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Preface

The Globa! Programme of Action {GPA) for the Frotection of the Marine Environmerdt fram Land-based
Activities (UNEPIOCA)/LBA/IG.2/7} was adopted by an intergovernmental conferences held in Washington,
DC, USA, from 23 Cctober to 3 Novemhbsr 1985, The goal of the Global Programme of Action is to prevent
degradation of the marine envitonmant from-land-hased activities, by facilitating the realuzatmn hy States of
thelr duty to preserve and protact the marine environment.

The Washington Conference designated the United Nations Environment Programme (UINEP) as secratariat
of the Global Programme of Action and requested that, a3 coordinator and catalyst of environmental activities
within the United Mations system and beycnd. it should through its programmes and secretariat role:

{a} - Promote and facilitate implementation of the Programme of Action at the national fevel;

bl Fromaote and facilitate implementation at the ragional, including subregionel, level through, in
particular a ravitalization of the UNEP regional seas programmea; and

el Flay a catalytic role in the implemantation al the international level with other organlzatiens and
institutions.

The project for the Protection and Management of the Marine and Ceastal Areas in the Eastern African
Region (EAF/5) of the Food and Agriculture Organization of the United Natiens (FAQ)} was launched in 1993 by
the Eastern African Governments in collaboration with UNEP's Regional Seas Programme,. with the main
objective of developing, in celabaration with FAQ and other United Mations agencies and multilatersl and
hilateral denors, nationsl self-relianca in mattars related to the integrated davelopment and managemant of tha
envirerment of the coastal areas. The projact is part of the ongoing broadar concept within the framework of
the Reglonal Seas Programme’s Eastarn African Action Plan aimed at enhancing the guality of the marine and
coastal environments in partnership with coastal communities and their Governments in the Eastern Africen
region.

To facilitate implementation of the Glebal Programme of Action arcund the world, UNEP is grganizing,
duting the pariod 1396-19598, in cooperation with relevant regional sand international crganizations, a series of
technical workshogs of Government-designated experts, as well a5 representatives of relevant international
organizations, the private sector and exparts from non-governmental organizations. The purpose is to strength
national eapabilitias for protection of the atuatic environment from land-based activities, and to promota
regional and subregional cooperation. More specifically, the workshops are being convened with the following
alms:

{a) To review the general nhjér:tivas of the Global Pragramme of Artion and its implications;

iby) Te idantify possible eleaments of regional framework strategias, with apecial reference 1o
recommended approaches by sourca-categories;

{c) To consider the reguiremenls Tor development and implementation of national programmes, including
the assistance required and available for Lthis purpose through the crganizations supporting the Global Frogramme
ef Action; and

fd} To design and agree on general outlines for preparation of regional pragrammes of action to
address land-based activities.,

The present overview of land-based sources and activities affecting the maring, coastal and associated
freshwater environment in the Eastern African region was prepared as a main background document for the
workshap on implemertation of the Global Pregramme of Action in the Eastern African region, held in Zanzibar,
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The objective of the overview is to present information that will assist Governments of the region, koth
individually and collectively, in their eforts to protect the marine environment and achieve the sustainable
development of their cogstal and marine areas through integrated coastal-management initiatives. The overview
identifies and assesses the problems related to land-based setivities for each country and tha region as a
whaole. This infermatlon i intended to serve as the basis for establishing the pricrities for remedial actions. In
addition, management abjeéctives and approathes have been defined, and criteria preposed for the evaluation
ol their effectiveness.

UMNEP and FAOQ commissionad to the institute of Marine Sciences of the University of Dar es Salasm to
prepars the overview, which is based on national reperts from the following countries: Kenya, United Republic
of Tanzania. the Zanzibar state of the United Republic of Tanzania, Mozambigue, Madagascar, Mauritius,
Saychetles and Comores, The draft docurment was submitted to the above-mentioned workshop and was
revigwed and finalized basad on discussions and recommendstions provided by the governmeint-desiyngted
axperts participating, as well as recommendations by the UNEP Global Programme of Action Coordination
Office and the Coardinator of the FALD EAF/G projoct. The sssistance of B. Bawlins and J. Arthurton {(British
Gooplogical Society) in preparing the docurment is acknowledped.

The averview has three main objectives, namaly:
{al To review relevant infarmation and activities of the individual countrics comprising the region;

k) To identify the prioritiés and formulate recommendations for the problems arising frorm lfand-based
activities in esch eountry, 8nd the region as a whole: and

icl To provide a basis for the formulation of a regionzal programme of actian to address land-based
activitias in Eastern Sfrice.

The overview follows the approach recommended by the Global Programme of Action, as well as Lhe
layout prepared by tha Joint Group of Experts on the Scientific Aspects of Marine Environmental Prolectian
{GESAMPI far a globsl review on land-bazed sourcas and activities affecting the guality and uses of the
marine, coastal and freshwater anvironment [GESAMP, 1997}, and will also be used to provide data and
information for the global raview, currently being prepared junder tha leadership of UNEP} by the GESAMP
Working Group on Marine Environmental Assessmcnts, which is expected to be ready by 1958,



Executive Summary

This document provides 8 regional overview of
land-bazed sources and activities and their impacis
on the rnerine, cogstal end essociated freshwater
environmeants in the East African region. The ovarvigw
covers three cosstsl States [Kenya, United Republic
of Tanzanfa ITenzamal end Mozambique] and five
island States [Madagescar, Mauriting, the [slamic
Faderal Republic of Camaras {Comoros), the Zanzibar
state of the United Republic of Tanzania and the
Seychelles]. The rapidly expanding coastal populations
of the region exert ever-ingreasing pressure on coastal
habitets and resources. Land-baszed anthropegenic
activities such as agriculture and industry, coastal
urbanization, tourism and rock/mineral extraction,
disturb natural conditions and processes, degrading
coastal resources and habitats. The effects can have
serious social and economic implications. The
chjactive of the overview is to present information
that will assist Governments of the regien in their
offorts to protect the marine environment and achieve
the sustainable development of their coastal and
marine areas through integrated coastal management
initiativas.

There is a large degree of Uncettainty associated
with the source-inventory method for the estimation
of pollution leads from industrial and domestic
sources, on which all tha national assessments were
based. Yery few sciontific studies have been
conducted to determing tha concentration of specific
patlutants in fresh, ground, or coastal waters.
Therefore, the interpretations made in this report are
tentative.

The lack of infrastructure and treatment facilities
for the large quantities of domestic sewage generated
by expanding coastal urban populations, and an
increasing number of visiting tourists, represents the
greatest threat to public health; coastal habitats and
economic development in each State of the region.
Cther priorities requiring action include the effects of
siltation related to agricultural activity and the
dumping of sofid domestic waste leading to the
degradation of coastal habiists, with implications for
fish stocks and catches. Although eutrophication and
algal blooms associated with agricultural, industriat
or domestic sewage pallution have been identified as
g threat to coastal habitats, further scigntific research
iz required to link tha causes and effacts.

Strategies and measures are suggested to address
the priority issuas idantified. including the
imaorovament nf sawaas infrastructuras and more

I. Introduction
A. Nanueal gonditions and processes

. The East African region comprises 10 States,
four coastal States (Kenya, United Republic of
Tanzania, Mozambique and Somalia) and six island
States (Madagaszcar, Mauritius, Zanzibar stata of the
United Republie of Tanzanda, Comeros, the Saychelles
and Reunion} {Figure 1). They cover a wide range of
both political and aconomical development. Tha
coaztal region between Semalia and Mozambigue is
home to 19 million people with an average population
growth rata of & per cent in the main urban centres.
In tha mainland continental States, 20 per cent of
the population reside on 12 per cent of the land area,
exarting intense prassure on limited cosastal resources.
Allthe States of the region are heavily dependent an
thair coastal envirohments as sourees of faod, income
and employment. Rapidly expanding coastal
populations. &5 well as increasing industrial and
agricultural activities, are potential sources of land-
based pollution that thresten the sustainability of
coastal and maring ecosystemns and their associated
non-living resources.

This report considers land-based sources and
activities effecting the aguatic environment in Kenya,
the United Republic of Tanzania, Mozambigue,
Madagascar, Mauritius, the Zaneibar state ol the
United Republic ol Tanzenia, Comoros, and Lhe
Sevchelies. although relevant reports were requested
lrare Somalia and Reunion, they were not submilled
for incorporation into this regional assessmant. The
larnd areas and ithe lengths of coastlines of ali the

countries are shown in table 1.

Table 1. Physical charactetistics of the countries
considered in the overview

Country Aran Length of
{km?} coastline

{km)

Comorns? 1,660 a50
Kenyg® 508,045 500
Madagascar® BR2,797 5,100
Mauritius? 2,040 az0
Mozamhbiqua® 800,000 2,770
Savchallas’ 445 500
Tarnzana? 942,654 go0
Zanzibar 1.688 -

State of the
United Republic

nf Tanzaniah
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1. Climate and cceanagraphy

The climate of the ragion is generally tropical
humid to sub-humid. The monsoons are the dominant
influence on wind direction and strength, temperatura
and rainfall. They alzo affect the major coastal
currgnis. There are two monsoon geasoens: tha narth-
gast mansoon (November to February) is characterizad
by higher air temperatures and weaker winds
compared with the sanuth-west monsaan (April fo
September} with lower air tamperatures and stronger
winds., The names of the mansacons may vary
aceording to location within the region. The
inter-monsoonal periods, the months of Marchsapril
and Octobar/Movember, are typically calm.

The Sauth Equaterial Current and the East African
Coastal Current are strongest during the seuth-west
monsoon, the East Madagascar and the Mozambiquo

currant systems are strongest during the north cast

mongcon (Figure 2}, The Spmah Current shows
reversals in direction reflegting the alternating
mansoons. Tidal ranges vary greatly within the region
{Alusa and Qgalle T992). Along the mainland coasts,
the average Spring tidal range varics frem 2 m to
B m, with Beira {Mozambigue} having onc of tha
largest ranges and the greatest flushing of coastal
waters and inlgts. Mauritivs and Rounion cxparienca
negligible tides with minimal fushing.

