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Despite comprehensive usage in industries, Arsenic (As) contamination has 
resulted in greater health effects for the public. Among various technologies used 
to clean up these contaminants, phytoremediation is chosen as an alternative 
and cost-effective method where plants are used as remediating agents. This 
project aimed to screen aquatic plants that can tolerate As and profile selected 
plant genes expression involved in the As uptake. Six plants including Pontederia 
crassipes, Salvinia molesta, Epiprenum aureum, Neptunia oleracea, 
Nymphoides indica, and Limnocharis flava, were exposed to varying 
concentrations of As for 14 days for preliminary screening. After selection, the 
plants were exposed to the same treatment but with a higher range of As 
concentrations. All biochemical reactions were measured, and total arsenic 
uptake in all plants’ parts was determined. Total RNA of control and treated 
samples was isolated, converted, and reverse-transcribed and all products were 
analysed. The studies showed that N. oleracea, S. molesta and P. crassipes 
plants were capable of tolerating different concentrations of As. Therefore, they 
were selected for further studies on their biochemical reaction under As 
treatment. However, only P. crassipes had been shown to accumulate As in all 
of the plants’ parts with the highest accumulation were measured with 2.08 mg/L, 
1.57 mg/L and 0.90 mg/L at 80 ppm of As concentrations in roots, leaves and 
stems, respectively. The Reverse-Transcription PCR analyses showed that the 
targeted genes, Heat shock protein (Hsp90) in both control and treated samples 
were highly expressed on Day 1 with 11.25 % and 8.40 %, respectively, but later 
decreased on Day 2 by 3.03-fold and 1.32-fold, respectively. As for the Heat 
shock protein 70 (Hsp70), the gene in both control and treated samples 
expressed more on Day 2 with 1.73 % and 4.95 %, respectively, compared to 
Day 1. On Day 3 of the treatment, both genes in treated samples barely showed 
any expression compared to control samples, but both genes’ expressions in 
control samples were reduced by the end of the treatment. In conclusion, 
phytoremediation using hyperaccumulator P. crassipes could uptake As at high 
concentrations ranging from 30 - 100 ppm and accumulate them at different plant 
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tissues. Therefore, the data obtained from this study can further utilize this 
species in remediating As in contaminated water. 
 
Keywords: Arsenic, Phytoremediation, PCR, Heat shock protein 
 
SDG: GOAL 6: Clean Water and Sanitation 
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Oleh kerana penggunaannya yang meluas dalam industri, pencemaran Arsenik 
(As) telah menyebabkan kesan yang lebih besar terhadap kesihatan 
masyarakat. Di antara pelbagai teknologi yang digunakan untuk membersihkan 
bahan cemar ini, fitoremediasi telah dipilih sebagai kaedah alternatif dan 
menjimatkan kos di mana tumbuh-tumbuhan digunakan sebagai agen 
pemulihan. Tujuan projek ini adalah untuk memilih tumbuh-tumbuhan akuatik 
yang boleh bertahan dengan As, dan untuk memprofilkan pengekspresan gen-
gen tumbuhan terpilih yang terlibat dalam pengambilan As. Enam tumbuhan 
termasuk Pontederia crassipes, Salvinia molesta, Epiprenum aureum, Neptunia 
oleracea, Nymphoides indica, dan Limnocharis flava, telah didedahkan kepada 
kepekatan As yang berlainan selama 14 hari bagi pemilihan awal. Setelah dipilih, 
tumbuh-tumbuhan tersebut telah dirawat dengan kaedah yang sama, tetapi 
dengan julat kepekatan As yang lebih tinggi. Semua tindak balas biokimia telah 
diukur dan jumlah keseluruhan pengambilan arsenik di semua bahagian 
tumbuhan telah dikenal pasti. Jumlah RNA dari sampel kawalan dan yang telah 
dirawat telah diasingkan, ditukar, dan ditranskripsikan secara berbalik dan 
semua hasil produk telah dianalisis. Hasil kajian telah menunjukkan bahawa 
tumbuhan N. oleracea, S. molesta, dan P. crassipes mampu untuk bertoleransi 
dengan kepekatan As yang berbeza. Oleh itu, tumbuh-tumbuhan ini telah dipilih 
untuk menjalani kajian yang lebih lanjut mengenai tindak balas biokimia mereka 
di bawah rawatan As. Walau bagaimanapun, hanya P. crassipes yang dilihat 
dapat mengumpulkan As di semua bahagian tumbuhan, iaitu sebanyak 2.08 
mg/L, 1.57 mg/L dan 0.90 mg/L pada 80 ppm dari kepekatan As, dengan masing-
masing di dalam akar, daun dan batang. Analisis Transkripsi-berbalik PCR telah 
menunjukkan bahawa gen yang disasarkan iaitu Heat shock protein 90 (Hsp90) 
di dalam kedua-dua tumbuhan kawalan dan yang dirawat lebih terekpresi pada 
hari pertama, masing-masing dengan 11.25 % dan 8.40 %, akan tetapi 
kemudiannya telah berkurang pada hari ke-2, masing-masing dengan 3.03 dan 
1.32 kali ganda. Manakala bagi gen Heat shock protein 70 (Hsp70), gen ini lebih 
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terekspresi di dalam kedua-dua tumbuhan kawalan dan yang dirawat pada hari 
ke-2 dengan masing-masing 1.73 % dan 4.95 %, jika dibandingkan dengan hari 
pertama rawatan. Pada hari ke-3 rawatan, kedua-dua gen di dalam tumbuhan 
yang dirawat telah menunjukkan hampir tiada ekspresi jika dibandingkan dengan 
tumbuhan kawalan, akan tetapi ekspresi bagi kedua-dua gen di dalam tumbuhan 
kawalan juga telah berkurang pada penghujung rawatan. Kesimpulannya, 
fitoremediasi menggunakan hiperakumulator P. crassipes mampu menyerap As 
pada kepekatan As yang tinggi di antara 30 – 100 ppm dan mengumpulnya di 
dalam tisu yang berbeza pada tumbuhan. Oleh itu, data yang diperoleh dari 
kajian ini dapat digunakan untuk memanfaatkan spesies ini dengan lebih lanjut 
untuk pemulihan As di dalam air yang tercemar. 
 
