in gasoline in the US have shown that the estimated
benefits from reducing blood lead concentrations by I l-lgldl amounted to $6.9 billion for children and $10.6 billion for
adults. The benefits are far more important than the cost of switching to unleaded gasoline. Of course, these numbers
depend on the monetary value given to premature death. disability or the avoidance of these and other problems. In the
case of SSA countries, maybe the monetary values will be lower than the ones taken in the US, but the size of the
expected benefits in developing countries suggest that phasing out leaded gasoline will still be highly cost-beneficial as
well.

Lessons Learned an Best Practices

Lessons Learned Latin America and the Caribbean
Based on the different lead phaseout initiatives that were launched in several small non-oil producing countries of Latin
America and the Caribbean. the following identified problems are likely to emerge when designing a similar program in
SSA countries21

:

- The lack of standards or regulations for vehicular emissions, stack emissions, and ambient air quality.
- The absence of air quality management and monitoring programs to measure baseline conditions resulting from
vehicular and industrial air pollution. Inadequate financial resources, equipment and expertise can make it difficult to
monitor changes in air quality during lead phaseout.
- Public education and information programs are needed to increase the public and policymakers' awareness, thereby
accelerating the lead phase-out program.
- There are very few population-based biological monitoring of health effects associated with vehicular and industrial air
pollution. Financial and technical resources can be inadequate in some cases.
- The traditional price structure does not promote or support the use of unleaded gasoline, which is usually mOre
expensive than leaded gasoline.
- The infrastructure to monitor and enforce standards and regulations does not exist.
To overcome the issues mentioned, the following areas will need to be addresses: i) development and implementation of
national action plan; ii) public education and information programs for policymakers at an early stage; iii) air quality and
biological (blood screening) monitoring and management; Iv) specifications for leaded and unleaded gasoline and
associated emissions; v) development of laws, regulations and standards for health and the environment; and vi) capacity

16 Among the most extensive studies of blood lead concentrations are the National Health and Nutrition
Examination Studies (NHANE II and NHANE III), where more than 27,000 people were surveyed from
different areas in the US.
17 Air Quality Criteria for Lead, Vol.2. USEPA.
18 The decline in blood lead levels in the United States: the National Health and Nutrition Examination Studies
(NHANES). J.L. Pirkle; DJ. Brody; E.W. Gunter; R.A. Kramer; D.C. Paschal. The Journal of American
Medical Association. 272(4): 284-91. 1994.
,. Myths and Realities of Phasing Out Leaded Gasoline. Maria Rapuano; K.W. James Rochow; Arturo Garcia
Costas. Alliance to End Childhood Lead Poisoning.
2tI Societal Benefits ofReducing Lead Exposure. J. Schwartz. Environmental Research, v.66, pp 105-124. 1994.
2' Elimination of Lead in Gasoline in Latin America and the Caribbean. Report No. 194/97EN. pp 18-20
ESMAP, December 1996.



building and institutional strengthening of laboratories capabilities and cooperation among government agencies that
would deal with the lead phase-out program.

Best Practice: EI Salvador
The case of EI Salvador provides a good example of a small country that launched successfully an action plan to phase
oUl leaded gasoline in almost a year (in 1995 the market share of unleaded gasoline was only 6%, whereas in 1996
leaded gasoline was completely phased out). This section will review the phase-out process and identify the factors that
allowed this fast transition to unleaded gasoline.
There is only one small refinery (design capacity for crude oil of 20,000 barrels/calendar day) in EI Salvador. 3,000 bled
of gasoline are obtained by catalytic reforming. The reformers are semi-regenerative, using a monometallic catalyst, and
producing a reformed product with RON 95. EI Salvador imports its refined petroleum products from the US, and some
Latin American and Caribbean countries.
The Ministry of the Economy liberalized the prices of all petroleum products in 1994. The leaded gasoline prices were
harmonized with the US prices for unleaded gasoline. That is why there was no price change when lead was eliminated
from gasoline in August 1996.
In 1995, the lead phaseout program was initiated with discussions with stakeholders in the petroleum sector. After
eliminating lead additives, the refinery imported gasoline with an AKI of 93 to blend with local gasoline. No anti
recession additives were added to avoid the valve seat recession". The refinery estimated the cost of phasing out lead to
approximately $2 per barrel. No financial assistance was provided from the government, nor any change in the gasoline
price occurred thanks to the price strategy adopted by the Government.
The transition period was short. 6 weeks were needed to wash the storage tanks from the residual lead of previous
gasoline, The unleaded gasoline used to wash the tanks was sold then as a leaded gasoline. The short transition period
allowed to avoid expensive costs to have a dual distribution system for leaded and unleaded gasoline.
Although the Government did not have extensive data about air quality and blood lead levels, it decided to remove
leaded gasoline as fast as possible given the lessons learned from other regions. The phase-out program was also backed
up with different programs (fuel specifications in harmony with other countries of the region, air quality monitoring,
especially NO" 0" PMIO and lead, norms for vehicular emissions, and JIM program) that were re-launched in order to
control the unleaded gasoline sold and used by consumers, and to avoid any eventual tampering. Furthermore, the Law of
Road Transport, Traffic and Road Safety required that all imported cars starting in 1998 be equipped with emissions
control systems in order to fully benefit from the use of unleaded gasoline and reduce significantly emissions from motor
vehicles.

011 Industry Overview in Senegal, Benin, and Burkina Faso
The information gathered in this section is still incomplete. Further extensive research needs to be carried to reach a
detailed picture of the oil industry in the three countries. This data should be prepared prior to starting the action phase
out program. We discuss in the following section how these data and other information should be gathered and presented
to public and stakeholders.

Senegal
Senegal" has an important upstream oil industry. The consumption of fuel products is currently of 850,000 tons per
annum. Crude is processed for internal use as well as for third party processing and export. The Societe Africaine de
Raffinage (8AR) • which is the only refinery in the country, is owned by TotalFinaElf. Shell. Mobil. and Banque
Nationale du Senegal (BNDS). The refinery is located in Dakar and has a nominal operating capacity of I million tons of
crude per annum. The refinery is a simple topping and reforming refinery which produces surpluses of fuel oil in excess
of the country's requirements. Management of the refinery is controlled by TotalFinaElf who has a 42% interest in SAR.
Distribution and marketing of fuel products is carried out by TotalFinaElf, Shell, and Mobil.
There is a single pricing formula for all products, which determines a maximum price that can be charged. The wholesale
margin is not sufficient to encourage companies to invest in new facilities. The refinery and distribution cost components
of the formula are not regularly updated nor are they in keeping with international prices and exchange rates. Taxes
levied on petroleum products is the main source of revenue for the Government.
The oil industry in Senegal is regulated by the Ministry of Energy, Mines, and Industries.

Benin
The upstream oil industry is also important in the Benin" economy. The Seme oil field near Cotonou is underway to be
reopened again and exploited by Zetah Oil Company. Gas reserves are estimated at 80 billion cubic feet.
As far as the downstream is concerned, the importation, distribution and marketing of fuel products is carried out by the
national oil company Sonacop, the only company in Benin. For the infrastructure, a new oil terminal with 55,000 m'
crude oil capacity was opened in the Beninois port of Cotonou in 1999. The terminal will serve Benin, as well as Niger,
Burkina Faso, and Mali.

22 There were no reports a posteriori of valve seat recession problems from consumers.
" Information taken from http://www.mbendLcom
" See footnote II.



One of the main problem that will face a lead phase-out program in Benin will be the considerable smuggling of
petroleum products, from neighboring country Nigeria where prices are significantly lower.' This issue will have to be
addressed through the implementation of a strong enforcement program.
The oil industry in Benin is regulated by the Ministry of Mines and Energy.

Burkina Faso
Burkina Faso25 has no known oil resources and therefore no upstream industry. All oil products (213,500 tons per day in
1997) are imported from Cote d'Ivoire by rail, and from Togo and Benin by road. The distribution is managed by Elf
(16%), Shell (39%), Mobil (8%), TotaIrrexaco (32%) and a local company, Tagui (5%). The storage capacity for
finished products is 34,000 m' (less than 2 months supply for the country).
The problem of smuggling is also important for refined products as the price differential between Ghana and Burkina
Faso is important.
The oil industry is regulated by the Ministry of Geology, Energy, and Mines.

Elaboration of an Action Plan
Gasoline-importing countries have greater flexibility in phasing out the use of lead in gasoline than do countries where
domestic oil refining capacity determines the options and costs of adjustment. However, the capacity to generate enough
unleaded fuel to replace leaded gasoline cannot be built overnight. A combination of strategies will have to be
implemented to attain that goal, accompanied with a clear lead phaseout schedule and deadlines. The following section
reviews the necessary steps to follow and questions/issues to address for a successful phase-out program.
Preliminary Data Gathering
The preliminary task to prepare an action plan for the three chosen countries (Senegal, Burkina Faso, and Benin) would
be to gather all the existing data and information available on the oil and industry sector. There are a number of questions
that still need to be answered in order to have a first picture of the current oil sector situation. The preliminary
information displayed in the last section should be more developed and precise. For each country:
- What is the annual consumption of leaded gasoline?
- What is the percentage of imported gasoline?
- If there are smuggling activities at the borders, what is the estimated percent of gasoline imported and sold illegally?
How the introduction of unleaded gasoline will affect smuggling activities? What are the enforcement measures to
implement to avoid that situation?
- What are the countries from where leaded gasoline is imported? What are the actual costs of importing gasoline? Do
these countries export unleaded gasoline? What are the refineries involved in the process? To which other countries do
they export their product if any? Will the supply of unleaded gasoline be enough to respond to national consumplion
needs26?
- Where the non-imported gasoline come from? What types of refineries are there? Is there any potential oil field to be
discovered and/or exploited in the future?
- Where is leaded gasoline refined and processed? How is the process working? - When and where is the lead added?
What are the companies involved in the lead additives market? Are there adequate storage facilities for the finished
(unleaded) product?
- What are the companies that take care of the gasoline distribution?
- What are the Ministries involved and the relevant contact persons in key stakeholders companies?
- What is the current price structure for leaded gasoline sales?
- What is the current regulations and laws related to gasoline content, exploitation, imports, sales, etc.?
The rationale behind those questions is to: i) evaluate how the decision of importing only unleaded gasoline, from the
same partner-countries or other ones, might influence the importlrefiningldistribution structure; ji) evaluate how the
import of unleaded gasoline would affect the price structure and sale price of gasoline; and iii) assess the necessary
regulatory and policy framework to adopt in order to effectively and rapidly remove the use of lead additives in gasoline.
To answer these questions, and following the lessons learned from similar lead phaseout programs in Latin America and
the Caribbean27

, a survey should be carried out via a comprehensive written questionnaire covering a wide range of
subjects related to molor fuel production, consumption and import, vehicle fieet, regulations, environmental and health
issues, and opportunities for regional cooperation and technical assistance. The questionnaire should be sent to the
adequate ministry or agency, and each group would respond to their assigned part of the questionnaire, depending on
their familiarity with the topic (for instance the data on the vehicle fleet should be assigned to the adequate group in the
ministry of transport, etc.). The follow up of the questionnaire (to ensure that all parties participate in providing
information, and to coordinate the initiative) could be assigned to a local consultant. Thanks to the information gathered,
the action plan would be then easier to elaborate. Among other topics, the questionnaire should include the following

25 See footnote II.
26 Nigeria would be the first country to analyze when answering this question, as its 4 refineries process oil that
is exported to most of West Africa, whereas crude oil from this country are exported mostly to the US, South
Africa, England, and France.
27 Elimination of Lead in Gasoline in Latin America and the Caribbean. ESMAP. Report No. 194/97 EN. Annex
2.



sections: i) background and introduction to the questionnaire; ii) refineries and gasoline production/import; iii) motor fuel
consumption and vehicle fleet; iv) regulations impacting lead in gasoline and related air quality; v) air qualifl and related
environmental health issues; and vi) possible opportunities for regional cooperation and technical assistance .

Blood Lead Screening
The action plan should include a blood lead screening program that would provide more data on the level of poisoning of
the most vulnerable populations (i.e. children). Indeed, although there is already existing evidence and studies of lead
poisoning from studies worldwide, even in some African countries, it is necessary to launch similar studies in the
targeted countries for two main purposes: i) to raise public and stakeholders awareness about the seriousness of the
problem by presenting data to which they will be more sensitive (Le. the blood lead level in their children and consequent
health impacts it has); and Ii) to set in place a strongly based screening program which outputs will allow to
quantitatively assess the effectiveness of the lead phase-out program, and progress of future programs to eliminate lead
from other sources.
The determination of lead in blood is currently the most reliable test for screening and diagnosing children exposed to
lead poisoning. Today the techniques and procedures of testing have improved to become more simple to handle and less
costly, keeping the accuracy and precision of the results. According to USEPA, the US technology uses a finger prick
that gives blood lead results equivalent to those reported by former methods in just three minutes.
The blood lead screening program should be seen as a source of further quantitative data about the lead poisoning
impact, but not as a limiting factor to start the lead phase-out program. As mentioned before, several studies have already
demonstrated the direct correlation between the use of leaded gasoline and population blood lead levels. It would be
irresponsible and unnecessary to delay action to phase out leaded gasoline until proof of this relationship is documented
on a country-by-country basis. If the screening program cannot be performed, the lead phase-out should still move ahead
to avoid further health damages.

Rermery Modifications
The case of Senegal, Burkina Faso, and Benin is easier to consider, as these are gasoline-importing countries. They have
no major upstream industry, nor any refineries that need to be improved in order to produce unleaded gasoline. If all the
unleaded gasoline is imported, the only concern would be to wash the storage tanks from the residual lead of previous
gasoline. The unleaded gasoline used to wash the tanks is sold then as leaded gasoline. The transition period should be
short (6 to 8 weeks, according to the experience held in EI Salvador) in order to avoid additional investments for a dual
distribution system for leaded and unleaded gasoline. If the country has a small refinery with limited octane generation
capability (that might be the case in Benin which has an upstream industry), then it should import high-octane unleaded
gasoline to mix with their own low-octane blending component. This would allow to produce a low to mid octane
unleaded gasoline, often with the help of MTBE addition.

Involvement of Major Oil companies
Today, lead poisoning is one of the environmental concerns that receives a lot of attention from the international
community. The health effects of lead poisoning are well documented, and can no longer be ignored. 36 countries have
already phased out the use of leaded gasoline and this will likely rise to 55 countries by 2005 (which means that about
78% of all gasoline sold in the world is currently unleaded and this will likely rise to over 84% by 2005)29.
The major oil companies are now aware of this sensitive issue, and it is in their interest (public image) to encourage and
facilitate the switch to unleaded gasoline. In that regard, the major oil companies based in SSA countries can playa
major role to promote the elimination of lead in these countries. Rather than step aside, their active involvement (funding
of research, technical assistance. dissemination programs. etc.) will gain them public consideration, international
acknowledgment, and will benefit any plarmed lead phase-out program. For this reason, it would be wise and fruitful to
get in touch at an early stage with major oil companies in the region to request their support and participation.

Stakeholders Awareness and Involvement
It is imperative to identify from the beginning all stakeholders involved: government ministries and agencies, gasoline
distributors, major oil companies based in the region, NODs, service station owners and operators, automobile importers,
motorists, fleet owners and operators, etc. Although the decision to switch to unleaded gasoline will be made at the
higher level in the corresponding ministry or agency, the involvement of other parties is necessary to build up an early
consensus and ensure the successful implementation of the action plan.
The first step might be to organize an informative conference/seminar at the national level to disseminate existing
knowledge about the lead poisoning issue and make stakeholders aware of the necessity to eliminate lead as fast as
possible from gasoline in order to reduce the health impacts. If possible, the conference/seminar should be based on
reliable data obtained from blood lead level screening in major urban and rural areas of each country. Thanks to the new

28 These are the sections that were included in the questionnaire for the Latin America and Caribbean region.
Some sections might be modified or others added to adjust to the local conditions of SSA countries. For full
details about the questionnaire. please see references in previous footnote.
29 These numbers are taken from the Earth Summit Watch Programs: the Global Phaseout ofLeaded Gasoline, a
Successful Initiative. Website: http://www.earthsummitwatch.org/gasolin.htrnl.



technology mentioned in the previous section. it should be possible to obtain data in a short amount of time and in a cost
effective manner. If not possible (lack of time, funding, or expertise), there should be some data presented based on
blood lead levels from similar developing countries, especially from other SSA countries'·.
The data gathered thanks to the questionnaire (previous section) may also be included in the conference/seminar to
present the general picture of the oil and motor industry in the country.
In addition. the conference/seminar should also provide an opportunity to clarify the myths and realities that surround the
issue of switching from leaded to unleaded gasoline. Indeed, there are many misunderstandings related to the cost of
switching, the health risks from the use of unleaded gasoline and other additives to substitute to lead, the capacity of old
manufactured vehicles to use unleaded gasoline (valve seat recession problem), etc.
The objective of the conference/seminar would be to initiate the stakeholders involvement and awareness about the lead
phase-out program. However, the dialogue should be sustained all along the duration of the program. It might be
interesting to consider the creation of a cell in the adequate ministry or agency that would follow up the phase-out
program and serve as a coordinatorflink between all parties involved,

Octane Substitutes
This issue has already been raised in a previous section. There are different substitutes to replace lead additives in order
to meet the octane requirements for unleaded gasoline. The action plan should include a study that would determine
which additive would be the best fit (considering the cost-effectiveness, climatic conditions, availability of the additive,
etc.) for the countries we are considering. The study would have to characterize the existing gasoline supply (volume,
growth, and sources), the composition (octane value, paraffin, olefin, naphthalene, lead, and aromatic content), and
assess the domestic refining industry, The questionnaire mentioned earlier can be extended to incJude those issues, From
there, the cost of investment and time required to provide additional octane from each source should be quantified in
order to choose the most cost effective and fastest alternative.

Distribution Network
There are numerous lead phase-out programs that were progressively implemented worldwide, relying on price
incentives (i.e, subsidies or tax reductions for the use of unleaded gasoline. and/or fee or increased taxes for the us of
leaded gasoline) in favor of unleaded gasoline to influence consumer behavior and encourage them to slowly adjust and
switch from leaded gasoline use (the US for instance). However, there are two main disadvantages for this approach: i)
the introduction of unleaded gasoline needs to be supported by a separate distribution system in order to avoid the
adulteration of unleaded gasoline; ii) there are misfueling problems that need to be prevented. One major advantage of a
short transition period is to avoid expensive costs for having a dual distribution system for leaded and unleaded gasoline.
In that case, the distribution system used for leaded gasoline is used, with very few adjustments, to host the unleaded
gasoline. For the first months (two or three), the unleaded gasoline is used to wash the pipelines and tanks, and is sold as
a leaded gasoline. The case of El Salvador is interesting in that regard. The unleaded gasoline was sold to consumers
after a transition/wash period of only six weeks.

New Vehicles Emission Standards
Two main reasons are usually presented to phase-out leaded gasoline: i) to avoid the health impacts incurred from lead
poisoning, and ii) to provide unleaded gasoline for vehicles with new emissions control systems. Indeed, when poisoned
with lead, catalytic converters loose rapidly their performance to reduce emissions. Many countries worldwide have
equipped their vehicle fleet with catalytic converters in order to meet the requirements for emission standards. The case
is different however when dealing with SSA countries, where air quality standards and vehicle emission requirements are
not always required. Furthermore, these countries have and old vehicle fleet among which very few cars are equipped
with catalytic converters, in addition to the prevalence of two-wheeled vehicles. The majority of vehicles are used ones
imported from Europe. In that regard, the legislation regarding controls and import checks is not well adapted to the used
vehicles industry, thus leaving legal loopholes, especially concerning the minimum requirements for imported vehicles
(age, technical aspects. etc.). This result in an absence of used vehicles controls and the non regulation of this industry
from an air quality point of view".
The use of unleaded gasoline will result in the reduction of health impacts related to lead poisoning. However, this
program should be linked to the larger prospective of air quality management. There are several other pollutants that
need also to be reduced and whose health effects are considerable (CO, NOx, SOx, PM, HC, benzene, etc.). It is
important to understand that the use of unleaded gasoline in cars with no emissions control systems (catalytic converters)
is possible and does not harm those control systems. However, only emissions of lead will be reduced to nothing as no
lead additives are used, whereas the emission of other pollutants will not be reduced since there is no catalytic converter.

,. There are currently some prevalence studies that have been conducted in South Africa, Nigeria, and Senegal.
They are referred to in the paper 'Assessment of Lead Health Effects. The Case of Sub-Saharan African
Countries',
" For further details, please refer to: Sub-Saharan Africa Transport Policy Program: Used Vehicles Project.
Analysis of environmental problems linked to urban traffic in Cotonou. Research results. Cotonou, October
1999.



The use of unleaded gasoline, accompanied with the proper use of emissions control systems, has proven to be very
effective to reduce the quantity of pollutants released in the atmosphere. For this reason. in parallel with phasing out
leaded gasoline. there is need to set up standards for emission of pollutants. and to regulate the used vehicles market. Old
manufactured vehicles with no emissions controls should no longer be imported. Many measures can be implemented to
reach that goal (change the legislation on used vehicles imports to set an age limit of 10 years, revisit auto import taxes to
have heavier taxes for older vehicles, etel2

.

Control and Enforcement
When designing lead phase-out regulations. implementers should consider the mechanisms that will be used to conftrm
compliance with the limits on lead use, to take appropriate legal enforcement action against refiners or importers who are
found to be in violation of the limits. These mechanisms should include mandatory reporting of lead concentrations in
gasoline produced or imported. The agency responsible should check the accuracy of these reports by obtaining and
analyzing actual samples at the port. at the reftnery. and at the service station.
Enforcement measures to control the lead content in the gasoline used should be designed rigorously in the case of
Benin, Burkina Faso and Senegal. Indeed, smuggling and tampering with gasoline is a common practice in these
countries. especially that the differential price is high with the neighboring countries (especially with Nigeria). The lead
phaseout program would not reach its target of reducing the health impacts if no strong enforcement is set up to prevent
the illegal import of leaded gasoline from neighboring countries. Penalties and sanctions should be used to discourage
smugglers.

Fuel Pricing Policy
The traditional price structure does not promote or support the use of unleaded gasoline, which is usually more expensive
than leaded gasoline. If the transition is slow. then each country should consider encouraging the purchase of unleaded
gasoline by reducing the price difference between leaded and unleaded gasoline. Even if the transition is fast (to avoid
the costs of a dual distribution system). a switch in fuel demand might occur from gasoline to diesel as the cost of
unleaded gasoline increases and the difference between unleaded gasoline and diesel increases. In the three countries.
nearly half of the vehicle fleets are still constituted of diesel-powered vehicles3

'.

Public Awareness Program
Implementing a lead phase-out program requires a broad consensus among the main stakeholders, but also the
understanding and acceptance of the program by the public in order to be easily implemented.
The severe health effects of lead poisoning are generally not known. nor are known the sources of lead. especially leaded
gasoline. A large public awareness program. using media and campaigns in the urban and rural areas, should be launched
in order to inform the public of these health effects. The fact that the most vulnerable segments of the population are
children. pregnant women. and elderly people should be underlined as the individuals will be more attentive to an issue
that affects one or several members of their family (including themselves).
Another more targeted awarenesS program should be directed to speciflc users of leaded gasoline (and potential users of
unleaded gasoline). such as motorists. car mechanics and station attendants. Indeed. these users should be educated about
the proper use of unleaded gasoline to avoid misfueling. the possible use of unleaded gasoline in old manufactured
vehicles (if the unleaded gasoline has an added lubricant. the users need to be informed). and the health beneftts it
generates. Training for car mechanics and station attendants is also an option to ensure that vehicles are properly
adjusted. if necessary. to use unleaded gasoline. and that correct advice is provided to motorists about fueling and
maintenance.
In order to be more efficient and reach a large number of the population. the public awareness program should rely on
collaborating with NGOs, religious or cultural organizations. and consumer interest groups. The use of audio-visual and
other communications technologies should help reach a wider audience in both urban and rural areas.
To sununarize. the efforts to educate the public about the health effects of lead. prevention measures. and proper fueling
and vehicle maintenance practices are reconunended and necessary to enhance the effectiveness of measures to protect
health and facilitate mobile source emission abatement.

Estimated Cost of Eliminating Lead from G.....line
Concerning gasoline-producing countries, making the transition to unleaded gasoline requires some investments in
infrastructure changes, mainly to modify the reftnery procedures that are necessary to efficiently use alternate octane
boosters in replacement of lead additives. Based on worldwide experience. the cost to switch from leaded to unleaded
gasoline is in the range of $0.005-0.02IIiter.
In the case of Benin. Burkina Faso and Senegal. all three gasoline-importing countries. the increase in the price of
unleaded gasoline sold should be of the same range. EI Salvador. also a small gasoline-importing country as the three we
study. estimated the cost of eliminating lead to $O.Ollliter. No additive were used as lubricants to replace lead (and avoid
the valve seat recession) in the case of EI Salvador. The price would then be slightly higher if a large proportion of the

32 See previous footnote for more discussion.
33 Diesel vehicles do not need lead additives, but still contribute signiftcantly to emissions of pollutants. Please
refer to the technical note 'Introduction to the use of diesel vehicles: health impact assessment and good
practices' .



vehicle fleet in those countries is 20 year old. In any case, the price change is not significant compared to the health and
social benefits.

Next Step: Multidisciplinary Approach

Integrated Assessment
As a result of the variety of sources of lead in the environment and of populations affected, both the problem of lead
poisoning and its solution cut across disciplines (occupational health, children's welfare, environment, housing, etc.).
Therefore. effective coordination is necessary between various agencies to develop and implement a lead poisoning
prevention program.

Other Sources of Lead
Action should be taken to ban the use of lead from the other consumer products (paint, food cans, ceramic dishes,
drinking water, delivery systems, medicine and cosmetics).
In addition, given that lead is a natural element that does oot loose its toxicity with time, action will be also needed to
assess the past use of lead and prevent further poisoning from already existing sources (lead-painted housing and steel
structures, contaminated soils, etc.).

Link to ReglonallInternationaI Initiatives
Given their closeness and similar conditions, the three countries should benefit from each other experiences with the lead
phaseout program. For that purpose, a link should be created between the agencies charged of the lead phaseout program
in each country. The lead phaseout initiative in these countries should also rely or be linked to past or current similar
initiatives worldwide in order to benefit from best practices and lessons learned.

Air Quality Improvement
The use of unleaded gasoline is an important part of a motor vehicle control strategy. Indeed, unleaded gasoline is
coherent with the use of new emission control technologies (such as three-way catalytic converters) for mobile sources. It
is also the first step in any air quality program. After the successful launching of unleaded gasoline use, other activities
should be proposed in order to follow up improving the air quality and reducing the greenhouse gases in the region.
These should include: emission standards for mobile sources (new and in.use vehicles) and punctual sources (industry,
indoor, etc.); emissions inventory and monitoring. be they local or global emissions; etc.

Conclusions
The use of leaded gasoline, the greatest single source of human exposure to lead worldwide, is gradually being phased
out in many developed and developing countries, because of increasing recognition of the severe health effects of lead
exposure, particularly for children. The Sub-Saharan African countries, now with the highest lead content in gasoline
worldwide, should also head in the same direction.
The immediate switch from leaded gasoline to unleaded gasoline for the three gasoline-importing countries Benin,
Burkina Faso and Senegal is an attractive option. Ambient air lead concentrations will quickly be reduced. The main
source of negative lead effects will effectively be eliminated. Because unleaded gasoline completely replaces leaded
gasoline, these countries will avoid the complications and costs of building a dual distribution system.
In order to launch an effective phaseout program, a number of issues need to be analyzed to provide policymakers with
the right information to make their decision: i) blood lead screening or lead health impact studies from similar countries;
ii) analysis of the oil industry; iii) choice of the right octane-enhancer substitutes; iv) analysis of the vehicle fleet
condition and adaptability to the use of unleaded gasoline (valve seta recession problem); iv) adaptation of the
distribution network; v) price policy; vi) control and enforcement to avoid smuggling; vii) estimate cost of the switch to
unleaded gasoline and policy measures to reach that target; viii) stakeholders awareness and involvement (including
major oil companies in each country); ix) public outreach and education; and x) next steps to integrate the phase-out
program with a broader air quality management initiative.
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Introduction
Air is a fundamental element needed by all living creatures. In resting mode, a person can inhale 5 to 8 liters per minute;
this is greatly increased if the person is active. One thus realizes the importance of air pollution.
The air we breathe is composed of oxygen (21 %), nitrogen (78%) and rare gases. Its water saturation varies according to
atmospheric conditions. Whatever the conditions or sampling areas. however. analysis shows that it is never '"pure" in so
far as it contains components other than those mentioned.
According to the European Council's definition: "Air is polluted when tbe presence of a foreign substance or an
important variation in tbe proportion of its constituents may provoke a negative effect, taking into account
knowledge at that time, or create a hindrance".
Atmospheric pollution is therefore caused by solid, liquid or gaseous polluting agents suspended in the air, which are not
part of its composition or are present in abnormal quantities. It can be of different kinds. Natural pollution and that of
human origin can be distinguished. The laller is more concentrated and often nearer to human homes; it results from
transport systems and domestic, agricultural and industrial activities.
The aspect we would like to develop in this article is the problem caused by increased automobile traffic whose impact
on health and the environment should be studied in any long-term policy making.
The use of motorized vehicles has considerably increased throughout the world. In 1950 there were 53 million cars, 40
years later the number went to 430 million. During this time, the rate of increase slowed down in highly industrialized
countries, although demographic increase and urban and industrial development accelerated the use of motorized
vehicles in other countries. Negative impact on health is particularly acute in developing countries where the increasing
number of vehicles is rapid and uncontrolled.
In Senegal the number of vehicles has increased considerably and is mainly concentrated in the larger towns such as
Dakar where more than 60% of the generally antiquated vehicles are located.
Some of the atmospheric pollutanls, mainly coming from motorized vehicles, that can affect a population's health are
carbon monoxide (CO), sulfur oxides (S02), nitrogen oxides (NOx. N02). aromatic polycyclic hydrocarbons (HAP).
unburned hydrocarbons and organic oxygenated components (aldehydes. cetones. phenols. alcohols...) which. through
photochemical reactions with N02, fonn the ozone, other atmospheric modifications explain the presence of sulfates.
nitrates and particular mailers in suspension containing lead.
In order 10 better identify the responsibility of diesel and gasoline, we have attempted to differentiate between the
consequences caused by diesel emissions and those caused by leaded gasoline used as super carburant. Of course. certain
chemical elements are also eliminated by diesel and the effects can be added to each other.

A. DIESEL EMISSIONS AND RESPIRATORY HEALTH

Contrary to gasoline engines, the mixture of burned air-gas-oil is very heterogeneous. This type of combustion is
favorable to the formation of free carbons or products rich in carbon, called particles or soot.
Particles, specific to these emissions. are essentially responsible for toxic effects. They are small (1 micron), of irregular
surface on which components that are present in the environment can be absorbed such as pollen, or those eliminated by
mufflers particularly polyaromatic hydrocarbons (HAP).
Atmospheric pollution from this is weak at an individual level compared to other aggressions on the respiratory system, it
is however qualified as strong at a collective level. In order to evaluate different effects, data from human toxicology can
be used mainly from epidemiological studies or experimental studies on healthy volunteers.



1. NON·CANCERlGEN EFFECTS

1.1. Epidemiological data

The increasing number of allergic subjects observed during the last decades, in spite of a decrease in pollen seasons, is
not due to the consequence of alterations in genetic make-up of individuals but rather could be linked to a possible
association with environmental factors; namely an interaction between allergic illnesses (allergic rhinitis, asthma) and
pollution caused by automobiles.
An increase in hospital admissions for asthma crises is observed during peak pollution times independent of climatic
conditions. (4). Paradoxally, asthmatic patients who are the most sensitive to fluctuations in pollution levels are
those whose asthma is not as serious as they are unprotected by medication from the effects of pollutants.
Development of allergic asthma can be observed in professions exposed to diesel emissions (diesel locomotive drivers)
even when they are non-smokers and have no history of respiratory allergic pathologies. (23).
An etiological study of doctor visits for asthma attacks in children and adolescents shows a definite link with air quality.
A positive correlation exists between high N02 contents and particles suspended in the air and an increase in juvenile
asthma attacks. Asthmatic children show increased sensitivity to particles (PMIO) that can alter respiratory performance
such as maximum expiratory flow (17).
The implicated mechanisms are still unknown. It has been suggested however that intensified asthmatic attacks are linked
to diesel panicles' absorption of specific pollen allergens. Diesel particles thus facilitate higher penetration of allergens
into the respiratory system and provoke an immunological response characterized by a significant increase in
immunoglobulin E.

1.2 Clinical Studies

Several studies carried out in various professional sectors have shown a diminution of the respiratory capacity and an
increase in chronic bronchitis and pulmonary symptoms such as coughing. However a direct correlation between causes
and effects could not be clearly shown because of simultaneous tobacco use.
Studies conducted on volunteers exposed to important concentrations of diesel emissions showed reversible nasal and
ocular irritations as well as transitory diminution of pulmonary ventilatory capacity. (15).
Research done on the relation of causes of inflammatory effects after a shon exposure (I hour) to diesel particles on
healthy volunteers. followed by bronchoalveolic washing (LBA) and blood sampling, showed a sharp inflammatory
response in LBA: an increase in inflammatory cells (macrophages, polynuclear neutrophiles) and pro-inflammatory
cytokines (1L-6, 1L-8, GM-CSF). Pulmonary neutrophily is also asscciated with sanguine neutrophily. This data confirms
the clinical signs previously observed. (18).

2. CANCERIGEN EFFECTS

2.1 Epidemiological data.

Epidemiological studies carried out on truck, bus, and construction machinery drivers have pointed to a slight increase in
lung and bladder cancers.
Several other studies have also shown that non-smoking individuals professionally exposed have 10 times more risk of
having lung cancer than those individuals non-exposed. (19).
An experimental study on compared mutugenesis between diesel particles and cigarette smoke has shown that the
mutagenetic effect of one cigarette equals the consecutive effect of daily exposure to 12 hours of diesel emissions
(l,5Ilglm3 dosage) over a lO-year period. (22).

2.2 Clinical Studies

Clinical studies based on the detection of emission residues metabolites from engines such as polyaromatic hydrocarbons
(HAP) in people particularly exposed to biological fluids show an accumulation of these pollutants and their metabolites
in the organism. Carcinogenic impact of diesel particles seems to be greatly linked to the HAP absorbed on the particle's
surface. This allows us to suspect there is an increased risk of tumors directly linked to the environment in these
categories of people. (16).
Based on these considerations the International Center for Cancer Research has classified diesel particles as probable
carcinogens.
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B. LEADED GASOLINE AND INFANT HEALTH

It is added to super carburant in the foon of tetraethyl lead as an anti-detonator to increase octane content. More than
70% however enters the environment straight after combustion; the remainder is trapped in the vehicle's crankcase and
muffler.

1. Epidemiological data

Most of the lead (90%) found in a city's atmosphere comes from automobiles.
Previous studies have shown the correlation between traffic density and high concentrations of Pb in the air and in the
ground (1,2,7,8,13). A study carried out in Dakar shows that lead concentration in trees aligning city highways correlates
to automobile traffic intensity, figure I (6). In South Africa, Von Schirding's work in the Cape. confirmed these
observations (Table I). These conclusions showed that leaded gasoline was the population's primary source of exposure
especially in children who are the most vulnerable and sensitive.
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Figure 1: Lead content in tree bark and traffic Intensity in Dakar
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Table I : Content of atmospheric lead according to traffic density, in the Cape in South Africa (1996, when unleaded
fuel became available)

The adverse effects of lead on the neurobehavioral development of children has been observed even in small sanguine
concentrations. With blood lead levels of more than 8001!g/1 however, children can develop symptoms of acute
intoxication with generally reversible encephala (10).
In order to prevent these negative effects. testing on an international level for pre-school children was recommended by
the American Centers for Illness Control and the American Academy of Pediatrics. Organizations of the United Nations
(PNUE and UNICEF) later declared Pb as an element to be eliminated from our environment (21).
The Declaration made in 1997 by the 8 Heads of State confirmed this position by recognizing exposure to lead present in
the environment as a major health risk, and called for appropriate actions to be taken to reduce the levels of blood lead to
below lOO",g/1 (Table 11).
A level of 1001!g/1 has been presently adopted for children under IS, however neither the amplitude nor the reality of the
problem have been recognized in many developing countries.

Table II: Declaration ofthe Eight

• How can children's exposure to lead be reduced?
• Reduce blood lead levels to under lOOIlg/1
• Reduce the mother's exposure
• Eliminate lead usage (gasoline, children's objects, paint. ...)
• Limit lead use tn products (that could cause intoxication through food or liquid ingestion)
• Information campaigns
• Develop protocol and programs to evaluate blood lead levels



2. Effects of lead in children

Intestinal absorption of lead can be influenced by various factors especialJy nutrition factors that can increase absorption:
citric acid (vitamin C), vitamin D. calcium. iron and zinc deficiency. or reduce it: high calcium. iron diet. This is five
times more important in children tban adults.
Once lead penetrates the organism it accumulates and provokes an illness closely linked to the total corporal charge of
the organism. Toxic effects are presented in rable 111, wbich shows a child's sensitivity as opposed to an adult.

Children Blood lead levell-lg!l Adults

Table 111: Effects of inorganic lead in children and adults. Minimum level that can be observed (Agency for toxic
substance and disease registry, 1990)

3. On thCl nervous system

Lead and calcium present a structural analogy. Thus, once it is introduced into the organism it follows the calcium
metabolism and fixes itself mainly on bone tissue for many years (half life of approx 7 years) hereby confirming the
toxic nature it is attributed. On the other hand, decalcification causes lead to return into circulation. which can be seen by
the appearance of toxicity and lead transfer to the fetus during pregnancy.
Lead is able to go through the placenta and reach tbe highly sensitive nervous system cells initiating alterations which
will affect the neuropsychic development of a pre-school child and can be detected through testing such as IQ tests.
Figure 2 shows that blood lead levels correlate to decreasing scores of intellectual development evaluated by an lQ test.
An increase in blood lead levels will result in lower IQ scores.

Suggesred medumis_

Many experimental arguments favor an alteration in the liberation of neuromediators in which the perturbation
or calcium homeostasis would playa role.

Concerning resting pre-synaptic nerve endings, lead in vitro results In an increase in the liberation of
neuromedlators such as acetylcholine (l a100 /1M).

This pbeDomeDoD indicates intercellular calcium mobilization, or the appearance of ~, a lead signal".

It blocks glulllmate of N-Methyl-D-asparlame receivers (NMDA) tbat are implicated in memory and learning
mechanism<

The progressive introduction of unleaded gasoline between 1976 and 1980 resulted in a higher than 30% reduction in
American children's blood lead levels. This reduction was less precise for children who were exposed to domestic
sources oflead intoxication figure 3 (12).
Figure 3: The evolution of average blood lead levels in children in the U.S. with lower leaded gasoline use between 1976
and 1980.

These effects on the nervous system led the Center for lIlness Control (CDC) to limit blood lead levels to lOO,ug/l
since 1991.
They also decided that any extra increase of lOOIJ.G/J above this level would resu1t in an IQ decrease of 2 to 3 points.