Z. Geology and geomaorpholagy

Many types of geological formation are found in
the region, with ages ranging from 200 millian yoars
to recant, For instance, the coastal sedimenis of the
United Republic of Tanzania vary in age from Jurassic
thraugh Cretacegus to Tertiary and Cuaternary and
are composed of both marine and torrestrial
sedimentary rocks (Kent ot 3/, 1971). The islands of
Heunion, Comorgs and Mauritius arge cssentially
voleanie while those of the Seychellos are granitic.

In terms of its geological structure, the coastling
of Castern Africa represents a passive continental
meargin, from which through geological time
continental fragments, large and small, have separated
and migrated across the adjoining oceanic erust.
Some of these detached continental fragments remaln
within the region, notably the Seychelles Bank and
Madagascar. This structural history has left the
mainland States with generally narrow continental
shaelvas, Exceptions include the coasts of southern
Mozambique and central Tanzania in the vicinity of
LInguja and Mafia islands. In tha island Statas, wider

.r ' r - [N ] ] LI

limestones form extensive coastal Terraces, cliffs and
intertidal pletforms {Arthurton 1392).

Fringing, largely intertidal platforms, argded
mostly in thase Pleistocens limestones, dominate the
coastal geomorphology in much of tha region.
Commonly clifi-bounded to landwards, these
platforms extend saawards from a few tens of metras
1o more than two kilomatres from the back shore,
thelr seaward edges forming breaker zones for ocean
swell, Terraces and platforms alike are incised by
major créeks draining the hinterland, as at Dar es
Salaam and Mombasa. Holocenea and recent heach-
ridge and har deposits overlie the platform rocks in
many places. Mangrove forests are developed in
many of the sheltered sedimentary embayments
including thosse in deltaic areas, such as the outflow
of the RuUfiji River in Tanzania. Coastal sand dunes
are associgted with river mouths where there is a
high discharge of terrigenous sadiment, as from the
Sabaki River in Kenya {Arthurton 1892). Water
resourees, including potable water supplies, are
dorminated by groundwatar in coastal areas of highly
permesahle Pleistocens limestone.

3. Ecosystems

The coastal scosystems of the region are
generally both rich in natural resources and highly
productive. Especially important habitats include
mengtove forests, coral reefs end seagrass meadows.
Of the 38 designated maring and coastal habitats, at
laast one third are found within each country of the
ragion; the greatest known diversity was reported in
Mozambique where 37 per cent of all habitat types
are recorded (UNEF 1234}, These ecosystems sustain
a great diversity of marine life and are an important
food source for most coastal communities. The
conditiens within each ecosystem are influenced by
those in adjacent ecesystems. For example, mangrove
ecOSystems are a nursery ground for a variety of fish,
some of which mature in coral resfs and seagrass
meadows. There iz alse nutrient, sedimant and organic
matter interchange between the ecosysiems. The
destruction of mangrove forest deprives many fish
spacies of spawning and nursery areas, with the
conseguent deleterious effects on fish populations
end biodiversity in adjeining offshore areas.

Coral reefs are among the most biologically
diverse ecosystems on Earth. They ocecur at the
matging af the fringing platforms, mostly on the outer,
seaward-facing slopes and in adjoining lagoons; also,
on shallow sub-tidal patches isolated from axtensiva
platforme. The reefs supportinshors fisheries. and in
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Tanzaniz having the |argest coverage hy area. The
economias of all the countries benefit from reef
fisharias, as welt as reaf-related tourism. Artisanal
tisherias typlcally represent more than 95 per cent of
tha total martne fish catch, these activities being
mostly in reef, seagrass and associated platform
envircnments, thus providing employment and incoma
in most coastal communities. For example, mare than
60 per cent of the fish species caught in Tanzanian
waters ara caught in or around the reef environment
{Francis and Muhando 1996). Coral grows in clear
water and is extremaly sensilive to pollution, whether
due to chemical conteminants or suspended
sediments. The rapid expansion of coastal populations
and the consequent increased loads of demesstic
sewage, agricultural run-off and industriat effluent {o
the marine environment represents a significant threat
to the coral-reef habitat.

Mangrove forests are hiolagieally rich ecosystems
and an important form of coastal vegetation. Their
extensive roct systems stabilize sediments and they
provide shelter for an array of birds and maring
animalz, in particular the juveniles of cammercially
impartant fish and crustaceans. |n addition, the
decompasition of mangrove litter provides a source
of food for beth mangroves and, for example, shrimp
communities in adiscent habitats. For many coasial
communities, mangroves are the primary source of
timber, firawoed, charcoal and a varisty of other forest
products. Seme mangroves are also usad for medicinal
purposas. Molluscs, crabs, fishes and shrimps caught
from the mangrove scosystems are direct sources of
food and income. Consequantly, mangroves are under
ineroasing pressure from the expanding coastal
population. Mozambigue has tha largest total area of
mangrove in the region with 396,080 hectares
{Fernandes and Hauengue 1397). Madagascar and
Tanzania have 327.000 (Rajonzon 1285} and
115,475 ha {Semasi 1997}, respactively.

Coastal wetlands are ecologically sensitive areas
that provids inter-linkages between coastal habitats
and help to maintain their biological diversity.
Sedimentation in wetland areas reducas turbidity of
coastal waters by trapping tarrigencus sediment that
would otherwise be transperted offshora. Coastal
habitats provide food, shelter, breeding and nursery
grounds for arange of marine species including birds,
crabs and shrimps. Seagrass meadows for examgple,
sre at the important primary preducers on which alk
levels of the food chain depend. Thay act as nurseries
for many species of lsh and are feading grounds for
turtles and dugongs.

H, Anthropogenic Impacts on natural conditions and
PIacessas

1. Cozastal urhanization

Large, rapidly expanding coastal urban
populations produce large gquantitiss of dorestic
zewage, which poss a threat to potable water supplies
and to the clarity and guality of both freshwater and
near-shore coastal waters. Storm-watar run-off from
impermeable urban surfaces and sub-surface sewers
represents an alteratien to the natural hydrological
regime and the salinity of near-shore coastal waters.
Storm-water run-off in urban areas is also & significant
source of land-pased pollution to couzstal waters
conttibuting to both the biechemical oxygen demand
{BOD) and suspended solid loads. Expanding coastal
populations g0 imply an increass in golid wastes.
Because of the low efficiency in collection and
treatment of solid wastes, the garbage is a thraat to
wetlands and near-shore maring ecosystems. In
addition, the expanding coastal population also
increases the pressure on marine fisherias for
increased catches, rasulting in diminizghing fieh stocks.
In 1994, the combined populatian of the nine
cauntrias residing within coaatal regions was
estimated at 19 million, of which Kenya, Mozambique,
Tanrania and Madagascar constituted over 3b per
cent of the total {Tabla 2). The population growth
rates of the mainland States, the Comoros and
Madagascar are generally high, particularly in kenya
(3.3 per cent), Tanzsnia {2.8 per cent) and
Mozambigus !2.8 par cent}. Growth rates in the large
eoastal cities, such as Dar ez Salaam {7.8 per cant
per annum (Ministry of Finanee and Planning 1988,
Maputo and Mombasa, are even higher due to rural-
urban migration. In addition to the local population,
the number of coastal tourists visiting the region has
increased significantly in recent years, which has
increased the load of domestic sewage.

The axploitation of water resources by expanding
cogstal urban pupulations can lead to the degradetion
of groundwater and freshwater resources threugh
sewage poliution andjor saline intrusion. Much of the
cogstal urban pepulation relies on septic tenks and
pit latrines resulting in fascal contamination of
groundwatar. Increased abstraction of groundwater
1o meet the demand of expanding local and tourist
populatlons can lead to saling intrusion along coastal
marging.



Table 2. Popufation and population dansity stetistics for Stares copsidered in this avenvew

Country Trrial Coastal
population population

(M) {1l

Comoros .54 0,54
Kenva 26.80 230
Medagascar 12.10° 4 80
Mauyritius 1.10 .10
Mozambigue 18.53 6.R0
Seychalles 0.07 - 0.07
Tanzania 28,90 4 81
TOTAL 85.60 19.04

Population Fopulatior

in coaztal - growth rate

zone (%) (%) la-f

100 2.7C

8.10 3.3

) 36.60 3.0C
100 T.2C

L 39.30 2.80"

100 . 1.50°

16.20 2,80

Sourges: *Abdouylhalik (1257, "Government of Kenya [1889], “Ranaiveson (1987}, 'National Institute for Slatisti
{1998), "Government Management and’ Information System (1998}, 'Bureav of Statistics, Ministry of Finano

Economic Affairs and Plannfng {1931},

2.  Industnal activity, ports and harbours

Harbours and ports located aleng coastlings,
creeks, estuarias and rivers are the focus of industrial
activity representing point sources of pollution to the
maring enviranment. While tha level of industrial
development in the ragion is still relatively low, the
rate of industrialization around large coastal cities is
accelerating. Furthermore, regulations on the
treatmant and disposal of wastes are eithar lacking
or poorly enforced. Poliutants include the discharge
of industrial chemicals, heavy metels, food and
bewverage processing waste and inadvertent oil spills.
Salt production in coastal areas ofter depends on
the use of salines, flooded arecas on which salt s
collected following the evaporaotion of sea water.
Mangroves are often clear-cut for the provision of
galine areas.

The maring walers off the coast of East Africa
are used as one of the main transportation routes for
petrolavm from the Middle East en route 1o Europs
and the United States of Anerica. Aecorded incidents
of major oil spills hava had devastating, leng-term
effects on coastal habitals. & major oll-spill, either
within ports or in near-shore coastal waters of the
region represent a significant potentlfal threat to
coastal habitats.

