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Resumen: La contaminacion por metales pesados, en particular por plomo (Pb), es uno de los principales
desafios ambientales a nivel mundial. El Pb se detecta con frecuencia en cuerpos de agua superficiales y sedi-
mentos, y su exposicion puede causar una variedad de efectos adversos para la salud en plantas, animales y
humanos. Por lo tanto, el desarrollo de tecnologias sostenibles y rentables para reducir el Pb en sistemas acua-
ticos es de vital importancia. La fitorremediacion con Phragmites australis es una estrategia de remediacion
prometedora. Este estudio tuvo como objetivo evaluar el potencial de fitoextraccion de P. australis para la
eliminacion de Pb. Se probaron dos condiciones experimentales: agua de rio natural (PbNW) y agua desioni-
zada (PbDW), ambas adicionadas con 250 mg/L de Pb(NOs)2. Se cuantificd Pb en tejidos vegetales aéreos y
subterrancos. En los tejidos aéreos, las concentraciones de Pb alcanzaron 26.4 + 1.3 mg/kg (PbDW) y 1.5 +
0.2 mg/kg (PbNW), mientras que, en los tejidos subterraneos, las concentraciones fueron de 103.4 + 11.5
mg/kg (PbDW) y 38.9 £+ 10.3 mg/kg (PbNW). Segun el factor de translocacion (FT) y el factor de bioconcen-
tracion (FBC), el Pb se acumul6 predominantemente en los tejidos subterraneos. Ademas, se observo un ligero
aumento de la conductividad eléctrica (DW: 0.2 a 0.6; PbDW: 0.2 a 0.6; PbNW: 0.3 a 0.6 mS/cm). Las con-
centraciones de Pb en solucion disminuyeron durante el experimento, de 227.4 a 170.1 mg/L en PbDW y 83.95
a4.6 mg/L en PbNW, lo que confirma el potencial de la planta para la eliminacion de Pb. P. australis demostrd
una capacidad importante de acumulacion de Pb principalmente en raices y rizomas y se clasific6 como una
especie fitoestabilizadora. Caracteristicas que la hacen una especie adecuada para la restauracion de sitios
impactados por Pb.

Palabras clave: Contaminacion hidrica, plomo, fitorremediacion, Phragmites australis.

Abstract: Heavy metal pollution, particularly from lead (Pb), remains one of the major environmental chal-
lenges facing society worldwide. Pb is frequently detected in surface water bodies and sediments, and its
exposure can cause a range of adverse health effects in plants, animals, and humans. Therefore, the develop-
ment of sustainable and cost-effective technologies to reduce Pb concentrations in aquatic systems is critically
important. Phytoremediation using Phragmites australis has emerged as a promising remediation strategy.
This study aimed to evaluate the phytoextraction potential of P. australis for Pb removal. Two experimental
conditions were tested: natural river water (PbNW) and deionized water (PbDW), both amended with 250
mg/L of Pb (NOs).. Pb accumulation was quantified in both aerial and underground plant tissues. In aerial
tissues, Pb concentrations reached 26.4 + 1.3 mg/kg (PbDW) and 1.5+ 0.2 mg/kg (PbNW), while in under-
ground tissues, concentrations were 103.4+ 11.5 mg/kg (PbDW) and 38.9 +10.3 mg/kg (PbNW). Based on
the translocation factor (TF) and bioconcentration factor (BCF), Pb was found to accumulate predominantly
in underground tissues. Additionally, a slight increase in electrical conductivity (DW: 0.2 to 0.6; PbDW: 0.2
t0 0.6; Pb(NW: 0.3 to 0.6 mS/cm) was observed. Pb concentrations in solution decreased during the experiment,
from 227.4 to 170.1 mg/L in PbDW and from 83.95 to 4.6 mg/L in PbNW, confirming the plant's potential for
Pb removal. P. australis demonstrated a significant capacity to accumulate Pb, mainly in roots and rhizomes,
and was classified as a phytostabilizing species. These characteristics make it a suitable species for the resto-
ration of sites impacted by Pb.

