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ABSTRACT

We investigated the individual and combined (CB) performances of four aquatic plant species, Eichhornia
crassipes (water hyacinth, WH), Lemna minor (duckweed, DW), Nymphaea (water lily, WLY), and Pistia
stratiotes (water lettuce, WL) in removing selected nutrients (PO+*, NO3s, NHs) and heavy metals (Cd, Cr,
Cu, Pb, Zn) from well water for a 30-day duration while monitoring changes in the physicochemical
properties (pH, salinity, conductivity, total dissolved solid TDS). WLY could not thrive beyond the 10th day,
while other plants lasted the whole test period. All macrophytes leached PO, into the water, showing
negative removal efficiencies as follows: WH>CB>WL>WLY>DW. Likewise, WL, DW, and CB leached
NOs™ into the solution, whereas WH showed no observable difference between the initial and final
concentrations, and WLY reduced the initial concentration (13.56 mg/L) by 87.5%. All plants recorded
significant NHs removal except WLY, which raised the concentration from 4.88 to 5.04 mg/L. Individual
and combined macrophyte set-ups significantly removed Cr, Cu, Cd, Pb, and Zn. WL was most effective in
removing Cr, Cu, and Zn, achieving removal efficiency of 86.8%, 84.56%, and 62.42%, respectively. Also,
CB had the highest removal efficiency of 93.08% for Cd and 97.09% for Pb. In conclusion, understanding
the nature of water contaminants and physiochemical properties is essential for selecting the appropriate
macrophytes, solely or combined, for optimum growth and effective phytoremediation.
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INTRODUCTION

Water pollution, especially from excess nutrients and heavy metals, significantly threatens aquatic
ecosystems and human health (Hama et al., 2023). For instance, the health risks caused by eutrophication
can be reduced by rapidly eliminating nutrients and metals (Nguyen et al., 2023). Increasing population,
urbanization, industrialization, and ill-management of natural water bodies contribute to the upsurge in the
discharge of contaminants into various water bodies, thereby impairing their quality (Hoseinizadeh et al.,
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2011). The pollutants, especially heavy (trace or toxic) metals, could be refractory to biological treatments
but could be made less toxic (Zhang et al., 2017; Jiang et al., 2018; Ansari et al., 2020). Generally, heavy
metals are not biodegradable; their prolonged presence in soil or water in concentrations above the
permissible limits for plants, animals, and humans could threaten the environment and ecosystem (Suman et
al., 2018; Yan et al., 2020). Some metals are essential (Co, Cr, Cu, Fe, Mn, Mo, Ni, Zn), while others are
nonessential (Cd, Pb, Hg, As). Essential heavy metals are required in trace quantities for various
physiological and biochemical activities in plants and animals (Jomova et al., 2022). Still, if present in
excess, they could become toxic, while nonessential heavy metals are toxic to plants and animals’
physiological, biological, and chemical processes (Martinez-Finley et al., 2012; Jomova et al., 2022). Since
they can also be removed from contaminated media (Suman et al., 2018), various mechanical,
physiochemical, and biological methods have been designed for this purpose (Yan et al., 2020). High cost,
secondary pollution, complexity, and non-eco-friendliness, among others, are common demerits of the
mechanical- and physicochemical-based methods (Saha et al., 2014; Sharma et al., 2018; Huynh et al.,
2021). Besides being environmentally benign and sustainable, the biological-based method is also cost-
effective for restoring water or environment quality, hence its wide adoption. It involves the use of
microorganisms (bioremediation) to degrade and metabolize chemicals or plants (phytoremediation) to
remove and contain the pollutants from the polluted media (Praveen & Nagalakshmi, 2022).

Phytoremediation is a plant-based technology for removing, containing, stabilizing, or reducing heavy
metals (Adelodun et al., 2020) or organic pollutants (Garbisu & Alkorta, 2001; Adelodun et al., 2021) in the
environment or contaminated media. While organic pollutants can be degraded and broken down into
nontoxic and simple chemical forms, most inorganic pollutants are refractory, albeit they can be transformed
or transported between media (Dickinson, 2017). Inorganic pollutants include acids, bases, chemical wastes,
silt or fine-grained sediments, and heavy metals (Borah et al., 2020). This eco-friendly technology offers a
promising solution for water contamination by taking advantage of nature’s innate ability of some plants to
accumulate inorganic pollutants (Shmaefsky, 2020). Babu et al. (2021) critically reviewed the effectiveness
of phytoremediation methods, the hyperaccumulator plants’ potentials, the biotechnological approach for
heavy metals decontamination, and recently developed innovations, improvements, and prospects of
improving phytoremediation. During this process, plants with hyperaccumulator body parts capable of
tolerating toxic metals in high quantities detoxify the toxic metal-laden environments (Nedjimi, 2021).

