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The Workshop on Oceanographic Input to Integrated Coastal Zone Management
in the Red Sea and Gulf of Aden was convened in Jeddah on 8 October 1995.
The workshop was planned as a preparatory technical meeting preceeding the
PERSGA-ROPME-UNEP-ACOPS Sea to Sea Regional Conference on Sustainable

Use of the Marine Environment which met in Jeddah, Saudi Arabia from 9 to 12
October 1995.

The scientific contributions to the one day Workshop consist in invited papers
prepared by experts from the Region.

The present document comprises two parts:

Part I: Report and Recommendations of the Workshop.
Part ll: Scientific contributions to the Workshop.
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Foreword

Accounts by travellers from the nineteenth century and earlier writers
describe a sparsely inhabited Red Sea, with long expanses of desolate shores. The
changes were very slow throughout the centuries unitl the opening of the Suez
Canal in 1869 that led to increased shipping and commercial activities associated
with growth of population in cities such as suez, Jeddah, Suakin (Port- Sudan) and
Aden. The changes accelerated after the second world war as a result of the fast
expansion in the development of oil reserves in the region extending from Sea to
Sea and the associated economic activities. Jeddah stands as the most dramatic
example. From a walled city, one square kilometer in area, and 35000 inhabitants
in 1945, Jeddah grew in the years after the second World War at an
unprecedented rate, the annual growth rate exceeding 10% at times.

Those among us who participated in the Jeddah (1974) and Jeddah Il (1976)
meetings that created PERSGA twenty years ago realize the importance of
managing the Red Sea environment. Today we witness the convincing evidence for
the need for coastal management: the spectacular growth of Jeddah from a city
of half a million at the time we met in 1974 to the present- day Jeddah of over 2
million inhabitants, a quadrupling of the population at a rate of 7.4%, between
1974 and 1992. This rate is expected to slow down to an estimated 3.5% by the
year 2015. The city of Suez grew from 100000inhabitants in 1960 to 417000 in
1994. Its population is excpected to double by the year 2000 as a result of large
scale internal immigration. The population growth is associated with its impact on
the resources, mainly freshwater and food, and the supporting infrasturacture, as
well as the quality of life, including air, water quality and recreation.

On the other hand, the growth in population is indicative of the growth in
economic sectors particularly in the industry and associated activities. Tourism
became recently a major activity in the northern Red Sea. Extensive development
of tourism is taking place along the coasts of Egypt which will soon increase the
capacity of hotels and resorts to 38000 beds from the present 21000 beds It
should be noted that most of the development of tourism was achieved in the
1980s and that the trend is expected to continue under the present climate of
permissiveness and active free enterprise.

The growth in population and economic activities in the coastal zone of the
Red Sea is not evenly distributed, and the annual growth rate differs considerably
from one area to another. Certain areas in the Red Sea have exceeded their
carrying capacity, but it is fair to recognize that the open Red Sea waters are much
less impacted. It is equally important to realize that the magnitude of man's impact
on the coastal zone of this sea was greater during the last twenty years than
during the entire history of this basin. This impact is particularly severe in the Gulf
of Suez where the state of pollution by oil exceeds the accepted levels for the
“world oceans.
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We realize these facts twenty years after the inception of PERSGA in 1974,
a testimony for the wisdom and foresight of those who initiated the Programme,
the concept of protection of the Red Sea and Gulf of Aden, and the public
awareness which accommpanied the creation of PERSGA.

Looking forward to the coming twenty years, our Workshop should learn
from the past, assess the present conditions and make a realistic projection as
possible of the future trends,. This is a daunting task because of our still imperfect
knowledge of the coastal zone in the Red Sea.

When discussing integrated management of the coastal zone, many diverse
factors have to be taken in consideration, and proposals either for research,
monitoring or management will necessarily touch on issues and areas of
competence covered by different governmentali and non- governmental
departments and different international organizations. Although the present
Workshop and the proposals put forward are primarily concerned with the
contribution that marine sciences can make towards a sound integrated coastal
zone management, the authors were lead in many instances to deal with subjects
that cover broader issues, outside the classical domain of marine sciences.
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1. BACKGROUND

During the early consultations among the co-sponsors and organizers of the
"Sea to Sea Regional conference on Sustainable Use of the Marine Environment "
it was concluded that the Conference should be based on solid scientific
background information and on international experience in handling co- operative
programmes in observing and managing the marine environment.

The Intergovernmental Ocenographic Commission (IOC) was invited to take
the lead in convening a one-day workshop immediately before the Conference. It
was understood that the scientific material for the workshop would be prepared
during the months leading to the Conference, and that draft recommendations and
proposals be elaborated by communication among the contributers before
submitting for final discussion in the one-day workshop.

The following organizations joined the 10C in co-sponsoring the workshop:

PERSGA: Regional Organization for the Conservation of the Environment
of the Red Sea and Gulf of Aden.

ACOPS: Advisory Committee on Protection of the Sea

In October 1994, the Executive Secretary of IOC, Dr. Gunnar Kullenberg,
invited Professor Youssef Halim and Professor Selim Morcos to act as Co-
conveners of the workshop and assume the responsibility of co-ordinating the
various studies, integrating them into a coherent document, and submitting the
relevant recommendations and proposals to the "Sea to Sea Regional conference”.

The following issues were considered of prime importance when considering
oceanographic input to integrated coastal zone management in the Red Sea and
Gulf of Aden:

Urban Development.
Tourism
Oil iIndustry

Certain guidelines and criteria were recommended to the authors by the co-
conveners (in consultation with IOC Secretariat).

The main focus of the Workshop is the Land- Based Activities and Sources
of marine pollution. Particular attention was given to oil, sewage, nutrients,
phosphate dust spills, tourism, coastal alterations and coastal development.
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Agenda 21, Chapter 17, of the United Nations Conference on the
Environment and Development (UNCED, Rio de Janeiro, 1992) will be taken in

consideration when developing the contributions and the conclusions of the
document.

Whenever possible, attention is given to proposals on monitoring and

protection of the coastal environment suitable for application at the local authorities
level.

Regional co-operation is essential. Proposals for co-ordination, inter-
calibration, exchange of information, training opportunities are of particular
importance. ‘

2. OBJECTIVES
It was agreed that the workshop document will be concluded by:

2.1 An overview of integrated coastal zone management and it's implications
in the Red Sea and Gulf of Aden.

2.2 A proposed plan for research and observation of land- based sources of
marine pollution.

2.3 Draft recommendations to be presented by the workshop to the " Sea to Sea
Regional Conference”.

The Worksohp therefore had two main objectives:

- To address some of the major issues relevant to integrated coastal zone
management in the Red Sea and Guif of Aden;

- To develop proposals for management - related research and monitoring in
the Red Sea and Gulf of Aden.

3. OPENING SESSION

The opening session of the workshop took place at 10 o'clock in the morning
of 8 October 1995. The Opening Session was chaired by Dr. Nizar Ibrahim Tawfiq,
Secretary -General of the Regional Organization for the Conservation of the
environment of the Red Sea and Gulf of Aden, PERSGA. In what is considered as
the first official activity of PERSGA after it's establishment as an autonomous
organization, following the Cairo Declaration of 26 September 1995 issued by the
first meeting of its Council, Dr. Nizar |. Tawfiq welcomed the participants to the
workshop. He assured the meeting that PERSGA and the forthcoming " Sea to Sea
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Regional conference" are looking forward to the outcome of the Workshop to
enhance the ability of PERSGA to establish its future action plan and programmes
on solid scientific grounds. Dr Tawfiq then invited the representatives of the
sponsoring organizations to address the meeting. Dr. Amin Meshal (I0C), Dr.
Makram A. Gerges (UNEP), Dr. Victor Sebek (ACOPS) and Dr. Francis Parakatil
(IUCN) took the floor. They greeted the participants and briefed the meeting on the
activities of their respective organizations, relevant to the objectives of the
Workshop. They assured the participants of the continued interest and support of
their organizations to the conservation of the environment of the Red Sea and Gulf
of Aden.

The chairman of the opening session Dr. Nizar |. Tawfig, then referred to the
Agenda of the meeting (Annex 1) and welcomed the chairmen of the following
sessions: Dr. Othman Abdu Hashem, Dr. Selim Morcos, and Dr. Youssef Halim.
The meeting then designated Dr. William Gladstone as Rapporteur of the meeting.

The meeting was attended by 37 participants of whom 23 participated to the
Round Table discussion that took place in the afternoon of 8 October 1995. The
participants included the authors of the papers presented, the representatives of
the sponsoring organizations as well as UNDP in New York, and scientists who
attended the meeting in their personal capacity. The list of participants is attached
as Annex Il.

In a keynote address to the meeting Dr. Selim Morcos highlighted the
immense change that took place in the Red Sea in the last twenty years as
illustrated by the quadrupling of the populations of Jeddah and Suez. Although
certain areas have exceeded their carrying capacity, the open Red Sea waters are
much less affected. It is equally important to realize that the magnitude of man's
impact due to oil industry and urbanization on the coastal zone of the Red Sea was
greater during the last twenty years than during the entire history of this basin.

Reflecting on the interdisciplinary nature of coastal zone managemeent , the
speaker mentioned that proposals either for research, monitoring or management
will necessarily touch on issues and areas of competence of different governmental
departments, UN bodies, regional and international organizations.

Dr Morcos went on to remind the participants of the Jeddah | meeting in
1974 that started PERSGA, and paid tribute to those who, at this early time, called
for the protection of the marine environment of the Red Sea and Guif Aden. He
followed by a comparison between the 1974 UNESCO Workshop in Bremerhaven
on Marine Science Programme for the Red Sea that produced the working
document for Jeddah | and the present I0C workshop on Oceanographic Input to
Integrated Coastal Zone Management which precedes the "Sea to Sea Regional
Conference". ‘
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4. WORKING SESSIONS

The two morning sessions, chaired respectively by. Dr. Othman Abdu
Hashem and Dr. Selim Morcos, were devoted to the presentation of scientific
papers. The topics were selected to cover the main issues proposed by the
organizers of the Sea to Sea Regional Conference.

The papers included two case studies from Jeddah and Suez, as the most
prominent examples of the effects of rapid urban development, and a paper on
Tourism development of the Red Sea Coast. A paper on oil pollution in the Red Sea
highligthed the state of the environment in this basin. Phosphate pollution in the
northern Gulf of Agqaba was the topic of a paper illustrating the effects of
phosphate dust spills during loading operations in the port of Aqgaba. This was
followed by a paper on the role of marine Parks and Reserves as a mechanism for
large scale management of coastal resources in the Red Sea.

The above presentations were an introduction to a paper on "Proposals for
a Research and Monitoring Programme for the Red Sea and Gulf of Aden”. The
paper included elements of recommendations and a work plan that were discussed
by the Round Table during session lil, chaired by Dr. Youssef Halim.

About twenty three participants contributed to the Round Table discussions
on their personal capacity. Among them were experts from Red Sea countries
(Egypt, Jo‘rdan, Saudi Arabia, Sudan and Yemen} as well as from international
organizations (I0C, UNEP, UNDP, ACOPS and IUCN).

The Round Table was centered on the working paper entitled " Proposals
for a research and monitoring programme for the Red Sea and Gulf of Aden". The
objectives, the principles, the institutional requirements were discussed at length
and partly emended. The participants to the Round Table agreed on several
recommendations and on the proposed programme. The recommendations and
programme adopted are given in Annex lll.
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ANNEX 1

AGENDA AND TIME TABLE

Registration

Opening session

Chair: Dr Nizar |, Tawfiq, Secretary General PERSGA
Welcoming address: Dr Nizar |. Tawfiq

Introductory remarks by representatives of:

I0C, UNEP, ACOPS, IUCN.

Key-note: Dr Selim Morcos

FIRST SESSION

Chair: Dr Othman Abdu Hashem, Dean,
Faculty of Marine Sciences, Jeddah

1.

Managing Municipal Growth in the Coastal Zone:
Jeddah,Kingdom of Saudi Arabia.

D. Olsen, M. J. Abdulrazzak, A. Khan, S. Al-Gowhary
and S. Al-Kouli

Impact of Urbanization on the Coastal Zone of the Red
Sea.

The case of Suez Bay.

M. El-Samra and A.A. Moussa

Tourism Development of the Red Sea coasts.
Mostafa A. Saleh

Phosphate pollution in the northern Gulf of Agaba.
Ahmad Abu-Hilal

Coffee break

SECOND SESSION
Chair: Dr Selim Morcos

5.

Oil Pollution in the Red Sea. State of the art.
Hassan E. Awad '
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13.30-14.30

14.30-16.00

16.00-16.30

16.30-18.00

6. The role of Marine Parks and Reserves as a mechanism
for large scale management of coastal resources
Michael P. Pearson

7. Proposals for a Research and Monitoring programme for
the Red Sea and Gulf of Aden.

Youssef Halim and Selim Morcos
Lunch break

THIRD SESSION
Chair: Dr_Youssef Halim

Round Table discussion on the Proposals for a Research and
Monitoring programme.

Coffee break

THIRD SESSION (cont.)
- Conclusions

- Recommendations

- Adoption of a Proposed Programme for Research and
Monitoring in the Red Sea and Guif of Aden.
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Meteorology and Environment Protection Agency (MEPA),
Saudi Arabia '

P.O. Box 14625

Jeddah 21434, Saudi Arabia

(2) 651 2312 ext. 2663

(2) 651 7832
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Envrionment Protection Council (EPC), Yemen
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Sana’a, Yemen

(9671) 215617

(9671) 215604
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P.O. Box 1358,

Jeddah 21314, Saudi Arabia
(9662) 651 9868
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Address: P.O. Box 1358,

Jeddah 21314, Saudi Arabia
Telephone: 651 3640

7. Dr Saleh A. AL-SHARE

Institution: Department of the Environment, Jordan

Address: Ministry of Municipal and Rural Affairs and the Environment,
P.O. Box 35206,
Amada, Jordan

Telephone: 673149

Fax: 695627
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Institution: United Nations Development Programme (UNDP) - Regional Bureau of
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Address: 1, UN Plaza
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N.Y. 10017, United States
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Institution: Department of Oceanograhy, University of Alexandria
Address: Department of Oceanography

Faculty of Science,

University of Alexandria,
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Institution: - National Institute of Oceanography and Fisheries, Egypt
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ANNEX Il

RECOMMENDATIONS

1. International Agreements

Noting that not all countries of the PERSGA region have ratified the relevant
International and Regional Agreements;

Recommends that countries of the region, as appropriate, ratify the relevant
International and Regional Agreements concerned with conservation of biodiversity,
and the protection of the marine environment particularly from Land- Based
Activities.

2. Preparation and Adoption of a Protocol on the Protection of the Red Sea and
Gulf of Aden from Land- Based Activities:

Noting the obvious need for the countries of the Region to agree on a legally
binding instrument or a protocol to the Red Sea and Gulf of Aden Convention with
a view to eliminating, reducing or controlling marine environmental degradation
resulting from land- based activities.

Being aware of the Intergovernmental Conference to adopt a Global Programme of
Action for the Protection of the Marine Environment from Land- Based Activities,
to be held in Washington DC from 23 October to 3 November 1995;
Recommends that PERSGA, with the assistance of relevant international
organizations as appropriate, should take the lead in the preparation and adoption
of a regional protocol on land- based activities, taking into consideration the
outcome of the Washington conference.

3. Priority Actions: A Research and Monitoring Programme to Support the
Protocol on Land- Based Activities, and Integrated Coastal Zone
Management

Recognizing that the development and full implementation of a regional research
and monitoring programme is a prerequisite for the integrated management of
marine and coastal areas and for the sustainable development of their resources;
Building upon the past research activities, and the ongoing initiatives and
programmes; Recommends that a management- related research and monitoring
programme, which will incorporate an inventory of land-based activities and a
review of coastal socio-economic activities, be developed by PERSGA, in
consultation with and assisted by the relevant international organizations as
appropriate, taking into account the regional priorities and needs, and considering
the appended proposal as a possible framework to be further elaborated as deemed
necessary, and adopted by PERSGA Council.




IOC Workshop Report No. 126
Annex Il - page 2

Proposals for a Research and Monitiring Programme for the Red Sea and Gulf of
Adem Adopted by the Workshop.

Objectives:

The overall objective of the research and monitoring programme is to provide
the Contracting parties to the red Sea and Guif of Aden Convention with an
adequate scientific marine data base for the integrated management of the coastal
and marine environment and the sustainable development of their resources. The
proposed programme therefore is action oriented

The specific objectives of the programme are:

1. To design and conduct a long study of the basic Oceanographic processes
in the coastal and marine environment in the Red Sea and Gulf of Aden

2. To establish a qualitative and quantitative inventory of all contaminant inputs
from Land- Based Sources and of human activities susceptible to adversely
affect the marine environment.

3. To assess periodically the levels and trends of poilution in the coastal and
marine environment against the background of natural variations, together
with the impacts of pollution on human health and on the ecosystem.

4, To assess the effectiveness of management and control policies adopted
and implemented by the countries of the Region and to provide advice for
improvements or for the adoption of new measures and policies.

5. To strengthen the capabilities and promote the level of expertise of the
national institutions for carrying out research, monitoring and management
of the coastal and marine environments in the Red Sea and Gulf of Aden

Region.
Principles
1. Levels. It is proposed that the programme be carried out at two levels, the

level of governmental institutions and that of NGO volunteers. At the NGO
level, volunteers recruited from various sectors of the indigenous population
will be trained in "Red Sea Campuses" to carry out simple observational
activities and to collect and preserve samples for subsequent analysis.
Involvement of the community will help to achieve two objectives, greater
public awareness and a wider geographical coverage of the sampling
programme.

On the other hand, it is important that governmental institutions be involved
in the scientific aspects of the programme to ensure continuity in its
implementation and a greater reliability of the data.
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2. Focus.The monitoring programme will be conceived in a cost effective way.
Efforts will be focused on poliutants suspected to be of concern for human
health and the quality of the environment in the Region. Priority will be given
to the sites and habitats requiring more urgent attention.

3. Baseline Coastal Oceanography. Knowledge about coastal oceanographic
processes, including meteorological, physico-chemical and biological
processes, is essential for defining the background natural conditions and for
understanding the fate and impact of contaminants. The programme
therefore will encompass a coastal oceanographic component.

4, Quality and comparability. The programme will include a procedure for
quality control of the data, ensuring their reliability and comparability.
Achievement of this aim will require an intensive Capacity Building
programme for the institutions and the personnel, and periodical
intercomparison exercises. The adoption of common sampling and analytical
methods, of data quality control procedures and of a common data reporting
format should be mandatory.

Institutional requirements

The research and monitoring programme is conceived as a cooperative
Regional effort. A mechanism for the active involvement and cooperation of all the
countries of the Region, in both the early planning stages and the conduct of the
programme, should be set up.The implementation of the programme, however, is
the responsibility of the respective countries with the technical assistance of the
relevant International Organizations such as the I0C with its subsidiary bodies,
UNEP, IUCN and IMO. Due consideration must be given to the disparity in the
respective economic potential and technical capability of the countries of the
Region.

It is proposed that, at the Regional level, a standing Technical Steering Committee
be set up by PERSGA/ UNEP/ IOC/IUCN/IMO in consultation with the countries of
the Region. Membership will be drawn from experts from the Region, but the
assistance of experts from outside the Region might be required, at least in the
initial stages. The technical secretariat and the funding will be provided by
PERSGA. UNEP, building upon its long involvement with the Region through its
Regional Seas programme, would be requested to contributed to funding the
activities of the committee together with other international organizations.

The main tasks of the Steering Committee are:

a. to design the operational details for the research and monitoring
programme, including the priority contaminants to be assessed, the
oceanographic processes to be monitored, the habitats to be investigated,
the methodologies, the detailed sampling strategy, the time frame.
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b. to follow up the cooperative implementation of the programme and to
provide technical assistance to the countries, when needed.

o} to identify the needs of the Region in terms of logistics, training and
capacity building in the framework of the programme.

d. to provide linkage and harmonization with the relevant ongoing national and
international activities in the Region, including the Development Programmes
supported by GEF.

At the national level,one or more governmental departments will be
designated for the implementation of the research and monitoring programme and
for compiling the information required for the Land- Based Sources inventory. A
national coordinator will be designated by each country to coordinate and follow
up the activities and to provide linking with the Regional Steering Committee.

PROPOSED RESEARCH AND MONITORING ACTIVITIES
1. - Vi i0- nomi jvities.

An inventory of all Land-Based Sources of poliution and a socio- economic
review of present and emerging human activities susceptible to adversely affect the
coastal and marine environments will be carried out by in situ consultants with the
full cooperation of the national authorities. The review will also account for the
current management practices.

All data and information will be communicated to the Steering Committee
and stored in a data base. Some guidelines are proposed in Appendix 1.

2. Pilot Projects

On the basis of the workshop deliberation, a phased approach is proposed.
The workshop identified a series of priorities for each phases as defined in the
following:

PHASE I:

The Pilot Projects proposed for Phase | require a low level training in "Red
Sea Campuses” and limited sampling equipment.
During this Phase, the Institutional arrangements will be finalized and become
operational, including the Steering Committee, the national coordinators and the
national institutions.

Phase | will also initiate an intensive Capacity Building programme in
preparation for the activities of phase Il.
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Pilot Project 1. Visual itoring by NGO vol

This project will be concerned with the monitoring of floating tar balls, tar
balls and litter on beaches, with visual observations of oil slicks, sea water
discolouration, fish kills and any other environmentally significant observations.

The project could be carried out by trained NGO volunteers recruited from
various sectors of the indigenous population, such as fishermen, school children
and others.

The volunteers will also be trained to collect and preserve certain sample for
subsequent analysis.

Pilot Project 2. Baseli I I -

This Project consists of an introductory activity to the full coastal
oceanographic project which will be initiated in the following phase. It will be
concerned with the preliminary data collection of some basic oceanographic
parameters from the coastal zone: salinity, temperature, dissolved oxygen,
turbidity, suspended solids.

Such measurements could be carried out by trained technical assistants and
junior scientists.

PHASE Il

Pilot Project 3. Coastal Qceanographic processes.

Guidelines for this project are given in Appendix 2 ll. The strategy and the
operational details for the conduct of this project will designed by the Steering
Committee.

Pi i i itori f biodiversity in th
Red Sea and Gulf of Aden,

The objective is to inventoriate the major ecosystems, coral reefs,
- mangroves, eel- grass, creeks (khor) and others along all Red Sea coasts, including
the isiands, and record the biological characteristics indicative of their health
condition and of potential human impacts. Several earlier reports on the coastal
ecosystems are available and should be referred to.

The survey will benefit from the use of GIS techniques. Ground observations will
deal with more than one aspect and should provide an ecological inventory of the
species and the habitats which should be as comprehensive as possible. It should
determine the processes which drive, sustain or effect productivity and diversity
in the system. It will describe the representative communities, the dominant
species, the trophic relations. It should also identify the exploited populations (fish,
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shellfish, crustaceans) and investigate their population dynamics in relation to

fishing pressure, their spawning sites and seasons, their nursery grounds, their
feeding habits.

The survey should aim at covering all Red Sea Coasts, but priority should be
given to two types of area: he areas threatened by foreseen intensive
developments such as the Gulf of Agaba, and the less well known area of the
southern Red Sea and the islands.

Pilot Proiect 5. A ’ il f oil pollution in the Red Sea and
Gulf of Aden

The objective for this project is to assess the level of contamination by oil
hydrocarbons in the Red Sea and Gulf of Aden in relation to marine and land based
sources and to follow their trends of variation.

Oil hydrocarbons, including Polyaromatic Hydrocarbons, will be analyzed in
water, sediments and in tissues from selected organisms. Tar balls, both floating
and stranded on beaches will be monitored and their characteristics recorded.

Supporting data on coastal oceanographic processes and on the grain size
and nature of the sediment samples will be needed. The sampling sites will be
chosen so as to cover the Red Sea as much as possible, although the project can

focus, in a first stage, on some hot spots such as the Gulf of Suez and the area
of Jeddah.

Pil roj A men i n If of
Aden

This project will consist in a survey of the level of the heavy metals and
synthetic substances expected to be of concern for the Region. It will provide
baseline data for both contaminated areas off large coastal cities and harbours and
relatively uncontaminated reference areas. Periodical surveys will allow long term
trends to be discerned. The substances will be analysis in the water column, in
appropriate tissues of edible marine organisms, in different tropic levels of the food
web and in relevant grain size sediment fractions. The type of sample, the metals
and the synthetic organic compounds tc be measured in priority will be decided
upon by the Steering Committee.

Pil roj Mi iologi inati

The level of contamination of bathing waters and of Sea food by
microorganism {bacteria and viruses) downstream from large coastal cities and all
human settlements is to be monitored on a reguiar basis.
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Appendix 1:

Elements of a Land- Based Sources Inventory and a socio- economic review

in the Red Sea and Guif of Aden.

Demography.

Population density and rate of growth

Health statistics of coastal dwellers

Significant variations from the rest of the population

Municipal sources of Pollution.

Urban centers, tourist resorts

Type of source

Sewerage system

Treatment facilities

Effluent characteristics: Site, length, depth, flux

Coastal engineering: coastline modifications, building activities along coastal
strip

Industrial sources of pollution.

Type of industry, e.q. oil refinery, cement factory, desalination plant, power
station, others

Production size

Freshwater consumption

Effluent characteristics

Type and amount of waste: liquid, solid, atmospheric.

Treatment facilities

Ports, oil terminals, offshore oil activities.

Port development

Navigational dredging

Size of loading-delooading activities

Spiil records: crude oil, refined oil products, phosphate ore, others
Offshore oil production and prospection: lubricants, production wastes

Fisheries.

Commercial, artisanal, subsistence fisheries
Statistical trends

Catch analysis

Aquaculture
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Appendix 2

Proposed guidelines for the long term monitoring of coastal oceanographic
processes.

Meteorology
Precipitation
Winds
Storms & Surges

Hydrography
Sea- level
Water circulation
Inshore- offshore exchange
Flushing rate
Vertical stratification
Parameters to be measured: Salinity, temperature, density, current
measurements

Suspended particulate material
Turbidity
Flux, sources, transport and fate
(Through runoff, coastal erosion, sedimentation, resuspension)
Effects on productivity, coral reefs, contaminant transport and accumulation

Chemistry
Dissolved oxygen and percent relative saturation
Biological oxygen demand (BOD)
Biogenic compounds: fluxes, distribution and time variability of ammonia,
nitrate, phosphate and silicate
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Executive Summary

In the Red Sea, as well as in all regional seas, more than two thirds of the
pollutants reaching the marine environment derive from Land-Based Sources. The
situation in the Red Sea is of growing concern in areas surrounding urban, touristic
and industrial centers. There is a pressing need for control strategies based on a
sound scientific data base.

International obligations. The UN Convention of the Law of the Sea, now in force
since November 1994, established a comprehensive legal framework of obligations
for coastal states. In accordance with the Convention, while ail states have the
sovereign right to exploit their natural resources, the enjoyment of such right shall
be in accordance with heir fundamental duty to protect the environment. Chapter
17 from Agenda 21 ( UNCED, Rio, 1992) reaffirms this obligation and calls, among
other things, for measures to maintain biological diversity of species and habitats
and for the establishment and management of protected areas.

The Land-Based Sources of Pollution. Although there are internationally agreed
guidelines, there is currently no global scheme for the control of pollution from
Land- Based Sources. An Intergovernmental Conference is due to convene in
Washington (USA) in October-November 1995 to deal with this issue on a global
basis.

The case of the Red Sea and Gulf of Aden. A regional Convention for the
Conservation of the Environment of the Red Sea and Gulf of Aden and a draft
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Protocol concerning cooperation in combating Pollution by Qil and other harmful
substances in cases of emergencies were adopted by the Jeddah Conference of
1982. The Conference also adopted an Action Plan and created an interim
secretariat for PERSGA, now hosted by Saudi Arabia in Jeddah.In September
1995, the Council for the" Regional Organization for the Conservation of the
Environment of the Red Sea and Gulf of Aden" issued the "Cairo declaration"
announcing the establishment of the Regional Organization as an autonomous
body.

The Red Sea is comparatively more vulnerable to poliution than other sea
basins. Man made physical destruction of coastal marine habitats appears to be of
greater concern in this sea than chemical pollution, oil excepted. The diversity of
its characteristic habitats, coral reefs, mangroves, mudflats, seagrass beds and
others, represents a natural heritage of worldwide significance but also an
economic resource of importance to tourism and to fisheries. Such habitats are
threatened by pervasive oil poliution and by the impacts of uncontrolled coastal
development.

Suggested strategic steps. Three steps are recommended:

- Ratification of the relevant regional and international agreements by the Red Sea
countries which have not done so as yet.

- Preparation and adoption of a Protocol to the Red Sea Convention on the
Protection of this Sea from Land- Based Sources.

- Adoption and implementation of a management-related Research and Monitoring
programme. Proposals for this Programme are included.

Proposed Research and Monitoring Programme. Its overall objective is to provide

the Contracting Parties with an adequate scientific data base for the integrated
development of the coastal zone. The programme is action oriented and should
also aim at strengthening the capabilities of national institutions. It will establish
a qualitative and quantitative inventory of all Land- Based Sources of pollution, in
support of the Protocol on Land-Based Sources. A phased approach is proposed.

Phase |. During this phase the necessary institutional arrangements will be
finalized and become operational, including the nomination of a standing Technical
Steering Committee at the Regional level, the designation of the participating
“national institutes and of the national coordinators. Simple monitoring activities
and the collection of samples for subsequent analysis will be carried out by trained
NGO volunteers. .