Keywords: water pollution, lead, phytoremediation, Phragmites australis.
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Water quality is one of the main ecological and health problems today, due to
the contribution of heavy metal ions derived from industrial activities, mining, elec-
troplating, and battery manufacturing (Hossain et al., 2022). Heavy metals are ele-
ments that are classified as extremely toxic. Pb is a heavy metal identified in various
environmental matrices such as rivers and lakes. One of the main concerns about
heavy elements such as Pb is that they do not degrade and accumulate over time
(Hasan et al., 2023). Pb is an extremely toxic metal that originates from anthropo-
genic activities such as the use of Pb-based paints, mobile batteries, and gasoline.
(Das et al., 2023). Pb can react in air and water with various elements to form sul-
fates, carbonates, and lead oxides. In the atmosphere, it can be eliminated by rain,
transferring it to the ground and bodies of water. In the soil, Pb binds strongly to
particles such as clay, which are washed away by rain into water bodies (Collin et
al., 2022). Lead in a body of water can enter the food chain by accumulating in the
bodies of lower organisms, which are then consumed, causing lead to enter the hu-
man body. Exposure to lead causes various health effects, including dizziness, in-
somnia, memory loss, damage to brain function in babies and children, and im-
paired perception, language, and memory (Song et al., 2025). Proposing technolo-
gies that help reduce Pb concentrations in water bodies is vitally important.

Conventional techniques such as chemical precipitation, ion exchange, and
electrochemical removal have several disadvantages, including high energy re-
quirements, toxic sludge production, incomplete removal, high technical require-
ments, and high installation, operation, and maintenance costs. Methods such as
biological ones are economically viable and do not generate secondary pollution,
offering practical and sustainable solutions such as phytoremediation (Damilola et
al., 2019; Zamora-Ledezma et al., 2021). Among these, bioremediation has gained
considerable attention due to its environmentally friendly nature and compatibility
with sustainable and climate-smart agricultural practices for managing pollutants
across various environmental matrices. This technique relies on the use of biologi-
cal agents such as bacteria, fungi, and plants (Das et al., 2023).

A key branch of bioremediation is phytoremediation, an ecological, promising,
and cost-effective strategy that employs plants to remediate contaminated environ-
ments. Phytoremediation encompasses several mechanisms, including the translo-
cation, transport, transformation, accumulation, and in some cases, volatilization of
contaminants (Kafle et al., 2022).

Phytoremediation is mainly used to reduce the damage caused by heavy metals
to the environment and human health with minimal negative impact on the envi-
ronment (Shen et al., 2022). P. australis is a plant commonly used in the phytore-
mediation of water, soil, and sediment at sites impacted by heavy metals (Rezania
et al., 2019; Chitimus et al., 2023). P. australis is widely used because it is a per-
ennial plant, has a wide geographical range, inhabits both aquatic and terrestrial
ecosystems, is a cosmopolitan species, and is distributed in temperate and tropical
regions (Perna et al., 2023). This plant species is known for providing habitat and
food for both aquatic and terrestrial organisms, contributing to ecosystem stability
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by preventing soil erosion. Additionally, its physiological and morphological char-
acteristics have demonstrated high potential as a biological filter for mitigating en-
vironmental pollution (Mike et al., 2020). P. autralis has the capacity for translo-
cation, resistance to toxicity, and bioaccumulation of heavy metals in the following
order: roots > shoots > leaves, making it a suitable species for the phytostabilization
of heavy metals (Klink, 2017; Rezania et al., 2019).

The aim of this study was to evaluate the phytoextraction capacity of P. aus-
tralis for lead (Pb) in two different water matrices: surface water from the Valles
River in Ciudad Valles, San Luis Potosi, Mexico, and deionized water under con-
trolled laboratory conditions.

