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Resumen

Las operaciones de descarga de los buques-tanques, la recepcién y distribucion de productos derivados del crudo de
petréleo en el drea de almacenamiento, el movimiento de insumos como el carbén antracita, amoniaco y azufre, la
carga de lotes de minerales asi como el mantenimiento de los tanques, conducen al vertimiento directo de hidrocar-
buros que afectan los diferentes ecosistemas en los cuales se encuentra situada la fuente contaminante. Se presenta
la caracterizacion de los ecosistemas afectados por esta contaminacién, atendiendo a los impactos ambientales
identificados y la previa caracterizacion del area, utilizando herramientas de evaluacién de criterios de expertos me-
diante la metodologia Delphi. El estudio de impacto ambiental se realizé de forma cualitativa a través de las matrices
causa-efecto, valoracion e importancia del impacto. Los factores del medio mas afectado fueron las aguas superficia-
les y subterraneas y la salud e higiene; las acciones mas agresivas fueron la emisién de contaminantes (vertimiento
al medio suelo de hidrocarburos/ liberacién al medio aire de gases, ruidos y materiales particulados/ vertimiento y
contaminacién del acuatorio por arrastres de sedimentos, hidrocarburos y sustancias quimicas) y la acumulacién de
residuos (creacién de vertederos industriales).
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Abstract

The operations of unloading ships the reception and distribution of products derivate of oil crude in the storage area, the
movement of raw materials like coal anthracite, ammonia and sulphur, the load of lots of minerals as well as the mainte-
nance of ships, direct leads to the appearance of hydrocarbons that affects the different ecosystems which he meets in
once the contaminating source in the municipal Moa. It is present the characterization of ecosystems affected with oil’s
hydrocarbons, attending to environmental impacts identified by the expert group and the prior characterization of the
area using assessment tools expert judgment using Delphi methodology. The environmental impact study was realized of
qualitative form through matrix of cause-effect, valuation and importance of impact. The environmental factors of resulting
surface/groundwater and health and hygiene the most attacked while impacts were more aggressive emissions (throwing
to the ground hydrocarbons/ liberation to the midway air of gases, noises and materials in particles, throwing and contami-
nation of the source for dragging of sediments, hydrocarbons and chemical substances) and accumulation waste (creation
of drains industrials).
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Introduction is important. Maritime development usually generates

The success of maritime trade, the fishing industry and
navy defense depends on the development of ports

local environmental problems, however, it can cause
problems on a regional scale.

anql bays, so the correct design, construction and The impact of maritime development differs accord-
maintenance of these coastal and marine resources ing to its location due to variations in features such as
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geography, hydrology, geology, ecology, industrializa-
tion, urbanization and types of shipping.

The alteration of natural waters and the construction of
artificial structures may result in impacts on the exist-
ing body of water, as well as cause direct and indirect
impacts on ecosystems and communities living in the
ports' surrounding areas. Operations such as dredging,
the generation and elimination of materials, develop-
ment of beach areas, and sea and land transportation
in the port may cause the release of natural and an-
thropogenic pollutants into the environment (Vinas et
al. 2001; Guédez et al. 2003).

The Puerto Moa company is an essential part of the
infrastructure of the Cubaniquel corporate group with
the essential role of receiving and storing imported
products or supplies for industrial use for local nickel
companies, as well as exporting the already finished
products of these production industries. It is worth
noting the important natural, sociocultural and so-
cioeconomic role of this institution. This is because it
identifies floristic species that have a vital ecological
role in the conservation of the environment, coastline
and existing animal species; it generates an important
number of permanent jobs in production as well as ad-
ministrative areas, which results in a notable increase
in the quality of life of the sector of the population that
works in it; and it is an essential pillar for the country's
economic growth.

Maritime activity can have a negative impact on the
coastal ecosystem, not only due to the absence of
treatment systems, the activity of dredging and the ab-
sence of an adequate sewage system, but also because
of the combination of the environmental impacts of
the entire economic activity.

