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I. FOREWORD

This document is a summary of a study that has been carried out
primarily by professional staff and government authorities in
Cartagena, with the support and assistance of ECLAC in the context
of the ECLAC/UNEP project on "Technical cooperation for planning
and environmental management in Latin America and the Caribbean".

It examines one aspect of the diagnosis and identification of
the main environmental problenms affecting Cartagena, the
determination of a set of objectives for the environmental
management of the city in the context of its development, and the
establishment of a series of project profiles that should be
carried out in the relatively short term to implement that
managenent.

In terms of diagnosis, the document incorporates an existing
background paper on the environmental situation in Cartagena
prepared by José Henrique Rizo Pombo, in addition to a fruitful
discussion at a ZOPP Seminar that took place in Cartagena in August
1991, precisely on the problem of urban and industrial pollution in
that city, among high-level officials, professional staff and
technicians directly or indirectly involved with the pollution
problen.

On the basis of the diagnostic study and the outline of
priorities set forth at the seminar, as expressed in a planning
matrix which contains objectives, findings and major activities
planned, certain progress was made in defining a series of nine
project profiles designed to undertake the most urgent types of
action required for the environmental management of Cartagena.
This definition was crafted by the institutions and professional
staff involved, with the technical assistance of ECLAC.



II. BACKGROUND

Cartagena is located on the bay of the same name on the Colombian
coast of the Caribbean Sea. (See figures 2.1, p. 3, and 2.2, p. 4).

Its climate is hot and humid, with an annual average
temperature of 28° C. and an average rainfall of 920 mm per year.
The rainy season runs from April to June and from late July to late
November, with strong, frequent rains in October. During the rainy
season, temperatures are the highest and winds are light and
variable. During the dry season, when temperatures are lower,
stronger trade winds from the north predominate, mainly from
December to March.

The city was founded on 1 June 1533 by Pedro de Heredia on an
indigenous settlement known as Calamari or Caraimari. Cartagena

later became one of the most important cities in the Spanish
colonies.

The military installations
and religious and <civilian
buildings of the era constitute
the 1largest urban colonial e
settlement in Latin America, RedideNtTaL
which explains why Cartagena was  commercial
declared by UNESCO in 1985 to be . Institutional
part of the Historical ang : !'Mstrial : Mamona

o . " Other:
Cultural Heritage of Mankind. Ecological reserve

The opening of the Canal
del Dique in 1650 1linked
Cartagena to the Magdalena
River, making it the main river
port in the country, handling
slightly less than 80% of the
freight on the Magdalena.

Viréinis Marsh
Waterways:'and’ lakes
_Inland:Bay. .
,giIotél'inland*uaters i
Cartagena is the fifth - siterBe
largest city in Colombia, with @ ° v
a population of 620,000 in an
urban area covering 8,000
hectares, distributed as shown
in table 2.1. As table 2.2 shows, water has considerable influence
on the layout of Cartagena.
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Figure 2.1
LOCATION AND ROAD LINKS
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Figure 2.2
CARTAGENA: URBAN AREA AND BODIES OF WATER

Urban area
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Cartagena is Colombia’s main tourist attraction, with hotel
facilities for 8,000 people. It is also the country’s main seaport
and handles close to 60% of its international and coastal cargo.
The city’s industrial sector is already quite large and growing.
Industry produces 52% of Cartagena’s gross domestic product, while
tourism (hotels and restaurants) produces 3.5%.

Cartagena is linked by land with the interior of the country
and with other Caribbean and Venezuelan ports by the Caribbean
highway, which connects with the western and Magdalena highways.

Migrations have produced a highly unbalanced population, with
85% in low-income groups, 20% of whom are in extreme poverty, and
a high-income stratum of slightly less than 4%, and a middle class
of barely 11%.

Legislative Act N° 1 of 1989 endowed Cartagena with the status
of tourist and cultural district, with special characteristics
within the territorial system of Colombla. The new Constitution,
promulgated on 5 July 1991, confirmed the act.

As a district, Cartagena shares in the nation’s income
(leading to a rise of 17% in the city’s income in 1992). It also
grants legal benefits to its economic activity.

Looking to the future, it should also be mentioned that in the
last four years new industries were either enlarged or constructed
in the city, mainly petrochemical or related 1ndustr1es, for a
total of US$500 million, and another US$1.28 billion in investments
is planned over the next five to seven years.

The customs-free tourist zone of Baru was set up to develop
some 600 hectares on the island; important economic groups have
expressed interest in the project. Tourist facilities and lodging
are also under construction along the coast between Cartagena and
Barranquilla, especially the section between cCartagena and
Galerazamba. Investors have renewed interest in constructing
hotels in the little space still available in the tourist sector of
Boca Grande. Construction of other hotels to the north and close
to the airport is also planned.



ITI. THE ENVIRONMENTAL PROBLEMATIC OF CARTAGENA

Historic and more recent development in Cartagena have produced a
variety of environmental problems, many of which are critical and
demand systematic and decisive action by national and district
authorities.

Without a doubt, as in practically all the urban centres of
Latin America and the Caribbean, one of the most critical problems
in Cartagena is the impairment of the habitat of the marginal
population, with the well-known consequences of crime, alcoholism,
promiscuity and overcrowding, poor health, etc. From a purely
physical viewpoint and taking into consideration the links with the
above-mentioned problematic, pollution from garbage is one of the
main environmental problems facing the city of Cartagena at this
time.

Figures 3.1 (p. 7) and 3.2 (p. 8) show in schematic fashion
Cartagena’s various pollution problems. This is the result of the
analysis made in the seminar Programme of policies to monitor and
control urban and industrial pollution in the city of Cartagena,
held in Cartagena 6-8 August 1991, with participants from
government, municipal, university and private sectors.

Even though air and soil pollution might be becoming more or
less serious in certain limited areas, the worst problem is clearly
water pollution. Besides the direct impact it has on the health of
the population, water pollution is beginning to threaten the
sustainability of economic activities with enormous development
potential to benefit the population, such as tourism, which depends
mainly on natural resources of the coast that have to be conserved
by avoiding pollution and impairment.

For every concrete case of water, air and soil pollution there
is a variety of immediate causes that must be taken into account in
designing the strategy and basic plan for the environmental
management of Cartagena.