Water and plant samples were collected from the Valles River, Cd. Valles,
S.L.P. (22°01'18.3“N, 99°03'04.0” W). Three liters of surface water were collected
using plastic containers previously washed with 10% nitric acid. For plant sam-
pling, 27 P. australis plants between 15 and 25 cm in height, with developed roots,
rhizomes, stems, and leaves, were collected from the ground. They were then trans-
ported to the laboratory in a portable cooler to maintain sample integrity.

Three treatments were carried out in the laboratory: in treatment DW 1 L of
deionized water was added to a beaker containing three plants. In treatment PbDW,
1 L of deionized water was added to a beaker containing 250 mg of Pb(NOs3)2, and
then three plants were added. In treatment PbNW, 1 L of surface water (Valles
River) was added to a beaker, containing 250 mg of Pb(NOs)> and three plants. The
entire test was performed in triplicate. A review was conducted to determine the
concentration used in this study. Several tests were carried out (500, 400, and
300mg/L), and in each case, the plant died before 9 days until it was identified that
at 250, the plant resisted the 9-day period (Bello et al., 2018; Bernardini et al., 2016;
Zhang et al., 2018).

The pH and EC were determined daily during the 9 days of exposure, starting
on day 0 (without adding Pb and plant to the solutions). A waterproof probe was
used to quantify the pH and EC, which was calibrated daily with certified standards.
The results obtained were recorded during the exposure time for each treatment
(DW, PbDW, PbNW) and were performed in triplicate (Montes-Rocha et al., 2024).
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For each of the treatments (DW, PbDW, PbNW), three 10 mL samples were
taken over a period of nine days, yielding a total of 90 samples, which were imme-
diately acidified with 3% nitric acid. Subsequently, digestion was performed in a
LabTech autoclave (121°C/30 min). Once digestion was complete, the samples
were stored in 15 mL conical tubes at 4°C until use (Montes-Rocha et al., 2024).

After 9 days of exposure to Pb in the DW, PbDW, and PbDNW treatments, the
plants were removed and sectioned into aerial tissue: stem and leaf (AT) and un-
derground tissue: root and rhizome (UT). They were then placed in an oven (Lind-
berg/BlueM) for 5 days at 70 °C. After 5 days, the dry material was ground to a
powder smaller than 2 microns in an analytical mill (IKA® WERKE). Cold diges-
tion was then performed by adding 50 mg of plant material (AT and UT) and 3.5
mL of nitric acid (HNO3) in 10 mL polyethylene flasks. The mixture was left to
stand for 5 days, after which 1 mL of hydrogen peroxide (H>O») was added. Finally,
the mixture was made up to 10 mL with deionized water and stored at 4 °C until
use (Montes-Rocha et al., 2024).

The digested samples of water and plant material (AT and UT) from the DW,
PbDW, and PbNW treatments were acclimatized to room temperature for the de-
termination of Pb(NOs3).. Pb was determined using a flame spectrophotometer
(Thermo Scientific, iCE 3000 SERIES AA Spectrometer). For quality control, a
calibration curve was performed with certified Pb standards, and enriched standards
were also used (Standard Reference Material 1643f, 97% recovery) (Montes-Rocha
et al., 2024).

TF was determined for the PbDW and PbNW treatments. Result >1 means that
the plant accumulates in aerial parts, and a result <1 means that the plant accumu-

lates in underground parts. The index was calculated using the following formula
(Rai, 2021):

Metal concentration in sheet

" Metal concentration in root

The BCF was determined for the aerial and underground parts; a bioconcen-
tration factor >1 indicates that the plant is efficient removing metals (Cicero-Fer-
nandez et al., 2017). The BCF was determined using the following formula:

BCF =CP/ ¢
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Where CP is the concentration of the metal in the plant (root, stem, or leaf)
and CS refers to the concentration of the metal in water.