Phase Il. Five Pilot Projects will be conducted during Phase Il:
1- Coastal oceanographic processes.
2- Biological monitoring of coastal ecosystems and of biodivesity.
3- Assessment and surveillance of oil pollution.
4- Assessment of hazardous substances.
5- Assessment of microbiological pollution.
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It is recommended that ;

- an expert Working Group be set up to draft the Protocol for the prevention of
pollution from Land-Based Sources and its financial implications before submission
to the Contracting Parties. The Working Group will also propose the modalities for
the land- based sources inventory.

- a standing Technical Steering Committe be nominated for the conduct and follow
up of the Research and Monitoring Programme, for designing its operational details
and for coordination with other national and international activities in the Red
Sea.

Introduction

In the Red Sea , as well as in all regional seas, human activities in the coastal zone
and further inland are the major contributor to the degradation of the marine
environment. [t is estimated that more than 70% of the marine pollution derives
from Land Based Sources including atmospheric pollution (GESAMP, 1990). In the
Red Sea, the situation is of particular concern in the areas surrounding growing
urban and industrial centers. If unchecked, the trend will lead to more and more
widespread deterioration and irreversible loss of habitats and of natural resources.

The basic concept in developing control strategies for pollution from Land
Based Sources is that of Sustainable Development. Underlying this concept is the
principle that technological and economical development should be consistent with
the needs of future as well as present generations. The unrestricted use or misuse
of environmental resources is not compatible with the principle of Sustainable
Development and is no longer acceptable. Action is needed to make economic
growth in the coastal zone and inland compatible with a healthy environment and
with the conservation of its resources . This is a policy issue which is not meant
to veto all development proposals but to find the best way to achieve development
objectives while reducing the environmental damage.

The present workshop is convened by IOC in response to the need of the
countries of the Region to generate a scientific marine data base as a
prerequisite for a cooperative programme for the integration of environmental
protection measures to economic development plans in the coastal zone, in the
framework of pre-existing Regional agreements and of International guidelines and
recommendations set up by the United Nations Convention on the Law of the Sea
(UNCLOS) and the United Nations Conference on Environment and Development
( UNCED, Rio, 1992).

International obligations

The United Nations Convention on the Law of the Sea ( UNCLOS ) came into
force in November 1994, The Law of the Sea established a comprehensive legal
framework of obligations , on which basis further international agreements and
national measures shall be adopted.
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In accordance with the Convention, all States have a fundamental duty, to
protect and preserve the marine environment. While States have the sovereign
right to exploit their natural resources, the enjoyment of such right shall be in
accordance with their duty to protect the environment. Several obligations follow.

States are obliged to take all necessary measures to prevent, reduce and
control pollution of the marine environment from any source. The measures taken
shall include measures necessary to protect rare and fragile ecosystems and
habitats of threatened or endangered forms of marine life .

They are required to adopt and enforce national laws and regulations to
prevent, reduce and control pollution of the marine environment from Land-Based
Sources, taking into account internationally agreed rules and standards.

With respect to monitoring and environmental assessment, States are under
obligation to monitor the effects of pollution of the marine environment by
recognized scientific methods, to keep under surveillance the effects of any
activities likely to pollute the marine environment, and to publish the resuits of
monitoring.

In accordance with the Convention, States are obliged to cooperate in
developing the scientific and technological capacity of developing States and to
provide them with assistance. They shall also assist them in the preparation of
Environmental Impact Assessments.

Chapter 17 of Agenda 21, adopted at the Rio Conference in 1992,
recognizes that the UN Convention on the Law of the Sea provides the
international legal basis upon which the protection and sustainable development
of the marine environment are to be pursued. Chapter 17 reiterates the major
obligation of coastal States in accordance with the Law of the Sea and sets forth
general objectives which incorporate the essential provisions of UNCLOS.

The concept of marine pollution is broadened in Chapter 17 to incorporate
impacts from diverse land-based activities. This approach reflects the conviction
that the issue of land-based pollution is linked to the management of all human
activities in coastal areas .

Coastal States, with the support of United Nations Organizations upon
request, should undertake measures to maintain biological diversity and
productivity of marine species and habitats, including inventories of endangered
species and critical coastal habitats, the establishment and management of
protected areas .

States are further called upon , /inter alia, to:

a) strengthen existing Regional agreements or initiate the development of new
Regional agreements, where appropriate, to prevent, reduce and control marine
pollution from Land- Based Sources and activities.

b) prepare and implement integrated coastal management and sustainable |0C
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development plans.
c) prepare coastal profiles identifying critical areas

d) carry an environmental impact assessment prior to the authorization of any
major project and to follow up the impacts.

e) improve coastal human settlements, especially housing, drinking water ,
treatment and disposal of sewage and industrial effluents.

f) cooperate with developing countries through financial and technological support.
The Land -Based Sources of Marine Pollution.

There is currently no global scheme for the control of land-based sources of
marine pollution. UNEP, recognizing that legally binding instruments are needed for
the prevention of poliution from land, prepared guidelines to be taken into account
when developing national strategies and control mechanisms, the Montreal
Guidelines of 1985. In response to a request by the Rio Conference in 1992, an
intergovernmental Conference on Land Based Activities has been convened in
Washington by UNEP in October-November 1995 to deal with this issue..

Only three of UNEP Regional Seas Conventions are supplemented by
protocols on the prevention of marine pollution from these sources. These are the
Barcelona Convention for the Mediterranean, the Quito Protocol to the Lima
Convention for the South East Pacific and the ROPME sea region. The reluctance
to develop and adopt legally binding national and global instruments for the
prevention of pollution from land can be understood in the light of the expected
costs they would impose on industries and municipalities.

The case of the Red Sea and Gulf of Aden.

In 1974, the General Conference of the Arab League Educational, Scientific
and Cultural Organization (ALECSO),approved a recommendation calling for the
preparation of a cooperative regional programme for the environmental study of
the marine area of the Red Sea and Gulf of Aden. In October 1974, UNESCO
convened, upon the request of ALECSO, a workshop in Bremerhavn, Germany, on
a "Marine Science Programme on the Red Sea " (UNESCO, 1976) . The report of
the workshop served as a working document for the First Expert meeting on a
Regional Programme for the Environmental Studies of the Red Sea and Gulf of
Aden in Jeddah in December 1974 (Jeddah 1). The Plan of Action for 1975
required a number of preparatory studies by I0OC,UNEP and UNESCO which
provided the basis for discussion at the Jeddah Conference on the Protection of
the Red Sea and Gulf of Aden Environment (Jeddah 1l), convened by ALECSO in
January 1976. The interim Secretariat for PERSGA was created within ALECSO.
In February 1982, a Regional Conference of Plenipotentiaries convened in Jeddah,
adopted the Regional Convention for the Conservation of the Red Sea and Guif of
Aden. At present, PERSGA secretariat is hosted by the government of Saudi Arabia
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in Jeddah, and performs in consultation with the member states, with advice and
support from UNEP and technical assistance from UNESCO, I0C, IUCN and IMO
The Jeddah Conference which adopted the Red Sea and Guif of Aden Convention
also adopted a draft Protocol concerning cooperation in combating Pollution by oil
and other harmful substances in cases of emergencies (UNEP, 1983) and an Action
Plan (UNEP, 1986).

shortly before the present workshop, the council of the "Regional
Organization for the Conservation of the Environment of the Red Sea and Gulf of
Aden (PERSGA)" issued the Cairo declaration in 26September 1395. In this
declaration the council announced the establishment of the Regional Organization
as an autonomous body with a Secretariat in Jeddah headed by a Secretary-
General to carry out it responsibilities in implementing the Regional Convention,
its Protocol and Action Plan.

Several national projects, training courses and expert meetings have been
carried out in the framework of PERSGA, in cooperation with UNEP, UNESCO znd
IUCN, since the adoption of the programme . Of particular relevance are several
reports and studies :on "Management and Conservation of renewable marine
resources in the Red Sea and the Gulf of Aden region” (IJUCN/UNEP,1985), a
regional review on " The State of the Marine Environment in the Red Sea and
Gulf of Aden " (Halim et a/, draft),a" Bibliograhy on Oceanographic and Marine
Environmental Research of the Red Sea , Gulf of Aden and Suez Canal”, (Morcos
and Varley, eds, 1990), a review on the geology of coral reefs in the Red Sea
published by UNEP (Behairy et al ,1992).

Knowledge about the Red Sea coastal zone is geographically very uneven. For
management purposes, two types of surveys are urgently needed : an inventory
of all land based sources and coastal activities likely to adversely affect the marine
environment and a survey of the status of critical habitats. .

The narrow configuration of the Red Sea basin and its semi-isolation render
it more vulnerable to the impacts of pollution. On the long run, pollutants released
in this basin are more likely to accumulate rather than be dispersed and diluted as
would happen in the open ocean. Environmental stress in this region , however,
results from both the direct introduction of pollutants and from a variety of coastal
and marine uses (E! Samra and Moussa, Olsen et al, Saleh, in this workshop). The
physical destruction of the coastal marine habitats by human activities is a major
problem, possibly of greater significance in this region than chemical pollution, oil
excepted. Irreversible loss of habitats has occurred in association with coastal
development in the major coastal towns of the Red Sea and Gulf of Aden. infilling
has taken place principally around tourist resorts such as Ghardaga and industrial
centers such as Jeddah, Yanbu, Rabigh and Jizan. The infilling material is often
eroded by wave action and the reefs become smothered by increased
sedimentation. As the discharge of untreated domestic waste water to the
coastal zone is restricted to urban centers, the overall environment of the Red Sea
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and Gulf of Aden is still in a relatively good condition with respect to sewage
pollution. Sewage outfalls, however, are expected to increase with urban
settlements and touristic developments and the accompanying increase in
desalination plants in the region.

Oil is the major environmental concern in the Red Sea. Spills derive from
production, handling at terminals , from accidental as well as deliberate discharge
from ships. Local but chronic oil pollution affects several areas along the Saudi
Arabian coast, the Gulf of Suez and the port of Eilat. There is evidence that tank
cleaning occurs deliberately in the open Red Sea and the Gulf of Aden, in areas
where surveillance is poor (Awad, this workshop).

Coral reefs, with their associated fish and other marine animals represent
certainly the most critical marine resource of the Red Sea, both economically and
as a natural heritage of worldwide value .Their significance to tourism needs not
to be stressed, but their significance to fisheries is less obvious to the public at
large. Reef life is extremely dense and varied in the Red Sea. The fish crop on
the Red Sea reefs exceeds by far the crop of the most productive parts of the
world oceans. This high productivity is due to the activity of the corals themselves
as well as to their associated vegetation, the "algal turf” or lawn.. Numerous kinds
of fish are attracted to this lawn and graze on it intensively. Larger carnivorous fish
are attracted to the reefs to predate upon these.

In addition, the outstanding diversity of the reef organisms represents a large
genetic pool and many reef animals are of great potential medical value and may
lead to considerable advances in medical research.

Adequate knowledge about the coral reef communities in the Red Sea is
limited to particular sites in the Gulf of Agaba, the vicinity of Ghardaqa , the Saudi
Arabian coast and Port-Sudan. Information is otherwise lacking or fragmentary for
the whole African coast down to Dijibouti, as well as for the coast of Yemen and
for the islands, with the exception of Dahlak to a limited extent. The health
condition of the coral communities on both sides of the Red Sea needs to be
systematically assessed on a periodical basis together with the natural or
anthropogenic stresses they may be subjected to. A survey along these lines has
been carried out along the Saudi Arabian coast in 1988 (Awad,in this workshop)
and several coral diseases have been documented. Oil pollution around Yambu and
Jeddah is suspected to be the cause. Incidence of such diseases elsewhere,
however, has not been systematically looked for in the Red Sea.

It is in the vicinity of major touristic centers (Saleh, in this workshop) and
of large industrial harbours that coral communities are under stress. Reef fish
become almost depleted in places by overfishing to meet the increased demand of
the tourist population. Perhaps more devastating is the uncontrolled business of
collecting reef fish for export to aquaria. Where coastal development and building
is carried out near the shore-line, the coral reefs become damaged by increased
sedimentation.
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Mangroves are able to grow in the intertidal environment because of their
specially developed salt secretion glands. They are therefore particularly sensitive
to coating by oil. The Red Sea is geographically the northenrmost sea where
mangroves can be found. Historical evidence suggests that they were much more
abundant on both sides of the Red Sea than they are at present. Mangrove
communities have important functions in the coastal ecosystem and represent a
valuable and significant natural habitat. They are at the base of important fish and
shrimp fisheries. Their roots provide a habitat and a shelter for juvenile fish and
shrimps and help to protect the shoreline from erosion .The trees provide wood
for various uses and fodder for feeding cattle.

The major impact on mangroves in the Red Sea derives from direct
exploitation and from alterations of the coastline. The level of exploitation of
mangroves and the rate of alterations of the coastline appear to be on the
increase. Along the Red Sea coast of Egypt, mangroves have been severely
impacted by oil at several locations.

It is suggested that some selected Red Sea mangrove stands be conserved
as park areas (UNEP,1985).The Egyptian experiment and its replicability is
discussed by Pearson ( in this Workshop).

Suggested Strategic steps

National strategies will be based on the needs and priorities of each state.
However, because of the common concern and mutual interest in safeguarding
their shared marine and coastal environment, member states will endeavour to
develop their national strategies, taking in consideration the pre-existing regional
agreements and international guidelines, in consultation, when necessary, with
neighbouring states and relevant UN organizations
The elements of a strategy are proposed by the Workshop in the following.

1. International agreements.

It is highly recommended that all countries of the region - as appropriate-
ratify the relevant Regional and International Agreements on the protection of the
marine environment from all sources of pollution including Land-Based Sources.
Ratification of such agreements represents a commitment to develop and enforce
the corresponding national legislation and the supporting institutions.

2. Preparation and Adoption of a Protocol on the Protection of the Red Sea and
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There is an obvious need for the countries of the Region to agree on a legally
binding instrument or a Protocol to the Red Sea Gulf of Aden Convention with a
view to eliminate, reduce or control emissions from Land -Based Sources. The
Mediterranean experience can serve as a model to be tailord to the specific needs
of the Region.

The Protocol will encompass guidelines, measures and procedures to be
adopted and progressively implemented by the countries of the Region. It will
clearly state inter alia, the obligation for all countries of the Region to carry an
Environmental Impact Assessment prior to authorization for any major coastal
development project.

It is recommended that an ad hoc technical Working Group be set up by
PERSGA in cooperation with UNEP/IOC/IMO/WMO to deal with the following
tasks:

a-Drafting the Protocol and its financial implications

b-Submitting a proposal for an Inventory of Land-Based Sources in the Red Sea
and Gulf of Aden and for the modalities of its implementation .

The ad hoc Working Group will take in consideration the outcome of the
Intergovernmental Conference on Land-Based Sources due to meet in Washington,
USA, in October- November 1995. After its report has been circulated to member
states and relevant international organizations, and after due consultation, an
Intergovernmental Conference will be invited by PERSGA to adopt the Protocol.

3. Priority Actions: Research and Monitoring Programme.

The Workshop recognizes that strategically, a prerequisite to the
development of a sound Management policy for the marine and coastal
environment in the Region consists in the full implementation of a Research and
Monitoring programme in the Red Sea and Gulf of Aden. The following proposals
are drafted in the framework of the Action Plan of PERSGA, although certain
elements of the Plan are given higher priority.
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PROPOSALS

Objectives:

The overall objective of the Research and Monitoring programme is to
provide the Contracting Parties to the Red Sea and Gulf of Aden Convention with
an adequate scientific marine data base for the integrated management of the
coastal and marine environment and the sustainable developnment of their
resources.

The proposed programme therefore is action oriented.

The specific objectives of the programme are:

1-To design and conduct a long term study of the basic Oceanographic processes
in the coastal and marine environment in the Red Sea and Gulf of Aden

2-To establish a qualitative and quantitative inventory of all contaminant inputs
from Land- Based Sources and of human activities susceptible to adversely affect
the marine environment.

3-To assess periodically the levels and trends of pollution in the coastal and marine
environment against the background of natural variations, together with the
impacts of pollution on human health and on the ecosystem.

4-To assess the effectiveness of management and control policies adopted and
implemented by the countries of the Region and to provide advice for their
improvement or for the adoption of new measures and policies.

5-To strenghthen the capabilities and promote the level of expertise of the national
institutions for carrying out research, monitoring and management of the coastal
and marine environments in the Red Sea and Gulf of Aden Region.

Principles.

1- Levels. It is proposed that the programme be carried out at two levels, the level
of governmental institutions and that of NGO volunteers. At the NGO level,
volunteers recruited from various sectors of the indigenous population will be
trained in "Red Sea Campusses” to carry out simple observational activities and to
collect and preserve samples for subsequent analysis. Involvement of the
community will help to achieve two objectives, greater public awareness and a
wider geographical coverage of the sampling programme.

On the other hand,it is important that governmental institutions be involved in the
scientific aspects of the programme to ensure continuity in its implementation and
a greater reliability of the data.

2- Focus.The monitoring programme will be conceived in a cost effective way.
Efforts will be focused on pollutants suspected to be of concern for human heaith
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and the quality of the environment in the Region. Priority will be given to the sites
and habitats requiring more urgent attention.

3- Baseline Coastal Oceanography. Knowledge about coastal oceanographic
processes, including meteorological, physico-chemical and biological processes, is
essential for defining the background natural conditions and for understanding the
fate and impact of contaminants. The programme therefore will encompass a
coastal oceanographic component.

4- Quality and comparability. The programme will include a procedure for quality
control of the data, ensuring their reliability and comparability. Achievement of this
aim will require an intensive Capacity Building programme for the institutions and
the personel, and periodical intercomparison exercises. The adoption of common
sampling and analytical methods, of data quality control procedures and of a
common data reporting format should be mandatory. v

Institutional requirements:

The research and monitoring programme is conceived as a cooperative
Regional effort. A mechanism for the active envolvement and cooperation of all
the countries of the Region, in both the early planning stages and the conduct of
the programme, should be set up.The implementation of the programme, however,
is the responsibility of the respective countries with the technical assistance of the
relevant International Organizations such as the IOC with its subsidiary bodies,
together with UNEP, IUCN and IMO. Due consideration must be given to the
disparity in the respective economic potential and technical capability of the
countries of the Region.

It is proposed that:

- at the Regional level, a standing Technical Steering Committee be set up by
PERSGA in consultation with UNEP/IOC/IUCN/IMO and with the countries of the
Region. Membership will be drawn from experts from the Region, but the
assistance of experts from outside the Region might be required, at least in the
initial stages. The technical secretariat and the funding will be provided by PERSGA
.UNEP, building upon its long envolvement with the Region through its Regional
Seas Programme, would be requested to contribute to funding the activities of the
Committee

The main tasks of the Steering Committee would be :

a. to design the operational details for the Research and Monitoring
programme, including the priority contaminants to be assessed, the oceanographic
processes to be monitored, the habitats to be investigated, the methodologies, the
detailed sampling strategy, the time frame.

b. to follow up the cooperative implementation of the programme and to
provide technical assistance to the countries, when needed.

c. to identify the needs of the Region in terms of logistics, training and
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capacity building in the framework of the programme.

d. to provide linkage and harmonization with the relevant ongoing national
and international activities in the Region, including the Development Programmes
supported by the World Bank and by the Global Environmental Facility,

At the national level, one or more governmental departments will be
designated for the implementation of the research and monitoring programme and
for compiling the information required for the Land- Based Sources inventory. A
national coordinator will be designated by each country to coordinate and follow
up the activities and to provide a link with the standing Steering Committee.

Proposed Research and Monitoring activities.

The activities will proceed along two parallel and complementary lines of
action.

1- lnventory of Land-Based Sources and a review of socio- economic activities.

An inventory of all Land-Based Sources of pollution and a socio- economic
review of present and emerging human activities susceptible to adversely affect the
coastal and marine environments will be carried out by /n situ consultants with the
full cooperation of the national authorities. The review will also account for the
current management practices of the respective countries. All data and information
will be communicated to the Steering Committee and stored in a data base.
Some guidelines are proposed in Annex 1.

2- Pilot Projects.

On the basis of the workshop deliberations, a phased approach is proposed.
for the implementation of the programme and a series of priorities identified for
each phase .

PHASE I:

The Pilot Projects proposed for Phase | require basic training in "Red Sea
Campuses” and limited sampling equipment.
It is assumed that during this Phase, the institutional arrangements will be finalised
and become operational, including the Steering Committee, the national
coordinators and the assigned national institutions.

An intensive Capacity Building programme will be initiated during Phase |, in
preparation for the activities of phase Il., with the assistance of IOC/UNEP.

This project will be concerned with the monitoring of floating tar balls, tar balls




IOC Workshop Report No. 126
Scientific Contributions - page 13

and litter on beaches (plastic materials in particular), with visual observations of
oil slicks, sea wvater discolouration, fish kills and any other environmentally
significant observations.

The project could be carried out by trained NGO volunteers recruited from
various sectors of the indigenous population, such as fishermen, school children
and others. The volunteers will also be trained to collect and preserve certain
samples for subsequent analysis.

Pilot Proiect 2. Basell | | e

This Project consists in an introductory activity to the full coastal
oceanographic project which will be initiated in the following phase. It will be
concerned with the preliminary data collection of some basic oceanographic
variables from the coastal zone: salinity, temperature, dissolved oxygen, turbidity,
suspended solids. Such measurements could be carried out by trained technical
assistants and junior scientists.

PHASE I
Pilot Project 3. C LO hi

Guidelines for this project are given in Annex ll. The strategy and the
operational details for the conduct of this project will be designed by the standing
Steering Committee, in cooperation with IOC when necessary.

iglogical diversi

in the Red Sea and Gulf of Aden.

The objective is to inventoriate the major ecosystems, coral reefs,
mangroves, eel-grass, creeks (khor) and others along all Red Sea coasts, including
the islands, and record the biological characteristics indicative of their health
condition and of potential human impacts. Several earlier reports by institutions of
the Region and by international organizations on the coastal ecosystems are
available and should be referred to.

The survey will make use of the Geographical Information System
techniques for the monitoring of coral reefs and mangrove stands. Ground
observations will deal with more than one aspect and should provide an ecological
inventory of the species and the habitats which should be as comprehensive as
possible. It should determine the processes - which drive, sustain or affect
productivity and diversity in the system. It will describe the representative
communities, the dominant species, the trophic relations. It should also monitor
the exploited populations (Ifish,‘ cephalopods, shellfish, crustaceans) and
investigate their population dynamics in relation to fishing pressure, their spawning
sites and seasons, their nursery grounds, their feeding habits.
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The survey should aim at covering all Red Sea Coasts, but priority should be
given to two types of areas:the areas threatened by foreseen intensive
developments such as the Gulf of Agaba, and the less well known areas of the
southern Red Sea and the islands. The biomonitoring project will benefit from the
expertise of the IUCN in this field.

E‘I E . 5 g I .” v [ .I ” . . I R I s n |
Gulf of Aden.

The objective of this project is to assess the level of contamination by oil
hydrocarbons and PAHs in the Red Sea anf Gulf of Aden in relation to marine and
land based sources and to follow their trends of variation.

Oil hydrocarbons, including Polyaromatic Hydrocarbons, will be analysed in
water, sediments and in tissues from selected organisms. Tar balis, both floating
and stranded on beaches will be monitored and their characteristics recorded.

Supporting data on coastal oceanographic processes and on the grain size
and nature of the sediment samples will be needed. The sampling sites will be
chosen so as to cover the Red Sea as much as possible, although the project can
focus, in a first stage, on some hot spots such as the Gulf of Suez , the area of
Jeedah and the Strait of Bab El Mandab.

Pilot Proiact 6. 2 y l I 1 the Red Sea and Gulf of
Aden,

This project will consist in a survey of the level of heavy metals and
synthetic substances expected to be of concern for the Region. It will provide
baseline data for both contaminated areas off large coastal cities and harbours and
relatively uncontaminated reference areas. Periodical surveys will allow long term
trends to be discerned. The substances will be analysed in the water column, in
appropriate tissues of edible marine organisms, in different trophic levels of the
food web and in relevant grain size sediment fractions. The type of sample, the
metals and the synthetic organic compounds to be measured in priority will be
decided upon by the standing Steering Committee.

The assessment of hazardous substances in the Red Sea and Gulf of Aden
will benefit form the technical assistance of GIPME of I0C, the Global Investigation
of Poliution in the Marine environment.

Pilot Project 7. Micrabiological I

The level of contamination of bathing waters and of sea food by
microorganisms (bacteria and viruses) downstream from large coastal cities and
of all human settlements is to be monitored on a regular basis.

[ ——— e e i e
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Annex |

Elements of a Land-Based Sources Inventory and of a Socio-Economic review in
the Red Sea and Gulf of Aden.

1. Demography.
Population density and rate of growth
Health statistics of coastal dwellers.
Significant variations from the rest of the population
2. Municipal sources of Pollution.
Urban centers, tourist resorts.
Type of source
Sewerage system
Treatment facilities
Effluent characteristics: Site, length, depth, flux
Coastal engineering: cooastline modifications, building activities along the
coastal strip
3. Industrial sources of pollution.
Type of industry, e.g. oil refinery, cement factory, desalination plant power
station, others.
Production size of the industrial plants
Mines, type of ore, production size.
Freshwater consumption
Effluent characteristics
Type and amount of waste: liquid, solid, atmospheric.
Treatment facilities.
4. Ports, oil terminals, offshore oil activities.
Reception facilities
Port development
Navigational dredging
Size of loading- deloading activities
Spill records: crude oil, refined oil products, phosphate ore, others
Offshore oil production and prospection: lubricants, production wastes.
5. Fisheries.
Commercial, artisanal, subsistence fisheries
Statistical trends
Catch composition
Aquaculture
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Annex !l

Proposed guidelines for the long term monitoring of coastal oceanographic
processes.

Meteorology
Precipitation
Winds, storms and surges
Temperature
Hydrography
Water circulation
Inshore- offshore exchange
Flushing rate
Vertical stratification
Measurements needed: Salinity, temperature, density, current
measurements.
Suspended particulate material
Turbidity
Flux, sources, transport and fate.
{Through runoff, coastal erosion, sedimentation, resuspension).
Effects on productivity, coral reefs, contaminant transport and accumulation.
Chemistry
Dissolved oxygen and percent relative saturation
Biological oxygen demand (BOD)
Biogenic compounds: fluxes, distribution and time variability of ammonia,
nitrate, phosphate and silicate.
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Introduction

Jeddah, the "Bride of the Red Sea: is a coastal city of ancient lineage. Indeed, the
derivations of its name stem from its position on the shoreline as noted in the 10th
century by the Arab Geographer al-Bakri who wrote "Juddah is a coastal town and
its name is derived from its position in relation to the sea" (Pesce, 1974). This
appears to predate the currently held view now hoids that the name is derived
from the Egyptian word "Jaddah", or "grandmother” reflecting the belief that Eve,
whose tomb was to be found just outside the old town until 1928, was buried
there (figure 1).

Jeddah's geographical location offers a number of desirable attributes which have,
over the years, enhanced its importance as a major coastal port. Among these are
access to the Holy Cities of Makkah and Madina as well as the central portion of
the Arabian Shield over the steep western escarpment by means of Wadi Fattima
and the fact that its location offers one of the first major breaks in the line of
offshore reefs which line the Red Sea Coast (figure 2).

This access meant that European ships could ride the winter monsoon down wind
from the orient until south of Jeddah where they began to encounter the prevailing
NNW winds which forced them to sail to windward, an inefficient point of sail for
square rigged vessels of that time. Jeddah, then became a port where these
vessels would offload their cargo into the smaller and more efficient (in sailing to
windward) dhows of the Arabs who would transport their cargoes northward
against the wind towards Europe.
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Historical Growth

Early evidence suggests that Jeddah may have been the site of a fishing village as
early as 350 BC (Pesce, 1974). Indeed, the maps of Ptolemy from the second
century AD show a settlement in the position of Jeddah. Fishermen were perhaps
attracted by the fact that there is a break in the continuous line of reefs that can
be navigated by knowledgeable mariners but which pose a hazard to those
unfamiliar with the area. Accounts from mariners throughout the city's history
describe the protection provided by the outlying reefs which in 1517 provided
sufficient deterrent to prevent a Portuguese landing (op. cit., figure 3a). Jeddah's
importance as a transshipment port in the trade for spices and luxury items
between Europe and the Far East and as a center of commerce in incense and the
spices of the Arabian peninsula is well documented and was confirmed as early as
1050 AD by the Persian Poet, Naser Khusrow who reported that, "Jeddah is a
great city surrounded by a strong wall, with a population of some five thousand
males. The bazaars are fine. There are no trees or any vegetation at all, but all
that is necessary for life is brought in from surrounding villages" (Buchon, 1981).

With the coming of Islam, the city became the port of entry for pilgrims coming on
the Haj when the port of Shuaibah was abandoned in the 26th year of the Muslim
era (646-7 AD, Buchon, 1991) in favor of Jeddah due to the vulnerability of
Shuaibah to attacks by pirates (op. cit.) Since that time servicing the needs of the
millions of religious visitors who annually pass through Jeddah has been an
important element of the Jeddah economy.

