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Abstract

This project is an investigation of how several biological,
social, and economic areas have been impacted by the industrial
contamination of the Estero Salado in Guayaquil, Ecuador.
Information about these impacts was obtained from the previous
research of several organizations, along with a series of
interviews with local residents, ESPOL faculty members,
environmental agencies, and companies. This material was
compiled to develop a preliminary environmental impact assessment
and methods for using it as a foundation for generating a more
comprehensive assessment. Included in the recommendations, are
various proposals for using the comprehensive impact assessment
as a tool for creating environmental awareness and eliminating

future industrial contamination of the Estero Salado.
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I. Executive Summary

The purpose of this project was to collect
information for developing a preliminary environmental
impact assessment relating to the industrial pollution
in the Miraflores and Urdesa branches of the Estero
Salado. This preliminary environmental impact
assessment identifies the major problem areas, outlines
a method for further investigation, and provides
general suggestions to resolve the problem.

The Miraflores and Urdesa branches, located in the
northern section of Guayaquil, are the two most heavily
contaminated brancies of the estuary. The information
we gathered concentrated on the biological, social, and
economic effects of industrial pollution in those two
areas.

Biological information included the effects on
flora, fauna and water quality. Social information
included the effects on health, recreation and
immigration, and economic information included the cost
of treatment facilities. Information was gathered
from several libraries, through interviews with various
faculty members, local residents, companies and
environmental agencies, and also from previous research
of the Estero Salado.

Many of the companies in Guayaquil, located along

the streets Via a Daule, Avenida Julio Carlos



Arosemena, and Avenida Juan Tanca Marengo, do not have
access to city sewage. Although several companies do
have treatment facilities, they are not all working
properly. As a result, industrial wastes with high
levels of pollutants are discharged into storm water
channels that empty into the Estero Salado.

The Ecuadorian Water Commission, made up of IEOS,
DIGMER and INERHI, was formed in 1989 as a result of
the 1976 national pollution control law. One of the
duties of the Water Commission is to regulate the
uncontrolled dumping of industrial wastes. However,
these environmental agencies are not consistently
enforcing the regulations, and many industries have no
knowledge of or involvement with them.

Consequently, this estuary, that was once used as
a recreational park for swimming and fishing, is now
virtually lifeless. Not only is the area aesthetically
displeasing with significant decreases in flora and
fauna, but it is also unsafe for any recreational
activities.

To improve the situation and to avoid future
problems, we have developed a method for conducting a
follow up, quantitative environmental impact
assessment. We propose that this impact assessment be
used as a tool for creating the awareness necessary for

improving the situation.



We suggest that education is the first step in
creating environmental awareness. Sparking an
environmental conscience in young school children and
informing adults how their lives are impacted by this
contamination are just two possibilities within
environmental education.

Companies must also be informed of the effects of
the contamination. Proposing alternative methods for
optimizing production while minimizing waste can be
discussed with every company. This discussion would
also include possibilities of treatment facilities.

The government and environmental agencies must
also be informed of the pollution problem. This must
include a reassessment of their control of industrial
discharges. More control could be obtained by
increasing the fines for noncompliance with discharge
regulations. This would give the Municipality revenue
that could be used to complete sewage connections and
renovate the city’s treatment facility. 1Increasing the
fines would also make it more expensive for the
companies to pollute than to build treatment
facilities. Companies with similar discharges can
build a common treatment facility if they have
financial difficulties.

We expect this project to serve as a basis for a

quantitative impact assessment of the Miraflores and



Urdesa branches of the Estero Salado. A quantitative
impact assessment will lay the foundation for a
specific pollution clean-up and prevention program for

industrial activity along these two branches.



II. Introduction

This project serves as a preliminary, qualitative
environmental impact assessment of the two most heavily
polluted branches of the Estero Salado in Guayaquil,
Ecuador, as shown on the general map included in
Appendix C. The ecosystem in these parts of the
estuary is dead due to many causes, one of them being
the uncontrolled industrial dumping of liquid waste
into the Estero Salado or into storm sewers which flow
directly into it. The assessment includes an
examination of the pollution generated by industrial
activities on the Estero Salado in three main topic
areas: the economic, social and biological impacts of
the pollution found there. The purpose of conducting a
preliminary impact assessment was to establish a
foundation for a large scale environmental impact
assessment, and to propose general treatments for the
area.

In order to develop an effective environmental
impact assessment a literature review of relevant
material was prepared. Included in the literature
review is basic information about Ecuador,
environmental management, environmental impact
assessments, biological water quality, the Estero
Salado, water quality and common pollutants, health

hazards, water purification, and waste water treatment,



information all intended to familiarize the reader and
the project group.

The information needed for this project was
collected through various libraries in Worcester,
Massachusetts, and a series of interviews with many
different industries, agencies, and ESPOL faculty in
Guayaquil and Quito, Ecuador.

An Interactive Qualifying Project is a degree
requirement established by Worcester Polytechnic
Institute in Worcester, Massachusetts. The purpose of
an IQP is to research the relationships between
science, technologv and the surrounding society. Not
only are we assessing the biological and economic
effects of industrial pollution in the Estero Salado,
we are also determining the environmental repercussions
on the surrounding community. By performing both a
technical and social analysis of the problem, we are
fulfilling the IQP requirement.

This report was prepared by members of Worcester

Polytechnic Institute Ecuador Project Center. The

relationship of the Center to Escuela Superior

Politecnica del Litoral, ESPOL, and the

relevance of the topic to ESPOL are presented
in Appendix A.



III. Literature Review
III.1. Ecuador
III.1.A. Geography

Ecuador, a country on the Pacific Coast of South
America, is comprised of a geographical area of 270,670
square kilometers. Included in this area are the Andean
highlands, the Amazon Jungle, the coastal region, and
the Galapagos islands (Aspiazu, 1993, pp. 11).

The diverse ecosystems that are found in Ecuador
make it biologically one of the richest countries in
the world. The area of Ecuador is .02 percent of the
earth’s surface, yet,.within its small area, there are
10 percent of the world’s total bird species.

Within the Central Highlands at 9,210 feet, lies Quito,
the oldest city in South America and the capital of
Ecuador. Quito, as of 1990, had a population of
1,112,575 people. It is one of the highest cities in
South America. Also located in the highlands is Cuenca,
the third largest city in Ecuador (Aspiazu, 1993, pp.
79-83).

Guayaquil, with a population of 1,513,437 people
in 1990, is located on the Pacific Coast and is
Ecuador’s largest city. The largest port city on South
America’s Pacific coast, it is also the commercial and
social center of the country, and it is the gateway to

the Galapagos Islands.



The Galapagos Islands, a protected national park
located 622 miles off of Ecuador’'s Pacific Coast, were
formed from lava and volcanic rock approximately 3 to 5
million years ago. The islands are the smallest region
of Ecuador, having conly 9,785 people in 1990 but are a

popular place for tourism (Aspiazu, 1993, pp. 83).

IITI.1.B. Demographics

The total population of Ecuador was 10,075,407
people in 1990, of which more than half are located in
the urban areas. In fact, in 1990 more than 27 percent
of the population were in Guayaquil and Quito alone. As
a result, there is an increase in pollution and a
problem with overcrowding.

Spanish is the major language, yet Quechua, an
indian language, is spoken in many of the villages.
There are three ethnic groups: Indian, comprising
approximately 50 percent of the population; Meztizo, 40

percent; and White, 9 percent (Aspiazu, 1993, pp. 88).

IITI.1.C. Economy

As of 1992, the per capita Gross National Product
was $1,030. The annual GNP growth is 1.7 percent with
16 percent of the GNP for agriculture, 31 percent for
industry, 53 percent for services and .6 percent for

defense (PC Globe).



III.1.D. Resources and Industry

Ecuador’s natural resources include petroleum,
fish, shrimp, timber, gold, and limestone. The
agriculture includes sugarcane, bananas, rice, palm
products, corn, coffee, potatoes, roundwood and cacao,
including pork, cattle, sheep, and chickens as
livestock. Among the major industries are foodstuffs,
beverages, petroleum products, textile products,
pharmaceutical, lumber, and chemicals.

Industrial machinery, raw materials, building
materials, vehicles, consumer goods, fuels, lubricants,
transport equipment, -and chemicals are the country’s
major imports, while petroleum products, shrimp,
bananas, coffee, and cocoa are the major exports.

Guayaquil is the largest industrial center in the
country. There are approximately 3000 industries that
contribute to the diversified economy of the city.
According to one survey of 159 main industries in the
city, Guayaquil’s production can be described as 34.6%
food production related, 25.4% chemical production
related, 15.72% metallic products, 10% non-metallic

minerals, 5.7% textiles and 2.6% other (Coloma, 1993,

pp. 71).



IITI.2. Environmental Management in Ecuador

Different institutions are involved in management
of the environment in Ecuador. The federal government
makes national environmental laws, local governments
make local environmental laws, and various
environmental agencies help in making and regulating

these laws.

IITI.2.A. Government Structure

The republican democrat government in Ecuador is
similar to that of the United States. The last
constitution came into effect in 1979, becoming
Ecuador’s eighteenth constitution since its
independence from Spain in 1822. As a result of the
terms of the constitution, the country is governed by
an executive president and a vice-president. Both
officials are popularly elected for a single four year
term.

The Ecuadorian Congress includes both the Chamber
of Representatives and the Senate. Within the Chamber
of Representatives, there are 69 deputies each elected
for a five year term. The deputies are elected by the
citizens of each province. One deputy is elected for
every 80,000 inhabitants. The Senate includes two
elected senators from each province and fifteen

functional senators who are appointed by special

10



economic and cultural groups.

The rest of the government, including a unicameral
legislature, is appointed by the president and the
vice-president. The judiciary plays a very small role
traditionally as well in the governing of Ecuador.
.Most of the law enforcement is done through the local
governments (Encyclopedia Americana, 1992, pp. 620-21).

Ecuador is divided into twenty-one provinces, ten
in the highlands, five in the coastal lowlands, five in
the eastern lowlands, and one for the Galapagos
Islands. The provinces are divided into cantons, and
each canton is divided into parishes. Each province
has a governor, each canton has a Jefe Politico, and
each parish has a Teniente Politico, all of whom are
appointed by the central government (Aspiazu, 1993, pPp.

79-80) .

III.2.B. Citizenship
Ecuadorian citizens over the age of eighteen must
vote in the national and local elections: any citizens

who do not vote are fined.

III.2.C. Local Governments
All the cities in Ecuador contain a Municipality
which perform certain activities. One of the

departments at the Municipality in Quito is the

11



Department of Environmental Issues, which is in charge
of regulating and controlling the process of issuing
the Certificates of Environmental Quality, which
industries need to be considered envircnmentally sound
and to operate legally.