Phytostabilization, phytovolatization, phytodegradation, rhizofiltration, phytostimulation, phytoextraction,
rhizodegradation, and phytodesalination are various phytoremediation techniques for soil or water
decontamination (Yan, A. et al., 2020; Nedjimi, 2021). Selecting appropriate plant species is crucial for
maximizing the efficiency of phytoremediation. The factors considered include biomass production rate and
quantity, ease of cultivation, and photosynthetic activities (Kafle et al., 2022). Because of the diverse
contaminants and macrophytes, the environment, climatic conditions, and the contaminant’s chemistry are
essential to choosing a phytoremediator (Chirakkara & Reddy, 2015). Over 400 plant species with different
metal accumulation mechanisms have been studied and identified as potential hyperaccumulators for soil
and water pollutants (Lone et al., 2008; Sabreena et al., 2022). The role of some aquatic plants in water
treatment cannot be overemphasized. In their natural habitat, they stabilize the surface beds, assimilate
pollutants, and facilitate several chemical and biochemical reactions that result in environmental purification
(Sun et al., 2013).

Of the several aquatic plant species used to remove heavy metals are duckweed (Lemna minor) (Syeda et al.,
2016; Ubuza et al., 2020), water hyacinth (Eichhornia crassipes) (Aisien et al., 2010; Abdelaal et al., 2021),
water lettuce (Pistia stratiotes) (Kouamé et al., 2016; Amalia et al., 2019) and Water lily (Nymphaea)
(Galadima et al., 2015; Gemeda et al., 2019).

Numerous studies have shown that these four aquatic plants can efficiently remove nutrients and heavy

Page 603
www.rsisinternational.org


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI [Volume XI Issue VIII August 2024

3 &
¢ RSIS

metals from polluted media (Mukherjee et al., 2015; Gemeda et al., 2019; Kumar and Deswal, 2020;
Omokheyeke and Alame, 2021). Still, their behaviors in non- or less polluted water (such as well water)
have not been adequately harnessed. Well water, a type of groundwater assessed through a hole drilled to
reach the water table (aquifer) beneath the ground surface, has become increasingly explored due to
population growth (ldowu et al., 2011). Approximately 38% of the US population relies on groundwater
(Maupin, 2018), while the dependency in Asia is 79% (Carrard et al., 2019) and 70-90% in Africa, including
Nigeria (Gronwall and Danert, 2020). Groundwater is usually a natural source of potable water, but if not
adequately protected or managed, it can be easily polluted. Therefore, this study aimed to compare the
individual and combined capabilities of E. Crassipes, L. Minor, Nymphaea, and P. Stratiotes to remediate
heavy metal- and nutrient-laden well water.

MATERIALS AND METHOD

A. Sampling

At various locations in the same water body, water hyacinth (latitude 6.353677 & longitude 4.808566),
water lettuce (lat. 6.353379 & lon. 4.809391), water lily (latitude 6.354416 & longitude 4.803633), and
duckweed (lat. 6.352702 & lon. 4.806991) were collected from Igbokoda in Ilaje Local Government Area of
Ondo State, Nigeria. The plants collected with the underlay water in precleaned plastic bowls was
transported to the experiment location. Well water was collected from a well in one of the halls of residence
within the Federal University of Technology Akure premises in copiously rinsed plastic gallons. The plant
samples were rinsed thoroughly with distilled water to remove stones, specks of dust, and other foreign
bodies before introducing them to the well water the same day.

