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1. Introduction

As a result of the global industrial revolution, more effluents comprising many harmful
compounds were released into the surface water. The textile industry uses a lot of water and dyes,
making it one of the most water-intensive industrial sectors (Uddin et al., 2023; Medjahed et al., 2013).
Despite the fact that water usage varies greatly depending on the fabric and manufacturing process, an
average textile mill is expected to use 200 L/kg fabric per day (Chandrakant et al., 2016). Worldwide,
more than 100,000 commercial dyes totalling 7 108-1 109 kg/year have been documented. In 1856,
William Henry Perkin identified the first synthetic dye as an organic aniline dye and gave it the name
Mauveine. The substrates are dyed to give them a permanent hue that will not fade in the presence of
water, light, oxidising chemicals, sweat, or microbial attack (Khan et al., 2022). More than 4 to 12% of
Azo dyes are washed out during dying process in textile manufacturing. On estimation 2,80,000 tonnes
of azo dyes are discharged into water sources annually (Chengji et al., 2021). Furthermore, the textile
sector is thought to be the source of 54% of dye wastewater (Samsami et al. (2002).
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Methylene Blue (MB), which is used for cotton and silk painting, is one of the high-consumption
substances in the dye industry (Zahra et al. (2013). The chemical structure of MB is shown in Figure
1. Due to both its advantages and disadvantages, MB is one of the dyes that has been the most
extensively researched. It has numerous and extensive uses as a colouring and staining agent in the
pharmaceutical and textile industries, respectively (Sharifi et al. (2018). Due to its widespread usage in
the textile industry for colouring leather, cotton, printing, and tanning (Gupta. (2009), methylene blue
(MB) is a basic aromatic heterocyclic cationic dye that is frequently found in dye-based industrial
effluent. Humans who consume MB dye may have dizziness, shortness of breath, nausea, increased
blood pressure, a range of allergic reactions, and cancer (Alshekhil et al., 2020). Its detrimental effects
on the environment qualify it as a hazardous pollutant (Karaghool, 2020; Aaddouz et al., 2023). The
biological, chemical, textile, and medical sectors all employ MB, a heterocyclic aromatic (Contreras.
2019). When eaten by humans, MB dye causes major side effects as headache, nausea, and elevated

blood pressure (Muhammad et al. (2019).
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Figure 1: Chemical structure of methylene blue (Karen et al. (2016)

Due to its high molar absorption coefficient (8.4104 molcm? at 664 nm), it has a negative impact
on the photosynthetic activity of aquatic life, decreases oxygen solubility, diminishes sunlight
transmittance and aesthetics of the biological community. The Figure 2 explains Toxic effects of MB
on humans and other animals (Sharifi et al., 2018).
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Figure 2: Toxic effects of MB on humans and other animals

A biological technique for cleaning up the environment by employing plants is called
Phytoremediation. It is well-liked because it offers many benefits, including affordability, aesthetic
appeal, long-term applicability, and direct application at polluted sites where other treatment options
are prohibitively expensive. Additionally, plants provide protection against wind and water erosion,
halting the spread of contaminants. Its autotrophic system, which has a big biomass and requires
minimal fertiliser input, makes it simpler to handle. Grasses and other rapidly developing plants with
deep, fibrous roots are excellent for Phytoremediation (Cluis. (2004).
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The plant Azolla pinnata has a high potential for accumulation and functions well as a
Phytoremediation agent (Sapna and Lingaraju, 2022). Nodes on the ventral surfaces of the rhizomes
are the origin of numerous unbranched, adventitious roots that dangle into the water. In shallow water,
the roots may touch the soil and draw nutrients from it. They also absorb minerals straight from the
water (Kollah et al., 2016). It is an aquatic fern with bearing roots that hang in the water and a small,
branching, floating stem. Each leaf is placed in an alternating pattern and is made up of a thin, floating,
colorless ventral lobe that is slightly bigger than the thick aerial dorsal lobe that contains green
chlorophyll. Numerous bioactive substances, including vitamins, minerals, beta-carotene, essential
amino acids, saponin, and flavonoids, are present in A. Pinnata (Ahmed et al., 2020).

The aim of this study is to investigate Azolla pinnata's potential for azo dye extraction from
wastewater. This study investigates the relationship between the rate of plant growth and the dye
removal efficiency at different dye concentrations. In this study it is also examined how different plant
masses affected dye removal rates as well as how contact area affected dye removal rates. This research
also looks to understand how the build-up of dye within the structure of the plant influences the plant's
chlorophyll level.

Objectives of the study:
To study the Phytoremediation potential of Azolla pinnata in removal of an azo dye Methylene
blue under different
e To study and compare growth rate of Azolla pinnata in different dye concentrations
e To study the effect of dye concentration on chlorophyll content of Azolla pinnata under
different dye concentrations.
e To study the effect of varying plant weight on rate of reaction.

