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ABSTRACT - This study was conducted to determine the ability of Phytoremediation Received 10:1 May 2024
technology in treating groundwater contaminated with high heavy metal content of waste 22;’;?2(1 ggm jﬂﬂez%g?
water, which is known as backwash water, using WASRA. Two types of aquatic plants have Published 15% Aug. 2024

been used as agents for the treatment of wastewater; water hyacinth (Eichhornia crassipes)
and water lettuce (Pistia stratiotes). To absorb heavy metals from the wastewater, two tanks

were used for placing the plants. All analyses on wastewater are based on the Standard E,img,?cs,ass,pes
Procedures issued by American Public Health Association (APHA, 2017). The study of plant Pistia stratiotes
morphology is also conducted, where the study uses FESEM/EDX methods to determine the Heavy Metal

type of heavy metals found in these plant parts. These plants were divided into three parts FESEM/EDX

which are leaves, stems, and roots. Based on experiments, different species of plants have Phytoremediation

the ability to remove metals at different levels of effectiveness. Thus, the two species, used
as agents of phytoremediation are successful in removing heavy metals, with a removal rate
of 50.79% to 88.49%. Pistia stratiotes precedes absorption rates of various heavy metals in
high rates in the root part. In conclusion, phytoremediation technology has a very high potential
in removing pollutants from water.

1. INTRODUCTION

Water is a fundamental necessity for all living organisms, particularly humans. Its unique chemical properties,
including polarity and hydrogen bonding, enable it to disperse, absorb, or suspend a wide range of compounds.
Groundwater and surface water serve as vital sources of fresh water for both human consumption and maintaining the
health of aquatic ecosystems. However, the interaction between these water sources presents various environmental
concerns, such as aquifer contamination and the potential for surface water pollution due to waterborne contaminants,
including heavy metals [1-2]. The presence of heavy metals in groundwater poses significant threats to the environment,
marine life, and human well-being. In rural areas of Malaysia, water crises are not uncommon, primarily due to the
logistical challenges of establishing conventional piped water systems. Many remote, underdeveloped regions with low
population densities rely on local water sources, such as rivers, rainwater, and groundwater. Unfortunately, these sources
are susceptible to contamination from nearby development activities, and water availability is highly dependent on
weather conditions. To address this issue, a novel system known as the Water Supply System for Rural Areas (WASRA)
has been introduced. WASRA aims to provide clean water to rural communities by treating rainwater and groundwater
using natural raw materials and ultrafiltration membranes. WASRA effectively removes contaminants such as heavy
metals, organic and inorganic substances, and harmful microorganisms, safeguarding the health of these communities.

Among the various processes involved in the WASRA system, this study focuses on the backwash process, a vital
component in water filtration systems that helps maintain filter longevity and water quality. It is important to note that
the backwash water often contains heavy metals, including fluoride, iron, zinc, aluminium, copper, and manganese. To
address this challenge, this study explores the potential of phytoremediation as a solution. Phytoremediation is a cost-
effective and environmentally friendly technology that has been proven effective in removing contaminants, making it
highly relevant for developing countries [3-4]. This method leverages the unique ability of aquatic plants to absorb
nutrients and heavy metals from water. To enhance the removal of heavy metals from backwash water, two types of
aquatic macrophytes, namely water lettuce (Pistia stratiotes) and water hyacinth (Eichornia crassipes), are utilized. The
use of these plants facilitates the removal of heavy metals from the backwash water, ensuring compliance with
environmental regulations.

2. METHOD AND MATERIALS

For this project, samples of backwash water were taken from the WASRA pump system. The treatment of backwash
water will be conducted using a phytoremediation system in the same area. The phytoremediation system is divided into
two zones: extreme zones and polishing zones. In this study, water samples are concentrated in the polishing zones that
use two types of plants: Eichhornia crassipes (water hyacinth) and Pistia stratiotes (water lettuce). The plants will be
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specifically arranged in the phytoremediation system before the treatment starts. The polishing zones in the
phytoremediation system have two batches: the first batch consists of water hyacinths, while the second batch consists of
water lettuces. Samples of water flowing in and out through each plant species will be taken once a week for 8 weeks
during the study period. For each sampling period, three samples from each treatment batch will be collected for further
evaluation. The water samples will be analysed based on the following parameters: Chemical Oxygen Demand (COD),
Biochemical Oxygen Demand (BOD), Total Suspended Solids (TSS), Turbidity, and the concentrations of heavy metals
such as manganese (Mn), zinc (Zn), iron (Fe), copper (Cu), and lead (Pb).