The environmental impact assessment (EIA) is one of
the instruments for creating environmental policy. It
has a preventative nature if it is carried out from the
time the project is conceived, preventing the environ-
mental impact of the activity to develop from altering

the environment (Wilkins, 2003; Garcia-Cuellar et al.
2004; Ramakrishna and Viraraghavan, 2005). The in-
formation that it provides permits an analysis of the
environmental consequences of a project, which to-
gether with a social and economic assessment, defines
the decisions on the project's feasibility. One of the
methods to carry out the FIA is the cause and effect, or
interaction matrix, which is very useful for identifying
the origin of different impacts; as well as the impact as-
sessment matrix, which allows a qualitative assessment
to be obtained of the impacts' importance; and finally,
the importance of impact matrix (Barker and Wood,
1999; Orozco et al. 2004; Napoles et al. 2005).

Taking into account that port companies are respon-
sible for loading and unloading international ships,
which import and export products and supplies, and
that in order to carry out their roles, they handle appre-
ciable amounts of hydrocarbons, the present research
has the objective of assessing the environmental im-
pact resulting from port activity in Moa Bay in the Moa
Municipality, Holguin Province.

Materials and Methods

Characterization of the Area of Study

The infrastructure, socioeconomic activity and move-
ment of supplies were analyzed, as well as possible
centers of contamination, in order to characterize the
area of study (Figure 1). The potential impacts gener-
ated on the environment were also identified, selecting
the interacting components; as well as the set of envi-
ronmental elements of the physical, biological, socio-
economic and cultural environment that intervene in
said interaction according to Milan (2004).

Port infrastructure: This is assessed through a
company s previously characterized general organiza-
tion chart (tool), and the areas of impact for the study
are identified and valued according to their operation.

Figure 1. Aerial image of Puerto Moa / *Identified sources of contamination related to port activity.
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The company is structurally organized in four areas of
regulation and control, and seven basic business units.

Socioeconomic activity and movement of supplies:
These are identified by a port's group of experts, as
well as the objective of the work and the roles of the
units subject to assessment (such as port exploitation
services, transportation services, and receipt of sup-
plies). The previously identified and analyzed variables
were: unloading of petroleum from the tankers to the
berth; cleaning, drainage and repair of the storage
tanks; decanting and supply of petroleum and chemi-
cal substances to consumers; unloading of ammonia
from the ship to the berth; preparation of chemical so-
lutions; unloading of coal from ship to the berth; coal
mining operations; and transportation of coal to the
plant for use.

Sources of contamination: These are identified through
the port's group of experts and characterized by the
main existing contaminating elements in them and the
factors of the environment that they contaminate, re-
flected in the cause and effect matrix.

Impact Assessment

The qualitative assessment of the environmental im-
pacts was determined through the use of matrices in
three stages: 1. Identification of the impacts and the
factors of the affected environment; 2. Impact assess-
ment; and 3. Calculation of the importance of the im-
pacts (Milan, 2004).

Stage 1: Identification of Impacts

To analyze the impacts, they were broken down into
their different stages and activities until the identifica-
tion of actions, understanding the latter as the unit ca-
pable of establishing a cause and effect relationship
with its surrounding environment (Table 1). The iden-
tification of actions susceptible to generating impacts
was analyzed from the general characterization of the
companies, being able to determine which are the pos-
sible negative activities of the work by the individuals
who work in them and who can transfer the possible

Table 2. Impact assessment matrix.

generated impacts. This resulted in the identification of
the affected environmental factors (land, aquatic or at-
mospheric) in the area of study. Then those of greater
incidence were selected by direct observation of the
group of experts and noted in the cause and effect
matrix, in accordance with Conesa (2000).

Table 1. Cause and effect matrix.

Environmental Factors Impacts
Name Key I I
Ei
En

Stage 2: Impact Assessment

The impact assessment was conducted through a de-
tailed analysis of the interactions between the factors
of the affected environment and the actions that have
an impact on it, using the table of values of the attri-
butes' impacts as methodological guide (Table 2) to
conduct the qualitative assessment (ORate et al. 1998;
Conesa, 2000; CICA, 2001).