The following pages will present a detailed analysis of the
problems identified in numerous studies.
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Figure 3.1
PROBLEMS: GENERAL CAUSES AND AIR- AND SOIL-RELATED CAUSES

LACK OF POLITICAL WILL DUE TO A LACK OF PROVISION ON
EMISSIONS CONTROL

INSTITUTIONAL DEFICIENCIES

DUE TO THE USE OF INADEQUATE

PROVISION ON CONTROL

UNSUITABLE PROCEDURES FOR SELECTING
AND PROMOTING GOVERNMENT EMPLOYEES

LACK OF OPERATIONAL CAPACITY ON THE {—-POLLUTION FROM INDUSTRIAL EMISSIONS
PART OF INSTITUTIONS WITH CONTROL — IN THE MAMONAL ZONE F—
RESPONSIBILITIES

POLLUTION FROM BURNING GARBAGE —
LACK OF MODERN AND SUITABLE TECHNO- IN THE OPEN AIR

LOGY ON THE PART OF INSTITUTIONS WITH[|—
CONTROL RESPONSIBILITIES

POOR INTER-INSTITUTIONAL COORDINATION|— |-—-POLLUTION FROM FIXED SOURCES —

DISPERSED RESPONSIBILITY FOR ENVIRON- |— POLLUTION FROM MOBILE SOURCES|—
MENTAL MANAGEMENT

NOISE POLLUTION .

LACK OF SPECIALIZATION IN PUBLIC —
ENTERPRISES THAT PROVIDE SERVICES

LACK OF AN INFORMATION SYSTEM FOR — L— LOCALIZED AIR POLLUTION PROBLEMS

ENVIRONMENTAL MANAGEMENT

LACK OF TRAINING - {—— LOCALIZED SOIL POLLUTION PROBLEMS

DEFICIENT MONITORING

POLLUTION FROM UNSUITABLE USE
LACK OF ENVIRONMENTAL AWARENESS OF AGROCHEMICALS

LACK OF FINANCIAL RESOURCES POLLUTION FROM UNSUITABLE
[— DISPOSAL OF INDUSTRIAL WASTES

UNSUITABLE ALLOCATION OF RESOURCES

DEFICIENT TECHNOLOGIES INADEQUATE INFRASTRUCTURE FOR
COLLECTION AND DISPOSAL OF

WASTES AND GARBAGE

USE OF OBSOLETE CONTROL TECHNOLOGIES

LACK OF APPROPRIATE AND VIABLE t__ POLLUTION FROM UNSUITABLY MANAGED
TECHNOLOGIES FOR SOLVING ENVIRONMENTAL RESIDENTIAL SOLID WASTES
PROBLEMS

NON-USE OF LOW-COST TECHNOLOGIES l

HIGH DEGREE OF POLLUTION IN THE WATER
ENVIRONMENT AND LOCALIZED PROBLEMS OF
LACK OF MANAGEMENT PLANS — AIR AND SOIL POLLUTION

DEFICIENT CONTROL POLICIES IN GOVERNMENT I

AGENCIES —

HIGH DEGREE OF WATER POLLUTION (SEE
FOLLOWING FIGURE)

PROBLEMS COMMON TO THE WHOLE RANGE OF SPECIFIC QUESTIONS
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Figure 3.2
PROBLEMS CAUSED BY WATER POLLUTION
PROBLEMS
COMMON TO] |LACK OF TREATMENT (SEE PREVIOUS FIGURE)
THE WHOLE] |SYSTEMS UNSUITABLE METHODS
RANGE OF T FOR DISPOSAL AND +—
SPECIFIC TREATMENT
QUESTIONS
(SEE THE USE OF OBSOLETE
PRECEDING] |PRODUCTION
FIGURE) TECHNOLOGIES
INADEQUATE POLLUTION FROM
TREATMENT SYSTEMS INDUSTRIAL WASTES [—
DEFICIENT BUSINESS
MANAGEMENT
USE OF INEFFICIENT
[———— TECHNOLOGIES : —
LACK OF CONTINGENCY
PLANS —1 ACCIDENTS DURING
PORT OPERATIONS
LACK OF CONTROL _J
EQUIPMENT POLLUTION FROM
UNSUITABLE PORT |—
ACTIVITY
INAPPROPRIATE INS- DUMPING OF BILGE
TALLATIONS ON SHIPS WATERS
INEFFICIENT SEWERAGE SYSTEM
_—W POLLUTION FROM
POOR COVERAGE BY THE SEWERAGE SYSTEM CITY WASTEWATER
LACK OF TREATMENT ——J
SPREAD OF SUBSTAN- DEFORESTATION OF
DARD HOUSING ON HILLS b
HILLSIDES
DESTRUCTION OF POLLUTION FROM
MANGROVES ERODED MATERIAL |[—
UNSUITABLE EXPLOITATION
OF QUARRIES —
INSUFFICIENT INFRASTRUCTURE FOR POLLUTION FROM
COLLECTION OF RESIDENTIAL GARBAGE SOLID RESIDENTIAL |—
WASTES
POLLUTION FROM AGRICULTURAL WASTES|—
POLLUTION FROM THE CANAL DEL DIQUE

LOCALIZED AIR POLLUTION —
PROBLEMS

LOCALI1ZED SOIL POLLUTION
PROBLEMS —

HIGH DEGREE OF
WATER POLLUTION |—-

HIGH DEGREE OF THE WATER
ENVIRONMENT AND LOCALIZED
AIR -AND SOIL- POLLUTION
PROBLEMS
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A. WATER POLLUTION

Water pollution in Cartagena can be schematized, as in table 3.1,
according to the source of the release and the receiving body of
water.

Several studies have been made on water pollution in
Cartagena.V

Given the difficulty of summarizing all the aspects of this
situation, a systematic picture of available information is given
here, with comments on its main conclusions, listing in order of
priority possible actions and pointing out the areas where
information, policies and actions are lacking.?

l. Sources of releases

a) Industrial dumping

According to 1990 data from the Cartagena Chamber of Commerce,
the city has some 620 industries.? INDERENA (1990) estimates that
close to 50 of them produce significant volumes of liquid
effluents. All of these industries are located on the east coast
of the Bay of Cartagena, into which they therefore dump 100% of
their industrial effluents, after treating them in some cases.
Especially important in this group are the large enterprises in the
Mamonal industrial zone. Besides Mamonal, another important source
of discharges is the Bolivar Liquor Company (INDULIBOL) in El
Bosque. This area also contains a number of small industries
(mechanics, paint shops, furniture, soft drinks, etc.) whose
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dumpings are not measured but might be considerable. Figure 3.3
(p. 12) gives the main industrial areas and enterprises.

Monitoring of industrial dumping by 1large enterprises in
Cartagena has greatly increased over the last decade. In the last
two years, the number of enterprises monitored went from two to 22
(see table 3.2, p. 13). A number of these were treating their
liquid effluents when their releases were measured (see table 3.4,
p. 14), therefore the figures represent effective releases after
treatment by each enterprise.

All the data is not in
vet,¥ but the information
provided in table 3.3 was
obtained from the data by
INDERENA on 12 enterprises in
the area.