4. Other effect

I) Hematological effects are particularly interesting as they can be used as markers of the effects on
hemoglobin synthesis.
Lead acts on heme hiosynthesis mainly by inhibiting key enzymes. A reduction in the heme pool would in
turn result in many metabolic modifications. Resulting hypo chromic anemia is noticeable at slightly higher
levels of impregnation in the order of 400 ",gI100m1 in children and SOOj!gllOOml in adults.
It has recently been proven that lead exposure causes a decrease in erythrocytes defense against oxidant
aggression (reduced glutathione, catalase. super oxide dismutase) and favors panicular sensitivity to
hemolysis
whose origin appears to be the peroxydation of membrane lipids and the result of a decrease in red blood
celltife span. (10).

2) Effects on the cardia-vascular system Chronic exposwe to small doses of lead can result in an increase in
arterial pressure by acting on kidneys and at the same time the smooth muscular fibers of the vessels.



Experimental data and epidemiological data on the effect of Lead on the renal-angiotensine system are
however contradictory.
It seems to be established, on the other hand, that lead exposure, at least in animals, results in hyperactivity
of the arteries' smooth muscular fibers to alpha-adrenergetic agonists.

3) Osteotox.icitv of lead Chronic lead exposure results in a reduction of uterine and post-natal bone growth. In
utero exposure in man results in a slowing of skeleton and milk teeth development.
Analysis of data from the NHANES 11 program in the U.S. in 1985 showed a negative correlation between
the size as well as the thoracic perimeter and blood lead level. It thus appears that even weak exposure
(blood lead level < 100 ~gldl) already affects growth.

4) Effects on the kidneys This neuropathy is explained by the fact that the mitochondrion is a storage place for
lead. According to recent experiments on rats, it appears that lead is absorbed by endocytosis, at the
complex stage with globulin, at the level of epithelium of the proximal tubule. This complex cannot be
degraded by lysosomic proteases and migrates up to the center where it fixes upon certain regions of ADN.
Contamination is a modification of the nature of the synthesized proteins.
Some authors have attempted to link this phenomenon with the appearance of Aden carcinoma of the
kidney in rats exposed to lead. It is not known whether the same mechanism exists in man.

5) Genotoxic effects Laboratory studies especially in rats and mice have proved genotoxic effects of lead.
The appearance of tumors is noticed mainly in the kidneys and to a lesser exten~ the lungs. prostate,
surrenals and even the brain (9.14). Lead oxide is classified as co-carcinogen along with benzopyren for
inducing lung tumors in hamsters (lO).!t appears, however. that this carcinogen effect only appears after
high doses and epidemiological studies do not concur this effect to be established for man.
Studies carried out on workers exposed through inhalation show an increase in lung~ kidney and stomach
cancer mortality. (3). It is however, difficult to establish exactly the role played by lead and that of other
toxic metals. such as arsenic or chrome, inhaled simultaneously.

Conclusions
All these effects, which could be attributed to gas exhaust. have led politicians, especially in developed countries. to take
steps aiming at reducing emissions as much as possible. whatever their origin. The effects of elements present in gas
exhausts are the subjects of many sludies today. Some have been identified whilst others have not.
This is why we invite our health officials to integrate an Environment and Health Division whose goal would be to
improve the population's quality of life.
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ANNEXA.6

Frigo Consult, International Consultants and Planners, Denmark
Petroleum Products in the countries of Sub-Saharan Africa, Standardization of specifications
Executive Summary ofDraft Report, May 1998

Executive Summary
The present study reviews current specifications for gasoline, automotive diesel oil and fuel oil in the Sub-Sahara Africa
Region with the objective of recommending joint specifications which should encourage more efficient supply and trans
frontier trade in oil products and. therefore, result in lower average supply costs to the countries in question. At the same
time. in recommending these joint specifications for the region, environmental and health implications have been
considered. In order to better understand the supply sources, supply linkages and volumetric weighting of various
countries and country groupings an analysis was made of the procurement, supply and consumption situation, as well as
infrastructure in the countries of the region. Although the main objective of this supply analysis was to understand the
implications of quality/specifications changes on trade movements in the region, where possible, supply and
infrastructure improvements were also identified.
As part of the study, preparatory meetings were held between the World Bank and the consultants and visits were paid by
one consultant to Nairobi, Mombassa, Dar-Es-Salaam, Maputo, Beira and Durban, during a 16 days field trip in 1996 and
by the consultants to Dakar, Abidjan, Accra, Lagos, Douala, Yaounde and Luanda in 1997. During both series of field
missions, meetings were held with Government officials, oil company staff members and representatives of the operators
of industry refining, storage and logistics installations; these major prnduct supply facilities were also visited during the
missions. The present study builds to a large extent on the information and data collected during the field trips, as well as
information collected in the World Bank meetings, from later telefax communications and from consultants' own in
house data.
The population of the 46 countries of tbe region totals some 545 million and total oil product consumption of the region
amounted to some 505 million tonnes in 1996. Total regional gasoline consumption was 15.0 million tonnes, auto diesel
165 million tonnes and fuel oil 6.6 million tonnes. There are 20 refining plants located in 14 countries in the region,
totalling 62.8 million tonnes per year of nameplate crude running capacity.
Only II of the refineries have any cracking or thermal operations; 9 are simple hydroskimmers. with basically only crude
topping and reforming as major process units. The total cracking and thermal capacity of the region is some 262
thousand bpcd, or 21 % of crude running capacity. This is very low complexity compared with Europe aod North
America. The laller region has total cracking/coking to crude capacity in the range of 55%. The Sub Sahara refinery
plants are also small scale. The average capacity is some 63 thousand bpcd (3.1 million tonnes per year); If Nigeria and
South Africa are excluded, the average capacity of the remaining 12 refineries is some 33 thousand bped (1.7 million
tonnes per year).
This preponderance in the region of small, non-complex, relatively old refining plant is a limiting factor in the viability
of much of the regional refining in the face of a combination of i ) the application of more stringent product
specifications and ii) a more liberalized product supply environment entailing open competition with imported product.
An important geographic feature of the region which contributes to petroleum product supply interdependency is the
presence of some 13 landlocked couotries out of the total of 46. These countries depend on refining and coastal terminal
supply points in their neighbouring coastal countries as well as on important logistics/supply corridors transiting their
neighbours. This interdependency of product supply, processing, storage and logistics facilities amplifies the need for
joint product specificalions in the interest of efficiency and the ultimate goal of achieving least-cost supply to the
respective countries.
The Standardisation Bureaus in Africa have created a regional organisation, African Regional Organization for
Standardisation (ARSO), Organisation Regionale Africaine de Nonnalisation (GRAN), with headquarters in Nairobi,
Kenya. Organisations in some 24 of the region's countries are members of ARSO. In addition, several of the country
bureaus are either full or corresponding members of International Standardization Organisation (ISO) in Geneva. The
ISO model for standards development may be applicable to future joint specification work in the Sub Sahara Africa
regions. This ISO technical assistance and support connection could also be encouraged through the regional
organisation, ARSO.
The product specifications currently in force have been collected directly from most of the countries concerned. Also,
accounts of previous attempts to prepare joint specifications have been summarized in the study; these include proposals
from an Industry Expert Group following a World Bank seminar io 1993, and a report prepared in Tanzania for Tanzania
Petroleum Development Corporation in 1995.
In general, considering all the quality parameters over the region as a whole for each of the three products, the
differences among the various product specifications applied at present are relatively minor. Notable exceptions are
significant variations among the countries in the key parameters for gasoline of octane (RON) and lead content. The
minimum RON of premium gasoline ranges from lows of 90 in Nigeria and Angola to as high as 97 for the leaded grade
in the RSA. Regular gasoline ranges from a low of 85 RON in Gaboo to a high of 93 for leaded regular in the RSA. 34 The

Ghana is shown at 8lfor regular but there does not appear to be any sales volume; it should be pointed
out that the regular gasoline grade, particularly in Western Africa, is practically oon-existent, accounting for



maximum lead specification in premium gasoline varies from a low of 0.35 gil in Gabon to a high of 0.8 gil in Senegal
and Cote d'Ivoire. Due to a combination of good crude oil octane precursors (NigerianIW.African crudes) and relatively
expensive lead costs, the optimum lead blending level is normally well below the maKimum allowable level in Western
Africa, averaging about 0.4 gil typical content in the region.
Although automotive diesel specifications for sulphur content do not vary greatly acruss the SSA region, the most
prevalent standard beiing maximum 1.0%, there is a particularly striking pattern in regard to typical qualities. In the
countries with refining in Western Africa the typical sulphur content is normally well below this specification due to the
low sulphur crude oils which predominate in this region and are the main feedstocks in Western Africa refineries. The
resultant typical automotive diesel sulphur content is in the 0.2% to 0.3% range in most of the countries primarily
dependent on local refining. Typical sulphur content of auto diesel in Eastern and Southern refining-dependent countries
at present tends to be much closer to the 1.0% spec since the refineries are largely running on higher sulphur, Middle
East crude feedstocks.
During the field trip it was noted that great care is taken in the area to conserve product quality throughout the storage,
logistics and primary distribution system. In one instance, however, the Kenya Pipeline Company has introduced
specifications for gasoline distillation end point and automotive gas oil flash point that are different from the official
Kenyan specifications in order to cope with interfaces between grades in the pipeline. The use of such stricter
specifications should be ended, as this practice will also endanger possibilities for developing and applying joint
specifications for the area.
Joint specifications for premium leaded gasoline should be established at 93 RON for Eastern and 95 RON for Western
Sub-Sahara Africa at a maximum lead level of 0.15 gil.; Such a measure, requiring considerable gasoline upgrading
investment, in combination with other factors of age, simplicity, small·scale, low utilization ..etc will put certain
refineries at risk of shut down. Those considered most at risk were identified as follows:

Gabon
Congo (B)
Congo (DR)

For automotive diesel oil, a joint specification with maximum 0.5% sulphur in the initial stage and 0.2% in a subsequent
stage is recommended. However, such a reduction will, at least in Eastern Sub-Sahara Africa, change a dispersed
emission of 802 across the geographic area dealt with to a concentrated emission from refinery stacks, if H2S from the
de-sulphurization is not converted to elemental sulphur. Most of the Western Sub-Sahara Africa refineries' can produce
to 0.2% sulphur, but 0.5% is recommended as a preliminary phase so as not to prejudice direct imports in a newly
liberalized product supply environment.
In view of the detrimental effects of lead in gasoline on public health the recommended reduction of lead content of
gasoline to 0.15 gram per litre should be considered as a transition stage and preparation of strategic plans for the
introduction of unleaded gasoline should be initiated. Such a decision is in accordance with the World Bank
recommendations to phase out lead in gasoline world-wide.
This report will be finalised subject to comments and proposals received at a conference to be organised by the World
Bank in 1998. Hopefully this conference will agree to joint specifications, possibly as amended and agreed during the
conference. If so, it is suggested that countries in the area implement the specifications not later than the end of 1999.
The consultants recommend application of the ISO-model for future revision of joint specifications: A technical
committee having one of the Standardisation Bureau in the area acting as a secretariat and (with active or corresponding
members from the countries concerned) should have the responsibility for developing proposals to member states and
bureaus. When acceptance has been obtained for a change in an existing (or development of new) standard members
states should be obliged to introduce the regulations required. Such revision could be worked oul under the ARSO's
umbrella.

some 6% of total gasoline in this region.
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Tractebel & Benin Consult
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CLEAN AIR INITIATIVE IN SUB-SARAHAN AFRICAN CITIES

SSATP - URBAN MOBILITY with the World Bank Institute

Urban Air Quality Study
Cotonou

Synthesis
The complete study document is available upon request at pbuhynck(alv.,'orldbank.org

As with many other developing African major cities, environmental problems in Cotonou are more and more noticeable.
These problems are the result, amongst other things, of air pollution caused to a large extent by the transportation sedor..
In this context, the « Clean Air Initiative in Sub-Saharan African Cities» coordinated by the World Bank launched a
study to evaluate air pollution. The results of this study are shown in this report and the following items are addressed:

• estimation of the present global level of air pollution in Cotonou
• determination of transportation's role
• evaluation of the risk to human health and estimation of resulting expenses
• examination of foreseeable future pollution
• evaluation of results of measures likely to be taken to reduce pollution
• proposal of a strategy for the implementation of these measures

Global Pollution level in Cotonou air
In order to establish better knowledge of the global level of pollution in Cotonou, eXIstmg data on air quality was
completed through a campaign of measures taken in this study relating to carbon monoxide (CO). nitrogen oxides fNO;\),
volatile hydrocarbons (He), sulfur dioxide (502) and ozone (0:». The places as well as the measuring periods were
chosen in order to, afterwards. distinguish the role of transport in global pollution. The results indicated high pollution at
certain intersections. CO concentration reached 18 mg/Nm3 (almost double the norm). The value level ohtaincd for HCs
indicates a crucial problem for this pollutant. On the other hand, pollution by NOx remain" within acceptable limits
(concentration of 50 Jlg/Nm3

) and the concentration in SO, is less than the detection limits of the measuring equipment.
Finally. ozone concentration is high and could exceed European limits.

Transport's share
Benin's energy schedule shows that the transport sector is a high-energy consumer. It represents 62 % of the country's
oil expenses, four times more than the industrial sector. Moreover it has to be noted that transport mainly has a very local
impact on air quality. This is why atmospheric pollution along Cotonou's major highways is almost all caused by
transport.
This was confirmed fi'om results of various analyses: CO concentration level outside of the city was J0 times less than at
the main intersections.

Human health risks
The impact of air pollution on an individual's health from a vehicle's exhaust is determined by the increos.e in a large
range of illnesses from respiratory and lead related illnesses to allergies and skin illnesses. A specific analysis of hospital
data clearly indicates that air pollution in Cotonou is responsible for the high frequency of severe respiratory infections.
Also. as concentrations of lead in the air are much higher than the norm, one can deduce thai a certain number of
neurological symptoms are developed mainly in children.

T7



The cost of these respiratory ailments was analytically evaluated at approx.. 600 million FCFA p.a. Based on similar
studies the global cost of lead related ailments for the city could be estimated at some 20 billion FCFA. The cost of air
pollution in Cotonou's air therefore reaches approx.l.2 % of the cuuntry's GDpl.

Predictable evolution or pollution
Even though results from measuring are available it seemed advantageous to estimate gaseous emissions from urban
transport from mathematical simulations of present and future traffic. Impact upon air quality is calculnted using a
dispersion model. This method not only gives more detailed results on the present situation but also allows an estimation
to be made on air pollution evolution and to test certain solutions and evaluate their effectiveness.
Six pollutants, existing in urban transport, were used in this study: carbon monoxide (CO), nitrogen oxides (NO,),
volatile organic components (COV) or hydrocarbon or volatile bydrocarbons (HC), sulfur dioxide (SO,), suspended
particles of less than 10 p.m diameter (PM IO) and lead (Pb).
Traffic was calculated in the city's roads using an Origin-Destination matrix for travel on a mathematical model
representing the urban network.. Results from this calculation produce the number of 4 and 2 wheel vehicles in the city's
represented axes and their speed.
As shown in the following table, an other important factor in emission evaluation is the composition of the vehicle pool:
age and type of vehicle, fuel used....
An analysis of the registered vehicle pool in Cotonou shows that the majority of vehicles are over IOyrs old with an
average of 12.5 yrs. A high number of 2·wheel vehicles are also in circulation in Cotonou. It is more difficult to estimate
their number and cylinders, as registration is not mandatory for them.
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On the basis of these traffic results. the retained pollutant emission was calculated as well as concentration along the
highways. Results show daily emission to be approx. 83 tons of CO' of which 59 % is generated by 2-wheelers and 36
tons of HC' which can be almost entirely accounted for by 2-wheelers.
Regarding impact upon air quality, He concentration is higher in certain places than 2 000 J.LglNm3 and some problems
pertaining to standards respect for Nox were observed. Furthermore, a sur-concentration in lead is noted for 10 % of the
network with a maximum of 13 I'glNm' (approx.6 times more than the acceptable level).

Estimation of the foreseeable evolution of pollution in future years is based on the simulated evolution of city traffic. 1
same reference method, emissions and impact upon quality were calculated.
The obtained results show that, without behavior or vehicle pool modifications, emissions increase
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• Steadily and independently of the considered pollutant.
• A large increase in emissions and in concentration of different pollutants in the air is

noted:
• Emissions will double on average by the year 2010
• In 2010, Pb concentration will reach 8 times more than the norm in certain places
• In 2005, pollution problems from S02 will become noticeable

Given the evolution in the pollution level obtained from these calculations, the situation will obviously worsen and
become unacceptable before 2010. It is therefore most important to take appropriate measures immediately to limit, as
much as possible, the degradation of air quality in Cotonou

Measures envisaged and their effectiveness

General measures
Measures envisaged to limit this negative situation could be grouped into three categories according to their intrinsic
nature.
The first category groups together technical and institutional measures concerning the vehicles themselves destined to
reduce total pollution through individual reduction of emissions, For example:
•

• Stricter regulations for the quality of vehicles for sale in Colonou
• Replacing 2 cycle motorbikes by 4 cycle motorbikes that pollute less especially in HC

emission.
• Modification of 2 cycle engines to reduce emissions
• Improvement of 2-cycle oil quality and of gas/oil mixtures
• Establishment of technical controls for 2-wheelers

• Improvement in the carburant sector
• Establishment of trained mechanics

A second category of possible interventions concerns operational measures aimed at improving effectiveness, in terms of
pollution, in the urban transport sector. Especially in:

• The reorganization of public transport in Cotonou ; and
• All actions aimed at improving traffic conditions.

Finally, measures allowing a decrease in travel demand (urban planning policy, densification of dwellings and the
implementation of social measures that would reduce individual travel) constitute the third category of possible actions.

Analyzed scenarios
Four different scenarios were analyzed. Hypotheses retained for these scenarios are:

• Scenario of reference (maintenance of present conditions
• Optimization of the network (application of the transport plan)
• Measures for modal distribution (establishment of a public transport system integrating

mota-taxis)
• Vehicle improvement: updating the average age of vehicles, introduction of the catalytic

exhaust for modem vehicles, diminution of sulfur and lead levels in carburants,
replacement of 2 cycle motorbikes by 4 cycle ones.

Results
Emission levels and average concentration in the optimized network case are generally less than in the case of the
network. On the other hand. the maximum observed concentration throughout the network is higher than in the case of
the optimized network,
The scenario regarding implementation of a public transport system as defined in the transport plan policy has little effect
on the pollution level. This is mainly due to the fact that the frequency and capacity of the public transport network
defined in this policy is too weak in relationship to the number of moto-taxis in circulation,
The scenario concerning measures to be taken for vehicles and for carburant quality demonstrates a slight positive effect,
especially on Ph and SO, concentration. On the other hand, the effect on NO, is quite negligible.
The cumulated effect on measures taken on vehicles and carburant along with optimizing traffic conditions remains
the solution that presents the most significant4 improvement.



3 in relationship to 6 tons in Dakar and 34 tons in Ouagadougou
A strategy proposal
Upon examining results and taking into consideration difficulties in implementing certain measures, the various steps to
be taken can be prioritized. It should be noted however that for pollutants such as CO and NOAl none of the proposed
measures would allow emission level or concentration to be lower than the one presenlly observed. Air quality
deterioration linked to traffic increase will be slightly diminished. On the other hand, taking radical measures on items
pertaining to vehicles will greatly diminish S02 and lead polJution but could increase NOx presence. Thus no one
solution can totally solve the problem. A combination of and a balance amongst the various actions must be sought in
order to minimize the global effect of traffic caused air pollution.
The resulting priorities are:

I. Traffic reorganization through highway prioritization, road surface improvement and modal separation.
2. Measures should be taken on vehicles and carburant quality simultaneously
3. Implementation of a public transport system that would be developed and attractive enough to present a

real
4. Alternative to the existing transport system. This is the most difficult strategy to be implemented. as it

would have to be accompanied by measures allowing:

* Maximum utilization of the public transport system
* An acceptable economic reconversion of the large number of "zemidjans" (mota-taxis)

11
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Session on Air Pollution

"Urban Mobility and Embsions: towards accurate standards for Sub-Saharan Africa. A Research program and Results
on a Sahelian Case: The District of Bamako." 'by Hamdou-Rabby Wane, Center of Applied Research on Population and
Development (CERPOD) I Sahel Institute, P.O. Box 1530 Bamako, Mali. Phone: 223-223043/228086. e··mail:
bwane@cemod. i n~i.\h.ml,
'" text adapted from Hamdoll Robby Wane "The Study of Popl4lation, Consumption, Environment Linb: The Case vf Ai,.
Pollution ill the Urban District of Bamako, Mali", co flection Etudes et Travaux till CERPODIINSAH (fortht'uming:
2001)

Transportation is a crucial vector for urban insertion since it gives access to economic 31.'tivity. facilitates f<Jrnily life and
helps in spinning social networks. It links the different spaces of the city on which an individual/a family has to
implement hislits tri-dimensional strategy of life (family, work, residence). So urban mobility is at the heart of the
challenges faced by any city-dweller. The World Bank Urban Transport Sector Strategy for Sub Saharan Africa has
raised these concerns particularly for the urban poor and the socially disadvantaged groups (women. young and elderly
people) and, therefore, selected as one of its three objectives. "the understanding of the natllre and tfu: significance of
urban poverty alld the extent to which, alld WQ}'S in which. transport policies can contribl/fC {() poverr." reduction"
(SSATP 1999b). However. transportation can also induce important social costs, i.e. those caused by dysfunction or
transport externalities such as accident-related costs. environmental costs (noise and air pollution), costs caused by
congestion, and finally health costs. Therefore, the formulation of new policies targeted to improving the access of the
poor people to transportation systems. has also to account for the air quality issues, such groups of people being also the
most exposed to air pollution. Evaluating and allocating these costs, determining the main factors involved in their
formation, are important steps on the road towards the improvement of «decision support).) for the selection of
environmentnlly friendly transport systems.

A tentative research program has been set and is being conducted since 1997 along two phases _l:l:

• Phase 1 (1997-1999): a case study on the District of Bamako by. firstly, using mainly
macro and secondary survey data to generating emissions data and. then, defining and
applying an impact assessment model of the household and individuals chiJracteristii.'~;

• Phase 2 (1999-2001): a survey in Ouagadougou on Migrations, Urban Insertion,
Transportation systems use and Air Pollution. Together with data on individual daily
mobility and on the household's and individuals transportation equipment. a Iife-c)'!""1e
approach has been followed to collect near persons of 21 years of age and up, individual
events histories on study/work, family formation and evolution, residential mobility ,md
access and actual possession of specified means of trnnsportation (motorized <:lDd nun
motorized).

This paper presents the results of the Bamako case-study, highlights some of the main achievements and weaknesses.
and, finally, raises the objectives and the issues being tackled through the Ouagadougou survey.

1. The Context

During the last decade, the worsening quality of the air has become a famous churacterislic of the majority of the capiti1t~

cities in West Africa, namely Bamako, Dakar or Ouagadougou. Natural dust combines its effects to those of smokes and
gases emanating from wood and charcoal or gasoline combustion, industries and informal sectors burning of male:riab
Respiratory illnesses, acute eyes and skin irritations are then common complaints. Above the benign irritations and
respiratory discomforts, one knows that mOfe serious diseases may result from the accumulation of dust in the lungs.
Indoor and atmospheric pollutant emissions are indeed causal factors.
At he sub~regional level, a first attempt to estimating air pollution from motor vehicles through two studies has been
made, for the SSATPlWorid Bank, by Tractebel in Dakar and in Ouagadougou, respectively in 1998 and 1999. Based on

3\ In partnership with the Population Reference Bureau (funding from the Mac Arthur Foundation) for the
B<lmako case, and with the Department of Demography. Montreal University, and, for the survey in
Ouagadougou, wilh the Unite d'Etudes et de Recherche Demographiques, Universite de Ouagadougou.



mobility data prior to the 1994 CPA F. devaluation, these studies used traffic counting data and a standard dispersion
model (EMME2) to generate the first set of emissions for these capital-cities (SSATP 1999a, SSATP 1999b). There is
not yet any air quality index for the District of Bamako. and research institutions have just begun to investigate the area
through qualitative studies raising the seriousness of air quality issues (Coulibaly Y., 1995; Sidibe, S., 1993). Some other
studies have been devoted to quantifying specific stressors like lead or suspended particulate mailer (PMIO) levels in the
air of the District. In the framework of Kyoto preparation, the first National inventory of Greenhouse Gas (GHG)
emissions in Mali has been conducted in 1996/97 (see CNRST, 1998) (For a detailed evaluation of these studies, see
Wane 2(01).
In its three (3) pages section on «Quality a/life and pollution in urban setting», the volume 1 <<Environmental diagnosis»
of the National Environmental Action Plan (PNAE) is mostly devoted to solid waste, water pollution and sanitation
issues. Combustion of solid wastes and plastics on one side, and industry emissions on the other, are the recognized
factors in the two paragraphs on air pollution. But the threats that they constitute for health are just mentioned (pNAE /
PAN-CID, 1998, Volume I: 39-42). As waste management and sanitation are considered as the main environmental
problems by the District technical and administrative authorities, the draft of regional action program is focused on waste
management (pNAE / PAN-CID, 1998, Volume 3: 46-50). However, it appeared that automotive air pollution is a
general concern of the population. The national forum for the validation of the PNAE action draft plan and programs,
held in May 1998 in Bamako, urged the authorities to extend the environmental policy to this issue and to tackle it in the
framework of the priority program.
There is not yet any expression of a civil organization on that issues. Individual parries are mostly noticeable among
motorcyclists and merely consist in such feeble means as work masks or turbans. If they can be efficient against the dust
to some exten~ these defenses do not impede the inhalation of micro particles and gases or the fixation of heavy metals
on parts of the human body. The recourse to air conditioner system by the wealthiest preserves the private cars users
from ambient pollution. However. it contributes to the pollution by the additional fuel related emissions and by the ozone
production by the cooling outlet.

2. The Objectives of the study

There is indeed a real need of a low-cost and replicable methodology for the: I) selling of accurate standards of
emissions and the assessment of the nature and of the levels of emissions from the personal use of both public and private
transportation systems; 2) evaluation of the impacts on air pollution of socia-economic factors of the household and of
the individuals' mobility through their access and use of the current transportation systems.
This case-study has a twofold objective: I) to generate, for the first time, a set of emissions resulting from the personal
use of motor vehicles in the urban district of Bamako for both sectors of transportation; 2) to measure and analyze the
impact on air pollution of the daily mobility of the household's members. It aims to examine and test the extent to which
a low cost approach combining~ indirect measurements of emissions. on one side. and, on the other side. a model based
on household transportation expenditures 3., can yield valuable information for policies targeted to mitigating urban air
pollution.

3. The Methods

3.1. Estimating the emissions

The method consists in generating emissions by sector of transportation and. for the impact assessment, transforming
them in emissions at the micro household level.
Macro-level data are estimates of emissions in specific pollutants by the two types of transportation sy.stem~: private and
public.
Faiz and others have set a general formula for estimating a specific pollutant emission by a given class of motorized
transportation vehicle (see Faiz, A., Weaver, C. S., Walsh, M. P. 1996). It stands that a vehicle emissions (VE) is a
function of estimates of the kilometer-vehicle (KV) and of estimates of specific emission factors (EF).
The first set of research activities consisted in estimating the KV. Le. the mean distance traveled. Following the
calculations of the EF, the third deals with the estimation of total emissions and, finally, emissions by the household are
estimated.

36 The most recent data source on household transportation expenditures was the EMCES94 ( Enquete Malienne
de Conjoncture Economique et Sociale 1994), with information on the expenditures in public transportation and,
unfortunately, not on gasoline purchasing. It belongs to the priority surveys of the Zorld Bank program on
Social Dimensions of Adjustment.



3.1.1. Estimation ofthe Kilometer -Yehlcle

Kilometer-Vehicle (KV) was eSlimated through two Uisks: i) the selting of a coherent daUibase on the vehicles and
motorcycles 1996 fleet by using the NOT records and extrapolated data from EBC 89 and EMCES 94 37; ii) through
experts and operators' panels (Delphi Technique-like). the calculations of usage data (kilometer-vehicle) according to the
sector of transportation for aU motorcycles and classes of vehicles in both sectors of transportation.
Assuming that we could get good estimates of the mean Kilometer Vehicle (KV) from users, operators, scientists, and
managers, separate panels were organized to generate data for private and for public transportation.
The methodology was a Delphi Technique-like. Usually this method is applied to try to value a particular good by a
group of experts through an iterative process". It was adapted to get the fleet usage data through two panels organized in
the fonn of separate workshops with:

• Experts, technicians and managers for passenger cars, motorcycles. buses and other heavy
duty vehicles;

• Drivers and gasoline retailers for public transportation vehicles. The latter category has
been targeted to counterbalancing the tendency of the drivers to inflate their daily
declaration in gasoline consumption. The amount of the owner's daily receipts is, in
principle, the daily cash-flow minus the daily gasoline expenditures in the charge of the
driver.

It is assumed that the 1996/97 estimated mean distance by category of vehicle was lhe same as of 1994.

3.1.2. Estimation of Emission Factors (EF): the use of COPERT II Model

Most of the local fleet is from Europe or from Japan. So, the Computer Programme to Calculate Emissions from Road
Transport (COPERT Il Model) was used to derive emissions factors estimates (EF) for different stressors. This model
has been parameterized with own speed and correction factors for the local driving or commuting patterns and for
infrastructure factors assumed to having a significant impact on the levels of the emissions. Such correction factors have
then been incorporated mainly for public transportation.

3,2. The Assessment of the Impact of the Housebold's Mobility on the Emissions

It has been conducted through: the transformation of the macro-data into emissions at lhe household level; the setting of
an operational model in which the household's emissions (by stressor and total) are the dependent variable and a set of
explanatory (independent) variables characterizes the head of the household (gender, age), the household's composition
(dependency ratio), its socia-economic status (number of actual pupils/students, motorcycle ownership, formal versus
non formal sector of employment of its members), ilS poverty stalus (poverty-gap). Robust least squares models are run
along a household-type variable, which is used to collapsing, into one single intermediate variahle, the combined effects
of the size of the household, its composition and level of motorization (car ownership). So four models are considered:
Model I: Large family and Car owner; Model 2: Large Family and No car; Model 3: Nuclear Family and Car owner;
Model 4: Nuclear Family and No Car.

4. The Results

4.1. Estimation of the Kilometer -Yehicle

The synthesized result on Kilometer Vehicle by category of vehicles, in 1994, is presented in table I helow.

Table 1. Estimates of Total kilometer -vehicle (kmIday) in the District of Bamako according to
the categories of vehicle, 1994

Category Gasoline Diesel Total %

Passenger Cars 2695152 442288 3137440 53,42

Motorcycles 1475899 - 1475899 25,12

Public Transportation 525664 735240 1260904 21,46

Total 4696715 1177528 587424 100,00

Source: own calculations, May 1997

J1 NOT: National Directorate of Transportation. EBC89: Enquete Budget Consommation 1989.
38 see Dixon, J. A. and others, 1994. 2nd edition, pp 79 and sqs.



Every day, on the average in 1994, motorized trips are made on 5.9 millions km. Private cars make more than half of the
total distance traveled, motorcycles 25 % and the public transportation sector the remaining 20 %. The corresponding
figures for the daily motorized trips (about 1.6 millions) are higher than the level found in Ouagadougou (1.4 millions)
by a survey on mohility in 1992. The commuting pallerns and the modal split of two urban populations equally sized and
mobile (on the average, 1.8 motorized trips daily) are likely to make a real difference. Mutatis mutandis, the conclusion
of a comparative study of Ouagadougou and Dakar applies also in this case: «the difference in capacity between a public
transportation vehicle and a motorized two-wheels explains easily that, in Dakar, 3 millions daily trips generate a daily
traveled distance oJ2.8 millions Ian (of which 65 % ojthe distance in private cars against 35 % in public transportation),
while 1.4 millions oJ trips in Ouagadougou are responsible Jor more than 4 millions Ian (oJ which 81 % on 2-wheels)
(Luc Vertongen in World Bank SSATP 1999b). In Bamako, the sprawled configuration of the city and the centrality of
the trips are factors that enhance trips length (on the average, 3.715 km against 2.857 in Ouagadougou). Finally. the
system of "continuous working day» - from 7.30 to 15.30, reduces the number of work and business related trips, and
hence the total distance traveled.

4.2. The Emissions at the Macro and at the Sectors Levels

The estimates of emission factors for the District of Bamako have been summarized in a detailed table. The pollutants
covered are: CO, CO,. Nox•• SOx, HC, VOC, CH.. N,O. NH,. PMIO, NH3, Heavy Metals".
Nearly 560000 tons of pollutants have been discharged in the atmosphere, in 1996. through the households' use of
transportation systems (table 2). If C02 - which represents 83.6 % of that mass. is not accounted for, then the remaining
95500 tons yield about 984,4 kg of pollutants per household and 119 kg per inhabitant yearly in the District area. These
figures are to be compared to 1279 kg and 360.6 kg respectively in the Metropolitan Area of Mexico City in 1994
(Lezama et al 1997). On the average, between 1994 and 1996, the total emissions increased yearly by 19.5 % (a 3.5
years of doubling time).

Table 2. Total Emissions in the Bamako area, 1994, 1996 (In tons. %)

Slressors 1994 1996

CO2 307178 83.58 462651 83.03

CO 39834 10.84 64519 11.58

HC 9537 2.59 12600 2.26

NMVOC 3179 0.86 6181 l.ll
Nox 5726 1.56 7881 1.41

Sox 1\82 0.32 1521 0.27

PM 10 532 0.14 856 0.15

CH4 262 om 555 0.10

Pb 1\7 0.03 195 0.03

Total 367547 100.00 558179 100.00

Source: own calculations

About 90 % of these stressors are constituted by major exhausts (CO: 68 %. HC: 13 %, Nox: 9) while Sox represents less
than 2 % and PMIO hardly I % of the total (see Graph 3.1). Less than .25 % of the mass is made oflead.

HC/VOC
20%

'9 namely Cadntium, Copper, Chrontim, Nickel. Selenium, Zinc.



4.3. Emissions according to sources

Private transportation contributes four times more than the public system to tbe total pollution - respectively 80 % and 20
% of the total mass, as well as to the specific emissions. As shown on graph 3.2. nearly 60 % of daily CO emissions are
from the cars and less than half of that level (26 %) are from motorcycles since the private cars, which are at 90 %
gasoline-fueled, are primarily very high emitters of CO. If all the motorcycles and the mopeds had been registered, the
two-wheeled sub-sector would probably had ranked first in CO emission.

Graph 3.2. Distribution (%) of the emissions by
source. 1996
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The motorcycles generated half of the HC while the public transportation vehicles emitted one third of the total. Once
again, the full registration of the two-wheeled engines would have worsened the record of He as in Ouagadougou where
they made 95 % of the HC emissions (World Bank SSATP 1999).
The public transportation sector is the main contributor to two other exhaust emissions (Nox, 71 %, SO" 84 %), and to
NMVOC (53 %). It discharges in the atmosphere about the same percentage (42 %) of the total PM10 as the private cars
(44 %). One knows that diesel-fueled transportation vehicles are mostly reproved for their high unit emissions in Nox,
502 and PMIO (lead content) (Faiz et ali. 1996; Joumard and others 1990). The minibuses, which represent 80 % of the
fleet for public transportation, run on diesel in a proportion of 90 %.
With the graph 3.3, let us consider the emissions by the public transportation system only, in 1994. Exhaust are
prevailing with CO (43 %), Nox (31 %) and HCINMOVC (18 %). Sulfur dioxide is also relatively important, total
particulate representing a marginal contribution (I %).

IGraPh 3.3. Public Transportation. DlstrlbutlDn (%) ofthe
emla.Jons, 1994
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Beyond the actual level of a specific pollutant, the crucial point is the conjunction of its trends and the way its likely
interactions with other emissions may be harmful in the local context. This issue is not discussed here. In the following
section. we will look at the recent trends in the emissions.

4.4. Trends in the emissions

The graph 3.4 illustrates the growth rate of the emissions, between 1994 and 1996, and their respective doubling time
period. On the average, the emissions increased yearly by 19.5, a growth rate that raises a doubling time of about 3.5
years.
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Graph 3.4. Change In emission. Average growth rate
(1994~1996) and dou bling time
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Some pollutants followed the dominant trend (Nox. ('c). PM 10) while the unucrcstim<.llcd He and S02 rcgislcrt..'ll the
lowest growth [[\tes but still I.lt a very high level. Thcir emi.ssions would double every 6.5 and 45 years n:spcl:tivel:v
Regarding vue and C'H4. their volume would double every two years againsl 3.2 years for Lead.

4.5. Behavioral causes of pollutants emissi()ns thr()u~h the Public Transportation System

Whatever the case. the models show very strong correfation~ (from 37.J percent 1070.5 percenll between mostly S~K;IO

economic factors of household mobility .md lhe emissions through the pubhl.: transp0rl:uiol1. Indeed. lhen: is nil
significant inf1uence of the demographic fl.lctors on the pollutmg behavior of the houscholus but for the ag~ of the heau of
the house.hold (HHD) in the model 4 (nudear and nO-C41r family). In that case, e,Kh year of incrca~e in the age of the
lIBD, generates, yearly, an additional emission of 3.260 kg of pollutants at he hDusehold level.
Moreover, there is no direct relation between the size and the complexity of the household"s structure, on (Joe siLle. anJ
the cxplJn<.ltory power of the models, on (he other side. If more than 70 per cent or the variation in the level of emissiuns
could be explained in model I (large and car-owner), this proportion is as high as 53.3 in model ..J.. i.e. mort.: th~\ll in the
two last models; 48.5 percent (model 2) and. 37.3 pen.:ent (modd 3). Henl:c. it seems that neither demographic factor:-
per Sf! - ie. the size and the structure of the household, nl.lr its motorization status -- namely car ownership and usc. have
a significant impact on its mobility trough public trnnsportation.
The dependency ratio impacts the mobility, and hence the emissions, in lh~ (wn typc~ of large family. Whil!cvcf tlll'll'
ownership uf at least one car. every increase of the ratio of the elderly i.lnd ()f the Yllunger (less than 1--1- years) to Ihe ()lhl.:1
members, induces, yearly, 2.250 kg and a half kilogram (.574) more in model I and modcl2 respectlvdy
As an expeded outcome, owning motorcyde makes a big difterence only in the nudear nO-C'lf family (model 4). In thaI
I.:ase, this fartor reduces, yellrly, the emissions by nearly 70 kg.
One of the basic insertion strategies of families in the urban ct:=nters. IS to distrihute the members of the household Within
both sectors of employment (formal wage-earning and inform<JI). More than h~l1f (53.4 percent) of the households have
such suc(,.~essful strategies. With respect to the households thm have their members only in lhe informal sector. their better
'Jecess to the public transportation is retleeted also in a significantly higher contrihution to the cmissi(ln~ as much a~ 85

kg yearly.
A household poverty gap hl.ls been defined and its annu<ll ue;.:rcase (in 100000 CFA F) feed the modeb as Independeilt
variable This factor appears to be the strongest in the impacting variublcs. The cxplanJ.tmy power of the whole mudel
depends strongly on it. from 80 percent (models 1 and 4) to 89 pcr;.:ent (model J) und as mu;.:h as 97 percent in model 2.
This factor signifiCllntly increases the variation of the emis~ions in all the models. the lowc...,t being for the nuclear car,
owner household (nearly II kg), the highest being for the Imge car-owner (about 49 kg) with an intermediate level of J(l

kg for the two other types of family. This also mean that if the poor households have <.H•.'tually the Icast access til public
transportation. an improvement of their access through a reduction of the poverty gap, would Jlso induce an in;.:rcascd
contribution to the formation of the emissions in the context of the different types of family.