Stage 3: Calculation of the Importance of Impact

The importance of impact matrix model (Table 3) was
developed, which collects each one of the results cal-
culated from the impact assessment matrix. It involves
using the importance of impacts as a function directly
proportional to the degree of alteration produced by
an environmental impact and expressing the impor-
tance as a percentage of alteration with respect to the
maximum alteration possible. The system established
by Conesa (2000) was used to carry out the break-
down process and seek a greater degree of accuracy
when establishing the importance of the impacts, as-
sessing the following:

In the negative impacts, determine the mean value
(Vm) and standard deviation (o), considering as a criti-
cal value of impact (Vcr) all those with a value of im-
portance (Vi) higher than Vm + o. That is:

Impact Assessment Matrix

Attributes to Assess
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Ver=Vi>Vm+o (1)
Likewise, the impacts with values of importance (Vi)
lower than the mean value (Vm) minus standard devia-
tion (o) were considered to be irrelevant (Vir). That is:

Vir=Vi<Vm-o¢ (2)
Therefore, the range of discrimination was obtained,
which does not pre-establish absolute values of impor-
tance, but is conceived as a function of the character-
istics of each project that is evaluated.

Validation of the Experts' Opinions: Application
of the Delphi Method

The experts' opinions were validated using the Delphi
method (which dates back to 1963-1964) presented by
the Rand Corporation, and particularly by Olaf Helmer
and Dalkey Gordon, being the one which best adjusts
to the intuitive opinion of experts on environmental
issues (Linstone and Turoff, 2002). Said method was
applied for selecting the group of experts, who were
subjected to a self-assessment of their information and
argumentation on the topic, using the required meth-
odology.

Selection of Experts

The group of experts was selected with prior identi-
fication of the individuals (researchers on environ-
mental topics) with competence and relevance in the
researched area of knowledge based on their personal

resumes. Initially, ten experts from Puerto Moa and
from biotechnology and environmental study centers
of the Universidad de Oriente and Instituto Superior
Minero Metaldrgico of Moa were considered.

Tool

A questionnaire prepared based on the research's field
of action was applied to the experts, which groups
all the items in two topics: 1. Experience obtained
in the research of impact assessment studies; and 2.
Relevance and objectivity of the work developed as a
result of their individual or collective research. To pro-
cess the information collected in the questionnaire and
carry out the established rounds, a computer applica-
tion developed from the Delphi method was used,
Version 1.0 (Onate et al. 1998).

Procedure

The methodology to follow was established as de-
scribed in Figure 2. The preliminary phase outlines the
subject of study, initially conceiving the research prob-
lem, where the group of experts and the supervision
of the research are decided. The exploratory phase
includes the questionnaire to validate the objective of
this research, while the final phase synthesizes the re-
sults of the whole process of selection, validation and
assessment through agreement and consultation of the
experts, subjecting the variables previously defined in
the second round to assessment (ORate et al. 1998;
Linstone and Turoff, 2002).

Preliminary Phase

Formulation of research questions
Selection of experts

First Round Formation and.SeIec't'lon . ~
of the Questionnaire

First Round or Open-Question Round

Third Round FINAL PHASE

....... Stable Opinions

!

