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Abstract: This research is aimed at designing actions that contribute to preventing and
minimizing the environmental impacts caused by port activity of Puerto Moa Company. In
order to develop it, unstructured interviews with specialists, Puerto Moa Company's manager,
and residents of neighboring communities were conducted. The environmental impacts
caused by port activity in this locality were identified. As a result, coastal ecosystem recovery

actions to be implemented by Puerto Moa Company are proposed.
Keywords: port activity, industrial port, port sustainability

Resumen: La investigacién tiene como objetivo disefiar acciones que contribuyan a prevenir
y minimizar los impactos ambientales provocados por la actividad portuaria de la empresa
Puerto Moa. Para su desarrollo se realizaron entrevistas no estructurada a especialistas, jefe
de la Empresa Puerto Moa y residentes en comunidades aledafias y se procedié a la

identificacion de los impactos ambientales que provoca la actividad portuaria en esta localidad.
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Como resultado se propone las acciones para la recuperaciéon del ecosistema costero que

debera implementar la empresa Puerto Moa.
Palabras claves: actividad portuaria, puerto industrial, sustentabilidad portuaria
Introduction

Ports play a leading role in the development of society, as they contribute to economic
development and strategic positioning of any country in the world. These maritime zones and
their coastal ecosystem resources are a heritage for economic diversification, offering
opportunities for tourism, aquaculture, and maritime transport (Acciaro, Renken & El Khadiri,
2020). However, human activity in their surroundings, as well as the port activity itself,
generate a strong impact on both water quality and the coastline (Pefia Cassio & Valdés
Martinez, 2015).

The alteration of natural waters and the construction of artificial structures can cause damage
to the existing water body and lead to direct and indirect impacts on ecosystems and
communities settled near ports. Operations such as dredging, materials' creation and disposal,
beach areas development, and maritime and vehicular traffic in the port can lead to natural
and anthropogenic pollutants releasing into the environment (Vifias et al., 2001; Guédez et
al., 2003).

Authors such as Vega et al. (2018); Serrano et al. (2021), Buenrostro Aguilar & Dominguez
(2023), Hinojosa-Montanez, Santamaria-Ruiz y Troncoso-Palacio (2023) and Guerrero Molina
& Alvarez Patifio (2024), support the idea of port sustainability importance due to the

significance of maritime transport to society's economic development.

Ports generate pollutants that affect the marine environment and bordering communities
(Pulido et al., 2016; Molina-Castro, Gomez-Ronquillo & de la Cruz-Lozado, 2021, Ramirez &
Dominguez, 2022; Guillama Barroso et al., 2022). Port areas receive discharges from
effluents (Quintero Rendodn et al., 2010) and waste from maritime transports (Correa, 2022;
Pérez Jiménez et al., 2023). Furthermore, loading and unloading operations result in excessive

noise and exhaust fumes (Alvarado-Barrera, 2024; Villarreal & Aralz, 2025).

According to Torres Gonzalez (2015), several types of risks can be identified at Puerto Moa

Company, which bring unfavorable consequences for both workers and the neighboring
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community. It is also recognized that the population lacks sufficient knowledge to encourage
the prevention of these risks. Rojas, Guilarte & Reynaldo (2022) identified the company's
socioeconomic processes that generate polluting products such as hydrocarbon mixtures, oily
waters, and other combustible substances resulting from the storage, tank cleaning, and
maintenance processes. Other problems such as liquid sulfur dumping, ammonia emissions,
and tree species indiscriminate logging have been reported by Duran Morales (2005) and
Garcia Hidalgo (2013).

Maritime port activities carried out at Moa's port produce negative impacts on the coastal
ecosystem, which is associated with anthropogenic actions, technological problems, and
absence of timely corrective measures allowing to confront the possible environmental
impacts generated by its economic activity. Besides, oil spills during vessel unloading cause
damage to the natural habitat and changes in the chemical composition and circulation of
water. Guilarte et al. (2015) declare the important natural, sociocultural, and socioeconomic
role of this institution and propose implementing adequate environmental management for

the company.

In this sense, this work proposes the designing of tools to prevent, reverse, or mitigate the
environmental pollution generated at Puerto Moa Company in order to minimize the

environmental impacts caused by port activity on the environment.

Methodology

To fulfill the proposed objective, an analysis of the main elements from Puerto Moa Company
that are causing environmental damage was conducted. Likewise, documents evaluating the

main pollutants generated by this institution were consulted.

Port workers and specialists from Puerto Moa Company were interviewed to identify the
environmental impacts caused by port activities to the ecosystem. Residents of neighboring
communities were also inquired to understand the level of damage caused by the different

port pollutants.

The port facility was toured, and the waters, the dock, and the vegetation cover were
monitored. Solid, liquid, and gaseous emissions were verified and analyzed to acknowledge

the aforementioned environmental impacts and design corrective measures.
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Characteristics of Puerto Moa Company

Moa's port is classified as industrial. It is an artificial dock whose construction was finished in
1956. It is associated with the prospects for exploiting nickel deposits near the coast. It
consists of a signaling system marking the entrance and the shallows existing in the area, in

accordance with international regulations (Duran Morales, 2005; Bell Batista, 2016).