B. Experiment Set-up

The macrophytes were each weighed and immersed in aliquots of well water for an individual macrophyte
system. Prototype of water hyacinth (WH) weighing 300 g was placed in 6 L of well water, 100 g of water
lettuce (WL) placed in 2 L, 150 g of water lily (WLY) placed in 3 L, and 50 g of duckweed (DW) in 1 L.
The combined (CB) system had in 7 L of well water 150, 50, 100, and 50 g of WH, WL, WLY, and DW,
respectively. The experiment lasted 30 days for WH, WL, DW, and CB, but 10 days for WLY, because
WLY leaves started wilting on day 8.

The physicochemical parameters, along with the nutrient and heavy metal contents of the set-ups, were
taken on the second day of the experiment as day 1. The sampling was continued weekly until day 29, i.e.,
the 30th day of setting up. The morphological changes of the macrophytes were observed to inform on the
overall performance, adaptability, and survival outside their natural habitat. Nutrient uptake,
bioaccumulation, and removal efficiency were estimated based on the changes in the physicochemical
parameters and metal uptake.

C. Data Collection and Analysis

At the experimental site, a well-calibrated, handheld multiparameter water analyzer (Hannah 9828) measured
the physicochemical properties of the water sample, including pH, salinity, electrical conductivity, oxidative-
reduction potential (ORP), and total dissolved solids (TDS). Water samples taken weekly from the set-ups
were analyzed for nitrate (NO3), phosphate (PO4*), and ammonia (NH3) using sodium salicylate, ascorbic
acid, and phenate spectrophotometric methods, respectively (USEPA 600/4-79-020). Jenway 6400
ultraviolet/visible spectrophotometer measured the respective absorbance wavelengths 420, 880, and 640 nm
for NOs", PO4*, and NHs, respectively.

An atomic absorption spectrophotometer (AAS model 211 VGP buck scientific) measured the heavy metal
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content (i.e., Pb, Cd, Cr, Cu, and Zn) of the samples obtained from the sampling site (status quo) in the well
water during and after the phytoremediation experiment. Then, the removal efficiency (RE) of the
macrophytes was evaluated, indicating the uptake of the selected minerals and heavy metals as follows:

RE = (Initial value—Final value at day 8/29)

x100%

Initial value

D. Quality Control/Quality Assurance

The water samples were analyzed in duplicates, and the average values were the results. The analysis was
repeated where the duplicate measurements were widely dissimilar. Analytical-grade reagents were used in
this experiment. Standard analytical methods were adopted, and certified reference materials validated the
accuracy.

RESULTS AND DISCUSSION

A. Physical Observations and Biomass Production

The increase in plants’ height, mass, and size as they develop and reproduce is called plant growth (Huynh
et al., 2021). WH, WL, and DW survived four weeks in the water sample, while WLY could not thrive
beyond ten days. WH, WL, and DW increased in stem length, leaf width, and plant population in individual
and combined set-ups. The biomass production rate of DW and WL was higher, with the plant population
almost doubling by day 15. The available nutrients in the water encouraged the initial weight gain and
vegetative reproduction before the plants began to strive for survival in the nutrient-depleted environment.
Therefore, nutrient balance must be attained for optimal plant growth and survival microbial activities for
effective phytoremediation.

Nutrient amendments improve the efficiency and effectiveness of the plants for phytoremediation (Gillespie
et al., 2020; Samudro and Mangkoedihardjo, 2020). Due to nutrient depletion by the third week, necrosis
occurred in some leaves. Elsewhere, Edaigbini et al. (2015) reported the browning of WH and WL leaves in
the first two weeks of remediating polluted water before eventually turning necrotic and wilting. Similarly,
Mukherjee et al. (2015) and Kumar and Deswal (2020) reported similar observations using salvinia molesta,
water hyacinth, water lettuce, and duckweed to treat rice mill wastewater.

B. Nutrient Uptake

species exhibited varying nutrient and heavy metal uptake capabilities. In some instances, nutrient leaching
from the plants into the water was observed. WH, WL, and DW demonstrated significant removal
efficiencies for NH3 in the order DW (64.41%) > WH (57.63%) > WL (55.93%). All the plants released NH3
into the water in the first 15 days, with DW leaching the most significantly. NHz removal was recorded on
day 22 for the three plants that thrived beyond the 10th day. The increase in the initial NH3 concentration in
the water for each treatment in the first 15 days could be due to the decomposition of fallen leaves in the
water (Wu et al., 2017; Kumar & Deswal, 2020; Adelodun et al., 2021). Also, organic matter rich in nitrogen
could contribute to ammonia synthesis. NHz is a vital water pollutant; it is relatively toxic for plants,
retarding their reproduction and growth, and, in high concentrations, could cause death. However, NH3 can
be converted to nitrite and nitrate by bacteria for plant use (Kiraly et al., 2013). Furthermore, pH is one of the
factors that influence ammonia toxicity. A pH increase converts NH4* to NHs, with increased toxicity (Ting
et al., 2018). The toxicity also increased with temperature.