3. Agricultural ectivity

Agricultural pollution is associated with glevate
concentrations of nutrients and pesticides |
freshwatar and near shore coastal waters. Th
increased use of agricultural fertilizers can [sad 1
glevaled concentrations of nuirients, particularl
nitrate, in drainage waters and, depending on th
local hydregeology, the contamination of surface an
groundwater. Elevated concentrations of both nitrat
and phosphorous in agricultural run-off can lead t
eutrophication of freshwater and near-shore coast:
watars. The problems associated with eutrophicatio
include rapid increascs in phyteplankton [(algal
biomass leading to changes in the physical an
chamical compaosition of water, including a declin
in dissolved oxygen concentrations. Increases il
nutrient concantrations and reductions in water clarit
can have deleterius effects on coral health.
addition, algal blooms release toxins that poiso
shallfish. Pasticides in agticulural run-off hawi
resulted in the destiuction of MENgrove SCOIYSIEMS
Intensfve use of agrncultural land leads to the
mabilization of sediment, which reduces water clarity
and damages sansitive coral habitats.

4.  Mineral developmant and quarrying



often catastrophic effects due to the mobhilisation ot
gediment and damage to coral reefs.

G,  Spcio-ecocnomic implications anthropagenis
elterations on natural conditions

The GDP of the seven countries considered in
this nverview indicates large differences in economic
development, from US$% ¥00 in the Comoros and
kMozambique to U5% 9,800 in Mauritius, The majority
of the countries in the region are classified as ‘poor’
according to the World Bank criteria {fannusl per capita
GMF of less than US4 5800, The social gnd ecoanomic
implications of land-based activities concermn to water
potlution, public health and the sustainabilily of coastal
rasources.

Domestic sewage and garbage in coastal urban
centres and diffuse sources of agricultural polliition
reprasent significant threats to the quality of drinking
water, in both the short and leng term, for surface
and graoundwater, respectively. Health problems are
often associated with limited treatment of sewage in
arzas of poorly developed sewerage infrastructures,
particularly where Ipgal populations rely on
groundwater as a sourca of potable water.

The degradation of groundwater resources
thraugh saline intrusion has both aocial and economic
implications for the entire population of the coastal
region. Although the degradation of water quality
generally ocours slowly, the reversal of the process
can only be achieved over a prelongad perind.
Therafara, prevention through long-term planning ia
imperative to avoid expensive treatment of the
problem over many years.

The destruction of copastal habltate by an
axpanding coastal population leads 1o the degradation
of interdependent habitats and reduced fish catches.
For example, a reduction in Seagrags or mangrove
cover can reduce fish spawning. eading to redused
catches, which has both $ocia! and sconomic
implications, particularly for artisanal fisheries, the
income from which represents a significant proportion
of GNP. The perception of a pristinag anvironment and
unpolluted water along beaches iz crucial in
maintaining ecosystem health and ensuring the
continued success of beach hotals in attracting
tourists, and the associated income. The importance
of coastal tourism throughout the region |s highlighted
by Kenya where 60-70 par cent of national tourism
it coastal (Mwaguni and WMunga, 1997} and the island
States of Comoros, Mauritiug and Seychelles wharg

it arcmomts for oall taoriem

II. ‘dentification and assessment of problems

This section considers how significant land-based
sources angd activities affect both the local population
and the maring, cosestal and associated freshwater
environments. ¥YWhere appropriate, assessments arg
made of their effacts on: (i} Tood security, poverty
alleviation, and public health; and (il marine and
coastal resources, ecosystem health and hiological
diversity.

The nationat assassment of sources of water and
gir pollution for each State of the region were
compiled using either the World Health Crganization
MAHON Management and Control of the Envirehment
Manual WHO 1989} or tha rapid inventory technfgues
in environmental pollution (WHQ 1993a). Estimates
of land-baged sources of pollution in the national
reports, which were used ta complle this regional
overview, generally refer only to the largest coastal
Lrban centras. '

A, Agriculturd ectivities

Agriculture ig the backbone of the economy of
mogt cauntdes in the region and is central to the
gllevlation of poverty. In 1982, 20 per cent of the
populatien in the reglon depended on agricultura. For
axamplae, 1t s tThe malnstay of the Kenyan econdmy,
providing employment Tor 75 per cent of the labour
farce and accounting for 30 per cent of gross
domestic product {Odide 1897). For the remaining
mainland countries and Madagascar, agricullure
currently forms the basis of the economy, sccounts
for most of the foreign exchange earnings, employs
hetween.76 per cent and 86 per cent of the work
force and represents between 28 per cent and B6
per cemt of GOF (Rainaiveson 1997, Lundin and
Linden 1997; Francis 1997},

Only tentative interpretations concarning the
significance of agricultural pollution can ba made,
because concentrations of nutrients or pesticides have
not been determined for fresh waters, ground waters
or coastal waters in the majority of the States of the
region. Data concerning the sale or application of
agricultural fertilizers and pesticides have been
included in several of the national reports. However,
in the case of the mainland States these often do
not refer 1o the whole ceastal region, but to specific
coastal districts, ganerally araund large urhan centras.
A table showing the types of pesticide used in each
of the States of the region iz provided in annex 1l
belowr,
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the districts of Mormbasa and Lamu, The anly district
in which agricultural run-off contributes siginificantly
to tha pollution lgad is Kilifi. Sedirment cores collected
in tha creek systems of Mombasa as part ol the
Department for International Development {DFID}-
funded Land Dcean Contamination Study {(LOCS)
indigated that the influx andfor ratenlion of
organochi orine pesticides, including persistent forms
such as DDT, were negligible {Williams et a/. 1996).
It is unlikely that much of the input = incorporated
into the scdiments due to the short water-residence
time, and mueh of the dissolved or very fine
particulatt lcad is dischargad and disperzed in the
lndian Qonan. The detrimantal effects of
sedimentation are considered to be mare significant
than agrochemical and pesticide pollution. The Tana
and Sakaki rivers discharge large quentities of
gediment into coestal wetars, partly 85 g result of
tillage in thair respective catchments {(Munga et af
1993; Mwaguni and Munga 15397} which has been
associated with marine degradation due ta soil erosion
iwvan Katwijk et &/ 1993}, However, a study of the
effects of siltation conducted betwesan 1985 and
1293 found no evidence for decreased diversily or
seological health of sediment-influenced reefs in Lhe
Watarmu and Malindi National Marine Parks
iMeClanaham and Obura 1987}, tn addition, the porl
of Membasa requires frequent dredging due to siltation
representing a significant economic ¢ost to the potrt
authorities.

In Tanzania, there has bsen an incraass in the
use of pesticides from ©.33 to 0.5 and 1 kg per capita
between 1977 and 1288 and 1994, respectivaly (AK'
habuhaya 1989; Meena and Lerna 1984}, Howaver,
intensive agricultural productlon on the maintand is
confined to the highlands, from which polution
effects in the coastal zone are Lkely to be limited.
Although monitoring data are not availlable, it has
been repoted that the intenslve yses of fertilizers
and pesticides for rice prgduction may be causing
pollution in Lthe Ruiiji Delta and the Rufiji Delta Matfia
Island complex. A comparatively small total of 57,814
litres and 16,143 kg of pesticide were importad inte
Zanzibar slate of The United Republic of Tanzania
batween 1985 and 1920, used mainly on rice farms
and sugar-cane plantations, There has been a gradual
change over the last decade from the use of more
persislentftoxic pesti¢ldes to less harmful farms
{Mmochi 1927; Head, Plant Protection, Dapartment,
Zanzibar, personal ¢ommunication),. In tha
Zingwezingwe River and Makoha Bay, which drain
sugar-cane plantations and rica farms around the
Mehonda sugar factory, there have been raparts of
occasional Tish mortality, which may be associated
with pesticide pellution (Mahammed 19301
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land and representing 57 per eent of agricuitur
production in terms of its contribution to GDP. Th
averaqe total annual import of tertilizer and pesticide
between 1979 and 1989 was 57,600 and 1,16
tonnes, respectively. Heported estimates suggest the
the gppiication of nitrogen far sugar-cane productio
ia approximately 126 kg/ha, among tha highest figure
worldwlde. Increases In the nitrate concentrations ¢
ground waters in eertain areas have been reporte
for several vears [Jootun et af 19897} and hav
reached recommendad upper limits for drinking wate
of 50 mg /| {WHO 1993b}. Evidence of acologic:
damage due to the application of pesticides in riparia
zones has also been reported, auggesting tha
pesticides rmay be transported via freshweater t
coastal waters.

Agricyltural production occupies epproximatel
67 per cant of land on the Comoras, employs betwes
F0 per cant and 80 per cent of the total popuistion
and gocoounts for 98 per cent of export revenyue. Th
main export erops include wveniilla, ylang-ylang am
cloveas. Cereals, rice, potatoes, fruits and legume.
are also grown for [ocal consumption. As a generz
rule, the use of pesticides and fertilizers for marke
gardening is limited; tha total quantity of pesticide:
used betwean 18291 and 1993 was approximatel
70,000 kg {Kouassi 1994). Steep slopes am
confinucus cultivation without the provision of fallow
fields hava lod 1o the impoveriashment of the soil 80
seriaus incidents of Soil orosion, siltation of the ¢ora
reefs with daleterious effects on fisheries. Agricultura
run-off is also considercd 10 have led to the pallutiar
of groundwater althaugh no data havse bheen reported
on which an agsessmeant of the prablem can be hased

Most of the ayricultural activities in Mozambique
take place along or close to the main river basins
Laboratory analysis has shown presenca of 2,4 8 TCB,
pp DDT, pp DDE, lindane and HCB residuas ir
Monapo, Pungoee Maputo and Incomati dver mouths
fFarrandes and Hauengue 1997, Peor farminc
practices, deforestation and other bad land-use
practices cause sedimentstion in the eoastal and
maring environments. Amounts of 1,200.000 and
2,500,000 m? of sediments dredged in Maputo and
Befra bays, respectively, are thought to he a
consaquence of bad land use practices.