By 1517 (figure 3b) the city appears to have fully developed as a walled town and
center of trade following final construction of the wall by Husayn al Kurdi in 1514-
15 (Pesce, 1974) which stood until the period following the second world war.
Throughout much of the second millennia of its history, Jeddah remained much as
seen by Khusrow. Plans and drawings from the period (figures 1 & 3) reveal a city
within the town walls which slowly grew from "five thousand males" (or a
population of around 10,000) to 20,000 to 30,000 in 1845 and 30,000 to 40,000
in 1945 (Table 1).

The opening of the Suez canal in 1869 led to increased commercial activity in
Jeddah as the volume of trade between Europe, Arabia, Africa and the Far East
expanded greatly, creating wealth for Jeddah's merchant families. Jeddah's
fortunes began to decline with the advent of steam powered shipping which
reduced the need for cargo to be shifted from inefficient square rigged European
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sail vessels to the more efficient (with regards to the prevailing NNW winds) Arab
dhows. A century later in 1987, the Egyptians constructed the SUMED pipeline
between Ain Sukhna in the Gulf of Suez and Sidi Kerir in the Mediterranean to
allow annual transshipment of over 80 million tons of oil from 300 tankers which
are too large to transit the canal.

Perhaps the seminal event in the city's history came in 1925 when the besieged
city fell to the Al-Sauds and it was consolidated into the modern Kingdom of
Saudi Arabia as the primary port of entry for trade with the outside world in a
subsequent economic expansion which is probably unprecedented in human
history. That growth, fueled first by development of the Kingdom's vast oil
reserves which followed the Saudi Arabia/Standard Oil agreement in 1933 and the
resultant flow of capital into the economy during the 1950s and 60s and later by a
quadrupling of oil prices during the 1970s; led to an expansion of Jeddah from a
walled desert city, one square kilometer in area and 35,000 inhabitants in 1945
area to a thriving modern city covering over 1200 square kilometers with over
2,000,000 inhabitants in 1992 (figure 4).

In 1973 the Jeddah Municipality published a plan for a modern graceful city of
modern infrastructure, wide streets, monuments and open spaces for recreation
with a planned 1990 population of between 800,000 and 1.65 million inhabitants
(Sert Jackson, 1979). In subsequent years massive investment led to construction
of much (but not all) of the necessary infrastructure to handle the anticipated
population.

The present report is a discussion of the significance and conseguences of this
remarkable expansion upon the environment and people of Jeddah. In addition,
statistical analysis of available time series data has been used to project future
growth of population, consequent demand for services and infrastructure and
resulting requirements for investment. Wherever possible, available planning
documents, or suggested response activities have been analyzed and statements
made regarding their adequacy to meet the needs for anticipated growth.

Environmental Setting

Jeddah lies in an arid climate with an annual rainfall of slightly over 64 mm/year
(figure 5) and an annual average temperature of 28°C (figure 6). When the rain
does come, it tends to come in torrential downpours, leading to flooding and rapid
runoff of approximately 30% of the incident rainfall (Abdulrazzak, et al., 1989).
This can be seen in figure 7 where the extreme monthly rainfall and the extreme
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daily rainfall are shown. Many of the extreme month's rainfall came in a single
day.

The prevailing wind blows consistently from the NNW direction (figure 8) in the
Jeddah areas although the southern portion of the Red Sea receives winds from
the SSE during the winter months. The winter winds converge to the south of
Jeddah, resuiting in a net inflow of surface waters during the winter month and a

rise in sea level of 0.5 M in the winter relative to the summer. (Shepphard, et al,
1993).

Tides in the Red Sea are complex and are a composite of both diurnal and
semidiurnal tidal patterns. There is a well known oscillatory pattern (Morcos,
1970; Edwards, 1987) with the average tidal ranges about 0.6 m in the north and
0.9 m in the south and with almost no daily tidal fluctuation at Jeddah (figure 8).
The extreme tide at Jeddah is around 0.2 m and tidal water movement provides
insignificant flushing of inshore bays and empondments. Inshore currents are
poorly studied in the Red Sea although divers report an occasional strong crift to
the south.

Population

As can be seen in Table 1, the human population in Jeddah increased by nearly a
factor of four between the 1974 and 1992 censuses. The annual rate of growth,
7.47% is 3.24% higher than the figure for the Kingdom as a whole, reflecting the
process of urbanization in addition to a rapid population growth. If this rate of
growth were to continue until over the next 20 years, Jeddah would have a
population of nearly 12 million in the year 2015 (figure 9).

Jeddah's population increase is a combination of birth rate (2.3%/year, MOFNE.
1970-92); internal migration to urban centers and "immigration" from expatriate
workers and overstayers from the Pilgrimage. Evidence for "net immigration™ can
be found in the MOFNE statistics for Foreigners entering and leaving the Kingdom
as well as the number of airline passengers arriving and leaving. Net "immigration”
to the Kingdom has been over 200,000 persons annually over much of the past
decade.

There are, however, indications that this rapid rate of growth is slowing. These are
based on a combination of the two official census figures from 1974 and 1992 and
unofficial figures which have appeared in the literature (Table 1). When these
intervals are fit to a curve (figure 10), they suggest that the growth rate is
decreasing to approximately a 3.3% annual figure by the year 2015. If this
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analysis is correct, then the population of Jeddah in the year 2015 would be

approximately 5.5 miilion inhabitants. In the present analysis, subsequent demand
for services utilizes this lower projection.

Sources of this growth are various. The 1992 census indicated that Jeddah is
inhabited by approximately 51% non-Saudis so the growth in population must
consider reasons for "in-migration” as well as the increases in the Saudi population
which has come about urban migration to Jeddah and through improved medical
services and increased life expectancy.

Increases in the non-Saudi population are largely tied to the Kingdom's economic
expansion as foreign workers have been employed to build the infrastructure,
operate industries and participate in service and commercial sectors. Lately, the
process of "Saudiization" has reached the state where many of the skilled and
managerial positions are now being filled with Saudis and their expatriate
counterparts are leaving the Kingdom. However, in order for Saudiization to effect
a significant demographic change, Saudis will need to be employed in the more
numerous worker and service positions1.

Admittedly, employment of non-Saudi's is a policy matter and the Kingdom has, in
the past, exported nearly 1.2 million non-Saudi's in 1981/82 following construction
of the massive infrastructure projects, a reported 250,000 Yemeni nationals during
the 1990/91 Gulf War for security reasons and has (in 1994/5) deported over
135,000 illegal workers and Haj overstayers (Arab News, 1 May., 1995) in
addition to instituting policies which make employment of additional expatriate
labor both more costly and difficult.

Room for City Expansion

As can be seen in figures 4,11 & 12; recent municipal development has been linear
in the coastal plain (or Tihama) between the rocky foothills preceding the
escarpment and along the shoreline. Future expansion to the south most likely
extend to the south towards Makkah or into the Wadi Fattima "flood plain". To
the north, the municipality includes Dhaban. Recent expansion has concentrated
to the north of the city and future city boundaries may well cover most of the
coastal plain between Dhaban and Shuaibah.

Water

Water has always posed a problem for Jeddah. As early as the sixth century, the
city's Persian rulers were obliged to dig three hundred wells and cisterns to meet
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the city's water needs (Buchon, 1991). In the tenth century al-Hamdani, a Yemeni
geographer quoted a then current poem which stated that "al-Gugayyah of
Huthariq and al-Qirsh (springs) have all dried up and Juddah is parched and
shriveled." (Buchon, 1991). In 1330 Ibn Battuta reported described Jeddah's
water system as consisting of "antique cisterns and in it are pits for water, bored
in the solid rock and connected with each other in numbers beyond computation.
This year (1330) was one of little rain, so the water was brought to Judda from
the distance of a day's journey, and the pilgrims used to beg for water from the
owners of the houses” (Pesce, 1974).

Between 1676 and 1683 Grand Vizier Kara Mustafa Pasha funded construction of a
water duct which carried water from wells east of the city. This system was later
reconstructed in 1934. Such descriptions of water scarcity in Jeddah were
frequently repeated in the historical works of the following years. Poncet (in
Pesce, 1974) reported that water cost 2 to 3 pence a liter in 1701.

The first small capacity boiler ("Kindasah") had been installed in 1909 and was
producing around 300 M3/day by the 1940s. Already, Jeddah appears to have
developed a dependency on sea water desalination for its survival. From 1947
until 1955 Jeddah's primary water supply came from 3200 cu. m/day which were
transported from wells in the lower Wadi Fattima (Abu Rizaiza, 1993, page 135).
After this period, the water authority developed wells in the Wadi Fattima and
pumped three million gallons of water daily to Jeddah. The poet Mohamed Said
Otaibi acclaimed that the pipeline would "Save wus from the clamor of the
Kindasah" (Buchon, 1991). Wadi Fattima supplied 16 million M3/yr in 1978; 8.5
million M3/yr in 1982 (Altimbilek, 1984) and presently about 5.3 million M3/yr
(including water from Wadi Khulays, Ministry of Planning, personal communication)
as the major portion of the aquifer's production is used by the villages located in
the water table.

When the economic situation improved in the Kingdom, it stood to reason that
development of a reliable water supply would be one of Jeddah's highest priorities
because rainfall is low and unpredictable, and groundwater resources had become
insufficient to meet the demands of a rapidly expanding population. Massive sea
water desalination appeared to be the primary water option available to meet the
city's demand for water. The first major (18,333 M3/day) plant came on line in
1970 (Abu-Rizaiza, 1993 ). In 1992 the city utilized 138 million M3 of desalinated
water.

Desalinated water continues to be supplemented by the Wadi Fattima and Wadi
Khulays aquifers which provide approximately 5.3 million M3 annually (Ministry of
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Planning, personal communication); approximately 13.1% of treated wastewater
(Al-Hoisney, 1990) which is utilized for horticultural irrigation. In addition,
significant amounts of bottled drinking water are used by the populace. In all, as
shown in Table 2, the total amount of water utilized in Jeddah in 1995 is probably
approaching 80 M3/person/year. By 1992 there were indications that Jeddah was
entering into a period of under supply.

The reason for this massive water use originates from rising per capita
consumption (figure 13). Figure 14 would seem to indicate that Jeddah's
inhabitants will consume as much water as can be produced as analysis of
available supply (figure 14) and per capita demand show a highly significant
correlation. There is no current evidence for any leveling off of demand. Indeed,
the rate of per capita demand (figure 13) is increasing at a rate faster than that of
the Kingdom as a whole. In fact, recent information (Arab News, Arpil 5, 1995;
World Bank, 1996; Awadalla, et al., 1996) indicates that there is massive leakage
{as much as 50% of the produced water) from the distribution system which may
well account for much of the increasing per capita "demand"” for water. What ever
the reasons, if such growth in demand continues unabated, by 2015 the city
would require over 800 million cubic meters of desalinated water annually which
would necessitate additional investment of over one billion dollars (SR 4 billion). In
addition, the government would have to support the operating costs of nearly 3.6
times the currently installed desalination capacity.

Much of this water use stems from excessive personal water use and it seems
clear that some intervention will be required if the city is going to continue to
expand. Analysis of possible interventions has been undertaken (Abdul-Razaq, et
al., 1993). Their modeling results indicate (figure 12) that if a pervasive system of
public education, plumbing codes, leak detection and pricing were instituted in
1995, currently installed desalination capacity (including Jeddah V which should
come on-line in 1998) would be sufficient to supply water to the projected
population increase for the foreseeable future and total demand could be reduced
to 70% of current levels despite the projected population increase.

Sewage Treatment

The current system only services one-third of the area of Jeddah (Taylor and
Ghazi, 1994). There are a total of eight sewage treatment plants which have a
combined capacity of 176,000 M3/day and they are currently operating at 141% of
their capacity of 43.8 million M3/year (figure 15).
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It is reported by the Sewage Authority that, although only one-third of the
municipal area is connected to the sewage system (figure 16), it contains some of
the more densely populated districts in the city and serves two-thirds of the
population. They report that the actual per capita generation of sewage is 55
M3/person/year which provided a 1995 estimate of approximately 130 million cubic
meters of sewage generated annually, which is aimost 3 times the rated capacity
of Jeddah's sewage treatment plants. Sewage generation is expected to rise to
over 302,000,000 M3/year by the year 2015 (figure 17).

In 1994, MEPA analyzed samples from of several plants and found that in flow and
out flow had similar BOD content, indicating that very little sewage treatment is
taking place in the overloaded plants. There is also some evidence that the existing
municipal sewage system is only serving 600,000 people (Abu-Rizaiza, et al.,
1991) and that the per capita sewage generation is nearly three times as great as
that reported by the Sewage Authority.

Insufficiency of the sewage system resulted in construction of nearly 30
unregulated "private" sewage outfalls along Jeddah's coastline (figure 16). Most of
these were concentrated along the Kornisch road where much of the city's
recreational activities take place and even up current from the desalination plants.
Recent efforts to reduce this problem have had some success.

Over 13% of the treated water which is reused for irrigation of the city's many
parks and planted areas (Al-Hoisney, 1990) and another 36.5 million cubic meters
which are disposed of in individual septic systems which are dumped at disposal
sites in the north east of Jeddah (Taylor and Ghazi, 1994).

Ground Water

Excessive water use has led to another major problem facing the municipality
today, a ground water table is rising at the rate of 0.5 m/yr {(Abu-Rizaiza et al.,
1985) and large areas of the city face threat from inundation of low-lying areas,
flooding of basements, deterioration of roads and building foundations, offensive
smells, breeding of mosquitoes, and other health hazards (figure 18).

A "ground water budget" (Tables 2 and 3) were constructed from available
information. When the total ground water per square meter (0.09 M3/M2) is
divided by the figure for the average porosity of Jeddah's sediments (0.2), the
annual ground water rise (0.45 M3/Year) is extremely close to the figures provided
in the literature (0.5 M3/Year).
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The results also show that over 80% of the contribution to the ground water
originates with disposal of sewage. Thus, expansion of the sewage system and
disposal at sea will not only address the problem of sewage but also clearly
contribute significantly towards alleviation of the problem of ground water rise.
Failing this, the groundwater problem will most likely have to be addressed by an
extensive drainage and sea disposal scheme.

The problem of rising groundwater levels has also occurred in Riyadh where the
Arriyadh Development Authority has thus far spent SR 340 million on a system of
collection and has requested another SR 200 million for disposal infrastructure
(ADA, personal communication).

Resolution of the Jeddah groundwater problem has been extensively investigated
by Abu-Rizaiza and his co-workers (1987) who have found that although
contamination by fecal coliforms is very low, high salinity and hardness preciude
its use for irrigation purposes. They recommend that sea disposal could be
effected within MEPA's guidelines (MEPA, 1989) once the necessary
infrastructure for its collection was developed.

Air Quality

In addition to its contribution to the sewage and groundwater problems, heavy
dependence on desalinated water adds to a growing air pollution problem. As can
be seen in Table 4, desalination contributes a major portion of the SO2 and NOx
emissions from fixed sources. In addition, the location of the plume from the
Jeddah desalination plant lies directly over several important government facilities,
including a hospital (figure 19). Jeddah's industrial city contributes significant
amounts of air borne pollutants as well as the Jeddah Refinery as well and the
KAIA airport.

Presently, Jeddah's meteorology and consistent sea breezes dissipate much of the
air pollution, although MEPA has received complaints from areas that are down
wind from the Jeddah refinery, south of the town. would seem to be sufficient to
relieve Jeddah of any significant buildup of airborne pollutants. The major source
of air pollution in Jeddah originates from the transport sector (discussed later).

Electricity

Consumption of electricity increased rapidly during the 1970 to 1986 period but
has shown signs of leveling off to an asymptotic level of approximately 3.4
MW/Person/Year (figure 20). Total consumption will continue to increase unless
the sort of conservation program suggested for water consumption is instituted
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(figure 21). In 1995, the Kingdom of Saudi Arabia revised (upwards) the price for
water and electricity to levels which could result in some market-driven reduction in
consumption. At the same time programs are being developed to encourage energy
efficiency through the use of variable-speed electric motors, building insulation and
improved air-conditioning and refrigeration (Arab News, April 6, 1995).

In order to assess the effectiveness of such a program, a linear model which
included elements of pricing and conservation was introduced to the expected
pattern of electrical demand. The results indicated that if such a program were to
commence in 1995, demand for electricity in Jeddah might be limited to 14 million
MW/year in 2015 (compared to 24 million MW/yr if no conservation was
introduced) or 139% of current demand.

Expansion of Jeddah (and the Western Province) electricity system will require
substantial investment. Currently (figure 22), peak demand is in excess of currently
installed (and projected) capacity, resuiting in increasingly frequent brown outs and
power outages during peak load periods. This problem may well double during the
next two decades unless either production capacity is expanded or conservation
programs achieve expected successes.

Transportation

Saudi Arabia does not require annual registration of vehicles and the vehicle fleet
must, therefore be estimated as the official statistic provides only the cumulative
number of vehicles registered. The Ministerial Committee for Environment (MCE,
1992) suggests that approximately 62% of the cumulative fleet remain on the road.
This assumption has been used throughout the present analysis.

The Jeddah vehicular fleet was calculated by multiplying the population by the
(national) per capita vehicle ownership rate (figure 23). This, in conjunction with
statistics for the division of the fleet into private cars, light and heavy trucks, taxis,
buses and motorcycles (MOFNE, 1970-92) was used to project the fleet. The
results indicate that there are approximately 1 million vehicles in Jeddah at present
and that the fleet may increase to 4.5 million vehicles by the year 2015 (figure 24).

Vehicular traffic in Jeddah is becoming increasingly congested in certain areas at
certain busy periods. Despite this, it would appear that the road system could
handle more traffic (figure 23). However, it would not be expected that the
existing system could accept the quadrupling of the vehicle fleet that is expected
by 2015 (figure 24).
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The vehicle fleet is already a cause for health concern. Automobile accidents are
currently the major source of mortality in the Kingdom with nearly 125,000
accidents annually creating an economic drain on the population in terms of lost
work days, importation of vehicles and medical expenses.

In addition, automobile emissions are the major source of air pollution in Jeddah
(Table 4). A MEPA and Ministry of Health study in 1985 (when the vehicle fleet
was less than one-third of the 1995 size) of lead in the blood of school children
found that the average level was 11mg/100 ml. This level was at the lower level of
concern for health impacts and roughly equivalent to that found in large European
cities. Since that time, the vehicle fleet has tripled (although the level of led in
gasoline has been cut in half) and, even though no further studies have been
undertaken, it would be expected that the level of lead in the blood the Jeddah's
school children has also increased, perhaps to levels which warrant public health
concerns. In addition, a recent study of lead in the breast milk of mothers from
Riyadh, high levels were reported and attributed to environmental pollution and
vehicular traffic.

Certainly, unless mass transit or alternative transportation and parking systems are
put into place during the next 20 years, Jeddah will become a difficult city to move
through and, expected levels of pollutants could lead to an increase in respiratory
and other pollution related diseases.

Shipping

Throughout its history Jeddah has been a primary center for maritime activities,
first as a fishing village, as the port of entry for pilgrims, as a major transshipment
port for the trade between Europe and the Far East and currently as a major port of
disembarkation for much of the Kingdom's material goods. The development of the
Jeddah Islamic Port during the mid 1970's led to an increase in the amount of
goods being unload from less than 1 million tonnes in 1965 to a high of 18 million
tonnes in 1980 (figure 25).

Accompanying this increase in traffic has been a steady series of oil spills and other
marine pollution incidents (figure 26) which threaten coastal resources and
recreational facilities. The primary agency with responsibility for coordinating
marine pollution response is MEPA which operates under the 1991 National
Contingency Plan for Combating Marine Pollution in Emergency Cases.
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Marine Pollution

Marine pollution sources originate from both land and sea-based emissions as well
as the considerable amount of shipping which passes through the Jeddah Islamic
port (figure 25) and offshore. Currently 100 million tons of oil transit the Red Sea
although half of that passes through the northern Red Sea from the terminus of the
trans-Arabian pipeline through the Arabian Gulf to the SUMED pipeline which has
been operating over its 80 million ton capacity in recent years. Future plans to
widen the Suez canal in order to provide passage for VLCC tankers in excess of
250,000 tonnes should increase this flow of oil through the Red Sea with a
consequent increase in the frequency and volume of oil spills (World Bank, 1995).

The main land-based sources of pollution originate from heated brine from he
desalination plant, the overloaded sewage treatment plants and the refinery,
heated effluent from power plants and particulate emissions and sewage (25 million
M3 of sewage are input from Jeddah's sewage treatment plants), and from coastal
development where frequent use of dredge and drag lines are carried out without
us of sediment reduction control or reduction of particulate levels in the mixing
areas.

Solid and Hazardous Waste

Jeddah's citizens generate between 0.8523 and 1.4 kg of solid waste daily which
created a low estimate of the total waste at total of 132 million tonnes of
private/commercial solid waste in 1995. In addition, industry generated a total of
1,268,305 tonnes of solid waste which is expected to increase by an average of
3% annually. Thus, expected increases in population and continued industrial
expansion are likely to result in a total of 4.4 million tonnes of waste in 2015
(figure 27). ’

The Jeddah land fill site is approximately 4 km2 in area and has approximately 5
more years of useful life (MEPA, 1994). The landfill operators estimate that
approximately 12% of the waste could be recycled. The MEPA investigations aiso
revealed that uncontrolled dumping of liquid wastes (some which are potentially
hazardous) is occurring both at the landfill site as well as in several other locations
around Jeddah, some of which are in Wadi beds. This practice poses obvious risks
both to public use of the areas as well as to underlying aquifers.
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Almost 30% of the waste is comprised of organic material (figure 28) which is
breaking down into methane, a greenhouse gas, which could be utilized as a fuel
for desalination or power generation. Over 45% of the solid waste is made up of
materials which might profitably be recycled. Recycling is a relatively new
phenomenon in Saudi Arabia although some recycling of aluminum has been going
on during the past few years. In 1994, however, a major contract was let which
may lead to development of a recycling industry utilizing much of the municipal
waste throughout the Kingdom.

In addition to solid waste, Jeddah's industrial activities create 16 tonnes of spent
caustic material, 274 tonnes of oil sludge and 180 tonnes of catalysts which are
currently being disposed of either through the sewage system or in unregulated
dumping in open pits near the city. Current studies are under way to assess the
impacts of such dumping upon the city's ground water resources.

Recreation

Jeddah's coastline and offshore reefs has provided a spectacular recreational
resource for its inhabitants. Development of 70 km of coastal Kornische facilities
has been extremely successful in providing high quality coastal access for the city's
inhabitants. As population expansion has continued, however, the Kornisch has
become increasingly crowded. OQutside of this Kornische facility nearly the entire
shoreline from 40km south of the city to north of Khor Salman has become fully
occupied by residential, industrial and security facilities, reducing access for the
public to traditional fishing, swimming and boating activities which are shown in
figure 29.

In addition to problems of access, a number of recreational and environmental
resources have become degraded from sewage emissions. Most notable of these is
the main sewage outfall south of the city (figure 16) which has heavily polluted the
environmentally sensitive area at the Jeddah Salt Marsh waters and adjacent
shoreline areas which are heavily utilized for recreation (figure 29).

Another example is the major recreational facility, the King Fahd Recreational City,
which was constructed on the shores of an inland lagoon created by land filling. A
major sewage treatment plant released its waste at the head of the lagoon,
polluting the waters and filling the bottom with sewage sludge. Failing to realize
that the absence of tidal flushing would lead to concentration of the effluent made
water sports unavailable and created a potential health hazard instead of a
recreational resource. The outfall was later moved outside of the lagoon (and into a
location where the effluent might affect amenity beaches along the Kornische) but
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a major investment will have to be made in order to remove the sludge and restore
the recreational potential of the lagoon.

Another example of the same sort of problem occurs in Arabian lagoon (Taylor and
Ghazi, 1994) where 12 unregulated sewage outfalls empty into a lagoon that, once
again, has been altered through landfill activities. The lagoon has become highly
eutrophicated, generating unpleasant smells and posing a heaith hazard to children
who play in the Such use conflicts will need to be resolved if Jeddah's inhabitants
are to enjoy recreational and natural resources in the future.

Growth in Demand for Services (1995-2015)

The preceding analyses indicate that, over the coming 20 years, rising population
and increases in the rate of consumption of services will create substantial
increases in the requirements for infrastructural expansion. As can be seen in
Table 6, meeting increased demand during the coming decades will require
substantial expansion of the existing infrastructure. As was shown in the analysis
of water demand (figures 13 & 14) substantial savings can be realized which can
extend the period during which currently installed water, electricity and other
services may be sufficient to meet the needs of the expanding population.

Required Investments

If Jeddah does not institute programs of conservation and efficiency, substantial
investments will be required in order to maintain the quality of life in Jeddah.
Estimates of some of these are shown in Table 7.

This very preliminary analysis suggests that approximately one billion dollars (SR
3.75 billion) may well need to be invested annually in order to keep pace with
expected growth.

During the period between 1992-1994 The Kingdom's budget for Municipalities and
Water averaged SR 6.26 billion and SR 2.27 billion for infrastructure development.
Thus, the amount required by Jeddah amounts to 44% of the total amount
budgeted Table (8).

As can be seen from this cursory analysis, the cost of resolution of environmental
problems and providing services will require @ major commitment of funds unless
programs of efficiency, market control and conservation -can lead to reduced
demand as shown in the analysis of conservation on water demand.
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Institutional Basis for Environmental Management

Key to any efforts to manage economic and population expansion in Jeddah over
the next two decades will be establishment of the necessary institutional basis for
coordination and implementation of the necessary economic expansion in a
sustainable manner. A current analysis of environmental institutions in Saudi
Arabia by the World Bank (MEPA/MOFNE/World Bank, 1994) has concentrated on
minor alterations of the existing environmental infrastructure and suggested
incremental increases in the Kingdom's resources for environmental management.

The Meteorology and Environmental Protection Administration (MEPA) is the
central environmental agency in the Kingdom of Saudi Arabia. It has not, however,
been given the extensive enforcement and regulatory authorities which is found in
developed nations environmental agencies. Instead, the Kingdom of Saudi Arabia
has chosen to distinguish between the setting of environmental criteria and actual
operational management. Thus operational agencies such as the Ministry of
Petroleum, Ministry of Agriculture and Ministry of Industry and Electricity retain
actual regulatory control over activities carried out under their respective mandates.

MEPA has entered into a specific memorandum of understanding with the Royal
Commission for Jubail and Yanbu (RCJY) in which the commission has been
delegated authority for managing environmental activities in the industrial cities.
The arrangement has been so successful that, in 1987 the RCJY was awarded the
United Nations Sasakawa award for its environmental achievement. A recent
analysis of environmental management in the Kingdom (World Bank, MOFNE,
MEPA. 1994) has suggested that this approach should be employed on a broader
basis.

As regards coastal zone management, MEPA has been consistently identified as the
Kingdoms central environmental agency and the coastal zone management lead
agency, institutionalization of authority for centralized coastal zone management
has not been achieved. Instead, each individual agency operates under its own
specific mandate and numerous overlaps and potential conflicts abound (Table 9).
Currently, the only recourse for resolving such conflicts and establishing national
environmental policy is the Ministerial Committee for Environment. Day-to-day
coordinative mechanisms and central planning authority specific to the coastal
zone are lacking.

The benefits of central planning and coordination have clearly been demonstrated
by the successes of the Ministry of Planning's development plans and, on a
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municipal level, by the Arriyadh Development Authority (ADA) which has had
notable success in dealing with a level of expansion which exceeds that in Jeddah.

There appears to be a growing recognition that the costs of catching up to and
keeping pace with growth in the Kingdom's large cities may well warrant
consideration of alternative planning strategies. One possible approach involves
establishment of new "satellite" townships which encourage population movement
away from the major cities.

Conclusions

Jeddah has been an important commerciai center for much of the past millennium.
It has expanded from a stable coastal city to a modern urban center of over 2
million inhabitants in 1992. Much of this growth has taken place during the past
two decades under a plan for municipal development which was successful in
anticipating much (but not all} of the requirements for such growth.

Future growth ( based on a near doubling of the population during the next two
decades) will require considerable expansion of infrastructure if the city is to
maintain the quality of life for its inhabitants. Much of this expansion will require
careful planning of the environmental consequences of development activities upon
the coastal zone.

If such future planning is to take place, first attention must address the need for
increased coordination between the many agencies whose mandates overlap and
create potential conflicts within the coastal zone. It would also seem most
appropriate that a centralized municipal planning entity, based upon the highly
successful model of the Arriyadh Development Authority, be established in order to
plan municipal expansion and mediate the potential conflicts between development
and environment.
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Table 1. Available population estimates (and calculated annual growth rates) for
Jeddah throughout its history.

Annual Growth Rate
Period Population Jeddah Saudi Arabia Source
1050 5,000 Males (Buchon, 1981)
0.10%
1831 22,000 Ruppel ( in Pesce,
1974)
-3.53%
1839 15-18,000 d'Hericourt (in
Pesce, 1974)
0.48%
1926 25,000 Altimbilek (1984)
2.60%
1945 30-40,000 (Buchon, 1981)
4.56%
1953 50,000 ‘ Altimbilek (1984
12.69%
1970 381,000 (Pesce, 1974)
10.03%
1974 558,528 Min. Planning,
Census
10.19%
1980 1,000,000 (Buchon, 1986)
6.13%
1,300,000 Altimbilek (1584
6.67%
1992 2,042,526 Min. Planning,
Census
1974-1992 7.47% 4.23% Min. Planning,
Census
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Table 2.

