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ABSTRACT 

Closed-artificial aquaponic system enables us to study the accumulation of heavy metals by 
plant in real simulation of the ecosystem, without endangering the environment. Heavy 
metals accumulation in the environment poses great risks to flora and fauna. 
Phytoremediation is applied to purify the heavy metals in the environment by using plant. 
In this study, the concentrations of heavy metals (Cu, Pb, Ni, Zn) accumulated by the 
wheatgrass (I'riticum aestivum) are monitored by using Atomic absorption spectroscopy 
(AAS) and observing its effects to the plant. Triticum aestivum is suggested as a best 
candidate to be a accumulator plant for phytoremediation. Other than that, Triticum 
aestivum is also identified as a tolerant plant for phytostabilization. Plant can be used as the 
natural environmental biosensor by observing the changes in morphological characteristics 
of the Triticum aestivum after being exposed to the heavy metals. The percentage of 
phytotoxicity of Triticum aestivum, which depend on changes in length of shoots and roots 
of the Triticum aestivum, increases as the concentration of the heavy metals accumulated by 
the Triticum aestivum increases. The changes in anatomy of the plants due to the toxicity of 
the heavy metals are studied by using Scanning Electron Microscopy (SEM). 
Bioaccumulation Coefficient Factor (BCF) and Translocation Factor (TF) of heavy metals 
are studied to determine whether Triticum aestivum is a good candidate for accumulator 
plant and also tolerant plant in phytoremediation. Water quality measurement are 
monitored, and measured by using Portable Kit, to find the relationship between the 
conditions of the water and the level of metals toxicity and also the Bioaccumulation Factor 
(BCF) and Translocation Factor (TF) of the heavy metals. The effects of heavy metals to 
the biochemical properties of Triticum aestivum, such as content of chlorophyl (a and b), 
carotenoid, and flavonoid, are also being studied. Fishless cycling of aquaponic system is 
preferable to the study involving analysis of heavy metals, since the addition of heavy 
metals can lead to high mortality of the fish. Aquaponic is used as a biosensor tool to detect 
the presence of heavy metals in contaminated water for further research related to 
phytoremediation. Atomic absorption spectroscopy (AAS) methods are very suitable 
methods for monitoring the levels of heavy metals in natural water or plants. They provide 
accurate and rapid determinations. The data from the AAS analysis is analyzed based on 
graphs of concentrations against time. The energy source of an Atomic Absorption 
spectrometer will emits resonance line radiation. The AAS has more than one channel for 
simultaneous detection and determination of several elements. The absorbance of the heavy 
metals are directly proportional to the concentration of the heavy metals itself. 
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ABSTRAK 

