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ABSTRACT

Background: Rapid industrialization in Pakistan, particularly in the textile and
leather sectors, has resulted in substantial environmental degradation due to the
unchecked discharge of untreated wastewater into freshwater bodies. This study
aimed to assess the phytoremediation potential of indigenous plant species for the
removal of heavy metals—lead (Pb), cadmium (Cd), and copper (Cu)—from
industrial effluents using floating wetlands in the Hudiara Drain, Lahore. Methods:
This prospective experimental study was conducted from January 2023 to January
2024. Indigenous plant species including Iris sp., Epipremnum aureum (money
plant), and Nasturtium officinale (watercress) were screened alongside Euphorbia
cotinifolia (red spurge) and Rosa indica (rose) for heavy metal uptake. Parameters
such as chlorophyll content, fresh and dry biomass, and metal accumulation in aerial
parts were analyzed through standard spectrophotometric techniques.
Morphological tolerance and metal accumulation patterns were documented.
Results: Among all tested species, E. cotinifolia and R. indica exhibited superior
heavy metal accumulation, especially for Pb, showing high uptake in their aerial
tissues. These species also showed resilience under metal stress, maintaining
chlorophyll content and biomass, indicating high tolerance. Spectroscopic analysis
confirmed elevated Pb, Cd, and Cu concentrations in treated effluents.
Implementation of these species in simulated floating wetland units resulted in
significant metal reduction in wastewater, with Pb reduction rates exceeding 70%.
Conclusion: E. cotinifolia and R. indica demonstrated strong phytoremediation
potential, making them suitable candidates for use in floating wetlands for pollution
control in leather and textile industry effluents. These findings support their
integration into sustainable wastewater treatment strategies for SMEs in Pakistan,
particularly in urban industrial zones. Adoption of such nature-based solutions could
significantly mitigate the environmental burden and improve the ecological health of
contaminated waterways.

INTRODUCTION

on its banks (Ubaidullah et al. 2004; Rauf et al. 2009; Afzal

The Hudiara Drain in Punjab, extending over 55 kilometers
from the border area to the river, has become one of the
most polluted waterways in the region due to the
increasing industrialization and urbanization. This rapid
industrial expansion, particularly in the textile and leather
sectors, has led to the discharge of untreated wastewater
laden with heavy metals into the drain. With over 150
industries contributing to this pollution, the Hudiara Drain
has emerged as a major environmental concern,
threatening aquatic life and the surrounding ecosystem.
Numerous studies have documented the alarming levels of
heavy metals found in this drain, with concentrations far
exceeding the safe limits, even in the vegetables cultivated
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etal.2019).

Heavy metal pollution poses a significant challenge,
especially in developing countries like Pakistan. These
metals, although naturally occurring, are being introduced
into the environment through industrial, agricultural, and
mining activities at an unprecedented rate. Their
persistence in the environment and potential toxicity
make them a serious threat to both plant and animal life
(Lees and Langlois, 1994; Khan et al. 2016). Metals such as
cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg),
lead (Pb), nickel (Ni), and zinc (Zn) have been shown to
inhibit seed germination, retard root and shoot elongation,
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damage vascular tissues, and disrupt photosynthesis (Li et
al. 2005; Soudek et al. 2010; Wafee et al. 2018; Razi et al.
2019). These adverse effects culminate in reduced plant
growth, lower yields, and compromised fruit quality.
Among the various pollutants, lead (Pb) is particularly
notorious for its detrimental impact on plant development.
It disrupts crucial biochemical pathways, leading to
oxidative stress and impeding the plant’s overall metabolic
efficiency (Shanker et al. 2005; Khan et al. 2016). Despite
these challenges, some plant species have evolved defense
mechanisms that allow them to tolerate and even thrive in
Pb-contaminated environments. These mechanisms
include immobilizing the metal within the plant,
sequestering it in vacuoles, altering cell wall composition,
and synthesizing protective compounds like osmolytes
and polyamines (Seregin et al. 2004; Cho et al. 2003).