Chl quantification was performed on days 0, 5, and 9 of the trial. P. australis
leaves (100 mg) were collected, then placed in a mortar with 8 mL of acetone
(CH3CH3, CTR Scientific) and subsequently macerated until a homogeneous ex-
tract was obtained. This process was carried out in a dark and cold environment.
The extract was filtered and placed in a 15 mL conical tube previously covered with
aluminum foil to prevent exposure to light and was immediately diluted to 10 mL
with deionized water. The absorbance was measured using UV-Visible spectrome-
try (Thermo Fisher Scientific Aquamate Plus UV-Vis, Wisconsin, USA) at a wave-
length of 652 nm, using acetone as a blank. The chlorophyll content was determined
using the following formula (Montes-Rocha et al., 2024):

A(27.8)(mL of extraction)
(g sample)(1000)

Chlorophyllmg/g =

Where A: absorbance of the sample, 27.8: absorption coefficient, 1000: dilu-
tion factor, mL extraction: milliliters of acetone extraction, g sample: weight of
sample used.

The results and graphs show the mean + standard error for pH, EC, Pb in solu-
tion, Pb in tissues, TF, BFC and Chl. An ANOVA analysis was performed with
Tukey's post hoc test, with a significance level of 5%, to verify significant differ-
ences between the DW, PbDW, and PbNW treatments for pH, EC, and Chl. Stu-
dent’s t-test was performed with a significance level of 5%. This analysis was con-
ducted to compare Pb in solution between the PbDW and PbNW treatments and to
compare Pb accumulation in aerial and underground tissue, TF and BCF, for each
treatment (PbDW and PbNW). Pearson correlation analysis was performed be-
tween pH, EC, and Pb in solution to determine any relationship between these var-
iables. Statistical analyses were performed using GraphPad Prism statistical soft-
ware, version 8.0.2.

During the test, the pH behavior was recorded for each treatment, and it was
observed that the DW treatment had an average pH of 6.7+0.02, the PbDW treat-
ment had a pH of 6.1+0.1, and the PbNW treatment had a pH of 6.7+0.08. In the
DW (Day 0: 6.6, Day 9: 6.8), PbDW (Day 0: 5.7, Day 9: 7.2), and PbNW (Day 0:
6.2, Day 9: 7.1) treatments, a slight increase in pH was observed as the exposure
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time progressed. Statistical analysis revealed that there was no significant differ-
ence between the DW and PbNW treatments (p<0.05), while the PbDW treatment
showed a significant difference compared to the DW and PbNW treatments
(»<0.05) (Figure 1a).
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(a) pH in solution for the DW, PbDW and PbNW treatments. (b) EC in solution for the DW, PbDW and PbN'W treatments.
And (c) Pb in solution for the DW, PbDW, and PbNW treatments.

The EC recorded a value of 0.5+0.04 mS for the DW treatment, 0.5+0.043 mS
for the PbDW treatment, and 0.5+0.03 mS for the PbNW treatment. The EC did not
show significant differences between treatments according to statistical analysis
(»<0.05). However, a slight increase in EC was observed in the DW treatment (Day
0: 0.2, Day 9: 0.6 mS), PbDW (Day 0: 0.2, Day 9: 0.6 mS), and PbNW (Day 0: 0.3,
Day 9: 0.6 mS). Both treatments showed significant differences (p<0.05) (Figure
1b). In the PbDW treatment, P. australis removed 57.3 mg/L of Pb from the solu-
tion, with removal remaining consistent throughout the 9 days. In the PONW treat-
ment, P. australis removed 83.8 mg/L from the solution, but this treatment was
characterized by inconsistency, with more Pb being absorbed on some days and
less on others. The PONW treatment was the one in which the plant performed the
best removal of Pb from the solution (Figure 1¢). The correlation analysis showed
that in the PbDW treatment, pH correlated negatively with Pb in solution (-0.295),
and in the PbONW treatment, EC correlated positively with pH (0.266) and nega-
tively with Pb in solution (-0.116).