© o Nitrogen: oo
. "Phosphorotsi = .
According to a study by 0ils ‘4nd grease - i
INDERENA (1990), 32% of the e
organic matter dumped into the
Bay of Cartagena, 25% of the
nutrients, a good part of fuel
and fertilizer residues, and
most of the typical industrial
discharges, such sodium carbonate, ammonia, phenols, heated water,
etc. come from industry.¥

_ Source: INDERENA (1988) =

New enterprises are being built in the Mamonal industrial zone
and several of those already there are enlarging their operations.
The Government’s policy to promote exports and liberalize the
economy will probably reinforce this trend, which will make new
environmental demands on the Bay of Cartagena and require
monitoring the enterprises. The study of the Mamonal Foundation
(1989) gives a 1list of the projects under way and their
requirements for environmental monitoring.

b) Urban wastewater

Cartagena’s wastewater reaches a volume of 200,000 cubic
metres a day, and between 5% and 60% of it is dumped into the
Virgin’s Marsh (or the Tesca Marsh) through a number of underground
pipes and open drainage canals south and south-east of the Marsh.
Another 35% to 40%, approximately, is discharged into the Bay of
Cartagena, mainly through an underwater pipe 800 metres long
opposite Manzanillo Island. Another amount, difficult to estimate,
probably between 5% and 15%, finds its way to the city’s system of
waterways and lakes. A good part, unquantified, of these dumpings
are produced by the supposedly emergency discharges of numerous
sewerage pumping stations, which are frequent, and in some cases
constant, since their pumping capacity is insufficient (see figure
3.3, p. 12).
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The impact of these
completely untreated discharges
represents a pollution 1load 'DISCHARGE “OF:URB
whicg is detailed in table
3.5.2

stimated volume

The impact of these
discharges on the city’s bodies
of water has been devastating,
leading to their eutrophication,
high levels of bacterial
pollution, accelerated sediment
build-up and overall
environmental impairment.

Its larger size and active
interchange with the open ocean has diminished the impact of
wastewater discharges on the Bay of Cartagena; nevertheless, today
they are considered by many specialists to the main cause of
pollution in this body of water.
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Figure 3.3
LOCATION OF MAIN DISCHARGES
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Table 3.2
INDUSTRIAL LIQUIDS DUMPED INTO THE BAY OF CARTAGENA, MARCH 1989, kg PER DAY
ENTERPRISE VQLUME TSS BOD CcoD NH4+ NO2- NO3- NT PO4
(m™~/day)
ABONOS DE COLOMBIA-ABOCOL 831.1 n.7 1.6 8.1 452.4 2.7 249.8 883.6 29.5
ALCALIS DE COLOMBIA 49 464.0 91 775.7 608.4 1 004.1 474.9 6.9 291.8 619.5
5 685.1 26 626.3 133.6 231.4 35.3 18.2 110.3 337.7
AMOCAR 986.7 289.0 15.8 37.2 100.0 1.0 20.4 205.6
CABOT COLOMBIANA S.A. 33.5 0.8 1.2 1.5 0.3 3E-3 3E-2 0.7 15€-3
CIBA GEIBY COLOMBIANA S.A. 20.0 6E-4 16E-2 4.4 3E-4 6E-5 7E-3  756E-5 1E-4
COAPESCA 20.0 5.0 0.9 1.2 5€-3 1E-3 1E-3 15E-2 0.2
CODEGAN 25.2 22.2 30.2 37.8 14€-3 0.6
CURTIEMBRES 19.6 140.7 34.4 42.8 8.3 - 9.7 23.4
DOW QUIMICA OF COLOMBIA 69.1 25.9 46E-2 1.3 13€-2 1E-4 39€-4 13E-2 1E-3
DOW COLOMBIANA S.A. 1.1 13€-2 7E-3 24E-3 6E-3 - 4E-5 2E-3 2E-4
ECOPETROL 223 500.0 1129.0 3 487.0 3 487.0
ESSO COMBUSTIBLE 17.3 1E-2 19€-2 6E-2 6E-2 8E-2
ESSO LUBRICANTE 17.3 13€-2 24E-2 34E-2 22E-3 - 4E-2
FRIGOPESCA 181.4 22.5 24.6 36.3 6.5 16.4
INDUSTRIA ROMAN S.A. 144.6 12.3 12.3 21.7 33E-2 16E-2 - 49E-2 5E-2
IND. LICORERA DE BOLIVAR 284.3 273.8 4 339.5 5 779.9 3.6 - - 7.9
INDUPOLLO 52.2 6.0 10.2 17.3 - 3.3
MONTEMAR HELADOS 1.7 86E-2 1.8 2.9
PETROQUIMICA COL. 1 728.0 172.1 103.7 140.9 1.6 18.5
OCEANOS S.A. 19.2 1.3 10.3 13.9 53E-3 1€-3 1E-3 51E-2 48E-3
POSTOBON 117.1 35.5 107.4 175.6
PROCESADORA DE LECHE
DEL CARIBE 62.6 238.3 1M11.4 158.5 0.6 7E-2 41E-2 1.3
VIKINGOS DE COLOMBIA S.A. 230.0 14.7 14.8 73.6 S58E-2 1.2
TOTAL ACCORDING TO SOURCE 283 500.0 96 842.9 9 050.0 11 277.0 1 048.8 29.1 698.8 9 671.9 29.8
CORRECTED TOTAL 283 518.0 120 863.9 9 050.0 11 278.0 1 048.6 29.1 698.8 2 171.5 29.8
ENTERPRISE VOLUME PT Cr Zn A and G HAT  Phenol Ba TensAc PCB MVC Cn-
(LT/DAY)
ABONOS DE COLOMBIA-ABOCOL 838.1 54.7 16E-2 0.10 0.6
ALCALIS DE COLOMBIA 49 464.0
5 685.1
AMOCAR 986.7 1.0 1.7 10.0
CABOT COLOMBIANA S.A. 33.5 24E-3 - - 0.1 3E-4 - - 1.3 -
CIBA GEIGY COLOMBIANA S.A. 20.0 1E-3 15€-2
COAPESCA 20.0 25€-2 4.0
CODEGAN 25.2 27e-2 14.1
CURTIEMBRES 19.6 4E-2  27E-2 36.5
DOW CHEMICAL OF COLOMBIA 69.1 14E-3 17€-2 21E-2
DOW COLOMBIANA S.A. 1.1 7E-4 7€E-3 8E-3
ECOPETROL 223 500.0 4.6 27.0 42E+2 1.4 168.0 1.7
ESSO FUELS 17.3 - 1.1 -
ESSO LUBRICANTS 17.3 3E-2 72E-2 -
FRIGOPESCA 181.4 4.2 77.1
INDUSTRIA ROMAN S.A. 144.6 9E-2 - -
INDUSTRIAS LICORERA
DE BOL {VAR 284.3 2.3
INDUPOLLO 52.2
MONTEMAR HELADOS 1.7 7€-4 25E-2 14E-2
PETROQUIMICA COL. 1728.0 91E-2 6E-3
OCEANOS S.A. 19.2 7E-2 24E-2
POSTOBON 117.1 - 1.0
PROCESADORA DE LECHE
DEL CARIBE 62.6 87E-2 1.1
VIKINGOS DE COLOMBIA S.A. 230.0  26E-3 2.8
TOTAL ACCORDING TO SOURCE 283 500.0 64.7 6.7 27.1 4 339.7 1.4 168.0 2.8 6E-3 1.7
CORRECTED TOTAL 283 518.0 64.8 6.7 27.1 4 348.7 1.4 168.0 2.8 6E-3 1.7