{

Remove criteria that receive very low
support from experts

~~~~~~~ [l

AV

Stable Opinions

{

|

Select criteria and assess the experts' agreement

1

N/

Prepare report ‘

Figure 2. Representation of the methodological phases for the assessment of experts on environmental topics.
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Table 3. Importance of impact matrix.

Environmental Factors Impacts Value of Alteration Maer;;nr;t\:g:‘ue of 21(:5::;::
Name Key I I In
Ei
E,
E;

Mean value of importance

Standard deviation

Range of discrimination

Value of alteration

Maximum value of alteration

Degree of alteration

Results and Discussion

Characterization of the Area of Study

The Moa Municipality in the Holguin Province of Cuba
with an area of 766.33 km? borders to the north with
the Atlantic Ocean, to the west with the municipalities
of Frank Pais and Sagua de Tanamo, and to the east
and south with the municipalities of Baracoa and Yat-
eras, respectively. The flat area of Moa has more than
40 kilometers bathed in seawater with four bays (Moa
Bay, Canete Bay, Yaguasey Bay and Yamanigiiey Bay).

Puerto Moa has facilities to receive merchandise and
fuel, where maneuvers are made for the movement of
supplies (such as fuel oil) through structures that trans-
port them. It has the essential function of loading and
unloading ships for international journeys for exporting
nickel and importing goods including crude fuel oil,
anthracite coal, and solid sulfur, which are essential for
said industry. It also provides services including ma-
neuvering, dredging, storage and distribution of raw
materials (coal, ammonia, fuels and sulfur, among oth-
ers), mining services and transportation of coral.

This is how maritime activity has a negative impact on
the coastal ecosystem, which is related to the absence
of wastewater and solid waste treatment systems, and
the lack of an adequate sewage system, as well as the
combination of the environmental impacts of all the
economic activity carried out, and to a large extent,
to the production activity and carrying capacity com-
pared to other homologous entities of the region.

Previous studies on the Puerto Moa company corre-
late that different variables (waste water, industrial ma-
terials and solid waste) possibly cause already known
impacts generated by the activities in the ships, such
as the increase in pollutants released by re-suspension

and dispersion of sediments, and introduction into the
column of water; and the increase in the suspended
sediments by trawling according to prevailing sea cur-
rents in the dumping area, and the effects on the exist-
ing species in the barrier reef close to the entry of the
channel (Garcia et al. 2013).

All activities generated from the port cause the altera-
tion of the relief of the seabed in the dumping area
due to the disposal of the extracted material; changes
in the circulation of the marine currents as a result of
the modification of the bathymetry; effects on the ex-
istent species in the barrier reef close to the entry of
the channel; and alteration of some fish species due to
ingestion and accumulation of heavy metals.

Itis an area affected by mainly industrial, anthropic ac-
tivity, which extends its influence tens of kilometers in
directions governed by the wind. This causes the pres-
ence of high contents of harmful substances, such as
CO., CO, SO2, N2, CH4, Hz and particles, which even
in low concentrations can affect not only the air qual-
ity, but also the soil and biota of the ecosystems, as
well as the population's health.

To the west of this port company, there is a small patch
of Bosque de Galeria (tropical rainforest) bordering the
low variant mangrove. The small area it occupies pro-
vides a measure of the alteration the forest has under-
gone, observing the original vegetation of individual
plants such as Bucida spinosa Jenn (spiny bucida) and
Calophyllum rivulare Bisse in the upper tree stratum
with a height of 10 to 15 meters (Garcia et al. 2013).

The Rhizophora mangle (L.) Mey (red mangrove) pre-
dominates in the low coastal area that surrounds to
the west with a height that oscillates between four to
eight meters. There are also individual plants of Lagun-
cularia racemosa (L.) Gaertn. (Pataban) behind the san-
dy coastal vegetation in the direction of land.
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The second variant appears in low areas with recent
lateritic sediment, very poor in minerals and organic
matter, formed exclusively by Rhizophora mangle L.
plants, which grow up to two meters high. In the coast-
al area to the East, there is the tailings dam of the nickel
industry. The area has undergone large alterations due
to severe negative impacts. An example of this is that
only three endemic species were found in Bosque de
Galeria, as follows: Sabal parviflora Becc., Ficus mem-
branacea Wright and Bucida espinosa Jenn (Garcia et
al. 2013).

Apart from the indiscriminate felling of tree species,
the factors that have influenced the effects of this con-
struction include the construction of the port facilities
themselves. Another factor that has had a rapid effect
in recent years is the drainage of oil waste from the fa-
cilities of the oil base, which has caused the death of a