5. Conclusions

• Quick and low cost approach to generating plausible [Iod valuahlc data on mooilily and
emissions by stressor for each ciJlegory or vehicle and source sector:

• Condusive test of transformation of these macro-emissions (that arc more disaggrcgalcJ
than Inventory data) and household expenditures data into household level cmis.... lOns h~

feed an impact assessment model linking cmission~ hy scelor of transpor'~uion tll

household's and individual f,Ktors of mohJfity. BUI nCl'cssily [0 Jlsent~tnglc povclly
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indicator to specific socio-economic and policy relevant factors as those dealt through the
new Strategic Framework Against Poverty.

• Necessity to get more accurate and systematic data for: 1) calculating daily km
passengers and km-vehicuJe according to public and private means of transportation and
purpose of trips; 2) calculating associated costs (gasoline and public transportation
expenditures. purchasing, operating and maintenance costs); 3) setting an OlD matrix to
capturing traffic congestion and to building, for each individual or household, his/its
Mobility, Energy, Environment Budget 40; 4) an history of all the means of transportation
ever possessed by the adults (21 years and up) with their main characteristics.

These issues are being tackled in the framework of the Ouagadougou survey (January - August 2000), the data of which
have been just processed. Two main outcomes are expected from this new research: 1) a replication of the Bamako case
with, however, a larger analytical perspective (both sectors of transportation, fine tuned policy-orientation, congestion
and health issues); 2) a prospective of mobility and emissions raising the environmentaJ transitions to come and their
underlying factors. Q:\Personal\SSATP3\Mobility\Steering\Papers\Wade.doc

'" The so-called "Budget Energie, Environnemellt des Veplacements" built by a team of INRETS researchers for
Agence franfaise pour la Martrise de l'Energie (ADEME).



Annex A.9

Dakar Regional Conference
1'110\<'-1 illl ,~r I.('mhd (,(f"tlline
in\/fhA,','ahorflil \lrict/li ('i1in

I. Overview
(Conference Overview)

The Clean Air Initiative in Sub-Saharan African Cities was launched in 199X by the World Bank, in lhe context or th~

Sub-Saharan Africa Transport porky Prog.ram (SSATP- Urhan Mobility) and the worldwidl.: Clean Air Initiative by the
World Bank Institute.
As African cities experience increased urbanization and motorization, air pollution. parlit..'ularly from vehicles still using
leaded gasoline, is worsening. The main focus points of the Clean Air Initiative are to:

Raise awareness among decision makers and public authorities of the etfects of air pollution on health, the
environment, and productivity. Recent (,;,lse studies in several Suh-Saharan African cities (.:onfirm the growing nl.:gative
impacts of air pollution from vehicle exhaust on the living L"onditions of urban ropula1ion~, particularly the mosl

deprived. Children living in the streets are among the most affected by the dehilitating effect of (hese pnJ!Ulants.
particularly the lead from gasoline,
Identify corrective measures for fuel, emission. and traml: to reduce air pollution. The elimination of lead from
gasoline has been identified as a priority. not only becau:-;e of the h<lrmful content of lead. hut also bec<luse of thl:
triggering effect that lhis would have on pollution. The usc of unleaded gas is a prcrequisJle ttl introducing catalytic
converters which, in turn. can help reduce pollutants by as much as 90 percent.
Design. implement. and monitor action plans to reduce air polJution at the sub..regional and rt~~ionallevels.

Conference Objectives
Raise awareness about the health impacts ()f leaded g.1solinl:,
Build consensus among the main stakeholders nn the te~:hnica1. regulatory. institutional. cl:onolllic I....SUCS. and pnoritiL~'"

to implement lead phase-ouL
Develop action plans to pha~e-out leaded gasoline with a timetable ~tnd monitoring indicators.

Participants
Delegates from alTOSS Sub-Saharan Africa, including African government officials. clmsultants.•lHd regional institulltHls
of the energy. environment. health, and tmnsporl sectors; professionals from the petroleum ,!nO iJutomohilc industrh:.·s:
representatives from international, national. and local environmcnt<ll and health organizatinn". NGOs. <tnu donor
ngencies.

Conference Highlights
Health Problems Associated with Leaded Gasoline: Review of expert opinions fnlnl Ihe hClhh and cl1vironmcnl:.d
communities.
Fuel Refining and Distribution - Technical and Financial Issues: Gasoline supply in Suo·Sah""'" Alriea is provided
primarily by 1m:al refineries. Only small nmounts of imports complement the refineries' prodlJrtion. This pattern of
supply can be subdivided into five sub-regions (West Africa. Nigeria & Neighboring Counlrie:·,. WCSI Central I\frKa,
Southern Africa, and East Africa) each dominated by key refinery centers.
Integrating Lead Phase-out into Air Pollution Aba.ement Strategies: Issues rchllcd to vchide emissions slandallls,
maintenance and control; air quality monitoring; blood testing; pricing und regulatory incenlives; and policy slratcgics.
Presentation of Successful Programs of Leaded Gasoline Phase-out: Recent examples in I.Jtin ;\~nl'!'iL:a lind Asia.
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Action Plans: The conference provides the jdeal framework 10 sct up multi-slahcholdcr leam~, J'llf ~'h.:h ~.U!H·q!J{)n.

facilitme the exchimge of information. and pr~part' preliminary :lL:tipns plans.

Follow-up Programs
Disseminating the action plan:; within An'ica and internationally.
Launching an AFRICACLEAN Regional Network of African Experts In the field of urban air pollUlion In Sllh~

Saharan Africa, Thi!i network will be integrated within the Clean Air Initii.ltivc 10 hdp .... ustain communication :.lrnollg
participants. enlist the p<lrtkipation of interdisciplinary colleagues and counterparts. ilddress monitoring OIS outlined in the
action plans. and rcint()[ce prevention initiatives. Monitoring the implementation of the action plans in the five suh~

regions.

2. Declaration of Dabr

REGIONAL CONFERE"iCE ON THE PHASING·OUT Of LEADED GASOLINE IN SUB·SAHARAN AI·R.ICA

Decluralum of Dakar

The participants from 25 Sub-Saharan African countries, representing governmenh, industry ~md ClvJl so\.'icty, and from
internutioni.ll organizations attending. the Regional Conference on the Ph'l:'iing Our of I.caded Ga:-.ohnc (Dakar. June 2(,

28.2001). Considering:

• The recommendations .mu resolution" of WHO. \VB <:wd UNEP ~l<ltin~ Ih(; high pri(wily
of lead phase out worldwide,

• 'That surveys on bloml kau levels in SSA city populali\,"~ show 1hal in l1l<lny cases \\(110
guidelines are exceeded. hringing in rarth,:ular at ri ....k children"s dcvclllpmcnt .md
inEellectual perform.mcc.

• That delays to start using unleaded gasoline are pr~dllding the intmdUflion nf v\.'hid~s

equipped with ci.ltaJytic converters and thus the development of urban clean air policies in
growing cities of SSA,

• The support expressed by the oil industry 3ml lht~ NCiO COmmtllHI~ in favot or ~I pwmpt
government action phasing OLlt Icnded gUMllinc.

Agree to:
I. Join efforts t() accelerate the ftlrmulation and implementali(m of programs III c,unpktdy plmsc I\llt Jl!adt'd gasnlilR' in
all SSA countries as soon as possible. larcst by 2005.
2. Rel,.·ommend governments to reduce the lead content 1n gasoline currently 0.8 g.rn/ltr in mo'.\ SS/\ l'lIlllllllt.'S h)
average not more than 0.4 gil by ?-002 and to an average not more than 0.2 gil by 2003.
3. Encourage countries with independent import facilitics to accelerate thclr respeclive lead phasinp- nul programs.
4. Harmonize the gasoline norms in all sub-regional markets. in order to foster intra-rt;giul1<11 Ir,lde and trafll ...:; ;lnd
request IPIECA, in collaborntion with national and international uil cumpanies anti reprcscntative~ frorn the automobile
industry. to assist in the formulation of a complete set of fuels tei:hni(":.ll specifications.
5. Complete the suh-regional action plans within the next) 2 months framing the respective nmio/lal d\:'Jn air progr'llTIs.
6, Request the oil supply chain operators to improve their productinn.... lorage and dlstrihution f;h:llllics in ul'l;ordann;
with the target lead phase out frame.
7. Request WHO. lJNEP. WB imd bilateral environmental agem:ies such as USEPA 10 support SS/\ st~lb.:hoJdcrs in
developing the capacity to implement the lead phase out programs within air quality managcmcnl.
8. Develop an appropriate public information campaign with an ai.:tivc partidp.tlion of NGOs COmmlJ/llly.

9. Requesl the WB and other international donor 'lgcncics to give a high priority to lead phase Ollt in economic poliCY
dialogues with the SSA governments and to continue supporting. required technical assistance ptogr:lln-.; ;md assistIng. in
the financing of viable investments.
10. Request OAU and olher regional organizations (ECOWAS, WAEMU. SADCC CAEM I), Gte I to cndotse the
phasing nut of le;)ded gu\;oline in their priority prog.rams anJ to contribUIl: to the harmonil3holl fir :'I<lndald~ ;lIlJ

technical specifications.

3. IPIECA position on phase-out of Leaded Gasoline

IPIECA position on phase-out of Leaded Gasoline
At IPlECA's 2001 Annual GeneT:ll Meeting. members established:m International Downstr~am
Task Forl:e to address environmental issues that arc relJt~d 10 the refining and uistributiol1 or fud~. rhc initial I"Ol:US n!"
this group will be to work toward eliminating the lise of Lead as an additive to motor ga~olinc '10 cOU/1Hies around the
world where it is still being us~d. The removal or lead is important to public welfare be(,<l').~,,,: il will allow Ihe
introduction of widely available vehicle catalytk exhaust {c\hnoJogy to improve air quality.



IPIECA members encourage governments in countries still using leaded gasoline to develop lead phase-out action plans
and finally mandate the elimination of lead as an additive. \Ve recognize that affordable energy supplies are just one of
many other issues critical to the health and public welfare of people, particularly in countries of the developing world.
We understand that each country must set their own priorities and limetables on these issues. Therefore, we intend to
approach lead phase-out constructively by working with governments, car manufacturers and others to address the
economic. political. and supply barriers to quick nction.
We will support and participate in the World Bank Regional Conference on the phaseout of Leaded Gasoline in Sub
Saharan Africa to be held in Dakar. Senegal. June 2628, 2001. The Conference has been called to identify the status of
the Lead usage in the region, to review expert opinion from the health, transport, and refining industries along with the
environmental communities, and to develop Lead phase-out action plans. We will seek to participate in similar activities
in other regions of the world to achieve global lead elimination.
The International Petroleum Industry Environmental Conservation Association, IPIECA, is comprised of petroleum
companies and associations from around the world. IPIECA's prime aim is to help its members address long-term global
environmental challenges by promoting realistic, science-based, economically efficient solutions to global environmental
concerns.
Dakar, June 25th, 2001.
International Petroleum Industry Environmental Conservation Association (IPIECA)
2"° Floor, Monmouth House, 87-93 Westbourne Grove, London, W2 4UL, United Kingdom

Gasoline Supply in Sub-Regions of Sub-Saharan Africa
Gasuline supply in Sub-Saharan Africa is provided by local refineries and complemented by imports. This pattern of
supply can be subdivided into five sub-regions, each dominated by key refinery centers. During the conference,
participants will be invited in the preparation of a draft lead phase-out Action Plan by sub-regions. Each sub-region will
be assigned a fa<;;ilitator responsible for the preparation of that Action Plan.
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B. RESOLUTIONS AND PROCEEDINGS OF CONFERENCES AND SUMMITS ORGANIZED BY UNEP

ANNEXB.I

RESOLUTIONS OF JOHANNESBURG SUMMIT

UNITED NAnONS

General Assembly
AlRES/551199
20 December 2000

Ten-year review of progress achieved in the implementation of the outcome of the United Nations Conference on
Environment and Development

The General Assembly,
Recalling the United Nations Conference on Environment and Development, held in Rio de Janeiro from 3 to 14 June
1992, and the nineteenth special session of the General Assembly for the purpose of an overall review and appraisal of
the implementation of Agenda 21, held in New York from 23 to 28 June 1997,
Recalling also that Agenda 21 and the Rio Declaration on Environment and Development should constitute the
framework within which the other outcomes of the Conference are reviewed, and from within which new challenges and
opportunities that have emerged since the Conference are addressed,
Recalling further its resolutions 53/188 and 541218 on the implementation of and follow-up to the outcome of the
Conference and the special session, as well as its resolution 55/2,
Recalling decision 811 of the Commission on Sustainable Development on preparations for the lQ-year review of
progress achieved in the implementation of the outcome of the Conference,
Recalling also that chapter 33 of Agenda 21 identified the Global Environment Facility as one source of financing for the
implementation of Agenda 21,
Recalling further the importance ofchapter 34 of Agenda 21 for developing countries.
Taking nole with appreciallon of the report of the Secretary-General on ensuring effective preparation for the IO-year
review of progress achieved in the implementation of the outcome of the Conference and the nineteenth special session,
Taking note with appreciation also of the Malmo Ministerial Declaration adopted. at the sixth special session of the
Governing Council of the United Nations Environment Programme,
Deeply concerned that, despite the many successful and continuing efforts of the international community since the
Stockholm Conference and the fact that some progress has been achieved, the environment and the natural resource base
that support life on earth continue to deteriorate at an alarming rate,
Reconfinning the political importance of the forthcoming IO-year review of progress achieved since the United Nations
Conference on Environment and Development and underscoring that the review should focus on the implementation of
Agenda 21 and other outcomes of the Conference, as weJl as the Programme for the Further Implementation of Agenda
21 adopted by the General Assembly at its nineteenth special sessioo in 1997,
Bearing in mind that its substantive activities should take into account, as appropriate. the outcomes relevant to
sustainable development of other United Nations conferences and summits and their follow-up activities,
Bearing junker in mind that national reports that have been prepared by Governments since 1992 on national
implementation of Agenda 21. and to which major groups have contributed, could provide a fair basis for guiding
national preparatory processes,
Reconfinning that Agenda 21 and the Rio Declaration on Environment and Development should not be renegotiated and
that the review should identify measures for the further implementation of Agenda 21 and the other outcomes of the
United Nations Conference on Environment and Development, including sources of funding,
1. Decides to organize the IO-year review of progress achieved in the implementation of the outcome of the United
Nations Conference on Environment and Development in 2002 at the summit level to reinvigorate the global
commitment to sustainable development, and accepts with gratitude the generous offer of South Africa to host the
summit;
2. Also decides to call the summit the World Summit on Sustainable Development;
3. Further decides that the review should focus on the identification of accomplishments and areas where further efforts
are needed to implement Agenda 21 and other outcomes of the United Nations Conference on Environment and
Development and should focus on action-oriented decisions in areas where further efforts are needed to implement
Agenda 21, address, within the framework of Agenda 21, new challenges and opportunities, and result in renewed
political commitment and support for sustainable development, consistent, inter alia, with the principle of common but
differentiated responsibilities;



4. Decides that the Summit, including its preparatory process, should ensure a balance between economic development.
social development and environmental protection as these are interdependent and mutually reinforcing components of
sustainable development;
5. Stresses the importance of early and effective preparations for the Summit and a comprehensive assessment of
progress achieved in the implementation of Agenda 21 and the other outcomes of the United Nations Conference on
Environment and Development to be carried out at the local, national. regional and international levels by Governments
and the United Nations system so as to ensure high-quality inputs to the review process. and welcomes the preparatory
activities carried out so far;
6. Welcomes the work undertaken at the regional level in close collaboration with the respective regional commissions to
implement the action programmes for sustainable development that could provide substantive inputs to the preparatory
process and the Summit itself;
7. Also welcomes the work undertaken by the United Nations Secretariat, in close cooperation with the United Nations
Environment Programme, the United Nations Development Programme, the regional commissions and the secretariats of
conventions related to the United Nations Conference on Environment and Development, as well as other relevant
organizations, agencies and programmes within and outside the United Nations system and including international and
regional financial institutions, including the Global Environment Facility, to support preparatory activities, in particular
at the national and regional levels, in a coordinated and mutually reinforcing way;
8. Further welcomes the report of the Global Environment Facility to the General Assembly on its contributions to the
implementation of Agenda 21, and notes the assistance provided by the Facility to the national implementation of
Agenda 21;
9. Welcomes the decision of the Global Environment Facility at its last meeting, from I to 3 November 2000, to request
the Chief Executive Officer to explore the best options for enhancing the support of the Facility in assisting affected
countries, especially those in Africa, in implementing the United Nations Convention to Combat Desertification in Those
Countries Experiencing Serious Drought andlor Desertification, Particularly in Africa taking into account the third
replenishment;
10. Also wekomes the initiation of the third replenishment of the Global Environment Facility Trust Fund, and invites all
donor countries and other countries in a position to do so to make contributions to the third replenishment and ensure its
successful conclusion, and invites the Facility to provide a report to the 2002 review on the status of the replenishment
negotiations;
II. Invites relevant agencies and bodies of the United Nations and international financial institutions involved with the
implementation of Agenda 21, including the United Nations Environment Programme, the United Nations Centre for
Human Settlements (Habitat), the Global Environment Facility and the United Nations Development Programme, as well
as conventions related to the United Nations Conference on Environment and Development, to participate fully in the 10
year review of progress achieved in the implementation of Agenda 21, including in the preparation of reports for
submission to the Commission on Sustainable Development at its tenth session and the 2002 summit. in order to reflect
their experiences and the lessons learned as well as to provide ideas and proposals for the way forward for further
implementation of Agenda 21 in relevant areas;
12. Em:ourages effective contributions from and the active participation of all major groups, as identified in Agenda 21,
at all stages of the preparatory process, in accordance with the rules and procedures of the Commission on Sustainable
Development, as well as its established practices for the participation and engagement of major groups;
13. Decides that the meetings of the tenth session of the Commission on Sustainable Development shall be transformed
into an open-ended preparatory committee that will provide for the full and effective participation of all States Members
of the United Nations and States members of the specialized agencies as well as other participants in the Commission on
Sustainable Development in accordance with the rules of procedure of the functional commissions of the Economic and
Social Council and the supplementary arrangements established by the Council for the Commission on Sustainable
Development in its decisions 19931215 and 1995/201;
14. Invites regional groups to nominate their candidates fOT the Bureau of the tenth session of the Commission on
Sustainable Development by the end of 2000 in order that they can be involved in its preparations in advance of the first
meeting of the preparatory committee;
15. Decides that the Commission, acting as the preparatory committee, should:
(a) Undertake the comprehensive review and assessment of the implementation of Agenda 21 and the other outcomes of
the United Nations Conference on Environment and Development on the basis of the results of national assessments and
subregional and regional preparatory meetings, the documentation to be prepared by the Secretary-General in
collaboration with the task managers and other inputs from relevant international organizations, as well as on the basis of
contributions from major groups;
(b) Identify major accomplishments and lessons learned in the implementation of Agenda 21;
(c) Identify major constraints hindering the implementation of Agenda 21 and propose specific time-bound measures to
be undertaken, and institutional and financial requirements, and identify the sources of such support;
(d) Address new challenges and opportunities that have emerged since the United Nations Conference on Environment
and Development within the framework of Agenda 21 ;
(e) Address ways of strengthening the institutional framework for sustainable development and evaluate and define the
role and programme of work of the Commission on Sustainable Development;



(f) Consider and decide on accreditation for participation in the preparatory process and the Summit of relevant non
governmental organizations which do not have consultative status with the Economic and Social Council;
(g) Propose a provisional agenda and possible main themes for the Summit based on the outcomes of the preparatory
activities at the national, subregional, regional and international levels, as well as taking into account the input of major
groups;
(h) Propose rules and procedures for participation of representatives of major groups in the Summit, taking into account
the rules and procedures applied in the United Nations Conference on Environment and Development;
(i) Undertake any other functions that may be required by the preparatory process;
16. Also decides to hold, as recommended by the Commission on Sustainable Development in its decision 811, a three
day meeting of the tenth session of the Commission, so that the Commission can thereby start its work as the preparatory
committee for the 2002 Summit, and, in this context, invites the Conunission to start its organizational work in order to
do the following:
(a) Elect, from among all States, a Bureau composed of 10 members, with two representatives from each of the
geographical groups, one of whom would be elected the Chairperson and others as Vice-Chairpersons, one of whom
would also act as the Rapporteur;
(b) Consider progress in preparatory activities at the local, national, subregional, regional and international levels, as well
as by major groups;
(c) Decide, taking into account the provisions of paragraph 17 below, on the specific modalities of its future preparatory
meetings;
(d) Consider a process for setting the agenda and determining possible main themes for the Summit in a timely manner;
17. Further decides that, in 2002, the Commission on Sustainable Development, acting as the preparatory committee for
the Summit, shall hold three additional sessions, organized as follows:
(a) At its first and second substantive preparatory sessions, to be held in January and March 2002, respectively, the
preparatory committee shall undertake the comprehensive review and assessment of progress achieved in the
implementation of Agenda 21 and the Programme for the Further Implementation of Agenda 21. At its second
substantive session, the preparatory committee shall agree on the text of a docwnent containing the results of the review
and assessment, as well as conclusions and recommendations for further action;
(b) Drawing upon the agreed text of such a document, the third and fmal substantive preparatory session, to be held at the
ntinisterialleve1 in May 2002, shall prepare a concise and focused document that should emphasize the need for a global
partnership to achieve the objectives of sustainable development, reconfirm the need for an integrated and strategically
focused approach to the implementation of Agenda 21, and address the main challenges and opportunities faced by the
international community in this regard. The document subntitted for further consideration and adoption at the 2002
Summit should reinvigorate, at the highest political level, the global commitment to a North/South partnership and a
higher level of international solidarity to the accelerated implementation of Agenda 21 and the promotion of sustainable
development;
18. Decides to organize the third and final substantive preparatory session at the ministerial level in Indonesia and
accepts with gratitude the generous offer of Indonesia to host it;
19. Stresses that the preparatory meetings and the 2002 Summit itself should be transparent and provide for effective
participation and inputs from Governments and regional and international organizations, including financial institutions.
and for contributions from and active participation of major groups, as identified in Agenda 21;
20. Welcomes the establishment of a trust fund, urges international and bilateral donors and other countries in a position
to do so to support preparations for the lO-year review through voluntary contributions to the trust fund and to support
the participation of representatives of developing <:ountries in the regional and international preparatory process and the
2002 Summit itself. and encourages voluntary contributions to support the participation of major groups of developing
countries in regional and international preparatory processes and the 2002 Summit itself;
2\. Invites the Secretary-General to submit a progress report on the state of preparation for the 2002 Summit for
consideration by the General Assembly at its fifty-sixth session, taking into account, inter alia, the inputs of respective
regional meetings;
22. Decides to include in the provisional agenda of its tifty-sixth session, under the item "Environment and Sustainable
Development", a sub-item entitled "Implementation of Agenda 21 and the Programme for the Further Implementation of
Agenda 21".



ANNEXB.l
GLOBAL ENVIRONMENT FORUM AND UNEP MISSION

In Resolution 531242, the General Assemhly of the United Nations welcomes "the proposal tn institute an annual
ministerial-level. global environmental forum. with the Governing Council of the United Nations Environment
Programme constituting the forum in the years that it meets in regular session and, in alternate years, with the forum
taking the form of a special session of the Governing Council, in which participants can gather to review important and
emerging policy issues in the field of the environment, with due consideration for the need to ensure the effective and
efficient functioning of the governance mechanisms of the United Nations Environment Programme, as well as possible
financial implications, and the need to maintain the role of the Commission on Sustainable Development as the main
forum for high-level policy debate on sustainable development".

Introduction by the UNEP Executive Director
The United Nations Environment Programme's Annual Report for the year 2000 clearly shows that the problems
connected with environmental governance are now being taclded by all governments at the highest level of political
responsibility. What is encouraging is that the discussions and negotiations, which take place in a number of forums
inside and outside the United Nations system, are all about measures and solutions that originated over years of thorough
analysis and discussions within the United Nations Environment Programme.
The "MalmO Declaration", which emanated from UNEP's First Global Ministerial Environment Forum in Sweden in

May 2000, recognized that confronting environmental challenges require decision makers to give due regard tn the
interests of the civil society and important entities such as the regional and sub-regional organizations, as well as
consider the obligations and responsibilities arising from multilateral environmental agreements.
The vision of the world in the 21st century that the Declaration articulated is compelling: "We can decrease poverty by
hajj by 2015 without degrading the environment, we can ensure environmental security through early warning, we can
better integrate environmental consideration in economic policy. we can better coordinate legal instruments and we can
realize a vision ofa world without slums ",
As this Annual Report demonstrates, UNEP is assertively moving tnwards the achievement of this vision. UNEP is
promoting a spirit of international partnership and solidarity, catalyzing decisions on the Cartagena Protocol on
Biosafety, on the protection of endangered species through CITES and on the Convention on Biological Diversity. UNEP
has elucidated its water policy and encouraged linkages between multilateral environmental conventions. It has
progressed in the realization of this vision by involving the private sector in a new culture of environmental
accountability through the application of the polluter pays principle, environmental performance indicatnrs and reporting,
and the establishment of a precautionary approach in investment and technology decisions. UNEP has accelerated its
efforts tn empower civil society through freedom of access to environmental information and broader participation in
environmental decision-making.
UNEP's Global Environment Outlook 2000 shows that environmental problems rarely disappear. As human activities
continue to grow, old problems re-emerge and new ones appear. They require continuous monitoring, an increasing
capacity for farsighted and integrated understanding and commitment to sustainable development. Moreover, as the
human population grows, the trade-offs between the environment and economic growth are likely to become sharper and
clearer. Although what happens to the environment may be the most important long-term social problem, it is rarely the
most urgent one. Issues of national security, jobs and incomes remain at the top of policy agendas. In contrast, clear
environmental threats that compel action are rare, making the challenge of effective and timely response all the greater.
The ten year review of the decisions of the Rio Summit in 2002 will provide an historical opportunity to the global
community tn reinvigorate the spirit of Rio. This Summit must address the major challenges to sustainable development,
particularly the pervasive effects of poverty on a large proportion of the Earth's inhabitants, juxtaposed with excessive
and wasteful consumption and inefficient resource use that perpetuates the vicious circle of environmental degradation
and people's impoverishment.
One prime challenge that the Summit will face will be the possible requirement for a strengthened structure for
international environmental governance, based on an assessment of future needs for an institutional architecture that has
the effective capacity to address wide-ranging environmental tbreats in a globalizing world.

UNEP's Mission
To provide leadership and encourage partnerships in caring for the
environment by inspiring, informing, and enabling nations and peoples to improve their quality of life without
compromising that of

future generations.

Overview of UNEP's Activities

The Environment Millennium

When one year ends and a new one commences, there is both concern and elation. People are worried about the change
the future will bring and yet enthusiastic about the possibility of new beginnings. And at the start of the new millennium,



these feelings are magnified a thousand times.
As we begin our passage into the first century of what will be the "Environment Millennium", the prophetic words in the
preamble of Agenda 21 ring true: "Humaniry stands at a defining moment in history".
Undoubtedly, there is a growing global consensus that the environmental harm caused by some is a threat to all. An
increasing number of people understand the interrelationship between environment, nalional security and economics.
Since Rio, the global community has shown what is possible when the nations of the world work together. But the fact
remains that some of the objectives of Agenda 21 still elude us.
The update on the latest climate assessment of the Intergovernmental Panel on Climate Change concludes not only that
human activity is conlributing substantially to the warnting of the planet, but that the warming over the next century
could turn out to be much worse than previously estimated. The Panel said it expects the increase in the average global
temperature over the next century to be between 3 and 11 degrees Celsius. A three-degnee warming over the course of
the century would probably be the fastest warming in the history of civilization.
This is not a disaster waiting to happen. It is already under way. The decade of the 1990s was the hottest of the last
millennium. And 1998 - which raised temperatures through the EI Niilo phenomenon - appears to have been the
hottest year ever recorded.
Seen in this context, the breakdown of the Climate Change negotiations at The Hague was a great disappointment. The
global community has an obligation to address this issue quickly. Global warming is not an abSlraction. It is an
accelerating crisis that poses a grave threat to the younger generation around the world. Witness the devastating floods in
parts of Europe, Mozambique, China. the forest fires in the United States and the continuing drought in many parts of the
world.
The growing incidence of fires and floods around the globe last year underlined the need for accurate environmental data
and information systems. An environmental cataSlrophe is not a single event It is the result of a process of events, the
effects of which impact the hardest on a population which is already vulnerable. It is possible to see these environmental
catastrophes coming, to be prepared, and to save lives. As the flagship institution of the United Nations system concerned
with environmental protection, the United Nations Environment Programme is strengthening its assessment and early
warning programme. This should enable access to scientific information needed by decision-makers for better
environmental management. It will also assist in assessing environmental conditions and threats to alert policy-makers,
facilitate development of impact reduction strategies, and identify emerging issues.
There were other environmental issues that captured international headlines: the cyanide spill in Romania, the effects of
war on the environment in the Balkans and in Africa, and the issue of biosafety and health, for example the spreading
incidence of 'mad cow' disease.
Amid the environmental catastrophes of 2000, there were some events which gave cause for hope. One of them was
UNEP's First Global Ministerial Environment Forum in Malmll. Sweden, in May 2000. Over 500 delegates from more
than 130 countries - including over 100 ministers, and representatives of IGOs and NGOs - attended the three-day forum.
The purpose of the Forum was to institute a process for regaining policy coherence in the field of the environment. The
"Malmll Declaration", which was the principal output of this forum, acknowledged that the central challenge is to work
out how the global ambitions contained in the increasing number of international environmental agneements can be
turned into concrete local action and implementation. While countries may join in the formulation and signing of
ambitious global agendas, garnering support and invoking action in a domestic context is often a different story. The
mobilization of domestic and international resources, including development assistance beyond current levels, is vital.
The Declaration called for reinvigorated international cooperation based on common concerns and a spirit of
international partnership and solidarity. It also called for a closer partnership with civil society and the private sector in
Ibe attainment of sustainable development.
The resumed session of the Extraordinary Meeting of the Conference of the Parties for the Adoption of the Protocol on
Biosafety to the Convention on Biological Diversity adopted the Cartagena Protocol on Biosafety on 29 January 2000 in
Monlreal. The Protocol addresses the safe transfer. handling and use of living modified organisms that may have an
effect on biodiversity with a specific focus on transboundary movements. It also contains provisions regarding
infoonation sharing, capacity building and financial resources with special attention to the situation of developing
countries.
The spirit of the Cartagena Convention extended to the eleventh Conference of the Parties to the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) in Nairobi from 10 to 20 April 2000. The
decision reached on the African elephant and the rejection of proposals to downlist populations of Gray and Minke whale
and the Hawkshillturtie were the triumphs of this event.
The spirit of Cartagena was captured again at the fifth Conference of the Parties to the Convention on Biological
Diversity (CaD) in Nairobi from 15 to 26 May 2000. This meeting took far-reaching decisions on measures to protect
the world's natural bounty through the ecosystem approach, access to genetic resources, biodiversity and tourism and the
Global Strategy for Plant Conservation among others.
UNEP continued to work towards a legally binding agreement on certain persistent organic pollutants, which is now in
its final stages. UNEP has assisted in the implementation of the provisions of the Kyoto Protocol through the
development of market based mechanisms. It has slrengthened its contribution to the work of the Global Environment
Facility. It has sought to develop consensus on the implementation and build global awareness of the provisions of the
biosafety protocol. Regional seas programmes have been brought into line with current socio-econornic realities. UNEP
has built strategies to improve compliance with international agreements - to ensure that those agneements yield lasting
results, not just promises. UNEP has also built on the synergies and interlinkages available within various environmental
conventions. It focussed on the regional element to confront pollution and the scarcity of resources in key areas -



cspet.:ially the waler policy - where there is a dramatic inncasc In tensions among n'\lions.
In all era of accelerating globalization. it is imperative that if we are to hilve any hope of protccltn~ our cnvironm~nL we
must understand the connections between the health of the world's e..·onnmies and the health of the resourcc~ on whICh
our economies depend. Economists. financiers, husinessmen nnd bankers \vill have tn recognll.L~ the hidden cosb in th\..'
exploitation of the seas. the land and the air for short-term wenlth.
Nations are like people. Each must choose whether to live selfis.hly and complar.:ently or lo act wilh courage and faith.
19noring the stewardship of any of our social, economic and environmental rcsour..·es could seriously undermine the
wellncss of our societies. On the other hand. understanding our dependence on these precious ilnd finite rl:soun.:~s can
lead us to new insights about the meaning of security.
We cannot be secure until these resources are protected and onJini.lfY citi.l.l'ns arc empowered to be able to make
decisions about their wise usc. This must be our message for the "Em'ironmel1l Mllfcm I illJII "

Highlights

January - Expansion of the l1NEP Insurance Industry lnitiativc 10 80 internatilHlul companies in mole than 50 l:ountric.'o.
UNEP coordinates meeting on tourism, Paris, France. Adoption of the C[lrtagena Protocol on BiosafcTY in Monlrc<lL
Canada. AMeEN Expert meeting on forests.
February - 2nd phase of the joint UNEP/UNCHS Balkans Task For\.'c on detailed r.:!ei.ln up fcasihHily studic:, at selccLt.:u
sites in Yugoslavia. Scientific assessment of the environmental imp,l\,.'t of the cyaniJe spill from the Bai" Mare gold mil1~

in Romania, Hungary and the Yugoslavia. New UNEP poJir.:y paper on forest-related issu~s presented 10 Governmenls al
United Nations Forum on Forests, Meeting on the Caribbean Environment Progmmme and the Cmtagcna Convention
for the Protection and Development of the Marine Environment of the Wider Carihbean Region. Kin~'.:-,(on. Jamail.'<l.
March - Report on the environmental impact of refugees in Guinea. -tth round of ncgotimion:-, nn an imcrn.:uional legally
binding treaty on persistent organic pollutants. Bonn. GIJrmany. World Water Forum. The Hague. Netherlands. 2nd
meeting of parties to the Convention on the Protection and Use of Transbnundary Watl.~rcourscs lind International Lake:.,.
28th International Symposium on remote sensing of Environment, Cape Town, South Afri..::.l. UNEP provHJcs support to
Ethiopia to combat forest fires.
April - 8th session of the African Ministerial Conference on the Environmcnl (AMeEN), ..\bUji.l. Nigeria. lllh meering
of the Conference of the Parties to the Convention on Intcrnational Trade in End:.mgered SPCt'll>S (CITES). lJNI~P

organizes panel discussion on "multilateral environmental agreements and the World Trade Orguni/,;Jllun". <.liong:-.iJl~ the
8th session of the United Nations Commission on Sustainable Development,
May - Inter-governmental Panel un Climate Change, Nairobi. Kenya. UNEP co-\.'hJirs UnjH.~d NatuHls imcr.-agcncy
working group on sustainable water use in Africa. 5th meeting of the Conference of the Parties \0 the ConventHln on
Biological Diversily. 64 Governments and the European Community sign the Cartagena [JlOll)(ol on Biosafety.
Millennium International Children's Conference on the Environment. Eastbourne. lJnited KingJ\lm. NCiO Milknlllllln
Forum. Global Ministerial Environment Forum adopts the Malmi''' Declaration.
June - World Environment Day celebrated under the theme '''the environment millennium, lime lo act", 1..l laUfcate:-.
receive the UNEP Global 500 award. World Day to Combat Desertification :.md Drought. World Ocean." Day. EnflY mto
force in the Wider Caribbean of the Prmocol concerning Specially Protected Areas and Wildlife.
July - Inauguration of the UNEP World Conservation Monitoring Centre in C'<.lmbriJge. United KIO~dllm_ Jru m~ding

of the Governing Council of the Parties to the Lusaka Agreement, Nairobi. Kenya.
August - 1st cleaner production nnd sustainnble consumption roundtable for Africa, Nairobi. Kenya. 2nd wdrkshop on
strengthening the operation of the Basel Convention Regionill Centres for Training and Technology Traasfcr worldwide,
San Salvador. EI Salvador. Millennium World Peace Summit of Religious and Spiritual Leaders and launch "IIINI:/,
and the Interfaith Partnership's book "Earth and Faith: A Book ofReflectiollfor Action:'
September - United Nations Millennium Summit, New York. Awards ceremony for prii,c winners (If UNEP's
International Photographic Competition on the environment "Focus on your World". Convcnlion on Migratory SrecK~

Standing Committee, Bonn. Germany. International Day for the Preservation of the Ozone Layer. JNFOTERRA 2000,
Global Conference on Facilitaling Access to Environmental Information. Duhlin, Ireland, UNEPlifABITAT Suslainable
Cities Programme (SCP) and Urban Development Forum (UEF) meetings. Cupe Town.
October - 1st workshop on national reporting and national inventories of hazardous wastes, Pf(~t()na, SOilih Afri....:.l. 61h
international high-level seminar on cleaner production, Montreal. Canada. Special Session of the African Minislerial
Conference on the Environment (AMeEN), Dakar. Senegal. Opening of new Regional Offi\,.:e for North America in
Washington. Executive Director's historic visit to North Korea. 7th session of the intergo\I(~rnment.i1 ncgoli"ting
committee for an international legally binding instrument for the application of the Rotterdam Convenlinn.
November - 10th international painting contest "Through the eyes of children. preserve the occam;, :-.kies and fon:sts l~lr

the 21st century". UNEP team assesses impact of depleted uranium in Kosovo, LlNEP Sasakawa Environment Prize
awarded to Dr. Michel Batisse. 3rd Global meeting of Regional Sens Conventions and Action Plum. Monaco. 6th session
of the Conference ofPnrties to the United Nations Framework Convention on Climate Change, ·Jh~ Hague. Netherlands.
December - 1st meeting of the intergovernmenlai commillee on the Cartagena Proto\.'ol on Biw,llJety, Montpelier.
France. 12th meeting of the Parties to the Montreal Pf{)t(x~1l1 on Substances that Deplete the OzorJt~- layer. Ouagadougou.
Burkina Faso. 5th meeting of the intergovernmental negntiating committee for :t Convention on PersIstent. Organic
Pollutants. Johannesburg, South Africa. International Bi{)djver~ity Day.

:17



MILLENNIUM ECOSYSTEM ASSESSMENT

Strengthening Capacity to Manage Ecosystems for Human Development

"Tlle Millennium Ecosyslem A\"scs.wnem is all olltstanding t!.lamplt' f?f file .\"flrr of i1lfcnuuional sci"JllUic tll1fl /-,oli/ft'al
cooperation that is needed to /itrther Ihe cause f?( sfHIllillabk development. I etl!! 0/1 kkmher .\"tiTt'S III 11..11' prUl'hJe Ihe
lIeces.mryfil1(lIIdal.mpportfbr tire Millennium Ecosy.\'teltllb".';('S,HIlCm mul to be('Otl/L' aCllI'c!Y engaged ill if"

UN Secretary-General Kofi Annan, From We the People,,; The Role of tire Vllited Natiofl.< ill tile 2/st Cefllury
(April 2000).