Kata kunci: Arsenik, Fitoremediasi, PCR, Heat shock protein 
 
SDG: MATLAMAT 6: Air Bersih dan Sanitasi 
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CHAPTER 1 
 

INTRODUCTION 
 
 
1.1 Introduction 
 

The nature of surface water extensively deteriorates through growth in human 
activities in the water supply. This condition has been the primary concern to the 
public (Mahler et al., 2014). An increase in the human population and the 
requirement for better life quality have resulted in greater demand for high water 
quality (Liyanage and Yamada, 2017). This has led to the formation of a large 
number of individual sewages, along with institutional, domestic and industrial 
dissipation which goes into the water bodies. Wastes disposed of at landfills will 
form leachate over time and may contain trace metals that could pollute the soil 
(Kaur et al., 2015). This situation can lead to ecosystem disturbance, thus 
affecting human health and animal life near the landfill (Nannoni et al., 2015). 
The authorities and the public should implement community awareness and 
education regarding the preserving water supplies, including aquatic and marine 
habitats. Still, inadequate knowledge has been emphasized of minor fluvial 
(Ribeiro-Brasil et al., 2020). Better water quality is required for the agricultural 
and industrial sectors, human existence and domestic usage. 
 

Currently, heavy metal pollution caused by the release of industrial waste 
containing heavy metals has been emphasized due to its possibility of 
threatening marine habitats (Azizi et al., 2016). The term “heavy metal” is 
described according to its position in the periodic table and its toxicity; it depends 
on the concentration available to cells of a living system (Engwa et al., 2019; 
Koller and Saleh, 2018; Appenroth, 2010). Heavy metals in discharge sediments 
may have originated from natural sources, such as soil erosion or anthropogenic 
contamination (Pang et al., 2015; Azzellino et al., 2019), including industrial 
release effluent and agricultural waste. This, includes heavy metal Arsenic (As), 
which can be found naturally in organic and inorganic forms (Wen et al., 2021; 
Domínguez-Álvarez, 2020). Arsenic has been regarded as a dangerous 
contaminant especially when it is present in drinking water (Samal et al., 2021). 
The inorganic form of this toxicant exists in trivalent, Arsenite, As(III) and 
pentavalent, Arsenate, As(V) (Manirethan et al., 2020; Penezić et al., 2020). In 
addition, As(III) is more toxic than As(V) (Guo et al., 2019). 
 

