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Abstract

Constructed wetlands are one of the alternative treatments for
treating domestic wastewater since they are low-energy, low-
maintenance and environmentally friendly. The purpose of this
research was to see if the vetiveria zizaniodes plant could be used
to eliminate pollution from a created wetland. Two alternative
flow systems were used in the study, a 5-day retention period and
no retention time flow system. In each cell of the constructed
wetlands, vetiveria zizanoides were planted in different
populations. The systems' effectiveness in minimising oil and
grease (O&G) concentrations, total suspended solid (TSS), and
biochemical oxygen demand (BOD) was measured by means of
dissolved oxygen (DO) and pH, respectively. The analysis
indicates that using vetiveria zizanioides in the artificial wetland
may minimise near to 53.08 % BOD and 50.75 % O&G for 60
days of treatment for a 5-day retention duration. Meanwhile, the
wetland was possible to reduce 61.92 % TSS on day 60 at zero
hydraulic retention time (HRT) in that same 60 days of treatment.
The vetiveria zizanioides plant was discovered to play a
substantial role in eliminating BOD, TSS, and O&G during HRT
as a result of the findings.
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Introduction

The zone where terrestrial and aquatic habitats meet is represented
by wetlands. Using wetlands to remediate industrial wastewater is
a promising substitute. Wetlands have been demonstrated in
numerous studies to be good nutrient sinks, and to be capable of
removing both organic and inorganic contaminants (Almuktar et
al., 2019). Although the standard treatment methods have been
used and applied for a long time and are adequate and practical,
they can still be achieved by focusing on nutrients, organic and
inorganic substances removal, and a technique to polish sewage
treatment plant outflow before being discharged. Artificial
wetlands for treating wastewater are now commonly recognised
and becoming more popularly demanded as a treatment
alternative. Constructed wetlands were initially utilised to
effectively filter nutrients from household and septic systems,
surface and fertiliser runoff.

Wetlands are divided into two types: natural and constructed
wetlands. Most of the country has employed constructed wetlands
as a secondary treatment following sewage treatment plants. A
constructed wetland can be classified into various types (Wu et
al., 2015) and are based on wetland hydrology; constructed
wetland may be simply classified into two basic types, i.e. free
water surface flow (FWS) and subsurface flow (SSF). These
systems are commonly used for sewage treatment and have been
classified as the Best Management Practices (BMPs) for flood
control and small urban drainage systems. Constructed wetlands,
according to Olson and Mitsch (1992), have been considered an
appealing economical approach for managing water
contamination from both point and non-point sources. According
to Krzeminski et al. (2019), most countries have employed
artificial wetlands as a secondary treatment following sewage
treatment plants, and they have also been used for industrial
purposes. Treatment of wastewater has been shown to be a viable
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option. Wetlands have also been reported to have the ability to
prevent contaminated groundwater, by prohibiting it from
infiltrating the wetland (Kadlec et al., 2000). Wetlands, according
to Olson (1992), can help to reduce the nitrogen levels in sewage,
therefore enhancing water quality. Constructed wetlands, on the
other hand, are used to rehabilitate or recover diverse watersheds,
including waterways basins, particularly during periods of
drought (Nairn and Mitsch, 2000; Mitsch et al., 2005; Mitsch and
Day, 2006). Constructed wetlands treat wastewater using various
physical, chemical and biological features, whereas the traditional
system depends on compact resources activities with limited
residence durations. Wetlands, on the other hand, are huge passive
systems with extensive detention periods.

Constructed wetlands offer a larger potential in sewage
treatment than other wastewater treatment systems, as it can
maintain a greater organic loading rate (OLR), while maintaining
a shorter hydraulic retention time (HRT). These can then improve
the effluent characteristics discharged (Chongrak and Lim, 1998).
The goal of this study was to demonstrate how a design process
may be used to improve the effectiveness of a constructed wetland
using vetiveria zizanioides for sewage treatment in varying HRTs.

Methodology

The research was carried out in three (3) cells, each with a varying
amount of vetiveria zizaniodes, with Cell A containing 60 plants,
Cell B containing 30 plants and Cell C containing no plants
serving as a controller. Two types of experiments were conducted,
i.e. the experiments are conducted without flow rate, namely no
retention time, and with flow rate of hydraulic retention time 5
days, namely 5-days retention time. The 5-days retention time is
carried out with Q of 3.125 x 10 m?/s. The three (3) cells used
for the study shown in Figure 1, were designed with a concrete
impermeable to water, located at the Environmental Engineering
Laboratory, Universiti Teknologi Malaysia (UTM), Faculty of
Civil Engineering, Skudai Johor, Malaysia. Every cell had the
same width, length and depth (0.5m x 4.0m x 0.5m), as well as a
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1% bed gradient. The support media includes large gravel (2 cm
in diameter) on the bottom, medium gravel (1 cm in diameter) and
sand on the top layer, with a total depth of 15cm. Gravel was
preferred over other soil media because of its excellent hydraulic
conductivity, durability and specification stability, which allows
for improved performance predictability. Sand is used as a filter
as well as a way to block any settled particles from flowing
through the gravels.