Once the exposure time (9 days) to Pb had elapsed, it was found that in the
PbDW treatment, the aerial tissue accumulated 26.4+1.3 mg/kg and the under-
ground tissue accumulated 103.4+11.5 mg/kg. In the PbONW treatment, the aerial
tissue accumulated 1.5+0.2 mg/kg and the underground tissue accumulated
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38.9+£10.3 mg/kg. Both treatments showed a significant difference between aerial
and underground tissue (p<0.05) (Figure 2a). The translocation factor was
0.25+0.02 for the PbDW treatment and 0.04+0.01 for the PONW treatment (Figure
2b). The bioconcentration factor, the PbDW treatment in the aerial tissue was
0.1£0.005 and 0.4+0.05 for underground tissue. In the case of the PbONW treatment,
the aerial tissue showed a value of 0.01£0.001 and the underground tissue showed
a value of 0.4+0.04 (Figure 2 c).
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(a) (b) (c)

(a) Pb in P. australis aerial and underground tissue. (b) Translocation factor in PbDW and PbNW treatments. (c) Biocon-
centration factor in aerial tissue (AT) and underground tissue by treatment (UT).

PbDW treatment showed a decrease in Chl as the days of the trial progressed.
Onday0,a 1. 8+0.001 mg/g was recorded, on day 5 a 1.0 + 0.1 mg/g was recorded,
and finally, on day 9, a 0.8 = 0.1 mg/g of Chl was recorded. According to the sta-
tistical analysis, day 0 showed significant differences compared to days 5 and 9
(»<0.05), indicating that on days 5 and 9 a significant decrease in chlorophyll was
identified compared to day 0. In the PONW treatment, a decrease in Chl was ob-
served as the trial progressed. On day 0, the concentration was 2.0 + 0.04 mg/g, on
day 5 it was 1.9 + 0.1 mg/g, and finally on day 9 it was 0.6 + 0.01 mg/g. Statistical
analysis showed that days 0 and 5 did not present significant differences, and a
significant decrease in chlorophyll was observed until day 9 (p < 0.05) (Figure 3).
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Chl content in P. australis aerial tissue exposed to PbDW and PONW treatments.
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Throughout the experiment, P. australis showed tolerance to a concentration
of 250 mg/L of Pb(NO:s)2 in both PbDW and PbNW treatments. The physicochem-
ical properties of natural river water appear to influence the effectiveness of phyto-
extraction, particularly by affecting the chemical speciation and solubility of Pb in
solution. When Pb(NOs). was added to river water, visible precipitation occurred,
probably due to the presence of inorganic salts such as sulfates, carbonates, and
chlorides, which can form insoluble Pb compounds. An increase in pH was ob-
served in all treatments, which can be attributed to the presence of P. australis,
which has the ability to release root exudates such as organic acids (malate, citrate,
oxalate) that modify the pH in the rhizosphere environment. pH modification is one
of the plant's adaptation mechanisms and consists of pH regulation through meta-
bolic processes such as H" ion exchange, a key function of root cells that promotes
plant development under stressful conditions, such as nutrient deficiency and metal
toxicity (Ding and Sun, 2021).

Maintaining an elevated pH in the rhizosphere is beneficial for nutrient avail-
ability and overall plant health. Correlation analysis indicated a negative relation-
ship between pH and Pb concentration in the solution: as pH increased, the concen-
tration of dissolved Pb decreased. This trend is consistent with the well-established
influence of pH on metal solubility and bioavailability. Higher pH conditions favor
Pb precipitation or adsorption onto particles, thereby reducing its mobility and
availability in solution for plant uptake.