A few cases of Arsenic contamination in Malaysia have been reported. For 
instance, the samples in fish bodies have shown a significantly high 
accumulation of Arsenic (approximately 100,000 ppb) (Hubadillah et al., 2020). 
This case was due to bauxite mining near Pengorak River, Pahang, Malaysia. In 
2019, the Linggi River, located at Negeri Sembilan, Malaysia, was set by the 
National Water Quality Standards for Malaysia (NWQS) under class II 
demanding conventional water supplies treatment (Razak et al., 2021). It was 
reported that this area had been polluted by different heavy metals, including 
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Arsenic, with a mean concentration of 36.1 mg/kg-1. These pollutions are to be 
eradicated to reduce damage occurred to the environment. 
 

Physical and chemical remediation strategies have been implemented for heavy 
metal contamination, including Arsenic. However, they are generally costly, often 
result in the demolition of water or soil characteristics, and are harmful to the 
environment (Bahadur et al., 2017). Several studies on heavy metal pollution 
treatment by phytoremediation have been explored, where this strategy utilizes 
plants to remove the pollutants from contaminated sites (Solomou et al., 2022). 
This remediation method is a more eco-friendly, dependable and cost-effective 
benefit (Hu et al., 2021). Several studies have been carried out to find suitable 
macrophytes for phytoremediation and further recognize the genes involved in 
the process, which could enhance the phytoremediation capabilities via genetic 
engineering. 
 

In the presence of toxic heavy metals, plants have established detailed defence 
mechanisms to protect themselves against the harmful effects caused by the 
contaminants (Yadav et al., 2021). Other than biochemical changes, it has been 
reported that molecular modifications also occurred with heavy metal stress 
(Jamla et al., 2022). For example, the transporter-related genes have been 
documented to be upregulated in selenium-rich rice, which may elevate the 
selenium absorption in plants (Jiao et al., 2022). Likewise, the metal transport 
proteins encoded by heavy metal ATPase genes (HMAs) have helped to 
facilitate Cadmium (Cd) and Zinc (Zn) translocation from the roots to the higher 
parts of plants (Li et al., 2022). These proteins, specifically the HMA2, HMA3 and 
HMA4, facilitate the Cd uptake and further detoxify the metals into the xylem 
(Ullah et al., 2022). Yang et al. (2022) revealed that the integration of As(III) with 
phytochelatin via phytochelatin synthase (PCs) in the roots of Arabidopsis 
thaliana minimized the metal root-to-shoot migration. The overexpression of 
these genes may cause plants to develop a high tolerance towards the toxicants, 
thus effectively sustaining their structure or altering the gene’s function to 
detoxify the toxic metal into a less toxic compound. 
 

1.2 Problem statement 
 

Lately, an expansion of the human population has driven to increasing demand 
for high water quality, not only for daily usage by individuals, but also for the use 
of agriculture, industrial and other needs. This condition thus creates a high 
number of wastes produced, eventually becoming one of the leading causes of 
increased water contamination levels in Malaysia. This situation can lead to 
ecosystem disturbance, thus affecting human beings’ health and the animal life 
near the landfill (Nannoni et al., 2015). 
 

A few methods have already been used to clear nature from these kinds of 
pollutants, but most are pricey and hard to obtain the optimum output. At present, 
phytoremediation is a potential, eco-friendly and cost-effective alternative to 
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eliminate contaminants from polluted soil and water (Parveen et al., 2021; 
Nedijimi, 2021). 
 

1.3 Hypothesis 
 

The hypotheses of this study were: 
 

i. All selected aquatic plants can tolerate a high concentration of Arsenic. 
 

ii. The different concentrations of Arsenic have different physiological 
effects on the selected aquatic plants. 

 

1.4 Objectives 
 

This study focused on determining and assessing the potential phytoremediation 
of arsenic (As) by selected indigenous aquatic plants and the characterization of 
genes involved in the response towards Arsenic. The specific objectives of this 
study were: 
 

i. To determine the aquatic plants that could tolerate high 
concentrations of Arsenic. 
 

ii. To study the physiological changes in selected aquatic plants under 
Arsenic treatment. 

 
iii. To characterize the expression of plant genes involved in the 

Arsenic-stress responses using the Reverse-Transcription 
Polymerase Chain Reaction (RT-PCR). 
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