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ABSTRACT

The aquaculture industry has contributed significantly to the economic development
of Malaysia. However, the large volume of water consumption and the effluent
discharged into water sources has caused significant environmental problems that
require urgent management and the introduction of more effective controls. For
instance, water pollution caused by excess contaminants, rapid loss of natural habitats
such as mangrove lands as well as degradation of ecosystems cause innumerable
damage far beyond damage to the environment. Phytoremediation, which is the
application of plant-based technologies, has become more acceptable as a means to
examine the problems and provide sustainable solutions for such environmental
issues. Accordingly, this research explores the efficacy of a landscape ecological
model system to remediate aquaculture pond contaminants specifically heavy metals
using selected aquatic plant species. To achieve this aim, we examine the
contaminants available in shrimp and catfish aquaculture ponds in Perak. The results
revealed that nutrients like nitrogen and phosphorus and heavy metals concentration
varied dependent upon several factors such as the size of the farm, the quantity of food
given, the chemicals added, and the cycles and periods of cultivation. In addition, the
environmental condition itself like pH, salinity, conductivity, and dissolved oxygen
also influence the toxicity of the heavy metals available. Through water sampling,
heavy metals that exceed the limit of water quality standard for aquaculture, which are
cadmium (Cd), copper (Cu), chromium (Cr), and lead (Pb) were assessed. The
efficiency of potential aquatic plants which are Glossostigma elatinoides and
Hemianthus callitrichoides to sequester Cd, Cu, Cr and Pb were also investigated.
This model system was conducted over four different periods ranging four weeks and
at the following three different concentrations:1 mg/L, 2 mg/L, and 3 mg/L. The
findings suggested that the capability to sequester different concentrations of heavy
metals for certain periods varied between different species. The results indicated that
Glossostigma elatinoides was a good phytoremediator for Cd and Cr with the
bioconcentration factor (BCF) values 5436.7+£16.70 and 6070.4+£3.98 respectively,
whereas Hemianthus callitrichoides was a good phyoremediator for Cu and Pb with
the BCF values 5291.1+£30.19 and 1787.1+£27.43 respectively. This highlights that
aquatic plants have different capabilities to sequester different heavy metals since
various factors are involved during the phytoremediation process. The expected
outcome of this research is to introduce cost-effective and eco-friendly technologies to
mitigate environmental pollution from a landscape ecology perspective. The plants
used as phytoremediators can enhance the visual aesthetics of underwater gardens,
create new habitats, improve the soil structure, and provide ecology restoration and
revitalisation. Thus, phytoremediation should be recognised as a ‘tool’ in landscape
ecological development especially in contaminated sites. This knowledge may push
the boundaries of the landscape architecture profession as well as promoting the
concept of sustainability.

Keywords: Aquaculture; Phytoremediation; Landscape ecology; Heavy metals;
Glossostigma elatinoides; Hemianthus callitrichoides; In vitro model system.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Contaminated sites arenormally cleared and restored by environmental engineers and
specialists. Landscape architects only involved when there is an area that needs to be
developed as a green area.Their role only begins after site remediation has completed.
Phytoremediation should be recognised as a landscape design tool and approach as it
may help enhance sites restoration and revitalization through appropriate plant
selection in problematic areas, for example, ecological restoration in the ex-mining
area, landfill area, agricultural and aquaculture areas among others.As mentioned by
Sleegers (2010), in the context of landscape architecture, phytoremediation is a ‘green
tool’ that pushes the boundaries of the landscape profession.

This research focuses on the phytoremediation approach by developing a
landscape ecological model system using aquatic plant species in order to remediate
heavy metal contaminants produced by aquaculture ponds. To achieve the aim of this
research, we first provide an overview of the aquaculture industry in Malaysia and its
impacts onthe environment. The poor aquaculture pond management, which led to
serious environmental degradation, will be a major issue in this research. This
ecological approach will be studied in order to contribute towards introducing new
knowledge and technology, consequently improving the management of aquaculture
pond without harming the surrounding environment. This research may also help

promote the concept of sustainability in the aquaculture industry. The Messenger of



Allah, Muhammad (PBUH) said, “There should be neither harming [darar] nor
reciprocating harm [diraar]” (Imam Nawawi, Hadith no.32, 2002).

To accomplish the goal, site sampling at aquaculture pond areas in Perak,
Peninsular Malaysia will be performed. The water sample will be collected and
analysed in order to identify the concentration of the heavy metals available. Then, the
efficiency of potential aquatic plants to sequester identified contaminants available in
the pond will be investigated. The phytoremediation model system using selected
aquatic plant species will be run over several periods to remediate several heavy
metals such as cadmium (Cd), copper (Cu), chromium (Cr), and lead (Pb) in different
concentrations.

The research is expected to contribute tothe landscape field as it introduces
cost-effective and eco-friendly technology to remedy environmental pollution.
Moreover, the phytoremediation approach is a scientific and technological knowledge
which could be beneficial (ilmnafi’) to the community (Ummah) as well as future

generations.

1.2 ISSUES

Globally, almost half of total fish supplies for human consumption is contributed by
the aquaculture industry (FAO, 2010) and 90% of global aquaculture production was
is from Asia (Thorpe, Reid, and Smith, 2014). In late 1970s, shrimp aquaculture was
practiced in many ASEAN countries and it begun to develop in the early 1980s
through governmentincentives (Senarath, and Visvanathan, 2001). As reported by
Integratedfarm (2009), during 1997, total global production of shrimp aquaculture

was 0.95million tons, while in 2004, the production increased to 1.8 million tons.