In light of growing demands for ecosystem goods and s~rvl\.:es and the vast ::,.,..:i.llc of the hUlTIi.\O modrfication or
ecosystems, it lS imperative that wise choices are made in the usc of these ecosystems. Both the t:halll;.~nges of effective
management of the Earth's ecosystems and the consequences of f<lilur~ will increase signifkillllly during the 21st
century. The scientific knowledge required to meet thi~ challenge is unavaililble today. A dram:ltic H1(,:n:a:-;~, or "Sl~r

change", is needed in the information brought to bear on resource management decisions.
The Millennium Ecosystem Assessment (MEA) is a four-year int~rnational scientific asse~sment of lhe condition of the
Earth's ecosystems. the potential impacts of changes to e-.:osystems on thl.:ir ability to mCCl human needs and policies,
technologies. and tools to improve their management. The MEA is designed to cnhHnce et.:ol1omic ~,nd environmental
decisions by improving the information used by decision-makers and the publi,,' and strengthening the in!-'litutinns
involved in ecosystem asses!-'m~nls.

The Malmo Ministerial Declaration

We. Ministers of Environment and heads of delegation meeting in Malmll. Swed~n rrom 29 to 3 J May 200(l. nn thL'
occasion of the First Glohal Ministerial Environment Forum. held in pur~uance or United Nations GenclJJ i\sscmhly
resolution 53/242 of 28 July 1999 to enable the world's environment minish.Ts to gather tn r~vkw impllrtant and
emerging environment'll issues and to ch,lTt the course for the future.
Recalling the Stockholm Declaration of the United N;:ttions Conference on the I-Iuman EnvinlOmc-nt and the RIO

Declaration of the United Nations Conferenl-"e on Environmenl and Development. the Barbudo:'> rkdwatioll llll the
Sustainable Development of Small Island Developing St"ltcs as viell us the Naiwbi Declaration on the Roll: ,md Mnndatc
of the United Nations Environment Pnlgramme.
Deeply concerned that. despite the many successful and continuing efforts of the international community since the
Stockholm Conference. and some progress having been achieved, the environment and the natur:~l resource niJo,;c th~lt

supports life on Earth I.:ontinue to deteriorate at an alarming nlte,
Reaffirming the importance of the speedy implementation of the political and legal commitmenb cnlc/cd intn hy lhc
international community, in particular at the Rio Conference.
Convinced that urgent and renewed efforts are required to be undertaken by :.Ill countries in a spirit of International
solidarity, and recognizing. inter alia. the principle of common bUl differentiated responsibility as cnntaincd in the Rio
Principles to manage the environment so as to promote sustainable development for the benefit of pre~enl and future
generations.
Conscious that the root causes of global environmental degradation arc embedded in ~ocjal and cl.'0l10mil: pmhkm:-. sll(h

as perva~ive poverty, unsustJinabJe production and cDnsumption patterns. inequity in distribution of wc'llih. and tile dcht
burden.
Also conscious that success in combating environmental degradation is depenucnt on the full panicipilli~m l)j' all i.luor~ in
society. an aware and educated population, respect for ethical and spiritual v, ..dues i.lI1d cultural <hvcrsily. ilnd plOtrcti(11l
of indigenous knowledge.
Aware that the IO-year review und appraisal of the implement"ltinn of Agenda:2J to be conducted in ::'002 \vJJI ptllVldc il

further opportunity for the international community to take action to implement its commitment-. ;lnti 10 ...IR'ngthcn

international cooperation urgently required to address the challenges of sustainable development in the lWl.'nty-first
century,
Convinced that the Millennium Summit of the fifty-fifth sessiun or tile United Nations Gencr~i Asscml-,Iy pwvfdcs ;.1

unique opportunity to address at the highest level the role of the United Nations in the field of snsl.ail1<.lhlc development.
:::md noting in this regard the propo~als of the Secretary-General of the United Nations as contained in hiS Tt~rl)rt "We the
peoples: the role of the United Nations in the twenty-first centllfy". which wil1 serve as the bu:-,is Ill" dj:-.nt",si"n ;It the

Summit.
Determined to contribute to this historic endeavour from an environmental perspective, and having rcqlAt':-.led lh..-,
President of the Governing Cuuncil to hring the following matten; to the attention of the fifty-finh ~t":-'SJnn of the, G~ner,d
Assembly, the Millennium Assembly,

Declare that:
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Major environmental challenges of the twenty-first century
I. The year 2000 marks a defining moment in the efforts of the international community to ensure that the growing
trends of environmental degradation that threaten the sustainability of the planet are arrested and reversed. Hence there is
an urgent need for reinvigorated international cooperation based on common concerns and a spirit of international
partnership and solidarity.
2. There is an alarming discrepancy between commitments and action. Goals and targets agreed by the international
community in relation to sustainable development, such as the adoption of national sustainable development strategies
and increased support to developing countries, must be implemented in a timely fashion. The mobilization of domestic
and international resources, including development assistance, far beyond current levels is vital to the success of this
endeavor.
3. The evolving framework of international environmental law and the development of national law provide a sound
basis for addressing the major environmental threats of the day. It must be underpinned by a more coherent and
coordinated approach among international environmental instruments. We must also recognize the central importance of
environmental compliance, enforcement and liability. and promote the observation of the precautionary approach as
contained in the Rio Principles, and other important policy tools, as well as capacity building.
4. The Global Environment Outlook 2000 of the United Nations Environment Programme provides a compelling
assessment of the serious nature of the environmental threats faced by the international community. Special attention
should be paid to unsustainable consumption patterns among the richer segments in all countries, particularly developed
countries. Environmental stewardship is lagging behind economic and social development, and a rapidly growing
population is placing increased pressures on the environment.
5. Environmental threats resulting from the accelerating trends of urbanization and the development of mega cities, the
tremendous risk of climate change, the freshwater crisis and its consequences for food security and the environment. the
unsustainable exploitation and depletion of biological resources, drought and desertification, and uncontrolled
deforestation, increasing environmental emergencies, the risk to human health and the environment from hazardous
chemicals, and land-based sources of pollution, are all issues that need to be addressed.
6. Opportunities however exist that can redress this situation. Technological innovation and the emergence of new
resource-efficient technologies, in which the private sector plays a major role, provide a source of great hope and
increased opportunities to avoid the environmentally destructive practices of the past including through clean
technologies.
7. To confront the underlying causes of environmental degradation and poverty, we must integrate environmental
considerations in the mainstream of decision-making. We must also intensify our efforts in developing preventive action
and a concerted response, including national environmental governance and the international rule of law. 3wareness
raising and education. and harness the power of information technology to this end. All actors. involved must work
together in the interest of a sustainable future.
8. It is necessary that the environmental perspective is taken into account in both the design and the assessment of
macro-economic policy-making. as well as practices of government and multilateral lending and credit institutions such
as export credit agencies.
9. The trends of globalization in the world economy, with the attendant environmental risks and opportunities, require
international institutions to adopt new approaches and to engage the major actors involved in globalization in new ways.
We should encourage a balanced and integrated approach to trade and environment policies in pursuit of sustainable
development, in accordance with the decision of the Commission on Sustainable Development at its eighth session.
10. The role and responsibility of nations based on the Rio Principles, as well as the role and responsibility of the main
actors including Governments, the private sector and civil society, must be emphasized in addressing the environmental
chaUenges of the twenty-first century. Governments are the primary agents in this process. whose actions are vital in
implementing United Nations environment-related instruments since Stockholm, institutional capacity-building and
strengthened international cooperation.

The private sector and the environment
11. The private sector has emerged as a global ::lctor that has a significant impact on environmental trends through its
investment and technology decisions. In this regard, Governments have a crucial role in creating an enabling
environment. The institutional and regulatory capacities of Governments to interact with the private sector should be
enhanced. A greater commitment by the private sector should be pursued to engender a new culture of environmental
accountability through the application of the polluter-pays principle, environmental performance indicators and
reporting, and the establishment of a precautionary approach in investment and technology decisions. This approach must
be linked to the development of cleaner and more resource efficient technolugies for a life-cycle economy and efforts to
facilitate the transfer of environmentally sound technologies.
12. The potentia' of the new economy to contribute to sustainable development should be further pursued, particularly in
the areas of information technology, biology and biotechnology. The ethical and social implications must be carefully
considered. There must be recognition of the public interest in knowledge related to biodiversity, including the interest of
indigenous and local communities. A corporate ethic guided by public interest should be promoted.
13. The Global Compact established by the Secretary-General of the United Nations with the private sector provides an
excellent vehicle for the development of a constructive engagement with the private sector. UNEP should continue to
enhance its engagement and collaboration with the private sector and consider the relation between foreign direct
investment and the environment, with a view to minimizing negative environmental implications.
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Civil society and the environment
14. Civil society plays a critically important role in addressing environmental issues. The role, capabilities and
involvement of civil society organizations has seen a substantial increase over recent years, which highlights the need for
national Governments and for UNEP and international organizations to enhance the engagement of these organizations in
their work on environmental matters.
15. Civil society has found new and effective modes of expression of popular sentiments and concerns. It provides a
powerful agent for promoting shared environmental purpose and values. Civil society plays an important role in bringing
emerging environmental issues to the attention of policy makers, raising public awareness, promoting innovative ideas
and approaches, and promoting transparency as well as non-corrupt activities in environmental decision-making.
16. The role of civil society at all levels should be strengthened through freedom of access to environmental information
to all, broad participation in environmental decision-making, as well as access to justice on environmental issues.
Governments should promote conditions to facilitate the ability of all parts of society to have a voice and to play an
active role in creating a sustainable future.
17. Science provides the basis for environmental decision-making. There is a need for intensified research, fuller
engagement of the scientific conununity and increased scientific cooperation on emerging environmental issues, as well
as improved avenues for communication between the scientific community, decision makers and other stakeholders.
18. We must pay special attention to threats to cultural diversity and traditional knowledge, in particular of indigenous
and local communities, which may be posed by globalization. In this context we welcome the proclamation by the United
Nations General Assembly of the year 2001 as the International Year of Dialogue among Civilizations.
19. Greater emphasis must be given to the gender perspective in decision-making concerning the management of the
environment and natural resources.
20. There is a need for independent and objective media at all levels in enhancing awareness and developing shared
environmental values in global society. The media can serve the cause of sustainable development by identifying
emerging issues. awareness-raising and promoting appropriate action.

The 2002 review of UNCED
21. The 2002 review of the implementation of the outcome of the United Nations Conference on Environment and
Development (UNCED) should be undertaken by an international conference at the summit level. The objective should
not be to renegotiate Agenda 21. which remains valid, but to inject a new spirit of cooperation and urgency based on
agreed actions in the common quest for sustainable development. In this regard. the ratification of all environmental
conventions and protocols, in particular those related to climate, desertification. biosafety and chemicals, should be
urgently pursued by Governments.
22. Governments and UNEP have to playa major role in the preparation for the 2002 review of UNCED at the regional
and global levels and ensure that the environmental dimension of sustainable development is fully considered. on the
basis of a broad assessment of the state of the global environment. The preparations for the conference should be
accelerated.
23. The 2002 conference should aim at addressing the major challenges to sustainable development, and in particular the
pervasive effects of the burden of poverty on a large proportion of the Earth's inhabitants, counterpoised against
excessive and wasteful consumption and inefficient resource use that perpetuate the vicious circle of environmental
degradation and increasing poverty.
24. The 2002 conference should review the requirements for a greatly strengthened institutional structure for
international environmental governance based on an assessment of future needs for an institutional architecture that has
the capacity to effectively address wide-ranging environmental threats in a globalizing world. UNEP's role in this regard
should be strengthened and its financial base broadened and made more predictable.

Conclusion
25. At the dawn of this new century, we have at our disposal the human and material resources to achieve sustainable
development. not as an abstract concept but as a concrete reality. The unprecedented developments in production and
information technologies, the emergence of a younger generation with a clear sense of optimism. solidarity and values,
women increasingly aware and with an enhanced and active role in society - all point to the emergence of a new
consciousness. We can decrease poverty by half by 2015 without degrading the environment, we can ensure
environmental security through early warning. we can better integrate environmental consideration in economic policy,
we can better coordinate legal instruments and we can realize a vision of a world without slums. We commit ourselves to
realizing this common viSIon.

• Adopted by the Global Ministerial Environment Forum
• Sixth Special Session of the Governing Council of the
• United Nations Environment Programme
• Fifth plenary meeting
• 31 May 2000
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SUMMARY OF THE NAIROBI DECLARATION

The Nairobi Declaration was agreed by ministers of the environment and heads of delegation attending the nineteenth
session of the Governing Council held during January and February 1997. The declaration defining the future role and
mandate of UNEP was endorsed by the special session of the United Nations General Assembly held in New York in
June 1997.
The Heads of Delegation declare:

• That the United Nations Environment Programme has been and should continue to he the
principal United Nations body in the field of the environment and that we, the ministers of the
environment and heads of delegation attending the nineteenth session of the Governing
Council, are determined to play a stronger role in the implementation of the goals and
objectives of the United Nations Environment Programme;

• That the role of the United Nations Environment Programme is to be the leading global
environmental authority that sets the global environmental agenda, that promotes the coherent
implementation of the environmental dimension of sustainable development within the United
Nations system and that serves as an authoritative advocate for the global environment.

UNEP On Action
Early Warning and Assessment
Formulating effective global. regional and national policies on the environment requires the assessment capability to
make accurate, long-term projections of global trends and their interactions in areas such as economics, population,
natural resources and environmental quality. It also requires a structure to link the results of such projections to decision
making. The early warning and assessment function brings better information into the decision-making process in order
to link analysis with decisions and to obtain the best available description of the implications of policy choices. Early
warning and assessment gives substance to the ecological insight that "everything is connected".
UNEP's Division of Early Warning and Assessment (DEWA) performs these key functions with a view to stimulating
new policies, environmental management practices and assessments based on credible, scientifically sound
methodologies. It also develops new indicators and indexes to alert the global community to trends in critical and
emerging environmental issues.

GLOBAL ENVIRONMENT OUTLOOK
The Global Environment Outlook (GEO) process and report series relies on a network of collaborating centres, advisory
groups, scientists and policy makers and linkages with other UN bodies. The main output of the process is the GEO
report series, which aims to reflect the hest information and perspectives available on the global environment. Following
the launch of UNEP's second Global Environment Outlook Report (GEO-2ooo) in 1999, GEO-2ooo has been published
in Arabic, Chinese, French, Russian and Spanish. Preparation of associated GEO products has continued, and includes a
CD-ROM; Regional Environment Outlook reports-for Latin America and the Caribbean and West Asia; technical reports
on data, acidification and eutrophication, Multilateral Environmental Agreements (MEAs), emerging issues, and
alternative policy studies for Asia and the Pacific, Europe and West Asia; a Training Manual; Capacity Building Jar
Integrated Environmental Assessment and Reporting, in English, French and Spanish; Pachamama (GEO for Youth)
Teacher's Guide; a GEO Prospectus, and a newsletter.
Considerable progress has been made on the production of the third Global Environment Outlook Report (GEO-3), which
will he published in early 2002, in advance of (he next Earth Summit. GEO-3 will contain four chapters: Chapter One:
Introduction, Chapter Two: Integrated state of the environment policy retrospective 1972-2002, Chapter Three : Outlook
2002-2032 and Chapter Four: Synthesis and Recommendations. Activities in 2000 have focused on the development of
methodological frameworks and inputs for Chapters Two and Three. Capacity building activities, which are also an
important component of the OED process. have continued in all regions throughout the year.
A GEO user profile and qualitative analysis of the use of GEO reports and the GEO process has heen prepared, and
indicates that GEO reports are reaching decision makers - the report's intended audience.

AFRICAN ENVIRONMENT OUTLOOK
The Eighth Session of the African Ministerial Conference on the Environment (AMCEN) in Abuja, Nigeria in April
2000 called upon UNEP to produce a comprehensive report on the slate of the environment in Africa, under the title
AJrican Environment Outlook. Modeled as a GEO-type integrated retrospective assessment of the state of the
environment in Africa, the report will include policy responses since 1972, a chapter on emerging issues, and a forward
looking, scenario-based analysis linking major issues to policy measures, to reveal hest policy options. This report will
he based on the inputs heing produced by the African GEO collaborating centres for GEO-3, which are under
development, and supplemented with specialist inputs to fill gaps and respond to specific needs. The report will he
launched at the next AMCEN session, to he held in Kampala, Uganda, in April 2002.
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UNEP.Net
Enabling access to global environmental data and information
DEWA has embarked on the development of UNEP.Net to ensure beller public access to environmental information,
while supporting environmental assessment for well~informed decision-making. UNEP.Net is a web-based interactive
catalogue and multifaceted portal that offers access to environmentally relevant geographic, textual and pictorial
information. It also provides a platform for UN national focal points, UNEP partners and collaborating institutions and
centres, e.g. GEO collaborating centres, national consortia, the Global Environmental Information Exchange Network
(INFOTERRA), and the Global Resource Information Database (GRID) to share among themselves and with the public
the environmental information they possess. The design of UNEP.Net will support global reporting processes and ensure
that these processes are mutually supportive. UNEP.Net, which will be launched at the twenty-first session of UNEP's
Governing Council in February 2001, is the result of a partnership with two leading players from the private sector in the
field of environment information: Environment Systems Research Institute (ESRI) and National Geographic.

The World Conservation Monitoring Centre
The UNEP-World Conservation Monitoring Centre (UNEP-WCMC) was established in June 2000 as the key
biodiversity assessment centre of the United Nations Environment Programme. The Centre's roots go back to 1979
when mCN established a Cambridge office to monitor endangered species. In 1988, the independent, non-profit World
Conservation Monitoring Centre was founded jointly by mCN, WWF and UNEP. UNEP-WCMC's over-arching
objective is to provide biodiversity related assessment, information and training services to assist governments and
organizations to implement policies and action plans to reverse the loss of species and ecosystems.
Working in concert with UNEP, the Centre will be able to expand and emphasize its role in advice, technical assistance
and training, especially in developing countries.

World Resources 2000 - 2001
People and Ecosysrems
The Fraying Web oflife

World Resources 2000-200] was produced by the World Resources Institute in collaboration with the United Nations
Development Programme, the United Nations Environment Programme, and'the World Bank.
Human demands on ecosystems have never been greater and yet these demands are likely to increase dramatically,
especially in developing countries, as rising populations mean more and more people are seeking belter lives. Human
intervention in ecosystems is evident everywhere, yet so little has been done to protect them. The challenge for the 21st
century is to reconcile the demands of human development with the tolerances of nalure. The latest edition of the World
Resomces Report enhances understanding of the vulnerabilities and resilience of ecosystems. The book sounds the alarm
bell and warns that we must recognize "thaI the well-being of people and ecosystems is interwoven and that the fabric is
fraying".
The Report makes clear that the capacity of ecosystems to produce goods and services, ranging from food to clear water,
is fundamentally important for meeting human needs and, ultimately, influencing the development prospects of nations.
It calls for new trends in managing the world's critical resources and calls on us to:

• Tackle the information gap;
• Engage in public dialogue on goals, policies, and trade-offs;
• Recognize the value of ecosystems services; and
• Involve local committees in managing ecosystems.

Comprehensive current data and indicators in more than 150 countries also make the World Resources data tables an
invaluable reference for environmental research and decision making.

Policy Development and Law
Policy analysis. review and development, and law are central to the work of the United Nations Environment
Programme. The quality, success and acceptance of UNEP's policies are a major determinant of its prestige within the
United Nations system and the global community. The standards for judging the quality of policies are efficiency,
effectiveness and equity. At the same time there are standards for judging the processes of policy making - such as
participation, procedural fairness and predictability in delivery. The challenge before the Division of Policy Development
and Law (DPDL) is to promote constructive and structured dialogue on strategic policy issues, while drawing on the
creativity and expertise of a range of UNEP divisions while working towards common corporate objectives.
This can be seen in the policy inputs that the Division provided to various important initiatives taken by other divisions 
such as the start-up process for Global Environment Outlook - 3 (GEO-3), the Regional Seas Programmes, the Global
Programme of Action, the implementation of the Convention to Combat Desertification, the process of regionalization,
with support to Africa as a concentration area in the current biennium and its assistance to the Balkans Task Force, and
the Guinea Assessment of the enviromnental impact on the refugee influx from Sierra Leone and Liberia.

The new policy direction. as identified by the United Nations Task Force on Environment and Human Settlements. was
widely endorsed by the General Assembly in its resolution 531242 of 28 July 1999. During the period under review, areas
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of priority action have been the development of terms of reference for the Environment Management Group (EMG), the
nomination of focal points and the preparation of the issue papers for discussion by the EMG. The period also saw an
active involvement of DPDL in the preparation of the first Global Ministerial Environment Forum in Malm5, Sweden.
The impetus provided by the Malmo Declaration can be seen in the various activities of the Division during the year.
The year 2000 was a milestone in the development of international environmental Jaw. There was a move towards the
development of policy instruments to reflect the concerns of the developing countries and countries with economies in
transition. There was a focus in making environment·related legal instruments and social, economic and trade
instruments mutually supportive.
This resulted in the further development of UNEP's long-term strategic programme on environmental law through the
adoption of the Montevideo Programme Ill. DPDL furthered the development of international environmental agreements
of a binding and non-binding nature. It provided strategic support to the UNEP-wide efforts which culminated with the
adoption of the Malmo Declaration. the start of the implementation of the Rotterdam Convention on Prior Informed
Consent (PIC) for certain hazardous chemicals and pesticides in international trade, and in the finalization and expected
adoption next year of an International Legally Binding Instrument for Implementing International Action on certain
persistent organic pollutants. DPDL also assisted in the development of an Association of South East Asian Nations
(ASEAN) Agreement on Transboundary Haze Pollution and in the negotiation of a draft framework convention on the
protection of the marine environment of the Caspian Sea.
DPDL provided legal advisory services to developing countries and countries with economies in transition such as
Antigua and Barbuda. the Philippines, Sri Lanka. South Korea. Armenia, Kazakhstan. Turkmenistan, Peru and Ghana to
develop national environmental legislation and institutions. It also assisted Antigua and Barbuda, Oman, Nigeria.
Rwanda and Suriname in the harmonization and development of their environmental laws.
DPDL enhanced its consultations and dialogue with the NGO community and civil society to build synergy between
environmental policy and social and economic development policies.
In recognition of the complexity of water issues, and the linkage between freshwater basins and coastal and marine
environments, the UNEP water policy has undergone a critical review. Instead of its traditional sectoral approach to
environmental issues, the new UNEP water policy sets goals that cut across sectoral and administrative boundaries (see
box). UNEP also contributed to the second World Water Forum through substantive inputs to the preparations and
conduct of the Forum which was held in The Hague in March 2000.
DPDL embarked on a review and analysis of sustainable land use, including soil management. Particular attention is
being accorded to interlinlcages between the UNEP policy elements relating to land, water. climate. biodiversity,
industry, chemicals, technology, legal, economic and other instruments.
During 1999, as an active representative of UNEP within the Inter-agency Task Force on Forests. DPDL continued to
facilitate the implementation of proposals of the Intergovernmental Panel on ForestslIntergovernmental Forum on Forests
(IPFIIFF). It participated actively in the fourth session of IFF (January-February 2000). A UNEP position paper on
forest-related issues was prepared in March 2000.
The Joint UNEPlHabitat (UNCHS) unit initiated the process of developing a UNEP urban environment policy and
strategy that will provide a framework for collaborative work with UNCHS and other relevant parties. The joint unit also
initiated several consultative meetings such as the follow-up on the UNEPlHabitatlShenyang Memorandum of
Understanding. the Sustainable Cities Programme and the Urban Environment Forum meetings in October 2000.
DPDL organized five regional and thematic workshops in Africa to assist countries in the region to build national
capacities and policies on mitigation and adaptation to climate change. As a direct result of the above work by DPDL. a
number of countries finalized their first national communications to the United Nations Framework Convention on
Climate Change (UNFCCC). A Global project to develop methodological tools for developing countries in their
assessment of climate change impact "Assessments of impacts of and adaptation to climate change in multiple regions
and sectors in coordination with the Intergovernmental Panel on Climate Change (IPCC)" was approved by the GEF
Council. A climate change policy was developed in consultation with relevant UNEP divisions. An expert meeting on
Land use, Land-use Change and Forestry and Carbon sequestration was held in October in Nairobi. The experts
highlighted the various scientific and policy aspects of the issue from different perspectives.
A number of issues related to environmental policies and health as well as air pollution were addressed during events
held in Hanover, Gennany and Nairobi, Kenya.
Through the UNEP office in New York. the division played a crucial role in intergovernmental dialogue on environment
and development, notably within the framework of the United Nations General Assembly, Economic and Social Council
(ECOSOC), the Commission on Sustainable Development-8 (CSD-8) session on trade, land, forests and Rio + 10. The
office ably represented UNEP at landmark events such as the special session of the General Assembly on Women (June
2000) and the Millennium Summit. It ensured that the environment issues receive systematic and coordinated attention
at UN inter-agency meetings, most notably through the adoption by the Administrative Committee on Coordination
(ACe) of the terms of reference and cost-effective working methods for the Environmental Management Group. DPDL
also established an inter-agency liaison sub-unit in Geneva. Continued outreach efforts were made towards the private
sector through the greater involvement of the telecommunications sector.
The Resource Mobilization Unit (RMU) developed a draft strategy on resource mobilization for UNEP to achieve stable,
predictable and adequate funding. It facilitated resource mobilization contacts and negotiations with Governments. RMU
developed an electronic database of more than 50 project proposals for additional funding by donors. Projects were
formulated in close collaboration with programme divisions. RMU developed contacts with more than 70 non-traditional
donors (e.g. foundations, the private sector, service organizations). Through this process, contributions were generated
from about 30 non~traditiona) donors, including Toyota, Environmental Communication OperateslDynamic Digital



Network. Visual Arts Foundation and 24 Kenyan private companies, banks. etc. Agreements in support of various UNEP
activities and the organization of fundraising events or promotional campaigns were signed with Toyota and the Kenya
Television Network. In addition, contributions to UNEP from the public were obtained through sales of the UNEP
calendar and the donation form on UNEP's website.

Development and Periodic Review of Environmental Law
Montevideo Programme III

The draft Montevideo Programme III has been prepared through the meetings of high-level expert groups and the
Meeting of Senior Government Officials Expert in Environmental Law, held in Nairobi from 23 to 27 October 2000 with
the participation of 85 delegates. The new programme, the third UNEP long-term programme in environmental law, will
provide UNEP with strategic guidance in the field of environmental law for the first decade of the 21st century,
following the successful implementation of the Montevideo Programmes I and II. The draft Montevideo Programme III
consists of twenty programme areas. ranging from implementation. compliance and enforcement to military activities
and the environment, thus providing legal responses to major environmental challenges of the new millennium. It will be
submitted for adoption by the 21st session of the Governing Council in February 2001.

Earth and Faith
A book ofReflection for Action

UNEP launched Earth and Faith. A book of Ref/ection for Action in 2000. This publication is the result of nearly 14
years of work with the Interfaith Partnership for the Environment representing many faith communities. Born from a
dialogue between the scientific and faith communities, Earth and Faith compiles sacred words in homage to our Earth.
Against this backdrop, Earth and Faith reaffirms core teachings to inspire care for our natural world in order to engage
and mobilize people across borders, including across the borders of faith.
It explores the lessons that various faith traditions offer and provides accessible information on freshwater. oceans, coral
reefs, small islands, biological diversity, biotechnology, environmental justice, production and consumption patterns, as
well as globalization. .

Policy Implementation
In 2000. the Division of Environmental Policy implementation (PEPI) provided technical and advisory services to
partners around the globe and implemented capacity and institution building activities. It also developed and
implemented pilot projects and participated in the identification and dissemination of best practices. In addition to these
technical cooperation activities, the Division spearheaded UNEP's response to environmental emergencies, promoted the
enforcement of, and compliance with MEAs, and streamlined the implementation of the Global Programme of Action.

ENVIRONMENTAL EMERGENCIES
As part of the reform and revitalization process, UNEP focussed on emergency prevention, preparedness, assessment,
mitigation and response. UNEP, wilh other UN agencies active in the field of emergency assistance, especially with the
Office for the Coordination of HumanitaTian Affairs (OCHA) through the Joint UNEP/OCHA Environment Unit, played
an active role in environmental emergency response.
The UNEPIUNCHS (Habitat) Balkans Task Force conducted a feasibility study on the specific activities and technical
requirements at the four "hot spots" in the region and produced a project document for their clean up. UNEP, Habitat and
the Chinese Government jointly implemented a project on mitigation and management of floods in China and started a
vulnerability assessment for floods in the Yangtze River Basin. They also developed a project entitled Mitigation.
Management and Control of Aoods in South Asia. UNEP conducted post emergency assessments, 10 contribute to the
mitigation of the disasters as well as to preparedness for future disasters, in Albania, The former Yugoslav Republic of
Macedonia, Romania, Hungary and the Federal Republic of Yugoslavia (chemical spills), Venezuela, Mozambique (mud
slides, floods), Guinea (refugee impacts) and Kenya (drought).

ENFORCEMENT OF MULTILATERAL ENVIRONMENTAL AGREEMENTS

Through the specialized unit within UNEP on enforcement of and compliance with Multilateral Environmental
Agreements (MEAs), UNEP regularly updated and disseminated the database on national enforcement contacts and
distributed it to Governments. The development of draft framework guidelines on compliance with environmental
agreements and on enforcement and prevention of environmental crime continued to be a priority. The first meeting of
the intergovernmental Working Group of Experts on Compliance and Enforcement of Environmental Conventions,
expected to take place in April 2001, will discuss these guidelines. The guidelines will not be legally binding. They will



provide general guidance to countries in their efforts to improve on their compliance with and the enforcement of
environmental agreements and to prevent and combat environmental crime.
Atthe regional level, UNEP offered policy and advisory services to the Parties to the Lusaka Agreement on Cooperative
Enforcement Operations directed at Illegal Trade in Wild Fauna and Flora. In collaboration with the World Conservation
Union (IUCN) and the Organization of African Unity, UNEP initiated the process for the revision of the 1968 African
Convention for the Conservation of Nature and Natural Resources.

SUPPORT TO AFRICA
The UNEPIUNDPlDutch Joint Project on Environmental Law and Institutions in Africa has, since 1995, undertaken
institution building in the project countries by training national lawyers how to develop and enforce environmental law.
Phase II of the project, which began in 2000, focuses on institution building. Assessments have been carried out in four
countries, viz. Burkina Faso, Malawi, Mozambique and Uganda, to ascertain their needs. In April 2000, UNEP released
the Handbook on the Implementation of Convenrions Related to Biological Diversity in Africa. Tbe handbook will
enhance the implementation of the conventions through national laws, facilitate harmonization of the modalities of
implementation of the conventions and offer analogies which could be replicated in other regions of the world.
With respect to biological and genetic resources, UNEP worked jointly with the International Plant Genetic Resources
Institute in order to develop appropriate conservation strategies on African forest species and the sustainable use of forest
genetic resources in three countries.

IMPLEMENTATION OF THE GLOBAL PROGRAMME OF ACTION
The major threats to tlte health, productivlt)" and biodiversity of the marine environment result from human activities on
land. Some 80% of the pollution load in the oceans originates from land-based activities and includes municipal,
industrial and agricultural waste and run-off. as well as atmospheric deposition.
The year 2000 saw the completion of the first phase of the implementation of the Global Programme of Action for the
Protection of the Marine Environment from Land-based Activities (GPA).
This included the preparation of ten regional assessments and nine regional programmes of action on land-based
activities. These assessments were the basis of two global assessment reports which focussed on the state of the marine
environment and on land-based sources and activities affecting the quality and uses of the marine, coastal and associated
freshwater environment. The activities of the GPA clearing-house mechanism continue to expand with the development
of the pollutant source categories nodes by the relevant UN agencies and of regional prototype nodes in selected regions
of the Regional Seas Programme.
In cooperation with the World Health Organization, Habitat and the Water Supply and Sanitation Collaborative Council,
the GPA has prepared a strategic action plan on sewage. The purpose of this plan is to translate recommendations into
practical guidelines for local and regional decision-makers on appropriate and environmentally sound wastewater
management systems.
Preparations for the intergovernmental review on implementation of the GPA have begun, with focus on creating
partnerships, promoting binding and non-binding agreements among stakeholders and the use of iunovative financial
mechanisms for implementing the OPA. The review meeting will be hosted by the Government of Canada in November
200l.
The GPA has provided support to the Regional Seas Programmes in the implementation of existing Protocols. the
development of instruments on land-based activities as well as policy guidance on how to address municipal wastewater
through a Strategic Action Plan.

FRESHWATER
UNEP and Habitat are developing a concept for assessment of vulnerahility to flood impacts, based on the Expert
Working Group on the Yangtze River flood events and impacts and the South Asia flood mitigation and preparedness
project. The developed concept will be applied to the Yangtze River basin in China.
As part of the demonstration of the "Conceptual Framework and Planning Guidelines for Integrated Coastal Area and
River Basin Management" for the Cetina River Basin and associated coastal areas (Croatia and Bosnia-Herzegovina).
UNEP and the Priority Actiou Programme Regional Activity Centre of the Mediterranean Action Plan are developing a
study on economic development options and their impacts on natural resources and the environment.
UNEP is also developing a proposal for demonstration of the Integrated Coastal Area and River Basin Management to be
applied in some demonstration sites in Southeast Asia.
UNEP coBaborated with the World Commission on Dams in the preparation of the report Dams and Development: A naw
Frameworkfor Decision Making. Along with IUCN, UNEP also prepared a study on ecosystem impacts oflarge dams.



BEST PRACTICES AND SUCCESS STORIES

The Division of Environmental Policy Implementation has drawn up a framework on success stories and best practices as
a prelude to the creation of a UNEP-wide database on best practices. This will help cross-reference various initiatives and
facilitate reporting for information users. Collaboration has also been initiated with the World Overview of Conservation
Approaches and Technologies with a view to incorporating initiatives in soil and water conservation in the proposed
UNEP-wide database.
UNEP played an important role in the first Local Initiatives Awards run under the auspices of the International Council
for Local Environmental Initiatives (ICLEI). Given at a ceremony in Dessau, Germany, on 29 June 2000 during the
Cities21 World Congress, the best practices awards covered governance for sustainable development, land resources,
freshwater, atmospheric protection and waste
management.

GEF-FUNDED BIODIVERSITY ENABLING ACTIVITIES

DEPI has been implementing two projects on GEF funded Biodiversity Enabling Activities. These projects have a strong
capacity building component.

I) National Biodiversity Strategies and Action Plans

Under Phase II of Biodiversity Enabling Activities, which is currently under implementation, the GEF has approved
additional funding to assist countries to assess their capacity building needs in accordance with selected decisions of
the Conference of the Parties of the Convention on Biological Diversity. These cover assessment of capacity
building needs for:

bnplementation of general measures for in-situ and ex-situ conservation and sustainable use;
Methodologies to evaluate and mitigate specific threats to biodiversity components;
Biosafety initial assessment and monitoring programmes, including.taxonomy;
Conservation and sustainable use of biodiversity important for agriculture;
Access to genetic resources, benefit-sharing and formulation of mechanisms for these purposes; and
Preservation of biodiversity related knowledge of indigenous and local communities embodying traditional
lifestyles.

To date. this project has assisted over 27 countries in preparing their National Biodiversity Strategies and Action
Plans and First National Reports to the Conference of the Parties of the Convention on Biological Diversity.

2) Biodiversity Support Planning Programme

The programme was established to respond to needs recognized by the Parties to the CBD for strengthening national
capacity to prepare and implement National Biodiversity Strategies and Action Plans. Under this programme,
specialized information on biodiversity planning and issues related to the CBD is compiled and distributed to
national planning teams.

ENVIRONMENTAL EDUCATION AND TRAINING

In partnership with UNESCO, DEPI focussed on advisory and clearing-house services to governments. civil society
organizations. academia, schools and individuals. It provided advisory services on utilizing the African Learning Channel
of the US-based "World Space Foundation" for environmental education and training, particularly in remote areas of the
Mrican region. DEPI also advised the Kenya Organization of Environmental Education on the development of
guidelines on environmental action learning to institutionalize education and training as a component in the rehabilitation
of the Nairobi river. DEPI also participated in the joint UNEP/German Organization for Technical Cooperation (GTZ)
Workshop on Environmental Action Learning in Kaimosi Teachers' Training College, Vihiga District, Kenya, in
September 2000. The training of teacher trainers in Kaimosi developed new tools for in-service training of teachers in the
East and Southern Africa sub-region.

REGIONAL COOPERATION

The year 2000 saw a steady strengthening of the process of regionalization through the activities of the Division of
Regional Cooperation and Representation (DRCR). The Regional Office for North America was established in
Washington with the inauguration of its premises in October. New liaison offices were established in Brussels and
Moscow and the intention to open one in Addis Ababa was announced. There is increased hannonization of
environmental actions in all regions. This is the result of a focus on strengthened intergovernmental policy dialogue
through ministerial forums and increased regional and sub-regional cooperation. These developments are underpinned by



enhanced information exchange within regions and the building of public environmental awareness on environmental
issues.

Ministerial Forums

Four regions hosted sessions of their ministerial forums during the year; - the Eighth Session of the African Ministerial
Conference on the Environment (AMCEN) in Abuja, the Twelfth Meeting of the Forum of Ministers of Latin America
and the Caribbean (LAC) (Barbados, March 2000), the Fourth Ministerial Conference on Environment and Development
in Asia and the Pacific (MCED) (Japan, September 2000) and the Twelfth Annual Meeting of the Council of Arab
Ministers Responsible for the Environment (CAMRE) (Cairo, November 2000). For twn of these processes, UNEP
serves as the secretariat, while in Asia and the Pacific UNEP is a key partner of the Economic Commission for Asia and
the Pacific (ESCAP) and the Asian Development Bank (ADB). In West Asia, UNEP is a partner of the League of Arab
States (LAS) which serves as the secretariat to CAMRE. UNEP was also a partner in preparatory meetings for the fifth
ministerial conference "'Environment for Europe".
The ministerial sessions of these forums decided on workplaces either to run over periods of several years as with
AMCEN whose action plan covers 2000 - 2004 and MCED with a Regional Action Programme for 2001 - 2005, or for
the year abead as in LAC and West Asia.

RIO +10

UNEP, working with the Economic Commission for Europe (ECE) prepared a European perspective towards regional
preparations for RIO +10 to synchronize with the "Environment for Europe" process. A regional mechanism has been
developed for West Asia, led by a joint secretariat of CAMRE, the Economic and Social Commission for West Asia
(ESCWA) and UNEP, through the Joint Committee on Environment and Development in the Arab Region (JCEDAR).
The LAC region has approved a regional work programme for the preparatory process for Rio+ 10 through the
Intersessional Committee of the Forum of Ministers of the Environment. Asia and the Pacific countries identified
preparations for RIO +10 as a priority objective to be coordinated through an inter-agency mechanism with a secretariat
runbyUNEP.

