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Abstract:Serious global problems could arise from excessive levels of heavy metals
released into the environment as a result of sewage, chemical fertilizers, human
activities, and non-biodegradable industrial wastes. With an emphasis on evaluating the
sources of pollution and the possibility of phytoremediation using three perennial
aquatic macrophytes (Eichhornia crassipes L., Ludwigia stolonifera L., and Pistia
stratiotes L.), this study examined the levels of heavy metal contamination in three
drainage systems along Egypt's Nile Delta: Faraskour, El-Serw, and Hadous. Heavy
metal concentrations such as iron (Fe), copper (Cu), lead (Pb), cadmium (Cd), cobalt
(Co), manganese (Mn), nickel (Ni), and zinc (Zn) were measured in sediment, water,
and plant samples. Additionally, two phytoremediation factors—bioaccumulation
factor (BF) and translocation factor (TF)—were estimated for every plant. The findings
showed that the three drains' sediment heavy-metal concentrations happened in the
following order: El-serw > Faraskour > Hadous. The sediment heavy-metal
concentrations in the three drains were roughly arranged as follows: Fe (0.86-0.89 mg
kg!) > Mn (0.7-0.65 mg kg™) > Cu (0.4519-0.4522 mg kg™) > Pb (0.21-0.22 mg kg™)
> Cd (28.39-59.21 mg kg™) > Ni (25.6-32.67 mg kg-1) > Co (2.53-3.16 mg kg™*) > Zn
(2.28-2.35 mg kg™). For heavy metal phytoremediation, E. crassipes showed the most
promise, particularly for Fe, Mn, Pb, Zn, Cu, Ni, and Co. For Cd, L. stolonifera was the
most successful. The results highlight how phytoremediation may be used as a long-
term way to reduce heavy metal pollution in drainage systems. It is advised that
immediate action be taken to save Egypt's Nile Delta ecology, which includes building
water treatment facilities and improving wastewater management techniques.
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1.Introduction

Water scarcity and quality degradation are
among the most pressing global challenges of
the 21st century. These issues are expected to
intensify in the coming years due to the
combined effects of human activities [1]. In
many African countries, including Egypt, rapid
population growth, industrial and agricultural
expansion, has led to a significant increase in
pollutant discharge into water bodies, resulting
in severe impacts on aquatic ecosystems. For
Egypt, the dual pressures of a growing
population and reduced water availability—
exacerbated by projects like the Ethiopian
Dam—pose a critical threat to its water
resources [2]. Furthermore, pollutants such as

chemical fertilizers, pesticides, organic waste,
and untreated industrial and domestic effluents
have increasingly been released into irrigation
and drainage canals connected to the Nile
River, amplifying the environmental stress on
the region [3]. Addressing these challenges
requires sustainable water resource
management and innovative approaches to
wastewater reuse to mitigate the anticipated
impacts of water scarcity [2].
Recently, the issue of heavy metal
contamination in aquatic environments has
gained significant attention. Human activities,
including industrial ~discharges, chemical
fertilizer application, and the release of non-
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biodegradable waste, have contributed to the
excessive deposition of heavy metals in water
systems. This contamination poses severe risks
due to the toxicity, persistence, and
bioaccumulative nature of heavy metals in
ecosystems [4-5]. Heavy metals are particularly
dangerous because of their toxicity, persistence,
and environmental bioaccumulation. [6]. These
metals cannot be broken down if they are
discharged into sediment, soil, or water.
Instead, they will pass via aquatic animals and
plants and end up in the food chain [7-9]

Among the most common heavy metals
found in natural environments are cobalt (Co),
cadmium (Cd), nickel (Ni), and lead (Pb),
which are toxic even at low concentrations.
While essential trace elements like iron (Fe),
manganese (Mn), zinc (Zn), and copper (Cu)
are necessary for biological functions at
minimal levels, their solubility and mobility can
render them harmful at higher concentrations
[9].

To mitigate heavy metal contamination,
several phytoremediation techniques have been
explored, including phytostabilization,
phytoextraction, and rhizofiltration [20].
Phytoextraction is the process by which
belowground roots remove metal or pollutants
from the soil or water, whereas
phytostabilization is the capacity of a plant
species to immobilize heavy metal and deposit
it in its below-ground tissues [21].