The studies were conducted in an open, well-ventilated area
with a glass roof. The inflow pipeline and nozzle to the sewage
storage tank were connected to three built wetland cells. From the
top of the medium, the sewage depth is kept at 0.3 m. The
discharge pipe is around 20 cm under the water surface, i.e. at the
bottom point of the unit. The vetiveria zizaniodes were put on top
of the media in Cell A and B with different populations, as
previously described. As a consequence, the roots were immersed
in sewage for about 10 cm. Sewage was obtained from an active
oxidation pond and fed continuously into each cell for one week
to acclimatise the soil microorganisms and assist the development
of the vetiveria zizaniodes plants in Cell A and B. The treatment
began immediately after acclimatisation, with each cell being
regularly fed raw sewage for 60 days. Both the pond's inflow and
exit were kept at the same flow rate. The pond's inflow and
outflow were both maintained simultaneously.

Individually, the 5-day retention time experiment and the no
retention time experiment were performed. On days 15, 33, 39 and
51 of the study, samples were tested. Each cell's effluents were
taken from the cell outflow, and tested for pH, DO and BOD using
conventional procedures (APHA, 2005). The data were
statistically analysed to see if there were any significant pollution
removals between different cell systems and varied hydraulic
retention times. Table 1 summarises the results of the study's
parameter analysis.
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Figure 1: Development of artificial wetlands for sewage treatment
with vetiveria zizaniodes from day 1 (A), throughout treatment (B)
and after 60 days treatment (C)

Table 1: The parameters and the standards utilised.

Parameter Units Methods

pH - APHA 4500-H+ B
Dissolved Oxygen mg/L APHA 4500-O G
BOD@S5 days mg/L APHA 5210 B
Total Suspended Solid mg/L APHA 2540 D
Oil & grease mg/L APHA 3114 C

Result and Discussion

The experiment was conducted for 60 days. The treatments were
compared using statistical analysis. The proportion of pollutants
removed and the time it takes to remove them are assessed in this
study. Table 2 illustrates the primary concentrations of
contaminants in raw sewage prior to treatment.

Table 2: Pre-treatment analysis of raw sewage

Parameter Unit Concentrations
DO mg/L 4.86 +0.45

pH - 7.36+0.26
BOD mg/L 185.22 £0.25
TSS mg/L 54.03 £0.15
0&G mg/L 52.55+0.21
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Table 3 summarises the elimination percentages for Cells A,
B and C for a 5-day retention period of sewage treatment, while
Table 4 shows the removal under no retention time. It reveals that
the number of plants played a significant role in reducing sewage
pollution. Pollutants were removed from all cells throughout the
no retention time treatment.

Table 3: The elimination for different parameters at 5-day retention

period over 60 days of sewage treatment

Parameter unit  Cell A (%) Cell B (%) Cell C
(%)
DO mg/L  1.47+£0.21 1.73 £0.25 1.70 =+
0.04
pH - 7.26+0.12 7.27+0.22 729 =+
0.01
BOD mg/L  60.00+0.15 44.86+0.02 21.08 +
0.25
TSS mg/L.  40.74+0.05 40.74+0.17 51.85 +
0.21
0&G mg/LL  55.77+0.29 40.38+0.21 31.70 +
0.08

Table 4: The elimination for different parameters at no retention

time after 60 days of sewage treatment.

Parameter unit  Cell A (%) Cell B (%) Cell C
(%)

DO mg/L  1.25+0.01 1.27 £0.11 1.31 +
0.14

pH - 7.14 +£0.23 7.28 £0.20 725 +
0.22

BOD mg/L.  32.00+0.11 28.57+0.22 2229 +
0.1

TSS mg/LL.  79.37+0.10 73.02+0.10 38.10 £
0.11

0&G mg/L  61.11+0.19 50.00+0.18 38.89 +
0.28
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Total Suspended solid

Total Suspended solids (TSS) are one of the most significant
components of freshwater ecosystems, because they serve as a
medium for nutrients to interact (Sandstrom et al., 2020;
Nasrabadi et al., 2019). Mason (1998), and Boulton and Brock
(1999) reported that all those substances inside the water could
block light from reaching water plants, lowering photosynthetic
activity, lowering water level owing to sediment development and
increasing the amount of heat absorbed. The water's dissolved
oxygen content will decline, making pathogens and disease
development easier, and the water's ammonia potency will rise.
Figures 2 (A) and 2 (B) indicate the proportion of TSS removed
for both HRTs (B).

The zero-retention time method performed better than the 5-
day retention time system in terms of lowering TSS, removal
percentages at day 21 were 61.92% for no retention time and
32.28% for 5-day retention period, respectively. Day 21 was
determined because the percentage of TSS eliminated on this day
was practically constant. According to the results, there was a
wide variation between no retention time and 5-day retention time
for the cell with more plants (p 0.05). Since the TSS in the sewage
is not disturbed, it settles quickly due to gravity, leaving clean
water throughout the study, resulting in improved TSS elimination
in no retention time. Long retention durations are probably
constructed into the cells to allow the sedimentation of dissolved
particles and other substances. Some particles remained
suspended and did not settle in the system due to the flow rate.
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Figure 2: The TSS removal for the system at (A) a 5-day and (B)
zero-retention time.