The Department of Environmental Issues along with
the Planification Department is also in charge of
authorizing the construction of new industries. To
obtain clearance from the Department of Environmental
Issues, the new industry must present their plans and
prove that these plans will be environmentally sound.
The industry must then go to the Planification
Department to get approval of the plans for the

construction of the industry.

III.2.D. Environmental Agencies

Many environmental agencies exist in Ecuador to
aid the federal and local governments in environmental
law making and regulating. A few of the agencies
interviewed for this project include: IEOS, DIGMER, and
the Fundacion Natura.

IEOS, Instituto Ecuatoriano de Obras Sanitarias,
is a national organization that monitors the impacts
related to any sanitary project in the country. It
also has the power to control the regulations involving

industrial waste and domestic organic discharges.

12



DIGMER, Direccion General de la Marina Mercante,
is an environmental agency within the Ecuadorian Army.
The Contamination Control Department of DIGMER is
located in Guayaquil, and was established in 1974 to
control the pollution of the waterways of Ecuador.
DIGMER tests the industrial waste water discharges and
can shut an industry down if they do not pay the fines
established by the 1989 regulations.

La Fundacion Natura is a non-profit organization
created in 1978 to promote environmental conservation
in Ecuador. Tﬂe organization has been subsidized by
local benefactors and'groups including: MacArthur,
Nature Conservation, World Wildlife Fund, the United
Nations, and the US Agency for International
Development.

The objectives of Fundacion Natura include
educating the community to increase social awareness,
collecting and distributing information regarding
present environmental situations, and executing
development projects for conserving the environment.

The three Fundacion Natura chapters in Ecuador are
located in Quito, Guayaquil, and Azogues. The
Guayaquil chapter was established in 1984 and is
responsible for environmental problems along the coast

of Ecuador.

13



III.2.E. Environmental Laws

The IEOS Water Pollution Regulations, described in
Appendix D, were created in 1989 in accordance with the
1976 Environmental Pollution Prevention and Control Law
established by the Ecuadorian government. This law
establishes pollution control and prevention guidelines
for the protection of all Ecuadorian bodies of water.
Included in these guidelines, are the water quality
parameters to be used for deciding the safety of
drinking water and industrial waste water discharges.

As a result of this law, the Water Commission was
formed among IEOS, DIGMER, and INERHI. The Commission
is in charge of proposing regulations for industrial
waste water discharges and monitoring the industries to
insure that these regulations are followed. The Water
Commission has the power to take random water samples
of any industry to verify that the industrial
discharges are not contaminating the environment.

By order of this law, industries are required to
register lab reports of their discharges with the IEOS
agency 3 times a year. If the industries do not comply
with these regulations, they are fined by the Water
Commission with the possibility of being shut down.

Another environmental law, found in Appendix E,
was issued a year ago by the Municipalidad de Quito.

This law was created as a device to control the city’s

i4



pollution, and it establishes guidelines for protecting
the city’s water channels and air ways from further
pollution.

The law suggests that a Certificate of
Environmental Quality be given to environmentally sound
industries. The pollution levels for known water
pollutants, disposal guidelines, infractions,
consequences, and inspection procedures are also
listed in this law.

The Master Sewage Plan for Guayaquil for the
period 1986-2006 was established by EMAG, Empresa
Municipal de Alcantarillado de Guayaquil. This plan
describes all of the areas presenftly connected to the
sewage system in the city of Guayaquil, and it also
suggests areas that should be connected in future
years.

The plan includes maps and a complete demographic
description of the city of Guayaquil. In addition, it
discusses waste water prevention, treatment procedures,

and the use of algae as a pollution indicator.

IITI.3. Environmental Impact Assessment
IIT.3.A. Description

An environmental impact assessment identifies,
interprets, predicts, and communicates information

about the impact of a particular action on the

15



environment. The assessment describes the action,
forecasts the size and importance of the environmental
effects, describes the indicators used to attain the
size of the effects, and makes recommendations for
alternative and restorative actions (SCOPE, 1975, pp.
8-9)

A complete assessment encompasses the social,
physical, biological, and economic impacts for short,
medium, and long terms; however, the well-being of
humans is the main concern. Various components such as
health, social patterns, and personal security are
analyzed and ordered by priority. How present
lifestyles will be affected and the possibility of
danger to humans are analyzed.

Specific environmental changes and the rate at
which they occur are considered to be of equal
significance, since rapid changes create strains and
may result in irreversible damages within an ecosystem.
The rate of reversibility determines the amount of time
required for a system to recover from a certain degree
of damage. An ecosystem may have time to adapt and
stabilize if the environmental changes are gradual and

controlled (SCOPE, 1975, pp. 15-20).

16



III.3.B. General Procedure

First, the initial state of an area is generally
determined by using either quantitative or qualitative
measurements (SCOPE, 1975, pp. 36). Qualitative
measurements have a higher degree of uncertainty since
biologic ecosystems react differently to various
stressors. Next, situations with and without treatment
or prevention are predicted using various impact
indicators. These predictions can be represented with
a checklist, matrix, or flow diagram. All three of
these methods represent a cause and effect relationship
that allows an analyst to view the relationships
between actions and possible impacts. Comparing the
relationships helps to determine the level of necessity
and the most effective method for correction (SCOPE,
1975, pp. 42-43).

The various impact indicators used for measuring
the environmental effects are different for every
situation. It is possible to study many arzas in one
assessment; thus it is important to choose indicators
that are suitable to particular conditions and will
result in relevant data.

The estimation of the overall environmental impact
is achieved through a series of steps. First, the
variables describing the environment are reduced to the

ones most relevant to a certain impact indicator.

17



Every proposed reaction is related to an indicator on a
numerical scale, and these scales are then compared to
determire an overall impact. The analyst weighs the
results and prioritizes the necessary actions.

There are a great variety of methods employed for
prediction of natural processes. For making
qualitative predictions, researchers can say that the
environmental situation worsened, did not change, or
improved. Numerical scaling can also be used. It must
be noted that whatever prediction method is used, the
environment will not behave exactly as predicted. The
analyst’s job is to provide some general guidelines
based on data that is as accurate and complete as
possible (SCOPE, 1975, pp. 43-45).

There are three main ways to interpret the
information used in prediction. The first one involves
determining a set of values for each impact indicator.
Indicators are set into subgroups and by checking off
the ones that are used, the analyst can create a
picture by viewing the clustering of check marks in the
different subsets. The second way of interpreting the
information is by ranking the alternatives within the
impact categories. The alternatives or cleanup plans
are evaluated against the different environmental
impacts to see how each plan addresses each impact.

However, weights are not assigned to the different

18



indicators, so the total effect an alternative has on
the different impacts cannot be compared (SCOPE, 1975,
pp. 45).

The last method is that of normalization and
mathematical weighting. Impact indicators are scaled
in units that can be compared and numerical importance
is assigned. There is controversy as to the weight
given to certain indicators in comparison to others;
therefore contributing to a large amount of systems to

choose from (SCOPE, 1975, pp. 45).

III1.3.C. Leopold Matfix

One of the more pcpular methods for environmental
impact studies is the Leopold Matrix System. Developed
for the United States Geological Survey, this system
was created to serve as a guide for the assessment and
evaluation of impacts related to construction projects.
It consists of a checklist incorporating qualitative
information on cause and effects relationships and is
also an effective way to display information. The
system consists of choosing the most pertinent choices
out of a comprehensive list of all potential impacts
and causes of an action (SCOPE, 1975, pp. 53-58).

The focus of the environmental matrix consists of
an open-cell matrix with 100 specific actions located

along the horizontal axis, and 88 environmental

19



parameters or conditions, located along the vertical
axis, as shown on pages 54-55 in the book Environmental
Impact Assessment by the Workshop on Impact Studies in
the Environment, 1974. The impact is determined by
looking at the interaction between the action and the
environmental parameters. Every action and its
possible impact on the environment are accurately
described in the diagonal of a block matrix of
corresponding interactions.

The second stage consists of describing the
interaction in terms of its magnitude and importance.
The magnitude of the impact is measured on a scale from
1 to 10, with 1 representing a small impact and 10
representing a large impact. In order to establish the
magnitude, the action must be related to the
consequence. Consequences can be positive or negative,
and are represented with a + or -. The scale of the

importance of the impact is also measured from 1 to 10:

Consequence Qualification
Small 1 -3
Regular 4 - 5
Large 6 - 7
Extremely large 8 - 10

In order to use the Leopold Matrix, the following

procedure is used:

20



1) Determine the evaluation area.

2) Determine the actions that will be examined in the
area.
3) Determine for every action what impacts are

possible and place a slash in those boxes.

4) Determine the magnitude of each possible impact on
a scale from 1 to 10, and determine whether each
magnitude is positive or negative. Place this value

in the upper left corner of the each bcox containing a

slash.
5) Determine the weight or importance of the possible
impact, rating on a scale from 1 to 10. Place this

value in the lower right corner of these same boxes.

6) The desired values are obtained by multiplying the
weight by the magnitude.

7) Sum‘the positive values then sum the negative
values.

8) Sum these two numbers together to get the overall
impact for each action.

9) Establish conclusions and include them in a

written discussion about the significance of the

impacts.

The Leopold matrix does not distinguish between
short-term and long-texrm impacts. Separate matrices

are created in the case of obtaining information for

21



each period of time. Also separate matrices must be
created when analyzing with-action and without-action
states.

With-action states occur when corrective measures
have been implemented, whereas without-action states
occur when no corrective measures have been taken. In
this method, double counting of impacts is possible due
to the fact that a single impact can be caused by

different actions (SCOPE, 1975, pp. 53-58).

IIT.4. Biological Water Quality

Estuaries are places in which fresh water from
rivers mixes with the salt water from the ocean. There
are many different types of estuaries, but they all
have similar characteristics, including their
interaction with humans. There is a close interaction
between humans and estuaries because many of the major
cities of the world are located on estuaries, including
our area of study, Guayaquil, Ecuador.

There are four major types of estuaries:
tectonic, semi-enclosed or lagoon, fjord, and coastal
plain. The one of interest is the later of the four:
namely coastal plain estuaries. This is the most
common type of estuary, formed during the end of the
last ice age by the rising sea level. All estuaries

may be classified in yet another way, by their
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salinity, or salt content. In most estuaries, the
fresh water from the rivers is less dense than the salt
water, and therefore floats on top of the salt water
making the water on the surface of the estuary less
saline than the deeper waters. This type of estuary is
called a positive or salt wedge estuary. Other types
include marine-dominated estuaries in which the water
is completely mixed in all areas. Negative or
evaporative estuaries occur in desert climates where
the rate of evaporation is very high and estuary input
is very small. Seasonal or intermittent estuaries
occur where the area has a clearly marked wet and dry
season, such as in the Mediterranean countries. In
all types of estuaries, the salinity varies greatly
with the topography of the area, the amount of fresh
water entering the estuary, the tides, and the changes

that occur with the seasons.