Estimated ground water budget for Jeddah® based on 1992 data)

Groundwater Source Amaunt (M*/Yr)
Sources of Input
Rainfall® 76,800,000
Wadi Water’ 5,300,000
SWCC Desalination® 137,876,000
KAAI Airport Desalination 8,760,000
Saudia City Desalination 2,920,000
Bottled Water Unknown
Total 231,656,000
Water Loss
STP Sea Disposal’ 24,750,000
Evaporation 53,760,000
Green Belt Transpiration'® 365,000
Domestic Horticufture ' 6,153,000
(Transpiration)
KAIA Airport Horticutture 1,217,000
(Transpiration)
Saudia City Horticulture 2,628,000
(Transpiration)
Rain Runoff' 23,040,000
Total 411,913,000
Ground Water Inputs
Domestic Horticulture 6,153,000
KAIA Airport Water Use 1,460,000
KAIA Airport Horticulture 3,650,000
Saudia City Water Use 1,168,000
Saudia City Horticulture 876,000
Land Disposal of Wastewater 40,865,000
Reuse of Wastewater 9,385,000
Leakage from Distribution System'* 32,840,000
infittration from Cesspoois® 18,500,000
Land Disposal from Cesspoois 18,500,000

Total

133,397,000
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Table 3. Summary ground water budget for Jeddah and calculation of annual
rise.
Total Groundwater input (M) 133,397,000
Horticulture 10,690,000 (8%)
Sewage 89,878,000 (67%)
Leakage from Distribution 32,840,000 (25%)
system
Area of Jeddah (M*) 1,200,000,000
Ground Water (M“/Yr) 0.111
Sediment Porosity 0.2000
Ground Water Rise (M/Yr) 0.556
Table 4. Sources of air pollution in Jeddah '8,
Pollutant | Refinery | Industrial | Desalination Vehicles | Power Total
City
co - 40 - 854000 - 854,040
VOC 3,700 - - - - 3,700
HC - - - 66,000 - 66,000
NOx 1,400 3,000 29,000 21,700 69,400
14,300
S02 40,000 2,200 180,000 2,300 243,700
19,200
Particulates 530 58,000 6,800 - 1,010 66,340
Vanadium - - 50 - 9.1 59
Nickle - - 17 - 11 18
Lead - - 1.2 610 0.9 612

* Oniy gasoline powered vehicles
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Table 5. Sources of marine pollution in Jeddah 2'.
Pollutant | Refinery | Industrial [Desaiination| Sewage | Shipping | Total
(tonnes/yr) City
Qil 600 - - - 50 650
Phenol 22 - - - - 22
Sulfide 22 - - - - 22
Chloride 18 - 350 - - 368
Phosphorus - 2 1.5 2,200 - 2,204
Nitrogen - 14 - 8,000 - 8,014
TSS 416 80 - - - 496
BOD 416 120 - 37,000 - 37,536
CcOD 1,250 210 - 92,000 - 93,460
Brine (M%) 0 0 1.73E+09 - - 1.73E+09
Table 6.

Increased demand for services between 1995 and 2015 if anticipated
increases in population and rates of demand proceed as expected.

Service 1895 2015 % of 1995 Level
Population 2,350,513 5,513,410 235%
Desalination (M")

W/Q Conservation 222,343,219 | 808,373,358 364%
W/Conservation 222343219 127,078,251 57%
Electricity (MW/YT)
W/O Conservation | 10,170,792 23,900,000 235%*
wW/Conservation 10,170,792 14,159,000 139%
Sewage (M°)
Current Capacity 43,800,000 | 301,859,175 689%
Current Generation | 128,690,568 | 301,859,175 235%
Solid Waste (Tonnes) 2,180,000 5,396,000 243%
New Landfill Site
Vehicles 1,030,678 4,535,053 440%
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Some investments which will be required in order to meet demand for
services and resolve environmental problems associated with projected
growth of Jeddah between 1995 and 2015.

ISSUE

COST
$ {SR)

Rising Ground Water™>

$144,000,000
(SR 540,000,000)

Additional Sewage Treatment Plants™*”

Capital Costs

$453,052,930
{SR 1,698,948,486)

Additional Operation & Maintenance Costs

$7.635,723
(SR 28,633,963)

Expansion of Sewage Collection System

Not Available

Additional Desalination Plants

Without Conservation

$1,076,368,781
(S5R4,036,382,829)

With Conservation

Demand reduced to 72% of
Current levels and 20% of
projected demand

Additional Electrical Generation * °'

W/O Conservation

$18,122,554,560

W/Conservation

$5,264,434,560

Landfills & Solid Waste Services

Development of New Landfill Site Not Available
Additional Garbage Collection (annual cost $80,000,000
in 1995) # (SR 300,570,000)
Transportation
Poliution Control Not Available
Additional Roads and Parking Not Available
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Table 8.

Saudi Arabia Budgetary Expenditures (Billion Saudi Riyals) Source: Guif

Economy (53, July-August), 1993. pp. 35

Year
Sector 1992 1993 1994
Human Resources 26.00 - 31.10 34.09
ransportation & 8.00 8.20 9.08
Commerce
iEconomic Resources 470 8.00 8.94
Social & Health 11.00 12.20 14.09
lDefence 48.70 54.30 61.64
tublic Administration 29.00 29.80 31.29
Public Loan 4.60 8.00
Institutions
Subsidies 7.00 710 9.17
Others 17.10 11.57
Infrastructure 2.60 2.10 2.10
Water & Municipalities |5 58 6.30 6.98
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Table 9. Some unresolved interagency jurisdictional issues within the coastal
zone.
MARINE ACTIVITIES

Saudi Coast Guard has jurisdiction between the border of the Territorial Sea (12 miles
offshore) and 10 km inland (Royal Decree No. 33, dated 27/7/1377).

MEPA has jurisdiction for prevention of Pollution in the Territorial Sea (Council of Ministers
decision No. 157, Dated 20/11/1411 and Royal Decree No. 7/505M, dated 28/3/1406..

Ministry of Agricuiture (SWCC), Ministry of Petroleum (Saudi Aramco, oil companies),
Ministry of Municipalities and Rural Affairs (Sewage Authority), Ministry of Industry
and Electricity (SCECO and industrial cities) and RCJY all control activities which emit
poliutants into the Territorial Sea.

MEPA has jurisdiction for oil spill response (coordination mechanism established under Royal
Decree 7/B/13307, dated 22/7/1411).

Ministry of Transport has responsibility for Marine Navigation in Territorial Sea

Sea Ports Authority has responsibility for ports (Royal Decree No. 7/505M, dated
28/3/1406).

Ministry of Agriculture has jurisdiction for fishery activities (Royal Decree No. 7/505M, dated
28/3/1408).

Ministry of Petroleum has jurisdiction over oil production and marine mineral extraction
activities in Territonal Sea.

Ministry of Defense has jurisdiction of military activities within the Territorial Sea.

Saudi Arabia is signatory to Regional and International agreements which place obligations
upon it for prevention of poitution and protection of resources. (Notable among these is
the Kuwait Regional Convention on the protection and development of the marine
environment from poliution (1978); The protocol concerning Regionat cooperation in
combating pollution by oil and other harmful substances in cases of emergency (1978);
The Regional convention for the conservation of the Red Sea and Guif of Aden against
poliution from land-based sources (1982); Protocol on marine pollution resuiting from oil
exploration activities in the Arabian Gulf Region (1989) and the ROPME protocol for

~ protection of poliution of the sea from land-based sources (1990).

SUBMERGED LANDS

Sea Ports Authority has responsibility for ports (Royal Decree No. 7/505M, dated
28/3/1406).

Coast Guard has jurisdiction between edge of Territorial Sea and 10 Km inland (Royal
Decree No. 33, dated 27/7/1377).

MEPA has jurisdiction for prevention of pollution including effluent from land fill ports (Royal
Decree No. 7/505M, dated 28/3/1406).

Ministry of Petroleum has jurisdiction over oul production and marine mineral extraction
activities in territorial sea.

Ministry of Agriculture and have been directed by Royal Decrees to enforce a moratorium
on land fill ports (Royal Decree No. M/9, dated 27/3/1408).

Permits for extensive filling of submerged lands have been granted in the Eastern Province.

Ownership of submerged lands is unclear. Control resides primarily with National
Government, but Municipalities and upland title holders have some independent control.
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Table 9. (Continued)

RESOURCE CONSERVATION

Ministry of Agriculture is responsible for fishery management (Royal Decree No. 7/505M,
dated 28/3/1406; Royal Decree No. M/9, dated 27/3/1408).

NCWCD is responsible for management of protected areas (Royal Decree No. M/22, dated
12/9/14086).

Ministry of Agriculture is respansible for management of national parks
COASTAL DEVELOPMENT L

Ministry of Municipal and Rurat Affairs is responS|ble for Municipal development flood
water management and disposal of waste.

Ministry of Industry and Electricity is responsible for industrial development and electricity
generation..

Ministry of Agricuiture is responsible for agricultural development, deveiopment of
groundwater resources and sea water distillation.

MEPA is responsible for setting standards for the environment (Royal Decree No. 7/M/8903,
dated 2/14/1401) and for carrying a program of environmental impact assessment. They
are aiso the designated coastal zone management agency.

Royal Commission for Jubail and Yanbu is responsible for industrial development within the
two industrial cities. They are also responsible (under a MOU with MEPA) for
environmental management within the two industrial cities
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Table 10. See End Note 4

Reduction Coverage
Measure 1985 2000 2010 1995 2000 2010
Pub. Educ. Q.08 0.05 005 Q.75 0.80 0.85

Adv. Plumbing Code 0.26 013 013 0.15 020 025

Leak Detetction 0.10 00s (0Xe ) 00 035 0.40
Pricing Policy 0.27 0.14 0.14 1 1 1
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Figure 1. City plans of Jeddah from Pesce, 1974.. (a) From the 13th century
showing the basic layout of the city and Eve's Tomb. (b). From the
1762. (c) From 1938.
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Figure 2.

Ptolmaic map of the Arabian Peninsula showing reef lined shoreline and
break in reefs at Jeddah. The NNW/SSE orientation of the Red Sea
also meant that European vessels returning downwind on the winter
monsoon from the orient would encounter headwinds from Jeddah
onwards, enchancing Jeddah's attractiveness as a transshipment port.
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Figure. 3.
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lllustrations of Jeddah from Pesce, 1974. (a) From 1517 showing the
Portuguese fleet attacking the city (it did not but were put off by the
offshore reefs and weather). (b) From 1764 showing a developed
walled city and much commerce. (c) From the late 19th century
showing the city much as it had been throughout its history.
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Historical boundaries of the City from 350 BC to present.

Figure 4.
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Figure 5.

Average Rainfall in Jeddah

Average rainfall in Jeddah
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Figure 6.
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Figure 7. Extreme daily and monthly rainfall in Jeddah showing that extreme
rainfall tends to arrive in a single day.
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Figure 8. Meteorology and oceanography of the Red Sea showing seasonal
monsoonal changes in wind direction and net flow into the Red Sea

and differences in tidal magnitude throughout the length of the Red
Sea.

Jeddah Wind Rose

Net Surface Water Flow

’\/ Maximum Tidal Range (m)
—J Summer Winds
—pp Winter Winds

Jizan (0.9 m)

£
N
=
L
o]
Lo)
g
@
ﬁ

Al Wejh (1.7 m)

Port Suez (1.9 m)




IOC Workshop Report No. 126
Scientific Contributions - page 55

1974-1992 growth rate continues and if an anticipated slowing in

Projected population in Jeddah showing expected population if the
growth rate occurs (figure 10).

Figure 9.
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1952 (c) and

.
’

Aerial photographs of Jeddah from 1936 (a); 1940 (b)

1948(d).

Figure 11.
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Figure 12. Composite aerial photograph of Jeddah
image from 1986 (b).

from

1962 (a) and Landsat
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Observed and projected per capita demand for desalinated water, from

1970 to 2015.

Figure 13.

Projection show "business as usual” demand and

demand if a program of conservation is initiated
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Figure 14. Correlatio of per capita capacity (M3 desalination capacity/person/year)
against per capita consumption (M3 consumption of desalinated
water/person/year). The results indicate that the more water that can
be produced, the more will be consumed.
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Figure 16.. Area covered by Jeddah's sewage system and location of STP plants
and outfalls.
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Total sewage production in Jeddah from 1970 to 2015.

Figure 17.
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Figure 18. Ground water in Jeddah showing areas where ground water problems
have been reported and depth of the ground water lens.

Groundwater levels as shown by test

found to have a rising ground water
wells.
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Per capita electrical demand in Saudi Arabia from 1970 to 2015.

Figure 20.

Iea

GL0Z 0l0Z G00Z 000 G661 0661 G861 0861 G.61 0.6}

0

G0

|

Gl

Iz

- enpy o G
pajoalold

_ | | 20 0= — €

(11 /u0812d/ M W)

elqely Ipnes ul puewa( [edL}29)g endes Jad



24,000,000

22,000,000

18,000,000

14,000,000 | -

12,000,000

10,000,000

N W
— - Jeddah Prolected Dem nd /I/
] Demand W/Conservation— - — - .!
-,ll
‘a
- a
e
16,000,000 | - | */.
o
— ./‘. R '* - o 1 | i l
- ot
S s B , 1, J—ml |
AT TR
1995 2000 2005 2010 2015

Electrical Demand

(M W Combmed Industrial and PC Demand)

"Lg 8inbiy4

'GLOZ O} 0L6L YePper uj puewap |eao8|g

L9 8bed - suonnguuoy 2y1IUBI0g

9¢1 "ON lioday doysxiom 90|



1OC Workshop Report No. 126

Scientific Contributions - page 68

in the Western Province showing total

demand

electrical
electricity sold, peak load and installed capacity.

Figure 22. Total
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Per capita vehicle ownership in Saudi Arabia from 1970 to 2015.

Figure 23.

GLOZ 0102 G00Z 000C S661

IeaA

0661 G861 0861 G/61 0.6l

<)

1dA63 —M——

nemny) ' uedep ——W——

VSN —&—

panIesq0 —@——
pajeind|e) memmm——

UOS12 J/S2]I1Y2 A

eiqeldy 1pneg ul diysiaumQ 3J21YaA

¢0

¥0

90

80



DD —0 -0 < T+

" n 95

Jeddah Vehicle Fleet i

. . . . . e N 32

1970-1988 Min. Finance; 1988 onward, Statistical Projection += 7

~ g2

=) = O

5,000,000 ' : S

O Cars 5 =3

4,500,000 | 0O Lt Trucks = N @ 5

Hvy Truck =1 ® o5

4,000,000 | Taxis 2 @n

_ & Buses 5 5

3,500,000 M Cyeles S 3
3,000,000 2
=2
2,500,000 g
2,000,000 §
1,500,000 'o?
N
1,000,000 3
| o
500,000 —
0 e

1970 11975 1980 1985 1990 1995 2000 2005 2010 2015

Year



IOC Workshop Report No. 126

Scientific Contributions - page 71

Shipping unloaded through the Jeddah Islamic Port from 1965 to

1990.

Figure 25.
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Marine Pollution Accidents 1992-93,
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Total solid waste in Jeddah from 1970 to 2015.

Figure 27.
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Figure 29. Regional figure showing location of recreational and environmental
- resources, coastal towns and Coast Guard stations.
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Endnotes

An example of this can be found in MEPA (1994) where there was one
manager at the Jeddah landfill and 3800 workers.

In this same article the Minister of Interior mentioned that an average of
300,000 "overstayers have been deported during recent years although in
prior years (and possibly in the future) such individuals as had valid passports
were given visas and allowed to work in the Kingdom. This information is
presented as an example of the relationship between policy and significant
components of the demographic equation.

Average capital cost/M3/day of desalination capacity in Jeddah is $2514
(ESCWA, 1990).

Abdul Razaq's model was based on the assumptions of specific actions
which affected (covered) a certain proportion of the population in the model
periods (see Table 10).

Based on Altinbilek (1984), Al-Hoisney (1990), Fogel (personal
communication) and Abdulrazzak (personal communication).

Rainfall volume is given as 1200 km2 x 64 mm/year.

Ministry of Planning, personal communication.

MOFNE, Statistical Summary (1972-1992).

(1992 Population x 55 M3/year) x 2/3

The Jeddah Municipality has undertaken a major effort in tree planting which,
at the end of 1993, resulted in over 500,000 M2 of "Green Belt" (Arab
News, April 3, 1993)

The Jeddah Municipality has undertaken a major effort in tree planting which,
at the end of 1993, resulted in over 500,000 M2 of "Green Belt" (Arab
News, April 3, 1993)

Abdulrazzak, et al., 1989 report that 70% of incident rainfall recharges
groundwater'and 30% runs off. -
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13

14

15

16

17

18

19

20

Al-Hoisney, 1990. Jeddah's sewage plants cost SR 2403/M3/Day of
capacity in capital costs and SR 40.5 /M3/Day of capacity in operating and
maintenance costs. He also reports that 13% of the water in the sewage
treatment plants is reused for irrigation.

Leakage from the water distribution system was reported at 14% in 1984
(Altimbilek, 1984). A recent SWCC study (Arab News, April 5, 1997) by
Japanese experts states that the current leakage level is 40% of water
carried in the distribution system. This figure is used in the current analysis.

Difference between annual total sewage generation and amount handled by
Sewage Treatment Plants.

MEPA/MOFNE/World Bank. 1995. Pollution Inventory for the Kingdom of
Saudi Arabia.

SCECO (Personal Communication) reports that the cost of electrical
generation (including both capital and operating costs) is $1.32/Kw/Hr
($1,320/MW/Hr) at domestic fuel prices. At International fuel prices, the
cost rises to $5.23/Kw/Hr.

This figure was arrived at by introducing a conservation model into the
electrical demand in which per cent savings were calculated as a linear
amount over a fixed time period. The components of the model for industrial
energy demand were introduction of All savings were calculated linearly over
the 20 year period. References for these figures are Fisher (1990), Becht
and van Soest (1989) and NRDC (1989) (see Table 11).

The Arab News (March 21, 1995) reports a 47% increase in automobile
accidents between 1993 and 1994. Traffic accidents led to 4077 deaths and
30,600 injuries during this period.

The study took place in Riyadh and was reported in the Arab News (July 3,
1995). It found higher levels in breast milk of young mothers than older
mothers and attributed this difference to the fact that "young mothers have
been exposed to less environmental pollution than older mothers”. The study
also found high levels of lead in the breast milk of mothers who lived in high
traffic areas. In Saudi Arabia, the primary source of environmental lead
comes from vehicular sources.
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MEPA/MOFNE/World Bank. 1995. Pollution Inventory for the Kingdom of

 Saudi Arabia.

The Jeddah desalination plant(s) generate brine which at 51 ppm. is over 1.3
times the ambient salinity of the Red Sea (42 ppm) at a temperature of 410C
which is around 90C over theaverage ambient Red Sea temperature.

The mavyor of Jeddah reported in the July 18, 1995 Arab News that the city
collects 2,100 tons of garbage daily. When divided by the 2.5 million
estimated population this gives 0.85 kg/day. Collection is carried out under
three main contracts: one for SR17.5 (3 years); SR570 million (5 years) and
SR 35.5 million (3 years). Thus, the cost per year for garbage pickup in
Jeddah in 1995 is SR131.26 or SR 53/person/year. (Derived from: OKAZ,
Oct. 19, 1991.

OKAZ, Oct. 19, 1991.

MEPA, 1994 report that the Jeddah land fill recieves 4000 tonnes daily
(1,460,000 tonnes/year) which is below the figure quoted by Okaz (around 2
million tonnes/year) yet higher than the figure reported in the Arab News
(2100 tonnes/day).

1994/95 Production for SCECO West was reported at 11,300 million kWh
with an installed capacity of 5,530 MW (MEED, 1995).

The increase in electricity is less than expected since the Ministry of Industry
and Electricity report (Arab News, April 27, 1995) that electrical demand is
expected to increase by 273%.

Arriyadh Development Authority (personal communication) reports that they
have spent SR 340,000,000 ($91 million) thus far on the ground water
problem and are requesting another SR 200,000,000 ($53 miilion) for the
purposes of disposal. Jeddah's ground water quality is unsuitable for
irrigation and requires disposal at sea (Abu-Rizaiza et al., 1993).

Fahd al Suleiman of the Jeddah Water and Sewage Authority detailed
additional investments of SR 1.08 biilion including one additional sewage
treatment plant and expansion of the sewage network. (Arab News, Sept.
27, 1995)
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30

31

32

33

SCECO (Personal Communication) report that the cost of electricity in Saudi
Arabia is $1.32/kw/hr ($1,320/mw/hr) at loca! fuel prices. At international
fuel prices, the cost would be $5,230/mw/hr. This figure includes both
capital and operating costs. The figures provided in Table 7 therefore
represent an underestimate of the actual costs in that they include both the
one-time capital cost and only a single year's operating costs. The actual
cost of keeping up with electrical demand would include both the capital
costs as well as the cumulative additional operating costs. A recent article in
Middle East Economic Digest (September, 1995) reports that planned
expansions of the Kingdom's electrical network will cost approximately
$2,000/MW of installed capacity. The same article reported that the
Kingdom's electrical companies lost nearly $3 billion in 1993/4 and 1992/3
and that the company is required to provide shareholders with a 15% annual
dividend. Thus, the figures provided in the current analysis may well
constitute a major underestimate of the costs of keeping up with growth in
that they underestimate actual capital costs, do not fully include the costs of
financing, and do not adequately include annual operating costs.

In a 25 July Arab News article which emphasized the need for conservation
by all of the Kingdom's electricity users, Dr. Bakr Kheshaim, Director General
of SCECO summarized current plans for expansion of the Western Province
electrical system. In the case of Jeddah, these included SR 191.5 miilion for
expansion and consolidation of the distribution network and SR 1.47 billion
for 520 MW (190,000 MW/Year) of power generation. This additional
capacity is substantially less than that reequired to meet the calculated
additional demand over the next twenty years and the SR 2.5 billion
investment is significantly lower than the calculated amount required to meet
growth in demand for electricity over the coming decades.

The cumulative additional costs for garbage collection between 1995 and
2015 are calculated to be SR 4.35 billion ($1.15 billion).

H.E. the Minister of Municipalities and rural affairs, Dr. Muhammad Al-
Jarallah, announced finalization of plans to devleop new townships outside of
major cities with the intention of attracting settlement outside of major
municipalities. Saudi Gazette, 21 January, 1996.
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IMPACTS OF URBANIZATION ON THE COASTAL ZONE ENVIRONMENT
OF THE RED SEA
THE CASE OF SUEZ BAY

by
M. I. El Samra and A. A. Moussa

National Instit_ute of Oceanography and Fisheres, Suez and Alexandria, Egypt

Introduction

The city of Suez, located at the northernmost part of the Suez Gulf (Fig., 1)
is experiencing rapid industrial and demographic development. In a short period
(about 20 years), it has undergone industrial diversification to such an extent that
it became one of the major industrial centers of Egypt.

Development was interrupted by the 1967 and 1973 hostilities, when the
Suez Canal was closed and the city evacuated. The return to normal after 1973 led
to massive reconstruction of the whole city. The master plan for the development
of the city showed that Suez area could be enlarged to reduce the population
pressure on Cairo and Alexandria, without encroaching on agricultural land.

Suez Bay, at the head of the Suez Gulf is a relatively smail (= 100 km?) and
shallow water body. Its water depth barely exceeds 16m compared to 50-70m
depth in the Gulf of Suez proper. The coast of the Suez Bay is bordered by 200-
400 m wide tidal flats merging seaward with a wide zone (500 - 1500 m}) 0-5 min
depth (Moussa, 1993).

Historical Background

Remains of ancient Suez or El Qalzam, dating from the 5® and 6" dynasties
of the Old Kingdom of Egypt, (2563 - 2300 B.C.) were discovered during the
excavations conducted by the French archaeologist Bernard Bruyere during three
field campaigns from 1930 to 1932 (Bruyere, 1966). During World War Il a great
part of the collections he had made was lost. His monograph was published 34
years later. The southern section of the Bruyere excavations, (Fig. 2) consists of an
ancient fort which was partly destroyed in 1923 by constructions for the Company
of Peninsular Navigation. North and east of the fort stood the remnants of a villa of




I0C Workshop Report No. 126
Scientific Contributions - page 83

relatively recent origin built for the Khedive Ismail. The northern part consisted of
the remains of ancient port facilities. The fort, houses and streets within its
enclosure indicate that they were built in the Ptolemaic period of (330 - 30 B.C.).
However, the remnants of the outer enclosing wall of the fort show it to have been
different in construction technique and plan. It was of a pattern similar to that of a
large rampart in the upper Nile valley. The archaeological evidence suggests that an
earlier fort had existed on the site, but that it was rebuilt under the Ptolemies on a
more rigidly geometric plan.

The marina settlement was first established in Hellenic times in connection
with the completion of the sweet water canal in 270 B.C. under Ptolemy
Philadelphos. Different kinds of installations such as grain mills, glass-making kilns
and a fishing station reflect a diversity of activities of a civilian rather than a military
character. There was abundant refuse of the Turkish rule superimposed over the
old constructions,

Historic accounts cited by Bruyere relate that during periods of warfare and
marauding, commerce was abandoned in all the Red Sea ports except Qalzam,
which was the only one protected by a solid fort. Bruyere found also indications of
Koranic schools inside the fort,

Suez Harbour and Urbanization

The Suez harbour has always been an important Egyptian gate on the Red
Sea since historical times. The growing activity of this harbour has led to an
increasing rate of urbanization in the whole region. Taking advantage of the site
location, several industries have been established all of them along the western
coastal stretch of the Suez Bay down to El-Adabiya in the south
(Fig. 3). The growing industrial activities coupled with the fact that Suez represents
the southern entrance of the Suez Canal have resulted in the transformation of the
whole Suez Bay into a large harbour. More than 100 ships and tankers are waiting
daily to cross the canal to the Mediterranean.

Suez area and Suez Bay comprise almost all types of land based sources of
pollution. The Protocol for the Protection of the Mediterranean Sea against
Poilution from Land-Based Sources describes the sources to which it applies as
follows: polluting discharges reaching the Protocol area from land-based sources ,
in particular, directly, from outfalls discharging into the sea or through coastal
disposal, indirectly, through rivers, canals or other water courses or through run-
off, and pollution from Land-Based Sources transported by the atmosphere. The
Protocol also applies to polluting discharges from man-offshore structures (UNEP,
1992).
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Socio- Economic Activities

Population

The population of Suez city in the 1960's was of about 100,000. With the
active development of Suez city after the 1973 conflict the population showed an
increasing rate of growth. The 1976 census of Suez Governorate showed a total
population of 194,000 while in 1997, the estimated population was of 207,000.
Recent statistics showed that the population reached 370,000 and, in 1994 it
was of 417,000. The annual growth rate in the 1990s was estimated to be of
2.85% . A target population of 1,000,000 however is foreseen for the year 2000,
based on large-scale immigration from other parts of Egypt.

In order to meet this target , a timely and fortuitous combination of housing
construction and industrial expansion must occur together with the development of
necessary utilities and urban services. Fig.4 reproduced from Suez master plan
shows the planned distribution of population and employment for the year 2000.

Domestic waste water.

The first elements of a municipal waste water collection and disposal system
for Suez were installed during the mid-1920s. The system was expanded and
modified during subsequent years, providing service to the Port Tewfik area and to
about 70 percent of the urbanized area of Suez at the time hostilities broke out in
1967. During that conflict, a considerable amount of damage was done to the
system. Additionally, the city was evacuated and not reoccupied until 1974. During
this period further deterioration occurred through disuse and lack of maintenance.
Since 1974 and concurrent with general reconstruction efforts, work has proceeded
to rehabilitate and to expand the existing sewerage system.

Until August 1995, the treatment plant was primitive and of limited
efficiency. It included primary treatment ponds of 5 Acres. The waste water was
then discharged into the bay through El-Kabanon drain, an open drain, 6 km south
of Suez. The sewerage system was constructed to serve 98 % of the residential
and commercial waste water, while 2 % were discharged directly to the sea. The
discharge amounted to 75,000 m*'day in winter, increasing to 85,000 ni' day in
summer.

A new waste water treatment plant has been constructed, and is presently
fully operational. It provides treatment capable of meeting the legal effluent
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standard for BOD (Biological oxygen demand) and TSS (Total suspended solids).
The planned system of treatment includes 4 aerated oxidation ponds and 2 basins
for mechanical separation of settellable solids. The precipitated sludge will be
dredged every 6-12 month (depending on the amount of solid material),
transported to drying lagoons and then stockpiled for possible use for agriculture
purposes. The plant is designed to treat 260,000 m®/day.

The National Institute of Oceanography and Fisheries has been charged by
the Governorate of Suez city to conduct a three phase monitoring programme.
Water quality will be assessed to monitor the impact of the new effluent discharge
on Suez Bay. Four parameters namely, total coliform, fecal coliform, fecal
streptococci and settleable solids will be assessed at 20 locations (Fig. 5). The total
sampling area is of 1.9 km? corresponding to a the shoreline length of about 2500
m. Additional oceanographic parameters are recommended in order to evaluate in
detail the effects of the disposal of waste water on Suez Bay.

Industry and other Infrastructures

The development of Suez is seen as centering on a mix of labor - and
capital- intensive industries, developed on the existing base of petroleum and petro-
chemical plants. A UNEP report (1978), lists the present industries in Suez. The
study has also proposed other new industries for Suez several of which are
functional at present:

Fiberglass boat building plant.
Machine shop and assembly plant.
Merchant steel mill.