Agricultural producticn does not represent a
signiticant prapertion of GDP or land use {4 par cent
of the total araa} in the Seychelles. Conseguently,
the nutrient load derived fram agricultural run off was
reparted as lass than 1 per cent of that from refuse
hemps. which would indigate that the farmer 1s net @



erosion and agrachemicals do not currantly represant
significant sources of pollution ta the water
enviranmeant.

Cattle-rearing and rice production are the main
ggricultural activities in Madagascar, although srmall
areas of intansive production of sugar cane and edtton
are located in the south-west and nerth-west of the
country, where the greatest quantities of fartilizers
and pesticides arc applied. The application of fartilizers
in intensive agricuitural areas was reported to be a6
high as 183 kg/ha in 1820, and has baen linked to
localized algal blooms and reduced fish catches in
lagaons {Vasseur et & 1937}, particularly around tha
reef at Toliara. However, no research has bean
reported to date to prove cause and effeci. Tha
clearing of forests in Madagascar, resulting in
sediment mobilization, siltation and the destruction
of coral-reef habitats has been idantified as a major
problem (Linden and Lundin 1927}, particularly along
the western coastline {Meuvy 1982). The causes
include bush-fires, harveating of forasts for productian
of chargeal and clear-felling for agriculture purposses.
Little is being done in the way of reafforestation to
reduce soil erosion.

Raglanal assessment of problems associated with
agricultural aclivity

With the exeception of Mauritius, the physical
gifecta of siltetion resulting from agriculiural activities,
mozt notably along the coasts of Kenya, Madagascar
and the Comoras, are currently Of graater concern
throughout the region than agrozhamical pollution.
Further waork iz reguired to quantify these physical
effects, such as the extent of dastruction of coastal
habitats, and their econamie implications, including
reduced fish catebes and the nead to dradge harbour
areas.

The lack of moenitering data conecerning the
concentrations of agrigultural nutrients and pesticides
in the coastal and fresh waters of the region makes
any assessment of associated pollution problems very
tantative. Ecologicel damage and the nitrate
contamination of ground weters have been linked to
intansivea agricultural preduction in Mauritiua., The
absence of significant concentrations of persistent
organachlorine pesticidas in the cresk sedimernts of
Mombasa could indicate that fresh waters draining
inte the creek systems are not severely polluted.
However, this finding may be explained by the lack
of intensive agricultural activity bordering this area
or the short residence times of the creek waters.
Tharefore, there is insufficient evidence to indicate
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The trend in .increased use of hoth fertilizers and
pesticides in intensive agricultural production is likely
tn lead to elavated concentrations of nutriants in
agricultural run-off and ground waters.

Although algal blooms have besn observed in
coastal waters of the region, dn assassment cannot
ba made regarding the importance of agricultural
run-off for their occurrence, because of & general
lack of monitoring of nutrient concentrations: and
regaarch inte the process of eutrophication. To date,
algal blooms around ceastal urban eantres have
generally been agsociatad with inorganic nutrients
derived from domestic-gewage pailution.

B. Industrial activity, poris and harbours

Dwerall, industrial development in the region
romains relatively low. Industrial activity is focused
on the poris and harbours of both the mainland and
island States. The number and type of manufacturing
industries have changed considerably since 1282 (see
annax Il betow}, The number of recorded
manufacturing industries in Mombeaza and Mapute
increased by 260 per cent between 7932 and 19932,
Tha increaze over the same period wes less
prornounced in Dar ea Salaam (132 per cent), while
the numbers of manufacturing indusatries in Seychellas
and Tanga fell significantly. Mombasa, the largest
port in the ragion, handles over 8 million metric tonnes
of cargo per year. Other major ports include
Dar ea Salaam (Tanzanial, Maputo {Mozambiquea),
Beira (Mozambique), Toamasina and Mahajanga
{Madagascar), Victoria {Seychelles) and Port Louis
iMauritius}. Refineries receiving cruds oil in the reglon
are located in Mombasa, Dar es Salaam. Maputo and
Tamatare (Madagascar). Few industries in the region
have waste-treatment plants andfor recycling
facilities. Many industries empty effluents diractly
inta creeks, rivers or coastal waters.

In Kenya, the increase in industial activity in
Mombasa was largely a result of an expansion in the
food processing, metal and textile industries,
Although industries generelly discharge their waste
directly inte Kilindini harbour and Port Reitz, the more
hazardous waste is dispesed at the Kibarani dumpsite,
lgachate which enters the creek system. Manitoring
data for the concentrations of metals and organic
contaminants associated with pollution from industrial
activity ars limited to these reported in the British
Feological Society {BGS) LOCS study for waters and
sediments around Mambasa. Mo substantial increeses
in metals concentrations attributabie to anthropogenic
activities have been reported, with the exception of



average residence time of contaminated water was
shown to be lass than one week {Rass et &£ 19261,
may rasult in the rapid attenuation of contaminant
concentrationa. The LOCS study reported elevated
concantrations of lead, zine and copper in waters
and suspended particulate matter along the reef front
betwean Nyali a=nd Mtwepa. Although this could not
be explained by an anthropogenic influance, it has
been suggested that the souree of such contamination
may be ghips which flush their tanks In near-shore
waters.,

The annual total BOD load in Mombasa was
estimatad to be 25,300 tonnes, 72 per cent of which
comes from industrial efflugnt {Munga et a/. 1993,
with 34 per cent of that amount attributed to the
food and beverzage industry. Practically ali the BOD
loads derived from industry around Mombasa entars
the cresk system. The rapid mixing of oxygenated
maring water and contaminated creek water will
rapidly attenuate the high levels of BOD resulting from
the release of industral effluent, limiting its impact
on coastal habitats. Industrial sources account for
62 per cont of the annua suspandad sofid load (more
than 20,000 tonnes per year) entering the creak
systems of Mombasa, The remainder i3 derived from
starm-watar ran-off and domestic sewage. Despite
twa significant oil spills In the last decade, the
concentration of hydrocarbon derivatives in the
inshore waters of Mombasa is low (Williams ef a/f.
19946]).

In Tanzania, the total number of industrizl units
in Dar ez Salaam increased from 49 in 1982 to 74 in
1982; in Tanga it fell from 14 to 5. The cumulative
BOD of the waste from indugtries in Dar es Salaam
was estimated iu be 405¢g/ in 1982, 28g/1 of which
was fromn brewerigs. It hag hsen reportad that the
Msimbazi River is practically devoid of life due to the
anoxic conditions resulting from the pollution Ioad of
the brawing industry (Kimole 1283}, Elevated
concentralionz of the matais lead, cadmium,
chromium and copper have been detectad in shellfigh
at the mouth of the Msimbazi River wheare it enters
the Indign Ocean {cited in Mashauri and Mayo 1983},
The maeajority of industrial waste generated in
Par e= Salaam was raported to be either disposed of
on site, of at Vingunguti digposal site. Except for
paper, sugar and cement indugtries that recycle part
of their waste, 1he remainder discharge their wastes
directly without treatmant. Tha averaga chemical
oxygen demand of five sea-water samples collectad
arsund Dar es Salaam and Zanzibar Towh was
raported as 5023 mofi and 1235 mg/1, ragpectively,
However, the variahifity of chemical oxypan demand
armong the five samples an which the averaos finura
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hydracarbon derivatives could be related to industria
anthropogenic activity thraughout the creek system
of Dar es Salsam (unpublished LOCS datal, |
addition, an analysis of corgl tissues conducted unde
the LOLS project showed that metal centamination
of corals adjpining Car es Sal aam was not significant
Industrial activities assocfated with the exploitatiol
of natural gas on Songd Songo [sland is alsp
significant potenlis! source of pollution,

The total number of industrial units listed fa
Maputo iMozambique) has incragged from 11 in 1281
to 25 in 1992 to 137 in 1995. The Industrie:
produced a8 toral of 78,388 tonnes of BOD in 12956
incgluding an ungquantified amount of waste!
containing heavy metals such as marcury, lead
chromium, manganaese, nickal and zinc.

Suvgar-cane processing produces thée larges!
quantitics of industrial waste effluent in Mauritius.
Thare =rc 18 zugar mills, which discharge large
quantities of a varisety of effluents with high BOC
values 1o cansls and rivulets during the harvast
saason. They include hot condensed watar.
carbor-column werkings, fly ash and organic salvents.
On the basis of figures for the sugar cane harvest af
1994 (BOC,200 tonnes! and average pollution [wading

" for selectod streams per tonne of sugar sane

processed, the totsl load of BOD, and total sugpended
solids to streams were 358 tonnes and 683 tonnes.
raspectively. Aithough a variely of waste-watal
traatments, including sedimentation, anaercble and
aarohic lagoons, have been used to raduea the
pollutant load of waste effluent, their rel ative succass
has been varied. The release of elfluent contalning

" Black sqot ash from sugar mills te coastal waters at

Bal Ombre {gads to high turbidity of water on the
baach, although this has not been linked directly to
acological damagea. The release of elfluents with high
BOD inte streams has resultad in vxygen deplation
and the death of fauna. The designing process in the
taxtile industry elso produces waste effluent with a
high 200 and suspended particulate contant, but
rapresents only a small proportion of the total BOD
loads to fresh and coastal waters.