Figure 3 shows that the cells containing plants (Cells A and
B) had a better discharge than the control cell (Cell C). Effluent
from the Cell C was clearer than Cell B because it had more
vetiveria zizanioides. In addition, the combination of vetiveria
zizanioides and higher HRT lowered the elimination percentage in
both cells, but higher in the control cell. These data show that a
higher flow rate disturbs suspended and settled particles, making
it more difficult to settle and resulting in a lower TSS removal
percentage. Moreover, suspended solids are an important part of
aquatic ecosystems and their nutrient concentrations can reflect
the water quality (Lindstrom et al., 1999). The percentage of TSS
removed is improved as the population of vetiveria zizanioides
increased, according to the findings. Since more plants are used,
the removal will increase even more. Too many plants, on the
other hand, can help to improve the nutrition levels, mainly as the
plants start to decay.
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Figure 3: Cells A, B and C discharge cleanliness.

Biochemical Oxygen Demand (BOD)

BOD is a measure of how much oxygen microbes are consumed
when organic and inorganic compounds are oxidised. The BODs
test is typically performed for 5 days to find out how much
dissolved organic matter is in the effluent. Figure 4 shows the
percentages of BOD removed.
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Figure 4: The BOD removal in the systems with (A) a 5-day and
(B) no retention time.
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The greatest number of eliminations at day 17 was 61.06% for
a 5-day retention period and 32% for a no retention period,
respectively. At day 21, the proportions of cells having plants
eliminated were 53.08 % and 16.60 % for 5-day and no retention
time, respectively. The BOD can be eliminated by settling
particles and using a degradable carbon compound during the
metabolic process. Since vetiveria zizanioides decomposes
organic matter at a faster rate, it removes more BOD. As a result,
CO; and acid were produced, ultimately lowering a measure of the
effluent's pH (refer to Table 1, where initial pH was 7.36). The pH
values of all cells are increased after the treatments, as seen in
Tables 2 and 3. There was a substantial variation in retention
length between zero and 5 days for cell A (p 0.05). As said by
Sartaj et al. (2000), the wetland approach can significantly
minimise BOD levels.

Oil & Grease (0&G)

The ability of the marsh to absorb nutrients varies depending on
the season, on the species, sewage quality, size and root depths.
The growth of the root system is similar to the available oxygen
capacity of wetland plants on the soil and root roles of water
conduction (Liu et al., 2007). The proportion of O&G that has
been removed after 21 days of treatment with 5-days retention
time in control cell, cell with less plant and cell with more plant is
15.43%, 40.05% and 50.75%, respectively, while the percentage
of O&G removal after no retention time is 6.20%, 11.16% and
16.60%. Figure 5 shows the elimination percentage for retention
times of 5 days and zero days. The massive root hairs of vetiveria
zizaniodes trapped oil and grease, primarily in moving sewage
systems compared to a non-flowing sewage system.
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Figure 5: The O&G removal for (A) 5-day retention and (B) no
retention time systems.

Compared to the no retention time method, when it came to
extracting O&G from sewage, the 5-day retention time approach
performed better. There was a significant difference (p 0.05)
between Cell A in the 5-day and no retention time systems. In a
no retention time system, the large amount of O&G is caught by
the roots of vetiveria zizanioides. When sewage was circulated
through the cell and media for a 5-day retention time system, the
0&G was trapped by roots and media. When O&G was suspended
on top of undisturbed sewage, Cell A had a higher percentage of
removal than Cell B and Control. The elimination of O&G was
compared at day 21 for both 5-day retention time and 0% retention
time. The statistics show that the elimination rate for all cells was
substantially greater for the 5-day retention time system than for
the no retention time approach. As said by Panja et al. (2018), the
vetiver subsoil has a diameter of 0.5—1.0 mm and is able to clean
up any contaminants that pass through it in the sewage.

Conclusion

The vetiveria zizanioides used to treat sewage in this study's
artificial wetland can be determined to be a promising alternative
approach. TSS, BOD, and O&G were removed with the help of
vetiveria zizanioides. In this investigation, the built wetland
performed as expected in terms of water removal efficiency. The
finest treatment day was day 21. When vetiveria zizanioides is
present, HRT plays a role in the artificial wetland's ability to filter
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contaminants from sewage. The developed wetland with a 5-day
retention time system reduced pollution more efficiently than the
no retention time treatment, as stated in the data.

The study was designed to determine the change between zero
and 5-day retention periods for all cells, with a p-value of 0.05.
Unlike the percentage of elimination for no retention time, which
increases continuously even after 21 days of treatment, the
percentage of elimination per each factor for the 5-day retention
period acclimates by day 21.

More detailed investigations, including the use of additional
species of plants, HRT and the total of plants used in the study,
are needed in the future. An extended study time is needed to
assess the effectiveness of the developed wetlands' open water
surface flow to remove contaminants to the fullest extent possible.
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