Sistem akuaponik tertutup membolehkan kita untuk menjalankan penyelidikan terhadap 
penyerapan logam berat oleh tumbuhan, di mana teknik ini tidak akan membahayakan alam 
sekitar. Penyerapan logam berat oleh alam sekitar boleh mengancam kehidupan flora dan 
fauna. Fitoremediasi digunakan untuk menapis logam berat yang terdapat dalam alam 
sekitar dengan menggunakan tumbuhan. Dalam penyelidikan ini, jumlah logam berat (Cu, 
Ph, Ni, Zn) yang diserap oleh rumput gandum (Triticum aestivum) akan ditentukan dengan 
menggunakan Atomic Absorption Spectroscopy (AAS) and kesan-kesan disebabkan 
penyerapan logam berat terhadap tumbuhan tersebut juga akan diperhatikan. Triticum 
aestivum diperkenalkan sebagai tumbuhan penyerap yang terbaik. Selain itu, Triticum 
aestivum juga diperkenalkan sebagai tumbuhan toleran untuk fitostabilasi. Tumbuhan 
digunakan sebagai biosensor alam sekitar yang semula jadi dengan menyelidiki perubahan 
yang berlaku terhadap ciri-ciri morfologi Triticum aestivum setelah menyerap logam berat. 
Peratusan fitotoksik Triticum aestivum, yang mana bergantung kepada perubahan yang 
berlaku kepada ukuran daun dan akar tumbuhan terse but, akan meningkat sekiranya jumlah 
logam berat yang diserap oleh Triticum aestivum juga meningkat. Perubahan yang terjadi 
kepada anatomi tumbuhan tersebut diselidik menggunakan Scanning Electron Microscope 
(SEM). Faktor Bioakumulasi (BCF) dan Faktor Pemindahan (TF) logam berat oleh 
Triticum aestivum juga diselidiki, di mana objektifnya ialah untuk mengetahui sama ada 
Triticum aestivum sesuai menjadi tumbuhan penyerap dan tumbuhan toleran untuk 
fitoremediasi. Penyelidikan tentang kualiti air dijalankan dan disukat menggunakan alat 
penyukat mudah alih, untuk belajar tentang hubung kait diantara kondisi air dengan kadar 
toksik dan begitu juga dengan Faktor Bioakumulasi (BCF) dan Faktor Pemindahan (TF) 
logam berat. Perubahan yang terjadi kepada biokimia Triticum aestivum, seperti kandungan 
klorofil (a dan b), karotena, dan flavonoid, juga diselidiki. Kitaran akuaponik tanpa 
menggunakan ikan akan digunakan dalam penyelidikan yang melibatkan pengunaan logam 
berat, kerana kehadiran logam berat dalam air untuk sistem akuaponik boleh menyebabkan 
peningkatan kadar kematian ikan tersebut. Akuaponik digunakan sebagai peralatan 
biosensor menjalankan penyelidikan yang melibatkan penggunaan logam berat toksik, dan 
untuk mengesan kehadiran logam berat di dalam air yang tercemar untuk penyelidikan yang 
berkaitan dengan fitoremediasi. Atomic Absorption Spectroscopy (AAS) adalah salah satu 
teknik yang paling sesuai untuk menganalisis kehadiran logam berat dalam air semula jadi 
atau dalam tumbuhan. Teknik ini dapat memberikan keputusan analisis yang tepat. Data­
data yang diperolehi daripada AAS ini akan dianalisis menggunakan graf kepekatan logam 
berat lawan masa. AAS merupakan teknologi yang sangat moden dimana ianya 
menggunakan lebih dari satu saluran yang membolehkan analisis melibatkan beberapa 
elemen. Kuantiti cahaya yang diserap oleh logam berat selari dengan jumlah logam berat 
terse but. 



CHAPTER I 

INTRODUCTION 

l.lGENERAL 

Aquaponic is defined from the integration of "aquaculture" and ''ponos ". 

Aquaculture means growing fish in a re-circulating system, while ponos is the Greek word 

for growing plants with or without media. The system involves two methods which are re­

circulating fish farming and hydroponic plant farming. In aquaponic system, fish are raised 

in the tank, which is positioned below the aquaculture plant. Water from the fish tank is 

pumped to the plants and running through the bio-filter where the bacteria are situated. The 

naturally occured bacteria root of the plants in aquaponic system is the nitrifying bacteria 

such as Nitrosomonas sp and Nitrobacter sp. The bacteria convert ammonia and nitrite to 

nitrate. This process is called as Nitrification. Plants will absorb the nitrate and the nutrient 

rich water. 

Several criteria must be found in the plants are used in the aquaponic system such 

as easy to grow and able to grow faster. This is the reason why Wheatgrass (I'riticum 

aestivum) is preferable for aquaponic because this species have those criteria. Triticum 

aestivum have a high nutritional value to human body. However, other plants species also 

can be used such as leguminous species (Acacia confusa Merr. and Ormosia pinnata 

Dunn.) could obviously absorb more heavy metals (Cu, Zn, Ph and Cd) from the landfill 

site leachate than non-leguminous species (Jiang et al. 2001), and vegetables such as 
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cucumber, tomatoes, and cabbages (Li.et al, 1999). Wheatgrass juice contains more than 

70% chlorophyll, which is an important blood builder. Besides that, chlorophyll of the 