Because aquatic macrophytes and wetland
plants can transfer high concentrations of
metals from  surrounding environments
(sediment or water) to their aboveground
tissues (leaf, stem, etc.) without impeding plant
growth, they are ideal candidates for use in
phytoremediation techniques [22, 23] Three
major drains (Faraskour & EI-Serw and
Hadous) that run north of Egypt's Nile Delta
have been subjected to exponentially increasing
levels of severe pollution in recent years due to
human activity. Heavy metals and other solid,
non-biodegradable wastes were among the
things that contaminated these drains from
industrial, agricultural, and urban wastes.
Heavy metals and other solid, non-
biodegradable wastes were among the things
that contaminated these drains from municipal,
industrial, and agricultural wastes. To the best

of our knowledge, the three drains' heavy metal
content and pollution status have not been the
subject of any prior research

To evaluate the phytoremediation potential
of three perennial aquatic macrophytes—. E.
crassipes, L. stolonifera and P. stratiotes. —we
evaluated their phytoremediation potential in
this study. These species are widely distributed,
exhibit rapid growth, and have high biomass,
making them suitable for heavy metal
accumulation [8, 14, 15, 22, 24, 25]. Therefore,
the goals of the current investigation were to: 1)
determine the heavy-metals concentrations in
the sediment and 2) assess the chosen plants
phytoremediation capacity.

2. Materials and Methods
2.1. Study area

The present study investigated three major
drains in the Nile Delta region of Egypt:
Faraskour, El-Serw, and Hadous (Figure 1).
Faraskour and El-Serw drains primarily serve
as conduits for agricultural wastewater from the
Nile Delta, eventually discharging into the
Mediterranean Sea, the Hadous drain directly
discharges into the Nile River.

The Faraskour Drain is located in the
Damietta Governorate of Egypt. It is a
significant drainage system that helps manage
agricultural runoff and drainage in the region.
The drain is near the city of Faraskour, part of
the Damietta Governorate, in the northeastern
country, close to the Mediterranean coast. The
area is primarily agricultural, with the drain
playing a crucial role in irrigation and drainage
management for the surrounding farmland.

The Faraskour Drain is approximately 40
kilometers (about 25 miles) long. As for its
width, it can vary along different segments, but
it typically ranges from 5 to 10 meters wide (16
to 33 feet). El-Serw Drain, located in El-
Dakahlia Governorate of Egypt, serves as an
important drainage system for the surrounding
agricultural land. It helps manage excess water
and prevent flooding, thereby supporting
agricultural activities in the region.

Regarding its dimensions, El-Sarw Drain is
approximately 100 kilometers (about 62 miles)
long. The width of the drain varies but typically
ranges between 5 to 10 meters (approximately
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16 to 33 feet) , depending on the specific
section and its intended function.

Hadous Drain is another important drainage
canal in the Nile Delta region of Egypt. It plays
a critical role in the agricultural irrigation and
drainage system by helping to manage excess
water and prevent soil salinity, which is vital
for agricultural productivity in the area -
Location: Primarily located in El-sharkia
Governorate of Egypt - Length: The Hadous
Drain is approximately 80 kilometers (about 50
miles) long. - Width: Like other drainage
canals, the width can vary, often around 5 to 10
meters (approximately 16 to 33 feet).

”:T a2\ A
" i\ <n fn Do
v 2y } name
l T - /’/it'eJ\ El-Serw drain

Hadous drain

Figure (1). The study area showing the three
drains.

2.2. Sampling design and processing

Three floating perennial plant species were
selected for the study. Sediment, soil, and plant
samples (n=3) were collected during the winter
of 2021 from three key locations in each drain:
upstream, midstream, and downstream (Figure
1). A total of 27 composite samples (9 sites x 3
samples per site) were analyzed. Sites were
chosen based on pollution levels and presence
of the selected plant species. Plant
identification followed the methodology
described in reference [26].