III.4.A. Physical Characteristics

The tides have a great influence on the salinity
of the water in an estuary. All estuaries have a
certain area in which the salinity fluctuates with
every low and high tide. Another large influence on
water salinity is caused by the Coriolis force. The
Coriolis force is a result of the earth’s rotation.

This force deflects the flowing water and causes
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changes in salinity. The deflection of the water
caused by the Coriolis force is opposite in the
northern hemisphere compared to that of the southern
hemisphere. More study needs to be performed to
determine whether this phenomenon has any effect on the
Estero Salado because it is located only slightly south
of the equator.

Seasonal changes influence the salinity of an
Estuary as well. The weather of Ecuador has s
significant influence on water salinity because of the
drastic differences between the wet and dry seasons;
there is little to no precipitation in the dry season,
and it frequently rains in the wet season.

The last area of great influence is the substrate,
the mud and sand on the bottom of the estuary, which is
usually very high in salinity. The substrate is formed
from particles in the ocean and rivers that settle to
the bottom of the estuary. These particles can also
originate from the dumping of wastes either directly
into the estuary or into the rivers and oceans that
flow into them. The physical characteristics of the
substrate depends on the geography of the area. An
estuary having larger currents will have a substrate
that is more sand and gravel than mud.

The two branches studied in this project contain

large amounts of sludge, a result of decomposing
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organic matter. From the information obtained, we know
that the Estero Salado would have more of a mud
substrate because the area of study is secluded from
the sea. As a result, the currents from the tides are
not very high. The silt is very rich in inorganic
materials which would be used as food for estuarian
organisms. This silt and salinity of the water would be
severely disturbed in the case of flood and animal
mortality would result; therefore, the chances of
floéds will be studied there as well. This information
is also dependant on another feature of the estuary,
temperature (Nybakken, 1988, pp. 75-80).

Temperature in estuaries varies more than in the
oceans nearby. The variatiown is caused by the smaller
amount of water, larger surface area, and input from
the freshwater rivers. Especially in countries with a
differentiated wet and dry season, the temperature of
the water in the rivers varies more than in the ocean.
The temperature also varies vertically, salt water
temperature tending to be on the bottom and the
freshwater temperature tending to be on the top because
fresh water is less dense.

How quickly the two temperatures mix depends on
numerous things including wave action and currents. 1If
any exist, waves in estuaries tend to be very small

because estuaries are surrounded by land on three
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sides. The currents of the water are caused Dy the
tides and by the currents from the rivers. The largest
currents in an estuary would be in the middle of the
largest channels. The two branches of the Estero
Salado that will be studied are rot in this part of the
estuary and should have very calm waters with small
currents. The calm water can also be attributed to the
small area of the branches. Erosion occurs in the area
of large currents and, should not be a large problem in
our area of study. The lack of currents could lead to
other problems, including reduced oxygen content which
leads to mortality of organisme in that part of the
estuary (Nybakken, 1988, pp. 76-80).

An important aspect of estuaries is the flushing
time. This is the time interval in which a given water
mass is discharged from the estuary. It is an
important measure of the stability of the estuarine
system. Long flushing times are important for the
maintenance of the plankton communities.

Another measure of the physical quality of an
estuary is its turbidity, the measure of substrate or
foreign particles that are stirred up in the water.

The level of turbidity is highest during the times of
maximum river flow, which would be during the rainy
season. The effects of high turbidity are a decrease

in the penetration of light which decreases
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photosynthesis by phytoplankton and other marine
plants, which, in turn, decreases the level of oxygen
in the water. Other variables affecting the oxygen
level are the influx of fresh and salt water, the
shallowness, turbulence, and wind mixing.

The solubility of oxygen in water changes with
temperature and salinity, so that the amount of oxygen
in the water at a given time changes according to those
parameters. The level of oxygen in the substrate is
lowest where there is a large oxygen demand (Nybakken,

1988, pp. 80-83).

III1.4.B. Estuarine Organisms

Animals in an estuary can be classified into three
categories: marine, freshwater an® brackish water or
estuarine animals.

Most of the animals fall into the marine category
because this category contains the most numbers of
species, split into two subgroups: stenohaline and
euryhaline. Stenchaline marine animals are unable or
barely able to tolerate salinity changes; therefore
they are only found at the mouths of estuaries, where
the salinity is 30 percent or above. These species are
the same species that are found in the open sea.
Euryhaline marine animals are capable of tolerating

varying amounts of salinity below 30 percent. Most of
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these animals can tolerate salinity levels as low as 15
percent, but there a few species that can tolerate it
at less than 5 percent.

Freshwater animals are animals who live in the
rivers and cannot live in water having salinity
greater than 5 percent. They are, therefore,
restricted to the upper parts of the estuary. Brackish
water, or true estuarine animals, are the species found
in the middle parts of the estuary, where the salinity
varies from 5 to 20 percent. These animals include
oysters, small gastropods, crabs, and shrimp. Crabs
and oysters are common in the Estero Salado. The
oysters are completely exhausted and crabs are still
fished by the local people.

Some biologist are considering a fourth category
consisting of various migratory fishes that pass
through the estuary on the way to breeding grounds.
Examples include salmon and eels. Also included in
this group are species that spend only part of their
lives in the estuary, including certain species of
shrimp.

The number of animals living in estuaries is
significantly lower than in the pure salt water or pure
fresh water, due to the inability of animals to
tolerate salinity changes. Estuarine organisms

primarily come from marine organisms instead of fresh
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water organisms. Various explanations exist for why
such few estuarine species exist. One explanation is
that only a few species have been able to evolve the
specific organelle, or body parts, to allow them to
tolerate salinity changes. This explanation includes
the possibility of more species evolving in the future.
Another explanation is that estuaries have not existed
long enough for these species to evolve, and the
estuaries, therefore, need more time. Aside from
animals, there are various other types of organisms in
an estuary.

Estuarine vegetation is very limited. Most parts
of estuaries consist of the mud substrate which is
unsuitable for attachment by many plants. Estuaries
also generally have a high turbidity which does not
allow for light penetration to the plants for
photosynthesis. These facts result in little plant
life at the bottom of estuaries. Most of the upper
layers of estuaries contain a limited number of
plants, however. These include beds of sea grasses,
certain species of sea algae, blue-green algae, and
species of mangrove forests in the tropics. Bacteria
exists in the estuaries as well. Both the water and
the mud substrate are rich in bacteria due to the
abundance of organic matter. Estuaries contain

thousands times more bacteria than does pure seawater.
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This bacteria serves as an important resource for many
species of animals and contributes greatly to the

productivity of the estuary.

IIT.4.C. Estuary Ecology

The productivity of the estuary is dependent on
certain organisms. The primary producers are the
phytoplankton, the benthic diatoms, seagrasses and
various algae mats. These organisms are a major source
of the high level of organic material in the estuary.
A lot of this material, called detritus, is carried
down the rivers from upstream. These organisms also
contribute to this detritus found in the salt marshes
which are the nurseries for fishes, shrimps and crabs.
There are few animals which feed off the plants, so
these plants must be broken down into detritus by the
bacteria, that is eaten by the animals in the estuary.
This is the start of the food chain of the estuary.
Detritus is the basis for the chain, being consumed
directly by the animals. The detritus is found in two
forms, floating in the water or mixed with the mud in
the substrate, but both types are equally consumed.

The abundance of food in the estuaries is the
reason for its use as a feeding ground by migratory
adults of many species of birds and fish. However,

this abundance of nutrient levels does not guarantee a
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balance. Estuaries tend to be very unbalanced, with
nitrogen levels being very low. In most areas of the
world, the phytoplankton and zooplankton appear in
cycle, depending on the season and local weather. 1If
the cycle is destroyed it could be fatal to certain
organisms that depend on these cycles for survival.
One area of great importance in Ecuador is the
salt marshes, which border the estuary. They are a
transition area between aquatic and terrestrial
ecosystems, which protects the marine shores and many
species of animals who breed there, including shrimp.
The salt marshes are more easily affected by human
actions than the rest of the estuary. Some
disturbances are diking, dredging, channeling water,
pollution, introduction of exotic species and
construction of structures such as houses or buildings.
These disturbances lead to large-scale changes in the
salt marsh and the estuary. Over time, the salt marsh
becomes smaller and smaller due to human interaction.
This could be a problem in Guayaquil since the economy
of the region is heavily dependent on the shrimp
industry. The shrimp industry will continue to have a
decrease in production as the pollution problem gets
larger. Measures should be taken to investigate the
salt marsh and estuary pollution. A coherent program

must be implemented to develop a sustainable shrimp
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industry (Nybakken, 1988, pp. 85-90).

III.5. Estero Salado
III.5.A. History

Information about the history of the Estero Salado
was obtained through an interview with Dr. Nicolas
Campana, a Water Contamination and Chemical
Oceanography professor at ESPOL. He also worked as the
National Head of Marine Contamination for DIGMER from
1970-1980.

When Guayaquil was founded in 1535, the Guayas
River was used as the transport medium for inland
travel. At the same time, the Estero Salado was full
of mangroves and many fishermen. As the economic
importance of fishing grew, the city also grew.

Problems with pollution of the Guayas water-ways
started in the early 1940’s during World War Two when
Ecuador produced balsa wood for the Allies. As a
result, the city grew, but basic resources were not
provided for the growing sectors of the city. To
protect the Estero Salado a law was issued ordering all
residual waste water to be dumped into the Guayas
river.

In 1958, the Estero Salado was still clean enough
for people to bathe freely in, and to fish for mussels,

shrimp, and fish. At that time the northern part of the
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city, north of what is known today as Urdesa, was not
populated.

In 1960, the quality of water in the Estero Salado
started to deteriorate with the construction of the
ciudadela Urdesa. 1In that same year, the construction
of two wastewater treatment plants had begun. Both
plants still exist today for primary treatment of
sewage; Planta E1 Progreso in the northern part of
Guayaquil and Planta El1 Guasmo in the south part of the
city. Both plants are completely inoperative due to
the destruction of equipment and pumps; therefore, the
raw sewage is pumped directly into the Guayas river.

The main causes of pollution of the Estero Salado
are rooted in the 60’s when Carlos Guevara Moreno
exploited the city. His successor, Assad Bucaram, had
good intentions for the city but he was not able to
plan for the future urbanization of Guayaquil. Bucaram
initiated the building of the "shanty towns." As the
city grew, the municipality failed to provide basic and
essential resources for the new neighborhoods. Withcut
services such as water, electricity, and sewers, people
started dumping their wastes into the Estero Salado.