The WLY achieved 87.5% NOs RE by the end of week 1. Simultaneously, DW had a 25% RE but increased
to 33.75% by the end of week 2. These values resulted in a final NO3™ concentration of 57.63
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mg/L (i.e., 32.5% increase over the initial concentration). Gradually, the initial NOs™ leached by WH was
removed until no difference was observed between the initial and final concentrations. With WL, the final
NOz" concentration was higher than the initial, indicating leaching.

All the plants released PO4* into the water in the orders WH>WLY>DW>WL and WH>WL>DW by the
end of weeks 1 and 4, respectively. The increased PO4* content could be attributed to the decomposed fallen
leaves from the plant (Kumar & Deswal, 2020). In another study (Wu et al., 2017), WH and two other
macrophytes' decomposition characteristics were evaluated in a constructed wetland. The decomposition of
WH released more phosphorous into the water than the other two plants and increased the final total
phosphorous concentration. It is worth noting that while the macrophytes could not survive due to nutrient
depletion, the increased phosphate level in the system would encourage algal growth and low dissolved
oxygen in the system, leading to eutrophication. Kwon et al. (2021) opined that plant growth stage, plant
type, or plant sampling location contribute to the high fluctuations in the concentration of nitrogen and
phosphorous during plant growth in hydroponic systems.

C. Heavy Metal Removal Efficiency

Since WLY could not thrive beyond the 10th day, we assessed the changes (Table 1) in all the parameters
by the end of week 1 (day 8). DW exhibited the highest RE against Cd (92.31%) and Pb (93.18%), while
WH evinced the highest Cr (69.54%) and Zn (59.25%) removal on day 8. WL recorded the highest RE
(77.53%) for Cu by day 8; however, by day 29 (Table 2), WH recorded 68.78% and 14.65% for Cr and Zn,
respectively, suggesting metal leaching into the water. On the other hand, WL increased Cr and Zn RE from
55.58% and 51.59% on day 8 to 86.80% and 62.42%, respectively, on day 29. However, at the end of week
1, WL accumulated more Pb with a 77.27% RE than WH (40.91%). These results suggest that WL
(Pistia stratiotes) has a higher Pb affinity than WH (Eichhornia crassipes), affirming a conclusion from
a previous report (Tabinda et al., 2019).

These results affirm the viability of the selected macrophytes for remediating polluted waters and soils. On
day 29, the CB set-up recorded a 93.08% Cd removal, the highest on day 29, followed by WL with 90.00%.
CB and DW removed Pb efficiently up to 97.09 and 95.64%, respectively, while WL phytosorbed Cr, Cu,
and Zn with 86.80%, 84.56%, and 62.42% efficiencies, respectively. However, all the plants individually
and combined removed Pb significantly, with the WL recording the lowest RE of 88.64%. Our findings
about Pb removal by WH and WL align with those of a similar study (Eid et al., 2020). In another study,
Kouamé et al. (2016) reported significant removal (>50%) of Cr, Cu, Pb, and Zn from wastewater while
adducing the roots of WH and WL to remove heavy metals more effectively than the leaves. However, in
the current study, DW first removed approximately 3.82% of Zn from the water sample by the second day
of exposure but further leached it metal until the trend was reversed after day 22. There was no change
between the initial and final concentrations of Zn in the DW set-up, which was attributed to the low Zn
concentration. Notably, the removal efficiency of WH for Cr, Cu, and Zn lowered with their concentration.
Huynh et al. (2021) also reported a gradual decrease in WH’s efficiency in removing Cd, Zn, Cu, As, and Pb
with a reduction of the metals’ concentrations. Also, WH exhibited similar removal efficacy towards Cr to
that observed by Buta et al. (2023), where 90%-94% removal efficiency was recorded within one week.
However, the RE for Cr was less in this study than reported elsewhere (Buta et al., 2023).