Ship scrapping yard.

General engineering foundry.
Ceramic tiles plant.

Denim plant.

1- Oil refineries, marketing, storage and piping.

Beside the super tanker traffic to and from oil terminals, there are two major
refineries in Suez; El-Nasr Petroleum Co. and Suez Petroleum Co. They are located
in Zeitia area about 3-5 km S of Suez city.

Atmospheric pollution, mainly sulfur oxides, hydrocarbons, nitrogen oxides
and carbon monoxide are released during burning gases. The refineries in Suez have
old burners and the combustion of released gases is not complete. This causes high
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emission factor for gases. For example, the SO? emission factor is above 32 g I'of
oil burned. Emission of elements such as As, Cd, Co, V, Ni and Cu is also included.

The discharged waste water from El-Nasr Petroleum Co. amounts to 144x10°
m’/day.

2- Fertilizer and chemical industry.

This company produces 1000 ton/day ammonium nitrate, 500 ton/day
calcium nitrate and 50 ton/day ammonium sulfate. Besides, aqua-ammonia, sulfuric
acid and nitric acid as byproducts (Anon, 1994). The company is located 2 km
inland at about 8 km SW of Suez city. The factory uses freshwater for cooling and
the effluent discharge amounts to 14x10° m®/day of low saline water (2.5 %.). As
expected this water is loaded with ammonia, phosphate and nitrate in addition to
certain metals e.g. Cu, Zn and Pb.

3- Power station.

The thermal power station at Ataqa (8 km S of Suez) is one of the largest in
Egypt designed to generate 950 mega watt of electric power. Cooling water is
taken from the Suez bay via an open canal extending over a half kilometer into the
sea. A water temperature rise of about 1°C due to the thermal effect of the
effluent is recorded in the near shore waters.

4- Harbour activities {Anon, 1994).

Activities of Suez and Adabiya ports include 900x10° ton crops, 300x10° ton
ores and cement, 65x10° ton fertilizer and 5x10° ton oil and other liquids. The total
number of trading ships is about 1200 in addition to 1027 passenger ships. The
port handles huge amounts of hazardous materials such as cement, oil,
chemicals.... etc. The port has no facilities for ballast water reception, no records
of spills due to accidents or daily operations are available however.

5- Cement industry.

Suez cement factory lies 40 km south of Suez city. Manufacture of cement is
a high temperature process, converting more than 30 raw materials to a fine gray
cement powder. The process is energy consuming and results in atmospheric
discharge of several pollutants. It was estimated that more than 10 g Pb and 600
mg Cd per ton cement produced could be released into the atmosphere. This
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indicates how huge are the amounts of trace elements which could be added to
the atmosphere through cement production.

The factory lies on the coastal strip of the Gulf of Suez (5 km inland). Its
location and the prevailing NW wind heighten the budget of heavy metals and dust
contributed by the factory to the marine ecosystem (no available data). The
deleterious effect of the atmospheric fallout represents a threat to coral reefs at Ain
El-Sukhna (50 km south of Suez city).

6- Offshore and inshore oil production.

Extensive oil production operations are taking place in the Gulf of Suez
region, both inshore and offshore. The number of producing oil fields in the gulf is
32 (1993 data), most of them lying offshore. Numerous fields are large, and the
proven recoverable reserves amount to-125-250 million barrels. The cumulative
production from the guif oil fields amounts to over 2500 million barrels
{Schlumberger, 1984).

The spills from oil rigs and ships have severely affected the intertidal zone in
the central and southern parts of the Gulf. Dicks (1987) reported that many rocky
shores are blanketed with oil pavements. He also found that in some beach areas
oil is found buried beneath a thin veneer of wind blown sand. Not only the direct
effects of spills are important, but also of much concern are the drilling operation
themselves. The discharge of drill mud and rock cuttings during operations results
in high turbidity of water column probably extending for few kilometers. According
to Thompson and Bright (1977) the sediment loading from drilling operations has
killed hermatypic corals.

The Ecosystem
The physicochemical characteristics of water

The tidal range in Suez Bay varies between 0.8 m and 1.4 m. Tidal currents
are the dominant influence on circulation in Suez Bay. Tidal forces induce an
alternating N-S trend to the current. wind-driven current and seasonal circulation
patterns due to differences in sea level between Suez and Mediterranean are other
factors of importance. In general, the residual current in Suez Bay runs
anticlockwise.
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Water quality of Suez Bay is rather unique compared to any other part of
the Red Sea due to its small area, the nature of the surrounding land and the highly
active urbanization along its coast.

Offshore waters retain the general characteristics of the northern part of the
Gulf of Suez.Salinity is higher, about 41%, nutrients low and oxygen content
normal {~ 5 mg O2/l). Inshore waters are affected by runoff effluents from land
based sources. Salinity is lower, less than 40, nutrients content higher, particularly
in front of the sewage and of the fertilizer company effluents (Ammonia 20g at
NI"', phosphorus 7g at' Pl ), high turbidity (suspended matter amounts to
2000mg/l), low oxygen content less than 2 O,I", high organic content {(~ 8mg 02
/). This reflects the adverse impact of land based sources on the natural marine
environment. The immediate effect of effluents is more obvious in the immediate
vicinity of the discharge sites resulting in the formation of a well characterized
water type. In addition to the input of poilutants, thermal poliution from the power
station results in higher temperature, lower oxygen and higher salinity.

The western coast of Suez Bay, where several outfalls are located, increases
very slowly in depth to about 15 m within four kilometers from the shore. Such a
small depth gradient severely limits the initial dilution which otherwise may have
occurred.

In general, the extension of inshore water within the bay depends on the
wind regime, water circulation and the residence time of water in the bay. The
prevailing wind is N-NW causing sea water extension toward the offshore.
Occasional E wind during winter confine the waste-waters near to the west coast.
This is emphasized by bacterial counts made by the National Institute of
Oceanography and Fisheries during 1994. In general, the pathogenic bacterial
counts were less than 100 cell/100 mi, but during east winds a significant increase
of fecal coliforms up to 2400 cell/100 ml was recorded.

Impact on marine life and beach zone

In addition to contamination from the aforementioned sources, the Suez Bay
is suffering from increased sedimentation. This area is subjected to a high rate of
sediment input, mainly fine aerosol materials and wind blown sands and silts.
Meanwhile, the repeated dredging of the harbours and the Suez Canal contributes
to the high turbidity of the water column. All these factors have adverse impacts on
the biological communities in the Suez Bay. The reduction in light penetration and
smothering of organisms have resuited in severe degradation of benthic life. The




I0C Workshop Report No. 126
Scientific Contributions - page 89

effects of siltation and contamination of the Suez Bay are exemplified by the dead
coral reef fringe and dead coral island in Suez Bay. Even in the intertidal zone, the
plant and animal life appear to be in a deteriorating stage.

The contamination of the Suez Bay coastal zone has also resulted in the loss
of amenable beaches with adverse impacts on tourism. The discharge of domestic
water has severely impacted the quality of important beach areas. El-Kabanon
beach is a notorious example. One of the important and attractive beaches in Suez
until the 1960s,it is now aimost deserted. The threat to marine life in future may
extend beyond Suez Bay. At Ain El- Sukhna, just south of the bay, the species
diversity is found to be very low compared to areas like Ras Mohammed.

Conclusions:

Suez city and Suez Bay represent a clear case of the impacts of rapid and
unregulated urbanization on the coastal zone environment of the Red Sea.

The impact of urban and industrial pollution on Suez Bay ecosystem affects
human health, tourism and beach amenities, commercial and industrial
investments,and the fisheries of Suez Guif. Bio- diversity and density of the
marine fauna and flora are severely decreased.

The deteriorating conditions in Suez Bay threaten to extend more and more
to the south, as already shown by the conditions at Ain Sukhna.

A large number of new projects are to be developed along the northern coast
of the Gulf of Suez: marinas, gas pipeline, steel factory, aquaculture, hotels, power
station and others. It is imperative that these projects be preceded by an
Environmental Impact Assessment and their waste discharges be put under strict
control.

Recommendations:

1- Modeling of the Assimilation Capacity of Suez Bay- and of similar semi- closed
water bodies downstream from large Red Sea cities is urgently needed in order to
control the quality and quality of additional effluents into the Bay. Major factors are
climatic conditions, the current system, and the residence time of water in the bay.

2- Urgent steps have to be taken to enforce safe effluent standards, taking into
account internationally agreed guidelines.
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3- Environmental protection should necessarily be included in all development
strategies.

4- A monitoring and assessment programme for the Red Sea countries has to be
designed and implemented to provide base - line data on the marine environment in
this Sea. The programme should deal with two major aspects:
a) coastal oceanographic processes
b) assessment of the coastal ecosystems in the Red Sea, their
biodiversity, their producitivity.
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Fig.1: Location of Suez City
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Fig.2: ~ Ancient city of Suez or El Qalzam
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Land based sources of pollution to Suaez Bay

Fig.3:
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4. Distribution of population and employment for Suez City in the year
2000
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Fig.5: Sampling area for pathogenic bacteria survey in Suez Bay

- o

. v
Y-} l

7 |

2
v adora
T

Adabiva bead

Adabiva port

]

moonest plast NJIOF




I0OC Workshop Report No. 126
Scientific Contributions - page 97

TOURISM DEVELOPMENT OF THE RED SEA COASTS

by
Mostafa A. Saleh

Department of Zoology, Facuity of Science,
Al Azhar University, Nasr City, Cairo, Egypt

Introduction:

Today, tourism is the second largest industry in the world, comprising a
major portion of the global trade in goods and services. By the year 2000, it is
projected that tourism will become established as the world's leading industry
(WTO, 1989). For many countries, both developing and developed, tourism is a
major and an indispensable contributor to national economy.

Nature may play a primary role in attracting tourists to specific destinations
the world over (Valentine, 1992). This has been widely exploited in recent years,
and nature-based tourism, often called eco-tourism, has become one of the fastest
growing types of tourism in the world.

Eco-tourism is usually labor intensive and can contribute socially and
economically to the nation (Lucas, 1984). The idea of a symbiotic relationship
between conservation and tourism has been frequently advocated (e.g. Budowski,
1976) on the basis of the principal of "wildlife pays so wildlife stays" (Kutay,
1989). According to Whelan (1991), ecotourism, done well, can be a sustainable
and relatively simple economic alternative to the more consumptive exploitation of
the environment. While creating economic benefit, it allows the continued existence
of the natural resource base. In fact, it cannot survive without the survival of the
resource on which it is based. In sum, ecotourism has the potential to maximize
economic benefits and minimizing environmental costs (Whelan, 1991).

Ecotourism, however, does not, on its own, provide the perfect solution for
the potential conflict between conservation and development. In fact, unless it is
carefully planned as a tool for sustainable development, ecotourism may actually
harm or even destroy its environmental resource base.



IOC Workshop Report No. 126
Scientific Contributions - page 98

Coastal areas attract large numbers of ecotourists throughout the world.
Snorkeling and scuba diving are now among the most popular activities for tourists
travelling to the tropics and subtropics (Tabata, 1992). One of the most attractive
areas for dive tourists in the world is the Red Sea.

Tourism in the Red Sea:

Tabata (1992) listed 12 factors that affect the desirability of diving sites.
Among these, the three most important attributes were the outstanding marine life,
good underwater visibility and the good underwater photographic opportunities.
Accordingly, the Red Sea would provide some of the most attractive dive sites in
the world.

A fast growing eco-tourism industry has evolved on the coasts of the Red
Sea, the Gulf of Aqaba and the Gulf of Suez, based on the attractive marine life and
the favorable climate of these areas. The tourist is offered a variety of nature-based
activities including snorkeling, scuba diving, swimming and other water sports, in
addition to the beautiful scenery and pleasant climate.

The most extensive tourism development of the Red Sea coastal land has
taken place in Egypt. Large sectors of the Egyptian coasts of the Red Sea, the Gulf
of Agaba and the Gulf of Suez have been developed into beach resorts. The most
intensively developed areas are the Hurghada and Sharm El Sheikh. Significant
tourism development has also taken place at Dahab, Nuweiba and Taba on the Guif
of Aqaba coast as well as Safaga and Quosier on the Red Sea coast, and the
northern sector of the Gulf of Suez. At the present time, the Egyptian Red Sea
coastal resorts include 23 hotels and 20 tourist villages with a total capacity of
11,307 beds. In 1993 these resorts received a total of 879,000 tourists. The
Egyptian Gulf of Agaba resorts include 18 hotels and 29 tourist villages providing a
total of 9474 beds and have received 411,000 tourists in 1993. An additional hotel
and tourist village capacity of 11,180 and 5,658 beds are now under construction
at the Red Sea and Gulf of Aqaba coasts of Egypt respectively.

Israel has a large tourism industry in Eilat at the northern tip of the Gulf of
Agaba. The 14 km of coastline of Eilat have been intensively developed. In 1992,
Eilat had 33 hotel with a total capacity of 10,000 to 12,000 beds {ISPAN, 1992).
In addition to several industrial facilities, Eilat has several tourism-related facilities
including an underwater aquarium, a dolphin entertainment park, a marine reserve,
and several diving facilities. Plans are underway to expand the Eilat tourism industry
a great deal.
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Jordan has only 27 km stretch of the Gulf of Agaba coastline, much of which
is occupied by essential industrial development. Limited tourism development has
taken place there mostly serving domestic tourism. In 1992, Agaba had 30 hotels
with about 1300 rooms. The Jordanian government, however, has ambitious plans
for developing mass international tourism, including ecotourism on the Jordanian
Gulf of Agaba coastal strip. A tourist development area near Aqaba is expected to
have 4,000 beds by the year 2000.

In Saudi Arabia, international tourism is not permitted. However, massive
development of coastal areas around major towns of the Red Sea coastal lands has
taken place. Many of the developments are related to domestic tourism, particularly
the building of summer homes (ISPAN, 1992). Sudan has an enormous potential for
dive tourism, possessing in the Port Sudan area some of the most spectacular reefs
of the whole Red Sea. Tourism is so far rather limited (Ormond, 1987). In Yemen,
marine activities there still tend to be rather incidental and there is no significant
tourism industry (Ormond, 1987). In Eritrea civil conflicts have closed the coasts
to outsiders and at the present time there is potential tourism in the Red Sea
coastal areas of Eritrea.

Planning Tourism Development:

Masterplanning and guidelines for tourism development are either now in
existence, or nearly completed for Egypt, Jordan and Israel; the three countries
with active tourism industries. However, extensive, and more or less haphazard
tourism development of the coasts of these countries had already taken place
several years earlier, with only limited or no environmental regulations. This has
resulted in widespread degradation of the touristic resources of large sectors of the
coastline. In Egypt, for instance, coastal and other resorts were often designed,
built and operated on the initiative of individual investors, often with absolutely no
consideration for their potential impacts on the natural environment. Very intensive
tourism development took place, particularty in the areas of Hurghada on the Red
Sea coast, and Sharm El Sheikh, on the Gulf of Agaba coast since the late
seventies and early eighties with little regard to the environmental or social carrying
capacity or the sustainability of tourism. This haphazard development has resulted
in extensive environmental degradation that now threatens the very resource on
which the entire industry is based. The development of coastal tourism in Jordan
and Israel followed similar pattern.

In Egypt, a "Priority Action Plan for Egyptian Tourism Development"” was
prepared in 1990. The plan was based on a hierarchial planning approach which
requires that all lower-level planning decisions recognize national objectives and
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policies, as well as the country's social and economic conditions (Sultan, 1993).
The plan identified a number of priority "Tourism Development Zones" which
included the Gulf of Agaba and the Red Sea coasts (Sultan, 1993). Detailed land
use plans have already been prepared for the Gulf of Agqaba coast and a number of
sectors of the Red Sea coastline. A set of environmental guidelines, rules and
regulations for development was prepared and have been effective since 1990.

In Israel a "National Masterplan for the Coasts” has been prepared for some
of the lIsraeli coastal areas. The plan for the Israeli Gulf of Agaba coast, however,
was under preparation in 1993 (Brachya & Marinov, 1993). In Jordan, there has
been extensive management and planning for development of the Gulf of Aqaba
coast (ISPAN, 1992). A master plan for Agaba town, a proposed tourism
development area, and the industrial area have been developed (ISPAN, 1992). The
plan specifies the land use and required infrastructure and provides guidelines for
development.

Environmental Problems:

Ecotourism development on the coasts of the Red Sea and its two gulfs has
resulted in a number of environmental problems that threaten not only the unique
and invaluable marine environment, but also the viability and sustainability of the
tourism industry itself. Most of these problems are the result of the lack of
environmental basis for planning or the ineffective enforcement of environmental
regulations.

1. Over-development:

The sustainability of ecotourism in an area is closely linked to the keeping of
the exploitation level below ecological carrying capacity. The ecological carrying
capacity is reached when the number of visitors and characteristics of visitor use
start to negatively affect the environment and degrade the ecosystem (Whelan,
1991). Preventing environmental degradation resulting from the development and
operation of tourism in ecologically sensitive areas, such as the coasts of the Red
Sea, is rather difficult or even impossible. Sound planning and effective
enforcement of environmental regulations will certainly help. The so-called
"acceptable” level of environmental degradation is rather difficult to identify.
Consequently, answering questions such as how many tourists can visit an area
without destroying it?, how much damage can the environment take? and how
much environmental degradation will the "desirable tourist” accept? would be
extremely necessary if sound planning is to be achieved.
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The development of nature-based tourism is usually constrained by a
characteristically low social carrying capacity (Wilson & Laarman, 1987). The social
carrying capacity of an area is reached when the tourist encounters so many other
tourists, or sees the impacts of other visitors, that his enjoyment of the site is
marred (Whelan, 1991, Valentine, 1992). The nature-oriented tourist tends to
perceive crowding as a major problem. To that tourist, the view of too many other
tourists in a supposedly wild and pristine area certainly degrades its value. As a
result, nature-based tourism must be low volume and will have limited prospects for
growth.

Current tourism marketing of the Red Sea is mostly based on its attractive
marine life, and essentially targets ecotourist, specially divers and snorkellers.
These tourists are known to place more importance on good water quality, diversity
of marine life and underwater scenery, than they do on low dive trip costs, boat
facilities and other services. It is generally known now that as the environment
becomes damaged or use level and type changes, some tourists are displaced
(Valentine, 1992). The loss of these tourists will greatly affect the industry which is
essentially geared for this type of tourism.

Areas such as Hurghada and Sharm El Sheikh, which appear to have been
developed and exploited way beyond their ecological and social carrying capacities
(Hashim, 1994) are already showing signs of environmental degradation which will
almost certainly adversely affect their market competitiveness for quality tourism.
The issues of environmental sensitivity, as well as the ecological and social carrying
capacities require careful and site specific research, if nature-based tourism is to be
sustainable.

Evidence of reef degradation due to tourism and other activities is clear even
in protected areas such as the Ras Mohammad National Park in Egypt (Hashim,
1994), in the Eilat Coral Reserve, and the Agaba Marine Reserve (ISPAN, 1992).

2. Coastline Alteration:

Throughout the coastline of the Red Sea, the Guif of Agaba and the Gulf of
Suez, sandy beaches which are a highly desirable element in coastal tourism, are
rare. If they are found, these sandy beaches often front extremely wide and shallow
intertidal and subtidal areas which make access to deeper water suitable for
swimming and other water sports rather difficult.
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For several years prior to the formulation of the Egyptian masterplan for
tourism development, allocation of coastal lands for tourism development projects
on the Egyptian Red Sea coast was carried out in a total absence of environmental
criteria for its suitability for that purpose. Areas with rocky beaches or very shallow
and wide intertidal zone were allocated to tourism projects. Developers accepted
the allocated land with the assumption that they wiil be able to alter the coastline
features by land filling or dredging in order to create what they considered
attractive sandy beaches. Massive coastline modifications, ranging from in-filling or
dredging of shallow areas, to excavating artificial lagoons or building huge marine
structures, were carried out, completely changing the coastline morphology.
Extensive coastline modifications went on at an incredible scale in Hurghada and
other areas, totally unchecked. At the present time, the original coastline of
Hurghada has been completely obliterated by in-filling and other modifications.

In Agaba, Jordan, it has been estimated that at least 30% of the natural
coastline has been modified by coastal construction (ISPAN, 1992). In Eilat,
construction of hotels, marinas, and tourist amenities and attractions has resuited in
considerable alteration of the shoreline, filling of beach areas, and probably
accelerated changes in longshore transport of littoral sediments (ISPAN, 1992).

In February 1994, a new law was issued in Egypt prohibiting modification of
all coastlines. The enforcement of the law became effective immediately thereafter
and the common practice of infilling and dredging of the Red Sea shore areas was
finally stopped. Considerable damage had been done however, particularly around
the Hurghada area. Vast areas of shallow water habitats, including coral
communities, seagrass beds, mangrove stands, mudflats, halophyte vegetation or
other natural habitats were severely affected.

Coastal shallows including sand- and mudflats are also feeding habitats of
great importance for hundreds of thousands of palearctic migratory waders. These
birds follow the Red Sea coastline during there spring and autumn migrations,
stopping over to rest and feed at these shallow areas. The widespread loss of these
important habitats may adversely affect the prospects of survival of these birds
during their lengthy migration flights. :

In addition to the direct destruction of marine life by dredging, filling and
other coastal construction and modification operations, suspended fine sediments
resulting from theses activities can inflict widespread damage to marine biotic
communities. These suspended sediments can travel great distances driven by the
prevailing water currents spreading death and destruction to the coral reefs,
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seagrass beds, mangroves and other marine life, tens of kilometers away. Layers
of these fine sediments settled on the bottom in shallow areas, can easily become

resuspended with the least amount of water agitation creating a continues source
of pollution.

Siltation and sedimentation have caused mass coral mortalities in some areas.
In Hurghada on the Egyptian Red Sea coast, for instance, sediments from coastal
alteration activities spread to extensive fringing reefs, down the coastline and to the
adjacent islands and offshore reefs. The once flourishing and attractive corals are
now covered with a thick veneer of fine sediments and are mostly dead. The
resulting widespread destruction of the Hurghada coral reefs and their associated
marine life, is a gruesome and shameful witness of how haphazard and ill conceived
tourism development can destroy the very source that created the tourist demand
in the first place. Coral mortality caused by suspended sediments resulting from
coastal construction, has also been reported in Agaba and Eilat (ISPAN, 1992) and
in Saudi Arabia (IUCN 1984).

Mangroves are found throughout the coasts of the Red Sea and to a lesser
extent the Gulfs of Agaba and Suez. They are extremely sensitive to excessive
siltation or sedimentation, cessation of flushing and surface-water impoundment, all
of which may result from coastline alteration activities. In Egypt, although all
mangrove stands are protected by law, a small stand located at about 25 km north
of Hurghada has been badly damaged by a tourism project. A larger stand on the
Abu Mingar island, off Hurghada shows signs of stress which may have been
caused by tourism related activities in the Hurghada area. With the rapid
development of the coastline, it is feared that future tourism development, if not
well regulated may resuit in mangrove destruction. Tourism development in Jordan
and Israel, does not appear to have much affected the mangrove.

Segrasses are among key ecosystems of the Red Sea. As a benthic plant
community, seagrass beds are extremely productive and are associated with an
abundance and variety of small fishes and invertebrates, as well as turtles and
dugongs. They also trap and bind sediments, considerably reducing the erosion and
suspension of shallow sediments (Thayer, et a/, 1975). Seagrasses, however, are
extremely sensitive to excessive siltation which may resuit from coastal
construction and shoreline modification activities. For reasons that are not clearly
established, seagrasses only slowly, if at all, revegetate areas that have been
dredged (Snedaker & Getter, 1985). Vast areas of seagrass have been destroyed as
a result of dredging and filling activities, particularly in Hurghada, Egypt and other
tourism centers in Eilat and Aqgaba.
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Beaches are temporary landforms that are particularly sensitive to factors
which alter their sediment sources, nearshore currents, and wave regime (Snedaker
& Getter, 1985). In addition to widespread modification of the coastline
morphology, coastal construction work related to tourism development of the Red
Sea coast has included the construction of harbors, jetties, and even hotels and
residential or industrial facilities on the intertidal or immediate supratidal zone. Some
of these structures extend for hundreds of meters into the sea.

The widespread coastline modification in Hurghada and other areas, were
carried out in a totally haphazard and piecemeal fashion. Each investor was simply
allowed to carry out any type of coastal modification he likes as long as he pays
the local government for any new land created in the process. The resulting
changes in the coastline morphology, therefore, resulted in considerable
modifications in the current regimes, which, in tern, has created a plethora of
erosion and sedimentation problems affecting the entire area. Excessive erosion,
garbage trapping and unsightly man-made marine structures, have severely
impacted the tourism marketability and competitiveness of the area. Legal conflicts
related to the impact of coastal modifications of one project on others such as
beach loss by erosion, accumulation of floating garbage in stagnation areas or
obstruction of sea view by marine structures, became a commonplace among
owners of tourism projects in these areas of haphazard tourism development. The
untangling of these conflicts is coasting valuable time and money.

3. Pollution:

Degraded water quality resulting from the introduction of different poliutants,
can adversely affect not only marine life, but also the general appeal of the area for
tourists. One of the main and most dangerous sources of pollution in coastal areas
in the Red Sea is the treated or untreated sewage effluents which may be
discharged into the sea. Quite apart from the health risk, this type of pollution
carries with it the risk of producing environmental changes directly detrimental to
the enjoyment of visitors. Partially treated sewage effluents stimulate algal growth
to such an extent that it overgrows and kills large sections of the reef.

At least up to the year 1992, nutrient-rich primary treated sewage water
from the town of Eilat was discharged directly into the Guif of Agaba causing
excessive damage to marine ecosystems (ISPAN, 1992). in Agaba, Jordan a policy
of zero discharge has been recently adopted, and all the municipal wastewater,
after receiving proper treatment is used for irrigation (ISPAN, 1992).
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In Egypt the discharge of partly treated sewage into the sea has always been
widespread in most of the Red Sea coastal towns. A plan of building a series of
treatment plants for these towns is being implemented and will eventually lead to a
zero discharge.

in Egyptian Red Sea tourism areas outside city limits, however, all new
establishments are required by law to provide their own sewage treatment facilities.
Direct discharge of treated or untreated effluent is prohibited and violators risk the
withdrawal of their operation permits. Many of these tourism establishments use
compact treatment units. Proper operation of these units, particularly under widely
fluctuating occupancy rates is difficult and the treatment efficiency of some of
these units is doubtful. Discharge from overflow pipes into the sea occasionally
occurs. Pollution due to sewage discharge from tourism facilities, and the
consequent damage to marine life are evident in Taba, Nuweiba and Sharm E!
Sheikh on the Egyptian Gulf of Agaba coast, and at several localities on the
Egyptian Red Sea coasts.

Another source of pollution is the brine discharge of desalination plants. If
discharged into the sea, this dense, hypersaline and copper-contaminated effluent,
spreads on the bottom causing serious damage to benthic organisms before
becoming diluted.

In Egypt, most tourism areas on the coasts of the Red Sea and Gulf of Aqaba
obtain their fresh water requirements by desalination of sea water or brackish
ground water. In addition, most of the Egyptian Red Sea coastal towns have their
own desalination plants. These government owned desalination plants discharge
their brine effluent into the sea, which most likely have resulted in considerable
local damage to marine life. Tourist facilities outside these towns have their own
desalination, usually reveres osmosis units. Currents regulations prohibiting the
direct discharge of desalination brine into the sea appear to be adequately enforced.

In Israel, water requirements for the town of Eilat and its tourism facilities are
supplied from the desalination of brackish ground water. The desalination plant
produces a dilute effluent which is directly released into the Gulf of Agaba (ISPAN,
1992). The effect of this discharge on marine life is not known.

4. Visitor Impact:

While recreation and tourism present major reasons for protecting the codstal
and marine environment, uncontrolled use by visitors can itself result in serious
impacts. Extensive collection of corals, shells and other reef animals, spearfishing,
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damage to corals by swimmers and boat anchors, destruction of coastal vegetation
by trampling and vehicles, and proliferation of waste and garbage, are the types
that of damage that may be caused by visitors and tourists. Corals, shells, and
other souvenirs are often commercially collected by local fishermen and merchants
for sale in shops and stalls to tourists. In Eilat, Israel, a recent report (ISPAN, 1992)
describes the widespread damage to coral reefs caused by tourism and related
activities. Coral breakage resuiting from anchoring of pleasure and dive boats, using
of fishing nets and basket traps, explosions, action by uneducated and
inexperienced divers, and illegal collection for souvenirs and for resale were
reported (ISPAN, 1992).

In Egypt, damage to coral reefs caused by tourists' activities is widespread.
Mooring buoys for dive and pleasure boat are available only at very few of the
favorite diving sites. Some of these sites are visited by up to 20 dive boats every
day. As a result, the anchoring of thousands of boats visiting each site every year,
directly to the reef has resulted in a very massive reef damage. Some of these dive
sites have suffered so much damage that they ceased to attract tourists. Except for
diving sites within National Parks and Protected Areas, the Egyptian authorities is
exerting absolutely no control on the number of divers visiting diving spots or their
activities. Damage to reef as a result of deliberate or accidental breakage of corals
by divers is extensive in many areas. At the present time, the control of the tourist
use of the coral reefs and other marine life is entirely left to tour operators and
individual divers.