2. Methodology
2.1. Stock Solution preparation:

Stock solution of methylene blue is prepared by serial dilution method. At first 1 g of methylene
blue powder is mixed with 11 double distilled water. The above solution is used as stock solution. From
that 5 ml of stock solution is diluted in 2| water to prepare 2.5mg/l solution. In the same way 10 ml, 20
ml and 30 ml stock solution is taken in order to prepare 5mg/L, 10Mg/l and 15 mg/l methylene blue
solution.

2.2. Phytoremediation experiment
Parameters like Concentration of dye and plant dosage was altered during the study. The duration of
experiment is about 6 days while absorbance was checked at the interval of 2 days.

A plastic container holding a 2-liter dye solution was used for the phytoremediation experiment.
We chose four buckets with dye concentrations of 5 mg/l, 10 mg/l, 15 mg/l, and 20 mg/l. Water was
used to wash the azolla plants, and then the extra water was drained away before 10 grammes of the
plant were added to the container as shown in the Figure 3. According to Wagner's findings, all of the
dye solutions included the vital mineral nutrients that have been shown to support optimal Azolla
development, including 1 mM KNOgz, 2 mM CacCl,, 1.3 mM KsPOg4, 3.3 mM Mg (NOg)2, 0.038 M Zn
(NO3)2, 5.4 M FeCls, 0.004 M (NHs)s M07024, and 0.016 M Cu(NOs3)2). To reduce mistakes, the
experiment was run three times, or triplets.
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Same experimental setup was used to determine the effect of weight difference of azolla plant.
Four buckets containing already weighed plant biomass. 5g, 10g, 15g and 20g of fresh azolla were
used with constant dye concentration of 10 mg/L. the change in concentration was analyzed after 6
days. The initial and final concentrations of methylene blue are determined by spectrophotometer by
checking absorbance at 663nm.

Figure 3. The experimental setup a) 2.5mg/L, b) 5mg/L, ¢) 10mg/L, d) 15mg/L

2.3. Determination of removal efficiency
The removal efficiency is given by the formula

A
x 100

Removal ef ficiency % =

Ao = Initial Dye concentration
A = Final dye concentration

2.4. Growth rate estimation

Before the Phytoremediation experiment, the plants which were taken from pond were washed
with water and the excess water was removed with the help of blotting paper. The growth of azolla
pinnata was observed throughout the days of experiment. The plants were harvested after
phytoremidiation experiment, and then died with blotting paper. The final plant mass was taken. Plant
growth rate is given by the formula
In(Wf) — In(Wi)

Time

Plant Growth rate =

WT: Final plant weight
Wi: Initial plant weight

2.5. Determination of plant pigments

The plant photosynthetic pigments namely: chlorophyll a (Chly) and chlorophyll b (Chly) were
determined spectrometrically using spectrophotometer at wavelength ranging from 350 nm to 750 nm.
The AP was ground with a mortar and pestle and the pigment was extracted using 10 mL of 80% acetone
in a dark area. All extractions were analyzed within 30 min and the estimation of plant pigments were
based on the Arnon’s method. Arnon’s expressions of chlorophyll estimation are as follows:

Chla: [(12.7 X Age3) — (2.6 X Asas)] X/m
Chlb: [(22.9 X Asas) — (4.68 X Asas)] XIm’

where V (mL): volume of 80% acetone, m (mg): mass of plant and Aes3s and Asss represent the
absorbance at wavelength 663 nm and 645 nm, respectively.
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3. Results and Discussion
3.1 Effect of dye concentration of Decolourization rate

Compared to control average 80% of the methylene blue was removed from the water. The
concentration of dye is inversely proportional to the rate of absorption because of chemical stress that
is produced by the methylene blue concentration. Also, dead plants were observed at 15mg/L dye
concentration. Since it is an acidic dye, the increased acidity causes death of plants.

Figure 4b. Observation at day 6 (Final) at different dye concentrations
a) 2.5mg/L, b) 5mg/L c) 10 mg/L, d) 15 mg/L e) Control

Over the period of 6 days the highest removal efficiency was observed 5 mg/L dye concentration
at 85.2 %. And the lowest was observed in 15mg/L dye concentration at 72.47 %. While in the control
the remaining dye amount was same as initial dye concentration with 97.1 was still remaining. This
observation indicates that more the dye concentration, the process is slow. It is also observed that the
more than 50% of the process is done by the period of 3 days. The Decrease in the colour intensity
can be seen in the Figure 4a and 4b. The changes in absorbance over a period of 6 days with varying
dye concentration and fixed plant weight is given in the Table 1. The percentage decrease is represented
in the Figure 5.
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Table 1: Change in absorbance and remaining dye concentration over the period of 6 days