These results agree with those reported by Alvares-Robles et al. (2022), who
observed a moderate increase in interstitial water pH from 5.6 +£0.09 to 7.1 +0.06
accompanied by a reduction in Pb concentration from 0.03 +0.00 to 0.01 £0.00
mg/L in a study involving P. australis growing in trace element-contaminated soils.
Similarly, Guzman et al. (2022) conducted a laboratory experiment using con-
structed wetlands treated with PbSOa, reporting a decrease in pH (from 10.59 to
8.30), a slight increase in electrical conductivity (from 1.06 to 1.42 uS/cm), and a
20% reduction in Pb concentration in solution (from 0.46 to 0.37 mg/L).

Collectively, these results support the conclusion that although P. australis ex-
hibits relatively low Pb uptake efficiency, its capacity to reduce Pb concentrations
in water through mechanisms such as precipitation, adsorption, and rhizosphere
modification positions it as a viable option for the treatment of heavy metal-con-
taminated aquatic environments. The underground tissue represents the first barrier
that is in direct contact with metals, and the aerial tissue is not in contact with met-
als. However, there are various mechanisms that help mobilize metals to the aerial
parts (Mike et al., 2020). P. australis showed an adequate capacity to extract Pb
from the solution, with the underground tissue being the main organ where it accu-
mulated in both the PbDW and PbNW treatments. Subsequently, Pb accumulation
occurred in the aerial tissue in both treatments (PbDW and PbNW). Several authors
agree with the results obtained in this study. Bragato et al., (2009), they conducted
a study beginning in December 2002 in an experimental wetland in northern Italy.
They mention that P. australis has a wide capacity to accumulate metals (Cu, Zn,
Ni, and Cr) over the course of a year, mainly in the roots and rhizomes, followed
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by the stem and leaves. Another study is that of Hamidian et al. (2014), which was
conducted in Iran, where plant samples were collected in wastewater areas of a gas
refinery. They observed that P. australis has the ability to accumulate Pb (1.78-
9.38 ug/g) in tissues, mainly in the root and rhizomes. Another study was conducted
by Bello et al. (2018) in Saudi Arabia using a hydroponic system in which they
added 5 mg/L of Pb (PbCl>) in 1 L of water to the plants (P. australis). They found
that the highest accumulation of metals occurred in the roots and that as the days of
exposure increased, the concentration of metals in the plant also increased. The
concentration found before the experiment for Pb was 0.15 mg/g, and at the end, it
was 5.21 mg/g. The TF in the PbDW and PbNW treatments yielded a value <1,
indicating that the plant accumulates mainly in underground tissue and that the
mechanism it uses is phytomobilization. The BCF in the PbDW and PbNW treat-
ments in underground tissue was 0.4 and 0.4, respectively. This value is high com-
pared to that obtained in aerial tissue (0.1 and 0.01), indicating that P. australis has
a low efficiency for accumulating Pb in underground tissue in both treatments. Au-
thors such as Hernandez-Pérez et al. (2021) conducted an experiment in artificially
constructed wetlands where they exposed P. australis to concentrations of 494-
1853 mg/kg of Pb, obtained a TF <1 in P. australis for Pb, and recommended it for
phytomobilization. They also obtained a BCF factor <1, which led them to classify
P. australis as a poor accumulator. Sellal et al. (2019) exposed P. australis to 500
mg/kg of Pb and observed that it accumulates mainly in the following order: roots
> stems > leaves. They classified P. australis as phytostabilizing based on the BCF
(1.21) and TF (0.05). Plants such as P. australis have been shown to have the ability
to secrete organic acids (malate, citrate, oxalate), dissolved organic matter, and
phytosiderophores, which are essential for the solubility, transport, and absorption
of metals by plants (Ding et al., 2014; Sellal et al., 2019; Montes-Rocha et al.,
2024). In addition, it has functional groups on the root surface (carboxyl, hy-
droxyl, and amino) to which metals and transporters bind, helping to mobilize met-
als toward the root (Zhou et al., 2025).