For heavy metal analysis, an atomic absorption spectrophotometer (AAS) will be used. Additionally, Field Emission
Scanning Electron Microscopy/Energy Dispersive X-Ray (FESEM/EDX) will be employed to determine the amount of
heavy metal in the plant tissues, including the leaves, stems, and roots. The sampling method will follow the standard
methods for the examination of water and wastewater by the American Public Health Association (APHA, 2005)[5].
Moreover, the quality of the backwash water before and after treatment will be assessed based on the Water Quality Act
(WQA, 1975) under the Environmental Quality (Industrial Effluent) Regulations, 2009[6]. The analysis of the parameters
will be conducted weekly. This procedure is essential to evaluate the effectiveness of phytoremediation technology in
removing heavy metal contaminants from backwash water. Specifically, samples were preserved using specified
procedures to ensure data quality. For the BOD test, samples should ideally be analysed on the same day as sampling. If
not possible, they should be stored at 4°C and can be preserved for up to 48 hours. For heavy metal testing, samples must
be preserved using nitric acid, adjusting the pH to less than 2. These preservation steps are crucial to prevent inaccuracies
in the results.

Most of the parameters will be measured using a DR-5000 spectrophotometer following APHA (2005) guidelines.
Heavy metal analysis will be performed using an AAS to determine the heavy metal concentrations in each sample. In
studying heavy metal removal, the plants will be analysed to determine the amount and type of heavy metals in the plants
and their impact on the plants. The FESEM/EDX method will be used for this analysis. Plant samples will be cut into
small parts and placed at ambient temperature for 24 hours before analysis. The data from each sample point will be
analysed using Microsoft Excel. This approach will help determine if there are differences between the two types of plants
in the phytoremediation treatment over time. Thus, Microsoft Excel will be used to obtain the results.

The water quality parameters chosen for these study COD, BOD, TSS, Turbidity, and heavy metal concentrations are
critical indicators of water pollution and overall water quality. COD and BOD are essential for understanding the organic
load and the oxygen demand in the water, which are crucial for assessing the potential impact on aquatic life and the
overall ecosystem. TSS and Turbidity provide insights into the presence of particulate matter, which can affect water
clarity and quality. The selected heavy metals (Mn, Zn, Fe, Cu, Pb) are common pollutants that pose significant health
risks to humans and the environment, making their monitoring vital for ensuring compliance with environmental
regulations such as the Environmental Quality (Industrial Effluent) Regulations, 2009[6]. Figure 1 illustrates the flow of
backwash water from the WASRA system through the phytoremediation process, highlighting the different zones and
plant batches used for treatment.

2.1  WASRA Pump System:
The process begins with the WASRA pump system, which is the source of backwash water.
a) Phytoremediation System:

The backwash water from the WASRA pump system is directed into the phytoremediation system, which is designed
to treat the water.

b) Extreme Zone:

Within the phytoremediation system, the water first passes through the extreme zone. This zone includes a pre-
treatment area where initial filtration and sedimentation take place. This step helps to remove larger particles and
some contaminants, preparing the water for further treatment.

c) Polishing Zones:

After the extreme zone, the partially treated water flows into the polishing zones, which consist of two separate
batches:

¢ Batch 1: This batch contains water hyacinths (Eichhornia crassipes). These plants are known for their ability to
absorb and remove heavy metals and other contaminants from the water.