Puerto Moa Company's main function is the reception and storage of imported products or
supplies for industrial consumption by nickel companies in the territory and the export of

finished products from producing industries (Guilarte et al., 2015).

Moa's port paramount function is nickel export and supplies import for industries consumption
and the industrial development of the area, aiming at assisting in the provision of services for
loading, unloading, reception, and delivery of nickel to the companies involved in this activity.
Among its objectives is to guarantee the efficient and timely development of maritime
commerce to generate foreign currency for the country's economy. It provides services such
as dredging, raw materials (coal, ammonia, fuels, sulfur) storage and distribution,

merchandise storage, coral mining and transportation, among others.

The submarine oil pipeline consists of a line with a DN 600-mm diameter, 12.7-mm wall
thickness, and an approximate length of 1000 m to the coast, where it connects with the land
oil pipeline. A Pipeline End Manifold (PLEM) is installed at the submerged end. On both sides
of this pipeline and behind the disk, two branches of DN 250-mm pipes emerge, where
unloading hoses, with the same diameter and 62 m length, are connected. They feature a

valve and a check valve on the side connecting to the ship.

The land pipeline was built using leftover pipes from Matanzas supertanker base investment,
which forced the design of a double pipeline since its diameter was smaller than required. It
consists of two parallel pipelines, each with a DN 500 mm diameter, a 12 mm wall thickness,
and an approximate length of 2,400 m. Upon entering the fuel base, both pipelines converge
into a single 500 mm diameter line, which extends to a 400 mm-diameter pipeline network

that enters the Fuel or Crude Qil storage tanks.
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Main Pollutants Related to port Activity in Puerto Moa and Corrective Measures

Environmental impacts of maritime ports affect all surrounding components; water, soil, air,
and living beings in the area, both terrestrial and aquatic. They increase with the scale or
expansion of the installation and the intensity of loading and unloading activities (Villarreal &
Aralz, 2025). The tasks carried out in the port significantly affect all natural elements, making
it necessary to design effective and comprehensive tools to reverse or reduce their impacts,
based primarily on the management of wastes from the port environment 's biotic and abiotic

components.

Among the pollutants detected at Puerto Moa Company during the course of the research are
listed:

Emissions from ships

Emissions during loading and unloading operations

Emissions from land vehicles

Spills of substances

Deforestation

Hydrocarbon spillage is one of the main elements affecting coastal environments where ports
are located. To minimize this damage, the implementation of permanent training programs
for all personnel involved in port management is necessary. To achieve this task, specially
designed educational materials must be available. It is also necessary to:

Create new channeling and drainage systems

Systematic cleaning of the carbonated sludge pond

Cleaning of other contaminated areas

In addition to hydrocarbon spills, the waters of the dock are affected by wastewater discharges
from Nickel Sulfide Plant, a phenomenon reported by Duran Morales (2005). At the same time,
during sulfur unloading at dock 1, considerable quantities of this element are dumped into
the sea, forming a suspension layer. For this reason, the installation of an ecological hopper

to unload raw materials is proposed.

Liquid sulfur dumping must be avoided due to its polluting impact on water and land. It is
proposed to remedy this problem by constructing channels to collect the pollutant liquid, and
by constructing and cleaning sludge ponds continuously, as well as the design of sludge

settlers.
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To cope with solid particles dispersion, it is necessary to install tarp covers, avoid overfilling
trucks, and limit their speed to 20 km/h. It is recommended to continuously wet the roadways,
create live natural barriers, and increase vegetation cover to minimize particle dispersion

according to current national regulations.

Mangroves and vegetation cover loss can be mitigated by creating mangrove plots with
selected species, implementing a bioremediation project, as well as conducting constant
monitoring of mangrove survival. For adjacent areas reforestation, tree or shrub plant species

should be selected.

Discussion

Puerto Moa Company must align its environmental policy with its economic and social roles.
This means guaranteeing not only commercial and economic activities, but also upholding
environmental standards that promote sustainable development in the port area and the city.
Each action must adhere to an environmental protocol established to ensure necessary
balance.

Permanent monitoring and the implementation of an early warning system for any event
constituting an environmental hazard are necessary to assure the proposed measures

effectiveness.

A sustainability approach must be incorporated into all port activities through a policy that
covers the design, execution, and measures that prevent or mitigate the causes of

environmental impact.

Increasing the level of environmental awareness among port workers through policies that
include strategies for the protection and conservation of the environment is essential for the
region's environmental balance. Environmental education should include both port workers

and residents of neighboring communities to secure the proposed measures effectiveness.

Furthermore, environmental audits must be conducted to ensure environmental care and to

oversee compliance with the methodology and use of evaluation indicators.

Finally, the port terminal must have an emergency plan for disasters, allowing the rapid and
effective action of the involved agents to prevent greater risks and to reverse the problem in

less time and with efficacy.
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Environmental responsibility in the port facility itself must be an essential part of the
company's tasks, which must assume strategies committed to economic development and the

quality of life of all society members.

Conclusions

The analysis carried out at Puerto Moa Company allowed to identify existing environmental

impacts and the externalities caused by port activity.

The proposed actions contribute to sustainable development implementation within Puerto
Moa Company and to raise awareness among workers on the need to care for and protect the

environment and its resources.
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