Growth in the city has occurred at a tremendous
rate since Bucaram’s municipality. Neighborhoods were
poorly designed because there were no zoning laws in

existence.
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The increased growth, lack of basic services, and the
lack of zoning laws contributed to a drastic increase
of pollution in the Estero Salado.

The first pollution prevention law was issued in
1976. This law was vague, but it did call for an
industrial pollution prevention regulations tc be made
by IEOS fifteen days after the law was issued; however,
the agency did not finish the regulation until 1989.

As a result, the industries continued to pollute the
area. The law is included in Appendix D and summarized

in section II11.2.C.

ITI.5.B. Four Main Areas of the Estero Salado

The Estero Salado can be divided into four are:.s
based on the physical and chemical analysis of the
water and the distribution of the species of the algae.
The first sector is the two branches north of the Cinco
de Junio bridge including the Urdesa and Miraflores
sections of the city of Guayaquil. These branches were
the zone for the spawning and growth of shrimp larvae
of the genus Penaeus vannamei, P. occidentalis, and P.
stylirostris. 1In the past, the local fisherman
captured these young organisms at middle tide and sold
them to shrimp companies where they were developed and
fattened in shrimp ponds. These parts of the estuary

no longer contain these species due to the
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contamination.

The second area is the portion extending from the
Portete bridge and includes the southwestern sections
of the city. This sectizns includes all of the
following branches: Limones, Santa Ana, Salado, San
Francisco, Mongon and Plano Seco. This section is
characterized by good water quality and extensive areas
of mangroves. These mangroves act as regulators of the
quality of the water and are useful food and shelter
for a variety of marine animals. Plastic and other
garbage gets caught in the roots of the mangroves in
other more northern parts of the estuary but the tidal
flow prevents that from occurring in this area. A good
distribution and diversity of fish and microorganisms
are densely populated here. This area is also the
spawning area of shrimp to be captured by local
fishermen for cultivation in shrimp ponds.

The third section is the part of the estuary
extending out from Puerto Maritimo all the way down to
the Gulf of Guayaquil. This area includes the estuary
which embraces the following islands: La Esperanza,
Las Conchitas, La Orosco, Las Cajas, Rocanita, San
YXgnacio, Las Quifiones, & Bellavista. This section is
also densely populated with mangrove trees that are
influenced greatly by the tides.

The final section encompasses the primary fishing
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areas including Los Esteros, Chupadores Chico,
Chupadores Grande, Estero Moquifiafia, Canales del Morro
and Cascajal. The third and fourth sections are areas
of great exploitation of fish resources by industries
as well as by the local community. Here many species
of fish, mollusks and crustaceans live because of the
excellent natural conditions for their reproduction and
development. Commercial crabs of the genus Udides
occidentalis ortmann and Cardisona crassum smith are
abundant and are caught for the local market. The
abundance of the animals varies from time to time due
to two conditions: the physical condition of the
surroundings, such as climate changes; and the
oceanographic conditions, such as the temperature and

salinity.

II1.5.C. Seasons

During the winter season, which extends from
January to April, there are excellent catches of
decapod crustaceans of the genus Panaeus vannamei, P.

occidentalis, P. stylirostris and others. The fish

population decreases during this time, however, due to
the decrease of plankton in the waters and leading to
the migration of many fish species.

At the beginning of the summer, including the

months cf May and June, large populations of fish
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reappear, primarily from the family Mugilidas. The
temperature decreases and the salinity recuperates
causing the increase of the plankton, which is used by
the fish for food and to lay their eggs.

A third period of seasonal fluctuation occurs
during the months of July and August. This is the most
optimal time of the year in terms of stability and
temperature, which is between 26.0 and 26.5 C. This
condition is excellent for the metabolism, development
and reproduction of many species of fish, including the

following families: Arlidae, batrachoidae,

centropomidae and clupeidae.

At the end of the summer, including the months
from September through December, there are many
varieties and abundances of fish and zooplankton. More
than 50 percent of the fish species are in the juvenile
state at that time and another large percentage is in

the fish egg stage.

III.5.D. Fishing

There are two types of fishing in the Estero
Salado region, commercial and domestic. Commercial
fishing is done mostly by companies and local fishermen
who sell their fish to markets. Domestic fishermen are
local fishermen who fish for pleasure. In both cases,

the tides play a large factor in the capturing of the
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fish. Experienced fishermen use soaked nets, which are
arranged across the entire width of the estuary branch,
forcing the fish to be trapped when the tide goes back

out.

III.5.E. Algae

Many factors influence favorable conditions for
maintaining algae life in the Estero Salado. Movements
of the tides, entrance and exit of vertebrae and
invertebrate organisms, and the endogenous rhythms of
the organisms are all contributing factors in the
presence of algae in the Estero Salado.

Many types of algae might be found in the Estero
Salado area, as shown in Appendix F. All of the algae
can bring problems to the water supply. The actions of
the algae vary with each species but copper sulfate and

sulfuric acid eliminates most of the species.

III.5.F. Mangroves

Mangroves are tree and shrub communities in
tropical estuarine systems which occupy vast extensions
of muddy zones and favor elevated temperature and
humidity. These plants, which are 45 to 50 meters in
height, represent an incredibly rirzh ecosy’stem, serving
as shelter and as sustenance for tha fzuna in the

water. The leaves that fall into the water and on the
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surface continuously contribute to the growth of
bacteria. This bacteria forms detritus food that
attracts many species of fish, and creates an excellent
area for the development of larvae for many types of
marine organisms.

The communities of fish and other marine animals
look for the mangrove zone as appropriate surroundings
for the development of their young and thus keeping the
biological cycle going. The foliage of the mangroves
is an effective shield from the solar radiation and
serves as a refuge for many organisms. Bivalves,
gastropods, decapods and crabs contribute to the
ventilation of the ocean floor by means of constructing
holes or burrows in the substrate under the mangroves
that oxygenize the soil (Nybakken, 1988, pp. 85-90).

This substrate is usually neutral or slightly
acidic. The mangroves can withstand a Ph range from
4.8 to 8.8 and are accustomed to hydrosulfuric acid in
the substrate, but there must also be an adequate
supply of water and nutrients in the surroundings.
Under these conditions, the mangroves will produce
approximately 10 grams of organic material per square
meter per year, making it one of the most productive
ecosystems in the world. This important ecosystem is
jeopardized when the mangroves are cut down for

domestic or industrial use.
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It is estimated that 7 to 15 metric tons of
mangrove trees are cut down every year. They are used
for the production of wood for firewood and
construction of buildings, furniture, boats and piers.
They can be used by textile and leather companies to
make synthetic products and therefore preserve the
materials and reduce cost. Also, the salt in the
branches of the mangrove trees that are floating in the
water can be extracted for the production of salt. The
mangroves are beneficial in large numbers during storms
because they protect the land and surroundings from

flooding (Corrales, 1990, Ch. 2).

IIT.6. Water Quality And Common Pollutants

The quality of water in the Estero Salado is
determined by the use of several pollution indicators.
These indicators include measurement of Dissolved
Oxygen, Biochemical Oxygen Demand or BOD, Chemical
Oxygen Demand or COD, temperature, total suspended
solids, color, total dissolved solids, ph, Nitrates,
Phosphates, ammonia, and Carbon Dioxide. Combinations
of these indicators is used to determine the extent of

the pollution in the Estero Salado.
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IIT.6.A. Dissolved Oxygen

Oxygen is one of many dissolved gases that is
present in water. It is essential to life in the water
and is crucial to the maintenance of water quality;
Therefore, it is the most important of all the
dissolved gases. Without oxygen, life in the water
would be non-existent since fish and other marine life
utilize oxygen during respiration. Bacteria use
dissolved oxygen to decompose organic and certain
inorganic matter. This process is important to the
water’s ability to sustain natural self-purification.
Extremely low concentrations of or an absence of
dissolved oxygen in the water will result in the death
of the water of the estuary (Klein, 1962, pp. 217).

Concentrations of dissolved oxygen range anywhere
from 14.7 parts per million to 7.2 parts per million.
Factors that affect the concentration of dissolved
OxXygen are temperature, salinity, and decomposition
activity. Higher levels of temperature, salinity, and
decomposition lowers the concentration of dissolved

oxygen in the water (Meserve, 1974, pp. 136).

IIT.6.B. Dissolved Carbon Dioxide
Dissolved carbon dioxide is a by-product of
aerobic and anaerobic decomposition. Aerobic

decomposition occurs in the presence of oxygen while
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anaerobic decomposition occurs in the absence of
oxygen. Acids also release large amounts of carbon
dioxide from bicarbonate that naturally exists in the
water. 1In large concentrations dissolved carbon-
dioxide can be lethal to fish and their eggs (ASTM,

1969, pp. 13).

ITI.6.C. Measuring Methods

Biochemical Oxygen Demand or BOD is a measure of
the quantity of oxygen used by bacteria for the
decomposition of organic and certain inorganic matter
aerobically. Pollutants having high levels of BOD will
exhaust the water’s dissolved oxygen supply.

The BOD test is based on the assumption that all
organic matter that can be biodegraded will be oxidized
to carbon dioxide and water by microorganisms. The
rate at which the oxygen is consumed is directly
proportional to the concentration of degradable organic
matter remaining at any time (Davis, 1991, pp. 267-
278). The rate constant of BOD is determined by three
factors: the nature of the waste, the ability of
organisms to use the waste, and the temperature. Not
all corganic compounds biodegrade at the same rate and
this affects the determination of the amount of organic
waste in the water, when using a five day test.

Different microorganisms degrade different organic
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compounds. The microorganisms that exist are the ones
that break down the organic compounds that are largest
in quantity. Therefore organic compounds that exist in
small quantities are inefficiently broken down.
Temperature of the water affects the rate of BOD.
Higher water temperatures increase the rate of
biological decomposition (Davis, 1991, pp. 267-268).
The complete determination of the BOD of
pollutants is a process that takes thirty five days.
This is the time required for bacteria to completely
break down organic matter. To completely determine the
oxygen demand of waste water both CBOD, carbonaceous
biochemical »xygen demand, and NBOD, nitrogenous
biochemical oxygen demand, must be measured. 1In the
determination of five day BOD, BOD;, the assumption is
that only the carbon in organic matter oxidized. But
in fact, nitrogen, found in proteins, is also oxidized
by special nitrifying bacteria. This process is called
nitrification. The effects of nitrification are not
detectable in the BOD, test because nitrification
reaches a significant rate after more than five days,
when the population ot nitrifying bacteria reaches a
significant amount. NBOD and CBOD must be considered
separately because of the different rates and
mechanisms involved. Therefore, ultimate BOD is a

complete determination of the oxygen demand of organic
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matter.