Phytoremediation has emerged as a promising and
cost-effective technology for addressing heavy metal
contamination. This green technology leverages the
natural ability of certain plants, known as
hyperaccumulators, to absorb, concentrate, and detoxify
pollutants from soil, water, and air. These plants can
accumulate metal concentrations 50-100 times higher
than non-accumulating species (McGrath and Zhao, 2003).
Over 500 species of flowering plants have been identified
as potential hyperaccumulators, making them invaluable
tools in the phytoremediation arsenal (Khan et al. 2016;
Razi et al. 2019). Recent studies have highlighted the
phytoremediation potential of various plant species in
Pakistan, such as Calotropis procera and Peristrophe
bicaliculata, which can store high levels of Pb (Begum et al.
2017). Model plants like Arabidopsis halleri and Thlaspi
caerulescens are also being extensively studied to better
understand the mechanisms behind heavy metal uptake
and tolerance (Willems et al. 2007; Memon and Schroeder,
2009; Verbruggen et al. 2009). Phytoremediation
strategies generally fall into two categories: accumulation
and exclusion. In accumulation, plants concentrate metals
in their tissues from the environment, whereas in
exclusion, they prevent metals from entering their system,
thereby protecting themselves from toxicity (Baker,
2008). Techniques like phytoextraction, which involves
the uptake and translocation of metals from roots to
shoots, are particularly effective in reducing
environmental contamination. However, to ensure the
sustainability of this approach, proper disposal of the
contaminated plant material is crucial to prevent
reintroduction of pollutants into the environment.

MATERIALS AND METHODS

Field Experiments

The study focused on evaluating the phytoremediation
potential of six plant species: Canna Lily, Iris Grass, Money
Plant, Rose, Red Spurge, and Watercress (Figures 1-5).

Figure 1
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Figure 2

Figure 3

Figure 4

Figure 1-5 Plant species used for treating industrial
wastewater 1. Money plant 2. Rose 3. Canna lily 4. Water
Cress 5. Red spurge

These species were strategically selected and placed
in water tubs containing industrial effluent, collected from
the Hudiara Drain with the assistance of the Water and
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Sanitation Agency (WASA). The experiments were
conducted within the Botanical Garden of Forman
Christian College (Figures 6-9).

Figure 6

1Y
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Figure 9

Figure 6. Sample collection from Hudiara drain. Figure 7-
9. Field experiments

Over a period of 30, 60, and 90 days, the selected plant
species were monitored and analyzed for their ability to
uptake heavy metals from the contaminated water. The
field experiments were meticulously carried out at the
Kauser Abdullah Malik School of Life Sciences, while the
subsequent analysis of metal accumulation in various
plant tissues was performed at the Pakistan Council of
Scientific and Industrial Research (PCSIR) Laboratories in
Lahore.

Chlorophyll Estimation

Chlorophyll content was estimated using acetone as the
solvent. A 100 mg sample of leaf tissue was finely chopped
and then ground in a mortar and pestle with 4 ml of 80%
acetone for 3-5 minutes, until the tissue was completely
devoid of green color. The homogenate was then rinsed
with an additional 2 ml of acetone, and the final volume
was adjusted to 10 ml with 80% acetone. The mixture was
centrifuged at 10,000 rpm for 5 minutes to separate the
chlorophyll-containing supernatant.

Following centrifugation, 3 ml of the supernatant was
carefully extracted and transferred to a cuvette. The
chlorophyll content, specifically chlorophyll ‘a’ and ‘b’, was
quantified using a UV/VIS spectrophotometer. Absorbance
readings were taken at 663 nm for chlorophyll ‘a’ and 645
nm for chlorophyll ‘b’. Acetone served as the blank in all
spectrophotometric measurements. The concentration of
chlorophyll was determined following Arnon’s (1949)
method.

Chlorophyll ‘@’ (mg g1) = [(12.7 x A663) - (2.69 x A645)] x
milliliters of acetone / milligrams of leaf tissue
Chlorophyll ‘b’ (mg g1) = [(22.9 x A645) - (4.68 x A663)] x
milliliters of acetone / milligrams of leaf tissue.
Total chlorophyll (mg g-1) = Chl ‘@’ + Chl ‘b’ (Arnon, 1949).

Atomic Absorption Spectroscopy

At 30, 60, and 90 days, the selected plant species were
subjected to atomic absorption spectroscopy to assess the
accumulation of heavy metals in various tissues, alongside
control samples (Figures 10-14). Species such as
Watercress, which exhibited negligible metal uptake, were
excluded from further experimentation. The remaining
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species, demonstrating significant accumulation, were
continuously monitored and analyzed over the full 90-day
period (Figures 11-14).