large number of Bucida spinosa Jenn and Calophyllum
rivulare Bisse plant individuals. In Figure 3, we can ap-
preciate how the taproots of the mangrove barrier are
covered by a considerably thick layer of hydrocarbons
and industrial oil waste. In the short and long term,
this causes the progressive disappearance of individ-
ual plants, the irreversible deterioration of the related
coastal ecosystem and the imminent possibility of be-
coming an endangered and vulnerable region at risk
from natural disasters. This result was obtained mainly
through a detailed taxonomic inventory of the species
found in the areas of study by the relevant experts and
through the analysis and comparison of the historical
records of the place.

The fauna has still not been studied in depth, but in-
vertebrates are observed, including insects, arachnids,
crustaceans and myriapods. The problem also applies
to the group of land molluscs, which have been stud-
ied little (Garcia et al. 2013).

In the coastal area of the port, the mangroves do not
present a very positive situation, due to the contami-
nation of the soil, which has caused the alteration of
its physiochemical properties and erosion. Alteration
from flooding and salinity lead to defoliation, break-
down of the habitat, variation of the floristic composi-
tion of the mangrove, and soil compaction. All of the
above has led to a decrease in the associated fauna,
alteration of surface runoff, loss of mangrove soil, a
decrease in the scenic value of the landscape, mortal-
ity of the mangrove, and proliferation of undesirable
species (Atucha, 2009).

The degradation of the environment is mainly due to
the lack of awareness on the values of the area and
impacts on the resources, as well as the ways of pre-
venting or mitigating the damages; to emissions of
smoke and gas from the combustion of hydrocarbons
by nearby industries; and to the absence of a treat-
ment system for liquid and solid waste. This leads to
the presence of these items throughout the coastline
in the mangrove ecosystems (Figure 3). This situation

can be observed throughout the coastline and in the
mangrove ecosystem with the appearance of different
industrial products (such as hydrocarbons) and waste
from human activity (Figure 3). The latter to a lesser
degree, which would be resolved if there was an instru-
ment in the company that regulated the final disposal
of this waste.

Evaluation of the Environmental Impact through the
Analysis of the Matrices

The environmental impacts were obtained by analyz-
ing the interaction between the components from the
companies settled in Puerto Moa and the environmen-
tal factors of their surroundings. The affected factors
of the environment and the activities that generate im-
pacts with the execution of the project were identified.

In the current conditions of operation in the EIA, the
cause and effect matrix (Table 4) presents two entries
with seven environmental attributes that can be af-
fected, and four entries that can have an impact on
the environment and health. Analyzing the 28 possible
interactions obtained in the cause and effect matrix,
24 attributes were found related to their respective ac-
tivities of impact. It was identified that the air quality is
determined by the activities of emission of pollutants
and accumulation of waste. In turn, the surface and
underground waters are affected by the drainage of
waste water from human activity, drainage of industrial
water and liquids, emission of pollutants and accumu-
lation of waste.

The soil and vegetation factors are affected by all the
activities of impact except for the drainage of waste
water from human activity. Fauna, ecological relation-
ships and health and hygiene intersect with all the ac-
tivities of impact in the matrix (Table 4).

In a second stage, the impact assessment matrix was
prepared, which permitted a qualitative assessment on
the importance of the present impacts, intercepting
the two pieces of information obtained from the cause
and effect matrix. This was done in order to indicate
which environmental changes are caused from the ini-
tial state of the environment during the execution of
the project, as well as during its exploitation, facilitat-
ing an assessment of their importance.

The impact assessment matrix (Table 5) shows 24
negative impacts as a result of the analysis from the
comparison of the data of the cause and effect matrix
with the 11 characteristics of the matrix in question.
This means that as well as being harmful, they reduce
the quality of the analyzed factors. Therefore, three
irrelevant results below 25 are shown, a value estab-
lished in the methodology by Conesa (2000) and Mi-
lan (2004), corresponding to M211, M511 and M6l 1 for
13% of the total (Garcia et al. 2013). In the case of the
moderate results, there are 16 values between 25 and
50, which amount to 67% of the total. The severe re-
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Figure 3. Images of areas affected by oil hydrocarbons from the companies established in the port. Mangrove (A). Marsh (B).

sults between 50 and 75 show five attributes affected
corresponding to M114, M213, M214, M5I13 and M613,
amounting to 21%.

As shown in Table 5, regarding the air quality factor,