2.3. Water analysis

Water samples were collected seasonally
over a year to assess temporal variations.
Samples were taken at three strategic points in
each drain, including upstream, midstream, and
downstream areas. They were collected in acid-
washed polyethylene bottles, preserved at 4°C,
and analyzed. The pH, (EC), and (TDS) of
water samples were measured in field.

2.4. Sediment soil analysis

Sediment samples were extracted from a
depth of 0 to 30 cm. After air-drying, the

A Faraskour drain

samples were powdered and sieved with a 2
mm mesh. digested samples were then diluted
with deionized water to a constant volume
[27].

2.5. Plant analysis

Healthy plant samples were collected in
plastic bags and thoroughly cleaned with
distilled water. Samples were separated into
above-ground and below-ground tissues, the
filtrate was diluted to a specific volume with
deionized water [8,28]. Heavy metal
concentrations were measured using the same
spectrophotometer as above.

2.6. Phytoremediation potentials

Two factors were used to determine how
well the above-ground and below-ground
organs of the chosen macrophytes accumulated
heavy metals from sediment: the translocation
factor (TF) and the bioaccumulation factor
(BF). While TF represents the transfer of heavy
metal from below-ground organs to above-
ground organs, BF measures the plant organs'
capacity to absorb the metal from the sediment.
Here, the following equations were used to
determine BF and TF:

BF=C below-ground/ C sediment,

TF=C above-ground/ C below- grounds

The concentrations (mg kg-1) in tissues of
chosen plant species are denoted by the
symbols C  aoveground aNd  C  pelow-ground
respectively while C sediment refers to the
heavy-metal concentration  in  the
corresponding sediment soil [24, 29-30].

3.Results.
3.1. Water heavy metals

The analysis of water revealed significant
differences in heavy metal concentrations
among the three drains (Fig.2). Hadous Drain
exhibited the highest mean concentrations for
all measured metals (Fe: 64.39 mg kg!, Mn:
1.7 mg kg™', Pb: 1.4 mg kg, Zn: 28.95 mg
kg™, Cu: 17.72 mg kg, Ni: 1.4 mg kg, Co:
13.37 mg kg™, Cd: 1.59 mg kg™', and Hg: 0.085
mg kg'). Conversely, El-Serw Drain.
Meanwhile, the lowest levels of Mn, Pb, Zn,
and Hg were recorded in Faraskour Drain (1.52,
0.44, 17.5, and 0.01 mg kg, respectively)
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Figure (2). Concentration of the studied heavy
metals in the three drains.

3.2. Sediment heavy metals in the examined
drains

The concentrations of heavy metals in the
sediments of the three examined drains
revealed significant differences (p < 0.05)
(Figure 3). The order of sediment heavy-metal
concentrations was as follows: Hadous >
Faraskour > El-Serw. For all drains, the metal
concentrations followed the same descending
order: Cd > Ni > Co > Zn > Fe > Mn > Cu >
Pb. Among the drains, Hadous showed the
highest average concentrations of Fe, Mn, Pb,
Zn, Cu, Ni, Co, and Cd (0.89, 0.64, 0.22, 2.35,

0.45, 32.67, 3.16, and 59.21 mg/kg,
respectively). Drain.
B = faraskour serw ® hadous
70
&0
:% =1
§ 40 -
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- |
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studied heavy metals

(Figure.3) Concentration of heavy metals in
the sediment of investigated three drains

3.3. Heavy metals in plants

The concentrations of heavy metals in the
above-ground and below-ground tissues of the
three studied plan species are summarized in

Table 2. Statistical analysis (ANOVA) revealed
significant  differences in  heavy-metal
concentrations among species and tissue types
(p < 0.05) (Figure 4). Except for Cd and Pb in
L. stolonifera, all species exhibited higher
metal accumulation in below-ground tissues
compared to above-ground tissues. Among the
studied species, E. crassipes showed the
highest accumulation of Fe, Mn, Zn, Pb, Cu,
Co, and Ni in its tissues, whereas L. stolonifera
had the highest Cd concentrations.