Triticum aestivum is antibacterial and can be used inside and outside the body as a natural 

healer. The type offish that going to be used in the system is strong and not easy to die due 

to sudden environmental changes such as Gourami and Tilapia fish. Filtered water is 

returned to the fish tanks and reused by the fish. Ammonia are produced from the fish 

waste. However, too much waste substance is toxic for the fish. Nitrites are degraded by the 

nitrifying bacteria (Nitrosomonas sp and Nitrobacter sp. ). This process also known as 

bioremediation which is the process where microorganism (Nitrosomonas sp and 

Nitrobacter sp.) metabolizes harmful element to environmentally safe levels for 

consumption. The nitrates will be taken by the plants as nutrients. The nutrients are natural 

fertilizer which feeds the plant. 

It takes around 14 days for the wheatgrass to fully grown. Then, water that being 

filtered through the growth medium in the grow beds will be very useful for the fish since 

the water contains nutrients. Oxygen enters the system due to the flushing of water from the 

upper part where the plants grow, then deliver to the fish tank. Siphon is used to drain the 

water into the fish tank. Once the water levels inside the grow bed reach the level limit, the 

siphon will automatically flushes the water inside the grow bed. Fishless cycling used in 

the treatment set of the aquaponic system because the analysis process involving addition 

of heavy metals. The Fishless cycling means that running the aquaponic system without 

adding the fish to avoid the death of the fish due to the heavy metals, and also simply 

means that instead of having fish excrete ammonia, the nitrifying bacteria will nitrify the 

nitrates from atmosphere via Nitrogen cycles. In 1885 Ulysse Gayon (1845-1929) and his 

assistants closed the cycle by identified the denitrifying bacteria that can reduce nitrates 

and, via Nitrogen oxide and Nitrous oxide, return Nitrogen to the atmosphere. 

Plants can take up heavy metals by their roots, or even via their stems and leaves, 

and accumulate them in their organs. Plants take up elements selectively. This process is 

called as Phytoremediation. Most of the heavy metals are distributed in plants' root tissues 

which indicating that an strategy for metals tolerance exists in a plant. Phytoremediation 
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uses only plants with great ability to concentrate elements from environment and remove it 

from contaminated sites (Gurbisu and Alkorta, 2003). These plants metabolize heavy 

metals in their tissues. One example of the plant is Wheatgrass (Triticum aestivum L). One 

reason for using plants for remediation concerns the relatively low cost and maintenance 

requirements (Cuningham and Berti 1993). 

There are three types of group of phytoremediation which are phytoextraction, 

rhizofiltration, and phytoestabilization. Phytoextraction is the process where the plants are 

grew on contaminated sites and then harvested in order to remove the heavy metals from 

environment (Baker,1994; Salt,1995). Phytostabilization is where the metal tolerance 

plants are used to reduce the mobility of the metals and to avoid environmental degradation 

(Bradshaw, 1980; Williamson, 1982). Rhizofiltration is when the roots of the plants absorb 

heavy metals from polluted sites and later harvested to remove the metals (Miller, 1996; 

Lasat, 2000). 

1.2 PROBLEM STATEMENT 

Disposal of heavy metals to the environment affects the quality of the drinking 

water supply and the food sources for the other living organisms (Wang et al. 2001). There 

are many efforts that have been made by researchers throughout the world to reduce the 

heavy metal pollution, but none of the efforts successfully remediate heavy metals from 

environment with zero effects to the ecosystem. Nowadays, cleanup processes of heavy 

metal pollution are expensive and environmentally destructive (Nanda et al., 1995; 

Meagher, 2000). Most of the researchers, such as Gabriella Mathe-Gaspar and Attila 

Anton (2005), use the real natural ecosystem to study phytoremediation, which their site of 

field study is located in Gyongyosoroszi, lower flooded area ofToka valley. 

Despite that, a new technique is used, called aquaponic system, which are more 

environmental friendly and low cost. Aquaponic can be used as closed-artificial (man­

made) ecosystems where all sorts of experiment can be carried out. The closed -at1ificial 

ecosystem is used to study the phytoremediation of heavy metals by using plant as natural 
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