the impact of the emission of pollutants was moderate,
essentially determined by the attributes of intensity,
time, effect and probability. However, for this same
factor, the impact of accumulation of waste was se-
vere, essentially determined by all the attributes except
for reversibility and frequency, which presented values
of 2; 12 being the highest for the intensity attribute.
The surface and underground water factor was irrel-
evant for the effect of drainage of water from human
activity and moderate for the drainage of industrial lig-
uids and waters, having a severe effect on the impacts
of emission of pollutants and accumulation of waste,
respectively, where the attributes of greatest influence
were intensity, extension and time (Table 2).

In all the analyzed cases, the soil factor was moderate
with respect to the impacts, without any significant dif-
ference between them. The attributes of greatest influ-
ence were intensity, extension, time and effect. The
same occurs with the results shown by the vegetation
factor, where the effects of the impacts are also moder-
ate (Table 5).

In the specific case of the factors of fauna, ecologi-
cal relationships, health and hygiene, they are affected
by each one of the identified impacts, but show differ-
ences, some of which are significant in terms of the
degree of importance of the effect. An example of this

is shown by the fauna factor with respect to the emis-
sion of pollutants having a severe effect compared to
the other impacts, which are moderate, one having an
irrelevant value. The attributes that have the most influ-
ence on the case of the greatest value (severe) are in-
tensity, extension, time, reversibility, accumulation and
probability. The same occurs with the ecological rela-
tionships factor, which shows an impact with a severe
effect and the influence of attributes such as exten-
sion, time, reversibility, accumulation and importance.
There is also one irrelevant effect and two moderate
effects (Table 5).

For the health and hygiene factor, it is worth highlight-
ing that all the operating factors have a moderate ef-
fect, but that is borderline with a severe effect. This
means that this is a factor susceptible to any variation
in negative effects, where attributes with great fre-
quency of appearance are shown, such as extension,
time and reversibility.

From the analysis of the cause and effect and impact
assessment matrices (Table 4 and Table 5), it is derived
that the impacts that have an effect and the damaged
environmental factors are also included in the impor-
tance of impact matrix. The latter reveals that there are
essentially two environmental factors that are greatly
affected. First, there is the environment factor: surface
and underground water, with a value of alteration of
169, where the maximum value of alteration was 400
and the degree of alteration of -42 was the most affect-
ed. Itis worth highlighting that Impact 14 (accumulation
of waste) has the greatest influence on this factor with
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Table 4. Results of the cause and effect matrix. Stage: Current Operation.

Cause and Effect Matrix
Stage: Current Operation
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I1 12 13 14
Air quality M1 X X
Surface and underground water M2 X X X X
Soil M3 X X X
Vegetation M4 X X X
Fauna M5 X X X X
Ecological relationships Mo X X X X
Health and hygiene M7 X X X X

a -55 value of importance. The second environmental
factor that showed high rates of effect was health and
hygiene, with a value of alteration of 165, a maximum
value of alteration of 400, and a degree of alteration
of -41, where Impact 14 with Impact 12 (drainage of
industrial waste) again exercise a negative influence of
-48 of importance.

In turn, the matrix of importance (Table 6) also shows
two environmental impacts with high values of altera-
tion. Impact 13, identified as emission of pollutants,
shows a value of alteration of 314, with the maximum
value of alteration of 700 and a degree of alteration of
-45. Impact 14, identified as the accumulation of waste,
shows the most elevated value of alteration that it can
express toward the environmental factors, reaching a
value of 322, also with its maximum value of alteration
of 700 and a degree of alteration of -46.

Results of the Delphi Method to Validate the
Research

On many occasions, mathematical techniques and sta-
tistics are not capable of revealing the essence of the
objects and phenomena that are studied, because they
are multivariate and very complex. Therefore, methods
have been developed from the experience and knowl-
edge of a group of people considered to be experts on
the addressed topic, so that they can offer conclusive
assessments of a problem in question and make rec-
ommendations with respect to its essential times with
maximum competence.

The analysis of the impact generated by handling
hydrocarbons and other supplies in the companies
settled in Puerto Moa was conducted by a group of
experts. To do this, surveys were conducted that pro-
vided qualitative opinions in the first round, and quan-
titative opinions in the second and third rounds. This
permitted a unit of opinions on the variables that have
a greater influence on the selection of the kind of re-