¢ Batch 2: This batch contains water lettuces (Pistia stratiotes). Similar to the water hyacinths, water lettuces also
play a crucial role in absorbing and removing contaminants from the water.

d) Treated Water:

After passing through the polishing zones, the now-treated water exits the phytoremediation system. This clean water
is then ready for supply to the rural community, ensuring they have access to safe and clean water.
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The combination of the WASRA system and the phytoremediation system, including the extreme zone and polishing
zones, provides a comprehensive approach to treating backwash water. By leveraging the natural abilities of water
hyacinths and water lettuces, this system effectively removes heavy metals and other contaminants, making the water
safe for use.

WASRA Pump System

Backwash Water

Phytoremediation System

Extreme Zone

Pre-Treatment Zone

Polishing Zone

Batch 1: Water Hyacinths

Eichhornia crassipes

Batch 2: Water Lettuces

Pistia stratiotes

Treated Water

Clean Water Supply

Figure 1. WASRA pump system

3. RESULTS AND DISCUSSION

In order to determine the removal efficiency of the plants used on the parameters studied, the data obtained will be
used accordingly. The formula to calculate the removal efficiency for each plant is as follow in Eq.1.
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Removal efficiency = (Inlet Concentration-Outlet concentration)/ (Inlet concentration) x100% (1)

The Inlet Concentration and Outlet Concentration were measured considering the retention time of the water in the
phytoremediation system. The retention time was determined to be 24 hours, which is the duration it takes for water to
travel from the inlet to the outlet. Therefore, the Inlet Concentration was measured at the beginning of this period, and
the Outlet Concentration was measured 24 hours later. This ensures that the removal efficiency calculation accurately
reflects the treatment process. Based on data for 15 samples, the average value will be calculated and finally percentage
removal efficiency for all parameters was obtained. The analysis also was carried out using FESEM/EDX where the parts
of the plant are analyzed and data of physiology at each part will be produced. Subsequent discussions will be based on
results obtained.

3.1 Removal Efficiency of Two Types of Plant

As shown in Figure 2, the removal efficiency for Eichhornia crassipes is 45.44% and stands at the highest rank
compared to the Pistia stratiotes. The removal efficiency for Pistia stratiotes is only 42.67%. This finding is in line with
expected performance for water hyacinth pond [3]. This condition happens due to the capability of Eichhornia crassipes
to support medium for microbial degradation to take place in the contaminated water [7-8]. The data presented in this
study indicates that both water hyacinths and water lettuces are effective in removing heavy metals from the backwash
water. However, Eichhornia crassipes shows a higher removal efficiency compared to Pistia stratiotes. This could be
attributed to its higher biomass production and faster growth rate, which enhance its ability to absorb and accumulate
heavy metals [9].

100

Removal Efficiency (%)

Parameter

E.Crassipes (%) ™ P.Stratiotes(%)

Figure 2. Graph on removal efficiency two type of plants

3.2  Chemical Oxygen Demand (COD)

The COD removal efficiency using Eichhornia crassipes was higher compared to Pistia stratiotes as shown in Figure
2. For Eichhornia crassipes, the COD reduction is 61.32% while Pistia stratiotes recorded a COD reduction of 58.93%.
This can be attributed to the higher biomass production in Eichhornia crassipes, which results in higher organic matter
uptake and COD reduction. This result is consistent with findings from other studies indicating the higher efficacy of
Eichhornia crassipes in reducing organic pollutants [10-11].

3.3  Biochemical Oxygen Demand (BOD)

The BOD removal efficiency using Eichhornia crassipes was higher compared to Pistia stratiotes as shown in Figure
2. For Eichhornia crassipes, the BOD reduction is 49.23% while Pistia stratiotes recorded a BOD reduction of 46.78%.
This could be due to the higher metabolic activity and greater root surface area of Eichhornia crassipes, which enhances
microbial degradation of organic matter, leading to higher BOD removal [12-13].

3.4  Total Suspended Solids (TSS)

The TSS removal efficiency using Eichhornia crassipes was higher compared to Pistia stratiotes as shown in Figure
2. For Eichhornia crassipes, the TSS reduction is 57.80% while Pistia stratiotes recorded a TSS reduction of 53.90%. This
may be due to the dense root structure of Eichhornia crassipes, which effectively traps and settles suspended particles,
resulting in higher TSS removal [14-15].