Little information was availlable concerning
chamical pollution of water rasources from industrial
sgources in the Comoros. Industries are under an
chbligation to respect the environment and not to
release untreated chemical wastes. Processing
industries assoclated with agricultural and pastoral
produciion account for 85 per cent [14.47 tonnes
por annum} and 92 per cant of the BOD and total
suspended solid load derfved from industrial sources.

e ol IS !
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Calculations of BOD loads to the water
anvirnment derived from industrial activities in 1he
Seyrhelles indicated that agricultural and livestook
production aceounts for 71.6 and 8B.7 per cent of
the BOD and TES loads, respectively {Radegounde
1257). Tha pther major contrlbution is from the fish
processing and canning industries, which sceount Tor
17.7 per cant of total BOD, 6.7 per cent ol TS3 and
85.9 per cant of the total oil load {130.6 Lonnes per
annum], although details of disposal (fur exampla,
direct o cnastal {fresh waters, refuse sites, etc.) ware
rnot reported. Artisanal fishing in the Sevchealles
provides amployment for the local populalion, while
industrial fishing of tuna. principally by European
veszzels, accounts for 20 per cent of exporls. The
brewing and tuna-canning industries are reported to
contribute 85 and 18 per cent respectively, 1o the
total BOD lead derived from industrial effluent [UNEP
1995hb). Howaever, this accounls for onply
17.5 per cent of ithe total BOD losed, of which
72 pear cent Is derived from storm run-ofl and sewage
treatment. Industrial wasta was reported to constitute
56 per cent of the total suspended solid load
discharged into coastal waters of the Seychelles, the
remainder being derived from domestic sources.

With the exception of the oil retinary in
Toamasina, most of the ndustrial activity in
Madagascar concerns the procassing of -agricuitural
and farmed aniemal products. Industriat activity around
tha coast is focuszed in the ports of Anisiranana,
Ambilbe, Mahajanga, Tolagnaro and Toamasina,
where the majority of tha facterias do not treat their
waete byt discharge it directly te the water
environment. Detrimentsl effects have been reported
in mangrove swamps in the narth and narth-west of
Madagascar where industrial efflvents have bern
released [Rakotoerinjanahary et & 12324]. Ope
notable exception is the eil refinery where an efticient
wastt water treatment system is reported to cperata,
Industrial cffluents in the eepital city Antananarivo
are discharged inte the river |kopa, although thisg s
gonsidered to be sufficiently far from the eoast ta
have little impact on ¢ceastal habitats. In comparison
to domestic effluent, the pollution load from industry
is relatively small. Industrial activity was reported to
account for only 21.1 and 15,4 per cant of the total
BOD and TS5 loads, respectively; demestic sewage
accounted far the majority 1M each case.

Regicnal agzessment of problems associated with
industrial actvity, ports and héathours

Although monitoring data on industrial pollutien
w~f tha water anviranmant throoohout the reaion are
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petroleurn-hydrocarbon concentrations in waters and
sediments for Mombasa and Dar es Sataam, two of
the most industrialized areas of the region, indicate
that pollution derved from thiz souree is not currcotly
a major threat to eithar food security, public health
or maring and coastal resources, ecoaystemn health
and biplogleal diversity. Howewvar, thiz iz no
justification for not intreducing stricter centrol
measures befors widespread damage commences,
Although such poliution derived frem industrial
activity in ports and herboura of tha other States is
likely to be lags significant than is the case for
Mombasa, Dar 25 Salgam and Maputo, no assessment
can be made because of the |ack of avallable
monitoring data. However, the data collecied in the
LOCS provide a valuable baseline to which
subsequant monitoring can be compared.

The high seasoral BOD load associated with the
release of effluent to rivers from sugar-cane
processing factories on Mauritius, and its aubsequeant
transfer to longer-residance-time lagoonal waters,
may lead to degradation of coastal habitals. A large
proportion of the BOD load to the ¢oastal waters of
the Seychalles 18 derived from industrial activity, in
particular agricultural and livestogk production and
nil from the tuna canning induslry. Further
information is regulred eoncerning the disposal of this
effluent before s mare thorough assessment can be
made of its sppio-economic implications. Howewer,
it should ba noted thet such paint spurces may result
in deterioration of water quality such as reduged
diszolved oxygen concentrations, and Lhe localized
deqgradation of coastal habitats. With Lhe exception
of Mombasa, more information js required on the
residenca time and mixing of industrisl effluents in
coastal waters of the region to assess Lhe significance
of the BOD lgad for habitar degradation. '

il spills associsted with tha transportation of
ofl by tankerg ig not congidered in the context of this
pverview 1o ha a tand-based scurce of pollution.
However, tankar oil-spiils remain a significant threat
te the coastal waters of the region. A notable
example was the complete deztruction of the
mangrove fgrest in Makupa Creek (Mombasal
following an il mill of 5,000 metric tonnes in 1388,
Approximately 470 million tonnes of oll are
transported annually through the watars of the region
by 1,200 vary large erude Garrigrs {(VLCCs) and 4,000
medium-sized tankers.

. {Caastal urbanlzadon

Tha whan nanidarinn of frastat tnwns i the



1888}, partly due ta ryral-urban migratien, There is a
diract relationship hetween population growth and
waste generation. In the case of most large urban
cantres the solid waste and sewerage facilities have
remaingd the same while the pepulation has
increaseq, isading to daciine in percentagae population
served by the facilitiez. Only a small proportion of
dwellings throughout many of the |arge urban centres
of the malnland States are connacted to. a sawage
system (s2e annex IV balow). The gsewage which is
collected i5 often purnpad directly into coastal waters
without any treatment.

The majority of tho population it the region yse
septic tanks and pit latrines. There is large degres of
uncertainty concerning the BOD and TSS leads 1hat
resch the water environment fram on-site
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domastic-tewage dizposal syatems. Calculationg |

uging the rapid aseessment astimete loads are basad -

on tha FAD factor of 0.7/kg/hiead par day (WHOD
1983}, However, only a fraction of the BOD and solids
actually reach the water environment depending on
the afficacy of septic tanks/pit latrines and the local
hydrogeclogical conditions. Such data should be
treatad with caution and only tentative interpretations
will be made of the significance of its effects on the
watar gnvironmant,

in Kenya, domestic sewage and storm-water run-
off in Memhasa were reported to accoynt for
18 per cent (4,588 Lwonnes per yvear) and 37 per cent
(12,802 tonnes per year) of the total BOD and
suspended scolid loads, respectively. Currantly no
sawage-treatment facilities are operations| in
Mormbasa iMwaguni and Munga 1297} resulting in
the release of untreated domestic sewage and
microbial contamination of waters in Kilindini, Por
Reitz and Tudor Creek. Analyses of water samples
from -walls and bore-holes indieate that microbial
cantamination {total and faecal coiiform] of
groundwater has occurred in the Mombasa district.
Only 3 of the 23 walls sainpled pasaed drinking water
standerds, while none of the 11 bore-hole water
samples was classitied as potable {data citad in
Mwaguni and Muenga 1997), Altheurgh municipal solid
waste jg dumped at the Kibarani dumpsite (Makupa
Creek}, only 53 per cent of the 103,000 tonnes of
annual selid waste production in Momhbasa is
collected. The duimping of domestic waste on
mangrove shores has been reported around Makupa
Creek {Linden and Lundin 1397} and Lamu,

In Tanzania, sewags in Dar 65 Salaam was
reported 1o account far &5 per cent (11,372 tonnes
per year) and 472 per cent [18,418 tonnes per year)

.......

evidence has been reported concerning the sswag
outfall in Dar es Sslaam. It was reported o b
effactive in dispersing sewage away from the loo:
shoreline {Maghji and Merinyo 18920}, However, th
same authors attributed elevated concentrations c
cadmiurn, chromium and copper in oysters to a braak
peint in the main sewer pipeling, suggasting that
traction of seawage is dischargad onto the intertid:
platform, with attendant implleations for public hezlt
angd habitat degradation, Domestic-sewag
infrastructures are peorly devefoped in Zanzibar IBau
1933} and this is considered the major source o
pollution te near-share coastal waters. The greate
part of the drinking water In and around Zanziba
Town was reported to be unguitable for humai
eonsumption according to WHO guidelines dus ta th
presence of coliform bacteria (Klivaisi and Van Erugge:
1930}. Eutrophication associated with the ralpase o
ingrganic nutrients (phosphate, nitrate and armmonia
into coastal waters Trom domestic sewage around
Zanziber was identified 85 the possible cause of the
decreased cover of coral-reef-buildIng algaes {Bjork &
a/. 1988}, Saline intrusion to ground water around
Zanzibar Town fs a natural phanomensn and perchec
aquifers are relied ypon as the main source of patable
water. During dry periods, the perched aqnifer i
separeted from supply walls which intarsect the
deeper, contaminated squifer. Increased wata)
abstraction by the expanding and, in particnfar, the
tourizt papulation has led to repoarts by the Rinistry
of Water of incregsed salinity in water supplies. Thare
have also besn reports of domestic wasta baing
dumped on mangroves around Zenzibar (Dorsch
Consuit and Ministry of Water, Construction, Energy,
Lands and Environment 1992)

In Mozambiqua, Mapute is tha enly city with a
central sawage system for collection and treatment
of domestic sewage. Howaver, it is estimated that
only 50 per cent of Maputo‘s sewagas is treated. The
majorlty of the population yse saptic tanks gnd pit
latrines. The Maputo ares produces 71 per cent of
the total domestic sewage {Baquaste and Hausngue
1993}. The sewaga i5 emptied into rivars that flow
into Maputo Bay. Studies in the bay have revealed
that fagcal colifarms, fasegal streptocoec and
Escherichia coli were detected in marine water and
shellflsh tissues. Pathogens causing severe gastro-
intestlrnal illness were algp isolated from clams
collected in diffargnt areas of the bay. An increase
an the |evels of total and fascal coliferms was reported
from 1988 to 1998 in the Mapute Bay {Fernandes
199b). As & result. 3ome areas are not safe far
swimming. Maputo ity produces about 4.3 million
tonnes of solid waste per vegr.