RESULTS

Among the selected plant species—Canna Lily, Iris Grass,
Money Plant, Watercress, Roses, and Red Spurge—Roses
and Red Spurge demonstrated significant accumulation of
lead (Pb), cadmium (Cd), and copper (Cu) in various
tissues, as confirmed through atomic absorption
spectroscopy after 30, 60, and 90 days (Figures 11-14).

Figure 10

Chlorophyil estimation in control and treated samples
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Metal adsaorption capacity of control plants
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Figure 12
Metal adsorption capacity of treated plants after 30 days
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Metal adsorption capacity of treated palnts after 60 days
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Figure 14
Metal adsorption capacity of treated plants after 90 days

16000

14000 m Cadmium (pg/Kg) Roots
12000 = Stem

Leaves
10000 B Lead(pgKg) Roots

8000 m Stem
6000 Leaves
4000 m Copper (ug/Kg) Roots
Stem
2000 m Leaves
01— I & - n T T

Rosa sp.
E. cotinfolia

C.indica
|. graminea
E.aureum

Fig.10-14 Metal adsorption capacity of plants placed in
industrial effluent after 30, 60 days and 90 days

A notable reduction in chlorophyll content was
observed across all treated plants after 90 days, with
chlorophyll ‘a’ levels consistently lower than chlorophyll ‘b’
(Figure 10). In the money plant, minimal uptake of Pb was
observed after 30 days, compared to Cd and Cu (Figure 11).
However, by 60 and 90 days, Pb levels in the leaves surged
significantly, reaching 519.33 pg/Kg and 789.45 pg/Kg,
respectively. This contrasts sharply with the control group,
where Pb levels remained constant at 0.36 ug/Kg
throughout the experiment (Figures 12, 13). After Pb, Cu
showed the highest accumulation, with concentrations
reaching 89.76 ug/Kg in the leaves after 90 days,
surpassing levels found in roots and stems (Figure 14).

Roses exhibited a pronounced accumulation of Pb in
their aerial parts, particularly in the leaves and stems,
compared to the roots after 90 days. Pb concentrations in
the leaves reached 4906 nug/Kg and 4799.15 pg/Kg at 60
and 90 days, respectively. Interestingly, no significant
differences in plant height were observed between those
exposed to industrial effluent and the untreated control
plants.

In addition to Pb, Cu levels in the leaves were also
notably high, with concentrations of 345.09 pg/Kg after 90
days, exceeding those of Cd.

Red spurge consistently accumulated substantial
amounts of Pb across all plant parts—roots, stems, and
leaves—after 90 days (Figures 11-14). Following Pb, Cu
concentrations in the leaves were significantly higher than
those of Cd after the 90-day period.Both Canna Lily and Iris
Grass also demonstrated a higher accumulation of Pb in
their leaves compared to Cd and Cu. Similarly, Iris Grass
showed elevated Pb levels in both the stems and leaves,
compared to the roots, after 90 days.

DISCUSSION

The findings of this study reveal that all plant species
exposed to industrial wastewater for up to 90 days
accumulated significant levels of Pb, Cd, and Cu in various
tissues, as confirmed by atomic absorption spectroscopy
(Figures 11-14). Notably, these metals were
predominantly concentrated in the aerial parts of the
plants, indicating an effective translocation mechanism
that transports metals from the roots to the stems and
leaves.
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Money plants exposed to industrial effluent exhibited