Subregional cooperation

Subregional partnerships ensure that regional programmes of work are developed that build on synergies and avoid
duplication, for example, in activities under the Global Programme of Action of the Protection of the Marine
Environment (GPA) and the Global Initiative on Water Assessment (GIWA).
Major Arab regional coordinating bodies - CAMRE, the Centre for Environment and Development in the Arab Region
and Europe (CEDARE), the Regional Organization for the Protection of the Marine Environment (ROPME) and the
body for the Protection of the Red Sea and Gulf of Aden (PERSGA) - forged new alliances. Work has begun through
the Gulf Collaborative Council secrerariat on a regional strategy to protect coastal reefs and on protocols to protect
biodiversity and establish protected areas in the marine areas covered by ROPME and PERSGA. The first of several
projected meetings on culture and the environment brought Islamic scholars from around the world to Jeddah in October
to address the links between environment and Islam.
In the Asia and the Pacific region new collaboration with the South Pacific Region Environment Programme (SPREP)
resulted in joint action on environmental education and awareness. With the Association of South Eastern Asian Nations
(ASEAN), there was cooperation in the formulation of a legal instrument on transboundary haze. UNEP was chosen as
the secretariat for the Acid Deposition Monitoring Network in East Asia. Collaboration between UNEP, the United
Nations Development Programme (UNDP), the ADB, national focal points and collaborating centres in the region is
developing a regional environmental action plan for Central Asia.
The Conference on Biodiversity in Europe (March 2000, Riga, Latvia) prepared for the sixth Conference of the Parties of
the Convention on Biological Diversity and made its implementation an integral part of the Pan-European Biological and
Landscape Diversity Strategy (PEBLDS). Eastern European countries began to receive advice and assistance on
implementing national biodiversity strategies. Negotiations on a Caspian marine environment protection convention
progressed well and specialized environmental management regimes for the Black Sea region, the Caucasus and the
Carpathian highlands are under consideration. The environmental impacts of the cyanide spill at Baia Mare, Romania,
into the Danube river system were assessed.
All regions had success in promoting environmental conventions, for example the 2000 Report on the status of
Multilateral Environmental Agreement (MEA) implementation in Europe. Considerable focus was also given to cleaner
production, for example in LAC and West Asia. In the Asia Pacific region, ten workshops took place on the Clean
Development Mechanism and a South Asian network on ozone depleting substances was established. A LAC meeting on
Climate Change provided the occasion for Governments, working through the Regional Network under the Montreal
Protocol, to share their respective positions on the issues involved.



EXCHANGING INFORMAnON

The increased communication possibilities available today are reflected in the growth of new means and outlets for
infonnation exchange such as the Geneva Environmental Network with its cyberc.fe. library. and regular film and video
presentations. The home pages were established or upgraded in all offices. Also in Europe. publications on consumption
patterns, transport and the environment and European soils were issued.

RAISING PUBLIC ENVIRONMENTAL AWARENESS

Raising awareness of the environment and of UNEP through liaison and representation continue to be major challenges
that can increase resources for action. The Regional Office for Europe has had notable success in resource mobilization
during the year and the new Regional Office for North America will add to UNEP strength in this area.
A major event was the establishment of the Zayed International Prize for the Environment. sponsored by the United Arab
Emirates and worth $ I million. the largest and most valuable environmental prize in the wurld. The jury will announce
the first winner in time for the Environment ZOOI Conference in Dubai.
Latin America remains the trial area for the UNEP Environmental Citizenship programme. In October. it was announced
that a new agreement bas been signed with the Metropolitan Technological University of Chile for the development of
environmental citizenship activities.
Other awareness raising activities of particular note included published materials on public participation in river basin
management in Europe. on the Baia Mare cyanide spill and on sustainable transport in Central and Eastern Europe;
publications in Arabic. such as a study on desertification and environmental guidelines for Arab children; as well as texts
in Spanish, including weekly bulletins of the Tierramerica newspaper supplement that is distributed to twelve
newspapers in the region.
Activities to raise the awareness of parliamentarians to environmental issues received added attention in the regions. for
exarnple~ assistance to the Assembly of Asia-Pacific Parliamentarian's conference that resulted in the Hyderabad
Declaration on Environmental Ethics and Public Education and UNEP's coordination of the Environmental Commission
ofPARLATINO (an association of Parliaments in the LAC region (Brazil, September ZOOO).
Outreach activities during the year yielded notable results. for example the Regional Youth Caucus for Asia and the
Pacific organized on the margins of the MCED meeting. and the expanded environmental education and training
activities in the Asia and the Pacific LAC region run through the Environmental Training Network. The Regional Office
for Europe was instrumental in establishing eight new national committees for UNEP, including in Kazakhstan and
Israel.

AFRICAN MINISTERIAL CONFERENCE ON THE ENVIRONMENT (AMCEN)

At its eighth session in Abuja. Nigeria. in April ZOOO. AMCEN took clear steps to strengthen itself - guiding and leading
Africa's participation in global negotiations. mobilizing support for sound environmental policy and providing a
framework for marshalling cooperation for the environment among African countries and United Nations organizations.
These changes were contained in the recommendations for policy and institutional change and a medium-term
programme for the next four years. The "Abuja Declaration" envisages the establishment of intersessional and inter
agency technical committees charged with the task of implementing the medium-term plan.
Meetings of AMCEN facilitated by UNEP also led to the fonnulation of common African positions for meetings of the
conventions on Climate Change, Desertification and the Montreal Protocol. African countries also focussed on emerging
environmental issues such as the hiosafety protocol and forest and woodland issues. In support to the Convention to
Combat Desertification. UNEP promoted discussion on resource mobilization. concentrating on opportunities for
financial synergies with other conventions and the potential for private sector involvement. UNEP facilitated the
implementation of the Montreal Protocol through meetings for anglophone and francophone countries and promoted
regional cooperation for the phasing-out of ozone-<lepleting substances.
A Cleaner Production roundtable and Workshop on Sustainable Consumption was hosted in Africa for the first time.
(Nairobi). aimed at addressing polluting production methods in a continent that has relatively little consumption. A
seminar of the Solar Energy Society, a pilot sustainable energy advisory facility and a programme for small private
sector energy companies addressed energy issues.
At the local level. there has been mucb interest in activities for the rehabilitation of the Nairobi River that will eventually
spread to cover the whole of the river basin.

Laying the foundation for sustainable African development In the 21st century

The choice of "Support to Africa" as an area of concentration by UNEP is built on an appreciation of the natural potential
of the continent. the challenges and opportunities which its development process presents and the foundation of
partnerships. UNEP has focussed on the overall enviromnental policy context and empowered the African governments.
the business sector and grassroots communities to participate in global multilateral negotiations to ensure that the African
perspective is taken into account. Regional and sub-regional dialogue on current and emerging environmental issues has



been encouraged. This has led to a substantive increase of UNEP projects in Africa and an ongoing reorganization of the
Regional Office for Africa. A new senior liaison post has been established in Addis Ababa to liaise with the Organization
of African Unity and the Economic Commission for Africa.

TECHNOWGY, INDUSTRY AND ECONOMICS

The Division of Technology, Industry and Economics (OTlEl continued its efforts to work as a catalyst and encourage
decision-makers in government, industry and business to develop and adopt environmentally sound policies, strategies,
practices and technologies. This involved raising awareness, building international consensus, codes of practice and
economic instruments, strengthening capabilities, exchanging information and initiating demonstration projects.
The implementation of the cleaner and safer production programme in all regions remained a high priority. A highlight
was the Sixth High-level Seminar on Cleaner Production, held in October in Montreal. Another key event was the first
Africa Roundtable on Cleaner Production and Sustainable Consumption, held in Nairobi in August. The Second High
level Seminar on Cleaner Production in the Mediterranean Region was held in Rome. Under the joint umbrella of UNEP
and UNlDO, new National Cleaner Production Centres became operative in Guatemala and Morocco. Publications in the
field included sector specific guides on cleaner production assessments of dairy, fish and meat processing. A special
issue of the Industry and Environment Review focussed on the sustainability of the agri-food industry.
OTIE expanded its Awareness and Preparedness for Emergencies at Local Level (APELL) programme to include India,
Jordan, Qatar and Thailand. Technical support was provided to the UNEP tearn in Romania following the cyanide spill
from the Baia Mare mine in February.
The Sustainable Consumption Programme worked with the Advertising Industry in determining the driving forces behind
consumption patterns. This involved identifying global influences (advertising, media, Information Technologies) and
developing the best ways to communicate the environmental message to consumers. OTIE contributed to the sustainable
consumplion debate through a series of evenls at EXPO 2000 in Hanover, Germany. The Africa Roundtable on Cleaner
Production and Sustainable Consumption also presented an opportunity to obtain a regional perspective and identify
training needs. Two global surveys were conducted, the Global Consumer Class research project and the Youth and
Sustainable Consumption research project, the latter undertaken with UNESCO and Consumers International. Enhancing
business involvement in sustainable consumption included focussing on strategies and tools such as life-cycle
assessment. An expert meeting on the subject was held in Paris in June. Sustainable consumption patterns were promoled
through partnerships with non-governmental bodies and UNEP's Youth Advisory Council.
DTIE activities included the development and operation of voluntary initiatives with various industries. The Financial
Institutions Initiative now includes 171 companies from over 45 countries that have signed its statement on the
environment and sustainable development. A highlight was the Fifth Annual International Roundtable Conference on
Finance and the Environment, hosted by Deutsche Bank in Frankfurt in November to discuss "Globalization and
Sustainable Development - Opportunities and Challenges for the Financial Services Sector". Under the Insurance
Industry Initialive, some 90 companies from 27 countries continued to be engaged in discussion of items such as global
climate change.
The Tour Operators Initiative for Sustainable Tourism Development, launched in Berlin in March, was developed in co
operation with over twenty tour operators, the World Tourism Organisation and UNESCO. Major operators and suppliers
of the global telecommunications market joined the development of a Global Telecom Initiative under the auspices of
UNEP and the ITU. Major automotive manufacturers have been hosted by DTIE in Paris in May to initiate
the creation of a forum for their sector. Other initiatives operated by D
TIE with fellow UN agencies and non-governmental partners were the Advertising and Communication Initiative, the
Sustainable Agri-food Production and Consumption Forum, the Offshore Oil and Gas Environment Forum, and the
Mineral Resources Forum.
To develop the dialogue with business and industry, whilst involving NGOs, DTIB held its annual consultation in
September with almost 50 industry associations. To catalyze environmental and sustainability reporting by cOmpanies.
UNEP co-produced two reports, The Life and Science Report and International Benchmark Survey of corporate
sustainability reporting. DTIB was an active participant in the Global Reporting Initiative (GRI), aimed at establishing a
permanent and standardized reporting process. The revised Sustainability Reporting Guidelines on Economic,
Environmental and Social Performance was released in June. The second OR! International Symposium was held in
Washington in November.
DTIE also assisted with the development of the Global Compact (see box). The Division cooperated with the
International Chamber of Commerce 10 promote national environmental awards to reward improvements in
environmental performance, especially of small and medium sized enterprises (SMEs). An international award ceremony
was held in Budapest in May. A calendar and guidebook that demonstrate how environmental achievements can be
translated into economic achievements have been launched subsequently.
The chemicals programme provided the interim secretariat for the Rotterdam Convention on the Prior Informed Consent
(PIC) Procedure, jointly with the FAO. It has also provided the secretariat for the negotiations of a global legally binding
instrument on persistent organic pollutants (POPs). The programme has been active in awareness raising about POPs,
national implementation of the Rotterdam Convention, identification of sources of dioxins and furans, and methodologies
to reduce and eliminate their release to the environment.
The chemicals programme expanded its activities in the areas of assessment and environmental information. This
included implementing a project co-financed by the GEF for regionally based assessment of persistenl toxic substances.
It initiated the establishment of a global POPs monitoring network. It continued its role as partner with the WHO and the



ILO in the International Programme on Chemical SafelY. It operated a clearinghouse of information on POPs and
maintained a global network of 431 government designated focal points. It participated in the Coordinating Group on
pollutant release and transfer registers of the Inter-Organization Programme for the Sound Management of Chemicals
(IOMC), and supported the development of national registers.

DTIE enhanced implementation of the Montreal Protocol through its eight regional networks of ozone officers from over
100 developing countries to monitor and promote compliance. Its OwnAction programme assisted countries with
economies in transition with policy and technical advice including organising, with Sweden and Finland, Ozone and
Climate Change Network Meetings for the Baltic states in June and October. The Energy programme also contributed to
addressing the climate change issue by promoting the use of renewable energy resources, increased end-use efficiency
and improvement of the overall management of energy systems. Its activities included starting a Sustainable Energy
Advisory Facility to provide policy advice to governments, and continuing a GEF-supported Investment Advisory
Facility that helps direct sustainable energy investments.
In the field of Economics, Trade and Finance, the Division launched a second round of country projects on "Trade
Liberalization and Environment" and on the "Selection, Design and Implementation of Economic Instruments for
Environmental Protection". These included fisheries projects in Argentina and Senegal, agricultural sector projects in
China, Ecuador and Nigeria, a forestry sector project in Tanzania and the Philippines, a mining sector project in Chile,
and a waste management project in Kenya. Another highlight was the launch of the UNEP-UNCTAD Capacity Building
Task Force on Trade, Environment and Development. The Economics and Trade Unit also organized expert workshops
in preparation of the UNEP Reference Manual on Integrated Assessment of Trade-Related Policies. It initiated a process
of policy dialogue between tbe trade and environment communities to enhance the mutual supportiveness of
environmental conventions and the WTO, through an ongoing series of structured meetings. Publications include the
Environmental and Natural Resource Accounting (ERA) Manual, developed with the UN Statistical Department.
The DTIE's International Environmental Tecbnology Centre (IETC) in Japan assisted developing countries and countries
with economies in transition to use environmentally sound technologies to address urban and freshwater basin
environmental problems. It continued its support to the Sustainable Cities Programme, I.e., Wuhan, China, on freshwater
management. Its information platform for databases on environmentally sound technologies, MaESTro, has been
expanded. Furthermore, DTIE in a strategic partnership with lhe GEF initiated The Sustainable Technologies
Alternatives Network to enhance improved knowledge management and information sharing for environmentally sound
decision-making and implementation of multilateral environmental agreements.
Activities in the African region included highlights such as the new African Rural Energy Enterprise Development
(AREED) Initiative. This initiative was designed to help set up private sector energy companies in Africa that are based
on renewable energy technologies and bring together financial institutions and NGOs. Workshops were held in
Botswana, Ghana, Mali, Senegal and Zambia. A renewable energy technology company start-up tool-kit was prepared.
The Division also worked closely with four African countries to assess the environmental impacts of their trade activities
and develop policy response packages. To support the use of the Internet to improve chemical safety in Africa, a project
was undertaken to provide national focal points with computer equipment and training.

The Global Compact
Shared values for the global market

At the World Economic Forum in January 1999, UN Secretary-General Kofi A. Annan challenged world business
leaders to "embrace and enact" the Global Compact. both in their individual corporate practices and by supporting
appropriate public policies. This Compact aims to engage the business community in an effort to advance basic values in
the fields of human rights, labour and environment.
The Global Compact was officially launched on 26 July 2000 in New York at a high-level meeting attended by top
executives of nearly 50 multinational corporations, members of labour and civil society organizations as well as UNEP's
Executive Director and the DTIE Director.
The Global Compact challenges individual corporations and representative business associations to support and enact a
set of nine core values within their sphere of influence. The three environment-related principles are taken from the Rio
Declaration of 1992. They require Business to:

support a precautionary approach to environmental challenges;
undertake initiatives 10 promote greater environmental responsibility; and
encourage the development and diffusion of environmentally friendly technologies.

UNEP is one of four key UN agencies involved in the Global Compact, along with the International Labour Organization
(ILO), the Office of the High Commissioner for Human Rights (OHCHR) and the United Nations Development
Programme (UNDP).
UNEP has a tradition of working closely with non-governmental organizations and partners from the privale sector. At
the sectoral level, companies have the opportunity to advance the Compact principles through the Voluntary Initiatives
that UNEP has undertaken.



See the Global Compact website at www.unglobalcompact.o.g

COMMUNICATING THE ENVIRONMENTAL MESSAGE

Communication lies at the very heart of UNEP's mandate. The Nairobi Declaration defining the role of UNEP
proclaimed as one of its core functions the promotion of "greater awareness (to) facilitate effective cooperation among all
sectors of society and actors involved in the implementation of the international environmental agenda". The United
Nations Secretary-General's Task Force on the reorientation of the United Nations public information activities urges
that the "communications functions be placed at the heart of the strategic management of the Organization". The
Communications and Public Information (CPI) branch implements a comprehensive information and public relations
strategy in support of UNEP's programmes and regional priorities.
The Executive Director's commitment to strengthen Nairobi as a United Nations centre on a par with other United
Nations offices in Geneva and Vienna had a significant impact on the work of CPI this year. One of the implications of
this commitment was the improvement of conference facilities so that Gigiri could stage major UN conferences. This led.
to a complete overhaul of the library facilities and the conversion of media offices in Nairobi to cater for the needs of the
large media presence at the eleventh meeting of the Conference of Parties to the Convention on International Trade in
Endangered Species and of the Convention on Biological Diversity (CBD) meetings in April and May respectively.
CPI was responsible for formulating the media strategy for these meetings and organizing press conferences and book
launches. Two major UNEP publications, Global Biodiversity - Earth's Living Resources in the 21st Century and the
Cultural and Spiritual Values of Biodiversity (see page 31), were launched during the CBD.
UNEP's First Global Environment Ministerial Forum in late May began with a "curtain raiser" video produced by CPI
on the environmental challenges of the 21st century. The video was distributed to all African and West Asian
environment ministries. This event, which was a precursor to the Millennium Summit and part of the Earth Summit 2002
preparations, attracted extensive media coverage.
On 5 June, under the theme ''2000 - The Environment Millennium - Time to Act", UNEP led the world in celebrating
World Environment Day (WED), involving more than 100 countries. The main event took place in Adelaide, Australia.
More than 120 events were organized throughout the country. UNEP's collaboration with Australia, and the participation
of the country's Prime Minister, RE. Mr. John Howard, the Environment Minister, Senator Robert Hill. and the Premier
of the State of South Australia. Mr. John Olsen, resulted in extensive media coverage. UNEP devoted considerable time
and effort to the production of the WED home page. This is the first WED on-line site in English and French with links
to more than 100 partners worldwide.
This year's Clean Up the World Campaign mobilized a record number of volunteers to remove garbage from waterways,
forests, streets and parks. This Campaign, held every year in September, involves millions of individuals in a global
effort to fight environmental degradation.
In October, UNEP appointed Ms. Tokiko Kato as its Special Envoy. Ms. Kato, one of Japan's best known folk singers,
will help raise awareness about the environment throughout Asia and the Pacific.
While UNEP brings "hot" environmental stories to the world's attention, as was the case with the depleted uranium
found in Kosovo in September. its public information campaigns are more educational. In 2000, UNEP's media services
have held a number of press conferences; issued more than 130 news releases; 60 information notes; speeches on behalf
of the Executive Director, and fed a constant stream of news nnto the Internet through UNEP's "Media Room" site.

UNEP and Youth

The International Children's Conference on the Environment in May in Britain demonstrated that the environment is of
pressing concern to people of all age groups. More than 700 children from HI countries participated in the conference
and their "challenges" to the world provided an important input to the Malmo Ministerial Forum. Media coverage in at
least 50 countries ensured wide coverage. A children's Global Environment Network, primarily Hoking schools and
community groups. was launched.
In the course of the year, UNEP and its Youth Advisory Council implemented a Youth and Sustainable Consumption
campaign in 17 countries. Activities undertaken included national forums, workshops and seminars and the development
of a youth handbook and video on sustainable consumption.
In August, the first ever "green" Olympic Games were held in Sydney. Australia. The Games made extensive use of the
environmental guidelines developed by the International Olympic Committee with UNEP's support. The Sydney
Olympics became an important milestone in efforts to make the Olympics and other major sports events environmentaIly
sensitive. A memorandum of understanding has been signed between UNEP and the Global Sports Alliance to promote
environmental considerations into the development of sports facilities and events.

Words and Images

Every year, about 20,000 people visit the UNEP Library and Documentation Centre in Nairobi. The library also
coordinates the United Nations site visits and these average about 40 a year. For the first half of 2000, the library was
closed following a decision to use the premises as a Press and Business Centre to service several large conferences. The
library staff continued to provide limited reference services (largely electronically). Recently, there have been moves to
make the UNEP library a common United Nations library for all UN agencies at the Nairobi duty station by 2001.

<:,



CPI has been tasked with presenting UNEP to the world in an eye-catching and interesting way through a complete re
design and update of existing electronic information. Efforts have also been made to ensure there is a common corporate
look to all sites. The success of this undertaking has been a vast increase in "hits" to UNEP's home page www.unep.org.
As the "publisher" for UNEP, CPI has continued to showcase UNEP's publications throughout the world, most notably
at major book fairs and exhibitions (Frankfurt, Harare, London, Geneva, Paris). Sales from publications have risen and
new projects undertaken with the proceeds. UNEP's state-of-the-environment report the Global Environment Outlook
2000 and its youth version Pachamama - Our Earth, Our Future have proved very popular. They have been reprinted
and have been translated into diverse languages (in addition to the six official UN languages). The use of the Internet has
not only boosted sales but has greatly improved the dissemination of free material. The ongoing centralization of the
publications stores at headquarters and partnership with UNEP distributor SMI in the United Kingdom has meant quicker
despatch of publications (free and priced), and has resulted in more sales. The UNEP catalogue is, for the first time,
available in print, on-line and in CD-ROM formats. The on-line bookshop at www.earthprint.com complements the
existing UNEP home page and allows global access to UNEP's work.
UNEP's publication, Our Planet, in print and on the World Wide Web at www.ourplanet.com. continues to reach a world
audience. The issues this year have been strategically pegged to conferences, i.e. the CITESICBD meetings, World
Environment Day and the Millennium Summit. The exponential growth in interest on the Internet means that global
readership potential is unlimited and "hits" to the Our Planet site - 250,000 to 270,000 per issue - confirm the ease of
electronic delivery. Indeed, readership of the magazine on the World Wide Web has increased 40% a year since
inception.
UNEP, through its partnership with the Television Trust for the Environment, continues to be a major supporter of the
production of "Earth Report", the weekly television programme devoted to sustainable development issues. Broadcast
nine times a week by BBC World to over 110 countries, the series is re-broadcast nationally in China (110 stations),
Europe, Australia, Asia and Latin America to its current cumulative audience of around 300 million. In 2001, through
strategic partnerships with Zee TV of India, a network of 15 broadcasters in Latin America and National Geographic
Television, this figure is expected to grow significantly.
In 2000, UNEP secured the cooperation of the Toyota Motor Corporation to support UNEP in sustaining the series until
June 2001. UNEP views "Earth Report" as its primary global public information vehicle in the run-up to the Earth
Summit in 2002.
This year, UNEP launched its third International Photographic Competition on the Environment entitled ''Focus on Your
World, 1999-2000" in celebration of the millennium change. The competition, sponsored by Canon, TIME, National
Geographic, Japan Airlines and the entire UN family, attracted entries from over 160 countries. The winning
photographs, capturing the diversity of the planet and its peoples, will be on show around the world in a series of
travelling exhibitions. To date the exhibit has been shown at the Louvre in Paris, at United Nations headquarters in New
York, in Dusseldorf in Germany, Ho Chi Min city in Viet Nam and in Yokohama and Tokyo in Japan.
UNEP's huge photo bank of more than 100,000 images from two previous photo competitions are stored in a photo
library in the UK. Some 2,700 images are available on the Internet at www.topfoto.co.uk.

GLOBAL 500 LAUREATES

Since the inception of this award scheme in 1987, 701 individuals and organizations, in both the adult and youth
categories, have been honoured.
In 2000, 14 individuals and organizations from 12 countries received the Global 500 award. The award winners are: the
Andyamathanha Nepabunna Community for being the first indigenous community in Australia to have voluntarily
declared more than 55.000 hectares of their traditional land as a protected area; Asbjom Bjorgvinsson of Iceland for
countering the commercial lobby to reestablish whaling and for having Iceland rejoin the International Whaling
Commission; Chimfun,hi Wildlife Orphanage of Zambia for rescuing wild chimpanzees threatened by poaching,
deforestation and the bushmeat trade; Chumbe island Coral Park in Tanzania for preserving a pristine coral island
ecosystem in an otherwise over-fished and over-exploited area; Chief Lnrry Philip Fontaine for helping the aboriginal
peoples of Canada address the issue of environmental degradation in their communities; Fuji Xerox Australia for
developing a recycled paper which reduces pressure on forest and waste; Robert Hager. a correspondent for NBC News
Network in the United States for alerting the American people to the environmental challenges facing the planet,
particularly global warming; the City of LAs Pinas in the Philippines for resolving environmental problems through
legislation and action; Dr. Reuben Americo Marti of Argentina for devising the City of Cordoba's first environmental
regulation, which established compulsory environment impact assessment; Mei Ng of Hong Kong, People's Republic of
China, for leading the fight against the illegal encroachment of country parks, the over-expansion of power plants, the
use of pesticides, air pollution and government maladminsitration; and Carlos de Prada, a journalist from Spain, for
bravely exposing environmental crimes.
The list of winners also included three laureates in the youth category, namely the Australian Trust for Conservation
Volunteers for managing a force of young volunteers in practical conservation projects; BUNDjugend of Germany for
achieving the Government's climate protection target in their schools within seven months instead of the seven-year
period set up by the Government; and the Globetree Foundntion for using theatre and drama to mobil ize young people
around the world to care for the environment.
To encourage individual and community action in defence of the environment, UNEP established two global
environmental awards: the UNEP Sasakawa Environment Prize and the Global 500 Roll of Honour for Environmental
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Achievement. These awards, granted every year for outstanding achievements in the protection. improvement and
management of the environment. are a tribute to success at the front line of environmental action.

The UNEP Sasakawa Environment Prize

The UNEP Sasakawa Environment Prize, worth US$200,000, is considered one of the most prestigious environmental
awards in the world.
The 2000 Prize was awarded to a noted French scientist and environmentalist, Dr. Michel Batisse. for his outstanding
contributions to the conservation of the earth·s natural resources. the protection of the terrestrial and marine environment
and the promotion of sustainable development.
Dr. Batisse is the architect and promoter of some of the most innovative environmental research and training
programmes conducted at the global and regional level.
One of his greatest contributions was the organization of the Man and Biosphere (MAB) Conference in Paris in 1968 - a
pioneering event, which paved the way for the 1972 Stockholm Conference and which advocated what would become
known as sustainable development. The MAB Conference resulted in the establishment of biosphere reserves where the
conservation of biological diversity is combined with research, monitoring and education. The global network of
biosphere reserves now comprises some 368 sites in 91 countries.
His experience was widely used in the preparation of the UNEP Conference on Desertification in 1977, and his
involvement in establishing a number of national centres, including the Jodhpur Desert Research Institute in India, the
Negev Desert Institute in Israel and the Egyptian Desert Institute, has greatly contributed to global research on arid lands.
Dr. Batisse is also the driving force behind the Mediterranean Blue Plan where all bordering countries and the European
Union cooperate towards sustainable development in this crucial region.

CONVENTIONS

Environmental conventions are not simply environmental plans or proposals, most are binding international
commitments with definite objectives concerning the integration of environmental protection and natural resource
management with socio-economic development. There is a growing recognition that while each instrument does stand on
its own. with its own defined objectives and commitments, there is an inherent relationship and mutual dependency
between them all. Operationally, there is a great deal of overlap among the instruments and they need common, shared or
coordinated institutions to turn their general requirements into action on the ground. These include coordination
mechanisms to ensure that the implementation of one convention enhances - or does not conniet with 
implementation of the others. All would benefit from sharing training methods and materials, and increasing the capacity
of grassroots groups to support the conventions at the local level. All require an information system, which could be
developed more cost-effectively if shared by the other instruments and other users.
Promoting collaboration among environmental conventions and related international agreements has been a priority for
the Division of EnvironmentaJ Conventions (DEC) in 2000. Many of its activities focused on strengthening interlinkages
in the work of Multilateral Environmental Agreements (MEAs).
Some far-reaching decisions on closer ties were taken at the second Global Meeting of Regional Seas Conventions and
Action Plans held at The Hague in July 1999. The meeting laid the blueprint for the revitalization of regional seas
conventions and proposed a closer collaboration between the regional seas conventions. the Convention on Biological
Diversity (CBD), and CITES. It also led to the twinning arrangement between the Baltic Marine Environment Protection
Commission and UNEP as the Secretariat of the Convention for the Protection, Management and Development of the
Marine and Coastal Environment of the Eastern African Region, which was signed in Malmu, Sweden on 30 May 2000.
The Division has been working on the development of a pilot project on the streamlining of national reporting of
biodiversity-related conventions. In a meeting at Cambridge, United Kingdom, in October 2000, guidelines and the
format for the streamlining were agreed upon. These will help countries establish efficient and effective national
mechanisms for meeting their reporting requirements under conventions.
DEC has initiated a pioneering activity to develop a harmonized customs code system for Multilateral Environmental
Agreements (MEAs). which will bring together disparate conventions that are linked by shared operational concerns.
UNEP has commenced preparations in collaboration with the World Customs Organization for a meeting to be held
shortly after UNEP's Governing Council in 2001 on the need to develop a harmonized customs code system.
The Division's work on the preparation of the Millennium Ecosystem Assessment (see page 6). which IS designed to
improve the management of the world's ecosystems will also cater to the specific requirements of three ecosystem
related conventions: CBD, the Ramsar Convention on Wetlands and the United Nations Convention on Combating
Desertification.
The Third Global Meeting of Regional Seas Conventions and Action Plans, which was held in Monaco in November
2000, expanded the focus to include the chemicals-related conventions as well.
The Divisions of Technology, Industry and Economics (DTIE) and Environmental Conventions (DEC) have worked
closely to organize a series of meetings addressing trade issues under MEAs. Meetings with selected environmental
conventions were held in Geneva on 19 June and 4 July 2000 to discuss potential synergies and mutual support of trade
and environment rules and institutions. These meetings contributed to the solidification of the positions of MEAs in their
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presentations to the Committee on Trade and Environment of the World Trade Organization (WTO) on 5 July. A
UNEPIWTO meeting was held in Geneva on 23 October on enhancing synergies and mutual support of Environmental
Conventions and World Trade Organization Secretariats. DEC and DTIE are working with the United Nations University
and the Massachusetts Institute of Technology (MIT) in the organization of the Expert Meeting on Global Accords:
Focusing on Linkages between the Ozone and Climate Change Conventions, which was held at MIT from 2 to 3
November 2000.
The Tropical Forest Canopy Programme (TFCP), established in 1990 hy UNEP and the Smithsonian Tropical Research
Institute, continues to be an area of priority. The Institute promotes research to address uncertainties in scientific
knowledge of relevance to the CBD, the United Nations Framework Convention on Climate Change and the Montreal
Protocol on the Protection of the Ozone Layer. Since 1999, the Programme has published more than 50 scientific papers
on canopy ecology, climate change, biodiversity and canopy-atmosphere gas exchange.

PROVIDING PROGRAMMATIC SUPPORT TO ENVIRONMENTAL CONVENTIONS

In 2000, the Division of Environment Conventions continued to actively support the negotiations of new legally binding
instruments. It is facilitating the on-going negotiations of a convention for the protection and sustainable development of
the marine and coastal area of the Northeast Pacific and the negotiation of a framework convention for the protection of
the marine environment of the Caspian Sea. DEC is also assisting in the revision of the Protocol Concerning Protected
Areas and Wild Fauna and Flora to the Convention for the Protection, Management and Development of the Marine and
Coastal Environment of the Eastern African Region (Nairobi Convention). DEC provided substantial programmatic and
logistical support to intergovernmental meetings of UNEP-administered MEAs.
Through its Information Unit on Conventions (ruC), and in collaboration with the Communications and Public
Infonnatian Branch, DEC provides support in the area of public awareness and information, including the provision of
media services, to environmental conventions. Its special outputs include the launch of the Basel Convention Website
(www.Basel.int) in October 1999 and the regional seas website (www.unep.chiseas/) in April 2000. The environmental
conventions website (www.unep.chiconventions/)waslaunchedinJuly2000.This year, UNEP published three issues of
Synergies, which disseminates information on collaboration among conventions. Published in English, French and
Spanish, Synergies can be accessed through the new UNEP website on environmental conventions.
DEC published the beginners guide Sustaining life on Earth: How the Convention on Biological Diversity promotes
nature and human well-being in April 2000. The guide was prepared jointly with the CBD Secretariat. The Division also
updated and reprinted in additional languages the Beginners Guide to the Climate Change Convention and its Kyoto
Protocol, plus the Climate Change Infonnation Kit.
Through the UNEP/GEF Pilot Biosafely Enabling Activity Project, DEC has been supporting developing countries and
countries with economies in transition to prepare effective national biosafety frameworks in the context of the Biosafety
Protocol, consistent with article 8 (g) of the Convention on Biological Diversity. Tbe Project's National Level
Component encompassed preparation of National Biosafely Frameworks using the UNEP International Technical
Guidelines for Safety in Biotechnology as a guide. Under the Global Level Component, eight Regional Workshops on
Biosafety were organized in Africa (Nairobi, Kenya), AsialPacific (New Delhi, India), CentrallEastern Europe (Bled,
Slovenia), and Latin America and the Caribbean (Havana, Cuba). The workshops covered capacity-building
requirements to enhance safety in biotechnology in respect of issues related to risk assessment and risk management of
Living Modified Organisms (LMOs), including their environmental impact assessment, for enhancement of biosafety.
They also addressed issues related to the transboundary transfer of LMOs, including appropriate mechanisms and
modalities for the supply and exchange of information.
UNEP and the World International Property Organization entered into an agreement to undertake a study of the role of
intellectual property rights in benefit sharing in respect of biological resources and associated traditional knowledge. The
case study section of the work was submitted at the Fifth Session of the Conference of the Parties to the Convention on
Biological Diversity held in Nairobi in May 2000. The experiences included in the case studies may provide lessons as to
how the effective protection of intellectual property rights can support the implementation of the Convention with respect
to the sharing of benefits arising from the use of biological diversity and associated traditional knowledge.
DEC is a key participant in the work of the CBDIUNESCO Consultative Group of Experts on Biological Education and
Public Awareness.
As a follow-up to the Second Global Meeting of Regional Seas Conventions and Action Plans (The Hague, 5-8 July
1999), strategic programmatic support was provided to the workplans of several regional seas conventions and action
plans, particularly in areas such as the Global Plan of Action (GPA), the International Coral Reef Initiative (lCR!) and
integrated coastal area management (lCAM), among others, that interface with the priorities of UNEP's programme of
work.

The Regional Seas Programme

One of the greatest UNEP achievements over the past decades has been its Regional Seas Programme, first launched in
1974. In its first major regional activity, UNEP brought together a task force of scientists and officials to shape a plan of
action for the Mediterranean, adopted in its final form at Barcelona in February, 1975.
Since then, 12 regional Action Plans have been established under UNEP auspices: the Black Sea, Caribbean, East Africa,
East Asia, the ROPME Sea Area (Kuwait region), Mediterranean, North-West Pacific, Red Sea and Gulf of Aden, South



Asia, South-East Pacific, South Pacific, and West and Central Africa. Plans for the North-East Pacific and the South
West Atlantic are in development and three similar independent"agreements amongst developed countries are in place in
the Baltic, Arctic, and North-East Atlantic. Altogether, more than 140 countries participate in at least one regional
Action Plan.
Environmental protection has proven to be a profoundly unifying issue. In region after region. from the Mediterranean to
Kuwait to the North-West Pacific, the pattern is repeated: countries that agree on little else can meet at the same table to
discuss how to protect their marine and coastal environment.
Perhaps just as remarkable have been the broad-based partnerships forged between dozens of international agencies,
often with additional support from the private sector and non-governmental organizations. Of the seventeen Regional
Seas and partner programmes, eleven are underpinned by conventions with their respective protocols.
These regional agreements have been extraordinarily effective in engaging governments in protecting the environment.
These regional conventions and action plans are comprehensive, covering issues ranging from chemical wastes and
coastal development to the conservation of marine animals and ecosystems. Their limited geographic focus enables them
to charmel the energies of a wide range of interest groups into solving what are, after all, a series of interlinked problems.

Cultural and Spiritual Values of Biodiversity
Respect for biological diversity implies respect for human diversity. Indeed, both elements are fundamental to stability
and durable peace on earth. The key to creating development that is sustainable and in harmony with the needs and
aspirations of each culture implies changing patterns that render invisible the lives and perspectives of those cultures. It
is the concern of many people that biodiversity must be appreciated in terms of human diversity, because different
cultures perceive and apprehend biodiversity in different ways as a consequence of their distinct heritages and
experiences.
The Cultural and Spiritual Values of Biodiversity publication, launched by UNEP in May 2000, is a review of the
diversity of human, social, cultural and spiritual values that have been accorded to biological diversity. Contributions
from around the world have submitted papers, stories, poems, case studies, photographs, drawings and lyrics which
contribute to the larger vision of the volume: that of highlighting the central importance of cultural and spiritual values
in an appreciation and preservation of aU life. Some of the articles are philosophical or historical, others are scientific or
legal, and some are accounts of personal experiences and beliefs. Taken together, the articles bring out the
multidimensional challenges that biodiversity conservation poses, not only to policy-makers and scientists, but to all of
us.

GLOBAL ENVIRONMENT FACILITY

The year has been an important milestone for UNEP's activities in the Global Environment Facility (GEF)I, in a role
that calls for UNEP to carry out environmental assessments and analyses and provide advice in shaping GEF priorities
and programmes. It is also a role that requires UNEP to help ensure the scientific underpinning of GEF activities, acting
as a catalyst and advocate for new directions in identifying large-scale environmental threats and proposing remedial
measures.
UNEP's work in the GEF over the past year encompassed project development and implementation, supporting the
Scientific and Technical Advisory Panel of the GEF, implementation of the activities under the Strategic Partnerships
with the GEF Secretariat and outreach activities. In addition, UNEP's work has entailed contributing to GEF corporate
activities such as the GEF's policy and overall strategy development, programme planning in the GEF focal areas,
monitoring and evaluation, and contributions to budgetary and financial matters.
The year's activities brought the size of the overall UNEP GEF funded project portfolio to a lotal of $ 286 million in
GEF funding of which $ 119 million was approved by the GEF in this last biennium, a 42% increase in approved project
funding.
A number of strategic projects were approved by the GEF, which will assist countries in identifying those· environmental
issues that require priority interventions: the Regionally based Assessment of Persistent Toxic Substances, the Global
Millennium Ecosystem Assessment; a facility for developing solar and wind resource assessments in pilot sites across the
world; and a preparatory phase for a global drylands land degradation assessment.
Strategic projects with the private sector were also undertaken to promote private sector involvement in global
environmental problem solving. UNEP facilitated the development of a technology transfer clearing house mechanism
that would assist in redirecting investments to cleaner technologies.. It also developed a project to establish Monitoring
and Targeted Energy Service Companies (ESCOs), companies that will be able to generate their own profits from
providing targeted advice on energy efficiency.
Following the signature of the Biosafety Protocol, UNEP launched a second phase project to assist 100 countries develop
their National Biosafety Frameworks.
Another major achievement of UNEP included its work on climate change vulnerability and assessment. UNEP, with the
Inter-governmental Panel on Climate Change (IPCC), approved a project to assist requesting countries to assess their
vulnerability to climate change with the goal of identifying measures for adaptation.
During the period, UNEP consolidated a portfolio of seven activities relating to Persistent Organic Pollutants (POPs)
ranging from activities such as regional and national assessments of management needs. to more focused activities
dealing with DDT phase out and reduction of pesticide use in intensive agriculture.
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The period saw project development on flyway approaches to ecosystem conservation of habitats required by migratory
species. This support to the implementation of country priorities under the Convention on Migratory Species (CMS) will
lead to projects that identify flyways required by migratory species and demonstration activities on conservation of
required habitats.
The year 2000 saw the inauguration of the Global International Waters Assessment and the development of the prototype
of the Millennium Ecosystem Assessment. It saw the implementation of the activities under the UNEP GEF Stralegic
Partnership. a $ 2 million grant where activities relating to environmental analyses. outreach to the scientific community
and global environmental knowledge and data management were completed. There was also an increased emphasis on
actions in Africa in support of the Special Initiative for Africa on Land and Water. inducting increased intervention on
land degradation as this is a major concern for African countries.
Finally, the Scientific and Technical Advisory Panel (STAP), for which UNEP provides secretariat support, offered
strategic support for "new" areas of intervention. providing scientific and technical advice on issues ranging from
biosafety and sustainable use to power sector reform.