The collection of coral, shells, and other souvenirs by tourists is known to
occur on the Egyptian coasts of the Red Sea. Several shops in Hurghada, Safaga
and other Red Sea coastal towns, openly offer for sale to tourists corals, shells,
dried fishes and turtle shell. The Egyptian government has made little effort to stop
this drain on the Red Sea resources.

Conclusions and Recommendations:

The Red Sea, a globally important center of biological diversity, is currently
subjected to a sweeping rate of tourism, industrial and urban development. lil-
planned and consumptive attitude in development is putting enormous pressure on
the unique and highly fragile marine habitats of the Red Sea. The preservation of
the umique and wondrous biological diversity of the Red Sea, and their wise and
sustainable exploitation as an asset for an eco-tourism industry, requires not only
careful planning and management, but also the cooperation of all its riparian
nations.
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- Red Sea coastal tourism development should be conceived within the
framework of national, regional, and local development plans which assure proper
integration of environmental objectives in development strategies. In particular,
coastal tourism development should be approached within national strategy for
coastal zone management plan, which identifies the zones most suitable for
tourism.

- Tourism development planning should have, as a primary objective, the
preservation the environmental assets of the area if sustainability of the industry is
to be achieved. Limited tourism growth and careful management are, therefore,
essential for eco-tourism to be sustainable. As the economic potential of nature-
tourism may be extremely high, some kind of exclusiveness strategy should be
adopted to keep the tourism flow below the social and ecological carrying
capacities, at least in some areas. In that context, ecotourism can be viewed as an
example of "low volume - high value" tourism.

- The issues of environmental sensitivity, as well as the ecological and social
carrying capacities require careful and site specific research, if nature-based tourism
is to be sustainable.

- The ecotourist can play a key role in the success or failure of sustainable
ecotourism. Ecotour operator must instill @ conservation ethic for environmentally
sensitive travel in their clients if they are to continue bringing visitors to fragile
sites.
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Oil Pollution in the Red Sea - State of the art
by
Hassan Awad

Department of Oceanography, Faculty of Science
Alexandria, Egypt

Oil poliution in the Red Sea and Gulf of Aden has been reviewed earlier
shown to be the major poliution problem in this region (UNEP Report on the State of

the Marine Environment in the Red Sea and Gulf of Aden, draft). Since then,
additional information became available.

The present review wiil recall the main conclusions of the earlier report and
focus on the results of a two- years project (1987- 1988) devoted to an
investigation of the possible cause-effect relationship between oil poliution and
coral reef health conditions along the Saudi Arabian Red Sea coast.

I- Main Chronic Sources, Inputs and Profile of Qil Pollution in the Red Sea.

Qil inputs from different sources were estimated for the Red Sea and
compared with the world oceans (Awad, 1989a). The distribution of these sources
is given in Fig.1 and estimates of their respective contributions to the total input are
given in table 1. Using the figures of 3.2 Mt yr' (million ton per year) for the global
annual inputs to the world oceans (IMCO, 1981) and of about 6800 t for the Red
Sea , it is concluded that each km? in the Red Sea receives about 1.5 times oil than
the world oceans (14.61 and 9.17/kg km? respectively). It is also estimated that
while each km? of the world oceans receives 0.56 kg yr from refining activities
only each km? in the Red Sea receives 6.6/ kg yr' from the same type of source.
While the estimated inputs of oil to the world ocean from marine transportation
activities in 1989 dropped to one third of that estimated for 1981 (IMO, 1993), the
trend seems to be reversed for the Red Sea, due to the intensification of oil
transportation across this Sea especially after the re-opening of the Suez Canal in
1975 and more so during the Irag- Iran war in 1982, Fig. 2 shows the actual routes
of oil and refined products along the Red Sea. Due to stategic and economic
reasons, there is an increasing tendency to transport oil through pipelines rather
than through Hormuz strait. Risks from oil transportation are therefore increased.
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Fig.3 represents the foreseen development of the pipeline network in the region
(Awad, 1990a).

An oil pollution profiles is constructed and proposed in Fig 4 (Awad, 1989). It
is based on the analysis of the available data (Wennink and Nelson-Smith, 1977,
1979a,b : Awad, 1984, 1985, 1988a: Awad et a/ 1983; Dicks, 1984, Hanna,
1983, Dixon and Dixon, 1975; Loya, 1975), on periodical visits to various centers
of petroleum activities along the coasts of Egypt and Saudi Arabia during 1986-

1988 and on information gathered through personal communications regarding
coasts of difficult access.

It is evident from this profile that the Gulf of Suez is the area most affected.
It is not infrequent to see weathered oil pavements, several centimeter thick,
blanketting sandy beachs, rocky promontories, and in some locations the aerial
roots of mangrove trees, and tar balls stuck to coral reefs. Qutside the Gulf of
Suez, oil pollution is a problem and a risk around oil-handling ports such as Jeddah,
Yanbu, Rabigh, Eilat and Agaba and along tankers routes.

Il- Accidents and Episodic Events.

Potential of both accidental and deliberate oil spills in the Red Sea normally
reflect the intense petroleum activities and oil transportation. In fact, there is aimost
a total absence of data for the rate of accidental oil spill in the Red Sea and Gulf of
Aden. The cases included in table 2, provided by ITOPF (International Tanker
Owner Pollution Federation LTD, London} are the only information which could be
obtained for the period 1974- 1986. The author's efforts for gathering information
related to this subject remained without response. There is an obvious reluctance
on the part of the local authorities and the oil industry to record such oil spills,
often ignoring them, a situation which requires new policy guidelines and strict
enforcement.

Comparing the recorded accidental oil spills in the Red Sea (Table 2) with
those in the Mediterranean (8 times greater in surface area, 330 x 103 tons of oil
crossing annually), 45 accidents in the Red Sea were recorded during 12 years
spilling about 25000 tons of oil yearly against 44 in the Mediterranean during the 3
years, 1983-1985 (UNEP, 1990).

The modest number of oil accidents in the Red Sea which transports about
650mt yr' of oil (Wennink and Nelson- Smith, 1979a) is obviously an unreal figure
and it can be assumed that many other spills went unrecorded. Unless a well
developed regional contingency plan for preventing and combating accidental oil
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pollution in the Red Sea is established, risks and potential accidents will remain on
the increase especially after the progressive modification in the transportation
routes for crude oil and refined products.

While most crude oils produced in the region are transported across high
capacity pipelines, no reliable information is available about the operational oil spill
around the terminals in the Red Sea. The functioning oil terminals at present are:

Petroline loading terminal, from the Arabian Gulf to the Red Sea at Yanbu in
Saudi Arabia (180mt yr').

Hodeida loading terminal, from N. Yemen oil fields to Red Sea at Hodida (10mt
-1
yr).

SUMED deloading terminal, at Ras Shokeir in the Gulf of Suez to the
Mediterranean Sea (117mt yr).

Eilat deloading terminal, at Eilat in Gulf of Agaba (25mt yr’).

The only available estimate of accidental oil spill is for the terminal of Eilat-
Mediterranean pipeline in the Gulf of Agaba. In this area, 92 accidental oil spills
have occurred during 3 years (1969- 1973) spilling about 100 tons of oil annually
{Dixon and Dixon, 1975). However, a rough estimate of oil spillage potential around
the area of other pipeline terminals in the Red Sea couid be predicted by comparing
the capacity of Eilat's terminal with the others.

Based on the analysis of frequencies, inputs, locations and causes of the
accidents grouped in tables 2 and 3 and on their geographic distribution (Figure 5)
the following conclusions should be considered in any suggested regional
contingency plan:

1- Frequency of accidental oil spill near the eastern coast of the Red Sea (in
proximity of the navigation route) is much higher than near the western coast.
The highest dissolved oil concentrations in the Red Sea surface water were in
fact found along the eastern coast, especially off the desert area of the Saudi
Arabian coast {Awad, 1988a).

2- The coastal waters of the Gulif of Aden are subjected to the same number of
accidental oil spills as the eastern coast of the Red Sea but the spilled amounts
are relatively lower.
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3- In spite of the limited number of spills recorded along the northern Egyptian Red
Sea coasts, the amounts spilied are relatively larger in this area.

4- Equipment failures followed by human errors are the main causes of accidental
oil spills in the Red Sea and Guif of Aden.

5- Accidental oil spills frequently occur during oil loading and tanker deballasting
operations.

1ll- Assessement of Qil Pollution Levels.

While the petroleum activities in and around the Red Sea and Guif of Aden
are continuously and rapidly increasing, the data available on the levels of different
hydrocarbon forms in various environmental compartments (water, sediment and
biota) are still scant.

a) Stranded tar balls on beach.

Recently, a limited monitoring of tar balls on beach was conducted in the
region south of Yanbu city (Fig. 6) where almost all types of petroleum activities
are concentrated. Within the monitored area, tar balls were periodically collected
from three sites covering 50km of coast line. They presented a mixture of all
shapes, weights and ages. They ranged from 0.2 to 5cm, from very soft fresh to
hard, from nearly free to entirely coated with sand, individual tar balls exceeding
sometimes 50g each in weight. Details of this survey are included in Table 4.

This variability in tar analysis parameters shows clearly that the marine
environment off this area faces continuous and intensive oil pollution. This
statement is confirmed by table 4. The results show that the calculated average
daily tar ball arrival to the zone studied ranges from 126.48 to 634.18mg/m? and
represents a heavy oil pollution situation in the area. This value is higher than the
monthly average estimates for the beaches of Japan (> 100mg/m?/d), a country
characterized by the heavy oil pollution of its beaches (I0C/ WHO, 1981).

In fact, the situation in the investigated area is to a large extent visually
similar to that around the Red Sea - Miditerranean pipeline (SUMED) at Ras Shukier
on the western of the Red Sea where tar balls, lumps and aggregates are dominant
on the beach (Awad et al 1983).

b) Total and polyaromatic hydrocarbons in surface water.

Levels of oil pollution along the Red Sea Saudi Arabian coast were intensively
monitored in the framework of two long- term research projects. The first survey
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(1982-1986) covered about 1000km of coast-line between Yanbu, north, to the
area of Jizan, south, to the western side of Farassan island. It was re-investigated
in parallel with another project directed at the investigation of a possible correlation
between oil pollution and coral reef health condition (1987-1988).

In both projects the procedure of MAPMOPP (IOC/ WMO, 1976) was
followed. One of the two dominant Arabian oils (light or heavy), or both, the most
probable types of oil to be found all over the Saudi Arabian Red Sea territorial
waters, were considered as regional reference for expressing oil residue
concentration in water, beside the international reference, Chrysene Units
Equivalent (CUE) recommended by MAPMOPP. The latter reference enables us to
compare oil pollution situation in the region with that elsewhere.

The relative concentration of five of the most persistent polyaromatic
hydrocarbons and their concentration relative to the total hydrocarbon content were
measured. The results of the first survey clearly demonstrated the relation between
levels of dissolved/ dispersed oil residues and the intensity of shipping and coastal
petroleum activities in all investigated areas. The highest values were found along
the main shipping route. In areas C and E (Fig. 7), the mean dissolved/ dispersed oil
residues exceed 500 Fg I, a value unrecorded from any of the regions reported on
by MAPMOPP (IOC/WHO, 1381).

Although no direct source of oil pollution exists in area C, its waters contain
more oil than in the Egyptian waters (area A ) where all sources of oil pollution exist
(Fig. 1). This result supports the assumption that much of the oil discharged in the
Red Sea, even on the African side, is transported towards the eastern coast
following the prevailing wind pattern (Wennink and Nelson-Smith, 1977).

In the final report of MAPMOPP (IOC/WHO, 1981) on the global assessment
of oil pollution in the oceans, 85 Fg I of dissolved/dispersed oil concentration was
given as the highest mean value (measured in the west coast of India ) for the
world oceans. During the second survey, double this value was measured in the
near-shore waters of both Yanbu and Jeddah (Table 6, Fig. 8) during both first and
second trips.

Water samples collected from Yanbu included two groups: the stations off
the industrial zone and those off the the region of Al-Baridi, 70 km north of Yanbu
city. Comparing the mean results from the two areas, the relatively heavy oil
pollution off Yanbu becomes clear: 192 Fgl"' against 17 Fg I'' as mean CUE for the
waters off the industrial zone and off Al-Baridi respectively.
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Jeddah waters had a mean concentration of 165 Fg "' CUE in the near-shore.
The highest concentrations of dissolved/dispersed petroleum residues characterize
the waters surrounding the tankerage area. In this station. a value of more than
500 Fg I CUE was measured. lllegal spillage of tanker washings and bilges are
most probably of frequent occurrence in this area (Fig. 5b).

The other sites vyielded lower concentrations of dissolved/dispersed oil
residues, but were still above 50 Fg I"' CUE, a value which corresponds to ocean
areas characterized by heavy pollution. Near-shore waters off Al-Wedjh showed
the lowest concentrations, ranging between 7 and 21 Fg I as CUE with a mean
value of 17 Fg I''. This area could be proposed as a reference area for future
studies along the Saudi Red Sea coast.

Some persistent polyaromatic hydrocarbons (PAH) were measured in surface
waters: Phenanthrene (PH), Chrysene (Ch), Perylene (P}, Benzo-3,4 Pyrene (Bap)
and Benzo- ghi- Perylene (Bghip). The detection of PAHs in water represents 2 good
indication of the source of oil pollution in water. For example, compounds such as
fluoranthene, anthracene, perylene, chrysene...etc..., which are not abundant in
petroleum, are produced when oil and other organic materials are subjected to high
temperature in internal combustion engines, to industrial and domestic heating, to
forest fires, etc. Indeed there are no indications of naturally occurring aromatic
compounds of recent biological origin. The mean values determined for total
hydrocarbon content during the second trip confirm the above situation (Table 7).

The importance of PAH measurements in defining the source of oil pollution
in any area can be clearly seen from the results in table 7, giving the mean values
of total PAH in each site. While the near-shore waters off Yanbu and off Al-Wedjh
contained the highest and lowest total oil residues respectively, the two sites have
the lowest and highest values of total PAH contents, in the opposite order. These
results indicate that, while the source of oil pollution at Yanbu is mainly from
spillage of crude oils, tanker washings and ballast waters, the source of oil in Al-
Wedjh water is mainly from spillage of bilges and pyrolized oils from tankers and
ships. The results for the other sites surveyed are similar to those from Al-Wedjh,
especially in their general high content of perylene and chrysene.

During the first survey, perylene was found to be the dominant constituant,
representing more than 50% in all water samples. Concentrations above 3000 ng1’
were detected in some cases (Awad, 1990b). The second survey confirmed these
results (Tab. 7 and 8 Fig. 9and 10). More details can be found in Awad et al
(1983), Awad (1983, 1985, 1987, 1990b), and KACST report (1988).
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¢) Petroleum Hydrocarbons in Sediments.

Total Hydrocarbon content (THC) and total polyaromatic Hydrocarbon
content (PAH) and the five individual polyaromatic compounds measured in water
were also measured in the sediments (Table 8, Fig.10) . The highest values were
found in the sediments off Jeddah followed by those of Yanbu (413.9 and 112.4
Fg/g dry weight as chrysene equivalent units respectively), while the absolute
minimal value was found in the area off Al Baridi, North of Yanbu (8.11 Fg/g). The
same distribution pattern was found for the polyaromatic content (Table 10,
Fig.10). As was the case for the water content, perylene and to some extent
chrysene were the dominant compounds detected in sediments.

It can be concluded on this bases that most of the Saudi Arabian Red Sea
coast suffers from illegal discharge of bilges (IOC/WHO, 1981). In addition, crude
oil wastes and refined oil products might be the main contributors to the leveis of
total hydrocarbon content in the sites off Jeddah and Yanbu.

Data from areas other than the Saudi Arabian coastal waters are given in
Table 9. The highest content in THC is in the Gulif of Suez sediments (Dicks, 1984,
and Awad, 1987) where it is of the order of tens of g kg™'. The intertidal sediments
are the most contaminated as a result of continuous accumulation (Dicks, 1984). In
general, sediments collected from the Saudi Arabian coasts showed lower levels of
both THC and PAH.

d) Qil Hydrocarbons in Biota.

Several types of Red Sea organisms from the coastal waters were analyzed
for their petroleum hydrocarbon content (Tab. 11). While coastal Red Sea
organisms contained THC of the order of mg Kg' (dry weight), Anderson et a/
(1974) report that organisms suffering from either chronic or acute oil pollution
contained, in most cases, hydrocarbons of the order of ug kg“. This type of
comparison, however, is not quite acceptable given the variability of the analytical
techniques and of the references.

Conclusions:

The Red Sea marine environment is characterised by high potential risks of oil
pollution, particularly in the coastal waters.
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Surveys of the sources of oil pollution in the Red Sea and their quantification,
(Awad 1989} largely support the above statement.

The frequency of accidental oil spills (Awad, 1988b) is highest in the area
between Yanbu and Jeddah as well as in the Gulf of Suez.

The data in this report show that some of the areas studied suffer from
chronic oil poliution. In Yanbu and Jeddah, values of dissolved/dispersed oil close
to 200 Fg I in surface waters have been measured. Values twice as high have
been found in front of the Islamic Harbour in Jeddah. These values are about twice
the level declared by MAPMOPP (IOC/WHO, 1981) as the highest for the world
oceans (85 Fg I''). The magnitude of the stress in the two areas is obvious. The
results for the sediment content confirm those of the water content.

In the other sites, measurable amounts of polyaromatic hydrocarbons (PAH)
are found, especially perylene and chrysene, which indicates that for some ares in
which observable pollution by crude oil is not frequent, other sources of oil
hydrocarbons exist (bilges, washes, ballast water, etc....) Moreover, the limited
survey for tarballs on beaches at Yanbu (table 4) indicates the importance of oil
accumulation in the area.

In our opinion, priority should be given to oil pollution when an assessment
of the impact of human activity (including the impact on coral reefs) is to be
conducted in the Red Sea environment.

There are some evidence pointing to the role of oil contamination as the
causing factor for certain coral reef diseases, namely the white and black band
diseases. The preliminary conclusions of the investigation points to a correlation
between the frequency of detection of white and black types of diseases in coral
with the level of oil hydrocarbon content in water and sediment in the regions of
Yanbu and Jeddah (Antonios, in KACST, 1988).

Proposed Strategy:-

Since the declaration of the Red Sea as a "Special area" by MARPOL (1973-
1987), restricting and even forbidding oil discharges, the Jeddah Regionl
Contingency Protocol was signed (1982) and an Action Plan for the Conservation
of the Red Sea and Gulf of Aden adopted (1986). Numerous meeting have been
held since that time for the same purpose and numerous recommendations
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adopted, but, with few exceptions, most of them have not been followed by
concrete action.

Reiterating earlier recommendations or adding new ones becomes
meaningless, unless a pragmatic, practically feasible, plan of work, acceptable to
all, is adopted and implemented.

In this Action Plan, contribution of all partners is imperative. Since "the Red
Sea is for all, all should be for a healthy environment in the Red Sea". The historical
heritage, the cultural characteristics as well as the economic capacity of each of
the Red Sea countries should be taken in consideration and respected in any
proposed Action Plan.

Concerning oil pollution, which is obviously a problem common to all
countries bordering the Red Sea, an action programme for control, mitigation and
management of various oil pollution aspects in the area can be proposed taking in
consideration the following facts:

1- There is strong evidence that the Red Sea environment is increasingly under
stress from intensive oil activities as a result of:

a) QOil maritime transportation;

b) Increase in length and capacity of sea to sea giant pipelines;

c) Continuous increase in number and capacity of coastal oil refineries;

d) Intensive offshore and onshore exploration and exploitation of oil in some
areas, especially in the Guif of Suez.

2) During the last 25 years, the rapid evolution in petroleum activities along the
Red Sea basin became synchronized with a significant damage and degradation
of the living resources in the Red Sea in certain areas, especially the
unrecoverable fringing coral reefs and mangroves. Undoubtedly, oil as a
contaminant is not the only cause for this degradation but it should be
considered as one of the major causes of stress.

Although the final Act of Jeddah Plenipotentiary Regional Conferencce on the
Conservation of the Marine Evvironment and Coastal Areas in the Red Sea and Gulf
of Aden (1982) includes the main elements for a successful action plan for
monitoring and combating oil pollution in the area, we would like to put forward the
following proposais which could help putting the action plan into motion.
Monitoring and assessment of oil pollution in the area should be conducted at two
levels.
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a) -Non- governmental level, through the creation of a "Red Sea Campus” an NGO.
Membership of this campus would be open to non- professional volunteers and
guided be especialists in oil pollution aspects. The participants from each country
will be responsible for recording oil spills, for monitoring stranded tarballs on
beaches, and the collection of water samples, nearshore sediments and biota. They
will be trained to apply simple techniques to keep and store the samplies in a

satisfactory condition for later analysis in one of the designated reference
laboratories in the area.

Funding of these activities, which will be normally modest, could be supplied
through oil companies working in the area. IMO and local authorities should be
approached to contribute to the funding.Training of the volunteers could proceed
either in a designated laboratory in the area or preferably through short term on-
site training by qualified experts and technicians from the region.

b) Governmental level. it is evident that the main obstacle to the implementation of
the monitoring programme adopted earlier for oil pollution in the region does not
reside in its scientific approach or in its technical components but is mainly due to
the lack of practical coordination and political will between the Red Sea partners.
We have to avoid the obstacles which have hindered PERSGA from implementing
its earlier plans in any forthcoming cooperative research and monitoring.

In our opinion, the best approach for coordinating efforts to study oil
pollution in the area is to share responsibilities between all the Red Sea and Guif of
Aden countries.

Our proposal could be summarized in the following points for both a short
and a long term monitoring research programme. While all partners in the
"PERSGA" programme should participate in the sampling programme, certain
laboratories should be designated to take the responsibility for the analysis of one
sort of samples.

The implementation of the monitoring programme requires the selection of
few capable laboratories. Selection of the laboratories should be based on the
availability of specialized personel and of equipment. The laboratories would be
responsible for carrying out one or more of the following tasks:

a) analysis of hydrocarbons in water.
b) analysis of hydrocarbons in sediment.
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c) analysis of hydrocarbons in biota.

d) ecotoxicological research on crude oils, refined products and petroleum wastes.
e) test laboratory for the efficiency of chemical dispersants in relation to the variety
of oil existing in the region, and assessment of their ecological impacts.

There is need for supporting Oceanographic data. The responsibility for
oceanographic surveys should be shared and co-ordinated.

The author believes that with this approach, we can be fairly sure that each
monitoring parameter could be studied throughout the Red Sea region without
overlapping and without geographic gap.

Finally, a coordination unit is urgently needed in the region, similar to that in
the Mediterranean Sea. Through this unit, a group of experts or a Technical
Steering Committee from the region and from outside the region when needed,
should be formed to support the local expertise in the region for following up
technically and scientifically the progress as well as the operational problems in
each of the proposed laboratories.

Concerning the adoption of a regional oil spill contingency plan, the Action
Plan of "PERSGA". should be supported and implemented. It should be stated,
however, that the few local or national contingency plans need to be linked into a
regional one through the proposed coordination unit.
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oil Water | assumed oil | released oil
SOURCE Location capacity | efMuent conc. in amount Notes Ref.
mt/yr mt/yr water pm ton/yr
-Refinery effluent Jeedah 0.25 6.5 10 13 one lubricating oils refinery Awad, 1985
" 50 1315 10 260 one refinery for local consumption. Awad, 1989
yanbu 213 S60® 2b 1120 two refineries: for local consumption and exportation. "
Rabigh 175 4508 2b 900 ready 1o stant procassing for exporlation.
- Petroline Terminal Yanbu 160.0 52¢ 10d 345 two terminals: one for exporting lragi oil (capacity: 0.5m
(clean tanker ballast b/d), the other for Saudi oil (cap. 2.6m b/d)
waler) for supplying saudian refincries and exporting the 1est i
(about 115 m Va)
-Yemeni Oil Sana'a 10 3¢ 15 150 press declaration: the Yemen starts 1o export its recently
Terminal (clean discovered oil at rate of 0.2 m b/d. "
tanker ballast water)
Gull of Aquba De Kok &
- Oil Terminal Eilat 25 7.5¢ 6 45 supposing that at Eilat, there are the same deballastation Marson, 1978
(clean tanker ballast facilitics as for the other Red Sca Maditerrancan Sea
water) pipeline (SUMED) in Egypt Dixon, 1975
- terminal spills ~ annual accidental spillage rate during oil deloading
Gullof Susz
- Refinery cffiucats Sucez bay 3 70 2 and 100 826 two refineries dischrges at 2 ppm for cooling waters and Wennink &
- oil production offshore walers 243 0.243 100 972 process walers al 100 ppm. Nelson-
walers assuming that production water amount respresent 10% of | Smith 1979a
- Tanker ballast coastal walers 243 73¢ 15 218 produced oil (1 m b/a)
water
SUEZ CANAL 1680¢ 115X107 1902 estimated annual amount of dissolved/ dispersed El Samra
hydrocarbon 10 the Red Sca ctal, 1982
Total 6851
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Table 2: Qil spill?. in the Red Sea and Gulf of Aden area (1974-1986) after
International Tanker Owners Pollution Federation Ltd, London, May
1987.
Date | Country oil ol operate | cause | Date | Country oil oil operate | cause
type | amount type | amount
bls bls
1974 | S.Arabia | A B ? D ] 1980 | S.Arabia | ? ? ? ’

"~ 1'SYamen | E A D ? " " B ? B c !

" " ? ? ? E " " A | E@0 C il

" . G [® A C . S.Yamen | ? ” ? o

" " ? ? ? E 1981 Sudan E C(50) G B

" A ? A B " Egypt | A D(6) A B

" S.Arabia | D | E(2250 ? ? " " A C() D A

) .
Sudan A A E C 1982 | S Arabia B ? A ?

) S.Yamen | E D ? ? ! ! A C(2) C B

" Sudan E A D B " ! A D(40) C B

! S.Yamen | E B C C ! ! A D(10) A B

! ! E C A C " Somal A ? D . B
1975 " ? ? ? ? " | Egypt | A | EQOOO) | K ?

" " B C B A 1983 " A | F(11700 J ?

)

" N E C A C " S.Arabia E ? C ?

" " ? ') r) E " " H ') J A
1976 | S.Arabia A B A B " " ? 7 ? ?
1978 | S.Yamen | D ? J ? 1984 | N.Yame B ? J ?

n

" S.Arabia C A C D 1985 | S.Arabia ? ? C ?

" N.Yamen | B ? F B " ) ? ? ? ?
1979 Em ? ? ? ? " " A ? A 7

" S.Yamen F B C ? 1986 " A D C B
1980 " ? ? ? ?

LEGEND FOR TABLE 2
SPILTYPE( type of oil) SPLIOPER (operation in progress)
A crude A loading
B bunker B bunkering
C bilges C deballasting
D fuel (cargo) D discharging
E white prod. E ballasting
F tank washing F bilge pumping
G lube oil G tannk cleaning
H bitumen H intern trans
] strand/ gradg
K collision
U unknown
SPILCUSE (CAUSE OF SPILL)
A hull failure
B equip. failure
C human error
E fire/ explos U unknown
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Table 3: Oil pollution sources and risks in the Red Sea (Awad, 1988b)

Source

Gulf of Suez

Gulf of Aqaba Red Sea W. Red Sea E. coast Chronic Risk
coast

OILY WATER DISCHARGES:
- Refinery + + + +
- Ballast water + + + -
- Offshore oil production water + + +
- Onshore oil production water + +
- Oil farm drainage water + + + + +
- Dry docking + + + + +
- Bilges and bunkering + + + + ' +
ACCIDENTS CAUSING OIL SPILLS
- Moar spills + + + »
-Major spills +
- Production operations +
- Terminal operations + + + +
- Offsgore- onshore connection + + + +
- Tanker g:ouhding + + + +
- Tanker- tanker +
- Non- tanker accident + + + +

+ + +

- Inter- seas pipelines
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Table 4: Stranded tar balls concentration alon

. g southern shore of Yanbu, Saudi
Arabia.