Source: INDERENA (Total values have been corrected for this report).
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Table 3.4

WATER TREATMENT SYSTEMS IN SOME INDUSTRIAL ENTERPRISES IN CARTAGENA

ENTERPRISE ACTIVITY TREATMENT SYSTEMS

Abolcol Chemical fertilizers Sedimentation basin; changes in

processes.

Amocar Ammonia, nitric acid Sedimentation basin; APl separator;

neutralization tank.

Alco Sodium carbonate, Sedimentation basins; changes in
caustic soda processes.

Bavaria Malt factory (under Anaerobic sludge digestor (under
construction) construction).

Cabot Carbon black Settler, anaerobic digestor, separator and

collector of oils and fats.

Colclinker Cement and clinker Not reported.

Corelca Electric plant Neutralization and cooling tanks.

Dexton, S.A. Polystyrenes API-type separator.

Dow Chemical Biocides Not reported.

ECOPETROL 0il refinery, APl separator. Skimming basins for
Dock for crude for bilge; pollutants removed are bio-
and hydrocarbons stabilized by mixing with soil.

Frigopesca Cold storage Filtration; anaerobic basins; chlorination.

Hoechst Surface-active agents Septic tank; incinerator.

Indubol Liquors Not reported.

Purina Animal feed Not reported.

Postobén Gases None.

Source: INDERENA, Environmental Unit, 20 June 1991

c) The Canal del Dique

The Canal del Dique runs through a variety of marshes and old
beds of the Magdalena River to reach the south side of the Bay of
Cartagena, beginning in Calamar, 115 km away. Before it reaches
the Bay of Cartagena, it partially empties into the Bay of Barbacoa
through several canals (see figures 2.1, p. 3, and 2.2, p. 4).

The volume of water in the Canal del Dique is closely related
to the dry and rainy seasons that affect the Magdalena River,
normally at its highest from May to June and October to November
and its lowest from February to March and August to September.
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The Canal del Dique has
greatly affected the whole water
system of the Bay of Cartagena,
changing it from a bay of coral
reefs with clear water to an
estuary with a high volume of
fresh water and suspended matter
which, depending on the season,
alter the salinity, oxygenation
and numerous physical and
biological parameters in the
Bay. The Canal’s average inputs
into the Bay are quantified in
table 3.6. Among other effects,
higher turbidity and 1lower
salinity have killed the coral
reefs, reduced the ©primary
production of the Bay and
notably narrowed the areas that
can be used for recreation and
swimming.

The Canal del Dique is the only source of fresh water for
Cartagena and numerous communities along its banks. It also
regulates and is regulated by the wetlands on both sides of the
Canal, which have been affected by works to straighten and dredge
the Canal. Many of these marshes have become smaller and fishing
in them has been substantially reduced. Some benefit has been
obtained --although not proportional to what was lost-- for stock
raising and agriculture. In recent years, land along the Canal and
the Bay of Barbacoas has been converted into shrimp and babilla
farms, with excellent results.

d) Spillage from ships and dock operations

Cartagena is Colombia’s main port. Besides the marine and
river terminal of the Colombian Port Authority (COLPUERTOS) and the
tourist dock of the Bolivar Urban Development Enterprise (EDURBE) ,
a number of industries in the Mamonal zone operate their own docks,
with facilities to onload and offload fuels and chemical products.
The major oil and fisheries enterprises also have their own docks
and depots. 1In all, there are 22 of these docks, known as "private
docks", although several belong to government agencies.

A container dock, which will be the largest in the country, is
presently under construction.

Cartagena is also the headquarters of the Atlantic fleet of
the Colombian navy. It also has several shipyards that can handle
ships up to 10,000 tons in dry dock. Figure 3.4 (p. 16) shows the
location of Cartagena’s port facilities. It does not show the many
marinas and sport and recreational landings the city also has.



16

Figure 3.4
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With that much maritime traffic, it is to be expected that
ship and dock operations cause pollution problems, due to a) faulty
onloading and offloading of ships; b) inadequate port facilities
for the reception of ballast and effluents from ships; c) wilful or
unwilful dumping of bilge water and other wastes from ships at dock
or under way in the Bay.

Hydrocarbons in the Bay have been reported repeatedly from
visual sightings near the docks of petrochemical enterprises in the
Mamonal zone and the port facilities. 0il has also been found in
a number of samples taken from different points in the Bay (see
Pagliardini, et al., 1982; Garay Tinoco, 1986, 1987).

There have been no major dumpings from ships and docks into
the Bay in the recent past, although small spills constantly take
place. This situation is improving, however, due to the
collaboration of the enterprises and inspections by the
authorities.” The following are problems that still exist:

i) Deficient port infrastructure. Practically no Caribbean
port outside the United States is equipped to receive and treat
effluents from ships as stipulated in the international conventions
(such as the International Convention for the Prevention of
Pollution from Ships (MARPOL, 1978) and the Convention for the
Protection and Development of the Marine Environment of the Wider
Caribbean Region). Therefore, the ships dump their wastes at sea
(at the risk of polluting beaches and living resources) or at
dockside and in surrounding areas.¥

ii) With the exception of Ecopetrol, no industry in the
Cartagena area has port facilities to dispose of or treat bilge
water from ships, tanker washing, wastewater, ballast, effluents
from harmful liquid substances transported in bulk or fuels and
lubricants.

The reasons for this are:

- The high cost of such facilities;

- A reduced volume of wastes and debris;

- A lack of an authority to enforce standards;

- Rampant impunity owing to the authorities’ inefficiency
and a lack of sanctions, which makes it cheaper to dump
than to suitably dispose of wastes.

iii) Resources to environmentally police the port are very
limited, particularly for spillage from ships, which requires daily
monitoring, often from the air, in order to detect and apprehend
offenders.