The five day BOD test was chosen because the test
was developed in England where rivers run their course
into the sea within a period of five days. Therefore,
it was not necessary to calculate BOD for the full
thirty five days. Since the five day BOD test gave a
fairly reliable estimation of the organic pollution it
was accepted internationally as a standard. Because of
the time required to calculate BOD, it is not feasible
to use this method in the monitoring pollutant levels
(Klein, 1967, pp .31). A process called COD or
Chemical Oxygen Demand was developed to monitor
pollutant levels daily.

Chemical Oxygen Demand or COD is another parameter
used when monitoring pollution levels. In the COD
test, organic matter is converted to CO, regardless of
the biological assimilability of the substances. As a
result, COD values are greater than BOD values.
Potassium dichromate, an oxidizing agent, is the
chemical used to determine the oxygen demand of waste
water. The COD process only takes three hours to
complete and therefore, is extensively used to
determine the oxygen demand of industrial wastes. COD
is not as accurate a method as BOD, so both are used in
conjunction with each other to determine pollution

levels. The BOD method is faulty in establishing
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pollution levels because it does not take into account
non-biodegradable toxic and non-toxic inorganics

(Klein, 1962, pp. 30-31).

III.6.D. Physical Pollution Indicators

Thermal pollution is largely due to industries
along the estuary discharging their cooling waters into
the estuary. The result of this form of pollution is
an increase in the water temperature. This increase in
temperature drastically affects the concentrations of
dissolved oxygen in the water. The problem is more
prevalent in warmer ciimates, because the water is
already warm, and therefore heat does not readily
dissipate.into the atmosphere. Dissolved oxygen
concentrations then fall to extremely low levels
causing the death of aquatic life and hindering the
self-purification process. If the level of dissolved
oxygen is not reduced to dangerously low levels,
aquatic life can adjust to gradual temperature changes.
But drastic changes in water temperature will kill
aquatic life (ASTM, 1969, pp. 86-87).

An increase in the temperature of water will also
increase the toxicity of certain pollutants. Smaller
concentrations of these pollutants would be lethal
(Klein, 1962, pp. 347).

Suspended solids are either organic, inorganic, or
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a mixture of both organic and inorganic. Organic
solids in suspension pose a problem when they settle to
the bottom and when they stay on top of the water.

When suspended organic solids settle to the bottom of
the estuary bed, they decompose slowly and have high
levels of BOD. Organic suspended solids that .stay in
the top of the water result in objectionable odors when
they decompose (Klein, 1962, pp. 52).

Suspended solids also add to the turbidity or
cloudiness of water. This cloudiness results in a
decrease of the amount of sunlight entering the water
(Meserve, 1974, pp. 19). This sunlight is essential to
the survival of plant life. Plants utilize the
sunlight to absorb carbon dioxide from the water and
convert it to oxygen. The presence of suspended solids
affects the water’s ability to purify itself in
multiple ways (Klein, 1962, pp. 52).

The color of water is usually the result of
organic matter, from sewage or trade waste, or from
naturally occurring metallic ions. Color pollution is
not toxic to aquatic life except in extremely large
concentrations. The color of water is generally not a
good indicator of the extent of pollution in the water
nor is the coloring of water usually the result of
toxic substances. The effect of color pollution is

felt mainly by the industries that use the water. Most



industrial processes require that the water be

relatively clear (Klein, 1962, pp. 44-45).

IIT.6.E. Dissolved Solids

Dissolved solids are solids that separate into
individual molecules and ions. These molecules and
ions are organic solids, volatile solids, or dissolved
mineral solids (Meserve, 1974, Pp. 22). A sudden
increase in levels of dissolved solids is an iﬁdication
of pollution. Salts of heavy metals and other soluble
salts are dissolved solids that pose a serious problem.
Soluble salts are corrosive to metal and concrete
structures. This corrosion can be extremely expensive
for industries that use the water in their industrial
processes and for the city that builds bridges on the
water. Salts of heavy metals can be toxic to marine

life in large amounts (Klein, 1962, pp. 42-43).

III.5.F. DpH
High levels of acidity or alkalinity in the water
is a critical problem. Water with a pH of 7 is
neutral, lower than 7 is acidic and higher than 7 is
basic. Fish life requires a pH higher than 5, therefore
a low pH level will cause death to fish and other
marine life. Although, certain plant life can survive

at different pH levels, high or low, sudden
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fluctuations in pH levels will result in the death of
all plant life and further diminish or terminate the
pelf-purification process of the water. Also acidic
and alkaline conditions cause concrete and steel

structures to corrode, which has negative affects on

the industries and the city (Klein, 1962, pp. 38-39).

IITI.6.G. Nitrates and Phosphates

Nitrogen and phosphorous are nutrients that are
essential to life in the water but an excessive amount
of these nutrients upsets the natural food chain. They
are mainly used in the agricultural industry as
fertilizer, therefore, they enter the water through
agricultural runoff (Meserve, 1974, pp. 76). When the
natural food chain is disturbed some organisms grow in
larger quantities at the expense of others (Davis,
1991, pp. 264). Nitrates in the form of NH,-N are
toxic to fish and the conversion of NH,+ to NO,-
consumes large quantities of dissolved oxygen. The
lack of dissolved oxygen is lethal to aquatic life and
will inhibit the self-purification process of the
water. Nitrates and phosphates contribute to the
excessive growth of algae. These excessive growths of
algae will eventually die and decompose. The
cecomposition process exhausts the dissolved oxygen in

the water. Also, certain algae are poisonous to the
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aquatic life. Algae is generally unsightly and results
in objectionable odors when it decomposes (Klein, 1962,
pp. 82-83).

I1I.6.H. Organic Pollutants

Frequently occurring organic pollutants are
proteins, fats, and carbohydrates. These pollutants
are found in sewage and trade wastes. Proteins are
found in egg yolk, bones and animal tissue, wool,
natural siik, milk, and wheat. When proteins
decompose, the results are foul odors. Canning
factories, slaughter houses, dairies, and tanneries
produce protein as a waste product. Fat wastes are
produced from the wool scouring process, the soap
manufacturing industry, and the laundry industry. When
fats decompose, they also produce pungent odors.
Carbohydrates are found in the wastes of the
papermaking and textile printing industries (Klein,
1962, pp. 25-29).

Some of the more damaging organic pollutants
include soaps, waxes, resins, rubber, coal, oil, and
toxic organic chemicals. Metallic soaps are used in
industries as lubricants, greases, and in the
manufacturing of paints and varnish. Soaps are found
in sewage and textile wastes. Waxes are also a waste
product of the textile industry. Rubber is a waste

from the manufacturing of rubber and the process of
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waxing paper. Coal waste is produced from coal washing
plants. All of these pollutants are also naturally
occurring. However, in mass quantities they can hamper
the natural self purification process of water ways by
exhausting the dissolved oxygen in the water (Klein,
1962, pp. 27-29).

0il, one of the more damaging pollutants, comes
from many sources: barges, tankers, boats, industrial
wastes, metallurgical industries, engineering works,
garages and any trade that uses oils as lubricants or
as a fuel. Since oil is lighter than water, it spreads
out and forms a thin layer on the surface. This layer
of oil stops oxygen from entering the water, and
reduces the amount of oxygen in the water as it
biodegrade. The 0il can also cause difficulties in the
treatment of sewage (Klein, 1962, pp. 29-31).

Trade waste from the manufacturers of coal gas,
organic chemicals, and insecticides contain toxic
organic compounds such as phenols, tar bases, cyanides,
and DDT. These toxic organic compounds will kill any
beneficial bacteria in the water and other marine life.
Tar waste is produced by the distillation of coal,
peat, wood, bituminous shale, and naturally occurring
materials. Tar contains toxic substances such as
phenols and organic bases which can be extremely

harmful to bacteria, fish and other aquatic life

50



(Klein, 1962, pp. 35).

Most organic compounds can be broken down by
micro-organisms in the water. Certain bacteria can
break down some of the toxic organics such as phenols
and cyanides. There are toxic organic compounds that
resist breakdown from bacteria such as hydrocarbons,
ethers, polyoxy structures, some vinyl compouﬁds, alkyl
benzene sulphonates, many synthetic pesticides,
cellulose, peat and coal. The organic pollution must
be in small amounts in order to enable the bacteria to
break down the compounds. Large amounts of organic
pollution exhaust the.dissolved oxygen in the water,
therefore, not allowing the bacteria to breakdown
anymore organic matter (Klein, 1962, pp. 35).

Some organic matter do not require oxygen to be
decomposed such as nitrates, sulphates, and phosphates.
These organics are broken down by anaerobic bacteria,
which do not require the dissolved oxygen in the water.
Instead, the bacteria obtains the oxygen from those
organic compounds. This process is known as
putrefaction and leads to evil smelling end products.
Organic suspended matter is found in sewage, dairy

waste, and coal washeries (Klein, 1962, pp. 35).
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III.6.1. Inorganic Pollutants

Inorganic acids and alkalis kill bacteria, micro-
organisms, fish and other marine life by changing the
pH value of the water. Industries responsible for
large amounts of acid waste are iron pickling, the
manufactures of titanium dioxide, viscose rayon, and
transparent paper. Through reactions with the mud and
existing sludge in the water the acids and alkalis
release foul odors (Klein, 1962, pp. 38-39).

Common toxic inorganic substances include free
chlorine, cyanide, chloramines, ammonia, hydrogen
sulphide, soluble sulfides, and salts of heavy metals
such as copper, zinc, lead, nickel, chromium, cadmium,
silver, mercury, uranium, vanadium, thorium, etc.
(Klein, 1962, pp. 42). Cyanide is used in the
electroplating industries and is an extremely poisonous
inorganic corpound (Morton, 1976, pp. 15). 2Zinc and
copper are among the more toxic heavy metals because in
relatively small amounts they can be very toxic to fish
and other biological life (Klein, 1962, pp. 42).

Salts of heavy metals kill fish by causing the
mucus in their gills to choke them (Klein, 1962, pp.
42). Mercury, lead, and cadmium are some of the more
common toxic heavy metals (Morton, 1976, pp. 15).
Soluble salts such as chlorides, sulphates, nitrates,

bicarbonates, and phosphates of sodium, potassium,
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calcium, magnesium, iron, and manganese are found in
the effluents of salt works. Wastes that contain brine
add large amounts of sodium chloride, a salt, into the
water. Brine is employed in water softening plants
using ion-exchange methods for softening. Excess
amounts of sodium chloride can make fresh water
unsuitable to its indigenous life and can even make
salt water unsuitable for its indigenous life (Klein,
1962, pp. 42-43). Inorganic suspended matter such as
talc (magnesium silicate), china clay (or kaolin, an
aluminum silicate), chalk (CaC0,), gypsum (CaSoO,),
titanium dioxide (Ti0,), zinc sulphide (2ZnS), barium
sulphate (BaSO,),etc. can be found in paper making

waste (Klein, 1962, pp. 44-49).