Wilhems}, but eccur In rursl aress where 555 par cent
of the total population regides according io the 1980
census. The two large urban centres have sewerage
systems, although the system in Plaines Wilhems
congtructed in 1960 is inadequats to deal with peak
flows during heavy rainfall, resulting in frequent
dischargss of raw sewage to zurface watercourses.
The remainder of the population generally use pit
latrines, soakage pits or septic tanks. No data wara
available in the natianal repart concerning tha
microbial contamination of ground water by domestle
sewane. A risk assassment based on a Z0-year period

indicated that unaccaptable pollution vwould onty result

in four araas following tha failure of on-site sanitation
systams. Howaver, there remains a need for
rmonitoring of contamination of ground waters from
on-site disposal systems. The releaze of domestic
gawane to coastal waters from urban aress and poorly
planned housing develaopments on reclasimad wotlands
is recognized as a cause of eutraphication rasulting
in growth of algae and the choking of eoral. Algal
blnoms are observed annually at Trou aux Bichas,
and izsolatad casas have been reported st the sewaer
outfall at Bain des Dames near Port Louis.

There are ne centralized systems far the sollection
and {reatment of domestic sewage and solid waste
in the Comeres, which are considersd to causs
pollutign of the water anvironment. The majority of
the population usa septic tenks or soakege pits
{79 per centl, and the remainder pit letrines. Domestic
gewage reprasents the majority of the BOD (3,248
tonnes per annuml and T5S lead (7,633 tonnes per
arnum]. The total BOD lead of domestic sewege fram
hotels is small by comparizon {2.23 tonnss per
annum). Organic pellution from domestic sewage
represents a significant threat 1o marine, fresh and
ground water resources. The accurrence of
eutrophication at Trou du Prophete (Grand Comoros)
has been attributed to domestic waste pollution.
Faecal contamination of waters in the Comoros include
drinking water on Anjouan and Meheli and ground
watar on Grand Comergs,  Solid-waste litter from
domestic scurces congists of organic waste
{67 per cent), paper cartons {3.5 per cent}, plastics
{3 por cent), metels and textiles. It represents a
serious threat to public health through the proliferation
of flies, bacteria and pathogens. Rainwarer infiltrating
through zuch littered waste ig reported to lead to the
contamination of ground water with serious
implications for public health,

Eased on figuras from the 1987 census, the
majority of the local population of the Saychelles use
septic tanks (B2 par centl. the remainder heina
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Mo informatien concerning tha guality of water
digcharged from the sewage treatment works hae
been provided.

Few of the larger coastal towns in Madagascar
hawve sxtensive sewerage systems. These systems
wera astablished in the peried 195B-1980. Thay have
not been renovated excapt for Antiranana, wrhich
gerves 40 per cent of the population. However, the
sawers ampty waste directly into coastal watera and
arg poorly maintained, resulting in a bleckage and -
the stagnation of effluents in surface canals. Both
this and the large quantities af faecas deposited on
haaches represent a significant threat to human haalth
through microbial contamination. Ancestral customs
prevent the storage of human exereta even in septic
tanks. An invantory of sanitary installations in
Madagascar made in 1993 indicated that 66 per cent
of tha population does nat have any such installation.
Pit latrines ara utilizad by between 2 and 40 per cent
of tha populatian in the larger coastal towns.
Domestic sewage accounts for the majority of the
total BOD and TSS loads to the coastal zone in
Madedgascar: /9.5 per cant {10,368 tonnesfyear) and
B4.6 per cent (16,068 tonnesfyear), respectively.
However, no reports of algal blooms have been linked
to increased nofganic nutrient concentrations In
coastal waters associated with domestic sewage.
Solid domestic waste such g% organic matter, paper
and plastics is collected in some of the larger coastal
towns, but the majority is not disposed of in dumps
and represents a hazard to public health when it
accumulates in urkan areas.

Regional aszessment of problems associated with
coastal urbanlzation

Rapid popuiation growth in the countries in the
region and particularly in the coastal areas have lead
to rapid changes in land-use patterns. Natural
acosytems are being destroyed or replaced by
agricuitural crops. The large papulation:is alse putting
pressura on the marine and ceastal resources. Lack
of infraztructura and treatment facilities for the large
guantities of domestic sewaga generated by
sxpanding coastal urban populations;, and an
inereasing number of visiting tourists, represents the
greatest threat to public health, coastal habitats and
gconomic development in each State of tha raglon.
Faecal-coliform contamination of surface and ground
water resulting from opn-site disposal of domestic
waste [septic tanks and pit latrines) has bean raported
I walls and bore-holes in Maputo and Mombasa.
High faecal coliform and bacteria counts have bean
reported in Influene River in Mozambique. Faecal
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grousnd waters around Maputo are positively
correlated with distance tolatrines, depth of the walls
angd populalion density. Some bore-holes arg
contaminacted by biological pollutants. Althaugh
manitoring dala ere not available, there i3 3 peresivad
link betivesn dumestic sewage and the occurrence
of gagtro-snteritis in the Comoros and Zanzibar Stata
of The United Republic of Tanzanla. There is an urgent
reed for moniloring of microbial contamination of
ground walers in coastal areas of all States of tha
region to assess the scale of the problem.

As was the case for industrial effluents, the
importance ©f the organic (BOD) lgad to coastal
watars tromn dormestic sewage cannot be assessed
mora completely without detailed data concerning
the residence times and mixing rates in coastal areas,

Degradation of cogstal habitals caused by the
dumping of domestic and industrial wasgte in coastal
aregs, and its transport via near-shore waters,
represents a serious threat to the ecological health,
bioloaical diversity of coastal habilats and. in the lang
term, the economic prosperity of commercial and
artisanal fishing. Domestic wasle alzsp reprasents g
hezard te public health when it is allowed to
accumulate in urban aregs.

The release of untrested domestic sewage has
been associated with the occurrence of autrophication
In near-shore coastal waters, phytoplankton blaoms
and the subseduant degradation of coastal habitats
and reduced fish catches, However, it is not possible
to assess the scale of the problem without adequats
monitoring data and detailed scientific research.

D. Mineral develepment and quarrying

Mineral extraction and/or quarrying occurs in the
constal zone of each of the States of the region (see
annex ¥V below), The mineral deposite which are
currently woarked along the Kenyan coast include iron
ore, lead, baryte, apatite and rock salt. Quarrying is
carried out on & large scale at Bamburi and Kaloleni
1o supply the respective cement factories. There is
alzo efgnificant rock-sall extraction at Gongoni in
Malindi,

Limestone and clay are also guarried for building
Bnd cament manufacture in Tanzania at Yazo Hill.
Other gxtractive industrias include rock salt (Lindi)
and kaolin {Pugu Hillg), -

The main mineral axtractinn/marrvifnn activitias
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{Mational FPhy=ical Develepment Plan 1985}, The
mineral resourcas extracted from the sea and the
littoral zone consist primarily of sand, including aeclian
deposits, Sand is exploited from the terrestrial
guarries, [agoons and baaches and vendeclared sand
dunes. The annual mining of approximately 800,000
tonnes of sand in lagoonal areas {Ministry of Fisheries
and Marina Resources 1395 was reportcd as one of
the majar tactors contributing 1o ecolegical damege
as the entrapment of fine particulate matier into the
water eolumn leads to death of coral. .

There are currently ne economic mineral deposits
in and ground the Compros. The extraction of sand
and gravel for construction, particularly on Moheli
and Apjouan, has resulted in the destruction of part
of the coral reef and represents a continued threat to
coastal areas. Although ne quantlitztive details are
available, the mining of heavy minerz| sands in coagtal
areas of Zambesia {Mozambiguel was identified asg a
threat to coastal hahitats by Linden and Lunadin
{1996). Dredging for minerals is conducted along the
south coast of Madagascar around Tolagnaro,
although it 13 considered to be at the experimental
stege. Granite iz mined in the Seycheiles for
aggregate. Artisanal quarrying of coral-bearing
limestone occurs in coastal zones uf all the mainland
States and Zanzibar Stata of The Unitad Republic of
Tanzania, although by the small scele nature of the
workings, the effects on coastal habitats are minor
and lecalised.

Regional aessssment of problems assoaiated with
minaral davelopmant and quayrylng

Mingsral extraction and quarrying activities have
the petential to damage coastal habitats, and coral
reefs in particular, by increasing the suspended solid
load {turbidity) of coastal veaters. Few interpretations
can be made of the threat of mining cperations to
coastal habitats due to the lack of information
concerning the scale of disturbance caused by specific
activities. Although significant damage to coasial
habitats releted to mining and quarrying have been
reported in Mozambigue and Mauritius, little analysis
has been done on the likely impacts of current mineral
develgpment or guarrying activities. Detailed
sppraisals at the national levets are required prior to
a regional assessmeant.

E. Atmospharic emisslons

Cut of 79 major industries surveyed in
Dar es Sglaam, 43 per cent have bean found to cause



from the cement factories in Maputo, Bamburi
{Momhasa) and Kaloleni (Kilifi}. Other significant
sgurges of air pollution, in arder of importance are
charcoal manufacture and domastic combustian,
agricultural activities, and traffic (moblle sourcesl.
With incraases in development, communication and
touriam, astmospheric amissions from traffic,
particularly of lead, are increasing. The Kibo Paper
hiill also releases significant quantities of hydrogen
suiphide. In Zanzibar Town, burning of waste at tha
Mwanakwerekwe dump site causes significant
pollution ta the densely populated urban area. The
octher significant sources in Mombasa meclude road
traffic and the burning of domestle and industrial
waste at the Kibarani dump site, although no data on
lcads are available.

Particulate matter releaged from bagasse fired
boiters iz the mpst significant atmospheric pollutant
emitted during the processing of sugar cane on
Mauritivs, Howawvear, no asseszment was made of the
quantifias of suspanderd particulates released ot theair
impaet on tha surrounding area. In Madagasear,
atmospharc potlution is mainly cauzed by dense fumes
and gasss amanating from large factories, refineries
and textila industries. GOld motar vehicles, which are
numarous, also contrihute to air poliution. No
gignificant sourcaz of atmoapheric emissions were
reportad for the Comorns.