habilitation, following the diagram established for this
kind of analysis (Figure 2).

In the first open-ended question round, the eight sug-
gested variables were analyzed and accepted. This
provided an assessment of the experts' preparation to
undertake this kind of study. A questionnaire was used
that demonstrates the experts' preparation in terms of
environmental impact assessments; experience and in-
depth knowledge of the topic, as well as the existing
methods, and the main tasks; and the knowledge of the
existence or not of methodologies that permit an ad-
equate study of the environmental impact assessment.
This ends with a report on the impact assessment with
proposals of measures that ensure the mitigation of the
detected impacts.

The results of the surveys demonstrated the stability
of the experts' opinions. The eight variables were ac-
cepted and they went to the next round.

The second phase permitted the relative frequency
and the average acceptability to be determined, which
led to selecting the final variables. A repetition of sev-
en was used, using the Kcomp value of each expert,
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Table 5. Results of the impact assessment matrix. Current stage of operation.

STAGE: Current Operation
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MT13 - 2 2 4 2 1 1 4 4 2 1 -29 100
M114 - 12 4 4 4 2 4 4 4 4 2 -72 100
M211 - 2 2 1 1 1 1 2 1 1 0 -18 100
M2I12 - 4 4 4 4 2 4 4 1 2 1 -42 100
M213 - 8 4 4 4 2 4 1 4 1 2 -54 100
M214 - 8 2 4 4 2 4 4 4 4 1 -55 100
M3I12 - 2 2 4 4 2 4 4 4 2 0 -34 100
M3I3 - 4 4 4 4 2 4 1 4 1 0 -40 100
M314 - 4 2 2 4 1 4 1 4 2 0 -34 100
M412 - 4 2 4 4 2 4 1 4 2 0 -37 100
M4i13 - 4 4 4 4 2 2 1 4 1 0 -38 100
M4l4 - 2 2 2 2 1 4 1 4 1 0 -25 100
M511 - 1 1 1 1 1 1 1 1 1 0 -12 100
M5I12 - 4 2 2 2 1 4 1 4 1 0 -31 100
M5I13 8 4 4 4 2 4 4 4 2 1 -57 100
M514 4 4 4 4 2 4 4 4| 2 0 44 100
Me6I1 2 1 2 1 1 4 1 4 1 0 22 100
Meol2 4 2 1 1 1 2 1 4 1 0 27 100
M613 8 4 4 4 2 4 4 4 2 0 -56 100
Mé614 4 4 4 | a| 2 4 4 | 4|2 0 -44 100
M711 - 4 1 1 2 1 4 1 4 1 1 -29 100
M712 - 4 4 4 4 2 4 4 4| 4 2 -48 100
M713 - 2 4 2 4 2 4 4 4 4 2 -40 100
M714 - 4 4 4 | 4 2 4 4 4 | 4 2 -48 100
Total 105 69 74 76 39 83 61 87 | 48 15 936 2400
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Table 6. Results of the importance of impact matrix. Current stage of operation.

Stage: Current Operation
Environmental Factors Impacts
5§ | §E55| 3§
Name Key I 12 13 14 S = 'z‘ S = &=
Air quality M1 -29 72 -101 200 -51
Surface and underground water M2 -18 42 -54 -55 -169 400 42
Soil M3 -34 -40 -34 -108 300 -36
Vegetation M4 -37 -38 -25 -100 300 -33
Fauna M5 -12 -31 -57 -44 -144 400 -36
Ecological relationships M6 22 27 -56 -44 -149 400 -37
Health and hygiene M7 -29 -48 -40 -48 -165 400 41
Mean value of importance -39
Standard deviation 14
Range of discrimination -25 -53
Value of alteration -81 | -219 | -314 322 936
Maximum value of alteration 400 | 600 | 700 700 2400
Degree of Alteration -20 37 -45 -46 -39

which allowed the frequencies to be weighted from
the assessment of all the experts of the previous round.
No score was ignored, because the lowest value of
relative frequency was 7.6, compared to the maximum
rating of 10 obtained from the eight variables, with an
excellent average acceptability.

The eight previously defined variables were subject
to assessment, and as a selection criterion, a scale of
3,000-9,000 was taken in descending order with 3,000
being the lowest incidence and 9,000 being the high-
est incidence.

The degree of agreement between experts was deter-
mined from the assessments obtained using Kendall's
(K's) coefficient, with a value that oscillates between
0 and 1. It is considered that when K is greater than
0.7, there is high agreement between the experts, and
when K is less than 0.4, there is no agreement (Lin-
stone and Turoff, 2002).

Therefore, in the selection of the main variables that
influence the assessment of the expert's opinions, Ken-
dall's coefficient is 0.95, confirming that there is agree-
ment between the experts' opinions.

Conclusions

The data analysis methodology through the group of
experts shows positive concordance related to the re-

sults issued for their validation. Therefore, the analyzed
environmental, soil and human (health and hygiene)
factors are the ones most vulnerable to the socioeco-
nomic activity carried out in the area of study. They
showed an elevated exposure to hydrocarbons and
industrial waste, as a result of the lack of a treatment
system, the absence of environmental management
tools and policies, and work on good practices, which
pave the way for proper management and relations
with the existing environmental factors. The results
collected by the importance of impact matrix for the
aforementioned factors displayed significant values
of importance with respect to the other environmen-
tal factors and the great vulnerability of the identified
impacts. The study suggests preparing a portfolio of
projects for improvement, and organizing adequate
environmental management for the Puerto Moa com-
pany, as well as characterizing the soil contaminated
with hydrocarbons for its possible improvement using
biotechnological treatment tools.
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