Date Site. Tar ball conc. Time rate of Tar ball
in interval in Arrival in
g/m? days mg/m?/d
19.11.1987 [ 13.33
Il 2.75 0 | cecmmmmememmmmeeaa-
IT1 16.63
24.12.1987 I 7.34 212.3
[l 3.76 35 107.4.
[I1 49.50 1414.3
28.1.1987 [ 3.78 108
[l 1.40 35 40
I11 15.31 4374
3.3.1988 [ 2.64 75.5
[ 2.25 35 64.0
I11 5.52 157.8
31.3.1988 [ 3.08 110.1
I 1.32 28 47.1
I11 5.52 527.2
Mean for the [ 6.01 126.84
whole Period [ 2.30 64.63
(133d) I11 20.35 634.18
Grand mean for
the whole area 9.56 275.10

St. I:3 km S. Yanbu Industrial zone
St. II:25 kmsS. Yanbu Industrial zone
St.I1I1: 50 kms S. Yanbu Industrial zone
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Table 5: Average dissolved/dispersed oil residues distribution in Red Sea Waters
(Awad, 1988a)
Are. Dissolved/ dispersed petroleum residues conc. as
. .
coordinates - date | number of | number of | chrysene equivalent units Arabian light oil
stations samples (CEV) ug 1)

lonjiE Lat. H range mesan | S.D. range mean | S.D.
37°24'- | 21°35'- | 1982- 34 58 35-612 | 174 | 132 | 25-490 138 | 105
39 04 | 24° 03} 1983
38°53- | 18°43'- | 1987 6 6 314-1393 ) 757 | 424 | 273-1114 | 609 | 335
40° 01° § 21° 3%
a1° 52'- | 16°40'- | 1985- 28 74 6-1874 63 55 5-1500 50 46
42° 38 ] 17° 21°| 1986
41° 00'- | 16°30"- | 1987 6 6 97-1994 | 809 | 737 | 120-1356 | 627 | 536
41° 35 ] 17° 00




Area Coordinates Dissolved/ Dispersed conc.inug 1! as :
Long E Lat. St. Arabian light Arabian heavy Chrysene equivalent units Date
N
_R_anl‘ Mean | SD RanL Mean | SD Ran& Mean SD
Hagl 34°52'- | 19° 14'- 28-63 42 639 ] 23-49 32 513 31.72 54 37 Oct. 87
34° 57 19°22' 18 6-54 3 423 14-42 38 40.1 9.64 58 671 Apr. 88
Wajh 36°37- [ 27° 07'- 5-18 12 212 1 3-14 9 183 | 721 12 20.1 Oct. 87
36°46' J26°18 |8 [a-12 17 180 [ 3-8 6 s4 [s518 15 161 [ Apr 88
Yanbu & 37°29. | 23°s1- 1-17 14 - 8- 14 12 - 15-19 17 - Nov. 87
3 4- 10 6 - 3-7 5 - 5-8 7 - Mar. 88
b |38°05 |24°17 12 112-271 | 198 798 | 86- 174 178 105.4 | 137- 229 192 123.4 | Nov. 87
15 96- 159 123 69.1 | 82-132 102 96 112- 189 201 196.2 | Mar. 88
Jeddah 39°04'- | 21°23'- 92- 183 146 87 73- 154 134 99.2 101-205 165 117.3 | Apr. 87
39° 10 21° 4y 5
Qunfidhah | 41°04-  18°57'- | 4 36- 102 51 - 31-83 - 137 39- 108 63 - Dec. 87
41° 13 19°05' | S 23-36 29 339 § 20- 32 26 310 | 28-44 36 403 Mar 88
Jizan 42° 31°- § 16° 52'- 8-129 4 447 ] 6-103 35 621 |9-161 56 55.1 Jun 87
42° 33 16° 56’ 8 12- 89 s3 568 | 10- 69 51 619 15- 100 66 528 Mar 88

a- Yanbu industrial city
b- Al- Baridi
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Concentration of individual PAI compounds in ng 1-!

Zone

phenantlirene chrysene rylene benzo-3, 4 pyrene | benzo- 8,9 perylene
range mean | S.D. % range mean S$.D. % ramge nean | S.D. % range | mean | SD. | % | range | mcnn fSD. | %

A, 68-185 1w ]6sy9 [433 o 0 0 0 0-428 142712471 [ 67} 0 0 0 0o Jo 0 0 0

A, 5-56 194 [ 237 {95 41-201 1088 [ 599 [s530 0-267 77 1024 | 3750 0 0 0o Jo 0 0 0

Ay (-504 155 1935 | 221 87-304 1354 | 703 192 0-1107 4149 | 407 8710 0 [} 0 (1} 0 0 0

9
A, 0-8) 234 ]362 ] 194 {19201 463 | 626 |384 0233 i 895 1422})0 0 0 0 o 0 0 0
A, 0-38 154 157 31 17433 1396 |1 1593 | 28§ 102-666 3356 12102 | 684 | O 0 0 0 0 0 0 [1]
Total /

average | 0-504 663 | 1195|161 0433 972 |9y |248 0-1107 228312837 |s83 )0 0 0 0o o 0 0 o

B 67433 245 167 6.1 167-1500 | 707 625 17.5 470-5750 | 3083 | 2106 | 764 | O 0 0 0 [} 0 0 0
C, 0-233 34 705 12.5 0-218 39 60.6 14.4 0-1062 190 3213 1101 ] 0-52 7 149126 | 0-5 1.2 18 104
C, 0-270 419 {797 1238 J0-140 364 429 207 0-513 84 1511 478 J O-S8 |92 167152 10-15 { 43 56 {25
C, 0-573 13§ 256 39 0-1424 295 433 8.6 0-1541 293.7 | 466 8570150 | 46 94 13 §J0-10116 31 05
c, 0-132 227 407 155 Jo204 346 655 | 237 0-493 804 j1468 |sS o042 [57 [1a]39ofo13 |27 42 |19
C, 0-340 $32 | 948 [ 134 | 0-467 665 |18 [173 0-2376 2624 | 6728 | 6791010 123 |36 (06 J095 |17 33 Jo4

Total /

average | 0-573 293 | 608 108 0-1424 413 1217 142 0-2376 2002 14113 | 2 0-150 | 56 11422 J015 |22 37 jOY

D 43-1118 | 407 393 92 124-1234 | 550 448 12 4 0-7704 3470 | 3389 |14 0 0 0 [ 0 0 0 0
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Table 8: Mean concentrations of persistent polyaromatic hydrocarbons (PAH) in
nearshore surface water along the Saudi Arabian coast during 1987-
1988 (AWAD, in KACST, 1988)
coordinates polyaromatic hydrocarbouns conc ngl-l | Total | % of T. PAH
PAH | in THC
Area Long Lat. St. Ph Ch P Bap | Bghip | ngi'! (as CEU) Date
E N

Hagl 34° 52- | 19°14- | 8 4 44 35 0 0 83 0.15 Oct. 37
34° 57 | 19°22 6 3 61 0 0 98 0.17 Apr 38
Wajh 36°37- [ 27°07- | 8 8 57 118 0 0 183 1.41 Oct. 87
36° 46’ | 26°18 15 49 9% 0 0 160 1.07 Apr. 38
Yanbu 37°29'- | 25°51'- 3 7 18 72 0 0 97 0.57 Nov. 37
22 12 36 0 0 70 1.00 Mar. 38
38°05 |24°17 12 13 127 233 5 2 380 0.19 Nov. 87
21 29 112 3 15 180 0.09 Mar. 38
Jeddah 39°04'- § 21°23'- h] 32 89 362 7 3 493 0.30 Apr. 87

39°10 | 21°4%
Qunfldhah § 41°04'- | 18°57- 4 71 69 206 0 0 346 0.55 + Dec. 87
41°13 [ 19°05 S 42 63 109 5 27 246 0.68 ' Mar 88
Jizan 42°31'- | 16° 52'- 8 3 17 111 2 0 133 024 Jun 87
42° 33 | 16° 56’ S 31 82 2 18 138 021 Mar 38

Ch

p- : perylene
Bap : Benzo- a- pyrene.

Bghip : Benzo- ghi- perylene

Ph  : phenanthrene
: chrysene
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Table 9: Measured hydrocarbons in Red Sea sediments
Area site sediments | year THC PAH Analysis Reference
mg kgl | mg kgl
. wel wi. wet wit.
Ras Budran | Intertidal | 1980 10-463 <1- 183
¢ " 1983 | 38-98,950 | 4-44,150
" Lagoon 1980 | 13-139 |} <1-183
" " 1983 | 45-68,500 | 4-44,150
" Reefand | 1980 3-87 <1-183 GC- MS Dicks,
A nearshore 1984
" " 1983 43-54 ]4-44,150
" offshore | 1980 | 43-68,500 | <1-183
" " 1983 | 82-1440 | 4-44,150
Suez Intertidal | 1981 488.5* 9.1* GC and Awad, 1987
HPLC- UV
N. Jeddah | Back-reef | 1983 65 28 HPLC-UV Awad, 1984,
(lagoon)
y ! 1986 132 143 UV fluores- Bakhazlag,
B** cence 1988
" Fore- reef | 1983 62 25 HPLC-UV Awad, 1984
Jeddah nearshore | 1986 365 448 UV fluores- Bakhazlag,
cence 1988

*  concentration as mg kgl dry wt.
** Total hydrocarbon content (THC) in area B is expressed as light

arabian crude while Polyaromatic content (PAH) as chrysene

equivalents (MAPMOPP) in pg kg-! dry wt.
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Table 10: Total and aromatic hydrocarbon content in surface sediments in the
area of investigation during 1987-1988 monitoring. (AWAD, in
KACST, 1988)
T.PAH | % T. PAH
Area THC in uwr! wt) PAH conc in ng/ g (dry wt) nﬂg___ IN THC
LSACO | HSACO |CHEU.|]PH |CH P B-3,4-P | B-89-P | PAH (As CEU)
Hagql 6430 ] 49.10 93.00 3500 | 2200 |3190 | .00 00 88.90 0.10
Wedjh 5290 | 3880 71.20 550 [1020 J4410 | 00 00 59.80 0.08
Yanbua [1020 [840 12.50 .00 8.10 15.00 | oo 00 23.10 0.19
b {10100 [8960 11210 | 00 3800 | 105.10 | 5.00 00 148.10 0.13
Jeedah 35460 [29100 [41390 ]2470 | 11360 ] 202.00 | 7.00 2.00 349.30 0.08
| Qunfidah [ 3140 ] 2800 41.20 1240 | 2570 13380 | 00 .00 171.90 0.42
Jizan 16.40 11.10 18.00 810 |89 2180 | .00 00 38.80 0.22
Ph, Ch, P, B-3, 4- P and B-8, 9-P......see text

Ref: LSACO- Light Saudi Arabian Crude Oil
HSACO- Heavy Saudi Arabian Crude Oil
CEU- Chrysene Equivalent Units
a- Yanbu industrial city

b- Al- Baridi




Area Species date organ THC PAH ug kg-1 Analysis Reference
_ug kg1 (dry wi) (dry wt)

Sardinella melanura flesh 1877 235
Lethrinus minimatus . 1039 279

A | Sparus nokt " 151 6 GC for THC
Parapencus barberinus 1981 y 125 4 HPLC for PAIL Awad (1987)
Theraponidac ap. ’ 133 0.3
Chanidea sp. ‘ 620 32

B 1 Sphyracena sp. flesh 375 51
Decapterus sactae - 5188 98
Sardinclla sp. 1983 “ 250 34 HPL.C for THC
Holocentrus spinifer " 438 14 U.Viluoresce-nce for PAH Awad (1984)
Lethrinus ientjan " 625 1067
Mugil cephalus (3) " 6214 10628

D Epinephelus spp (6) Mesh 281 333
"(2) liver 214 257
Cephalopholis rogoa flesh 330 277
Vanda lauti " 139 563
Chanos chanos 1984 " 61 27 U.V fluorescence Awad (1990)
Plectorhychus schotaf " 250 1300 ¢
Lutianus spp. (4) - 257 532
" liver 174 638
Siganus rivulatus flesh 101 252
Lethrinus spp. " 153 142
Labridae spp. (3) " 157 168
Scomberoid commersonianus " 214 176
Caranx sexfasciatus " 150 0 U.V fluorescence Awad (1990)
Holocentrus spinifer " 84 0 ¢
" liver 101 66
Scarus harid " 225 0
Gerres ogina - 242 241
Mugil cephatus " 351 192

‘L1 ®|qey
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Concentration of total hydrocarbon contents in areas B and D expressed by referance to a standard light arabian crude oil solution using 310 nm ex., 371nm em.
- Aromaltic hydrocarbon concentrations expressed as the sum of 5 PAIl concentrations (phenanthrene, chrysene, perylene, benzo- 8,9 perylene and benzo-3,4- pyrene)
measured according to SAWICKS et al, 1960. ’

- between parenthesis:number of samples.
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The Problem of Phosphate Pollution
in the Northern Gulf of Aqaba

by
Ahmad Abu-Hilal

Department of Earth and Environmental Sciences
Faculty of Science - Yarmouk University
Irbid - Jordan

Abstract

This paper deals with the phosphate pollution and related problems in the
unique and very sensitive coral reef area in the northern portion of the Gulf of
Agaba. The sources and magnitude of pollution are pointed out. The levels and
distribution of phosphate and other pollutants are reviewed taking in consideration
the effects of the phosphate dust spills during loading operations in Aqaba port.
Human activities, stresses and environmental impacts resuiting from these activities
and from pollutants are reported. Results of previous scientific reports that
appeared during the last two decades are reviewed and discussed.

Introduction

The occurrence of excessive phosphate concentrations in nutrient-enriched
waters has lead observers to label phosphates as the key factor controlling the
eutrophication process. This pollutant can reach the marine environment from many
sources and in a variety of ways. Natural sources include rainfall, aquatic plants,
waterfowl, fish, bottom fauna, muds, and runoff from land. Man-generated sources
include domestic and industrial wastewater. Runoff from urban centers, fertilized
and unfertilized cuitivated land are considered as important sources of phosphates
in many regions of the world. While there appears to be a fairly general agreement
that wastewater treatment plants contribute the largest annual amount of
phosphate, other sources can be large contributors. A potential source of
phosphorus is bottom sediments which have phosphorus reserves that have built
up over the years. Evidence is developing that even the most insoluble forms of
phoshorus which can be present in these sediments as calcium hydroxyapatite are
available as a nutrient for algal growth, and that this occurs under both aerobic
and anaerobic conditions (Weaver, 1969). Factors affecting or controiling
phosphate solubility in sea water are numerous. Among them are the effective
surface area of phosphate particles, phosphate type, temperature and pH of




IOC Workshop Report No. 126
Scientific Contributions - page 146

seawater, oxygenation state of the system and the interaction amongst different
sediment types in any localility.

In this report the problem of phosphate pollution in the northern portion of
the Gulf of Agaba particularly within the Jordanian waters is reviewed and
discussed, based on previous scientific reports which appeared during the last two
decades.

The Northern Gulf of Aqaba. Jordanian Coast

The Gulf of Agaba is characterized by warm, clear and very deep water, low
productivity, long water residence time, and fringing coral reefs with large biological
diversity and very high productivity. It embraces also exceptionally productive
seagrass meadows which yield oxygen and host many associated species of flora
and fauna. These ecosystems are recognized to be of particular importance as
nursery areas for certain species of fish, and a source of food for turtles, fish and
numerous invertebrates. Appropriate shallow water habitats with at least three
kinds of seagrass occur in many places along the entire Guif shoreline.

Coral reefs in the Gulf Agaba, among the most spectacular in the world for
sheer beauty and biological diversity, represent the nothernmost limit for reef
corals in the Western Indo-Pacific region. As many as 140 species of corals
contribute to the construction of reefs in the Gulf. However, hundreds of other
organisms, plants and animals are vital to the survival and development of these
ecosystems.

The Jordanian coastline on the Gulf of Agaba extends for 26.5 Km (Fig.1)
Developments along the nothern portion of the coast include the construction of a
modern town of many housing areas, roads, hotels, sewage treatment plant and
international airport.

The northern most tip of the Jordanian coastline is known as the hotels area.
This area is characterized by its soft sandy beaches, the presence of scattered
seagrass meadows and the absence of reef building corals.

The area between the Royal Yacht Marina and the main Port is shallow and
represents the remainings of the northernmost coral community in the Gulf of
Agaba. The area which is partly used as a "marina" for fishing and glass boats has
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a significant natural and tourisitic value due to its richness and close vicinity to the
town.,

The north-eastern part of the Jordanian coastline, south of the glass
boat"marina” is known as the ports area and includes the main port, the phosphate
berth, the rice, cement and clinker port (Al-Mushtarak port), containers port, as well
as the ferry (passengers) port.

South of the ports area and along the middle part of the eastern coast
(Middle or Tourist Development Zone) extends a semi-continuous, actively growing
and exceptionally productive coral reef of the fringing type. The Marine Science
Station Nature Reserve constitutes the northern boundary of this zone. Mountains
in this zone are set back further from the shore and regularly arranged fringing reefs
related to the series of small embayments are situated where one or more Wadis
(small valleys) occur in the sides of the coastal mountains. The fringing reefs are
best developed on the headlines between these embayments, while the occasional
floodings from the Wadis with their load of fresh water and sediments tend to
prevent coral growth in the back of these embayments. This Tourism Development
Zone extends for about 6.5 km southwards to the Royal Navy Port and includes the
proposed Agaba Marine Park.

The south coast which extends for about 5 km from the Royal Navy Port to
the Saoudi Arabian border accommodates many important industrial enterprises
which include, in addition to the oil terminal, Agaba Thermal Power Plant (ATTP),
Fertilizers Plant of Jordan Phosphate Mining Company Ltd (JPMC) and Arab Potash
Industry (APl) storage and loading faciiities.

Climate of the Area

The climate in the area is hot and dry. June,July and August are the hottest
months. In the period 1953-1987 the average air temperature during these summer
months ranged between 30.6 and 32.1 °C compared to 14.9 to 17.6 °C during
winter months of December, January and February (Jordan Climatoigical Data
Handbook, Meteorological Department, 1988).

The relatively high temperatures throughout the year are coupled with low
relative humidity. The mean relative humidity averaged 29% in the period 1960-
1987. The average yearly rainfall as recorded by the Agaba Station in the period
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1959-1987 was very low and ranged between 30.6 tO 32.1 mm (Jordan
Climatological Data Handbook, Meteorological Department, 1988).

Wind in the area blows from the north 85% of the time (Hulings, 1989).
Southerly wind occurs during 9% of the time.

Physical, Chemical and Biological Characteristics of the Area

Tides in the area are semidiurnal. However, a distinct diurnal inequality in the
high and low tides has been reported by Hulings (1989), who preferred to describe
them as "mixed " rather than semidiurnal. He reported a spring range of 90 to 100
cm and a neap range of 25 to 50 cm.

Currents follow a clockwise direction (Hulings, 1979). However, reversal in
direction occurs with changes in wind direction, especially with prolonged southerly
winds {Hulings, 1989). The currents run parallel to the eastern shoreline at a depth
range of 20-60 m, with a velocity of 5-10 cm.s'. Closer to the coast, the speed is
only of 2.8 cms’'.

Water temperature from the surface down to 200 m ranged between 20.7 in
early March to 26.0C in early August. But temperatures of about 30C may occur
in shallow coastal areas during the warmer months (Hulings, 1979).

Salinity of sea water in the area is relatively high and ranges between 40.0 to
40.5. Vertical salinity differences are very small between 50 and 150m (Klinker et
al ., 1976). It is 40.6 for the 0.0 -300 m water column which indicates that the
water of the Gulf is well mixed and lacks any stratification within this layer.

The surface water of the Gulf is well oxygenated, values between 6 mg.l"’
have been recorded during the last two decades by the Marine Science Station and
by visiting scientists (Klinker et al.,1976 Seguin, 1978). Surface water saturation
levels are always between 98 and 103%.

The Gulf waters are exceptionally clear. Their high transparency is partly
related to the absence of rivers or major streams flowing into the sea. Occasional
storm generated floods transport nutrient-bearing sediment debris from the
surrounding wadis into the Gulf, via alluvial fans. Wind-borne sediments account for
some input of suspended matter, nutrients and metals . In recent years many
pollutants, including suspended matter, have come from ships, land-based human
activities and from population centres. These sources of pollution, in addition to the
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phosphate berth as a source for phosphate dust particles, are responsible for the
deterioration of the water clarity in the area.

Sources of Pollution in the Northern Guif of Agaba and their Environmental Impacts

The natural, background, loadings with pollutants in the northern Gulf of
Aqaba are very small. Therefore, small discharges to the Gulf water may
significantly increase the concentration of pollutants in this sensitive coral reef
environment, and lead to change in its plant and animal communities. Generally
speaking, coastal development and port activities usually have a large impact on
the marine environment. [n the northern Gulf of Agaba, Port activities urban and
tourist development of the coast are at present concentrated primarily at the
northern tip of the Gulf and are expected to increase. The port cities of Eilat and
Agaba are the major centres of development along the Gulf coast. In addition,
there are several towns and tourist villages existing or under construction along
the Egyptian coast. Residential, commercial, port, shipping and tourism activities
are associated with these cities and are expected to increase in the future. In
contrast, there is very little development , existing or planned, on the Saoudi
Arabian coast.

The principal industrial activity in the Gulf is shipping. Major shipping
activity is conducted by Jordan and Israel. In Israel, the town of Eilat (population
of about 35,000) occupies 14-kilometers of the Gulf coast. The port facilities
accommodate a container port, two oil terminals, a naval port, Ro-Ro (roll on-roll
off) port and an old port. For Jordan, Aqaba (population 63,000) is the only point
of maritime access and has a major role in import- export. The total movement of
goods through the Agaba main port, including phosphate, container and industrial
ports in 1994 exceeded 2485 ship loads. Import totalled more than 3.92 million
tonnes while exports totalled 10.57 million tonnes, including about 4.0 million
tonnes of raw phosphate, about 517,788 tonnes of chemical fertilizer and large
quantities of potash and cement clinker (Table 1). The present uses of the coast of
the northern Gulf of Agaba are diverse, expanding and interrelated. The sources of
pollution from human activities are numerous and include: tourism, fishing,
maritime activities in ports and oil terminals, wastewater disposal from the sewage
treatment plant, mariculture and fish farming projects, desalination plants (Eilat),
power plants (Eilat and Agaba), boat repair facilities, and major industries {Agaba).
The environmental impacts resulting from the above mentioned activies are related
to stresses, pollutants, physical destruction and / or deterioration of physical and
chemical properties of seawater.
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Pollutants in the marine and coastal environment of the Guif include:
sewage and related nutrients; cooling water from major industries, (Fertilizer plant),
power plants and desalination plants; oil and related hydrocarbons and other
hazardous materials., heavy metal; organic substance; suspended matter which
increase water turbidity; marine debris and litter; phosphate dust and related
pollutants such as trace metails, fluoride, and uranium.

Physical impact on the quality of sea water and on the coastal enviroment is
considered as a critical problem, particularly in sensitive coral reef areas.
Construction along the coast, effluents dumped into the sea, cooling water
systems, ship activities and anchoring, tourism and diving activities, posphate dust
lost to the sea, man-made litter and fishing gear, usually result in serious physical
damage to all marine communities, particularly to corals. These impacts result in
the gradual degradation of coastal and marine resources. The cumulative damage
to the environment is of significant concern.

At present, there is a general concern for the condition of marine habitats
along the Gulf of Agaba coast. Marine communities across many habitats are
showing signs of increasing stress . Degradation of the marine and coastal
environment in the Gulf includes :

a-loss of coral areas due to coastal constructions of ports, power plants,
desalination plants, industries, marinas and tourist facilities.

b-physical damage to corals by divers , beach users, boat anchors and souvenir
collectors.

c-Reduced seagrass meadows compared with historical distribution.

d-Reduced fish catch and increased fish kills because of unregulated commercial
and sport fishing.

e-Stress on or loss of marine life because of discharge of high salinity desalination
residual water or high temperature cooling water.

f-Coral degradation and reef siltation from coastal development and accumulation
of phosphate dust particies.

g-Physical damage to corals, fish and mammals from marine debris such as fish
traps, lines, nets and litter accumulation.
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Phoshate Pollution - the Magnitude of the Problem

Municipal sewage from Agaba and Eilat towns was the major source of
phoshate pollution. Now, there are no direct discharges of sewage to the Gulf from
the Egyptian or Jordanian coasts . By comparison, the municipality of Eilat was
discharging approximately 4 million cubic meters per year of primary treated
wastewater. However, recent reports indicate that sewage dumping into the Gulf
water from this city has been stopped. The effluent of the city's new treatment

plant is to be applied to irrigation with no discharge to the Gulf other than on an
emergency bypass basis.

Of all the bulk material loaded at the port of Aqaba, phosphate dust appears
to represent the most significant problem during the last two decades. Phosphate
rock in the form of fluorapatite is exported through Agaba port in millions of tonnes
annually. In 1994, 3,825,000 tonnes were exported. The total amount of
phosphate exported during the last five years (1990-1994) was about 21 million
tonnes (Table 2) (Agaba Port Corporation, 1995). The phosphorus content of the
rock , calculated as P205, ranges from 30.8 to 33.9% with the remainder
consisting of calcium (50.37 - 52-20%) as Ca0 and fluoride (3.53 -3.99 %)
(Abu-Hilal, 1985).The chemical analysis of the various grades of rock phosphate
(Table 3) indicates that it contains substantial percentage of Fe, Al, Mn, Sr, Mn, Ti,
F and organic matter. It contains also high levels of some trace metals such as U,
V, Cr and As (Table 3).

It has been estimated that 0.1% of the exported phoshate is lost to the sea
during loading operations (Abu-Hilal, 1987, Schuhmacher et al, 1982). Freemantle
et al.{1978) gave relatively higher estimates {1%).

In 1985, the Jordan Phosphate Mines Company estimated the loss to be of
0.05 % of the amount handled (Abu-Hilal, 1985). However the percent loss must
have been much lower during the last 4 years because of the installation, by the
Port Corporation, of choke feeders. However, no estimate was made after the
installation of these choke feeders. Yet some of the phoshate is still reaching the
marine environment in the close vicinity of the phophate port and some fine
phosphate dust is lost to the atmosphere in the same area. Because of their
relatively high density, the fine sized (0.07-1.00 mm), sparingly soluble phosphate
rock particles are mostly deposited near the phosphate loading berth (Abu-Hilal,
1985). After sedimentation, bacterial activity and other environmental conditions
such as low pH and anaerobic sedimentary environment may enhance the solubility
of the insoluble phosphate particles and increase the rate of release of the toxic
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elements present in these particles (e.g Cu, Cd, Zn, F and U) as well as the
concentration of dissolved phosphate, to the surrounding marine environment.

Prior to the early 1970's, limited data were available on phosphate and
nutrients in the Red Sea and even less for the Gulf of Agaba (Morcos, 1970).
Subsequently a number of investigations on nutrients have been conducted in the
Gulf and results have been reported by Freemantle et al (1978), Klinker et
al.(1978), Mulqi (1978), Levanon Spanier et al. (1979), and Hulings and Abu-Hilal
(1983).

During the 1980's it was realised by scientists in the area that phosphate
pollution problem in the northern portion of the Guif of Agaba needs more attention.
The first investigation along the Jordanian coast was made by Mulqi (1978) who
studied the effect of phosphate dust on the levels of dissolved phosphate, calcium
and magnesium in sea water and sediments. Normal levels of calcium and
phosphate were found in all water samples (0.4 ug - at P ') except near the
phosphate berth and the nearby Agaba sewage outlet (closed since 1985) where

the phosphate was relatively higher (0.7 ug - at I”") (Freemantle et al, 1978). In
solubility studies for various types of phosphate dust, up to 20 ug -at P I7' were
found to dissolve in Agaba seawater. It was concluded that the phosphate

released by dissolution of phosphate dust particles is rapidly diluted and dissipated
in the waters of the Gulf (Freemantle et al.,, 1978). The same year Klinker et al.
(1978) reported phosphate in the Gulf ranging from about 0.03 to 0.99 yg - at I’
over a depth range from the surface down to 600 m. However, they did not
include in their report the episodic, extremely high phosphate content (> 2.5 yg-at
[7') throughout the water column near the town of Eilat. They attributed this
abnormally high phosphate value to air-transported particulate phosphate brought
into the waters from the loading facilities in both Eilat and Agaba ports. A year later
another report on primary production in the Gulf of Agaba was published by
Levanon-Spanier et al (1979). The low phosphate values included in their report for
the waters of the Gulf including the water of a station near Eilat were in the same
range (0.03-0.90 pg-at I7') as reported previously by Klinker et al (1978), and
they did not relate their findings to any source of pollution. Three reports
appeared during 1982 by Hulings (1982), Walker and Ormond (1982) and
Schuhmacher et al (1982). Hulings (1982) reported on the distribution of uranium in
the surface sediments within the Jordanian sector of the Gulf. On the basis of the
results obtained from the analysis of a limited number of coastal sediment samples,
it was concluded that uranium concentrations were relatively high (up to 3.6 ppm).
He indicated that a higher concentration of uranium was associated with phosphate
dust poliution at a site located nearby the phosphate loading berth.
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In view of the fact that many workers have shown that calcification in reef
corals can be suppressed by a large increase in phosphate concentration in the
surrounding waters (Simkiss, 1964; Kinsey and Davies, 1979), Walker and Ormond
(1982), conducted an intensive survey on the coral reef near the phosphate berth
and other sites along the Jordanian coast. They related the increased algal growth
and coral death near the phosphate berth to phosphate poilution from the loading
berth. In 1983 Hulings and Abu-Hilal (1983) published the first report on the
distribution of dissolved inorganic phosphate and other nutrients in the surface
waters of the Jordan Gulf of Agaba. They collected samples from six offshore
stations and eight coastal stations including one station south of the phosphate
berth and close to the sewage outlet (not used now). They reported an annual
mean value of 0.27 and 0.24 ug - at |I™' in surface waters at the coastal and
offshore stations respectively. The relatively high levels of phosphate (0.90 ug -
ati™') they found at the latter station was attributed to the sewage effluent from the
main sewage outlet and phosphate dust from the phosphate berth.

The use of sediment and suspended particulate matter for monitoring
contamination in the marine environment is widely accepted by marine scientists.
Sediments are considered a suitable reservoir for pollutants since many pollutants
have strong affinities for sediments in receiving water. Therefore, the concentration
and distribution of these pollutants in sediments can serve as an indication of time
history and extent of pollution discharge in specific areas. Moreover, the study of
the physical, chemical and biological characteristics of the sediments can be used
as a useful monitoring tool. Knowing this fact, scientists in the area started to
monitor the environment of the Gulf of Agaba and the phosphate dust pollution
problem by analysing sediment samples in addition to water and biological samples.
Many reports appeared during the 1980's and 1990's that dealt with phosphate
and other pollutants, their magnitude, distribution and effects on the environment
the Gulf.