Regivnal assessment of problams aseociated with
atmospheric paliution

In the absence of detailed assessments for
atrmospheric emisgiens for the entire region, the
generally low level of Industrial development would
suggest that socic-economic problems associated
with such sources are likely to he [Imited. Indeed, the
national reports contained very faw referencas to
issues of public health, feod security, ecosystem
health or hiclogicel diversity associated with
gtmaspheric pollution. However, in these areas
[dentified as causing the greatest pollution, most
notaoly around cement factorles, further monitoring
of pollution plumes and thelr impact on their local
environment is raqulred.

Ill. Emerging and foreseeahble problems
A, ﬁy‘inuﬂural actlvities

There ara two amearging problems relating to non-
point scurces: one, the increasing uses of
agrochemicals as fertilizars and pesticides within

17

term negative impact on coastal and associated
freshwater habitats. The increase in 50il erosion that
can be expected as a result of the increasing
agricutiural mechanization will lead to increased
sadiment loads in sireams and rivars, and increased
seasonal discharges of s#it to estuatine and coastal
waters, Such discharges will have a damaging effect
on the growth of coral in watars adjoining the
outflows.

Emerging agquaculture activities in the region may
pose same environmental problems in the futura,
Soma of the developments include seaweed, oystar
and shrimp culturas.

BE. Cosstal urbanization

Frohlems asgpeiated with coastal orbanization
ralata to increasing populations, including owverall
national population growth and continued preferential
rasattlament of populationz in cosstal regions,
aspacially migration to coastal urban eentrag. These
changes will have significant cangequenceas for waste
managemeant and the threat of degradation of water
supplies.

C. Industrial activity and domestic sewagea

Urban and assaciated industrial growth in coastal
regions can be expected to produce potential new
point sources of pollutien impacting direetly or
indirectly on coastal waters and inlets. Such growth
will lead to an inerease in the scale of trading and
aseociatad shipping movements and there will ba a
need to monitor part-relatad pollution. With increases
in zhipping movements, it may be necessary to
cxpand the present harbours and peorts or davelop
new ones. Tha dredging in the vicinity of the
near-shors and coastal anvironment may affect the
delicate marine and associated wetland ecosystems.
Hydrocarbon develepment is angther growth area,
for example at the Songe Songo gas field in Tanzenia,
and this may present potential pollution hazards which
could have extenatve conserquencas for the health of
coastal habitats, Even without urban growth, thers
are existing point amissions which are producing
sighificant degradation of platform anvironments, far
exarnple at Dar es Salaam in Tanzania. Some of the
ceasial urban centres, such as Zanzibar Tawn, have
paoarly devaeloped sewsrage systems and increastng
populaticn pressures without remedial action may lead
1o sarious problems. Much of the coastal population
ralies on underground sources for water supply. Thare
arz serious risks of aroundwater contamination if more



With the Increase in population the demand for
hydroslectric powaer is rising. The general tendancy
in tha regich will ba to continue impounding rivar
basing., This may change the river flow and siltation
palterns with negatlve censequences to tha
anvironmant., Predlcted zeatevel rises as a
consequence of global warming may exacerhate the
problern of groundwaiter quallty due to saline intrusion,
particutarly sround Mombasa and Zanzibar Tawn.

D. Toaurism

The inanagemant of wasts and the discharge ot
chlorineted swimming pool waters from hotel
developnmerts on coastal waterfronts I5 sean as s
growing problem, particularly in locatiens without
significant tidal flughing and unpradictable expansion
in the tourist population. Although Individually small,
there ere many of these sources on $oma coastal
regions, and their combined long-term impacts on
the health of platform and reef habitats could be
considerable. Other tourism-related activities which
are growing arnd possible sources of direct pollution
it gensitive habitats include the uge of power boats
ard jet skis. The power boats and skis may cause
physical habitet degradation through aceidental
running aground in the shallow watars, thraugh
anchors and oil spills.

Atmospheric emissions

The proklems of increasing road traffic ang
cement production have been mentloned in the
previous section.

E. Mineral exploitation and quarrying

The proposed mining of an e¢conomic deposit of
titaniurm mineral sands in the Kilifi digtrict is likely to
cause localized degradstion of coastal habitats.

The availability of baseline data on the
concentration of metals, selected pasticides and
petroleum-hydrocarbon derivatives should ba Tollowed
with continued monitoring.

IV. Priarities for action

Annex VI provides a summary of the main
land-based activities which have socio-economic
implications for each State of the region and classifies
them ag eithet low, medium or high prigrity. Hawever,
it zhenld be stressed that the assessments of problems
relating tn onlliition nf tha water anvironmaed wuaen
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require detailed assessments of the scals of each
problem. Links betwsen chemical pollution and the
degradation of ¢oastal habitats are often more
eamplex than physical affects, such as sitation. In
such gases, the linkags between anthropogeric
cauzes and their environmental impacts must bea
canfirmed through detafled, site-specific scientific
investigation.

In practically all the States of the region there
are two aspects related to ground-water resources
which require detailed investigation: the microbial
contamination of ground water from on-site sewage
disposal sysiems and saline [ntrusion. Although
sovearal national reports perceived that publie il-health
was related to ground-watar contamination, few
studies have been conducted to confirm the
epidemiclagical relationship or investigate the seala
of the problem. The first priority is 1o investigats tha
extent to which ground waters are being
contaminated. On the basis of these resuits, areas
eould be identified whare immedizta action is required,
leading to the improvement of public health.

Although thare are various repotts of increasing
salinity of {rround waters dus to incre2sed abstraction,
studies ar2 raquired to assess the degradation of
ground-water rasources, particularly as climata
thange leading to sealevel rises will exscerbats tha
problam. One such study is currently being undertaken
around Mombass. Saline intrusion 5 likely to eecur
where demand for ground water is increasing around
expanding urban centres with large tourist populations
which utllize a far larger quantity of water per capita,
Although fresh water can be pumped into aguifers to
reverse the effacts of galina intrusion, such remedial
actlon would ha axpensive.

Sctentific investigations ara reguired to detarmine
koth the chemical and physical effects on coasiat
habitats of releasing large volumes of unireated
domastic effluent into near-shore coastal waters as
occurs around Mombasa, Dar €5 Salaam, the Comores
and Zanzibar Town. Although reduced growth of
coralline algae was related to elevated inorganic
nutrient eoncentrations sround Zanzibar Town, the
hydrodynamic conditions and poliution loads around
the coasts of cach country are different, and each
warrants individual study. In Mombasa and
Dar ez Salzam, the uncontrolled dumping or release
of domestic and industrial solid waste around
mangraoves and in coastal waters should also be
prevented as a matter of priority.

There are several priority 1ssues ralating ta Fard-



degradation linked to indusirial wastes, nutrients in
demestic sewage, and siltation due to mining and
guarrying. However, coral degradation resulting from
direct human impacts such as anchoring and peling
by fisherman may be far greaier than the indirect
gffects which occur via watar pollutisn. An
assessment is required concarning their relative
importanga prior ta action being takan to mimmize
thair impacts.

Tha degradation of coastal habitats, particutarly
coral reafs, from siltation associated with scil arosion
was identified as a prigrity for action in Comoros,
Kenya and Mozambique. A detailed aurvey of past,
current and potentizl impacts of demage due to
siltation and a study of sedimentological impacts of
land-use (agricultural) changs is required in each of
these States.

V. Stirategies and measures

Governments should be responsible far initiating
programres to assess the extent of microbial
eontamination of ground-water supplies in each State
where this has been identified as a priority. Once the
extent of the prablem has been assessed, funds should
be made available for remediation, such asz the
improvernent of on-site sewage disposel systems
(WHOQ 1992h), ar limiting the contamination of
bore-holes and wells, In urban centres whera sawage
infrastructures are already in place, guidelines should
be followed to ensure the gperatian and maintenance
of urban water supply end sanitation systems [WHOG
19894), Governments should glso be responsible for
assessing Lhe threats posed 1o ground-water resources
fram saline intrusion. This should include an
asgeysinent of the effects of future ground-water
regsource requirements accounting for expansion in
bath local, urban and tourist populations.

Lacal authorities should be responsible for
snsuring that solid domestic and industrial wastes
are not dumped on or araund sengitive coastal habitats
such as mangroves. Such litter can also be transported
offshore and cause physical damage to coral reef
ecosystems. Approachaes should include the provision
of adequate waste collection and dispozal services
and enforcement of laws and ragulations eencerning
the illegal dumping of wastes,

The uze of remote-sensed imagery waould be the
most cost-effective approach in detecting and
ussessing the physical damage to coastal habitats
and coral by siltation, solid domestic or industrial
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pollution. Subsequeant site vigits should he used to
assess the extent of the degradation and the results
used to amend agricultural practices to prevent soil
erosion in coastal catchiments.

A monitoring programme for heavy metals,
hydrgearbon derivatives and BOD should be inftiated
in parts and harbours where industrial activities are
likely to lead toe high pollution leads, such as ih
Mombasa, Dar 25 Salaam, Mapute and the Export
Progessing Zone in Mauritius., .

Studies of the envircnmental problems identified
in Mauritius have heen initiated by the Gaverniment.
In certain areas of north and north-west Mauritius.
enly 20-60 par cent of coral cover remains. The
degradation has been attributed to various patural
and anthropogenic causes inciuding the discharge of
industrial effluents, run-off contaminated with silt and
nutrients, sewear wastes, the dredging of coral sands;
paling, anchoring and walking ovar coral. To combat
the degradation, the Governmaent of Mauritius initiated
a Marine Conservation Programme in 1988 and 2
coral reef ecosystern study, and dasignated two aress
8% marna parks.

In Seychelles, there are plans to develop &
sawage-treatmeant plant beginning in 1998, The plant
will accommodate sewags from the east coast,
including Yictoria City,

V1. Conclusions and recommendations

The coastal areas of the East African regien
gansist of a range of diverse habitats which are relisd
upon to pravide food for the loeal population and to
earn rovenue by attracting tourists. The rapidly
expanding coastal populations exert ever-increasing
prassure on coastal habitats and resources. Land-
based activities such as agriculture and industry.
coastal urbanization and mineral exploitation, disturb
natural conditions and processes, degrading coastal
resaurces and habitats. Tha affects can have serious
sacial and ecenomic implications.