The Maritime and Port Authority (DIMAR), aware of this
problem, elaborated a national contingency plan in 1990 for
hydrocarbon spills and six plans for critical areas in ports and
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zones with a high risk of hydrocarbon pollution, among them
Cartagena. The plan is consistent with the guidelines of the
International Maritime Organization (IMO) and the Action Plan for
the Wider Caribbean, in the case of Cartagena. Institutional
blocks have prevented the Plan from being executed.

DIMAR has also required enterprises that handle hydrocarbons
to have their own limited contingency plan for local spills from
accidents occurring in loading operations at their docks.

e) Other sources of water pollution

There are several other smaller sources of pollution in the
Cartagena area. Agricultural chemical wastes reach the east side
of the Virgin’s Marsh and the Bay through a series of canals and
streams than run through agricultural areas. The Canal del Dique
also brings a significant amount of agricultural chemicals into the
Bay of Cartagena.

Solid wastes thrown into the water and leachates from numerous
dumps in the urban area are a serious source of pollution for
canals and urban lakes and the Virgin’s Marsh. Leachates from the
municipal dump must also discharge into the Bay of Cartagena,
although this has not been officially confirmed.

2. The condition of receiving bodies of water

Although there is no ongoing programme to monitor water quality in
Cartagena, many studies have been done over the last 15 years
containing a variety of measurements in one or more of the three
main components of Cartagena’s water system: 1) the Bay, 2) the
Virgin’s Marsh (also known as the Tesca Marsh) and 3) the system of
urban waterways and lakes.

a) Pollution in the Bay of Cartagena

The Bay of Cartagena covers approximately 82 square
kilometres, is 30 metres deep at the deepest spot and has an
average depth of 16 metres, a volume of 1.23 billion cubic metres,
and has an active history of morphological changes, part of which
were due to natural causes but the majority due to human action.

According to most of the studies and technicians consulted,
the main sources of pollution in the Bay, by order of importance,
are:

i) Dumping of the city’s wastewater;
ii) Sediment, nutrients and other pollutants from the Canal
del Dique;
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iii) Discharges from the Mamonal industrial zone;
iv) Ship and dock operations in the port;
v) Various run-offs.

Even though continuous monitoring of pollution in the Bay is
not done, there are many highly detailed and well-documented
studies available.¥

It is difficult to summarize the overall picture. Most of the
measurements taken show a worrisome level of pollution in the Bay
of Cartagena. Virtually every parameter of environmental
impairment that was studied is found in the samples taken.!¥
Many of the parameters studied showed values significantly higher
than the basic concentrations found in unpolluted sea water, port
and industrial areas and exceeded recommended values for human use
(direct contact, fishing).

Table 3.7 shows the results of several studies done in the
early 1980s and compares them with the maximum values established
by Colombian law for the quality of sea water and estuaries and
recreational uses involving primary and secondary contact. It does
not give numerical values, due to the huge differences in records
and the number of figures presented in each study.lV/ 1%

Table 3.7
POLLUTION LEVELS FOUND IN THE BAY OF CARTAGENA IN TESTS IN THE EARLY 1980s

PARAMETER COMPARISON WITH COLOMBIA’S QUALITY STANDARD
MEASURED (Decree 1.954 of 1984)
SEA WATER RE-CREATION
WITH CONTACT
- Dissolved oxygen Acceptable up to four metres deep; very low at deeper levels Same
- Fats and oils Far above standard in several parts of the Bay
- pH Acceptable Acceptable
- Mercury Far above standard
- Copper Acceptable
- Iron Acceptable
- Arsenic Acceptable
- Lead Barely meets standard
- 2inc Above standard
- Pesticides Above standard in some parts of the Bay
- Total coliforms Up to 500 times the
(times) standard in some areas
- Fecal coliforms Up to 500 times the
(times) standard in some areas

COMPARISON WITH QUALITY STANDARDS PROPOSED BY CRPDNB* €1983)

Chlorophytl "a" Above recommended values
Transparency

Nitrogen

Suspended solids Far above recommended values
Phosphorous Slightly above recommended values

* CRPDNB = Regional Council for Planning and Development of Northern Bolivar.
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Figure 3.5
CONCENTRATION OF DISSOLVED OXYGEN IN THE BAY OF CARTAGENA
(Measured in 1982)
set value: 4 mg/L

MAL Chuibiy

b1 - &3]
&6 0- 6.1

TISRLAL EO~pa

(S N

Source: CRPDU (1983)

Concentration of dissolved oxygen

Depth
0-4 metres

4-20 metres

20 metres-bottom



21

Figure 3.6

CONCENTRATIONS OF SOLIDS SUSPENDED IN THE BAY OF CARTAGENA
(Measured in 1982)
set value: 5 mg/l - 11 mg/L
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For example, during the transition between the rainy and dry
seasons, deep currents of sea water force their way into the Bay
and remove the organic material from the bottom of the Bay. This
causes the level of dissolved oxygen to drop abruptly and organic
pollution to increase, which has killed fish in the past.
Likewise, measurements of total coliforms in various beaches in the
Bay fluctuate throughout the year by more than 100 times, from
3,600 to 460,000 nmp/100ml.1¥

Changes and degradation of the Bay have economic and social
consequences in terms of: 1) the health of the population; 2) loss
of recreational resources; 3) loss of fisheries resources; 4) loss
of tourist, historical and cultural resources. None of these costs
has been evaluated to date.

It should also be mentioned that most of the studies were
begun in the early 1980s and are now partially out of date due to
changes in the volumes and kinds of dumping and processes proper to
the water dynamics of the Bay.

b) Pollution in the Virgin’s Marsh

The Virgin’s Marsh, north of Cartagena, covers an area of
approximately 22 square kilometres and has an average depth of 1.2
metres. It drains the waters of a small local basin of some 500
square kilometres. Originally, the Marsh emptied its excess water
in the rainy season into the sea through several openings which
closed during the dry season.

With its abundant mangroves and wildlife, the Marsh was
traditionally home to fishermen and a recreation spot for the
citizens of Cartagena up to the beginning of the century. At
present, several factors have seriously impaired it:

i) Discharge of 60% of city’s sewerage system;

ii) The growth of marginal neighbourhoods built on landfills
on the southern edge of the Marsh, which discharge their
liquid and solid wastes into it;

iii) The partial cut-off of a link to the sea by the new
Barranquilla highway, known as the Ring Road, which will
become part of the Caribbean highway;

iv) The damming of outflows by farmers on the eastern edge
and biocide run-off from these agricultural areas.

All of the measurements and studies!® find the Virgin’s
Marsh completely eutrophicated, with dissolved oxygen up to three
times the saturation point. Benthic demand is particularly high,
fluctuating between 5 grams and 13 grams of oxygen per square metre
per day. Orthophosphate and ammonium levels are high throughout
the Marsh.
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These parameters taken together cause sharp drops in dissolved
oxygen when sunny days alternate with cloudy days, which kills
fish. Measurements of total coliforms and faecal matter taken in
1983 were systematically above acceptable limits, especially in the
area where wastewater is discharged at the southern end of the
Marsh. Biocide levels, however, are not high.