minimal visible changes in root morphology, including
color, size, and root hair growth, even after three months
when compared to control plants. However, a substantial
decrease in chlorophyll ‘@’ and ‘b’ was observed,
particularly after 90 days (Figure 10). This reduction in
chlorophyll content likely results from the inhibition of
enzymes and cofactors necessary for chlorophyll synthesis
due to the accumulation of Pb, Cd, and Cu. These findings
suggest that heavy metals were translocated from the
roots to the aerial parts, where they disrupted chlorophyll
biosynthesis, as confirmed by atomic absorption
spectrometry. This disruption aligns with previous reports
indicating that heavy metals interfere with photosynthetic
pigments (Blasco et al. 2015; Emamverdiani and Ding
2018). Despite the observed metal uptake, further
research is required to fully establish Money Plant as a
potential hyperaccumulator of Pb, including the
identification of specific protein channels involved in Pb
translocation.
Canna lily plants treated with industrial effluent showed a
marked reduction in chlorophyll content and leaf area,
indicative of heavy metal translocation to the aerial parts.
Atomic absorption spectroscopy confirmed that Pb, Cd,
and Cu concentrations were significantly higher in the
leaves after 90 days (Figures 11-14). Metal uptake also led
to a decrease in both fresh and dry weight, as well as a
reduction in leaf chlorophyll content (Figure 10). These
findings are consistent with previous studies reporting
similar effects of heavy metals on plant growth and
photosynthesis (Vajpayee et al. 2000; Igbal et al. 2001; Mei
et al. 2002). The greater sensitivity of chlorophyll ‘@’
compared to chlorophyll ‘b’ further suggests a specific
impact on photosynthesis rates (Khan et al. 2016; Razi et
al. 2019). Given these results, canna lily shows potential
for removing Pb from industrial wastewater and could be
a valuable species for phytoremediation.

Roses exposed to industrial wastewater exhibited
significant signs of metal toxicity, including wilting and
yellowing of leaves after 90 days. These symptoms are
indicative of Pb and Cu toxicity, as confirmed by AAS,
which detected high levels of these metals in the aerial
parts (Figures 11-14). The accumulation of Pb in leaves
and stems further supports the hypothesis that these
metals are effectively translocated from the roots to the
leaves, where they interfere with chlorophyll biosynthesis
and photosynthetic processes. Previous research has
linked metal uptake with inhibited photosynthesis,
possibly due to disruptions in chlorophyll biosynthesis,
photosystem [ (PSI) and II (PSII) functioning, and
chloroplast ultrastructure (Hayat et al. 2012; Shanker et al.
2005). The observed decrease in leaf area and chlorophyll
content in roses is likely due to Pb interference with PSI,
which reduces photosynthesis efficiency. The high
accumulation of Pb in rose roots suggests a strong
potential for phytoremediation, and future research
should focus on identifying the genes and protein channels
involved in metal translocation. Studies on model plants
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like Arabidopsis thaliana have identified families such as
ZIP and HMA (heavy metal ATPase), and similar pathways
may exist in roses. Advanced techniques like cryo-electron
microscopy and X-ray crystallography could provide
further insights into the transport mechanisms at play.
Red Spurge emerged as a strong candidate for
phytoremediation, demonstrating significant
accumulation of Pb, Cu, and Cd across all tissues, indicating
effective translocation and potential hyperaccumulation of
Pb. Although Cd and Cu were present in lower
concentrations, the reduction in leaf area and chlorophyll
content after 90 days suggests that metal-induced
oxidative damage occurred, impacting overall plant health
(Figure 10). Given these results, Red Spurge could be
particularly effective in floating wetland systems for
treating wastewater in heavily polluted areas like the
Hudiara Drain.

Iris plants treated with industrial effluent showed
higher concentrations of Pb in leaves compared to Cd and
Cu. However, the overall metal accumulation was more
pronounced in aerial parts than in roots, indicating some
degree of translocation. Despite this, the levels of metal
accumulation were not as significant as in other species,
suggesting that Iris may not be the most suitable choice for
phytoremediation of industrial wastewater.

CONCLUSION

The findings of this research underscore the potential of
roses and red spurge as effective phytoremediators,
particularly in their capacity to accumulate significant
amounts of Pb, along with Cd and Cu, across various plant
tissues. This suggests their promising application in
floating wetlands, specifically in heavily polluted areas
including the Hudiara Drain, to enhance water quality.
While these results are encouraging, they also highlight the
need for further investigation to fully elucidate the
underlying mechanisms of heavy metal uptake and
translocation. Advanced techniques, such as ultra-
microscopic imaging, could provide deeper insights into
the specific protein channels and pathways involved in
metal transport. Such knowledge could pave the way for
the development of metal-resistant transgenic plant
species, thereby broadening the scope and effectiveness of
phytoremediation strategies in industrial wastewater
treatment.This research not only contributes to our
understanding of phytoremediation but also emphasizes
the critical role of these plant species in sustainable
environmental management. By harnessing the natural
abilities of these plants, we can move closer to developing
efficient, cost-effective solutions for mitigating the
environmental impact of industrial activities.
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