1 The GEF is a joint partnership between UNEP, thc United Nations Development Programme (UNDP) and the
World Bank to forge international co-operation and finance actions to address biodiversity loss, climate change.
international waters, and ozone depletion wirhin the framework of sustainable development.
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C. CONFERENCE PRESENTAnONS, RFSEARCH AND STUDIES

ANNEXC.l

Opening address by Letitia A. Obeng, Sector Manager, Urban and Water Sector, West and Central Africa, the World
Bank

Clean Air Initiative in sub·Saharan African Cities
Regional Conference on phasing·out leaded gasoline
Dakar, Senegal-June 26-28, 2001

Honorable Ministers,
Delegates,
Ladies and Gentlemen,

It is my great pleasure to address this regional conference on phasing-out leaded gasoline in sub-Saharan Africa. It is the
first, but I sincerely hope that it will not be the last. I would like to share with you a few thoughts about the subject we
are about to spend the next couple of days on - working together to help Sub-Saharan Africa become lead free. Let me
start by asking basic questions.
Why does the presence of lead in gasoline matter?
Studies have clearly demonstrated that in developing countries, most of the lead in the environment comes from
vehicular emissions: vehicle traffic is the largest source of lead exposure in urban areas. I am sure that we have all heard
the statistics on how quickly the continent of Africa is urbanizing. Conservative estimates are that by 2025, half of the
people living on this continent will be living in urban areas. This rapid urbanization and associated motorization in sub
Saharan Africa together mean that the problems we are seeing with air pollution are going to get worse much sooner than
later, unless something is done.
Lead affects our health, damaging organs and having a negative impact on children's intelligence. Those the most
affected are the people who work, live or play in the streets, especially school children. Comprehensive research carried
out in Dakar in 1999 confirms the devastating impact of lead generated by traffic on children. We will hear more about
this later on during the conference.
Lead pollutinn is a silent threat to life, and it has to be stopped.
Who can do this? We, as an international community, we, as development banks, we as national and local authorities, we
as the oil industry, as research agencies, NGDs, private sector... We as human beings working tngether, each bringing to
the table our own strengths and skills, can work together to remove the silent threat of lead from Africa. What do we
need to do to succeed in phasing lead our from gasoline in the only continent in the world which still uses leaded fuel?
Perhaps we can learn from other experiences around the world. What have we learned from the Thailand's and Costa
Rica's? First and foremost, bUilding partnership and a comprebensive consensus through cross-sectoral dialogue, is
essential. Second, public information, awareness raising and education are key. Third, such a program to requires a
realistic schedule, deadlines and milestones along the way that are clearly defined for all the different partners to work
towards. Finally appropriate regulation as well as price and fiscal incentives can have a major impact on the task of
reaching the milestones in a timely way.
Doubles partners in a tennis game each contribute their particular strengths to the team. A successful soccer tea!D, has all
its players working together in partnership, each one has an important role to play. Today we are about to establish a
new team or partnership in which all skills represented bere will have a key role to play. As we begin to apply the four
lessons above, we will begin to grow into a formidable tearn to achieve our objective.
The World Bank is ready to be a part of this partnership or tearn. What role can we play and how can we contribute to

achieving the objective of lead free gasoline and reduced lead pollution in Africa? In this kind of partnership, the Bank
can be a facilitator and a catalyst, assisting Governments: to determine the level of priority assigned to the reduction of
exposure to lead; design and adopt appropriate reform and policies to support the phase-out of leaded gasoline and;
facilitate the implementation of related policies. The Urban Mobility Project in Senegal is facilitating reform of the
petrochemical sector and is beginning to demonstrate how to work in parmership nn this kind of reform.
I would also like to take this opportunity to acknowledge and to express our appreciation of the constructive cooperation
already built with the oil industry, which has allowed us point, and for their co-sponsorship on the organization of this
conference.
I would like to stress the fact every person in this large multidisciplinary group of participants can add value to the work
ahead. To succeed, we need the expertise, knowledge and willingness of every single stakeholder African and non
African. This conference is the opportunity to launch AFRICACLEAN, the network of African experts in the field of air
pollution. By growing in numbers and more importantly in experience, such a network is expected to disseminate
messages, reinforce local and regional capacity and cooperate in building a betler futore for African cities. I would like
to be able, 10 years or maybe even 5 years from now, to look back and see the beginning of the lead-free program



"AFRICACLEAN'. I would hope to see that the program has succeeded because of a strong network of dedicated
professionals and partners were determined to realize the dream of a lead-free life.
This brings me to my final comment: the Clean Air Initiative in Sul>-Saharan African Cities was launched by the World
Bank Group in 1998 in partnership many of those represented here today - their common concern -the growing negative
impact of air pollution generated by motorized transport. Phasing-oulleaded gasoline will be a significant contribution
the work of this initiative, which in turn is linked to others such as the SSATP a long established and successful
partnership.
The way forward may be long and will require a careful combination of technical, regulatory, and institutional measures,
as well as financing. But we need to start today working regionally to make the cities in Africa "liveable" and just as
important "bankable", attractive to foreign direct investment, in support of sustainable development and economic
growth.
I sincerely hope that in the time here we will develop and share a common vision of a lead-free Africa and bringing our
individual and collective experiences to bear begin working together effectively towards making the vision a reality.
Thank you for your attention and I wish us all a productive and successful conference.



ANNEXC.2

Leaded Gasoline
An Overview of Environmental and Health Impacts

Dr. (Mr.) D. Schwela - WHO and Dr. (Ms.) J. Phoenix - NSC

INTRODUCTION

Since the introduction of tetraethyl lead as an antiknock agent in gasoline, vehicular lead has made an important
contribution to lead exposure in the general population, which together with other sources of lead emissions, has been
associated with adverse health effects in humans. Lead is considered as a pollutant that [s persistent in aU media of the
environment. Once absorbed in the human body it can remain in tissues and bones for long periods. Regulators in many
countries are now aware of the insidious consequences of cumulative low-level exposure to lead. most notably
decrements in neurobehavioral development of children. In many countries. lead has been or is being phased out as a
consequence of this appreciation. However, in countries that have not yet started phasing out lead as an antiknock agent,
most of the lead in the their environment originates still vehicular emissions. In those countries, the addition of
tetraalkyllead in motor fuels accounts for an estimated 80-90% of lead in ambient air, The degree of pollutJon from this
source differs from country to country, depending on motor vehicle density and efficiency of efforts to reduce the lead
content of petrol.
The present overview on the environmental and human health effects bases on reviews prepared by the World Health
Organization (WHO 1989; 1995; 2000) and a recent reports from Wadge (1999) and Romieu (1999),
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SOURCES OF HUMAN EXPOSURE

Atmospheric lead concentrations of 50 pglm' have been found in remote areas, In developed countries. where most
gasoline sold is unleaded, typical annual average concentrations are between 0.1 and 0.2 Cglro' in urban areas and between
0.01 and 0.05 Oglm' in rural parts. Higher annual average concentrations are tbund in the vicinity of industrial sites, ranging
between 0.2 and I lJglm'. Over the past 25 years, Jevels of airborne lead have fallen considerably as a result of progressive
reductions in the maximum permitted concentration of lead in gasoline and increased use of unleaded petrol. A typical
example of decrease of lead concentrations in at urban sites is presented in Figure 1,
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Figure 1: Comparison of national trend (USA) in the composite average of the maximum quarterly
lead concentrations at urban and point source oriented sites.
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Concentrations in excess of I glm3 are recorded in cities in developing countries which still heavily rely on leaded gasoline.

Background levels of lead in soil range hetween 10 and 70 mglkg and a mean leYei near roadways of 138 mg/kg has been
reported. Present levels of lead in water rarely exceed a few micrograms/litre; the natural concentration of lead in surface
water has been estimated to be 0.02 figlJitre.

ENVIROl'\MENTAL TRANSPORT, OISTRIBUTION AND TR-\NSFORMATION

Airborne lead can be deposited on soil and water, thus reaching humans through the food chain and in drinking-water.
Atmospheric lead is also a major source of lead in household dust.
The transport and distribution of lead from fixed. mobile and natural sources are primarily via air. Most lead emissions are
depo.ited near the .ource, although >ome particulate matter « 2 fim in diameter) is tran.ported over long distances and
results in the contamination of remote sites such as arctic glaciers. Airborne lead can contribute to human exposures by the
contamination of food, water and dust, as well as through direct inhalation. The removal of airborne lead is influenced by
atmospheric conditions and particulate size. L'U'ge amounts of lead may be discharged to soil and water. However. such
material tends to remain localized because of the poor solubility of lead compounds in water.
Lead deposited in water. whether from air or through run-off from soils. partitions rapidly between sediment and aqueous
phase. depending upon pH, salt content. and the: presence of organic chelating agents. Above pH 5.4, hard water may
contain about 30 fig lead/litre and soft water about 500 fig lead/litre. Vel)' little lead deposited on soil is transported to
surface or ground water except through erosion or geochemical wea1hering~ it is normally quite tightly bound (chelated) to
organic matter.

Environmental levels and human exposure

In the general non-smoking adult population. the major exposure pathway is from food, dust and water as shown in
Figure 2.
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Figure 2: Percentage of lead intake from food and other sources in two-year old infants and woman of child-bearing
age in the USA.

Airborne lend may contribute significantly to exposure, depending upon such factors as use of tobacco, occupation.
proximity to motorways. lead smelters, etc., and leisure activities (c.g., arts and crafts, firearm target practice). Food, air.
water and dust/soil are the major potential expa.ure pathways for infants and young children. For infants up to 4 or 5
months of age. air. milk. formulae and water are the significant sources of lead exposure.
Levels of lead found in air, food, water and saWdust vary widely throughout the world and depend upon the degree of
industrial development, urbanization and lifestyle factors. Ambient air levels over 10 llg/m' have been reported in urban
areas near a smelter. whereas lead levels below 0.2 llglm3 have been found in cities where leaded petrol is no longer used.
Lead intake from air can, therefore, val)' from less than 4 fig/day to more than 200 fig/day.
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Levels of lead in drinking-water sampled at the source are usually below 5 flgllitre. However, water taken from taps
(fuucets) in homes where lead is present in the plumbing can contain levels in excess of 100 flgllitre, particularly after the
water has been standing in the pipes for some hours.
The level of dietary exposure to lead depends upon many lifestyle factors, including foodstuffs consumed, processing
technology, use oflead solder, lead levels in water, and use oflead-glazed ceramics.

Health Effects of LEAD

In humans, lead can result in a wide range of biological effects depending upon the level and duration of exposure. Effects
at the subcellular level, as well as effects on the overall functioning of the body, have been noted and range from inhibition
of enzymes to the production of marked morphological changes and death, Such changes occur over a broad range of doses,
the developing human generally being more sensitive than the adult.
Lead has been shown to have effects on many biochemical processes; in particular, effects on haem synthesis have been
studied extensively. Increased levels of serum erythrocyte protoporphyrin and increased urinary excretion of
coproporphyrin and Ii-arninolaevulinic acid are observed when PbB concentrations are elevated. Inhibition of the enzymes
&-aminolaevulinic acid dehydratase and dihydrobiopterin reductase are observed at lower levels.
The effects of lead on the haemopoietic system result in decreased haemoglobin synthesis, and anaemia has been observed
in children at PbB concentrations above 1.92 flffiol/litre (40 f1g-'dl).
For neurological, metabolic and behavioural reasons, children are more vulnerable to the effects of lead than adults. Both
prospective and cross-sectional epidemiological studies have been conducted to assess the extent to which environmental
lead exposure affects CNS-based psychological functions. Lead has been shown to be associated with impaired
neurobehavioral functioning in children. These findings are illustrated in Figure 3 and Figure 4.
Impairment of psychological and neurobehavioral functions has been found after long-term lead exposure of workers.
Electrophysiological parameters have been shown to be useful indicators of sub clinical lead effects in the CNS.
Peripheral neuropathy has long been known to be caused by long-term high-level lead exposure at the workplace. Slowing
of nerve conduction velocity has been found at lower levels. These effects have often been found to be reversible after
cessation ofexposure, depending on the age and duration ofexposure.

A meta..analyals of mean blood lead and full-scale IQ
(mean changes and 950/D cont. Intervals)
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Figure 3: Estimated mean change in IQ for an increase in blood level from 0.48 to 096 pmol/litre (10 to 20 pg-'dl) in
prospective studies.
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Figure 4: Estimated mean cbange in IQ for an increase in blood level from 0.48 to 096 Melllitre (10 to 20 "gldl) in
cross-sectional studies.

The effect of lead on the heart is indirect and occurs via the autonomic nervous system; it has no direct effect on the
myocardium. The collective evidence from population studies in adults indicates very weak associations between PbB
concenttation and systolic or diastolic blood pressme. Given the difficulties of allowing for relevant confounding factors, a
causal relationship cannot be established from these studies. There is no evidence to suggest that any association of PbB
concentration with blood pressure is of major health importance.
Lead is known to cause proximal renal tubular damage, characterized by generalized aminoaciduria, hypophosphataemia
with relative hyperphosphaturia and glycosuria accompanied by nuclear inclusion bodies, mitochondrial changes and
cytomegaly of the proximal tubular epithelial cells. Tubular effects are noted after relatively short-term exposures and are
generally reversible, whereas sclerotic changes and interstitial fibrosis, resulting in decreased kidney function and possible
renal failure, require chronic exposure to high lead levels. Renal effects have recently been seen among the general
population when more sensitive indicators of function were measured.

The reproductive effects of lead in the male are limited to sperm morphology and count. In the female, some adverse
pregnancy outcomes have been attributed to lead.

Lead does not appear to have deleterious effects on skin, muscle or the immune system. Except in the case of the rat, lead
does not appear to be related to the development of tumours.

Evaluation of human health risks

Lead adversely affects several organs and organ systems, with subcellular changes and neurodevelopmenlal effects
appearing to be the most sensitive. An association between PbB level and hypertension (blood pressure) has been reported.
Lead produces a cascade of effects on the haem body pool and affects haem synthesis. However. some of these effects are
not considered adverse. Calcium homoeostasis is affected. thus interfering with other cellular processes.

a) The most substantial evidence from cross-sectional and prospective studies of populations with PbB levels generally
below 1.2 1Ul\0Vlitre (25 ~gldl) relates to decrements in intelligence quotient (IQ). It is important to note that such
observational studies cannot provide deftnitive evidence of a causal relationship with lead exposure. However. the size
of the apparent IQ effect, as assessed at4 years and above, is a deficit between 0 and 5 points (on a scale with a standard
deviation of 15) for each 0.48 1Ul\0Vlitre (I 0 ~g'dl) increment in PbB level, with a likely apparent effect size of between
I and 3 points. At PbB levels above 1.2 1Ul\0lllitre (25 ~gldl), the relationship between PbB and IQ may differ.
Estimates of effect size are group averages and only apply to the individual child in a probabilistic manner.

Existing epidemiological studies do not provide definitive evidence of a threshold. Below the PbB range of 0.48-0.72
1Ul\01llitre (10-15 ~gldl), the effects of confounding variables and limits in the precision in analytical and psychometric
measurements increase the uncertainty attached to any estimate of effect. However, there is some evidence of an association
below this range.
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b) Animal studies provide suppon for a causal relationship between lead and nervous system effects, reponing deficits in
cognitive functions at PbB levels as low as 0.53-0.72 flmoillitre (II-IS I'g/dl) which can persist well beyond the
termination of lead exposure.

c) Reduction in human peripheral nerve conduction velocity may occur with PbB levels as low as 1.44 flffiol/litre
(30 I'g/dl). In addition, sensory motor function may be impaired with PbB levels as low as about 1.92 flffiol/litre
(40I'g/dl), and autonomic nervous system function (electrocardiographic R-R interval variability) may be affected at an
average PbB level of approximately 1.68 flffiol/litre (35 flg/dl). The risk of lead nephropathy is increased in workers
with PbB levels above 2.88 I'mol/litre (60 1'g/d1). However, recent studies using more sensitive indicators of renal
function suggest renal effects at lower levels of lead exposure.

d) Lead exposure is associated with a small increase in blood pressure. The likely order of magnitude is that for any two
fold increase in PbB level (e.g., from 0.8 to 1.6 flffiol/litre, i.e. 16.6 to 33.3 I'g/dl), there is a mean I mmHg increase in
systolic blood pressure. The association with diastolic pressure is of a similar but smaller magnitude. However, there is
doubt regarding whether these statistical associations are really due to an effect of lead exposure or are an anifact due to
confounding factors.

e) Some but not all epidemiological studies show a dose-dependent association of pre-tenn delivery and some indices of
foetal growth and maturation at PbB levels of 0.72 flffiol!litre (15 flg/dl) or more.

f) The evidence for carcinogenicity of lead and several inorganic lead compounds in humans is inadequate.

g) Effects of lead on a number of enzyme systems and biochemical parameters have been demonstrated. The PbB levels,
above which effects are demonstrable with current techniques for the parameters that may have clinical significance,
are all greater than 0.96 flmol!litre (20 flg/dl). Some effects on enzymes are demonstrable at lower PbB levels, but the
clinical significance is uncertain.

h) Population studies of children and adults who are not occupationally exposed to lead show relationships between I and
3 flg PbB/dl per I flg/m3 of lead in air. Estimates of the relationship between airborne lead and blood lead which
include the total contribution from air via indirect consumption of dust and soil as well as direct inhalation suggest a
value between 3 and 5 flg PbB/dl per flg/m3

• Representative relationships of blood lead median level to intake of lead
through various pathways for the general population are shown in Table I.

Table 1. Representative relationships of blood lead median level to
• tak fl d ~ tit aI u1"m eo ea or e ~eDer I POPI alion

Population
Medium Children Adults
Air" 0.09 flmol Pb/litre per 0.079 flmol Pb/litre per flg Pb/mx

flg Pb/m3 (1.92 flg Pb/dl) (1.64 ue Pb/dl)
Water 0.003 flffiol PbIlitre per I'g

Pb/litre (0.06 ue Pbldl)
Food 0.01 flffiol Pb/litre per 0.002-0.003 flffiol PbIlitre per flg

0.02 flg Pb/day Pb/day (0.04-0.06 flg Pb/dl)
0.03 (0.16 ue Pb/dl)

Dust 0.09 flffiol PblIitre per 1000 I'g
Pb/e (1.8 ue Pb/dn

Soil" 0.11 flffiol PbIlitre per 1000 flg
Pb/e (2.2 lie Pb/d1)

•

b

,

These data are provided for illustrative purposes only recognizing that the relationships are curvilinear in nature and are
broad guidelines which will not apply at lower or higher levels of exposure.
A value between 0.144 to 0.24 flffiol Pb/litre or 3-5 flg Pb/dl per flg/m3 is obtained when one considers indirect
contribution through deposition On soil/dust
The air to blood lead relationship in occupational settings is best described by a curvilinear relationship having slopes
between 0.02 and 0.08 l'g/m3 air. The slope is variable but lower than that found for humans in the general
environment, which is between 1.6 and 1.91'g/m3

•



ENVIRONMENTAL EFFECTS OF LEAD

General

In aquatic andaquatic/terrestrial model ecosystems, uptake by primary producers and consumers seems to be determined
by the bioavailability of the lead. Bioavalailability is generally much lower whenever organic material, sediment or
mineral particles (e.g. clay) are present. In many organisms, it is unclear whether lead is absorbed onto the organism or
actually taken up. Consumers take up lead from their contaminated food, often to high concentrations but without
biomagnification.
In general, inorganic lead compounds are of lower toxicity to microorganisms than are trialkyl- or tetraalkyllead
compounds. Tetraalkyllead becomes toxic by decomposition into the ionoc trialkyllead. On of the most important factors
which influence the aquatic toxicity of lead is the free ionic concentration, which affects the availability of lead for
organisms. The toxicity of inorganic lead salts is strongly dependent on environmental conditions such as water hardness,
pH, and salinity. There is evidence that tolerant strains of micro organisms exist and that tolerance may develop in
others.

Uptake by and toxicity to aquatic organisms

The uptake and accumulation of lead by aquatic organisms from water and sediment are inlluenced by various
environmental factors such as temperature, salinity, and pH, as well as humic and alginic acid content. In contaminated
aquatic systems, almost all of the lead is tightly bound to sediment. Only a minor fraction is dissolved in the water, even
in the interstitial water. The lead uptake by fish reaches equilibrium only after a number of weeks of exposure. Lead is
accumulated mostly in gill, liver, kidney, and bone. Fish eggs show increasing lead levels with increased exposure
concentration, and there are indications that lead is present on the egg surface and rapidly eliminated in the embryo. In
contrast to inorganic lead compounds, tetraalkyllead is rapidly taken up by fish and rapidly eliminated after the end of the
exposure.
There is little evidence for effects of lead on aquatic plants at concentrations below 1 to 15 mg/litre. Many studies of
aquatic plants have been made in sediment-free systems. However, the addition of uncontaminated sediment reduces the
toxicity of lead to aquatic plants by reducing its availability.
The results of experiments on the toxicity of lead salts to aquatic invertebrates are difficult to interpret due to the
variations in experimental conditions and the lack of a standardized method for determining lead concentrations in water.
In most studies, concentrations of lead in water are nominal; the contribution to toxicity of factors such as pH, water
hardness, anions, and complexing agents cannot be fully evaluated. In communities, some populations of organisms are
more sensitive than others, and community structure may be adversely affected by lead contamination. However,
populations from polluted areas can show more tolerance to lead than those from non-polluted areas. In other organisms,
adaptation to hypoxic conditions can be hindered by high lead concentrations.

The toxicity of lead- contaminated water to fish varies considerably, depending on the availability and uptake of the lead
ion. Factors affecting this availability are water hardness (prevalence of divalent anions), pH, salinity, and organic
matter. Uptakle is affected by the presence of other cations and the oxygen content of the water. Organic lead is taken up
more readlily than inorganic lead. The 96-h LC,• (lethal concentration that kills 50% of the population) for inorganic lead
in sensitive species can be as low as 1 mg dissolved lead/litre; nominal concentrations being up to 100 times higher in
hard water. The few data available suggest that the toxicity of organic lead my be 10 to 100 times higher than that of
inorganic lead. Long-term exposure of adult fish to inorganic lead induces sub lethal effects on morphology, amino
levulinic acid dehydratase (delta-ALAD) and other enzyme activities, and avoidance behaviour at available lead
concentrations of 10-100 mg/litre. Juvenile stages are generally more sensitive than adults, but eggs are often less
sensitive because lead is adsorbed onto the egg surface and excluded from the embryo.
There is evidence that frog and toad eggs sensitive to nominal lead concentrations of less than 1 mg/litre in standing
water and 0.04 mg/litre in flow-through systems; arrested development and delayed hatching have been observed. For
adult frogs, there are no significant effects below 5 mgllitre in aqueous solution, but lead in the diet at 10 mglkg food has
some biochemical effects.

Uptake by and toxicity to terrestrial organisms

In bacteria, the majority of lead is associated with the cell wall. A similar phenomenon is also noted in higher plants.
Some lead that passes into the plant root cell can be combined with new cell wall material and subsequently removed
from the cytoplasm to the cell wall. Of the leads remaining in the root cell, there is evidence of very little translocation to
other parts of the plant because the concentration of lead in shoot and leaf tissue is usually much lower than in root.
Foliar uptake of lead occurs, but only to a very limited extent. In animals, there is a positive correlation between tissue
and dietary lead concentrations, although tissue concentrations are almost always lower. The distribution of lead within
animals is closely associated with calcium metabolism. The tetravalent organic form of lead is general more toxic than
the divalent, inorganic form, and its distribution in organisms may not specifically follow calcium metabolism.



The tendency of inorganic lead to form highly insoluble salts and complexes with various anions, together with its tight
binding to soils, drasticaJly reduces its availability to terrestrial plants via the roots. Translocation of the ion in the plants
is limited and most bound lead stays at root or leaf surfaces. As a result, in most experimental studies on lead toxicity,
high lead concentrations in the range of 100 to 1000 mglkg soil are needed to cause visible toxic effects on
photosynthesis. growth. or other parameters. Thus. lead is only likely to effect plants at sites of very high environmental
concentrations.
Ingestion of lead-contaminated bacteria and fungi by nematodes leads to impaired reproduction. Woodlice seem
unusually tolerant to lead, since prolonged exposure to soil or grass litter containing externally added lead salts had no
effect. Caterpillars maintained on a diet containing lead salts show symptoms of toxicity leading to impaired
development and reproduction. The information is too meagre to quantify the risks to invertehrates during decomposition
of lead-contantinated litter.
Lead salts are only toxic to birds at a high dietary dosage (lOOmglkg or more). Almost all of the experimental work is on
chicken and other gallinaceous birds. Exposure of quail from hatching and up to reproductive age resulted in effects on
egg production at dietary lead levels of 10 mglkg. Although a variety of effects at high dosage have been reported, most
can he explained as a primary effect on food consumption. Diarrhoea and lack of appetite, leading to anorexia and weight
loss, are the primary effects of lead salts. Since there is no experimental evidence to assess effects on other bird species,
it is necessary to assume a comparable sensitivity. Under this assumption it is highly improbable that environmental
exposure would cause adverse effects in birds. There is little information on the effects of organolead compounds.
Trialkyllead compounds produced effects on starlings dosed at 0.2 mg/day; 2 mg/day was invariably fatal.

Accumulation and effects in the field

Organisms have heen found to incorporate lead from the environment, generally in proportion to the degree of
contamination. Lead deposition in a region depends on the air concentrations of the metal, which decrease with distance
from the source. In shellfish, lead concentrations are higher in the calcium-rich shell than in the soft tissue; they relate to
the concentrations in sediment. Lead concentrations in some marine fish are higher in gills and skin than in other tissues;
but this may be largely due to adsorption. Liver levels increase significantly with age. In dolphins, lead is transferred
from mothers to offspring during foetal development and lactation. This might be related to the calcium metaholism.
In highways and urban areas, lead concentrations are highest in soils and organisms close to roads where traffic density is
high. The lead measured is inorganic and derives most exclusively from alkyllead compounds added to petrol. The lead
in the soil and in vegetation decreases exponentially with the distance from the road. Lead is also found in the sediments
of streams in the vicinity of highways. Lead contamination increases lead levels in plants and animals in areas close to
roads. These levels are positively correlated with traffic volume and proxintity of roads. Most lead deposited is found
within 500 m of the road and within the upper few centimetres of soil. It can be assumed that lead levels in soil and biota
are not influenced by traffic at distances from roads greater than this.
No effect on the reproduction of hirds nesting near highways has heen observed. Toxic effects have heen observed in
pigeons in urban areas, the kidneys being most frequently affected. A recurring incident of massive bird kills in estuaries
near to industrial plants manufacturing leaded "antiknock" compounds has heen reported. The total lead content of the
livers was sufficiently high to cause mortalities: lead was mostly present in alkyl form.

CONCLUSIONS

The health effects of lead in the general population has heen subject to considerahle debate and controversy. Of most
concern are a series of population studies of lead measures of childhood intelligence. For adults, there is weak evidence
of a possible effect on blood pressure. Although the causal nature of these associations is not without restrictions, the
overall consistency and coherence of epidemiological findings with toxicological evidence in laboratory animals suggests
a small adverse effect on both IQ in children and blood pressure in adults, Therefore, it has been recommended by WHO
to phase-out any remaining uses of lead additives in motor fuels and reduce lead exposure due to other sources of lead
(WHO 1995). The WHO air quality guideline for lead is 0.5 ~g/m3; because of the other pathways of exposure the air
quality guideline for lead should he accompanied by additional preventive measures (WHO 2000). To prevent further
increase of lead in soils and sediments and consequent increases in the exposure of future generations, air lead levels should
he kept as low as possible.
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INTRODUCTION

The use of automobiles has considerably increased throughout the world. However, over the last few decades the growth
rate has slowed down in highly industrialized countries. whereas demographic growth and urban and industrial
development have accelerated the use of motorized vehicles namely in developing countries.
Thus, in Senegal like in many of these countries, a rapid uncontrolled growth of the automobile fleet can be seen and
could be the origin of negative effects on health particularly in cities.
Several studies have shown the clear relationship between automobile traffic density, the use of leaded gasoline and lead
content in the air and soil in urban zones 0,3.4.11,15). Studies carried out in Dakar show that lead content in the barks of
trees bordering the highways correlates to traffic intensity (6). These results therefore show that the use of leaded gas is
the main cause of air contamination and could be one of the principal sources of exposure to the public especially in
children who constitute the most vulnerable group.
Adverse effects of Pb on neurobehavioral development in children are observed even with low blood concentrations.
Children can also develop symptoms of extreme intoxication with encephalopathy. which is usually irreversible at blood
lead levels exceeding 800~gll (13). To prevent these negative effects. screening of pre-school children was
recommended by the American Centers for Illness Control and the American Pediatrics Association. Then. the
Organizations of United Nations (PNUE and UNICEF) and the European Union recognized that exposure to lead present
in the atmosphere is a major threat to health and called for appropriate actions to be taken to reduce blood lead levels to
below lOOj!gIl and to eliminate this metal in gasoline (25).
This problem however is not really known in Senegal where data on population exposure is not available.
These considerations brought us to carry out this study on Senegalese children in order to:

Measure the level of impregnation of lead eliminated by vehicle exhaust
Study the biological levels of precocious markers
Study the possible relationship between blood lead level and oxidative stress markers
Evaluate the nutritional status of children who have been exposed to lead from Dakar's traffic.

11. METHODOLOGY

Study population

This study was carried out in West Africa, in Senegal. It is a transversal epidemiological study comparing two
populations, the exposed children living in urban areas (Dakar) and the non-exposed children living in rural areas
(several villages in Khombole in the region of Thies).
The particlpating children were selected at random, any child whose parents gave their consent was chosen. Some criteria
however were respected:

» Inclusion: children had to be between the ages of 8 and 12. and been Jiving in the study zone since their birth
., Exclusion: all children with a known pathological condition were excluded

The study began on February 26th 1999 and cnded on August 19'" 1999.
A questionnaire was given to the families of participating children to try and determine exposure sources.
Blood samples were drawn from the veins by EDTA, and urine samples were taken. The samples were conserved by
freezing, first at -20°c and then at _80°c.

Biological determinations

Lead was dosed by Atomic Absorption Spectrometry (Perkin Elmer 5100 Z AS-60) using a graphite oven with Zeeman
correction. The limit of detection was O.IO~gldl with a precision of 0.015~gldl.Repeated analyses of standard solutions
enabled the method's precision to be confirmed. Obtained results were expressed in ~gIL.



Concentrations ofProtoporphyrineZinc (PPZ) were measured by fluorimetry (excitation 4lSnm. emission 595nm) in the
total blood.
Urinary concentrations of ALA were measured by spectrophotometry (A=546nm).
Determinations for oxidative stress markers are specified for each parameter: GST (urine): Enzyme Immunoassay test
(ELISA); MDA (plasma); HPLC separation UV detection; GR, GPX, SOD (total blood) Fara Cobas II; GSH, GSSG
(total blood); HPLC electrochemical detection.

Evaluation ofthe nutriJional status

Measuring weight:
Children's weight was measured with an electronic scale OHAUS (1-10 Model IS 100 A, Germany) maximum weight
of ISOkg and a precision ofSOg.

Measuring height:
Children's height was measured with a wooden measure and tape with a precision of O.lcm.
The indexes for weight according to age P (A) and weight according to height P (T) were calculated following references
from the National Center for Statistics and Health (NCHS) adopted by WHO as the international basis. The EpiNut
programme from Epi Info software 6.0 version allowed the indexes to be calculated and translated into Z scores. Allix
indexes lower than -2 Z score were considered to be sub-Donnal.

Data analysis

EpiInfo software, version 6 (The division of Surveillance and Epidemiology - Epidemiology Program - Office Centers
for Disease Control and Prevention) was used for statistical analysis.
Averages and standard deviations were calculated for each variable and variations amongst the different groups were
analyzed utilizing the variant analysis (ANOVA) and the student test. Differences are considered to be significant when
thep<0.05.

Ill. RESULTS AND DISCUSSIONS

In relation to the impregnation parameter: blood lead level (figure I), a significant difference was observed (p=O)
between blood lead levels ohserved in children living in urban areas (average 106.6 /ig/l) and those living in rural areas
(average 68.1/ig/1). This is the maximum level in a child tolerated by the CDC since 1991.
It is important to note that these high levels of blood lead seem to be caused by lead from automobiles. No industries
likely to expulse lead into the atmosphere exist within our study zone.
In spite of the absence of data on possible contamination from lead in paint, we believe this source to be slight, given the
types of habitat especially in rural areas. Some lead piping could still exist in Senegal resulting in water contamination,
but after questioning the various households. they did not have them and this source of contamination does not exist in
rural areas.
If the results are compared with those from similar studies carried out in Africa, the values are quite similar. NRIAGU J.,
1997 carried out two studies; the first one was in Nigeria, in the medium sized town of Kaduna and the average blood
lead level in children aged between 1 and 6 years old was 106 /ig/1. In the second study, in South Africa, covering 1200
children aged between 3 and 10 years old, the average blood lead level of children living in urban areas was 100/ig!l and
38l!g!l for those living in rural areas (NRIAGU, OLERU et aI., 1997a. NRIAGU, JINABHAI et a!., 1997b). It must be
noted that the levels found in our study are very high compared to those of children living in industrialized countries. In
the USA children between the ages of I and 6 yrs had levels of 27/ig/1 from 1991 to 1994, whereas these were 4Ol!g!l in
1988 to 1991, and approximately 150/ig!l from 1976 to 1980 (13). In France, the average hlood lead levels were
estimated at 36/ig/1 in 1995 in children between I and 6, expecting to reach 25l!g1dl by 2000 (14). The reduction of
average levels of blood lead in industrialized countries since the 80s is linked to the implementation of the "unleaded"
policy that began earlier in the States than in France.
It is also interesting to compare the blood lead levels obtained in boys and girls, where a significative difference is noted
(p<0.005): boys have higher blood lead levels than girls, an average of 98.00 /ig/I in boys compared to 78.90/ig!l in girls.
If averages are calculated according to regions and gender, boys living in Dakar have the highest, the average being
120/ig/1. This difference can be explained by the fact that boys are more exposed than girls as they spend their time
playing outdoors. It has also been observed that blood lead levels are higher in men than in women (12). After analysis of
variables showing that blood lead levels vary significantly according to gender and exposure, it can be said that gender
represents a notable factor.
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In a similar study, exposure of children to lead, evaluated by the blood lead level, was related directly to concentrations
found in dust and soil, and directly related to the size of the town the children lived in and the density of the traffic
(17,18). Furthermore, in several studies, the diminution of leaded gas utilization was immediately correlated to a
diminution in average levels of blood lead (20).
For the effects of synthesis on the heme, the average ALA from urine obtained from the total population (n=292) is
5.3lmglg of creatine ±4.58. In non-exposed children (n= 139) an average of 4.77mglg of creatine ± 4.24 whereas in



exposed children (n=153). the average reaches 5.80mglg of creatine plus ± 4.80. It should be noted that level dispersion
appears to be of importance when the typical gaps are as big as the averages.
According to the non-parametric test U of Mann-Whitney. the difference between the two populations is significant
(p<O.OO1). A significant difference is seen (p=O) when comparing levels of urin;uy ALA of exposed children to 000

exposed children. Furthermore. the correlation between blood lead levels and urinary ALA on the whole population is
good and positive (p=O). ALA-deshydratase ALA-D). that catalyzes the two ALA molecules to give pophobilinogen, is
known to be the most sensitive enzyme to lead. the inhibition of this enzyme results in an accumulation of ALA in the
plasma and its urinary excretion (13).
Recent studies have suggested that damages caused by lead could have partially at their origin oxidative stress due to
ALA which, accumulating, could generate the formation of the peroxide ion (14). In NEAL's study (1997),
administration of ALA in vitro to hamster cells CHO (Chinese Hamster Ovary) showed a reduction of GSH parallello an
increase of GSSG, thus suggesting the existence of oxidative stress.
Urinary ALA therefore seems to be a good marker for evaluating lead exposure. However. given inter-individual
susceptibility and possible fluctuations (in the beginning or at the end of lead exposure). urinary ALA is not always
considered to be an adequate evaluation measure of lead toxicity.
Concerning PPZ. the average PPZ erythrocytaries obtained from the total population (n=281) is of 3.60}1g/g of
hemoglobin ±1.66; this average is of 3.71~g1g of hemoglobin ± 1.96 in non-exposed children (n=130) and 3.50~g1g of
hemoglobin ± 1.35 in exposed children (n=151). For PPZ. the non parametric U test of Mann-Whitney did not show a
significant difference between the two populations (p=O.617). a significant difference was not observed between the two
populations. exposed and non-exposed (p=O.617), furthermore blood lead levels do not correlate to PPZ levels. These
results. however, are not surprising. as PPZ only increases in blood to important blood lead levels (approx. 250jlg/l).
With the present blood lead level threshold for children of 100 ~gll the predicted level of PPZ is not sufficient to screen
children who are at risk; the measure of erythrocytary porphyrins would not be enough to detect blood lead levels below
100 ~g11 (MARKOWITZ et ai, 1997). Furthermore, the sensitivity of the dosage will quickly diminish when blood lead
levels are less than 450 ~g1l and will become inferior to 50% for blood lead levels less than 200 ~g11 (2).
PPZ dosage is therefore not a good indicator of weak lead exposure (HEINZE et ai, 1998). This dnsage is also not
considered to be specific to infant saturnism, particularly because of risk of anemia in children (PPZ increases during
iron deprived anemia) (2).

79



1150

0ll1100
:3
~

a
f;S 1050

Non exposes

n =109

Exposes

n =148

[60 I
140j

-2!'120j
~ 100
~

0: 80
o 60

40
20
o

Non exposes

n =109

Exposes

n = 148

Figure 2 : Activite de la SOD
chez les non exposes et les exposes

Figure 3 : Activite de la GPx
chez les non exposes et les exposes

Non exposes

n =109

Exposes

n= 148
Non exposes

n=70

Exposes

n = 65
Figure 4 : Activite de la GR

chez les non exposes et les exposes Figure 5 : Rapport GSSG/GSH
chez les non exposes et les exposes

Non exposes Exposes

n =148

Figure 6 : Taux de selenium
chez les non exposes et les exposes



Measuring effects ofoxidative stress
Correlations between blood lead levels and different parameters '
Using Spearman's regression, we determined correlations between blood lead levels and studied parameters, whose

thresholds of correlation signification are shown in Table 1V.