Traditional uses of the Marsh, such as fishing and recreation,
are incompatible with present pollution levels. Even if dumping
from the sewerage system of Cartagena were ended, it could take
years for the Marsh to recuperate biologically, according to
several of the studies done.

c) Pollution in waterways and lakes

The waterways and lakes of Cartagena form an interconnected
system nine kilometres long that includes: Las Quintas Marsh,
Bazurto Canal, Lake San Lazaro, Lake Chambacu, Lake Cabrero and the
Juan Angola Canal. The system empties into the Bay through Lake
San Lazaro at the Romdn bridge and the Las Quintas Marsh at the
Bazurto bridge. It was previously also connected with the Virgin’s
Marsh through the Juan Angola Canal, but that link was reduced to
two culverts when the runway of the city’s airport was enlarged.
A canal is currently being dug parallel to the runway to re-
establish the link (see figure 3.7, p. 24).

The location of these waters in the midst of an urban area, a
high percentage of the population along the shore living in extreme
poverty, limited coverage of urban sewerage and sanitation services
and emergency discharges from sewerage pumping stations are all
factors working against the conservation of the system of waterways
and lakes. The main sources of pollution are wastewater dumping
(10,000~15,000 cubic metres a day), garbage (50 tons a day) and
rain run-off, which are considerable for bodies of water of this
size. The felling of mangroves and illegal landfills!® must also
be added to these factors. All this generates deplorable
environmental conditions, which are reflected, for example, in the
fact that total coliforms fluctuate between 23 and 46 times the
acceptable 1levels and faecal matter between 6 and 30 times
acceptable levels in all sampling stations at any time of the year.
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Figure 3.7
WATERWAYS AND LAKES OF CARTAGENA
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B. AIR POLLUTION

Cartagena is a flat, coastal city with strong sea breezes during
most of the year. The strongest winds come from the north and
north-west during 41% of the year, mostly during the dry season.
Winds blow from the south during only 5% of the year, in the rainy
season. The air is still during 20% of the year.l¥

Air pollution in the urban area is produced mainly by:

i) Fuel consumption in automotive vehicles (transport
vehicles of all types);

ii) Fuel consumption in fixed sources (generating plants,
industrial boilers);

iii) Emissions of gases from industrial processes;

iv) Particulate emissions from industrial processes,
construction, earth-moving, quarries, open-air dumps,
etc.

Given the city’s flatness and wind patterns, air pollution
from vehicles does not significantly affect air quality in the
urban area.

Cartagena at present has two electricity generating plants
(Electrificadora de Bolivar, S.A. (ELECTRIBOL) and CORELCA) with a
joint capacity of 250 MW. They burn natural gas, which is the
least polluting fuel used in thermoelectric plants (some emission
figures are given in table 3.8).
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Industrial emissions are concentrated in the heavy industry of
Mamonal. Based on the fuels they use and their industrial
processes, the following emissions can be expected:

- Nitrogen oxides - hydrocarbons

- Carbon

- Carbonates

- Different kinds of dust in suspension

- Sulphur oxides

- Carbon oxides

- Fertilizers in suspension

- Particulate emissions from the cement industry

Using information from the Environmental Sanitation Office of
the Ministry of Health in Bogota, the Mamonal Foundation study
(1989) estimated the theoretical emissions with and without
monitoring systems in the Mamonal industrial zone as presented in
table 3.8.

Table 3.9 (also taken from the Mamonal Foundation 1989 study)
(p. 27) estimates theoretical emissions and those actually reported
by several of the major industries in the zone.

Given the characteristics of the winds, urban zoning laws and
the location of the Momonal zone in relation to the city, it is
improbable that these emissions reach the rest of Cartagena. They
are strongest in the Mamonal zone itself and in the nearby
neighbourhoods of Pasacaballos to the south and Arroz Barato and
Membrillal next to the zone, as well as settlements from land
invasions such as Policarpa Salavarrieta. It should be mentioned,
however, that air pollution is not routinely measured in Cartagena.

C. SOLID WASTE POLLUTION

Urban solid wastes are produced
mainly by: a) residential and
commercial activities, b) street
cleaning, c) industrial
activities, d) construction
materials, demolitions and the
like, e) different objects left
in public thoroughfares (old
boats in waterways, scrap in
streets, etc.), f) solid wastes
from systems to control gas and
liquid pollution (dust and
slurry), g) prunings and plant
wastes from parks, green areas,
yards and gardens.

Only partial information exists on volumes of garbage produced
in the urban area of cCartagena, mainly in reference to the
generation of domestic garbage.l? Table 3.10 shows the
approximate daily production, according to the most recent
estimates.
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l. Composition and disposal

There is no published information on the composition of industrial
garbage and wastes from pollution control generated in the Mamonal
industrial zone.!¥ The average garbage produced in homes,
commerce and light industry in the urban area is composed of 55%
organic matter, 18% inert matter, 10% paper, 10% glass and less
than 7% metals, plastic, wood, bones (Ministry of Public Health-Pan
American Health Organization (PAHO)-Municipal Public Enterprises of
Cartagena, 1979). It is disposed of in the following ways:

i) Wastes from the Mamonal industrial zone, including those
from pollution control systems, are collected and disposed of by
the industries themselves, directly or through contracted services.
They are recycled, sold, buried at the plants themselves or burned.
An undisclosed amount is thrown into the municipal dump.

ii) Debris from construction and demolition, if a small
amount, is normally transported by wheelbarrow and dumped on the
nearest shore. If the quantity is large enough to require hiring
a lorry to remove it from the site, the owner of the vehicle is
responsible for its final destiny. In most cases it is sold to
landfills, which in some cases are illegal.

iii) An estimated 280 to 320 tons of garbage (between 54% and
62% of the total) is collected daily by the garbage collection
service, managed by the Municipal Public Enterprises of Cartagena,
and brought to the municipal dump located near the neighbourhood of
Henequén (see figure 3.3, p.12).

iv) Approximately another 200 tons of garbage (around 40%) a
day is not collected in the urban area. It winds up in bodies of
water, on shores and in some 100 informal dumps spread throughout
the city, including the <centre of town and residential
neighbourhoods. Garbage poorly disposed of, due to a lack of
facilities, adequate collection and the decisions of users also
affects the beaches and water in Cartagena’s tourist areas.