3.5 Turbidity

The turbidity removal efficiency using Eichhornia crassipes was higher compared to Pistia stratiotes as shown in
Figure 2. For Eichhornia crassipes, the turbidity reduction is 59.40% while Pistia stratiotes recorded a turbidity reduction
of 55.60%. This result aligns with the higher TSS removal efficiency observed in Eichhornia crassipes, as turbidity is
often correlated with the presence of suspended particles in water [16-17].
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3.6 Heavy Metal Content in Two Types of Plant Parts

Aquatic plants can absorb and accumulate metals within particles in contaminated water. In this study, to detect heavy
metals such as zinc, manganese, iron, lead, and copper in aquatic plants, FESEM together with EDX was used. To analyse
these two types of aquatic plants, they were divided into three parts: leaves, stems, and roots for Eichhornia crassipes,
and leaves and roots for Pistia stratiotes. The results for each part of the plants are discussed in the following section.
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Figure 3. FESEM micrographs and EDX spectra in leaves area of Eichhornia Crassipes

Table 1. Weight of heavy metal in leaf area of Eichhornia Crassipes
Heavy Metal ~ Weight (%)
Lead 0.27
Iron 0.26

The percentages in Table 1 were obtained by analysing the EDX spectra, which measure the relative abundance of
elements in the sample. The weight percentage represents the proportion of the total detected elements that is attributable
to each specific heavy metal. Only a small amount of heavy metals for iron and lead can be detected in the leaves section
in Eichhornia crassipes (Figure 3), where it can be related with the upward translocation of iron and lead through xylem.
In Table 1, it is found that the amount of weight for lead is more than the amount of weight for iron. The value of weight
for lead is 0.27%, while for iron is 0.26%. The leaves consist of lead concentration, but no more than in roots and stems
[12]. In addition, the spectra of Eichhornia crassipes did not find other heavy metals due to the lower internal
concentration of metals in the leaf’s cells.

b Spectrum 1
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Figure 4. FESEM micrographs and EDX spectra in stem area of Eichhornia Crassipes
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The percentages in Table 2 were obtained by analysing the EDX spectra, which measure the relative abundance of
elements in the sample. The weight percentage represents the proportion of the total detected elements that is attributable
to each specific heavy metal. The heavy metals detected in stem of Eichhornia crassipes is copper, zinc and lead are
located inside the cells in the vascular tissues, especially in xylem tissues (Figure 4). In Table 2, the value of weight on
lead is 0.81%, while value for copper and zinc is 0.23% and 0.14%. The Eichhornia crassipes stated that the concentration
of copper was slightly absorbed by this plant [13]. In addition, if concentration of copper supplied increased, the level of

copper uptake in the plant tissue was decreased.

Table 2. Weight of heavy metal in stem area of Eichhornia Crassipes
Heavy Metal ~ Weight (%)

Lead 0.81
Zinc 0.14
Copper 0.23
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Figure 5. FESEM micrographs and EDX spectra in root area of Eichhornia Crassipes

The percentages in Table 3 were obtained by analysing the EDX spectra, which measure the relative abundance of
elements in the sample. The weight percentage represents the proportion of the total detected elements that is attributable
to each specific heavy metal. In the roots (Figure 5), iron, lead, copper, and zinc were detected in the xylem tissue. The
value of weight for iron is 1.14%, the highest in cell walls. For lead and zinc, the value of weight is less than the value of
weight for iron, which is 0.21% and 0.10%, respectively. The value of weight for copper in the root shows the lower value
of 0.04%. The greater proportion of metal absorbed remained in the root system rather than being translocated to other
plant parts [14]. The greater proportion of metal absorbed remained in the root system rather than being translocated to
other plant parts [15].