,-----,------,----,------,----~-

ALA PPZ SOD GPx GR Se GSSG/GSH

*** NS NS ***
Blood lead lev Ip<O,OOI p = 0,380 P = 0,215 p<O,OOI

Table J : Correlation between blood lead levels and studied parameters
••• : significative, p<O,OO I
** : significative. p<O,OI
• : significative, p<0,05
NS : non significative, p>0,05

NS
P = 0,143

•••
p<O,OOI

NS
P= 0,870

The corresponding correlation angles are represented in figure 10. they were drawn up using log values and give a
coefficient of correlation of r2,

Correlation between certain parameters and oxidative stress

We also determined correlations between different parameters of oxidative stress whose thresholds are given in table V

GR Se GSSG/GSH

GPx

GR

NS
p = 0,556

*** NS
P = ° P = 0,268*. NS
P = 0,002 P = 0,830

Table II : Correlations between GPx, GR,

Reduced and oxidized glutathion

selenium and the relationship GSSGIGSH

The relationship GSSG/GSH was determined, the average relalionship obtained from non-exposed children (n=70) is of
2.21±3, II whereas that of exposed children (n=65) is of 2,49±5,38 (Figure 5), The relationship GSSG/GSH is therefore
higher in the exposed population and typical gaps are also high,
The GSSG?GSH relationship is higher in exposed indivlduals, with a significant difference (p=0,043); this implies an
increase in GSSH level and a reduction of GSH. This result corroborates the hypothesis that in the case of oxidative
stress, GSH is consumed in excessive fashion to fight against the apparition of free radicals (02-, H202), GSSG is thus
formed in large quantity by the oxidation of GSH by the action of GPx, Furthermore, it has already been shown that lead
is responsible for the diminution of GSH as welJ as thiol groupings (-SH), (11),

Anti-oxidant enzymes and selenium

Different enzymatic activities average!': in the two populations were represented on histograms.
The average obtained for SOD activity is 1132,65U/g of Hb±23257 in the non-exposed (n=109) and 1083,62 Ug of Hb ±
230,62 in the exposed (n=148) (figure 2),
A decrease in enzymatic activity was also noted in the exposed population, the averages being 145.06 U/g of Hb ± 56.50
, in the non-exposed (n=109) and 115,95 Ulg of Hb ± 3853 in tbe exposed (n=148) (Figure 3),
On the other hand, for GR, enzyme activity is higher in the exposed population (n=I48) or 7.20U/g of Hb ± 2,54 as
opposed to 5,96 ± 2.25 in the non-exposed (n=109) Figure 4,
The average serum selenium observed in non-exposed children is (n=132) is 108,13 Jlgli ± 3354 and is much weaker in
exposed children (n=148), or 66.57Jlgll ± 1858 (figure 6),

~ SOD

The slight diminution, non significant (p=0,076) of SOD activity in exposed children is explained by an important
consummation of this enzyme in order to fight against the increased production of 02. during an oxidative stress



phenomenon. This corroborates most of the data showing that anti-oxidant enzyme activity (SOD, catalase, GPx, GR)
was experimentally inhibited by lead exposure (11). An increase in SOD activity (Costa et al 1991) was also noted after
lead exposure.
Furthermore, no correlation has been noted between SOD enzyme activity and blood lead levels. Therefore, in this study,
activity variations of this enzyme cannot be correctly ascertained, because of the non-significant fact results.

.. GPx

An increase in GPx activity was observed, significantly less in exposed individuals (p=O). As for SOF, this also seems to
accompany an increased consummation of the enzyme in order to de-toxify HZOZ produced from OZo. in the event of
intense oxidative stress.
GPx needs GSH as a co-factor, the latter being weaker in exposed individuals (given the higher relationship), the enzyme
cannot therefore function normally. Also, as the selenium level is significantly lower in exposed children (p=O), reduced
GPx activity is logical, as selenium is another indispensable co-factor to this enzyme.
A significant correlation between blood lead level and GPx also exists as it does with blood lead level and selenium.
Reduced GPx and selenium level activity is therefore related to blood lead level increase. These two parameters. GPx
and selenium, are therefore interesting markers of lead effect on oxidative stress.

.. GR

Contrary to the inhibition observed for GPX activity, significantly higher activity was observed in exposed children than
for GR (p=O). It was shown that in individuals who were exposed professionally to lead, GR was higher, suggesting the
presence of a compensating mechanism to thiol group losses (-SH) that are normally brought by GSH and are responsible
for anti-oxidant activity (II). GR seems to be solicited at this stage by oxidative stress to regenerate GSH whose level is
reduced in children exposed to lead.
Finally, a most significant correlation is noted between GPx and its co-factor, selenium, which confirms the hypothesis
that we formulated concerning these two parameters. Furthermore, a correlation between selenium and GR exists whose
activity is coupled with that of GPx.
This obtained prevalence shows that protein energetic malnutrition is a phenomenon that is cut off in this age group. In
relation to previous studies carried out on chiJdren aged between 0 and 5. (6). the nutritional situation in urban and
outlying zones continues to worsen. A recent study carried out in schools showed levels that are comparable to our
studies' with a deficit of 10.4 % and 5.0 % of late growth in school children (ZI) as opposed to, respectively, II % and
6% in our study. Our study confirms the results from schools. We calculated the relative risk (RR) of being malnourished
for children exposed to lead. The test is significant for children suffering from ponderal deficit (RR=0.34; to 95%,
p=O.9Z) whereas the probabilities are higher than 0.05 for other types of malnutrition found in the children studied.

Table III: Malnutrition prevalence

Late growth Ponderal Deficit Emaciation

T(A) P(A) P(T)
Bovs (85) 8 18 18
Girls (88) 3 4.5 lZ.5
Total (173) 6 11 36

The highest proportion of anemic children (63.9%) is found in the group whose blood lead levels are higher than
100~gll. Lead affects the hemoglobin level (p=O.OI). In the same way, contaminated girls are more anemic than those
whose blood lead levels are less than 100~gll. (p= 0.03). The coefficient correlation calculation (r=-0.047; p=0.05)
between lead and hemoglobin has shown that blood lead levels have a negative effect on hemoglobin level in children,
when the blood lead level increases, the hemoglobin level diminishes.
The influence of anemia and iron deficiency was evaluated in children and 54% of the children are anemic, with 17.4%
of the children suffering from iron deficiency. These results are lower than the prevalence of anemia in school age
children, which is estimated at 49.8% in Africa (Z5). They are also far superior to those found in studies relating to
anemia in schools, which is 33.46% (21). Blood lead level is probably conducive to anemia in the children in our study.
Here, blood lead levels influence the nutritional status through anemia, especially in a martial context. Iron deficiency
can cause poor academic performance due to a decline in cognitive development, from attention to concentration ability
(Z6). It can thus increase susceptibility to saturnine impregnation by being conducive to lead fixing on red blood cells.
This study will have allowed the sources of exposure to lead to be better evaluated in Senegal. We have been able to
show that through the blood lead levels obtained, an important fraction of Senegalese children have been impregnated.
This confirms the presence of an important public health problem that could be certainly controlled by the
implementation of regulations designed to lower lead levels in gasoline.
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INTRODUCTION

Choice and use of fuels for motorized transportation still remains an issue to be solved. and particularly in countries
where there is a high utilization of motorized. 2-wheel vehicles.
Choosing a certain type of fuel can become a deciding factor in the struggle to eliminate all forms of pollution only if this
choice is appropriate and fits the type of engine considered.
2-stroke engine technology must also guide the fuel distributors. Their misreading of this technology makes the
distribution of the appropriate fuel even more difficult, since its quality can vary from one pump to the other.

The Choice of Fuel Issue vs. the Elimination of Lead

The aim of this paper is to keep in mind the problem of the uncontrolled use of 2-stroke oil mixture in 2-wheel motorized
vehicles.
The problem rests in the fact that leaded fuel is used in an engine of which the combustion parameters are not mastered;
such an engine creates considerable pollutant emissions, especially toxic ones if one considers the emissions of premium
grade petrol.

The 2-stroke engine and its limitations

• The quality of such a 2-stroke fuel does not promote a good combustion. The bad burning of this mixture
depends on the percentage of oil used within the mixture; the higher the percentage, the worse the
combustion~

• Bad combustion can also be of technological origin. Since the compression stroke is weak, even if the fuel
is correctly mixed, the combustion will be around 50%;

• Not all 2-wheel motorized vehicles possess a measure-incorporated system. If it exists, the 2-wheel user can
easily adjust it.

Wheel Motorized Vehicles Users' Behavior

If pollutant emissions are high for 2-wheels motorized vehicles, it is the result of:

• the misundetstanding of the 2-wheel motorized vehicles' operating principles;

• the excessive dosage of the 2-stroke oil by the 2-wheel user;

• the surprising use of premium-grade petrol in 2-wheel motorized vehicles (such is the case in Burkina
Faso);



THE BURKINA FASO STUDY CASE

According to available data. by 2010 the population in the Greater Ouagadougou area will attain 1.5 to 2,5 million
inhabitants and that of Bobo-Dioulasso will reach 1 million.
This demographic growth is mostly linked to the fact that these two cities, and especially Ouagadougou (with 213 of the
industry and 60% of modem payroll activity) are the administrative. political and economical cores of the country.
Therefore the problem raised hy urban transportation is particularly acute in Ouagadougou, both currently and in the
future. Ouagadougou offers a genuinely worrisome spectacle when it comes to both traffic jams and pollution.

Wheel Motorized Vehicles Share in Ouagadougou

A study of the means of transportation and their share in daily trips in Ouagadougou shows that the 2-wheels are
dominant with 39%, in comparison with 6% for private cars and 3% for public transportation.
The 2-wheel motorized vehicles also appear to dominate the landscape at rush hour, with 45% at noon and 50% in the
evening, versus 8% and 5% for private cars and 4% and 3% for public transportation.

Importauce of Gasoline consumption

VL + 2R + TRC (gasoline)

VU +PL (diesel)

TRAJN(DDO)

PLANE (jet)

263.831

24.077

26

62.406

33.704

3.085

8542

191,8106822

107,0848739

9,801710064

26,96114151

This table analysis reveals that gasoline is the primary source of energy (57,9%) with a 191,81Gg pollutant emission.
This rate also reflects an irnJXlrtant emission of lead within the general pollutant emissions, if we consider the fact that
the motorized fleet consists mainly in 2-wheel motorized vehicles.

The Importauce ofPoJlutant Emissions from 2-Wheel Motorized Vehicles

• CO Emission

Morning Rush Hour

\ Evening Rush Hour

• NOl Emission

Morning Rush Hour

Evening Rush Hour

69%

12 %

7%

19%

31 %

88%

93 %

84



• HC Emissioo

Morning Rush Hour

Evening Rush Hour

96%

93%

4%

3%

These three tables reveal that 2-wheel-based pollutant emissions are high at both morning and evening rush hour and
particularly He emissions that are specifically linked to the very nature of the fuel.

Technical Specificities of the Foel Distributed in Burkina Faso

Regular Gasoline

Premium-Grade Petrol

Diesel

DDO

Max. 0,8

Max. 0,8

Max. 0,25

Max. 0,25

Max. 1,0

Max. 1,5

• Regular gasoline and premium-grade petrol show the same lead grade;

• The percentage of 2-stroke oil provided by manufacturers is of 4%;

• At the pump, the mixture served shows a percentage of 2-stroke oil of 8%;

• There is a high use of premium-grade petrol by 2-wheel motorized vehicles with a cubic engine capacity of
less than 5Occ.

CONCLUSION

If important IXlUutant emissions linked with 2-strokes oil mixture are restricted, at the same time other emissions such as
those from leaded petrol will be also reduced.
The particular Burkina Faso study-case deserves some attention, if only for the following reason:

• Burkina Fase shows a very high rate of 2-wheel motorized vehicles as part of families' transportation
equipment, that is 150 2-wheels motorized vehicles for 100 families versus 22 cars for the same 100
families.

This example illustrates the need to encourage the development of public transportation instead of that of individual
transportation, since this latter exposes children to the threat of leaded gasoline emissions.



ANNEXC.5

Vehicle emissions and air quality, damages costing damages

Dr. W. Hecq - Universite Libre de Bruxelles

This first part of this presentation shows the role played by traffic in problems arising from air quality degradation. The
second part relates to the quantification of pollutants present in the atmosphere and their associated effects. The third part
looks at economical costs caused by damages, and here I refer to recent studies carried out in Africa. Europe and the
United States of America.
Air quality degradation due to traffic is closely linked with the utilization of fossil energy. This degradation can be
classified into three categories (table I) depending on the geographical impact on pollution:

local and urban pollution
urban and regional pollution
global pollution

I. Emissions and air quality

1.1. Pollution at local and urban level

This pollution is essentially one of proximity. Numerous pollutants are to be found: lead components (Pb). carbon
monoxide (CO), small particle matter (PM 10, PM2.5) and contaminants.

Pollution by lead (the theme of this conference)
Lead is added to gasoline in the form of TEL (lead tetraethyl) and TML (lead tetra methyl), which adjusts the octane
index. Lead components are emitted into the atmosphere through a vehicle's exhaust system.
Lead exposure occurs in various ways. through inhalation from vehicle emissions and also by the food chain as lead gets
into the soil. Lead accumulates in living tissues and, at excessive doses, causes neurological damage (see other sessions
of this colloquium). Metabolism and toxic effects from lead are well known: blood, central and peripheral nervous
system, kidneys, etc. It appears that neurological toxicity from lead is the most harmful as it delays psychomotor
development. The guide level established by WHO (0.5 !,g/m3 yearly average) is not presently respected in many
developing countries (WHO 2000) where leaded gasoline is still used. Average annual concentrations in the atmosphere
can reach 1.5 to 2 ~g/m3 (Lovel, M. 1999).

Carbon monoxide (CO)

Carbon monoxide is an intermediary product from combustion coming mainly from vehicles. CO concentration is closely
correlated to traffic density. especially as rejects are higher in slow moving traffic (traffic congestion index). Therefore,
in areas where conditions are bad' (poor dispersion), in tunnels. underground parking lots, average concentrations
(Hecq,W. 1998) can attain higher levels than those of WHO guide-values (WHO 2000) and be harmful to public health.



Table 1: Air and traffic pollution in urban areas - Seven examples of environmental problems.

Level Pollutants Effects Traffic ConfomUty with who
Contribution Guide-Values

Local &Urban Pb HEALTH MAJOR NO

CO HEALTH MAJOR NO

PMlO, PM 2,5
HEALTH MATERIALS

MAJOR
N.A.

Hydrocarbons incl.
N.D.

NO
HEALTH

Aromatics, aldehydes,

HAP...
~-

ACID DEPOSITS, HEALTH, ACCORDING TO THE AREA
Urban & Region SO" NOx, He] MATERIALS, CULTURES 5-60%

0, PHOTOCHEMICAL 70% (NO,)
YES EXCEPT FOR EPISODES IN(NOx, COVs, CO... ) POLLUTION 20% (COVs)

HEALTH, MATERIALS.
CULTURES PERI-URBAN AREAS

Global
CO" N,O, 0" CH" GREENHOUSE EFFECT

30%CLIMATE ---
CFCs

Given eo's known affinity for hemoglobin (more Ihan 200 times more than oxygen) it represents a danger for
populations at risk~ cardiac and respiratory system problems, small children, pregnant women, etc.

- Particle pollution (PM 10, PM 2,5)

Fine particles are found in black smoke and come from unburned organic matter and mineral residues in fuel. Present
studies show that fine particles produced by diesel and gasoline vehicles present a problem. The time they stay in air can
be long (days, weeks) and can therefore accumulate. As these particles are fine (less than 10).Lm diameter or less than
2.5I1m), they can penetrate everywhere, in homes as well as in man's respiratory system. Toxological and
epidemiological studies show fine particles as a factor in the increase of chronic respiratory illnesses and premature death
(SFSP, 1966). WHO does not mention protection thresholds but considers exposure to fine particles as a risk factor if
there is no sanitary protection level (WHO, 2(00). In developing countries however annual concentrations of PM can be
superior to lool1g1m3. It must also be added that particles also dirty buildings.

Pollution by various air contaminants

Still at the urban level, a series of polluting organic substances can be found, including alkenes, monocyclic aromatics
especially benzene, toluene and oxygen components (aldehydes, acids, cetones, ethers) coming from the combustion or
evaporation of gasoline, and also HAP (aromatic polycyclic hydrocarbons such as benzo(k)t1uoranthene,
benzo(b)t1uoranthene, benzo(g,h,i)perylene and benzo(k) anthracene) coming from combustion and some of which are
cancerous (WHO,2000). In this case also, a negative
impact on public health is to be expected given the exposure-effects relationship as indicated by WHO (lack of
thresholds).

1.2 Damage at the urban and regional level

Other urban pollutants also exist, sulfur oxides (S02), nitrogen oxides (NOx), organic components (volatile) COVs and
secondary photocbemical pollutants (ozone, 03, peroxyacetylnitrate (PAN). Some of these pollutants originate in city
traffic travel outside of cities and are transformed. Whilst they are in the atmosphere, twu pollution phenomena are
noted: acid deposits (sulfates and nitrates) as well as the presence of tropospheric ozone and other oxidants spread over
large geographical zones (up to hundreds of km) and over variable periods of time (up to several months).

Acid deposits

Sulfur dioxide (S02) produced by the combustion of residual sulfur in fuel and nitrogen oxides (Nox(:) NO, N02)
produced by nitrogen oxidation in air are also harmful to living tissues and to construction materials.
In towns in developing countries where vehicles do not have catalytic converters, the situation becomes worrisome as
average annual concentrations in the atmosphere can reach 3OOl1g1m3 in S02. In conjunction with fine particles, this can



cause respiratory problems in sensitive people (WHO. 2000). Premature death is also linked to the presence of sulfur
oxides and particle matter.
Nitrogen dioxide (N02) like sulfur dioxide (S02) can cause, after inhalation. bronchia-constructive reactions from
sensitive persons (asthma). Annual concentrations ofN02 can reach 90l!g1m3 and hourly levels can reach 1oool!g/m3 in
some towns in developing countries. This results in WHO's guide-values being regularly exceeded for 502 and N02
(WHO, 2000).

Sulfur and nitrogen oxides are transported over long distances. They are transformed in the atmosphere and their deposits
(sulfates, nitrates) are harmful to agriculture and acidify surface water and soil.

Photooxydant pollution

This pollution results from secondary pollutants of which ozone (03) and peroxyacetylnitrate (PAN) are known to be
aggressive oxidizing agents. Ozone is formed from the base of a complex mechanism of formation-destruction from N02
+ NO and sunshine. N02 is regenerated through volatile hydrocarbons and sunshine. 03 concentration is on the increase
everywhere in the world. and is harmful to vegetable and animal tissues. If ozone based concentrations reach 40 to
70l!g1m3/hour on average, they can reach 300-400l!glm3 in peri-urban zones in windy conditions causing negative
effects on the respiratory system. WHO guide-values are regularly exceeded in these zones (WHO,2ooo).

1.3 Pollution at the world level

The main products from fuel combustion, carbon dioxide (C02), then nitrogen protoxide (N2), methane (CH4),
tropospheric ozone (03) contribute to climatic heating. Therefore, higher sea levels, disappearance of coastal areas,
climate modifications. (rain or,droughts) are to be expected.
The three types of pollution mentioned are harmful to public health, buildings, agriculture, forests, etc.

2. Damage and its quantification

Transport is a significant source of emission of air pollutants such as Pb. CO. Nox. PM 10. 502. C02. Emission of these
substances causes various extended damages: man. materials. agriculture, plants. wild life, climate. etc. Extent of damage
caused by traffic pollution is not yet fully known. Many research programs aTe being carried out in order to calculate
these damages. Some reflections on these studies, past and present, are shown hereafter.
The classical approach for calculating damage is quantification of the sequence: traffic - emissions - dispersion 
exposure - damage - damage cost (EC, 1995, Ee 1999).
In this sequence, called the impact pathway, traffic is calculated using a first type of model that provides traffic flow
according to the time of day on the highway. Results from traffic models allow fuel consumption to be calculated and
emission of pollutants using a second type of model. emissions (HECQ, W et aI, 1999). Results from the emissions
models are then introduced to a third model type, that of dispersion of the different pollutants. Results from these three
models allow the receiver's exposure to pollutants to be calculated (population, buildings, agriculture). Exposure data
then enables the damages to be quantified using a fourth model type of dosage-reaction.
It is then possible to calculate the damages in monetary tenns by direct or indirect methods.
Different information is necessary in order to evaluate the sequence. In order to calculate emissions, information is
required on travel and the vehicle fleet. The town's topology and meteorological data, then need to be known and air
quality has to be monitored to calculate the concentration of pollutants in the air. For exposure, population distribution,
materials storage and sensitive cultures have to be known. FOT damages, damage functions* have to be selected and then
cost calculation methods have to be applied. The whole procedure can be long and complicated depending on the desired
degree of accuracy of the estimations. It is useful to estimate unknown margins also.
Only certain sized towns are able to measure traffic, meteorology. pollution, population statistics, buildings, and can
ascertain more or less accurately the bottom line of pollution from traffic. Partial estimations have been made under the
auspice of the World Bank in cities such as Dakar, Cotonou (WBI, 2000). It would be interesting if these studies were
able to quantify damages and measure their importance.

What kinds of damages can be expected?

A synthesis of studies presently being carried out (INFRASIIWW @»), FAVREL< V. et ai, 2001; EC, 1995; EC 1999)
show that damages mainly concern human health and various respiratory pathologies (HECQ,W 1997), ophtamological
problems and premature deaths from asthma, respiratory and cardiovascular problems from short term exposure. In the
long term, cancer has to be added to this list (Table 2). Degradation of buildings and sensitive materials, limestone,
sandstone zinc and blackening of the facades have been noted (FAVREL,V et al 2001). Lastly, agricultural crops and
forests can suffer from exposure to ozone, sulfur and nitrogen oxides (EC 1999, EEC 1995).



* The relationship between exposure and damage is established through dosage-reaction that is specific to pollutants.
receivers and types of damages.

Table 2; Impact on urban traffic

EMISSIONS POLLUTANTS IMPACTS IMPACTS
Short term Long term

Lead and co~~ents Lead - NeurololTical and cardiovascular troubles
Carbon monoxide CO Cardiovascular death and other -
Particle matter PMIO,PM2,5 Respiratory and cardiovascular iBness Respiratory and cardiovascular death

~espiratory death
Aldehvdes Fonnaldehvde ResDiratorv function, eve Droblems Leukemia, other cancers
Benzene Benzene - Leukemia
1.3-butadicne 1.3-butadiene - Resoiratorv cancers and others
Polyaromatic HAP - Respiratory cancers and others
hydrocarbons
NitroS!:en dioxide NO, - ResDlratorY illnesses and asthma
Sulfur dioxide SO, Respiratory illnesses. asthma. respiratory death Respiratory death

Sulfur and nilrogen Aerosols ? Respiratory death
oxides
COVs and nitrogen 0, Respiratory problems and eye illnesses Respiratory problems and asthma
oxides
COVs and nitrogen 0, Agriculrurallosses
oxides

Cays and nitrogen 0,
--- Destruccion, materials discoloration

oxides
Sulfur dioxide So, Ag:riculturallosses
Sulfur and nitrogen AcicUty/nitrification - Agricultural losses
oxides
Sulfur and nitrogen Acidity/nitrification Forests? Death of trees
oxides
Sulfur and nilrogen Acidy/nitrification Ecosystems? Destruction
oxides
Sulfur and nitrogen Acidity - Fishing diminution
~s (Surface water
Sulfur and nitrogen Acidity - Degradation (Materials)
oxides
Particle matter PMlO, PM2, 5 - Facade dirtiness
Sulfur and nitrogen Aerosols - Materials dirtiness
oxides
Gas with greenhouse Co,. N,O, CR.. 0, Global warming Various
effect

3. The cost of damages

This has been calculated in several countries in order to evaluate the economical cost (INFRAS, 2000; FAVREL, V et al
200 I).

Damages from atmospheric pollution caused by vehicles are a constant ,ost to society. This cost is qualified as "external"
as it is not carried by the users themselves but by the general public, the environment, and the state. It is therefore of
interest to know the extent of these costs and furthermore when decisions are made by prevailing authorities this
infonnation is needed for a cost-profit analysis. It is more and more probable that the users themselves will be required to
pay and market values and procedures will be implemented. It is hoped that by integrating the cost of pollution either
through depollution measures, or differentiated taxes according to fuel types and transport types, or guiding consumer
demand to less polluting transport means, the users themselves will become aware of the extent of the problem, Two
cases illustrating the usefulness of knowing these costs are shown hereafter.
The frrst case is lead. Following a cost-profit 'Dalysis its utilization was limited in the U.S. The second case concerns
external costs for different types of motorization and resulted in Europe's new standards and the beneficial effect of
using catalytic converters.
In implementing the law on reducing lead in gasoline, USEPA (USEPA 1985) determined that the limit for TEL content,
0.3g1l to 0.026 gil would cost $500 million p.a. to the oil refinery industry in 1986. The monetary benefits from this
reduction would be:

• $600 000 million of damages to children would be avoided (health costs, school absences)



• $6 billion reduction in hypertension cases in adults

• $200 million savings for catalysers prematurely destroyed by misfueling and pollution impact on public health
• $1 billion in the form of profits from vehicle maintenance

The gains total more than $6 billion, and even considering the uncertainty of certain dosage-effect relationsbips, the gain
margin remains very comfortable,
The findings in case 3 have justified political decisions concerning new forms of CO, Nox, VOCs and PM reduction on
vehicles in Europe. The figures in Table 3 are calculated using the "ExternE" method (INFRASIIWW 2000, FAVREL,
Vet aJ 2001, EC 1999, EC 1995).

Table 3. External costs of atmospheric pollution in cities (two examples).

Costs in EUR par 1000 vkm Marginal costs from air pollution Total
Mode of transport Health Materials Cultures Min Max
Geographical zone May. V.E. Mov. U.E. Mov. V.E.
Cars
Gasoline - nonns pre Euro 35,3 0,2 0,4 36,0 45,5
Gasoline - norms Euro I 9,6 - - 9,6 12,1
Gasoline - norms Euro III 8,3 - - 8,3 10,5
Diesel - norms Euro I 24,8 - 24,8 31,3
Geo2Taphical zone Brussels Brussels Brussels
Diesel - norms pre Euro 663 58 - 144 3.605
Diesel - norms Euro I 142 13 - 31 780
Geographical Zone May. V.E. May. V.E. May. V.E.
Mopeds 15,0 - 1,1 16,2 19,2

It can be seen that by introducing Euro 1 norms as compared to pre euro norms. external costs * to health are
significantly decreased due to the elimination of leaded gasoline and utilization of the catalytic converter.
Based on these health, environmental and economical analyses. measures were quickly taken to reduce lead in gasoline.
In the European Union and in Belgium in particular, three kinds of measures were taken (HECQ W 1998).

- European regulation limiting the maximum lead content in gasoline to 0.4 gil from January 1" 1981.
- Two regulations, one European and one Belgian, lowering the maximum lead content in gasoline to 0.15g11

from January 1987 and authorizing the sale of unleaded gasoline from October I" 1989.
- A third European reglementalion forbidding the sale of leaded gasoline from January I" 2000.

Tne effects of these measures are visible in Figure 1. Annual lead concentration in the atmosphere fell from 2.7oonglm3
in 1975 to 1.600nglm3 in 1981 following the limitation of lead in ga,oline to 0.4 gil.

Figure 1: Evolution oflead concentration in the air in Brussels (JBGE 2000).

• As the figures for diesel indicate, this varies considerably according to towns and calculation methods used .
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The concentration then decreases to 580nglm3 in 1987 when gasoline with 0.15g11 lead is put
on the market. With the progressive sales of unleaded gasoline at the end of 1980, lead concentration will continue
decreasing and reach lOOnglm3 in 1988. With the definitive elimination of lead in gasoline in 2000 lead content in the air
will fall to 5Onglm3, 50 times less than in 1975. The sale of unleaded fuel at the end of the eighties also allowed
catalytic converters to be used on new vehicles, thereby complying with the new European standards. Gradual
introduction of vehicles with catalytic converters now allows air in European cities to be improved. as was the case for
lead over the last twenty years.

4. Conclusions

Urban areas today are experiencing a triple growth: population, economical activities and traffic. Environmentally this
results not only in an increase in atmosphere pollution but also congestion. itself a cause of pollution. This pollution is
affecting an ever-increasing population. buildings, peri-urbain crops, etc. The costs incurred prove the negative effects on
health and the environment.
Some of the solutions to these problems would be urban planning, utilization of public transport and implementation of
technical measures.
Apart from technical measures focusing on fuel and vehicles, three important elements are to be considered, and concern
the utilization of lead in gasoline.

Lead is toxic to health; this is the first reason to reduce its utilization in fuel.
Lead is harmful to catalytic converter utilization, this being a widely used technique today that significantly
reduces emission of three categories of pollutants that pose serious environmental problems; carbon monoxide.
nitrogen oxides and organic volatile components. A second reason to reduce its utiHzation.
Refining techniques are at present advanced enough to produce quality leadless fuel; a third reason.



D. COMPENDIUM OF CONVENTIONS AND PROTOCOLS

ANNEXD.l

Regional Seas Conventions and Protocols

Mediterranean

The Convention for the Protection of the Marine Environment and the Coastal Region of the Mediterranean (Barcelona
Convention); adopted on 16 February 1976, in force 12 February 1978; revised in Barcelona, Spain. 9-10 June 1995 as
the Convention for the Protection of the Marine Environment and the Coastal Region of the Mediterranean (not yet in
force)
The Protocol for the Prevention and Elimination of Pollution of the Mediterranean Sea by Dumping from Ships and

Aircraft (Dumping Protocol); adopted in Barcelona, Spain, on 16 February 1976, in force 12 February 1978, revised in
Barcelona, 9-10 June 1995 as the Protocol for the Prevention and Elimination of Pollution of the Mediterranean Sea by
Dumping from Ships and Aircraft or Incineration at Sea The Protocol Concerning Cooperation in Combating Pollution of
the Mediterranean Sea by Oil and other Harmful Substances in Cases of Emergency (Emergency Protocol); adopted in
Barcelona, Spain, on 16 February 1976, in force 12 February 1978
Protocol for the Protection of the Mediterranean Sea against Pollution from Land-Based Sources (LBS Protocol);
adopted in Athens, Greece, on 17 May 1980, in force 17 June 1983, amended in Syracusa, Italy, 6 -7 March 1996 as the
Protocol for the Protection of the Mediterranean Sea against Pollution from Land-Based Sources and Activities
The Protocol Concerning Mediterranean Specially Protected Areas (SPA Protocol); adopted in Geneva Switzerland, on 2
April 1982, in force 1986, revised in Barcelona, Spain on 9-10 June 1995 as the Protocol Concerning Specially Protected
Areas and Biological Diversity in the Mediterranean (SPA and Biodiversity Protocol)
The Protocol for the Protection of the Mediterranean Sea against Pollution Resulting from Exploration and Exploitation
of the Continental Shelf and the Seabed and its Subsoil (Offshore Protocol); adopted in Madrid, Spain, 13-14 October
1994
The Protocol on the Prevention of Pollution of the Mediterranean Sea by Transboundary Movements of Hazardous
Wastes and their Disposal (Hazardous Wastes Protocol); adopted in lzmir, Turkey. 30 September-I October 1996, not
yet in force.

West and Central Africa

Convention for Co-operation in the Protection and Development of the Marine and Coastal Environment of the West and
Central African Region (Abidjan Convention); adopted 1981, in force 1984
Protocol on concerning cooperation in combating pollution in cases of emergency; adopted in 1981, in force 1984

South-East Pacific:

Convention for the Protection of the Marine Environment and Coastal Area of the South-East Pacific (Lima Convention),
adopted 1981; in force 1986
Agreement on Regional Cooperation in Combating Pollution of the South-East Pacific by Hydrocarbons or Other
Harmful Substances in Case of Emergency; adopted 1981
Supplementary Protocol to the Agreement on Regional Co-Operation in Combating Pollution of the South-East Pacific
by Hydrocarbons or Other Harmful Substances in Cases of Emergency; adopted 1983, in force 1987
Protocol for the Protection of the South-East Pacific against Pollution from Land-based Sources; adopted 1983, in force
1986
Protocol for the Conservation and Management of Protected Marine and Coastal Areas of the South-East Pacific;
adopted 1989, in force 1994
Protocol for the Protection of the South-East Pacific Against Radioactive Contamination; adopted 1989, in force 1995
Protocol on the Programme for the Regional Study on the EI Nino Phenomenon (ERFEN) in the South-East Pacific;
adopted 1992

Red Sea and Gulf of Aden

Regional Convention for the Conservation of the Red Sea and Gulf of Aden Environment (Jeddah Convention); adopted
1982, in force 1985
Protocol Concerning Regional Co-Operation in Combating Pollution by Oil and Other Harmful Substances in Cases of
Emergency; adopted 1982; in force 1985

Eastern Africa

The Convention for the Protection, Management and Development of the Marine and Coastal Environment of the Eastern
African Region (Nairobi Convention); adopted 1985, in force 1996
The Protocol concerning Protected Areas and Wild Fauna and Flora in the Eastern African Region; adopted 1985



The Protocol concerning Co-operation in Combating Marine Pollution in Cases of Emergency in the Eastern African
Region; adopted 1985

Soutb Pacific

Convention for the Protection of Natural Resources and Environment of the South Pacific Region (Noumea Convention);
adopted 1986, in force 1990
Protocol fotthe Prevention of Pollution of the South Pacific Region by Dumping; adopted 1986, in force 1990
Protocol Concerning Co-operation in Combating Pollution Emergencies in the South Pacific Region; adopted 1986, in
force 1990

Partner programmes

Baltic: Convention on the Protection of the Marine Environment of the Baltic Sea Area (Helsinki Convention), adopted
1974, in force 1980, revised 1992, in force 2000)
Nortb-East Atlantic: The Convention for the Protection of the Marine Environment of the North-East Atlantic - Oslo
and Paris conventions (adopted 1974, revised and combined into OSPAR Convention 1992, in force 1998)

No conventions have yet been developed for East Asian Seas, South Asian Seas, Upper South-West Atlantic, North West
Pacific, North-East Pacific, Arctic.

1) Barcelona Convention

Convention for tbe Protection of the Marine Environment and the Coastal Region of tbe Mediterranean

As revised in Barcelona, Spain, on 10 June 1995
The Contracting Parties,
Conscious of the economic, social, health and cultural value of the marine environment of the Mediterranean Sea Area,
Fully aware of their responsibility to preserve and sustainably develop this common heritage for the benefit and
enjoyment of present and future generations,
Recognizing the threat posed by pollution to the marine environment. its ecological equilibrium. resources and legitimate
uses,
Mindful of the special hydrographic and ecological characteristics of the Mediterranean Sea Area and its particular
vulnerability to pollution,
Noting that existing international conventions on the subject do not cover, in spite of the progress achieved, all aspects
and sources of marine pollution and do not entirely meet the special requirements of the Mediterranean Sea Area.
Realizing fully the need for close cooperation among the States and international organizations concerned in a
coordinated and comprehensive regional approach for the protection and enhancement of the marine environment in the
Mediterranean Sea Area,
Fully aware that the Mediterranean Action Plan, since its adoption in 1975 and through its evolution, has contributed to
the process of sustainable development in the Mediterranean region and has represented a substantive and dynamic tool
for the implementation of the activities related to the Convention and its Protocols by the Contracting Parties,
Taking into account the results of the United Nations Conference on Environment and Development, held in Rio de
Janeiro from 4 to 14 June 1992,
Also taking into account the Declaration of Genoa of 1985, the Charter of Nicosia of 1990, the Declaration of Cairo of
1992 on Euro-Mediterranean Cooperation on the Environment within the Mediterranean Basin, the recommendations of
the Conference of Casablanca of 1993, and the Declaration of Tunis of 1994 on the Sustainable Development of the
Mediterranean.
Bearing in mind the relevant provisions of the United Nations Convention on the Law of the Sea, done at Montego Bay
on 10 December 1982 and signed by many Contracting Parties,
Have agreed as follows:

Article 1

GEOGRAPHICAL COVERAGE

I.For the purposes of this Convention, the Mediterranean Sea Area shall mean the maritime waters of the Mediterranean
Sea proper, including its gulfs and seas, bounded to the west by the meridian passing through Cape Spartel lighthouse, at
the entrance of the Straits of Gibraltar, and to the east by the southern limits of the Straits of the Dardanelles between
Mehmetcik and Kumkale lighthouses.
2.The application of the Convention may be extended to coastal areas as defined by each Contracting Party within its
own territory.
3.Any Protocol to this Convention may extend the geographical coverage to which that particular Protocol applies.

Article 2

DEFINITIONS

For the purposes of this Convention:



(a)"Pollution" means the introduction by man. directly or indirectly. of substances or energy into the marine
environment. including estuaries, which results. or is likely to result. in such deleterious effects as harm to living
resources and madne life. hazards to human health, hindrance to marine activities, including fishing and other legitimate
uses of the sea. impairment of quality for use of seawater and reduction of amenities.
(b)"Organization" means the body designated as responsible for carrying out secretariat functions pursuant to article 17
of this Convention.

Article 3

GENERAL PROVISIONS

I.The Contracting Parties, when applying this Convention and its related Protocols, shall act in conformity with
international law.
2.The Contracting Parties may enter into bilateral or multilateral agreements, including regional or sub?regional
agreements for the promotion of sustainable development, the protection of the environment, the conservation and
preservation of natural resources in the Mediterranean Sea Area, provided that such agreements are consistent with this
Convention and the Protocols and conform to international law. Copies of such agreements shall be communicated to the
Organization. As appropriate. Contracting Parties should make use of existing organizations. agreements or arrangements
in the Mediterranean Sea Area,
3,Nothing in this Convention and its Protocols shall prejudice the rights and positions of any State concerning the United
Nations Convention on the Law of the Sea of 1982,
4,The Contracting Parties shall take individual or joint initiatives compatible with international law through the relevant
international organizations to encourage the implementation of the provisions of this Convention and its Protocols by all
the non-party States,
5.Nothing in this Convention and its Protocols shall affect the sovereign immunity of warships or other ships owned or
operated by a State while engaged in government non-commercial service. However. each Contracting Party shall ensure
that its vessels and aircraft, entitled to sovereign immunity under international law, act in a manner consistent with this
ProtocoL

Article 4

GENERAL OBLIGAnONS

LThe Contracring Parties shall individually or jointly take all appropriate measures in accordance with the provisions of
this Convention and those Protocols in force to which they are party to prevent, abale, combat and to the fullest possible
extent eliminate pollution of the Mediterranean Sea Area and to protect and enhance the marine environment in that Area
so as to contribute towards its sustainable development.
2.The Contracting Parties pledge themselves to take appropriate measures to implement the Mediterranean Action Plan
and, further, to pursue the protection of the marine environment and the natural resources of the Mediterranean Sea Area
as an integral part of the development process, meeting the needs of present and future generations in an equitable
manner. For the purpose of implementing the objectives of sustainable development the Contracting Parties shall take
fully into account the recommendations of ihe Mediterranean Commission on Sustainable Development established
within the framework of the Mediterranean Action Plan.
3.In order to protect the environment and contribute to the sustainable development of the Mediterranean Sea Area. the
Contracting Parties shall:
(a) Apply, in accordance with their capabilities, the precautionary principle, by virtue of which where there are threats of
serious or irreversible damage. lack of full scientific certainty shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation;
(b) Apply the polluter pays principle, by virtue of which the costs of pollution prevention, control and reduction
measures are to be borne by the polluter, with due regard to the public interest;
(c) Undertake environmental impact assessment for proposed activities that are likely to cause a significant adverse
impact on the marine environment and are subject to an authorization by competent national authorities;
(d) Promote cooperation between and among States in environmental impact assessment procedures related to activities
under their jurisdiction or control, which are likely to have a significant adverse effect on the marine environment of
other States or areas beyond the limits of national jurisdiction, on the basis of notification, exchange of information and
consultation;
(e) Commit themselves to promote the integrated management of the coastal zones, taking into account the protection of
areas ofecological and landscape interest and the rational use of natural resources,
4.In implementing the Convention and the related Protocols, the Contracting Parties shall:
(a) Adopt programmes and measures which contain, where appropriate, time limits for their completion;
(b) Utilize the best available techniques and the best environmental practices and promote the application of, access to
and transfer of environmentally sound technology, including clean production technologies. taking into account the
social, economic and technological conditions,
5.The Contracting Parties shall cooperate in the formulation and adoption of Protocols, prescribing agreed measures,
procedures and standards for the implementation of this Convention.