Table 1: Initial and day 8 values/concentrations of parameters

Values and Concentrations on Day 8
Parameters Initial Value/Conc.|[!WH [2wL [°DwW [*wLY[>CB
pH 6.76 6.70 16.62 |6.72 |6.36 |5.99
Salinity (PSU) 0.04 0.09 |0.07 (0.08 [(0.14 (0.13
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Conductivity (uS/cm)[{94.00 165.00{129.00{144.00{260.00{234.00
TDS (mg/l) 47.00 83.00 [65.00 [72.00 [131.00{117.00
60RP 141 120 [138 [129 111 |87.6
PO,°" (mg/l) 8.40 672 |158 [13.3 [67.2 [42.0
NO,™~ (mg/l) 13.6 8.64 [89.8 (102 [1.69 [39.0
NH, (mg/l) 4.88 513 [550 [5.04 [5.04 [4.79
Cd (mg/l) 0.01 001 [0.01 [0.00 [0.01 [0.00
Cr (mg/l) 0.20 006 [0.09 [0.12 [0.07 [0.07
Cu (mg/l) 0.13 0.07 [0.03 [0.09 [0.08 [0.08
Pb (mg/l) 0.02 001 [0.01 [0.00 [0.02 [0.00
Zn (mg/l) 0.08 0.03 [0.04 [0.09 [0.07 [0.05

Lwater hyacinth; 2water lettuce, 3water lily, 4duckweed, >combined microphytes, Soxidation-reduction
potential

Table 2: Initial and day 29 values/concentrations of parameters

Values and Concentrations on Day 29

Parameters Initial Value/Conc.{WH WL DW CB
pH 6.76 4.89 4.62 5.93 4.28
Salinity (PSU) 0.04 0.02 0.01 0.05 0.03
Conductivity (uS/cm)[94.00 53.00 [15.00 [114.00 [56.00
TDS (mg/l) 47.00 27.00 [8.00 57.00  [28.00
ORP 141 1451  |163 112 186
PO, (mg/l) 8.40 126 840  |[58.8 118
NO,™ (mg/l) 13.6 13.6 50.9 57.6 93.2
NH, (mg/1) 4.88 2.07 2.15 1.74 2.65
Cd (mg/l) 0.01 0.00 0.01 0.00 0.00
Cr (mg/l) 0.20 0.06 0.03 0.10 0.11
Cu (mg/l) 0.13 0.08 0.02 0.08 0.09
Pb (mg/I) 0.02 0.00 0.00 0.00 0.00
Zn (mg/l) 0.08 0.07 0.03 0.08 0.06

D. Effect of the Treatment on pH, Salinity, Conductivity, and Total Dissolved Solids

Changes in the pH, salinity, conductivity, and total dissolved solids that occurred during the
phytoremediation are illustrated in Figure 1. Also, Tables 1 and 2 showed the values recorded for these
parameters for days 8 and 29 respectively. By day 8, WH, WL, DW, and WLY had lowered the pH from
6.76 t0 6.7, 6.62, 6.72, and 6.36, respectively. WH, WL, and DW further decreased the pH of their set-ups to
4.89, 4.62, and 5.93, respectively by day 29, making the water more acidic. Since the plants’ survival could
be halted at pH <5.5, the plants wilted eventually. However, nutrient adjustment can make plants grow in a
wide pH range (4.0-8.0) without affecting the root and shoot (Gillespie et al., 2020). Overall, CB reduced
the pH than the average individual performance of all the plants. In contrast, Kumar and Deswal (2020)
reported an increase in pH attributed to the photosynthesis activities of the plants and the presence of

periphyton.
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All the plants, except DW, exhibited a salinity reduction at the end of the experiment. However, an increase
in salinity was recorded by the end of week one in all the set-ups because the plants released their saline
content into the water. The initial salinity and those recorded during and after the experiment were lesser
than the plants’ salinity tolerance limits of 2.5-9.0 ppt (Bick et al., 2020; Vazquez et al., 2021). Several
authors, (Bick et al., 2020; Kumar et al., 2021; Vazquez et al., 2021), reported that plants exposed to salinity
higher than their tolerance limits experienced high-stress levels, became necrotic, and died within a few
days. Hence, salinity concentration did not threaten the plant’s growth in this experiment.