III.6.J. Biological Pollution Indicators

Protistas, plants and animals are the three major
types of microorganisms found in surface water and
waste water. Protistas include bacteria, fungi,
protozoa, and algae. Plants include seed plants,
ferns, mosses and liverworts. Animals include all
invertebrate and vertebrate animals. Viruses are also
found in waste water, but are classified according to
their host organism. Protistas are the most
important organisms to study when analyzing waste

water. Bacteria, for example, play a very important
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role in decomposition and stabilization of organic
matter. Coliform bacteria is used as an indicator of
domestic waste. Algae produce blooms, or floating
colonies, which completely cover the surface of the
water. These blooms are great indicators of high
contents of biological nutrients. Algae also causes
taste and odor problems. Protozoa, including amoebas,
flagellates and ciliates, feed on bacteria and other
protistas. They are extremely important in the
biological treatment processes because they maintain a
natural balance among the microorganisms (Metcalf,
1972, pp. 104-113).

Many pathogenic organisms are found in waste
water. The most abundant type are bacterial pathogenic
organisms which are discharged by infected human
beings. These organisms cause diseases such as typhoid
fever, paratyphoid fever, dysentery, diarrhea and
cholera. They are highly infectious and cause
thousands of death each year in areas having poor
sanitation. Identification of these organisms is very
difficult and time consuming because they are hard to
isolate. For this reason, coliform organisms are used
as an indicator for the presence of feces and
pathogenic organisms in waste water because they are
more numerous and easy to test for.

Coliform organisms are rod-shaped bacteria found
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in the intestinal tract of humans. Every human being
discharges between 100 to 400 billion coliform
organisms per day. These organisms are harmless to
humans and are useful in destroying organic matter in
biological waste-treatment processes. If these
organisms are present in waste water, then paﬁhogenic
organism may also be present, but if these organisms
are not present, then the water is free from disease-
producing organisms. Coliform organisms include the
genera Escherichia and Aerobacter. They are separated
into three groups: total coliforms, fecal coliforms
and fecal streptococci.

Testing for these coliforms is done by numerous
methods. One method to determine the number of
coliforms in a given volume of water is called MPN or
most probable number. This method is based on a
statistical analysis of the number of positive and
negative results obtained when testing multiple
portions of equal volume. MPN is a statistical
estimate of the concentration of coliform organisms,
not an absolute concentration.

Human beings discharge significantly different
quantities of fecal coliforms and fecal streptococci
than animals do. The ratio of fecal coliforms to fecal
streptococci can be used to show whether a suspected

contamination is coming from humans or animals. This
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ratio is less than 1 fdr animals whereas it is more
than 4 for humans. This test should also be performed
before construction nf a treatment facility for
discharges since the type of treatment used depends on
the percentage of human and animal discharges in the
water (Metcalf, 1972, pp. 104-113).

Viruses are extremely important in waste water
treatment because they are excreted in large dosages by
human beings. Most of these viruses are harmless, but
some are extremely dangerous. One example is
hepatitis, in which 10,000 to 100,000 dosages per gram
of feces are excreted by an infected human. Viruses
can live as long as 41 days in stagnant water and waste
water at 20 C or for 6 days in a river.

Plants and animals range in size from microscopic
to macroscopic organisms. Many qualities can be
determined from the presence of certain plants and
animals, including the condition of the water, the
toxicity of waste water and the effectiveness of
secondary treatment.

To determine the toxicity of waste water in
relation to biological life, a bioassay test is
performed. This test determines the median tolerance
limit, or TL,, which is the concentration of waste in
which 50 percent of the test animals are able to

survive in a given time period. The test organism can
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be any animal typically found in the water being

tested, but most often is a species of fish (Metcalf,

1972, pp. 104-113).

ITI.7. Health Hazards

Polluted water is a major public health hazard
because of its ability to rapidly spread any infectious
diseases. The World Health Organization estimates that
80 percent of all sickness, disease, and deaths of
infants and children in developing countries is the
result of polluted water (Wright, 1993, pp. 247). Some
of the more common diéeases spread by polluted water
include: typhoid fever, cholera, salmonellosis,
infectious hepatitis, poliomyelitic, dysentery,
giardiasis, and numerous parasitic diseases.

Many people associate good health with modern
medicine, but good health is more a result of disease
prevention through public-health measures (Wright,
1993, pp. 292). There are 1.2 billion people in the
world who do not have access to treated drinking
water, yet there is an even greater number of people
who live with poor or no sewage collection or water
treatment. This low treatment rate means that large
portions of the world are vulnerable to epidemics of
any and all diseases spread through polluted water

(Wright, 1993, pp. 292). Public-health measures that
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prevent this disease cycle and safeguard human health
involve purification and disinfection of public water
supplies and the sanitary collection and treatment of

sewage wastes.

III.8. Water Purification
Water purification is any method that will remove

one or more of the materials that make water unsuitable

for a given use. There are several methods that may be
combined in the purification process which include:

1) Settling. Settling is used to remove soil
particles and other solid material carried by
flowing water. The water is kept relatively
still, which allows the solids to settle, and
the clarified water is removed from the top.

Alum, a compound of aluminum and sulfate with a
positive three charge, is added to the process and
aids in pulling out the clay and other negatively
charged particles by coagulation processes
(Wright, 1993, pp. 247)

2) Filtration. The water flows through a porous
material which filters out any materials larger
than the pores. A bed of sand is commonly used in
filtration.

3) Adsorption. The water passes through an adsorbing

material that binds with certain pollutants and
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4)

5)

clumps are formed. These clumps of material are
easily removed from the water. Activated carbon
is a typical adsorption material used to

remove organic compounds.

Biological oxidation. The water flows through a
system that supports the growth of detritus
feeders and decomposers. The organic material in
the water is fed upon and broken down by these
organisms and then removed. Anaerobic
decomposition occurs in two steps. First complex
organic compounds are fermented to fatty acids.
The acids are the converted to methane. The end
products of anaerobic decomposition are carbon
dioxide, methane, water, ammonia, hydrogen
sulfide, and mercaptans. Aerobic decomposition is
preferred over anaerobic decomposition when the
waste is dilute, because in aerobic decomposition
cell production is high resulting in large
quantities of biological sludge. When the waste
levels are concentrated, anaerobic

decomposition is preferred because cell production
is low and minimal levels of biological sludge
results. 1In the absence of oxygen, anaerobic
decomposition will most definitely take place
(Davis, 1991, pp. 317-318).

Distillation. Distillation is the evaporation and

59



condensation of water. All the materials present
in the water before the evaporation step remain
behind in a holding tank and are not present when
the water vapor is condensed
(Wright, 1993, pp. 247).

6) Disinfection: The water is treated with.chlorine,
ozone, or ultraviolet light to kill any disease-

causing organisms.

III.9. Waste Water Treatment

Waste water treatment is the process used to clean
polluted water, and it involves four steps: preliminary
treatment, primary treatment, secondary treatment, and
tertiary treatment. These four steps vary according to
the type of polluted water that is being treated, but
the general methods are discussed in this literature

review.

III.9.A. Preliminary Treatment
Preliminary treatment is used to remove debris and
grit from the waste water. Debris includes rags,
plastic bags, and other large objects found in
untreated water, and grit is coarse sand and gravel.
The polluted water flows first through a bar
screen which collects the debris. The debris is then

mechanically raked from the screen. After the water
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passes through the bar screen, it flows through a grit-
settling tank. The velocity of the water is decreased
to one to two feet per second, the grit settles to the

bottom of the tank and is then removed.

III.9.B. Primary Treatment

Primary treatment removes particulate organic
materials from the polluted water. Particulate
organic materials include visible particles of organic
matter, living bacteria, and microorganisms.

The water leaves the grit-settling tank and flows
very slowly through a primary clarifying tank where it
is nearly motionless for several hours. Thirty to
fifty percent of the total organic material settles to
the bottom of the tank and is then removed. At the
same time, fatty and oily material floats to the

surface and is skimmed off.

IITI.9.C. Secondary Treatment

Secondary treatment removes colloidal and
dissolved organic materials which are very fine
particles that will not settle in still water. This
step is also referred to as biological treatment since
it uses organisms, natural decomposers, and detritus
feeders to break down the colloidal and dissolved

organic materials into carbon dioxide and water.
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The most common procedures for secondary treatment
are (1) trickling filters, (2) activated sludge
process, (3) coxidation ponds or lagoons, and (4)
Anaerobic filters (Davis, 1991, pp. 343). Due to the
high cost of the first two procedures, oxidation ponds
and anaerobic filters are commonly used in developing
countries.

An oxidation pond is a pond that receives
partially treated waste water and has been used for
many years as a waste water treatment system for small
communities. The three different types of ponds
include: aerobic ponds, anaerobic ponds, and
facultative ponds.

An aerobic pond is a shallow pond, less than 1
meter in depth, where dissolved oxygen is maintained
throughout the entire depth, mainly by the action of
photosynthesis. Light penetrates to the bottom of the
pond which maintains the active algae photosynthesis
throughout the entire system and supplies large amounts
of oxygen (Davis, 1991, pp. 366). During darkness
hours, wind mixing provides a high degree of surface
reaeration.

Anaerobic ponds are used primarily as a pre-
treatment process and are particularly suited for the
treatment of high-temperature, high-strength waste

waters. An anaerobic pond is a deep pond that receives
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high organic loading so that anaerobic conditions are
maintained throughout the entire pond depth.
Photosynthesis is reduced by decreasing the surface
area and increasing the depth.

Facultative ponds are 1 to 2.5 meters deep with an
anaerobic lower zone, a facultative middle zone, and an
aerobic upper zone maintained by photosynthesis and
surface reaeration. The facultative zone is aerobic
during daylight hours and anaerobic during the hours of
darkness. Facultative ponds are the most common type
of pond selected as waste water treatment systems for
small communities. The capital, operating, and
maintenance costs are less than any other biological

system.

III.9.D. Tertiary Treatment

Tertiary treatment is also referred to as advanced
waste water treatment and remouves various nutrients
from the water. The method of tertiary treatment
varies depending on the future use of the water.
However, the most common nutrients that need to be
removed are phosphate and nitrogen.

To remove phosphate from the water, calcium
carbonate is mixed with the water and reacts with the
phosphate. A precipitate is formed and is then removed

with future settling of the water. Nitrogen removal is
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a biological process that converts ammonium and nitrate
ions into nitrogen gas which is then released as part
of the natural nitrogen cycle. Alternatives to
tertiary treatment that may be appropriate for
implementation in the Estero Salado region include:

1) The nutrient rich water could be used for
irrigation, therefore, it could be sold to help
off set the operation costs.

2) Wildlife habitat could be re-created, protecting
downstream water quality by constructing a wetland
or aquatic system.