Abu-Hilal (1985) tried to assess the magnitude of the phosphate problem,
the distribution of total phosphorus, fluoride, calcium and calcium carbonates and
their association with each other. Sediment cores were used for this purpose.
Abnormally high values of total phosphorus and fluoride were found near the
phosphate loading berth (Table 4) which decreased with increasing distance from
the berth. The results indicated that phosphate pollution is mainly localized in the
vicinity of the berth although its influence was detected in other areas along the
coast. The resuits also indicate that the levels of total phosphorus had increased at
the berth area by at least an order of magnitude as compared with Mulqi (1978). As
a followup to the problem, Abu-Hilal (1986) studied the distribution of fluoride in
sediment and water samples collected from selected areas along the whole



I0C Workshop Report No. 126
Scientific Contributions - page 154

Jordanian sector of the Guif. Normal fluoride concentrations were found in the
water samples, whereas abnormally high values of fluoride and total phosphorus
were found in the phosphate-polluted sediments, particulary from the phosphate
berth area (Table 4). According to Abu-Hilal (1985) it was not enough to measure
the concentration of reactive phosphate in water or the total sedimentary
phsphorus in sediments to assess the potential effects of phosphate poliution in the
area. A detailed study was carried out therefore on the sedimentrary phosphorus in
sediment cores collected from seven localities along the Jordanian sector of the
Gulf (Abu-Hilal, 1887). It was found that the apatite fraction was the predominant
form of phosphorus in polluted and unpolluted , calcareous and terrigenous
sediments. The non-apatite inorganic phosphorus (NAIP) values were almost equal
in all unpolluted sediments and much higher in polluted sediments. It was noted
also that all forms of phosphorus except the (NAIP) are poorly or negatively
correlated with organic matter concentration. It was concluded that all forms of
phosphorus were more abundant near the phosphate berth and that the apatite
fraction concentration was anomalously high in the same area, which reflects the
effect of phosphate rock particles that reach the sediments during the loading
operations. It was pointed out that the concentrations of all forms of phosphorus
decrease down within the cores and with increasing distance from the phosphate
berth.

In a continuing effort to make more data available on the magnitude of the
pollution problems, the pollutants distribution and the contribution of the phosphate
dust particles to these problems, the author studied the distribution of many trace
metals and organic matter in sediments of the northern Gulf of Agaba (Abu-Hilal,
1987; Abu-Hilal et al. 1988; Abu-Hilal and Badran, 1990). The effect of the
sources of pollution on the levels and distribution was pointed out. The contribution
of each source to selected sites was assessed on the basis of metal abundances,
pattern of distribution, relative proportions of metals and other sediment
parameters. High levels of Cd, Cu, Pb, Zn, Ni, Co, and organic matter was found
in the sediments of the port area (Table 4).

This was attributed to the presence of major sources of pollution, including
intensive ship and boat activities, domestic sewage discharge (discontinued) and
phosphate dust particles reaching the sea from the phosphate berth. The high
levels of Cd, Cu and Zn were attributed mainly to the heavy settleable phosphate
dust particles from the phosphate berth, since these particles contain high levels
of Zn (190-490 ppm), Cd (6-9 ppm) and Cu (19 -48 ppm ) as reported by Abu-Hilal
(1987). It was noted that the surface and vertical distributions of trace metals in
this polluted site were similar to the distribution of total phosphate-phosphorus,
Fluoride and organic carbon which confirms the association of these pollutants with
the deposited phospate particles .
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To have an impact on aquatic organisms, metals and other pollutants must
be in a form that is biologically available to them. The bioavailability and recycling
of trace metals in aquatic environments depends largely upon the geochemical
fraction with which the metal is associated in that environment. Bearing this in
mind, in addition to the fact that phosphate dust particles are sparingly soluble in
sea water under the normal pH levels of Aqaba sea water (> 8.2 ) the author tried
to determine the chemical forms in which the above mentioned trace metals are
likely to occur in various sediment phases from the northeastern tip of the Gulf
(Abu-Hilal , 1993). Previous findings by Abu-Hilal(1987) and Abu-Hilal and Badran
(1993) were confirmed. Unusual and highest total concentrations of Cd, Cr, Cu, Ni,
and Zn were present in the sediments of the phosphate berth area. The
concentration of Cd is 1.8 - 3.5, Cr, 1.8 - 10.5, Cu, 2.2 - 3.6 and Zn, 5.5 - 8.2
times higher than their respective concentrations in other sites of the area. It was
found that the non-lithogenous fractions of each element, which is made of the
exchangeable, carbonate-bound, Fe-Mn oxides-bound and organic matter-bound
fractions contribute high percentage (38 - 94.7) of the total element
concentrations, which confirm the polluted nature of the sediment in the area. The
investigation indicated that Fe- Mn oxides and hydroxides-bound fraction was the
most important non-lithogenous phase for all metals in the area. It was concluded
therefore that Fe and Mn seem to play a major role in scavenging the non-
lithogenous metals in this fraction .

Because uranium is present in high concentrations (82 - 162 ppm) in the
Jordanian raw phosphate exported through the Agaba port, it was felt necessary
to study its distribution and determine its levels in the marine environment of the
northern portion of the Gulf. This was made by Hulings (1982) and Whitehead et
al. (1987) who determined uranium concentration and distribution in sediment
samples from selected sites within the area. It was concluded that uranium
concentrations were relatively high (up to 3.6 ppm) near the phosphate berth area
and that the accumulation of uranium was localized. Very recently, Abu-Hilal (1994)
determined the levels of wuranium and investigated the relationships between
uranium concentrations in sediments, corals, algae and seagrass species common
to the area in various depositional environments. It was intended to assess the
effect of the large input of uranium-rich phosphate dust particles on uranium
concentrations in selected organisms and in sediments of the Jordanian sector of
the Gulif. The report highlighted very important resuits and conclusions. It was
found that uranium contents were relatively high in all localities and ranged from
2.5 - 16.2 ppm. Unusually high values (5.0 - 16.2 ppm) were found in the port area
near the phosphate berth{Table 4). The concentration of uranium was decreasing
to the north and south with increasing distance from the berth . Significant vertical
changes in uranium concentration were found within the upper 15 cm of individual
cores at the phosphate berth area only. At this site the uranium content decreased
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from 16.2 ppm in the top 2 cm to 5 ppm in the lower section of the sediment core.
It was noted that this decline was accompanied by a parallel decline in calcium and
P205 content within the cores. Accordingly, it was also concluded that the
deposited uranium-rich phosphate particies are the main source for this pollutant in
the area. It was possible to conclude from the results of the same study (Abu-Hilal
1994) that the phosphate dust particles increased the element concentration in
corals collected from the phosphate berth area (7.5 - 12.5 ppm) by a factor of 1.8
compared to corals (6.7 - 7.6 ppm) collected from other localities along the
Jordanian sector of the Gulf of Agaba. The relatively high uranium concentrations
in the tissues of some algae and seagrass species collected from the phosphate
berth area { 7.5 - 12.5 ppm) compared to species from other localities (2.3 - 7.2
ppm) were attributed also to the phoshate dust particles.

The general conclusion that can be drawn from all the reports on the
environment of the nothern Gulif of Agaba, is that phosphate dust particles are a
major source for total phosphate-phosphorus, Cd, Zn, Cu, F and U in sedirnents.
Moreover, it is a potential source for these poliutants for benthic fauna and flora in
the northern Gulf of Agaba. The possible dissolution of the phosphate dust
particles may increase the concentration of dissolved phosphate and metal species
in sea water of the Gulf. Eutrophication is the most dangerous potential
consequence, phosphate dust deposition on coral reefs and low caicification rate in
corals (phosphate poisoning) are other important consequences (Simkis, 1964).

The effects of phosphate dust are not limited to the introduction of chemical
species in the marine enviroment. It also increases the total load of suspended
matter and the sedimentation rate in the affected areas, increasing water turbidity
and thus adversely affecting marine life. The phosphate berth area is characterised
by a relatively high load of suspended matter, high sedimentation rate and
decreased water transparency (Table 5).
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Table 1:

Year Ships Exports/ Imports/ | Total/ tonnes
tonnes tonnes
1990 2,222 8,871,857 |6,164,599| 15,036,456
1991 2,075 7,677,470 15,547,988 13,225,468
1992 2,430 7,361,798 16,021,703] 13,383,501
1993 2,49 6,381,181 |5,252,689}) 11,633,870
1994 2,485 6,648,377 | 3,923,903} 10,572,280
Table 2: Grand total exports (tonnes) of phosphate fertilizer and other

Ship traffic and grand total exports and imports at Aqaba Ports

during the last five years.

Industrial metrial through the Agaba Ports during the last five years.

Year Phosphate Fertilizer Potash Cemment
1990 4,874,002 668,656 | 1,393,744 | 1,365,674
1991 3,564,960 663,263 ]| 1,265,294 | 1,268,429
1992 4,263,880 549,109 | 1,234,588 | 1,005,571
1993 3,564,960 | 412,245 | 1,452,063 694,453
1994 3,825,000 517,788 | 1,500,854 516,145




Table 3:

Some constituents

phosphates (%).
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of various grades of Jordanian

rock

Constituent

Grade

El-Hassa El-Abyad Eshidiya El-Hassa
P.O, 33.90 ] 32.04-332.95 | 33.40-34.32 32.50
Ca0 52.20 49.00-50.50 | 50.00-51.50 51.00
CO, 4.20 4.00-5.00 3.00-4.00 4.00
SiO, 3.15 4.50-6.50 3.00-5.50 5.00
Fe, 0, 0.17 0.18-0.30 0.15-0.30 0.22
Al.O, 0.20 0.40-0.50 0.20-0.40 0.52
MgO 0.23 0.20-0.35 0.10-0.25 0.25
SrO 0.25 - - 0.22
MnQ 0.01 - - 0.01
TiO, 0.04 - - 0.04
F 3.99 3.50-3.80 3.50-4.00 3.89
Organic 0.14 0.12-0.20 0.10-0.40 0.14
matter
Trace metals
(ppm):
U 73 105
\Y} 60 130
Cr 50 72
As 9 10
Cd 6 9
Cu 19 25
Mn 77 77
| zZn 190 il 190
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Table 4: Concentration of total phosphate, fluoride, uranium, cadmium,

copper, zinc and lead in sediments of the Gulf of Aqaba.

Pollutant Location (station) Reference
1 2 3 4 5
Total Phosphate-|0.090]0.124 | 18.62 |0.096]0.083 1
P (% P,0,) 0.09310.130118.71 10.10710.083 2
0.19 ]0.310] 12.36 |0.090]0.100 5
Fluoride % 0.014]10.103] 2.64 |]0.013}]0.014 2
0.014] 0.10 | 2.65 }0.012]0.013 1
Uranium (ppm) - 5.0 16.2 | 3.94 - 4
Cd- Total (ppm) 4.0 13.7 | 3.94 - 3
-non lithoginous 2.2 - 12.7 2.6 - 3
Cu-total (ppm) 9.0 - 25.6 |115.5 - 3
- non-| 7.2 - 23.6 7.2 - 3
lithogenous
Zn-total (ppm) 35.2 - 194.9| 32.3 - 3
- non-|152 - 173 15 - 3
Iuhogenous
Pb-total (ppm) 101.5 - 168.3 ] 96.3 - 3
) Non-l g - |1395]|625) - 3
Inhggenous

1. Abu- Hilal (1985)
4. Abu- Hilal (1994)

2. Abu- Hilal (1986)

3. Abu- Hilal (1993)

5. Abu- Hilal and Al-Moghrabi (1995}
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Table 5: Secchi disc readings, suspended solids (TSS) and sedimenation
rates recorded at the northern Gulf Aqaba (Jordan).
Station Secchi disc TSS Sed. rate Reference
reading (m) (mg.1') | mg.cm.day - *
Hotels Area 21.0 2.09-3.08 - (1)
Phosphate Berth 21.8 1.96-2.97 - (1)
24-25 2.60-3.13 3.15 {(3)
Marine Sci. Station 27.0 1.60-1.80 0.77 (3)
Industrial Area
-Fertilizer Industry 18.30 2.29-3.86 ) (1)
25.3 2.30-3.02 0.35-1.48 (2)
34.0 1.56-3.86 - (3)
Thermal Power - - - (1)
Plant 20 1.30-3.02 0.49-1.50 (2)
0.41__-_073

* (1) Abu- Hilal and Al-Moghrabi (1995)
(2) Abu- Hilal and Al-Moghrabi (1994)

{3)Marine Science Station Monitoring Programme (1994)
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THE ROLE OF MARINE PARKS AND RESERVES AS A
MECHANISM FOR LARGE SCALE MANAGEMENT OF COASTAL
RESOURCES

by
M.P.Pearson

Ras Mohammed National Park Sector Development Project
Egyptian Environmental Affairs Agency

Abstract

Recognizing the close linkage between coral reefs, associated marine
environments and tourism development objectives in Southern Sinai, the
Government of the Arab Republic of Egypt developed, with assistance from the
European Union, the Ras Mohammed National Park at the Southern extremity of
the Sinai Peninsula. The National Park, now extended to cover 52% of the Egyptian
Gulf of Agaba littoral, has become the driving force behind a successful coastal
zone management strategy that has achieved a balance between economic
development activities and the conservation of critical marine resources.

Introduction

The purpose of this paper is to present, in the form of a case study, a model
for integrated large scale management of coastal resources applied on the principles
of coastal protected areas management. The case study will address the evaluation
of Ras Mohammed Marine Protected Area (97 Km and 0.6% of the Egyptian littoral
on the Guif of Agaba), Declared by Law 102 of 1983, into what is presently known
as the Ras Mohammed National Park Management Sector. The Management Sector
comprising the Ras Mohammed National Park .and the Managed Resource
Protected Areas of Nabq and Abu Galum, together represent 2000 km of surface
(marine, coastal and terrestrial) and 52% of the Egyptian littoral on the Gulf of
Agaba (fig-1).

The recognition that resource based tourism is limited by the condition and
health of those resources that have engendered it is now well established. The
Government of the Arab Republic of Egypt, conscious of this limitation, has charged
its Environmental Affairs Agency with the task of ensuring that coral reefs and
associated ecosystems are protected while permitting tourism development
objectives to be reached. This mandate has become the basis for a successful
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coastal zone management plan that is establishing a balance between the
development of coastal areas and the protection of their biodiversity and habitats.

c LP | in South Sinai

At the request of the Government of Egypt a study was carried out
(Pearson,1988) to determine the feasibility of and technical requirements for the
development of the Ras Mohammed Marine Protected Area. The study proposed
that the protection of coral reefs and associated environment in Ras Mohammed
from rapidly encroaching tourism development could be achieved through; a)
upgrading its status to that of National Park, b) re-definition of its boundaries and
increasing its area to 210 km, c) establishment of strong management on the basis
of the legal instruments pertaining to Protected Areas in Egypt, d) establishment of
a monitoring programme to evaluate and modify management measures. This
approach was meant to mitigate against rapid tourism development that would have
seriously reduced the resource base in the time required to establish a resource
inventory and apply traditional area management procedures.

Development of the Ras Mohammed National Park was initiated in 1989 with
Technical Assistance and support from the European Union. The initial development
phase lasting 30 months established the basis of an area management plan,
provided essential equipment, initiated a public awareness campaign, recruited and
trained staff and established a rudimentary, monitoring programme. The initial
phase also demonstrated that resource management and strict protection measures
did not imply a limitation to development activities.

It was shown that all development in Southern Sinai is resource based and
that environmental degradation would lead to reduced economic potential and
capital loss. The Government of Egypt reacted rapidly and declared all coastal area
fronting the Sharm El Sheikh development zone as an integral part of the National
Park. In so doing the government recognized the linkage between tourism
development activities and coastal marine resources (coral reef and associated
environments).

During 1992, following acceptance of the second phase of development for
the National Park (Pearson 1991), the Government of Egypt declared the Nabq and
Abu Galum Managed Resource Protected Areas. These areas including a Coastal
Managed Area linking them (Fig-1) were added to the National Park to establish the
Ras Mohammed National Park Management Sector.
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Declaration of the above mentioned areas followed an extensive appraisal of
planned development activities in Southern Sinai. Coastal environments were
surveyed and classified according to uniqueness and sensitivity. Terrestrial
environments were subject to similar appraisals given the linkages existing between
marine and terrestrial environments. The studies led to the formulation of a plan
that would establish Protected Areas adjacent to development zones on the Gulf
of Aqaba. In so doing, development areas would be separated by large protected
Areas that would provide space, undisturbed natural systems, economic
opportunities in nature- based tourism and a mechanism to regulate development
activities on an equitable basis firmly established on the principles of common
property resources.

Envi Limplications of rapid tourism devel .

South Sinai's proximity to European tourism market and the economic
requirement for foreign exchange due to tourism in Egypt have together resulted in
rapid growth of tourism developments and associated infrastructure in South Sinai.
Expansion and development of a tourism- based local economy (table-1) is reflected
in the number of beds available in the area, 1030 in 1988 and an expected 12248
in 1995 (based on existing constructions due for completion in 1995). A
development ceiling for the Sharm El Sheikh area has been set at 23,000 beds.
Conservative estimates based on an average annual occupancy of 70% (National
Park Surveys) imply that in 1995 approximately 520,000 visitors are expected to
access the area.

The environmental consequences of tourism activities on fragile coastal
ecosystems have been reported from numerous locations globally.In Egypt, the Red
Sea resort complexes at Hurghada are a case in point. Unregulated tourism
development has modified coastlines through infilling, coral reefs and associated
environments have been severely damaged by siltation, anchor damage, fracture,
abrasion, collection and waste water discharges.
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Year 1988 11989 [1990 [1991 [1992 |1993 |1994 |1995
No. 5 7 8 15 18 27 36 40
Hotels

No. 565 694 805 1492 |1662 [2578 |4050 }6124
Rooms

No. 1030 |1276 |1358 |2906 |3306 |5190 |8234 [12248
Beds

Dive 5 6 10 14 16 18 26 30
Centers

S hor el|22 22 18 14 10 6 4 1
Diving Sites

Dive 23 25 47 60 89 120 200 240
Boats

Tablie.1: Tourism development trends. Sharm El Sheikh, Sinai, Egypt.

Unregulated tourism on coastlines adjacent to or fronted by coral reefs
results in the rapid deterioration of coral reef resources to critically low levels.
Species diversity on coral reefs is essential. Data on the dynamic of coral reefs is
still insufficient to predict the consequences of reduced biodiversity or to even
suggest at what point damage becomes critical and irreversible. It is therefore
imperative to regulate development and tourism activities in coral reef or reef
associated areas and to monitor impacts due to those activities on coral reefs.
Continuous, targeted, monitoring programmes provide the means to assess the
nature of damage and to propose mitigating measures to, where possible, redress
the problem and permit coral reef areas and coastal ecosystems to recover.

In South Sinai, regardless of the rate of development, regulatory procedures
established by the Egyptian Environmental Affairs Agency through its National
Parks and Protected Areas Department have been in place since 1389. These
procedures have effectively regulated tourism activities and related developments,
and in so doing, have significantly limited direct and indirect damage to coral reefs
and associated environments.
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Waste water discharges from either urban or development areas are absent
on the Egyptian littoral of the Gulif of Agaba. All domestic sewage is treated either
at municipal biological treatment facilities or by individual hotel operators using
biological compact treatment units. All effluents are then used to irrigate gardens or
small scale tree plantations. The treatment process is completed by root filtration.
As a result, there has not been any impact due to discharges on marine ecosystems
in general and coral reefs in particular on the Agaba coastline. Brine concentrates
from desalination plants are also regulated. Discharge of these into receiving coastal
waters are not permitted without prior dilution to a standard 10% of ambient
salinity (41-43PPT). Shorelines and coral reefs adjacent to discharge points are
closely monitored by National Park staff. Any changes to coastal environments
attributed to specific discharge point lead to immediate closure of that facility.
Agreed modifications are then carried out by the owner, verified by the National
Park, endorsed by the EEAA who then authorizes the facility to operate.

Divers currently represent 38% of the total number of visitors to Sharm El
Sheikh, down from 85% in 1989 . Despite this significant reduction in relative
resource use, the number of divers has increased since 1989. As a result, the
number of Diving Centers and the number of diving vessels they operate in the area
has increased from 6/25 respectively in 1988 to 26/200 in 1994 (Table-1). Damage
to coral reef due to diving activities has occurred (Table-2, Ormond, 1993}, but
these have been minimized through the use of fixed mooring, a total ban on the
use of anchors, a ban on fish feeding, diver education programmes (Table-3, Medio
et al ,1994) and close cooperation with commercial operators in the area. The
concept of community based management has been applied and this has now been
extended to include procedures to identify abnormal events on reef areas (Crown of
Thorns Acanthaster planci, Bleaching, White Band disease, human impacts, illegal
practices, discharge of hydrocarbons, etc.) Staff of the National Park monitor these
events and apply solutions to, where possible, reduce the resulting impact to coral
reef resources. The Crown of Thorns problem is investigated in cooperation with
the Great Barrier Reef Marine Park Authority (Lassig, 1994).
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Reef section Damage Damage Damage Damage |Damage
type. type. type. type. type.

dived/ undived Abrasion Crushed Broken Knocked | Bleache

over d

Mid reef flat. 0 0.01 0.16 0] 0

undived

Outer reef flat. 0 0.07 0.01 0 0

undived

Upper reef 0 0 0.01 0.01 0

face.

undived

Lower reef 0 0 0.09 0.32 0

face.

undived

Mid reef flat. 1.69 3.07 0.45 0.54 0

dived.

Outer reef flat. 3.08 0.75 5.33 0 2.23

dived

Upper reef 3.97 0.21 0.21 0.01 0.42

face.

dived.

Lower reef 0.02 0.01 0.1 0.03 0.07

face.

dived

Table 2. Damage to reef section on dived and undived reefs. Values given as

percentages of a square meter damage category. (Ormond, 1993).

Monitoring Coastal Marine R in the M Sector.

The nature of coral reefs and associated marine environments in the Guif of
Agaba have been described (Mergner, 1971, Sheppard et al, 1992), but regardless
of the volume of data available and published on this area, few data or analyses are
available to clearly define the nature, extent, complexity and linkages between coral
reefs and associated marine environments represented in the Guif. No data is yet
available to determine the susceptibility of these systems to human induced

impacts.
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Before briefing After briefing Control
Voluntary impact % of 50 65 40
total impacts.
Involuntary impact % of 50 35 60
total impacts. _
Voluntary on dead 4 60 30
substrate % voluntary
Voluntary on live corals 70 20 70
% voluntary.
Table 3. Changes in the number of impacts as a resuit of diver education (full

ecological and management briefing) prior to diving on coral reef in the
National Park. The values represent, as a percentage, the various
contacts diver has with the reef during observation periods, before an
ecological briefing, after the briefing and during control weeks where
no briefings were given

In order to assess the success of the management and regulatory measures
applied by the EEAA through the protected Area programme, and to determine the
impact of tourism and related development activities on the coastal ecosystems, the
National Park has established a Monitoring Unit whose function is to assess the
state of marine environments and to coordinate research activities of visiting
scientists.

Monitoring activities are designed to respond to both long and short term
objectives These can be categorized as follows:

resource inventories: baseline data and establishment of a comprehensive GIS
(ERDAS, ENVI software, SPOT and LANDSAT- TM images).

long term monitoring: fixed transects, permanent photo monitoring station, physical
parameters, dynamics and interactions of coral reefs, mangrove and sea grass
systems.




I0C Workshop Report No. 126
Scientific Contributions - page 172

short term monitoring: study and control of abnormal phenomena (crown of thorns,

etc.), beach dynamics, flash floods, assessment of artisanal fisheries and their
effect on reef areas.

evaluation of environmental impact assessments: verification of impacts and

mitigation measures for all development activities adjacent to or fronting Protected
Areas.

damage assessments and valuation of damage: shipping accidents and litigation.

co-ordination of research activities: visiting scientists and graduate students having

research and field work programmes in the National Park and Coastal Protected
Areas.

consuitancy services: protection of coral reef resources adjacent to tourism
development projects

laboratory facilities: operation and management of the laboratory facilities in the
Ras Mohammed National Park.

The National Park and protected Areas development programme has provided
an opportunity to address coastal zone management issues on a scientific basis.
Resource inventories and baseline data gathering requirements have been met
through the establishment of links with Egyptian Academic Institutions. Experts in
relevant marine and terrestrial disciplines have been contracted to provide data to
assess the nature of the resource base throughout the Protected Areas network in
South Sinai and from specific fixed monitoring stations.

Staff of the National Park, faced with the task of evaluating the success of
management decisions, have developed an effective technique to study changes on
coral reef and associated environments. This technique, uses GIS software in macro
mode to determine changes occurring at fixed photo monitoring station on
accessible reefs and closed reference reefs. Images taken at intervals (with zero
shift) are overlain and compared by the software which identifies all segments of
the image where a change has occurred. Using this technique it is possible to
determine: growth rates of sessile invertebrate fauna; damage to coral due to diver
impact; ecological interactions; competition for space; settlement rates; changes
due to natural events and any other parameter of interest to the reef scientist. The
technique being two dimensional has obvious limitations, but given that up to 89%
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of the biological material present is being recorded and given that images can be
retained for future reference, the technique remains a powerful management tool.

Other techniques used to assess the health of coral reefs and associated
environments are: in situ fish population estimations using visual census
techniques; the incidence of coral mortality due to pathogenic diseases; and fixed
belt transects at selected locations and on reference reefs (Medio et al, 1994).

The monitoring unit is called in any event resulting in damage to coral reef
areas (ship grounding, illegal collection of marine fauna, etc.). In these cases the
unit records the damage, assesses the implications of the damage and estimates a
period for recovery of the damage site. The unit then sets a monetary value for the
damage based on an economic valuation of the reef. . The economic valuation is
based on the total capital investment in resource based tourism in development
areas adjacent to the damage site and diving tourism revenues. Theoretical values
of the valuation process (existence value, future value, etc.) have not' been
considered.

The national Park also offers a free consultancy service to both investors and
local government authorities. In these cases, the monitoring unit will study the
ecological implications of proposed development on coastal resources. The resuits
are used by Park Management to either accept the proposal or suggest
modifications that will mitigate or eliminate expected damage. This service has
provided the National Park with the opportunity to establish partnership with
individual developers. These partnerships are based on the principle that coral reef
resources, though an integral part of the National Park ,are also critical to the
economic sustainability of the tourism project. Through the partnership, the
developer recognizes the existence of the National Park, guarantees not to alter or
damage coastline, not to discharge any effluent without prior approval, to prevent
all domestic waste water from reaching the sea and to make their guests aware of
National Park Regulations. The National Park remains available to the developer, on
request, to solve any problems.

Experience to date has shown that the above mentioned formula combining
management, monitoring and community based management all provided by the
National Park and EEAA are an effective means to achieve functional and equitable
large scale coastal zone management objectives.
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Replicability of the Eqyatian Coastal Zone M ol

The Coastal Zone Management Programme implemented in South Sinai on
the principles of protected Areas Management owes its success to increased
awareness and commitment to preserve marine resources by the private sector;
strong support for the programme by the government sector; and a solid legislative
basis for the implementation of controls and regulatory measures.

Conditions for achieving coastal zone management objectives are not
automatic, they are the result of considerable effort, argument, analysis and a slow
erosion of conceptual barriers that have traditionally linked resource protection
measures to development exclusion measures.

The result achieved in Southern Sinai are clear, the programme therefore
lends itself to replication in any coastal state having economic development
priorities where the resultant environmental implications of that development are
recognized.

Data from the World Conservation Monitoring Center (Table-3) suggest that

most countries having littoral on the Red Sea, also have Protected Areas declared
on that littoral.

Country No of Coral/Mangal Surface (Ha)
éeas
Djibouti 2 yes N.A
 Egypt 4 yes 228.300
Eritrea 1 " yes 200.000
Saudi Arabia 3 yes 510.200
Sudan 1 yes 26.000

The Egyptian model is transferable, the conditions for success are both
simple, clear and applicable within the economic framework and legal structure of
any of the above mentioned coastal states. The present climate of co-operation can
lead to technology transfers, training opportunities, networking and co- ordination
of monitoring programmes and the protection of marine and coastal ecosystems,
all on a regional basis.
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RAS MOHAMMED NATIONAL PARK SECTOR:
GROWTH AND DEVELOPMENT MILESTONES FROM 1983 TQ 1994
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{1]- The Ras Mohammed Marine Protected Area is enacted by Law 102 of 1983. The original boundaries in-
cluded the Ras Mohammed peninsula and the islands of Tiran and Senafir.

[2]- June 1989: The limits of the Marine Protected Area are extended. Its status is upgraded to that of a National
Park prior to and as a consequence of the implementation of the Ras Mohammed National Park Management
Project, a Technical Assistance from the European Communities to the Government of the Arab Republic of

Egvpt.

[3]- 1991. The two pants of the National Park are joined. The jurisdictional limits of the Park and the EEAA are
defined as the highest equinox tide line in this link area that fronts land designated for tounsm deveiopment.

{4] - 1992 The Protected Areas of Nabq and Abu Ghalum were declared by Prime Ministerial Decree 1511 of
1992. Both Protected Areas are classified as Multiple Use Management .\reas and, together with terntones con-
tained in the Ras Mohammed National Park, now comprise the Ras Mohammed National Park Sector (South Si-

nai Sector).
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