Table 3. Weight of heavy metal in root area of Eichhornia Crassipes

Heavy Metal ~ Weight (%)

Lead 0.21
Zinc 0.10
Copper 0.04
Iron 1.14

The percentages in Table 4 were obtained by analysing the EDX spectra, which measure the relative abundance of
elements in the sample. The weight percentage represents the proportion of the total detected elements that is attributable
to each specific heavy metal. Only iron and lead can be detected in the leaves section (Figure 6), and this can be related
to the upward translocation of iron and lead through xylem. As shown in Table 4, the total weight of heavy metals for
iron is 3.38% compare to amount weight of lead which is 2.96%. The presence of lead in Pistia stratiotes leaf tissues
could interfere with the initial steps of chlorophyll synthesis [17]. The total heavy metal absorbed in leaf is still lower

than the total heavy metal in root.
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Table 4. Weight of heavy metal in leaf area of Pistia stratiotes
Heavy Metal ~ Weight (%)
Lead 2.96
Iron 3.38

My S g
a8 oMy
Cu Ga L] K g
Fe In A Sra Ca s fe
e L RAias e L o e
05 1 15 2 25 3 35 4 45 5 55 6 B5 7 715
Full Scsle 1710 cfs Cursor: 0000 ke

N
G o Fe (o o Cu

0s 1 15 2 215 ¥ 35 4 45 5 55 & 65 7 75 &8 @&
Full Scole 316 cts Cursor: 0.000 kel

Figure 7. FESEM micrographs and EDX spectra in root area of Pistia Stratiotes

Table 5. Weight of heavy metal in root area of Pistia stratiotes
Heavy Metal ~ Weight (%)

Lead 2.11
Zinc 0.44
Copper 0.03
Iron 0.56

The percentages in Table 5 were obtained by analysing the EDX spectra, which measure the relative abundance of
elements in the sample. The weight percentage represents the proportion of the total detected elements that is attributable
to each specific heavy metal. In the root (Figure 7), the amount of iron, lead, copper, and zinc can be detected in the xylem
tissue of concentration root. The value of weight for lead is 2.11% highest in cell walls. The iron and zinc value of weight
were less than the value of weight for lead which is 0.56% and 0.44%. The value of weight for copper in the root shows
the lower value which is only 0.03%. Pistia stratiotes is an aquatic plant that grows rapidly and is a high biomass crop
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with an extensive root system that is able to enhance the heavy metal removal. Pistia stratiotes exhibited different pattern
to lead removal although accumulated at high concentration mainly in the root system [19-20].

4. CONCLUSION

The laboratory results of the phytoremediation system using Eichhornia crassipes and Pistia stratiotes demonstrate an
effective method to reduce heavy metals in backwash water. From the study, it can be derived that different types of plants
have varying preferences for specific types of metals. These plants are effective in absorbing different levels of heavy
metals from contaminated water. In this study, Pistia stratiotes emerged as the most effective plant species in removing
heavy metals from contaminated backwash water. This species showed the highest removal efficiency for manganese,
iron, lead, and aluminum, with efficiencies of 88.49%, 83.94%, 68.15%, and 71.12%, respectively. On the other hand,
Eichhornia crassipes showed less absorption for most metals but was effective in accumulating zinc and copper, removing
73.72% of zinc and 61.19% of copper from backwash water.

The method used to determine the type of heavy metals accumulated in the physiology of Eichhornia crassipes and
Pistia stratiotes was FESEM/EDX. The analysis revealed that low levels of heavy metals from backwash water were
detected in the leaves of both plants, specifically iron and lead. In the stems of Eichhornia crassipes, heavy metals detected
included copper, zinc, and lead, while in Pistia stratiotes, the stem contained manganese in addition to lead and copper.
In the roots, both plants absorbed lead, copper, zinc, and iron. In essence, the application of the phytoremediation system
provides a medium to treat heavy metal-contaminated backwash water. The implementation of this system successfully
depolluted the backwash water and ensured that the final discharge met the standard discharge limits set by DOE
Malaysia. The use of Eichhornia crassipes and Pistia stratiotes in this system demonstrated their ability to absorb various
heavy metals present in backwash water. The data obtained were verified with supporting literature, facts, and statistical
evidence Principal Component Analysis (PSO), and Bivariate Hypothesis Testing (BH).
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