3) Nutrient removal ponds full of water hyacinths,
reeds, or cattails could be created. This plant
material could be used for weaving or as cattle

feed.
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IV. Methodology

Originally, our project was intended to create an
environmental impact assessment of pollution generated
by industrial activities along the entire Estero
Salado, Guayas River and Daule River, located in
Guayaquil, Ecuador. This geographical location proved
to be too large to complete an impact assessment in a
seven week period. Therefore, the area was condensed
to include the two most heavily polluted branches of
the Estero Salado. These two branches are located in
the citadels Miraflores and Urdesa, shown on the
general map included in Appendi: C.

We also realized that a full environmental impact
assessment could not be completed in a seven week
period; therefore, we decided to create a preliminary
environmental impact assessment. This preliminary
environmental impact assessment is primarily a
qualitative assessment of the industrial pollution
caused by the numerous industries located along or near
the two branches of the Estero Salado. This
preliminary assessment can be used as a base for a more
in-depth quantitative assessment.

In order to complete a primarily qualitative
preliminary environmental impact assessment of the
Estero valado, our group obtained a variety of

information that relates to the biological, economic
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and social effects of the pollution generated by the
numerous industries located along the estuary. We
studied the biological effects on the flora, fauna, and
on the water quality. We also studied the economic
effects of the estimated cost of clean-up and of
treatment facilities. The social effects that we
studied include health, recreation, and immigration.

To obtain biological information about the Estero
Salado, we visited the estuary and familiarized
ourselves visually with the area of study and the
extent of the pollution found there. This visit was
done twice, once at low tide and once a high tide, in
order to see the differences. Next, we interviewed
Doctor Nicolas Campana at the CICYT office of ESPOL and
received background information about the history of
the pollution and results of various studies on the
marine life of the Estero Salado. Finally, visits to
the Fundacion Natura library and the ESPOL-UNO project
office provided us with infnrmation about the flora,
fauna, and water quality.

To obtain economic information, we interviewed the
Municipality of Quito and various environmental
agencies including: IEOS and DIGMER to gather
background information on environmental laws and
regulations for industries in Ecuador. The

questionnaire used for these interviews is included in
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Appendix B.

The background information included how the laws
are generated and regulated, to whom the laws pertain,
how laws differ in various cities, and the costs of
implementing the laws for the industries, agencies, and
the government. Specific laws, proposals and
ordinances we focused on include the Master Sewage Plan
of the Municipality of Guayaquil 1986-2006, the
National Pollution Prevention Law of 1976, Regulations
for Industrial Waste Control of 1989 by IEOS, and
Ordinance of the Municipality of Quito in 1992.

Also shown in Appendix B, is the questionnaire
that we developed to be used to interview the following
industries in Guayaquil: Oleica, Cridesa, Poliquimicos
del Ecuador, and Durex. We obtained an abundance of

information from these interviews including information

about:
1) Their manufacturing processes and products,
including their raw materials.
2) Their present market position.
3) The estimated worth of the industry.
4) Their internal and external problems.

5) The quantity, quality, and source of the
water that they receive.
6) Their treatment facility status including

amount of waste treated and location of discharges.
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7)

8)

9)

10)

11)

12)

Their sewage.network connection and costs.
Their leadership roles in and outside of the
company .

Problems with the municipality and
environmental agencies including their
knowledge and experiences with the IEOS
regulations.

Environmental problems in Guayaquil.
Difficulty in changing manufacturing
processes.

Opinions on auditing for environmentally

sound guidelines.

To obtain information relating to the social

lifestyle.

effects of the pollution, the group interviewed the
Direccion Provincial de Salud del Guayas to obtain
information about the health issues that may be caused
by the contamination of the estuary. Also, important
migration and sewage connection statistics for the city
of Guayaquil, specifically around the two branches of
the estuary, was gathered from the National Institute
of Statistics. Lastly, the group conducted interviews
with several local residents to obtain information on
how the industrial pollution of the estuary has

affected their health, property value and overall

68



The method of collecting information was adapted

from the model provided in the book, Environmental

Impact Assessment, Principles and Procedures, written

by the Scientific Committee on Problems of the

Environment, 1974. Once the information was collected,

we developed a preliminary impact assessment including:

a description of the current situation based on the
results of our findings, causes and effects of the
pollution in the Estero Salado, and sample matrices
that could be used for a more in-depth assessment of
the pollution of the Estero Salado.
Once we developed the preliminary impact

assessment, we proposed various changes that could be
implemented to reduce the effects of the industrial

pollution of the Estero Salado.
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V. Data Presentation

V.1. Estero Trip

The purpose of a trip to the Estero Salado was to
gain a visual representation of the industrial
contamination in the area. A visualization of the area
enabled the group to better determine the present and
future impacts of the industrial contamination. The
information was gathered in two trips, one during high
tide and one during low tide. The trip included eleven
stops which covered various storm channels, and the
Miraflores and Urdesa branches of the Estero Salado.

The pollution seen in the Miraflores branch is a
result of several industries along Avenida Carlos Julio
Arosemena dumping their wastes directly into the
estuary and also from the polluted storm channels that
flow directly into this branch. The channels were
intended to act as drainage sites during excessive
rain, yet they are presently polluted because several
industries along Via a Daule use them as a discharge
site for their liquid wastes.

There are a number of different storm channels
running along the roads or between houses throughout
the northern part of Guayaquil. The pollution in the
water is very apparent since the water has a bright
green color and emits a strong nauseating odor. There

are also large amounts of trash floating on the surface
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and accumulating on the sides of the channels.

The "canal de la muerte," or the death channel, is
the most heavily polluted channel in the area. The
color of the water in this channel is green with some
hues of blue, and the vegetation in the surrounding
area is limited to a few bushes and algae. The
channels become wider as they flow downstream, and the
surrounding area changes from industrial to residential
where the channels join the estuary; Several
residences along the shore are only a few feet from the
water and appear to face the possibility of flooding
during the rainy seasdn.

The effects of low tide are more pronounced in the
Miraflores branch than in the Urdesa branch of the
Estero Salado. The water level in the Miraflores
branch becomes extremely low and the smell becomes
increasingly stronger as low tide sets in. Large
quantities of black sludge can be seen which were only
visible in certain areas during high tide, and the
estuary becomes more aesthetically displeasing. The
low water level also reveals a drainage pipe
discharging blue water into this part of the branch.

At the bottom of the Miraflores branch, the
scenery changes. The water becomes dark green and the
smell decreases. The amount of vegetation increases,

with traces of mangroves, grass and bushes along the
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shore. However, wood and plastic articles can still be
se?n floating on the surface. Dark black mud has
accumulated along the shores of this section, possibly
showing that the Estero suffers from sedimentation.

There are several other pipes that empty waste
water illegally into the Estero, and one of these pipes
was discharging underwater. The branch at this point
passes through an upper to middle class housing
neighborhood. Most of these houses were built in the
sixties, but new housing is still being built around
the polluted branch.

Located at the top of the Urdesa branch, in the La
Alborada neighborhood, is a storm channel that empties
directly into the Estero. The channel is a dumping
site for industrial and domestic waste. The water is
green and raw sewage can be seen floating on the
surface of the water. A strong smell permeates
throughout this residential and industrial area.

At the point where the channel enters the Urdesa
branch, there is a raw sewage pumping station, and
mangroves are seen along the shore. The channel around
the station is completely covered by hyacinths as a
result of excessive amounts of nitrogen in the water.

Along the Urdesa branch there are two privately
owned and operated aeration pumps used to orvgenate the

water. Existing housing complexes and new developments
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appear to be contributing to the pollution in the area.
The area is commercial and residential, with mangroves
and algae growths at random spots all along this
branch.

Garbage floats on top of the water and collects
along the shore of this branch also, but there is
practically no smell. The water is red, green, and
white in different areas of the branch, yet it is
turbid everywhere.

At the point where the Urdesa and Miraflores
branches meet, there appears to be potential for
flooding during the rainy season. A bridge, located at
the intersection of the Miraflores and Urdesa branches,
actually acts as a dam to decrease the flow of water
out of the Urdesa branch and into the main part of the
Estero. By decreasing the out flow of water, the sight
and smell of the pollution in the residential area are
reduced. The water is channeled through four concrete
pipes running underneath the bridge that can be seen
during low tide. The water level is significantly
higher in the Urdesa branch before the dam, and there
was no significant change in the water level between

high and low tides.

V.2. Sewage and Migration for the City of Guayaquil

In the area around Avenida Julio Carlos Arosemena,

73



Avenida Juan Tanca Marengo and Via a Daule, there are

40 zones registered by the 1990 census. Eight of these
zones are along the Miraflores and Urdesa branches of

the Estero Salado, where the percentage of immigration

varies. Along these branches, 30 percent of the

population are immigrants but it reaches as much as 50 -
60 percent ncrth of the branches. The northern part

of the city contains the highest percentage of
immigrants (Instituto Nacional de Estadistica INEC
1991) .

Sewage and septic tanks cover the same 40 zones
previously described. 1In the 8 zones along the two
branches, 90 - 100 percent of the residents are
connected to the city sewage system. The percentage
drops to .6 - 20 percent in the northern parts of the
city including the area around Via a Daule (Instituto

Nacional de Estadistica INEC 1991).

V.3. Industries
V.3.A. Location

A large part of the industries in Guayaquil are
located along Via Daule where there is no sewage
connection to the city, as shown on the Sewage map in
Appendix C. These incustries discharge their liquid
wastes into the storm channels, which run along the

street and some of which flow directly into the
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Miraflores and Urdesa branches of the Estero Salado

(Corrales, 1990, Ch. 2).

V.3.B. Types
In 1987, 1,309 industries were functioning in
Guayaquil (Corrales, 1990, Ch.3). The industries are
categorized as shown below:
Type Number
Foodstuffs, Beverages & Tobacco 290

Textiles, Clothing & Leather Goods 102

Wood & Wood Products 77
Paper & Priﬁting Shops 108
Chemicals 250
Non-Metallic Mineral Products 65
Basic Metals 40
Metal Products & Machinery 343
Other Manufacturing Industries 6
TOTAL 1,309

V.4. Water Quality Data

The combination of various industrial discharges
changes the chemical, physical and bacteriological
components of the water in the Estero Salado. The %OD,
dissolved oxygen and fecal coliform levels were

measured by the Sewerage Agency of Guayaquil at three
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quality map in Appendix C. Point number one is at the
Cinco de Junio bridge before the two branches split.
The second point is approximately half the distance up
the Urdesa branch and the third point is near the end
of the Miraflores branch (Corrales, 1990, Ch.3).

The number of fecal coliforms increases from
between 10,000 and 100,000 NMO/100ml at point one, to
between 100,000 and 1,000,000 MMO/100ml at point two,
up to greater then 10,000,000 NMO/100ml at point 3.