Heavy metals such as Pb tend to have a toxic effect and can cause alterations
in membrane function, photosynthetic transport, and mitochondrial electron
transport, and can alter enzymes involved in the regulation of basic metabolism
(Mike et al., 2020). In the case of Chl, it was observed that as Pb exposure in the
plant progressed, Chl decreased, suggesting that Pb has a negative effect on plant
physiology. Metals such as Pb can generate reactive oxygen species (ROS), which
can have negative effects on plant development (Kovacevi¢ et al., 2020). P. aus-
tralis possesses various enzymatic and non-enzymatic defense mechanisms (cata-
lase, peroxidase, polyphenol oxidase, proline) that can help reduce oxidative stress
caused by the presence of heavy metals. Antioxidant activities such as catalase,
peroxidase, and polyphenol oxidase can neutralize or eliminate free radicals de-
rived from exposure to heavy metals. Proline can act as a chelator and eliminate
singlet oxygen, as well as hydroxyl radicals, reducing the damage caused by reac-
tive oxygen species (ROS) and thus protecting photosynthetic pigments during
flowering (Khalilzadeh et al., 2022). Various trials have been conducted with re-
sults similar to this trial, such as that carried out by Bragato et al., (2009), who state
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that over the course of a year, P. australis was exposed to heavy metals (Cu, Zn,
Ni, and Cr), observing that Chl a and b decreased due to metal-induced stress con-
ditions. Another study was conducted by Ayeni et al. (2012), in which they deter-
mined the concentration of Chl in P. australis from four sites along the banks of
the Diep River in South Africa. They found that the plant was exposed to metals
(Pb, Cd, Ni, Cr, and Zn) They associated the decrease in Chl a and b (7.9 and 8.8
mg/L) with the increase in heavy metals in this area. Another study with similar
results to this trial was conducted by Zhang et al. (2018), they conducted a study in
China, where they planted P. australis seeds in plastic containers with 20 cm of soil
under greenhouse conditions and added known concentrations (0, 500, 1500, and
4500 mg/kg) of Pb (NO3)2. The authors mention that there is a reduction in photo-
synthetic capacity at high levels of Pb (Pb, 3000 mg/kg). The results of the previous
authors agree with those presented in this trial: Chl activity decreases in the pres-
ence of Pb. Currently, P. australis has been used as a suitable species for phytore-
mediation in studies conducted mainly in constructed wetlands, which conclude
that it is a plant with great potential for the restoration of sites impacted by heavy
metals. In the study conducted by Amabilis-Sosa et al. (2016), they evaluated the
accumulation of mercury (Hg) in P. australis used as a biological barrier in artifi-
cial wetlands (AW) in synthetic wastewater treatment. They introduced 33.94 mg
of mercury, of which P. australis accumulated 11.14 mg+1.01 mg and 9.08
mg+0.92 mg, removing 73% to 66% of the total mercury. The study conducted by
Huang et al. (2017) evaluated the capacity of P. australis to accumulate heavy met-
als (Cu, Zn, Pb, and Cr separately) in an artificial wetland. it was recorded that the
rhizome had greater accumulation in summer (24.54 mg-kg ! dry mass) and in the
root during winter (13.72 mg-kg ' dry mass). This shows that the bioaccumulation
of Pb in the roots is a strategy whereby the plant can restrict the distribution of
heavy metals to aerial tissues.

Phragmites australis demonstrated a notable capacity to remove lead from wa-
ter bodies impacted by anthropogenic activities. The species functions as a Pb ac-
cumulator, with preferential accumulation in underground organs (roots and rhi-
zomes), followed by lower accumulation in aerial parts (stems and leaves), classi-
fying it primarily as a phytostabilizing plant. Environmental factors such as pH and
electrical conductivity were shown to influence its phytoextraction performance.
Furthermore, P. australis exhibited significant tolerance to elevated Pb concentra-
tions, suggesting the presence of physiological defense mechanisms that mitigate
metal toxicity and delay chlorophyll degradation. Based on these findings, the use
of P. australis is recommended as a viable strategy for the phytoremediation of Pb-
contaminated aquatic environments.
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