Although this industry contributed significantly toeconomic growth, however,
the large volume of water consumption and the effluent discharged into the water
sources caused significant environmental problems that must be properly controlled
(Read and Fernandes, 2003; Akinbileand Yusoff, 2012). The aquaculture waste may
decrease dissolved oxygen levels, accumulate bottom sediments, and load high
nutrients that would cause water deterioration due to excessive phytoplankton growth
(Tilley et al., 2002; Ghaly, Kamal,and Mahmoud,2005). Other negative impacts of the
aquaculture in relation to the environment were mentioned by the Fisheries and
Aquaculture Department (FAO, 2006) as below:

I. Natural habitats and the related ecological destruction as a result of
ecosystem functions alteration.
ii. Water demand competition.
iii. Health and environmental issues increase due to improper use of
chemicals.
iv. Aquatic animal diseases transmission through improper regulated
translocations.

The rapid establishmentof this industry has increased the attention among
researchers and legislators to mitigate the environmental problems based on the
principles of “Ecosystem- based Approach to Aquaculture” introduced by the FAO.
The principles emphasized the holistic approach in managing ponds produced by the
aquaculture industry by considering the capacity of the ecosystem to assimilate the
effluent released. Many researches have focused on the aquaculture and its

environmental impact (Fishery et al., 2008), assummarised below:



i. Mangrove loss;

Mangrove forest destruction is the mostsignificant effect resulting from the
aquaculture industry. Evidently, mangrove forests play an important role in terms of
ecologically and socioeconomically, which should be highly recognised on
conservation agendas (International Union for Conservation of Nature [IUCN], 1996;
Baran and Hambrey, 1998; Nickerson, 1999; Islam and Wahab, 2005). However, the
mangrove areas of many countries such as Sri Lanka, China, Thailand, India,
Indonesia, Philippines, Malaysia, Ecuador, Mexico, Honduras, Panama, and
Nicaragua have been cleared for aquaculture activities (Clough, 1993; Jayasinghe and
De Silva, 1993; Ong, 1995; Field 1996; Macintosh, 1996; Primavera, 1997; Delgado
et al., 2003).

Shrimp farming was reported as a main contributor of mangrove forest
destruction over the past few decades (Delgado et al., 2003). There were reports that
1-1.5 million ha of coastal lowlands of the mentioned countries have been converted
for shrimp aquaculture (Rosenberry, 1998; FAO, 1999) and globally, it is estimated
that more than a third of mangrove forests have been degraded (Azad, Jensen and Lin,
2009). Specifically, in Thailand, a study reported that 16-32% of the total mangrove
areas lost from 1979 to 1993 were due to shrimp aquaculture (Dierberg and
Kiattisimkul, 1996). In Ecuador, Boyd (2002) reported that between 1969 and 1992,
15-20% of the total destruction was caused by the aquaculture industry. Peninsular
Malaysia also suffered from the same problem where it lost 18700 ha from 1980
t01990 (Chan et al., 1993).The destruction of the mangrove ecosystem affected from
poor aquaculture management has led to several problems such as degrading the

existing natural populations and habitats, expose the coastlines to storm and tidal



surges (Azad et al., 2009) a cause of soil acidification (Mitra and Bhattacharyya,
2003), and water pollution (Martin, 2011).
ii. Waterconsumption and effluent;

Since the last two decades, large scale shrimp aquaculture has boomed
(Allsopp et al., 2009). Although this industry contributes significantly to the economic
growth of the country, however, the large volume of water consumption and the large
amount of effluent discharged into the water source cause a significant environmental
problem that must be controlled (Read and Fernandes, 2003; Akinbileand Y usoff,
2012). Studies have shown that coastline areasare most affected by shrimp aquaculture
ponds (Corea et al., 1995). Eflluents areproduced from fertilizers, uneaten feeds,
faecal and other excretory wastes (Delgado et al., 2003; Nora’aini, Nurbaitiand
Ahmad Jusoh, 2011) that consist of nutrients like nitrogen and phosphorus which are
discharged into drains without any or minimal treatment, subsequently contaminating
water sources (Bernhard et al., 2004; Senarath and Visvanathan, 2001).

Consequently,the effluentwould cause eutrophication and disturb aquatic life
due to blooms of algal and increasing of water toxicity (Correll, 1998; Delgado et al.,
2003; Singkran and Sudara, 2005). Moreover, the aquatic ecosystem is threatened by
the chemicals and antibiotics used during the pond treatment process (Tendencia and
de la Pena, 2001).

iii. Improper pond management;

Many approaches such as settling systems, centrifugal systems and mechanical
filters have been introduced to treat wastes, however they seem ineffective because
they produce large amounts of sludge deposits, consume high energy,are expensive,
and need frequent maintenance (Barceld and Poschenrieder, 2003; Evans and Furlong,

2003; Nora’aini et al., 2005;Mudhoo, Garg, and Wang, 2012). The sand filtration



approach had also been practiced, but it could only remove suspended solid in

aquaculture pond (Porrello et al., 2003).

1.3 PROBLEM STATEMENTS
As a whole, the problems regarding aquaculture industry are:
I. Improper effluent management of aquaculture pondswhichproduced in
large amounts.
ii. Water pollution caused by excess contaminants such as, nitrogen,
phosphorus, and heavy metals.
iii. Rapid loss of natural habitat such as mangrove land and degradation of
ecosystem.
iv. Distract visual impact on landscape scenic and aesthetic quality.

Due to awareness about the loss of mangrove ecosystems and its environmental
and societal effects, many researchers have initiated studies on rehabilitation and
restoration strategies to achieve sustainable aquaculture practices and long-term
conservation and management of natural resources (Paez-Osuna, 2001; Lebel et al.,
2002; Allsopp et al., 2009; Azad et al., 2009; Bosire et al., 2008). As emphasised by
Akinbile and Yusoff (2012), in order to sustain the development of aquaculture in

Malaysia, a proper water pond treatment should be practiced.