The BOD level increased as well. It was between 10 and
20 mg/1 at both points one and two, but increased to
between 50 and 100 mg/l at point 3. The dissolved
oxygen decreased from 2 to 3 mg/l at points 1 and 2, to
0 mg/l at point 3 (Corrales, 1990, Ch.3).

All of this data signifies that the quality of
water is lower in the Miraflores branch than in the
Urdesa branch and the quality improves the closer you

get to the sea (Corrales, 1990, Ch. 3).

V.5. Environmental Agency Interviews
V.5.A. IEOS

IEOS spent a great deal of time preparing the
guidelines for pollution control called for by the 1976
National Pollution Prevention Law. The reason for this
was that there existed political conflicts about who

was to prepare the guidelines and what types of
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information they would include. The law elaboration
process took time since these were the first national
pollution parameters issued.

The guidelines, released in 1989, covered three
main areas: air, water, and land. It was not until
1991, however, that the law begar to work. The law
called for all industries to register their discharges
with the agency. Presently there are 161 industries
and groups registered. Groups are comprised of small
industries that produce similar things and are
concentrated in the same geographical area.

- In order for an company to receive the Certificate
of Environmental Quality, the industry has to provide
complete information on the water quality of the
discharges from their plants. This information is
obtained by experimentation, done by the industries
themselves, or by hired consulting firms. This process
is expensive, but once the certificate is issued, it is
valid until the company makes any changes in their
manufacturing process that might affect the quality of
the water being discharged. The company is responsible
for declaring these changes. If they do not, IEOS has

the power to close down the company.

V.5.B. DIGMER

We spoke with the Contamination Control Department
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in Guayaquil. DIGMER has the capability to perform
discharge level tests if the industry does not have
their own laboratory facilities; however the industry
is charged for this service. Although we inquired
about the amount of this charge, the information was
not released.

DIGMER feels that the companies are financially
able to construct treatment facilities, but it is
easier for them to pay a yearly fine. As a result,
they believe the sanctions are not an effective method
for improving the environment.

Since the IEOS regulations came out in 1989,
DIGMER has noticed a large increase in pressure from
the public to clean up the environment. Although
DIGMER feels that social aspects are affected the most
by the pollution, they were unwilling to elaborate on
this. As a result, DIGMER informed us of a group that
has been assembled at the Municipality to investigate
the pollution of the Estero Salado. It was suggested
that we attempt to speak with some members of this
group and also with other environmental agencies to
obtain data and opinions on the areas most affected by

the pollution.
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V.6. Industry Interviews
V.6.A. Oleica

Oleica, located on Via a Daule, is the fourth
largest vegetable oil and soap producing company in
Ecuador, producing 12 percent of the nations vegetable
oil. When the company began, their primary product was
vegetable oil, but they have expanded to include soap
products also. Oleica is a family run business with
workers who have been with the company for many years.
They employ 400 people who work two shifts of twelve
hours each. Their estimated worth is approximately $15
million

The process of producing oil involves a number of
different procedures and waste products. O0il is
extracted from soybeans, sunflowers or other seeds.
First, the seeds are cleaned and large quantities of
dust and garbage are produced. After cleaning, the
seeds are dried and stored in silos. To prepare them
for extraction, they are sent through rollers to break
the shells of the seeds and crush them into tiny
pellets.

These pellets are then mixed with hexane, and the
hexane attaches to the oil inside the pellets. Once
the hexane-o0il compound is extracted, the leftover
pellets form a cake-like product. The hexane is

removed from the oil by distillation and condensation
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and from the cake through a filtering process. This
hexane is recovered and reused, and the cake is sold as
animal feed.

The crude oil is refined to remove the excess
fatty acids, moisture, phosphalids, sugars, pigments
and odors. To refine the crude o0il, sodium hydroxide
(NaOH) and hydrogen phosphate (H,PO,) are added to the
0il through a centrifuge method. This method produces
two by-products, soap stock and water containing soap
stock plus other chemicals.

The refined oil now contains soap and moisture.

To release the moisture, the refined oil is dried. A
special soil is used to absorb the soap, which is
filtered out later. This filtered soil, containing 40
percent oil, is a waste product.

The oil is bleached with a special air containing
activated acids. During the bleaching process, gases
are released into the air that contain small amounts of
oil and fats. The bleached oil contains a strong odor
and is deodorized in a process that involves mercury.
The bleached and deodorized oil is now ready to be
packaged for sale.

Many liquid and solid wastes are created during
the above processes. The solid wastes are dumped in
the back of the facilities where it burns spontaneously

due to the o0il in the waste and the heat from the sun.
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Oleica has a treatment facility for their liquid
wastes.

The waste water from soap production is sent
through a grease separation process. This process
includes a pool separated into five sections. The
heavy materials settle to the bottom and the oil is
skimmed off the top. The white liquid under the oil
passes through pipes to the oxidation pond. Here the
creamy white liquid is oxygenated and released into a
pipe which goes to the sewage system of the city of
Guayaquil.

Behind the facilities is the storm channel called
the "death channel." The group was told by Olieca that
they do not dump their liquid or solid wastes into this
canal. However, when the group received a tour of the
facilities, we noticed the liquid waste from the
oxidation pond leaking into the canal.

Oleica receives its water from the city of
Guayaquil, and it is not necessary for the company to
treat it before use. According to their
representative, they are aware of the 1989 IEOS
regulations and comply with these regulations by
submitting their discharge test results three times a
year. They say that the only problem that the company
has with IEOS is regarding their residual waters. The

regulations require that there be no oil in residual
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waters, yet Oleica has difficulty removing 100 percent
of the oil. Oleica tfeels that they are doing the best
they can since they have a treatment facility and most

other industries in Guayaquil do not.

V.6.B. Cridesa

Cridesa, a glass manufacturing industry, was
constructed 12 years ago. Their main products are
glass bottles and jars. Their market is mainly through
exportation due to the severity of the local market.
They are funded by their mother company in the United
States, Owen-Illnois located in Ohio. This company
contains a technology center which financially helps
the overseas companies to deal with the wastes produced
by the industry.

In order to optimize production, the facility
functions twenty-four hours per day, seven days per
week. Their raw materials include: sand, soda ash,
limestone and colored glass. They have very little
solid or liquid waste because the glass is recycled.
Also, they work with other companies to recycle scraps.

They receive water from the city, but they have to
soften it before using it, which is common in glass
industries. 1In the glass making process, c¢il is added
as a lubricant, so there is a small amount of oil in

the water after it has been used.
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Cridesa has three oxidation ponds where oil is
skimmed off the surface of the water. The treated
liquid waste is discharged into the city sewage system,
but it is only slightly polluted. An environmental
engineer, hired by the company, inspects the plant a
few times per year to make sure that it is
environmentally sound. There are also yearly internal
inspections by company personnel.

They have never been inspected by the Municipality
or any environmental agencies. They voluntarily supply
their waste water treatment results to the Ministry of
Health in Guayaquil and to IEOS in compliance with the
1989 regulations. All of these results are obtained
through laboratory tests performed at the company by
hired personnel. Cridesa also cleans their oxidation
tanks once a year as part of the company’s maintenance
program. The cost of these expenditures are very
little compared to the total cost of running the
facility.

One of the major problems that Cridesa has is
regarding electricity. Electricity shutdowns occur
often and without warning, damage the equipment, and
cause delays in production. This problem could be
solved by installing generators in the facility, but
laws prohibit the company from generating their own

electricity.
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Cridesa also has problems with extremely high
electric and water bills. These high bills are the
result of people living outside of the facility
stealing water and electricity. Tighter security must
be implemented at the company’s expense to prevent
these occurrences.

The company is a member of the environmental
committee within the Chamber of Industries, and they
are st 7ing involved with the industries in the area.
They believe that the United States governmental
agencies are good and similar groups should be formed

by the Ecuador government.

V.6.C. Poliquimicos del Ecuador

Poliquimicos del Ecuador, located on Via a Daule,
is a national privately owned chemical company
constructed 15 years ago. The industry’s market is
primarily exportation to other countries, especially to
Columbia, Peru and Venezuela.

Their only product is Sorbitol, an alcohol used by
many other industries including pharmaceuticals, food
industries, paper companies, tobacco industries, and
other chemical industries. Sorbitol, with the
chemical formula C.H,0,, is produced using the
following raw materials: dextrose, hydrogen, nickel

and water. Dextrose, a sugar, is the main ingredient
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and is completely used in the process. The hydrogen
and water are chemically combined with the dextrose to
form sorbitol, using the nickel as a catalyst.

They receive the water, used in their process,
from the city of CGuayaquil. The water must be treated
before it can be used in the process because it
contains too many minerals. They have very little
solid wastes, but their liquid waste contains sodium
hydroxide, NaOH. This solution has a very high pH and
must be neutralized with an acid before being
discharged. This treatment involves stabilizing the
waste with sulfuric aéid and then oxygenating it in two
oxidation pools located at the plant. In the oxidatioa
pocls, the solids, mainly nickel, are allowed to settle
to the bottom and are removed and taken to the city
dump.

This area of the city of Guayaquil is not
connected to the sewage network so Poliquimicos is not
connected to the sewage system. The nearest connection
site is two kilometers away. Their treated liquid
waste is, therefore, discharged into the storm drain
located in front of the facility. The water is dark
and turbid but did not appear to be very polluted.
Poliquimicos is aware that this storm drain eventually
empties into the Miraflores branch of the Estero

Salado, but the choices of discharge sites are limited
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because of the lack of connection to a sewage network.

Poliquimicos del Ecuador is aware of the 1989 laws
made by IEOS for industrial discharges, and their
representative says that the company reports their
discharge tests to IEOS every year as required. These
tests are done on the premises of the company in their
physical/chemical laboratory by chemical engineers
hired by Poliquimicos. They maintain that they do not
have any problems now and have not had any problems in
the past with the Municipality or with Environmental
Agencies regarding their liquid discharges.

This is a large company in Ecuador, but most of
the companies in Ecuador are smaller companies that
cannot afford expensive treatment facilities.
Poliquimicos attempts to use and reuse as much
materials as possible and believes that other companies
should do the same. They acknowledge that this is not
done.

The group was given a tour of the facility, but it
was not working due to monthly mairtenance. The
facility is kept very clean and the oxidation tanks

appeared to be working very well.

V.6.D. Durex
Durex, located on Via Daule, is the largest

manufacturer of refrigerators, ovens, and pots in
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Ecuador. Our interview consisted mainly of a tour of
the manufacturing and treatment facilities, which
consisted of two large warehouses and three treatment
pools. One warehouse was used entirely for storage,
and the other housed the assembly lines for all their
products.

The tour began in the area where the sheet metal
is cut into different sizes. The cut metal then enters
one of the three assembly lines to be shaped into their
respective product. After the metal is shaped, the
pieces ar