The correlation between salinity and electrical conductivity (EC) was evident in the performance of both
individual and combined plant systems. EC is a measure of total dissolved salts in hydroponic nutrient
solutions (Meselmani, 2021); the higher the EC, the higher the salinity. After week 1, EC increased
significantly. By the end of week 4, all systems evinced reduced EC except for DW. The same trend was
observed in the plant’s behavior towards salinity during and after the phytoremediation.
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Figure 1: Variation of (a) pH, (b) salinity, (c) electrical conductivity, and (d) total dissolved solids in all set-
ups over the phytoremediation period

The salt deposition from the plants into the well water, evident in the increase in salinity, could be ascribed
to the increase in total dissolved solids (TDS) by Day 8. A significant TDS removal was observed by Day
29 in all the set-ups except for DW. WL recorded the highest TDS removal of up to 83%, followed by WH
(42.6%) and CB (40.4%). Abinaya et al. (2018) reported that WH and WL significantly removed TDS
during the second-stage phytoremediation of an RO-Brine solution. However, the RE of WH was higher
than that of WL, contrary to our study’s finding. Similarly, Prasad et al. (2021) reported substantial TDS
reduction using WH grown grey water phytoremediation. Another study reported that WL removed 70% of
TDS compared to 15% recorded for DW (Nayanathara and Bindu, 2017).

E. Comparison of Individual Plant Heavy Metal Removal against Combined Efficiency

Comparing the average individual plant performance for heavy metal removal against the combined
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efficiencies of the macrophytes (CB) showed that CB was more effective in removing heavy metals in a
short period (day 8). Average heavy metals removal efficiencies of 47.22 and 65.40% was recorded for the
sole and CB macrophytes respectively. At the end of the experiment, CB had the highest removal
efficiencies for Cd and Pb than the individual plant, following the trend CB>DW>WL>WH,
WL>WH>DW>CB, WL>WH>DW>CB, CB>DW>WH>WL, and WL>CB>WH>DW for Cd, Cr, Cu, Pb,
and Zn respectively. Figure 2 shows the relative average individual plant removal of the heavy metals versus
the CB experiment.

Having evaluated the effects of combined macrophytes to phytoremediate heavy metals, it was pertinent to
investigate the relationship between the REs of individual water plants and the combined ones (CB). The
relationship between the RE of the CB and average RE for individual plants evinced positive coefficients of
correlation (R?). At p=0.05, R? of 0.6442 and 0.5036 were deduced for the 8th and 29th days respectively,
as shown in Figure 3.
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Figure 2: Average removal efficiencies of individual versus combined (CB) species for (a) Cd, (b) Cr, (c)
Cu, (d) Pb, and (e) Zn over the phytoremediation period of four weeks
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Figure 3: Relationship between the heavy metals RE of the combined plants (CB) and average RE of the
individual plant for (a) Day 8 and (b) Day 29 of the phytoremediation period

Indicatively, the selected plants can be used to remediate heavy metals polluted media, while combining
two, three, or more plants during phytoremediation would also perform even better. Samudro and
Mangkoedihardjo (2020) reviewed using mixed plants for phytoremediation, noting the required essential
nutritional conditions to aid plant growth while ensuring effective phytoremediation. Furthermore, the
selected plants must have an efficient synergy in removing contaminants in the polluted media. Aside from
studying the individual performance of the plants, Davis et al. (2023) assessed the bioconcentration and
translocation factors of individual plants in the combined experiment. The authors used two groups of five
plant species to remediate Pb and Cd from two different soil samples, with WH present in each plant species
group and WH efficiently both metals from the soil. Likewise, up to 74% RE for Cr was recorded in the
preliminary assessment conducted by Mangkoedihardjo and Utomo (2018) using mixed plants to remediate
Cr-contaminated soil.