2. Collection and disposal

Whereas at the national level the Ministry of Health is in charge
of setting standards for the management and disposal of solid
wastes, regulation and provision of sanitation services belongs to
municipal government. In Cartagena, Municipal Public Enterprises
are responsible for collecting and disposing of the city’s solid
wastes. The following information was given by technicians of
Municipal Public Enterprises:l¥
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i) Municipal Public Enterprises has 10 garbage trucks, of
which three or four are normally out of service because of
mechanical problems. Most residential neighbourhoods in Cartagena
have daily garbage collection, twice a day in the Bazurto market
and sporadically in the marginal neighbourhoods where the trucks
have a difficult time manoeuvering. According to some experts,
Cartagena today needs 21 garbage trucks.

ii) The collection routes are not organized to facilitate the
classification and differential treatment of wastes. The same
vehicle collects garbage from all the homes, restaurants, hotels,
markets and hospitals on its route.

iii) All the garbage collected, like a good part of the
industrial wastes from Mamonal, is brought to the municipal dump,
with no distinction made for the different kinds of wastes. It is
an open-air dump. Municipal Public Enterprises has no scale and
there is only one tractor to distribute and level the discharges of
wastes. :

iv) Some 300 persons work in the dump recovering and
recycling wastes. According to a 1979 study, approximately 50 of
them were 1living in the dump, with no control, support or
protection to avoid accidents or diseases.?Y

There are several causes of Cartagena’s garbage and solid
wastes problem. Among them are: a) a lack of roads for garbage
trucks to enter marginal neighbourhoods; c) a lack of resources in
Municipal Public Enterprises, c) a lack of environmental awareness
on the part of the general population.

D. HAZARDOUS TOXIC SUBSTANCES AND ENVIRONMENTAL ACCIDENTS

No particular group of wastes is designated as toxic or hazardous
in Colombian law, but article 74 of decree 1594/84 gives a list of
"substances of concern for sanitation", which corresponds to what
is normally called toxic or hazardous wastes. The 1list is
relatively short (25 substances) and deals exclusively with liquid
effluents (see table 3.11). There is no toxic or hazardous wastes
management in Colombia today and, in the best of cases, the only
thing done is that certain major producers are required to treat
their wastes.

1. Current hazardous toxic waste management in Cartagena

The situation in Cartagena is similar to that in the rest of the
country. The city has no specific criteria for toxic or hazardous
wastes management. The total lack of protection against solid
wastes is particularly worrisome. There is more monitoring of
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liquid releases, where INDERENA enforces laws concerning effluents
from large enterprises. The situation with respect to gases is
between these two, since there is less capacity to enforce
legislation.?’ However, there is no monitoring of waste disposal
from depollution systems.

a) Municipal solid waste

This is undoubtedly the least protected area. There is no
monitoring of urban garbage collection nor of the municipal dump.
Potentially toxic or hazardous wastes and most of the solid wastes
from heavy industry end up in the municipal dump with no specific
management whatsoever.

b) Municipal wastewater
All of the city’s wastewater at present is dumped into the

Virgin’s Marsh, the Bay of Cartagena and other bodies of water in
the city, totally untreated.
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The many chemical and bacteriological measurements of urban
effluents taken in Cartagena were limited to assessing the most
traditional parameters (biochemical oxygen demand (B.0.D)., solids,
nitrogen, coliforms and grease); substances of concern for
sanitation or other toxic or hazardous wastes (heavy metals,
pesticides, etc.) were not analysed.2/

Although there are no analyses of urban effluents in terms of
toxic or hazardous wastes, a worrisome indicator is that most of
the measurements of heavy metals taken in the Bay of Cartagena (see
above) found three points of concentration: near the mouth of the
Canal del Dique, near the Mamonal industrial zone and near the spot
where urban wastewater is discharged. This indirect evidence leads
to the conclusion that besides the organic and bacterial loads
typical of wastewater, cCartagena’s sewerage system is also
discharging an indeterminate volume of toxic or hazardous wastes.

c) Hazardous toxic industrial wastes

Given the high number of petroleum, petrochemical and chemical
enterprises in Cartagena’s industrial sector (see the list of
enterprises in Annex I), it is easy to deduce that many of them are
large producers of toxic or hazardous wastes. Unfortunately, there
is no information available to form a complete picture of the
industrial sector’s production of toxic or hazardous wastes and
their current treatment systems.

Few of the enterprises listed in Annex 2 include production of
toxic or hazardous wastes. This is partially due to the fact that
the larger petroleum and petrochemical enterprises are not listed.
As mentioned above, it is also notable that:

i) Enterprises report that they meet the dumping
requirements of Colombian law regarding liquid wastes;

ii) The same claim is made for gas emissions, but several of
the enterprises admit that they have never analysed the emissions
of several effluents or measured the real efficiency of their
installed systems; and

iii) Greater dispersion is found in solid waste management.
Despite the fact that enterprises need an authorization from the
Ministry of Health for solid waste management, monitoring is
minimum, in part because there is always the possibility of dumping
anything in the municipal dump.2/

d) Hazardous toxic waste in Cartagena

There are no studies on concentrations of toxic or hazardous
wastes in the air, soil or surface or groundwater of Cartagena.

Nor has an environmental study of the municipal or other dumps been
made.
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However, in some environmental studies of the Bay of
Cartagena, several toxic or hazardous wastes were included in the
parameters studied.

The Regional Council for Planning and Development of Northern
Bolivar (CRPDNB) study (1983) looked for oils and fats, mercury,
copper, chromium, arsenic and lead. The Centre for Oceanographic
and Hydrographic Research studied mercury, copper, zinc,
organochloride pesticides, and hydrocarbons. Most of the
measurements were taken in the early 1980s.

Hydrocarbon spills were
dealt with above. Mercury and
hydrocarbons in the Bay of
Cartagena will be treated below.
Table 3.12 gives the range of
results from other measurements.

' The results for heavy

metals are well below acceptable lz-fzg :

limits. Organochloride = . giganochioride |
pesticides are high in some = pesticides .
measurements, but the dispersion  — - .

is large and the high results
are only found in a few sampling
stations (see the detailed
report in Annex 3). Except for
chromium, which was not found in
any of the samples, the results
for heavy metals were low but
still above those naturally
found, which 1leads to the
conclusion that these toxic or hazardous wastes were being dumped

into the Bay, but in relatively insignificant amounts in the early
1980s.

e) Management of liquid harmful substances in bulk

Harmful liquid substances are those substances assessed and
classified by the Group of Experts on the Scientific Aspects of
Marine Pollution (GESAMP), comprised of specialists from different
agencies of the United Nations system, and included in the list of
the International Maritime Organization.