6.The Contracting Parties further pledge themselves to promote. within the international bodies considered to be
competent by the Contracting Parties. measures concerning the ,implementation of programmes of sustainable
development. the protection, conservation and rehabilitation of the environment and of the natural resources in the
Mediterranean Sea Area.

Article 5

POLLUTION CAUSED BY DUMPING FROM SHIPS AND AIRCRAFT OR INCINERATION AT SEA

The Contracting Parties shall take all appropriate measures to prevent, abate and to the fullest possible extent eliminate
pollution of the Mediterranean Sea Area caused by dumping from ships and aircraft or incineration at sea.

Article 6

POLLUTION FROM SHIPS

The Contracting Parties shall take all measures in conformity with international law to prevent, abate, combat and to the
fullest possible extent eliminate pollution of the Mediterranean Sea Area caused by discharges from ships and to ensure
the effective implementation in that Area of the rules whicb are generally recognized at the international level relating 10

the control of this type of pollution.

Article 7

POLLUTION RESULTING FROM EXPLORATION AND EXPLOITATION OF THE CONTINENTAL
SHELF AND THE SEABED AND ITS SUBSOIL

The Contracting Parties sball take all appropriate measures to prevent, abate, combat and to the fullest possible extent
eliminate pollution of the Mediterranean Sea Area resulting from exploration and exploitation of the continental shelf
and the seabed and its subsoil.

Article 8

POLLUTION FROM LAND·BASED SOURCES

The Contracting Parties shall take all appropriate measures to prevent, abate, combat and 10 the fullest possible extent
eliminate pollution of the Mediterranean Sea Area and to draw up and implement plans for the reduction and phasing out
of substances that are toxic. persistent and liable to bioaccumulate arising from land-based sources. These measures shall
apply:
(a)to pollution from land-based sources originating within the territories of the Parties, and reaching the sea:
-directly from outfalls discharging into the sea or through coastal disposal;
-indirectly through rivers, canals or other watercourses, including underground watercourses, or through run-off;
(b)to pollution from land-based sources transported by the atmosphere.

Article 9

COOPERATION IN DEALING WITH POLLUTION EMERGENCIES

I.The Contracting Parties shall cooperate in taking the necessary measures for dealing with pollution emergencies in the
Mediterranean Sea Area. whatever the causes of such emergencies, and reducing or eliminating damage resulting
therefrom.
2.Any Contracting Party which becomes aware of any pollution emergency in the Mediterranean Sea Area shall without
delay notify the Organization and, either through the Organization or directly, any Contracting Party likely to be affected
by such emergency.

Article 10

CONSERVATION OF BIOLOGICAL DIVERSITY

The Contracting Parties shall, individually or jointly, take all appropriate measures to protect and preserve biological
diversity, rare or fragile ecosystems, as well as species of wild fauna and flora which are rare, depleted, threatened or
endangered and their habitats, in the area to which this Convention applies.

Article 11

POLLUTION RESULTING FROM THE TRANSBOUNDARY MOVEMENTS OF HAZARDOUS WASTES
AND THEIR DISPOSAL

The Contracting Parties shall take all appropriate measures to prevent, abate and to the fullest possible extent eliminate
pollution of the environment which can be caused by transboundary movements and disposal of hazardous wastes, and to
reduce to a minimum, and if possible eliminate, such transboundary movements.



Article 12

MONITORING

1.The Contracting Parties shall endeavor to establish, in close cooperation with the international bodies which they
consider competent, complementary or joint programmes, including, as appropriate, programmes at the bilateral or
multilateral levels, for pollution monitoring in the Mediterranean Sea Area and shall endeavor to establish a pollution
monitoring system for that Area.
2.For this purpose, the Contracting Parties shall designate the competent authorities responsible for pollution monitoring
within areas under their national jurisdiction and shall participate as far as practicable in international arrangements for
pollution monitoring in areas beyond national jurisdiction.
3.The Contracting Parties undertake to cooperate in the formulation, adoption and implementation of such annexes to this
Convention as may be required to prescribe common procedures and standards for pollution monitoring.

Article 13

SCIENTIFIC AND TECHNOLOGICAL COOPERATION

I.The Contracting Parties undertake as far as possible to cooperate directly, or when appropriate through competent
regional or other international organizations. in the fields of science and technology and to exchange data as well as other
scientific information for the purpose of this Convention.
2.The Contracting Parties undertake to promote the research on, access to and transfer of environmentally sound
technology, including clean production technologies, and to cooperate in the formulation, establishment and
implementation of clean production processes.
3The Contracting Parties undertake to cooperate in the provision of technical and other possible assistance in fields
relating to marine pollution, with priority to be given to the special needs of developing countries in the Mediterranean
region.

Article 14

ENVIRONMENTAL LEGISLATION

I.The Contracting Parties shall adopt legislation implementing the Convention and the Protocols.
2.The Secretariat may, upon request from a Contracting Party, assist that Party in the drafting of environmental
legislation in compliance with the Convention and the Protocols.

Article 15

PUBLIC INFORMATION AND PARTICIPATION

I.The Contracting Parties shall ensure that their competent authorities shall give to the public appropriate access to
information on the environmental state in the field of application of the Convention and the Protocols, on activities or
measures adversely affecting or likely to affec~ it and on activities carried out or measures taken in accordance with the
Convention and the Protocols.
2.The Contracting Parties shall ensure that the opportunity is given to the public to participate in decision-making
processes relevant to the field of application of the Convention and the Protocols, as appropriate.

3.The provision of paragraph 1. of this Article shall not prejudice the right of Contracting Parties to refuse, in accordance
with their legal systems and applicable international regulations. to provide access to such information on the ground of
confidentiality, public security or investigation proceedings, stating the reasons for such a refusal.

Article 16

LIABILITY AND COMPENSATION

The Contracting Parties undertake to cooperate in the formulation and adoption of appropriate rules and procedures for
the determination of liability and compensation for damage resulting from pollution of the marine environment in the
Mediterranean Sea Area.

Article 17

INSTITUTIONAL ARRANGEMENTS

The Contracting Parties designate the United Nations Environment Programme as responsible for carrying oul the
following secretariat functions:
(i)To convene and prepare the meetings of Contracting Parties and conferences provided for in articles 18,21 and 22;
(iilTo transmit to the Contracting Parties notifications, reports and other information received in accordance with articles
3,9 and 26;
(iii)To receive, consider and reply to enquiries and information from the Contracting Parties;



(iv)To receive. consider and reply to enquiries and information from non-governmental organizations and the public
when they relate to subjects of common interest or to activities carried out at the regional level; in this case. the
Contracting Parties concerned shall be informed;
(v)To perform the functions assigned to it by the protocols to this Convention;
(vi)To regularly report to the Contracting Parties on the implementation of the Convention and of the Protocols;
(vii)To perfonn such other functions as may be assigned to it by the Contracting Parties;
(viii)To ensure the necessary coordination with other international bodies which the Contracting Parties consider
competent, and in particular. to enter into such administrative arrangements as may be required for the effective
discharge of the secretariat functions.

Article 18

MEETINGS OF THE CONTRACTING PARTIES

I.The Contracting Parties shall hold ordinary meetings once every two years and extraordinary meetings at any other
time deemed necessary, upon the request of the Organization or at the request of any Contracting Party, provided that
such requests are supported by at least two Contracting Parties.
2.It shall be the function of the meetings of the Contracting Parties to keep under review the implementation of this
Convention and the protocols and, in particular:
(i) To review generally the inventories carried out by Contracting Parties and competent international organizations on
the state of marine pollution and its effects in the Mediterranean Sea Area;
(ii) To consider reports submitted by the Contracting Parties under article 26;
(iii) To adopt. review and amend as required the annexes to this Convention and to the protocols. in accordance with the
procedure established in article 23;
(iv) To make recommendations regarding the adoption of any additional protocols or any amendments to this Convention
or the protocols in accordance with the provisions of articles 21 and 22;
(v) To establish working groups as required to consider any matters related to this Convention and the protocols and
annexes~

(vi) To consider and undertake any additional action that may be required for tbe achievement of the purposes of this
Convention and the protocols.
(vii) To approve the Programme Budget.

Article 19

BUREAU

I.The Bureau of the Contracting Parties shall be composed of representatives of the Contracting Parties elected by the
Meetings of the Contracting Parties. In electing the members of the Bureau, the Meetings of the Contracting Parties shall
observe the principle of equitable geographical distribution.
2.The functions of the Bureau and the terms and conditions upon which it shall operate shall be set in the Rules of
Procedure adopted by the Meetings of the Contracting Parties.

Article 20

OBSERVERS

I.The Contracting Parties may decide to admit as observers at their meetings and conferences:
(a) Any State which is not a Contracting Party to the Convention;
(b) Any international governmental organization or any non-governmental organization the activities of which are related
to the Convention.
2.Such observers may participate in meetings without the right to vote and may present any information or report
relevant to the objectives of the Convention.
3.The conditions for the admission and participation of observers shall be established in the Rules of Procedure adopted
by the Contracting Parties.

Article 21

ADOPTION OF ADDITIONAL PROTOCOLS

I.The Contracting Parties, at a diplomatic conference, may adopt additional protocols to this Convention pursuant to
paragraph 5 of article 4.
2.A diplomatic conference for the pwpose of adopting additional protocols shall be convened by the Organization at the
request of two thirds of the Contracting Parties.



Article 22

AMENDMENT OF THE CONVENTION OR PROTOCOLS

l.Any Contracting Party to this Convention may propose amendments to the Convention. Amendments shall be adopted
by a diplomatic conference, which shall be convened by the Organization at the request of two thirds of the Contracting
Parties.
2.Any Contracting Party to this Convention may propose amendments to any protocol. Such amendments shall be
adopted by a diplomatic conference, which shall be convened by the Organization at the request of two thirds of the
Contracting Parties to the protocol concerned.
3.Amendments to this Convention shall be adopted by a three-fourths majority vote of the Contracting Parties to the
Convention which are represented at the diplomatic conference and shall be submitted by the Depositary for acceptance
by all Contracting Parties to the Convention. Amendments to any protocol shall be adopted by a three-fourths majority
vote of the Contracting Parties to such protocol which are represented at the diplomatic conference and shall be
submitted by the Depositaty for acceptance by all Contracting Parties to such protocol.
4.Acceptance of amendments shall be notified to the Depositary in writing. Amendments adopted in accordance with
paragraph 3 of this article shall enter into force between Contracting Parties having accepted such amendments on the
thirtieth day following the receipt by the Depositary of notification of their acceptance by at least three fourths of the
Contracting Parties to this Convention or to the protocol concerned, as the case may be.
S.After the entry into force of an amendment to this Convention or to a protocol, any new Contracting Party to this
Convention or such protocol shall become a Contracting Party to the instrument as amended.

Article 23

ANNEXES AND AMENDMENTS TO ANNEXES

I.Anne"es to this Convention or to any protocol shall form an integral part of the Convention or such protocol, as the
case may be.
2.Except as may be otherwise provided in any protocol, the following procedure shall apply to the adoption and entry
into force of any amendments to annexes to this Convention or to any protocol, with the exception of amendments to the
annex on arbitration:
(DAny Contracting Party may propose amendments to the annexes to this Convention or to any protocol at the meetings
referred to in article 18;
(ii) Such amendments shall be adopted by a three-fourths majority vote of the Contracting Parties to the instrument in
question;
(iii) The Depositary shall without delay communicate the amendments so adopted to all Contracting Parties;
(iv) Any Contracting Party that is unable to approve an amendment to the annexes to this Convention or to any protocol
shall so notify in writing the Depositary within a period determined by the Contracting Parties concerned when adopting
the amendment;
(v) The Depositary shall without delay notify all Contracting Parties of any notification received pursuant to the
preceding sub-paragraph;
(vi) On expiry of the period referred to in sub-paragraph (iv) above, the amendment to the annex shall become effective
for all Contracting Parties to this Convention or to the protocol concerned which have not submitted a notification in
accordance with the provisions of that sub-paragraph.
3.The adoption and entry into force of a new anne" to this Convention or to any protocol shall be subject to the same
procedure as for the adoption and entry into force of an amendment to an annex in accordance with the provisions of
paragraph 2 of this article, provided that, if any amendment to the Convention or the protocol concerned is involved, the
new annex shaH not enter into force until such time as the amendment to the Convention or the protocol concerned enters
into force.
4.Amendments to the anne" on arbitration shall be considered to be amendments to this Convention and shall be
proposed and adopted in accordance with the procedures set out in article 22 above.

Article 24

RULES OF PROCEDURE AND FINANCIAL RULES

l.The Contracting Parties shall adopt rules of procedure fortheir meetings and conferences envisaged in articles 18, 21
and 22 above.
2.The Contracting Parties shall adopt financial rules, prepared in consultation with the Organization, to determine, in
particular, their financial participation in the Trust Fund.

Article 25

SPECIAL EXERCISE OF VOTING RIGHT

Within the areas of their competence, the European Economic Community and any regional economic grouping referred
to in article 30 of this Convention shall e"ercise their right to vote with a number of votes equal to the number of their
member States which are Contracting Parties to this Convention and to one or more protocols; the European Economic



Community and any grouping as referred to above shaH not exercise their right to vote in cases where the member States
concerned exercise theirs. and conversely.

Article 26

REPORTS

I.The Contracling Parties shall transmit 10 the Organization reports on:
(a)the legal, administrative or other measures taken by them for the implementation of this Convention, the Protocols and
of the recommendations adopled by their meetings;
(b)the effectiveness of the measures referred to in subparagraph (a) and problems encountered in the implementation of
the instruments as mentioned above.
2.The reports shall be submitted in such form and al such intervals as Ihe Meetings of Contracting Parties may determine.

Article 27

COMPLIANCE CONTROL

The meetings of the Contracting Parties shall, on the basis of periodical reports referred to in Article 26 and any other
report submitted by the Contracting Parties, assess the compliance with the Convention and the Protocols as well as the
measures and recommendations. They shall recommend, when appropriate, the necessary steps to bring about full
compliance with the Convention and the Protocols and promole the implementation of the decisions and
recommendations.

Article 28

SETTLEMENTS OF DISPUTES

!.In case of a dispute between Contracting Parties as 10 the interpretation or application of this Convention or the
protocols, they shall seek a settlement of the dispute through negotiation or any other peaceful means of their own
choice.
2.If the Parties concerned cannot settle their dispute through the means mentioned in the preceding paragraph, Ihe dispute
shall upon common agreement be submitted to arbitration under the conditions laid down in annex A to this Convention.
3.Nevertheless, the Contracting Parties may al any time declare that they recognize as compulsory ipso facto and without
special agreement, in relation to any other Party accepting the same obligalion, the application of the arbitration
procedure in confonnity with the provisions of annex A. Such declaration shall be notified in writing to the Depositary.
who shall communicate it to the other Parties.

Article 29

RELATIONSHIP BETWEEN THE CONVENTION AND PROTOCOLS

l.No one may become a Contracting Party 10 this Convention unless it becomes al the same time a Contracting Party to
at least one of the protocols. No one may become a Contracting Party to a protocol unless it is, or becomes at the same
time, a Contracling Party to this Convention.
2.Any protocol to this Convention shall be binding only on the Contracting Parties to the protocol in question.
3.Decisions concerning any protocol pursuant to articles 18, 22 and 23 of this Convention shall be taken only by the
Parties to the protocol concerned.

Article 30

SIGNATURE

This Convention, the Protocol for the Prevention of Pollution of the Mediterranean Sea by Dumping from Ships and
Aircraft and the Protocol concerning cooperalion in Combating Pollution of the Mediterranean Sea by Oil and Other
Harmful Substances in Cases of Emergency shall be open for signature in Barcelona on 16 February 1976 and in Madrid
from 17 February 1976 to 16 February 1977 by any State invited as a participant in the Conference of Plenipotentiaries
of the Coastal States of the Mediterranean Region on the Protection of the Mediterranean Sea, held in Barcelona from 2
to 16 February 1976, and by any State entilled to sign any protocol in accordance with the provisions of such protocol.
They shall also be open unlil the same date for signature by the European Economic Community and by any similar
regional economic grouping at least one member of which is a coastal State of the Mediterranean Sea Area and which
exercise competence in fields covered by this Convention, as weU as by any protocol affecting them.

Article 31

RATIFICATION, ACCEPTANCE OR APPROVAL

This Convention and any protocol thereto shall be subject to ratification, acceptance~ or approval. Instruments of
ratification, acceptance or approval shall be deposited with the Government of Spain, which will assume the functions of
Depositary.



Article 32

ACCESSION

I.As from 17 February 1977, the present Convention, the Protocol for the Prevention of Pollution of the Mediterranean
Sea by Dumping from Ships and Aircraft, and the Protocol concerning Cooperation in Combating Pollution of the
Mediterranean Sea by Oil and other Harmful Substances in Cases of Emergency shall be open for accession by the
States, by the European Economic Cormnunity and by any grouping as referred to in article 30.
2.After the entry into force of the Convention and of any protocol, any State not referred to in article 30 may accede to
this Convention and to any protocol, subject to prior approval by three fourths of the Contracting Parties to the protocol
concerned.
3.Instrurnents of accession shall be deposited with the Depositary.

Article 33

ENTRY INTO FORCE

I.This Convention shall enter into force on the same date as the protocol first entering into force.
2.The Convention shall also enter into force with regard to the States, the European Economic Community and any
regional economic grouping referred to in article 30 if they have complied with the formal requirements for becoming
Contracting Parties to any other protoco) not yet entered into force.
3.Any protocol to this Convention, except as otherwise provided in such protocol, shall enter into force on the thirtieth
day following the date of deposit of at least six instruments of ratification, acceptance. or approval of. or accession to
such protocol by the Parties referred to in article 30.
4.Thereafter, this Convention and any protocol shall enter into force with respect to any State, the European Economic
Cormnunity and any regional economic grouping referred to in article 30 on the thirtieth day follOWing the date of
deposit of the instruments of ratification, acceptance. approval or accession.

Article 34

WITHDRAWAL

I.At any time after three years from the date of entry into force of this Convention, any Contracting Party may withdraw
from this Convention by giving written notification of withdrawal.
2.Except as may be otherwise provided in any protocol to this Convention, any Contracting Party may, at any time after
three years from the date of entry into force of such protocol, withdraw from such protocol by giving written notification
of withdrawal.
3.Withdrawal shall take effect 90 days after the date on which notification of withdrawal is received by the Depositary.
4.Any Contracting Party which withdraws from this Convention shall be considered as also having withdrawn from any
protocol to which it was a Party.
5.Any Contracting Party which, upon its withdrawal from a protocol, is no longer a Party to any protocol to this
Convention, shall be considered as also having. withdrawn from this Convention.

Article 35

RESPONSIBILITIES OF THE DEPOSITARY

l.The Depositary shall inform the Contracting Parties, any other Party referred to in article 3D, and the Organization:
(i) Of the signature of this Convention and of any protocol thereto, and of the deposit of instruments of ratification,
acceptance, approval or accession in accordance with articles 3D, 31 and 32;
(ii) Of the date on which the Convention and any protocol will come into force in accordance with the provisions of
article 33;
(iii) Of notifications of withdrawal made in accordance with article 34;
(iv) Of the amendments adopted with respect to the Convention and to any protocol, their acceptance by the Contracting
Parties and the date of entry into force of those amendments in accordance with the provisions of article 22;
(v) Of the adoption of new annexes and of the amendment of any annex in accordance with article 23;
(vi) Of declarations recognizing as compulsory the application of the arbitration procedure mentioned in paragraph 3 of
article 28.
2.The original of this Convention and of any protocol thereto shan be deposited with the Depositary, the Govermnent of
Spain, which shall send certified copies thereof to the Contracting Parties, to the Organization, and to the Secretary
General of the United Nations for registration and publication in accordance with Article 102 of the United Nations
Charter.
IN WITNESS THEREOF the undersigned, being duly authorized by their respective Governments, have signed this
Convention.
DONE at Barcelona on 16 February 1976 in a single copy in the Arabic. English, French and Spanish languages. the four
texts being equally authoritative.



ARBITRATION

Article 1

Unless the Parties to the dispute otherwise agree, the arbitration procedure shall be conducted in accordance with the
provisions of this annex.

Article 2

I.At the request addressed by one Contracting Party to another Contracting Party in accordance with the provisions of
paragraph 2 or paragraph 3 of article 28 of the Convention, an arbitral tribunal shall be constituted. The request for
arbitration shall state the subject matter of the application including, in particular, the articles of the Convention or the
protocol, the interpretation or application of which is in dispute.
2.The claimant party shall inform the Organization that it has requested the setting up of an arbitral tribunal, stating the
name of the other Party to the dispute and articles of the Convention or the protocols the interpretation or application of
which is in its opinion in dispute. The Organization shall forward the information thus received to all Contracting Parties
to the Convention.

Article 3

The arbitral tribunal shall consist of three members: each of the Parties to the dispute shall appoint an arbitrator; the two
arbitrators so appointed shall designate by common agreement the third arbitrator who shall be the chairman of the
tribunal. The latter shall not be a national of one of the Parties to the dispute, nor have his usual place of residence in the
territory ofone of these Parties, nor be employed by any of them, nor have dealt with the case in any other capacity.

Article 4

l.If the chairman of the arbitral tribunal has not been designated within two months of the appointment of the second
arbitrator, the Secretary-General of the United Nations shall, at the request of the more diligent Party, designate him
within a further two months' period.
2.U one of the Parties to the dispute does not appoint an arbitrator within two months of receipt of the request, the other
Party may inform the Secretary-General of the United Nations who shall designate the chairman of the arbitral tribunal
within a further two months' period. Unpon designation, the chairman of the arbitral tribunal shall request the Party
which has not appointed an arbitrator to do so within two months. After such period, he shall inform the Secretary
General of the United Nations, who shall make this appointment within a further two months' period.

Article 5

I.The arbitral tribunal shall decide according to the rules of international law and, in particular, those of this Convention
and the protocols concerned.
2.Any arbitral tribunal constituted under the provisions of this annex shall draw up its own rules of procedure.

Article 6

I.The decisions of the arbitral tribunal, bot!) on procedure and on substance, shall be taken by majority vote of its
members.
2.The tribunal may take all appropriate measures in order to establish the facts. It may, at the request of one of the
Parties. recommend essential interim measures of protection.
3.If two or more arbitral tribunals constituted under the provisions of this annex are seized of requests with identical or
similar subjects, they may inform themselves of the procedures for establishing the faclS and take tbem into account as
far as possible.
4.The Parties to the dispute shall proVide all facilities necessary for the effective conduct of the proceedings.
5.The absence or default of a Party to the dispute shall not constitute an impediment to the proceedings.

Article 7

1.The award of the arbitral tribunal shall be accompanied by a statement of reasons. It shall be final and hinding upon the
Parties to the dispute.
2.Any dispute which may arise between the Parties concerning the interpretation or execution of the award may be
submitted by the more diligent Party to the arbitral tribunal which made the award or, if the latter cannot be seized
thereof, to another arbitral tribunal constituted for this purpose in the same manner as the first.

Article 8

The European Economic Community and any regional economic grouping referred to in article 30 of the Convention,
like any Contracting Party to the Convention, are empowered to appear as complainants or as respondents before the
arbitral tribunal.



ANNEXD.2

Mediterranean Emergency Protocol

Protocol Concerning Co-operation in Combating Pollution of the Mediterranean Sea by Oil and Other Harmful
Substances in Cases of Emergency

Signed in Barcelona on 16 February 1976,
in force 12 February 1978

The Contracting Parties to the present Protocol,
Being Parties to the Convention for the Protection of the Mediterranean Sea against Pollution,
Recognizing that grave pollution of the sea by oil and other harmful substances in the Mediterranean Sea Area involves a
danger for the coastal States and the marine eco-system,
Considering that the co-operation of all the coastal States of the Mediterranean is called for to combat this pollution,
Bearing in mind the International Convention for the Prevention of Pollution from Ships, 1973, the International
Convention relating to Intervention on the High Seas in Cases of Oil Pollution Casualties, 1969, as well as the Protocol
relating to Intervention on the High Seas in Cases of Marine Pollution by Substances Other than Oil 1973,
Further taking into account the International Convention on Civil Liability for Oil Pollution Damage, 1969 --
Have agreed as follows:

Article 1

The Contracting Parties to tbis Protocol (hereinafter referred to as "the Parties") shall co-operate in taking the necessary
measures in cases of grave and imminent danger to the marine environment, the coast or related interests of one or more
of the Parties due to the presence of massive quantities of oil or other harmful substances resulting from accidental
causes or an accumulation of small discharges which are polluting or threatening to pollute the sea within the area
defined in Article I of the Convention for the Protection of the Mediterranean Sea against Pollution, (hereinafter referred
to as "the Convention").

Article 2

For the purpose of this Protocol, the term "related interests" means the interests of a costal State directly affected or
threatened and concerning, among others:
(a) activities in coastal waters, in ports or estuaries, including fishing activities; (b) the historical and tourist appeal to the
area in question, including water sports and recreation; (c) the health of the coastal population; (d) the preservation of
Iiving resources.

Article 3

The Parties shall endeavour to maintain and promote, either individually or through bilateral or multilateral co-operation,
their contingency plans and means for combating pollution of the sea by oil and other harmful substances. These means
shall include, in particular, equipment, ships, aircraft and manpower prepared for operations in cases of emergency.

Article 4

The Parties shall develop and apply, either individually or through bilateral or multilateral cooperation, monitoring
activities covering the Mediterranean Sea Area in order to have as precise information as possible on the situations
referred to in article I of this Protocol.

Article 5

In case of release or loss overboard of harmful substances in packages, freight containers, portable tanks or road and rail
tank wagons, the Parties shall co-operate as far as practicable in the salvage and recovery of such substances so as to
reduce the danger of pollution of the marine environment.

Article 6

I. Each Party undertakes to disseminate to the other Parties information concerning:
(a) The competent national organization or authorities responsible for combating pollution of the sea by oil and other
harmful substances; (b) The competent national authorities responsible for receiving reports of pollution of the sea by oil
and other harmful substances and for dealing with matters concerning measures of assistance between Parties; (c) New
ways in which pollution of the sea by oil and other harmful substances may be avoided, new measures of combating
pollution and the development of related research programmes.
2. Parties which have agreed to exchange information directly between themselves shall nevertheless communicate such
information to the regional centre. The latter shall communicate this information to the other Parties and, on a basis of
reciprocity, to coastal States of the Mediterranean Sea Area which are not Parties to this Protocol.

Article 7

The Parties undertake to co-ordinate the utilization of the means of communication at their disposal in order to ensure,
with the necessary speed and reliability, the reception, transmission and dissemination of all reports and urgent
information which relate to the occurrences and situations referred to in article 1. The regional centre shall have the



necessary means of communkation to enable it to participate in this co-ordinated effort and, in particular. to fulfill the
functions assigned to it by paragraph 2 of article 10.

Article 8

1. Each Party shall issue instructions to the masters of ships flying its flag and to the pilots of aircraft registered in its
territory requiring them to report by the most rapid and adequate channels in the circumstances, and in accordance with
Annex 1 to this Protocol, either to a Party or to the regional centre:
<a) All accident. causing or likely to cause pollution of the sea by oil or other harmful substances; (b) The presence,
characteristics and extent of spillages, of oil or other harmful substances observed at sea which are likely to present a
serious and imminent threat to the marine environment or to the coast or related interests of one or more of the Parties.
2. The information collected in accordance with paragraph I shall be communicated to the other Parties likely to be
affected by the pollution;
(a) by the Party which has received the information, either direcdy or preferably, through the regional centre; or
(b) by the regional centre,
In case of direct communication between Parties, the regional centre shall be informed of the measures.
3. [n consequence of the application of the provisions of paragraph 2, the Parties are not bound by the obligation laid
down in article 9, paragraph 2, of the Convention.

Article 9

I. Any Party faced with a situation of the kind defined in article I of this Protocol shall:
(a) Make the necessary assessments of the nature and extent of the casualty or emergency or. as the case may be. of the
type and approximate quantity of oil or other harmful substances and the direction and speed of drift of the spillage; (b)
Take every practicable measure to avoid or reduce the effects of pollution: (c) Immediately inform all other Parties,
either directly or through the regional centre, of these assessments and of any action which it has taken or which it
intends to take to combat the pollution; (d) Continue to observe the situation for as long as possible and report thereon in
accordance with article 8.
2. Where action is taken to combat pollution originating from a ship, all possible measures shall be taken to safeguard the
persons present on board and, to the extent possible, the ship itself. Any Party which takes such action shall inform the
Inter-Governmental Maritime Consultative Organization.

Article 10

1. Any Party requiring assistance for combating pollution by oil or other harmful substances polluting or threatening to
pollute its coasts may call for assistance from other Parties, either directly or through the regional centre referred to in
article 6, starting with the Parties which appear likely to be affected by the pollution. This assistaoce may comprise, in
particular, expert advice and the supply to or placing at the disposal of the Party concerned of products, equipment and
national facilities. Parties so requested shall use their best endeavours to render this assistance.
2. Where the Parties engaged in an operation to combat pollution cannot agree on the organization of the operation, the
regional centre may, with their approval, co-ordinate the activity of the facilities put into operation by these Parties.

Article 11

The application of the relevant provisions of articles 6, 7, 8, 9 and 10 of this Protocol relating to the regional centre shall
be extended. as appropriate, to sub-regional centres in the event of their establishment, taking into account their
objectives and functions and their relationship with the said regional centre.

Article 12

1. Ordinary meetings of the Parties to this Protocol shall be held in conjunction with ordinary meetings of the
Contracting Parties to the Convention, held pursuant to article 14 of the Convention. The Parties to this Protocol may
also hold extraordinary meetings as provided in article 14 of the Convention.
2. It shall be the function oflbe meetings of the Parties to this Protocol, in particular:
(a) To keep under review the implementation of this Protocol, and to consider the efficacy of tbe measures adopted and
the need for any other measures. in particular in the form of Annexes, (b) To review and amend as required any Annex to
this Protocol; (cJ To discharge such other functions as may be appropriate for implementation of this Protocol.

Article 13

1. The provisions of the Convention relating to any Protocol shaH apply with respect to the present Protocol.
2. The rules of procedure and the financial rules adopted pursuant to article 18 of the Convention shall apply with respect
to this Protocol, unless the Parties to this Protocol agree otherwise.
In witness whereof the undersigned, being duly authorized by their respective Governments, have signed this Protocol.
Done at Barcelona on 16 February 1976 in a single copy in the Arabic, English, French and Spanish languages, the four
texts being equally authoritative.

ANNEX I

CONTENTS OF THE REPORT TO BE MADE PURSUANT TO ARTICLE 8 TO THIS PROTOCOL
J. Each report shall, as far as possible, contain, in general:



(0) The identification of the source of pollution (identity of the ship, where appropriate);
(b) The geographic position. time and date of the Occurrence of the incident or of the observation;
(c) The wind and sea conditions prevailing in the area;
(d) Where the pollution originates from a ship, relevant details respecting the conditions of the ship.
2. Each repon shall contain, whenever possible. in particular:
(a) A clear indication or description of the harmful substances involved. including the correct technical names of such
substances (trade names should not be used in place of the correct technical names);
(b) A statement or estimate of the quantities. concentrations and likely conditions of harmful substances discharged or
likely to be discharged into the sea;
(e) Where relevant. a description of the packaging and identifying marks; and
(dl The name of the consignor, consignee or manufacturer.
3. Each report shall clearly indicate whenever possible. whether the harmful substance discharged or likely to be
discharged is oil or a noxious liquid. solid or gaseous substance and whether such substance was or is carried in bulk or
contained in packaged form. freight containers. portable tanks, or road and a rail tank wagons.
4. Each report shall be supplemented as necessary by any relevant information requested by a recipient of the report or
deemed appropriate by the person sending the report.
S. Any of the persons referred to in article 8 paragraph 1, of this Protocol shull:
(al Supplement as far as possible the initial report, as necessary. with information concerning further developments; and
(b) Comply as fully as possible with requests from affected States for additional information.



ANNEX 0.3

CONVENTION ON CIVIL LIABILITY FOR DAMAGE CAUSED DURING CARRIAGE OF DANGEROUS GOODS
BY ROAD. RAIL AND INLAND NAVIGAnON VESSELS

Objectives
=;::========;::

To encourage technically safe methods of carrying dangerous goods by road. rail and inland navigation vessels. by
prescribing
uniform rules of liability, and for adequate and prompt compensation where damage occurs.

Summary of provisions
====:::=====--==--=

(a) Definition of special terms used in the Convention. such as "carriage by road". "carriage by rail". "carriage by
inland
navigation vessel". "damage". "preventive measures" (art. 1);

(b) Specification of the sphere of application of the Convention. The Convention applies to incidents occurring and
to
damage caused in States Parties (art. 2); it covers claims not provided for in contracts for carriage of goods; but it does
not
cover situations where the dangerous goods are loaded in a vehicle carried by a sea-going ship, sea·bome craft or aircraft
(art. 3).
The Convention does not in general apply to damage atising in a place where members of the public have no access; it
does not apply to damage caused by a nuclear substance where liability in that behalf for damage is provided for under
the 1960 Paris Convention on Third Party Liability in the Field of Nuclear Energy and its additional protocols of 28
January 1964. or the 1963 Vienna Convention on Civil LiabIlity for Nuclear damage or any amendments to those
Conventions (art. 4);

(c) Specification of liability provisions under the Convention, including evidentiary matters. mode of determining
causation of damage. and apportionment of responsibility (arts. 5.
6.7 and 8);

(d) Provisions for limits on the liability of carriers. with reference to loss of life or personal injury. and to other
claims
(art. 10); and provision concerning securities for. and procedures of meeting the financial liabilities falling due (arts. 11.
12.13.
14. 15 and 16);

(e) Obligation placed on States Parties to enact domestic legislation giving effect to the Convention (art. 17);

(I) Prescription of limitation periods for claims under the Convention (art. 18);

(g) Specification of procedures for making claims under rhe Convention, and of the authority of juridical
detenninations made (arts. 19 and 20);

(Ii) Provision regarding amendments to the limits ofliability specified in article 9 of the Convention (art. 29);

(i) Provision for denunciation of the Convention by Contracting States.

Membership
=======

The Convenlion is open for signature by all States and subject
to ratification, acceptance, approval or accession.

Date of adoption
Place of adoption
Date of entry into force
Languages
Depositary

10.10.1989
Geneva, Switzerland

Not yet in force
English. French, Russian.
Secretary-General of theUnited Nations



Participant
Gennany
J\.torocco

Signature
I. 2.1990

28.12.1990

2) BAMAKO CONVENTION ON THE BAN OF THE IMPORT INTO AFRICA AND THE CONTROL OF
TRANSBOUNDARY MOVEMENT AND MANAGEMENT OF

HAZARDOUS WASTES WITHIN AFRICA

Objectives
====

To create a framework of obligations to strictly regulate the trans-boundary movement of hazardous wastes to and
within Africa.

Summary of provisions
======:=====

(a) Scope of the Convention. which is confined to hazardous wastes. though not wastes from ship discharges covered
by another Convention. Hazardous substances banned. canceHed or refused registration by government regulatory action
for health or environmental reasons are defined as hazardous wastes under the Convention. Radioactive wastes are
covered by the Convention (art. 2);

(b) Responsibility of State Parties for the enactment of legislation identifying and categorizing hazardous wastes not
already listed in the Convention (art. 3);

(c) Enumeration of general obligations of States Parties in respect of the enforcement of a ban on hazardous waste
import, and on the dumpmg of hazardous wastes at sea and internal waters; in respect of waste generation, and the
adoption of precautionary measures (art. 4);

(d) Requirement that States Parties should establish monitoring and regulatory authorities to report and act on
transboundary movement of hazardous wastes (arts. 5, 6, 7, 8 and 9);

(e) Requirement of cooperation between States Parties. and with international organizations. in the fulfillment of the
objectives of the Convention (arts. 10 and II);

(f) Provisions on the exchange of information among State Parties on incidents of hazardous wastes, and on
approaches to a
solution of the problems identified (art. 13);

(g) Establishment of a secretariat to serve a Conference of the Parties and enactment of financial arrangements (arts.
14,15
and 16);

(h) Provisions for the settlement of disputes (art. 20);

(i) The Convention has the following annexes: categories of wastes which are hazardous waste; list of hazardous
characteristics; disposal operations; information to be provided on notification; information to be provided on the
movement
document; arbitration.

Membership
=======

The Convention is open to member States of the Organization of
African Unity.

Date of adoption 30. I. 1991
Place of adoption Bamako, Mali
Date of entry into force Not yet in force: the Convention

will enter into force on the
ninetieth day after the date of
deposit of the tenth instrument of



Languages
Depositary

ratification
Arabic, English, French, Portuguese
Secretary-General of the

Organization of African Unity

(Status as at 1 November 1992)

Participant Signature Ratification
---------- ------------

Benin 30 1.1991
Burkina Faso 30.1.1991
Burundi 30. 1.1991
Cameroon 1. 3.1991
Central African

Republic 30. 1.1991
Chad 27. 1.1992
Cote d'Ivoire 30. 1.1991
Djibouti 20.12.1991
Egypt 30. 1.1991
Guinea 30. 1.1991
Guinea-Bissau 1. 3.1991
Lesotho 1.6.1991
Libya 30. 1.1991
Mali 30. 1.1991
Niger 30. 1.1991
Rwanda 26.8.1991
Senegal 30. I.I991
Somalia 1. 6.1991
Swaziland 29.6.1991
Tanzania 26.11.1991
Togo 30. 1.1991
Tunisia 20.5.1991 6.4.1992
Zimbabwe 10.7.1992

Convention Secretariat
=:===========
Organization of African Unity
P.O. Box 3243
Addis Ababa
Ethiopia
Telephone: 517700 Cables: OAU. ADDIS ABABA
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