This ragional overview of land-based sources and
activities affecting coastal marine envircnmants and
the associated freshwater envirpnment has identified
gsaveral lzgues which are potentlally detrimental &
the gocial and econoamic prosperity of the East African
ragion. On the basis of natlonal inventories of polfution
loads, the issues of greatest concern are:

{a} The microbial contamination of ground-water



{B} Saline intrusion leading to degradation of
coastal ground-water resources and destruction of
ecastal habltats through siltalion;

(¢} Fhysicaf removal of mangrove yﬁgetatiun to
pave way for physical development of homas,
industries, hotels, etc.;

(d) Degradation of coral reafa by algal blooems
associated with elevated inorgenic nutrient
coneentrations from domestic waste and
agrochamicals may be a problem in the future; and

le] Destruction of c¢oastal habitats through
inedequats dispesal of solid domestle waste.

It shouid be siressed that the intsrpretations
gxpressed 10 this assesament have besn based on
limized scientific data summarized in national reports,
Thergfore, tha first priority to combat perceived
problams is to econduct detailed scientifig
investigations, and an the basis of the results, take
remedial action. ’

Stratagies and measures have been suggested
to addrees the priority igaues. The improvement of
an-site domestic sowage disposal aystems, the
maintenance and improvement of sewage
infrastructure, and improved refuse collection would
be effactive ih reducing the microbial centamination
of ground water and asaociated threais to public
health, Remote sansing is ans of the most effective
methods which could be usad to assess damage to
zoastal habitats from siltation, sclid domastic waste
and algal blgoma.
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Annex |

H Clasa IA - most toxic, Class 1V - least toxic
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Annex 1l

Number and type of Industries in zelected coastal towns and Island states ol
in 1982 and 1992;1994/1997

Clty/State Mombasa Tanga Dar az Salaam Zanzibar Beychalles Map
Year 1383 1252 1852 | 1982 1882 18982 1982 1893 1582 1992 1982
Faod G 22 2 13 10 B 3 4
Metal 14 159 2 il a 2
Glass i 1 1 1 1 ) 1
Flastic G 8 1 B 7 3 1 1
Electricity 1 2

Refinary 1 1 1 1
Cament 1 1 1 1 1

Textile 3 22 a 12 1
Chemical 1 4 1 ¥ G T 1
Paper 2 1 L]

Paint 1 3 6 1 E 1

Soap 1 2 2 1 2 1 2 2 1

Salt 1 1 1 1

Cigarette 1

Brewars 1 1

Cooking a

Othars =

Totad 33 25 14 5 a% T4 3 15 7 J 11




Annax 1l

Annual Blochemlcal Oxygen Demand IBOD) pollutant load to the water environment
in selected cities and states of the region in 1982 and 199

BODS Solid waste/capita % population %% W
{tons/year) kg fyoar connected to {ton:
Fewage systam
Yo 1082 1882- 1582 1982- 1982 14892- 196!
1937 1997 1997

Mombasa 1760 25 B00 1393 20

Tanna 200 274 180 10 13

Car s Salaam 2250 14 160 13

Seychelles 125 1363 25 255 45

Maputo 1640 o039 10

Madagazcar 270 13561 &

Mauritius 5300 G4

COMmoras 45085 160 0




27

Annex IV

- eniont e e

Sites of current and potentlal mineratl exploitation

and fuarrying in coastal araas

fr e

DEPOSIT COUNTRY LOCATION USEfFRODLCT
Rock =alt Tan_z-a;; h Lindi common galt
Limestone Tanz&hia Wazo Hill cerment
Kaolin Tanzania Fugu Hills
Gravel Tanxahia all coast construction
Sand Tanzania all coast CONSTrSTioNn
Limegtona Tanzania all coast construction
Autile Tanzania all coast mahite
Fan salt Kenya Gong ot common salt
Gypsum Kenya Roka and Tula valleys caEment
Iran Chre Ken".l'-ﬂ Jaribuni camant manufacture

3 Lead Kenya Kinagoni l=ad
Baryte Kanya Witengeamnm lead
Galena Kenye Yitengend
Limestone Fanya all coast aghalk, ime, cement and ballast
Coral stona Kenyd ali coast canstruction
Pyrochlore Kanya Mrima Hill nighium, iron manganesa, gold
Clay and sar-i.d-_- -_H:;;va Gongani, Mazeras and Maomb2sa gonatrustion and pottery
Apautile Kenya Mrima Hills bricks and tilas

o
Rock Mauritiug sea and littoral zone
Eoliznite fdauritius sea and littoral zone
Fossil Coral Mauritiua lime

Sand Mozambique whola ¢oast CONSTIUCLION
Titanium Mozambique Zambazia provinesa industry

Sand Comaras sonstruction
Febbles Comaros construction
Gravel Comoros construction
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Annex V

Summary of priority lssues relating to the impact of land-based sources and activities

to the marine and the associated Freshwater environment in the ragion

Countey Iszuns Caugels| Scala
Kenya 1. Water guality degradation 1. Domestic sewaqe
2. Domestic solid waste
3. Infrastructural inadequacy
4. Tourism devaloprest
5. Industrial aquacubtural efflusats
Il. Habitat moedification! 1. Population pressure
degradatian 2. Agricuhural activity
3. Urhanization
4, Industrialization ¢f salt pars
9. Tourism cevelgpmant
G. Lack of proper Land-usa planning
7. Hesqurca gver-explomation:
* =and and caral mining
= [Destructive perasites
Ill. Restricted aceese {usagsal to 1. Poor land-use planning
Resourees and Resource - 2, Changes of use of resources
use cordlict 3. Lack of integrated approach to
respources use
IV, Microbial contamination 1. On-sita domestic sewage disposal
of groundvrater 1. Poar domestic rafuse dlsposal
1. Soil erpsion and siltation
V. Saline intrusion 1. 'ncrazead ahstration af groundwater
Tenzania I Pollution 1. Domoatle waste water
1. Groundwater polluticn 2. Domestic sbiid wasies
*  Fraghwater 3. Industrial liquid wastes
* Marine waters &. Industrial solid wasies.
B. Agrochemical run-off
@, Mineral exploitation
2. Atmospheric pollution 1. Domestic zources
2. Industriat sources
3. Trameport
4. Fuels

Il. Habttat/ecosystem

degradation

—_

. Siltation due to poor (and ugRa:
Defarestation

* ‘Construction

= Agriculture

* Miring {sand, quarries,
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Country 13sues Cauzelz) Scale
Tanzania [sont.) 2. Dastrustive fizhing mathods
3. Pollution:
*  Indystrial development and wastes
= Littering
*  Atmosphetic emissians
4, Aquacultura
5. Dredging
lll. Restrictad acgess to resources,t 1. Poorfack of land use plans:
e.q.. beachas, fich-landing =ites, = cpaztal urbanisation
parts and harbours *  Tourism relatad devaopment
Zanzibar I. Pollxion 1. Domastic waste watar
Stata of the 2. Agrochamical wuste
Unitad 1. Coastal wataers 2. Sand extractian
Rapublic of 2. Ground waters
Tanzaniz 3, Atmospherie armiasions 1. Domestc emissions
2. Transport emissions
2. Industrial amigsions
Il. Habltat/ecosystems T. Poor fishing methads
dagradation 2. Resgurce over-exploitation
3. Ground pollution
{solid and lfguid wastes)
lll. Restripted access to 1. Paorlack of land use plana:
resources, .. baaches, = Tourism related devalopment
landing sites, = (pastal urbanlzation
ports and harbours
Mauritius Agrochemical ground water Intenziva fartilizer and
pollaclon pesticide application
Micribial contamination of High BOL |oad frorm sugar
groundwater procesaing
Cozstal habitat (coral) Algal blooms due to the releasa of
degradation domestic spwage
On-site sawage disposal
Mining and quarrying
Mozambique |. Coastal hahitat {eoral) 1. Siltation from poor lang use: Lacalized
degradation * agriculture lirrtensive)
= deforestation
*  construction
2. Saline intrusion due to excass Localizad
ground weter intnisicn {intensive!
3. Industrial development
4. ﬁquamltum developmeant




s

Sountry Issues Causa(sl Scale
M ucambiguss 2. Atmospheric pollution 1. Transpeort
Z. Industrial EMisEions
[I. Restricted acoess to 1. Poorflack of land e plans: Locelized
resources, o.g. beachas, fish * coestal urbenization
landing sites, ports and = tourism related development
harbours, ate. Localized

Mada gasoar

|I. Habitet/ecosystems
degradation

II. Rastrictad accass to
resources, e.9. beaches, fish
landing zites, portefherbours, etc

i, Follution
1. Ground water

2. Atmaospheric pollution

3. Surface water

1. Siltation from poor land use:

* deforastation
*  agriculture
» congtruction
. Pollution
ground, .9, Wastes
#tmospherc e.q. waste
. Industrial developrment
. Aguaculture development
. Mining
Salina intrusion
. Dredging - siltation
. Ground water extraction

LI A

e

1. Poorflack of land use plans:
* zeastal urhanization
* tourizm related development

1. Domestic waste water
2. Agrochemical waste
4. MWineral explaitation

4, Aquaculture effluent
B. Heavy metal extraction/uss
& Sand

1. Industrial

2. Transport

3. Domestic

4, Fuel

B. Atmospheric emissions

1. Daomastic solid wastex

2. industrial solid wastps

Comoros

1. Graund water

* (QOrganic and liquid wastes-
»  Zaling intfusion

¢ Ol from wehicles

* [Dead bodies
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Country

l&sues

Cause s}

Bcala

Seychallag

Public health concerns
vater quality and poterndial
coastal habitat degradetion

Coastal depogition of red soil
during rainy saason due fo an
unplanmad access road
construction sitag

On-sita domestic sawaga dispozal
Industrial affluent disposal

Sitation