They are classified in seven large groups:

- Acids and inorganic bases

- Petroleum-based chemical products
- Alcohols and alicoles

- Coal and tar derivatives
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- Vegetable and animal oils and fats
- Lubricant additives
- Molasses

Many of the industries in the Momonal 2zone import these
substances as raw materials for their processes.

i) Unlike hydrocarbon management, the enterprises have no
specific contingency plan for managing harmful liquid substances.
They intend simply to use fire extinguishing equipment to handle
any emergency arising from a spill of some substance.

ii) The enterprises claim that there have been no accidental
spills during onloading and offloading operations in port. Reality
belies the claim. :

iii) DIMAR assigns inspectors to oversee each shipment of
these substances, but they are not specialized in managing harmful
liquid substances in bulk. Sometimes they lack facilities, either
aboard ship or on land, which they need to adequately do their job.

iv) Colombia has no facilities to receive, eliminate or treat
wastes from these substances.

V) DIMAR does not have the capacity to adequately fulfill
its functions, especially personnel.

f) Management of harmful substances in packages or containers.

In this case the substances are brought to a warehouse in the
terminal of the Colombian Port Authority, or remain in two yards
chosen for that purpose without much technical criteria, making
this a highly dangerous area with no concrete solutions at this
time.

2. Environmental accidents

Environmental accidents involving these substances are an
especially important aspect of managing toxic or hazardous wastes.
Several have taken place in Cartagena, and much of what has been
learned or done about pollution control was in reaction to
accidents that alarmed public opinion.

a) The 1976 mercury spill

In 1976, the general public learned that the enterprise
Alcalis de Colombia, located in the Mamonal zone, was operating an
obsolete chloroalkane plant, which between 1973 and 1975 discharged
into the Bay of Cartagena (through a natural drainage canal in the
Casimiro area) between 11 and 15 tons of mercury.
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In 1976 the plant was closed, small-scale fishing in the Bay
was prohibited (with only partial compliance) and a number of
studies were done by Colombian institutions, several of them with
support from PAHO, World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) and the collaboration of research
centres in the United States and Sweden.

Measurements taken between 1977 and 1982 showed that mercury
levels in the Bay of Cartagena were significantly higher than those
recommended for sea water, seabeds and marine biota. The samples
record a broad dispersion of results that fluctuated between 0 and
4.2 mg/l. The recommended maximum is 0.3 mg/l. Measurements taken
in sludge varied between 0 to 124.6 parts per million, whereas
unpolluted seabeds have 0.05 ppm. In the beginning, the largest
concentrations were found in the mouth of the Casimiro waterway,
but later they were found near the Momonal zone and the mouth of
the Canal del Dique.

From 1978 to 1980, the National Institute of Health studied
630 people who were considered high risk, since they lived in
fishing communities near the dumping areas. The study found high
levels of mercury absorption in the hair and blood of almost 40% of
the cases and dangerous levels in 7% of the cases. Organomercurial
intoxication was not diagnosed in any the cases and later
measurements showed a slow decline in the number of cases of high
and dangerous absorption.

b) 0il and agricultural chemical spills

In past decades, oil spills in the Bay of Cartagena, either
from ships or industries, were constantly denounced as an endemic
problen. In 1984, a Greek tanker spilled approximately 5,000
barrels of oil, covering virtually the whole Bay and killing a
tremendous number of fish.

Periodical measurements have evaluated dissolved hydrocarbons
in the Bay, finding concentrations of aromatics between & and 65
mg/l, 0.018 mg/g in sediment and up to 0.235 mg/g in certain
varieties of commercial fish. The highest results are found in the
northern and southern extremes of the Bay and in the ship lanes.
Successive measurements seem to indicate a slow improvement. 1In
any case, the results found are high in relation to nationally and
internationally recommended standards, although they are less than
half of those found in other coastal areas with dense shipping and
industrial traffic, such as New York, the Bay of California or the
Gulf of Mexico.

In another environmental accident that took place in 1989 in
Dow Chemical of Colombia in the Mamonal zone, the control systems
failed, producing a sizeable spill of phosphorus pesticides into
the Bay, which killed fish in a wide surrounding area. In response
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to the claims of small-scale fishermen, the enterprlse offered to

buy al} the fish brought to the plant, which it then buried on its
land.?

E. OTHER ENVIRONMENTAL PROBLEMS IN CARTAGENA

This section refers briefly to other environmental problems that
have made more or less of an impact on public opinion in Cartagena.

1. Mangrove impairment

South of the Bay of Cartagena, the shorelines of the waterways,
lakes, marshes and islands, particularly around the Virgin’s Marsh,
were tradltlonally areas w1th large mangroves swamps.

Today, those wetlands have been drastically reduced, owing to
exploitation of the mangrove trees, urbanization on landfllls,
tourist and industrial developments and pollution of the waters and
shorelines. Those that remain are in extremely poor phytosanitary
condition. Some recent studies --Prada (1989) and partlcularly
Bardi (1990)-- have examined the situation of this resource in
detail and have presented proposals for their rehabilitation, based
on: 1) protective =zoning of existing mangroves, and 2) the
environmental rehabilitation of the surrounding areas.

2. Impairment of ecological reserves

The Colina de la Popa was declared an ecological reserve in the
1978 development plan for Cartagena. Despite that fact, it has
undergone an increasing environmental impairment as a result of: 1)
being used to build marginal neighbourhoods; 2) illegal quarries,
and 3) gradual cutting of its vegetation (see INDERENA, 1988).

Besides the environmental impairment of the Colina itself, the
erosion produces a good part of the particles that have been
detected in measurements of the city’s air and is a source of
matter found in rainfall run-offs into surrounding bodies of water.

3. The Cartagena airport and noise pollution

The Rafael Nufnez airport of Cartagena 1is 1located in the
neighbourhood of Crespo, north of the city and on the south-east
edge of the Virgin’s Marsh (see figure 2.2, p.4).

Short studies have been made containing some measurements of
noise levels, but they have not been analysed nor have physical
measures been designed to lower the noise or to effectlvely monitor
pilots and airlines to prevent them from making more noise than
necessary.
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IV. LEGAL AND INSTITUTIONAL FRAMEWORK OF ENVIRONMENTAL
MANAGEMENT

A. THE LEGAL FRAMEWORK OF ENVIRONMENTAL MANAGEMENT

The legal framework of environmental management in Cartagena is
comprised on a varlety of laws, decrees and regulations that govern
the different areas in which env1ronmenta1 management takes place:
natural renewable and mining resources; health and sanitation
condition of the population; marine environment and maritime and
port activities; historical and cultural patrimony and urban
ordinances.

In general, this 1legal framework provides government
authorities in charge of directing and orienting environmental
management a number of tools for executing policies to conserve and
improve the environment for sustainable development. Without
prejudice to necessary processes of legislative adjustment,
updating and improvement, the legal framework for environmental
management presents no lacunae or deficiencies that could paralyze
that management. Annex 4 gives a list of the components of this
legal framework in the areas mentioned.

Of particular note is decree 1741 of 1978 by the President of
the country, creating the Special M