3.4. Phytoremediation potential of plant
species

The bioaccumulation factor (BAF) and
translocation factor (TF) are critical indicators
for evaluating a plant’s ability to accumulate
and translocate heavy metals from its
environment (soil and water) into its tissues.
The results of BAF and TF for the three plant
species are presented in Table 2 and Figure 4.
E. crassipes exhibited the highest BAFshoot
and BAFroot for Fe (869.96 and 1863.68,
respectively), Conversely, the lowest BAFshoot
(90.19), BAFroot (156.4), and TF (0.466) for
Fe were recorded in P. stratiotes, L. stolonifera,
and E. crassipes, respectively. For Mn, the
highest BAFshoot (1581.5) and BAFroot
(2423.93) were observed in E. crassipes.
Overall, E. crassipes exhibited the maximum
BAFshoot and BAFroot for most metals except
Cd. In contrast, L. stolonifera showed the
highest BAFshoot, BAFroot, and TF for Cd.
The study revealed that E. crassipes recorded
the highest BAFshoot (869.96, 1581.94,
1081.7, 146.49, 161.9, 3.2, and 7.37 for Fe, Mn,
Pb, Zn, Cu, Ni, and Co, respectively) and
BAFroot (1863.68, 2423.9, 1577.15, 240.45,
316.1, and 12.2 for the same metals). On the
other hand, Pistia stratiotes exhibited the
lowest BAFshoot, BAFroot, and TF for most
metals, except for Cd, where L. stolonifera had
the highest values (BAFshoot = 1.72, BAFroot
= 1.27, and TF = 1.36). The bioaccumulation
factors (BAFs) for the studied species were
greater than one for all heavy metals except Cd
in E. crassipes and P. stratiotes and Ni in the
BAFshoot of P. stratiotes. However, the
translocation factors (TFs) for all species,
except for Cd in L. stolonifera and P. stratiotes
and Pb in L. stolonifera, were less than one.
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Based on BAF values, the plant species
ranked as follows for Fe, Mn, Pb, Zn, Ni, and
Co: E. crassipes > L. stolonifera > P.
stratiotes. For Cd, the ranking was: L.
stolonifera > E. crassipes > P. stratiotes.

When analyzing water samples, Hadous
Drain was confirmed as the most polluted, with
iron (Fe) being the most abundant element,
ranging from 41.46 mg/kg to 64.39 mg/kg. This
result is consistent with iron’s essential
biological role in aquatic ecosystems. Iron
typically exists in two oxidation states: ferric
(Fe**), which is insoluble, and ferrous (Fe*"),
which is soluble in aqueous environments
[40,41]. Comparatively, the mean
concentrations of Fe, Mn, Zn, Cd, and Pb in the
study were lower than those reported in earlier
research on the same drains connected to Lake
Manzala (787 mg/kg for Fe, 575 The lowest
lead (Pb) concentration (0.44 mg/kg) was
recorded in Faraskour Drain, consistent with
previous findings [43]. El-Badry [44] also
noted the highest concentrations of cadmium,
lead, nickel, and

zinc in the eastern section of Lake Manzala
near Hadous Drain, while the lowest levels
were observed in the western section near El-
Serw Drain. Copper (Cu) and cobalt (Co) were
higher in the western area near EI-Serw
Agricultural Drain, consistent with the present
study’s results. The ability of aquatic
macrophytes  to  hyperaccumulate  and
translocate heavy metals varies depending on
factors such as location, plant species, tissue
type, pH, and redox potential [9,49,50]. In this
(Tablel.) Heavy-metals concentration (mean

study, E. crassipes demonstrated the highest
accumulation of Fe, Mn, Zn, Pb, Cu, Co, and
Ni, while L. stolonifera showed the highest
accumulation of Cd. Despite variations, all
tested plant species absorbed considerable
concentrations of the studied heavy metals.
These differences may be attributed to factors
such as pollution levels, sampling time,
extraction methods, and the physicochemical
properties of watercourses [8,35,36]. Effective
phytoremediation plants, like
hyperaccumulators, exhibit superior metal
uptake and sequestration capabilities [50]. In
this study, E. crassipes showed the highest Fe
and Mn concentrations in both above-ground
and below-ground tissues, consistent with
previous findings [37]. Additionally, L.
stolonifera accumulated trace metals more
efficiently in its roots than in shoots, a common
compartmentalization strategy among aquatic
plants to protect against metal toxicity [49].
Saleh et al. (2019) [48] reported that living
parts of L. stolonifera effectively remediate Cd,
Pb, and Cr from polluted water.