Figure 1 (b and c) shows our results agree with the relationship between salinity and conductivity.
Specifically, at the end of the experiment, conductivity decreased for all the set-ups except DW, which
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increased conductivity, indicating that more salts were dissolved in the solution. High conductivity results in
high and low Cd and Zn phytoremoval, respectively (Salimi et al., 2013; Mohammad et al., 2023). Our
results also show that high conductivity, such as in DW, was accompanied by a higher Cd RE. In contrast,
there was no significant change with Zn throughout the experiment. However, there was a noticeable
interaction between the DW and Zn, with Zn leaching from the plant into the water by day 8. Understanding
the behavior of these plants is critical for their selection and effectiveness for wastewater treatment. Organic
and inorganic concentrations in the wastewater, treatment conditions, and the duration of the treatment are
relevant factors to consider for effective phytoremediation (Nguyen et al., 2023) in addition to the plant
sampling and growth stage earlier stated in this study.

We correlated the physical and chemical parameters against one another to determine their interrelationship
and associated influence on the remediation process. The correlation coefficient (R?) values were
determined at p = 0.05 and presented in Table 3. Similarly, the linear regression was carried out to evaluate
the strength of the correlation between the plant species and the final values of all the parameters. The R-
squared shows that 99.9% of the variation in the initial values of parameters was attributable to the final
parameters’ values for each plant species and the co-cultured (Table 4). The relationship between
parameters’ initial and final values and plant species is statistically significant. The residual plot (Figure 4)
of the predicted initial values of the parameters in the water and the residuals showed linearity and a strong
correlation between the final values of water parameters and the predicted values.

Table 3: Coefficient of correlation (R2) between the water-evaluated parameters and plant culture

pH [salinity|EC [TDS|ORP|PO,3{NO3 ?’:'H cd |cr |cu |Pb |zn
pH 1
Salinity[0.69 |1

EC [077|098 |1
TDS [0.77 {098 [1.00 1
ORP [-0.71}-0.61 |-0.71/-0.72|1
PO43- |-0.91]-056 [-0.57[-0.57|0.50 |1
NO,™ |-057/0.06  [-0.13[-0.13|0.48 [0.37 |1
NH, [0.63[0.25 0.26 0.26 {0.08 [-0.70 |-0.39 1
Cd 0.74 [0.12  {0.19 [0.19 |-0.18(-0.80 |-0.68 |0.89 |1
Cr 0.75 [0.72  [0.71 [0.71 |-0.19(-0.70 |-0.18 |0.83|0.62|1
Cu 0.63 [0.72  [0.75 [0.74 |-0.20(-0.46 |-0.20 |0.69 |0.43|0.94(1
Pb 0.79 [0.29  [0.35 [0.35 |-0.17|-0.82 |-0.58 |0.96 |0.97|0.79|0.63|1
Zn 0.68 [0.86  [0.92 [0.92 |-0.58(-0.39 |-0.28 |0.34 |0.22|0.74|0.87(0.391

Table 4: Regression analysis between the initial and final values of evaluated water parameters

Regression Statistics
Multiple R 0.999
R Square 0.999
Adjusted R Square|0.998
Standard Error 1.829
Observations 13
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Figure 4: Regression residual plot between the initial and final values of parameters for all the experimental
set-ups

CONCLUSIONS AND RECOMMENDATIONS

Nutrients and heavy metals uptake were evaluated in this study about the remediation potential of water
hyacinth (WH), water lettuce (WL), water lily (WLY), and duckweed (DW) planted individually or
combined (CB) in well water. The plants recorded significant interactions with NHz, NOs, and PO.*
concentrations and the trace metals. While concentrations of NHsz and NOs™ were reduced at the end of the
experiment, the level of PO,* was increased due to the continuous interaction of the decomposition of dead
roots, tissues, and leaves of the plants. We deduced that all the plants uptake the selected heavy metals more
effectively, with the CB removing Cd and Pb more effectively than the individual plants. Furthermore, we
observed that the removal efficiency of WH for Cr, Cu, and Zn reduces with the decrease in their
concentrations in the water. Therefore, we suggest adequate monitoring of the phytoremediation system to
immediately remove dead roots, shoots, and leaves of plants from the system to discourage algae growth and
avoid eutrophication and further degradation of the water quality. Similarly, a nutrient balance must be
attained by amendment for plant growth and survival during the remediation period for effectiveness. More
studies should, therefore, be conducted on the relationship between the remediation characteristics of the
plants in both highly and less contaminated media. We therefore recommend that WH, WL, WLY, and DW
be used as individual phytoremediators or a combination of two or more plants for phytoremediation of
contaminated water.
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