The bioaccumulation factor (BF) offers
insights into a plant’s efficiency in metal
uptake. Plants with BF values >1.0 are
considered accumulators, while those with
values <1.0 are excluders [46,47]. In this study,
all plant species displayed BF values >1.0 for
most heavy metals, indicating their
phytoremediation potential. Among the metals,
manganese (Mn) showed the highest BF,
followed by Fe, Pb, Cu, Zn, Co, Ni, and Cd.

standard error) in the above-ground (AG) and

below-ground (BG) tissues of the study plant species collected from the three drains in the Nile
Delta of Egypt. Different letters indicate significant differences among species as well as metals (p

<0.05).
. ) Heavy-metal (mg kg™

Species Tissue Fe Mn Zn Cu Ni Co Cd
AG 790.58+ 1105.39+ 22999+ | 32351+ | 7485+ | 892+ | 21.20+ | 28.75%
Eichhornia 2.72% 82.26° 16.47° 14.60° 6.85°% 0.60° 1.86° 3.36®
crassipes BG 1693.63 1694.22+ 33533+ | 531.02+ | 146.11% | 100.22+ | 35.11* | 39.78%
+23.34% 4T 4T 27.86° 39.73° 6.72° 6.26° 3.19° 2.21°
AG 81.96+ 23.82¢ 25.00¢ 23.12¢ 2885t | 2038+ | 757% 6.7+

Pistia stratiofes 8.31° 3.30° 2.39% 6.71° 4.96° 4.08° 0.76° 0.77°
BG 17251+ 56.98+ 42.09+ 12879+ | 7471+ | 689+ | 1681+ | 6.77+

14.26% 6.83% 7.45% 7.04%® 3.06% 5.85% 1.31% 1.17
AG 12381+ 97.38+ 198.7+ 63.10+ 12.46+ | 69.63+ | 10.26+ | 71.24+
Ludwigia 3.48"° 4.46® 6.35% 3.45 0.82° | 288" | 062" | 2.04*
stolonifera BG 14213+ 147.68+ 7237+ 147.06+ | 3754+ | 9536+ | 16.47+ | 52.42+
9.04° 21.76® 4.09® 7.35° 3.80° 4.99 3.44° 7.38%
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Table (2). Bioaccumulation factor (BAF) from the sediment to roots and translocation factor (TF) from roots

to shoots of heavy metals in the three plant species grown in the studied drains
Discussion
. Heavy-metal

Species Factor Fe Mn Pb Zn | cu [ Ni | Co | cd

BAF shoot | 869.96 | 1581.49 | 1081.72 | 146.49 | 161.92 | 3.19 | 7.37 | 0.69

Eicchornia crassipes BAF root | 1863.68 | 2423.93 | 1577.15 | 240.45 | 316.08 | 3.58 | 12.20 | 0.96

TF 0.4668 0.65 0.68 0.60 051 |0.89| 0.60 | 0.72

BAF shoot | 90.18 34.08 11761 | 1047 | 62.40 | 0.73 | 2.63 | 0.16

Pistia stratiotes BAF root | 189.83 81.53 19795 | 58.32 | 161.63 | 2.46 | 5.84 | 0.16

TF 0.47 0.41 0.59412 | 0.179 0.38 | 0.29 | 0.45 | 1.00

BAF shoot | 136.24 | 139.32 | 117.611 | 28,57 | 26.95 | 249 | 3.56 | 1.72

Ludwigia stolonifera BAF root | 156.40 | 211.29 | 340.36 | 66.59 | 81.22 | 341 | 572 | 1.26

TF 0.87 0.65 2.74 0.42 033 | 073 | 0.62 | 1.35
Conclusion Predicting Trace Metals Accumulation in
. . the Egyptian Lake Burullus. Sci. Total

The study investigated heavy metal 9yp

contamination in three drainage systems in the
Nile Delta (Faraskour, El-Serw, and Hadous)
and assessed the phytoremediation potential of
selected aquatic plants. accumulation levels but
showed notable translocation for certain metals.
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