Days
0 2 4 6
Absorba Concentrati Absorban Concentrati Absorban Concentrati Absorban Concentrati
nce at . ce at 663 . ce at 663 . ce at 663 .
on in mg/L on in mg/L on in mg/L on in mg/L
d 663 nm nm nm nm
'd Control
[y
3 @omgi) 1.8643 10 1.8631 9.98 1.8215 9.77 1.8112 9.71
% 2.5 mg/L 0.2768 25 0.1468 1.32 0.098 0.88 0.0445 0.4
q
4 5mg/lL 0.7608 5 0.3633 2.39 0.2267 1.49 0.113 0.74
10 mg/L 1.8643 10 0.8308 4.45 0.5908 3.16 0.4312 231
15 mg/L 3.3323 15 1.9232 8.64 1.155 5.19 0.9508 4.28

*Plant weight was kept constant at 10 grams

Percentage Dye Degradation
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Figure 5: Percentage removal of dye for the span of 6 days with varying dye concentration and fixed
plant weight

3.2. Effect of plant weight of Decolourization rate

On observing over the period of 6 days under different plant weight, the maximum removal
efficiency was observed in 20 gram plant weight and lowest was in 5 gram plant weight. The weight
of the plant is directly proportional to the rate of dye removal. The changes in absorbance over a period
of 6 days with varying plant weight and fixed dye concentration is given in the Table 2. The Figure 6
shows the decrease in dye concentration compared to control. The percentage degradation is
represented in Figure 7.

2.3. Effect on plant thallus

Under observation of the Plant thallus in microscope, the dye is seen to be stored in plant body
and roots. As seen in the Figure 8a and 8b the dye is stored in the ventral surface not on dorsal surface
because of presence of protective layer on the dorsal surface.
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Table 2: Reduction in dye concentration over the period of 6 days with different plant weights

Days
0 2 4 6
Absorban Concenrtati Absorban Concenrtati Absorban Concenrtati Absorban Concenrtati
ce at 663 . ce at 663 . ce at 663 . ce at 663 .
on in mg/L on in mg/L on in mg/L on in mg/L
nm nm nm nm
S CC;T" 1.8643 10 1.8622 9.8 1.821 9.9 1.798 9.4
=
= 5 1.8643 10 1.2715 6.82 0.7388 3.96 0.6228 3.34
©
o 10 1.8643 10 0.4887 2.66 0.4559 2.44 0.4198 2.25
15 1.8643 10 0.4054 2.17 0.3312 1.77 0.3226 1.73
20 1.8643 10 0.31 1.66 0.3035 1.62 0.2038 1.09

*Dye concentration was kept constant at 10 mg/L

control

Figure 6: Observation at day 6 (Final) at different plant weight compared to control
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Figure 7: Percentage removal of dye for the span of 6 days with fixed dye concentration and varying
plant concentration.
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Figure 8a: Effect of Methylene blue on Plant Leaves,
Figure 8b: Effect of Methylene blue on Plant thallus

3.4. Effect on Plant pigments

The plant pigments are reduced as the dye concentration increases because of the MB getting
stored in cells. The figure 9 shows the chlorophyll content in each experimental setup. The Observed
chlorophyll in samples is 275 pL/Grams, 201 pL/Grams, 172 pL/Grams, 150 pL/Grams compared to
300 pL/Grams in stock.
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Figure 9: Effect of methylene blue on Chlorophyll content

3.5. Effect on Plant growth rate
The figure 10 shows effect of MB on growth rate of Azolla Under different dye concentrations.

The normal plant growth rate of azolla is 0.104 per day. The observed growth rates are 0.053, 0.023,
0.011 and -0.083 per day. The negative plant growth rate was observed in 15mg/L dye concentration
because of increased acidity. In this experiment on an average 80% of methylene blue was transformed
in the period of 6 days. In this experiment it is seen that the dye concentration is directly proportional to
the rate of the transformation. In a study conducted by Kah et al. 2016), the plant Eichhornia crassipes
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showed the removal efficiency of 92% of methylene blue. The Phytoremediation potential of methylene
blue is slightly higher than other azo dyes compared to other azo dyes because of its lower molecular
weight. The slightest decrease in the control is because of dye degradation due to the light, a phenomenon
called phototransformation, in which dye molecules brake down due to the light.

Effect of Methylene blue on growth rate
0,12
0,1
£ 0,08
g 006
o
G
@ 0,04
0
Control 2.5 mg/L 5 mg/L 10 mg/L Mg
002 Concentrations

Figure 10: Effect of methylene blue on Growth rate

Manghabati and Pazuki (2014), who studied the Phytoremediation of MB dye by Spirodela
polyrrhiza, discovered that the exposure time was the most important factor. According to Al-Baldawi
et al., 2018, MB dye has a maximum degradation efficiency of 90%, which may be achieved by Azolla
pinnata over five days at a starting concentration of 25 mg/L. Following 24 hours of dye exposure,
physical examination indicated definite evidence of bio-decolorization by duckweed (Lemna minor),
according to Imron et al. (2019). According to research by Ewadh (2020) the aquatic plant Coontail
(Ceratophyllum demersum) has a great potential as a Phytoremediation agent to remove MB dye from
the wastewaters, as the removal percentage of MB dye reached up to 96% after five days.

Yaseen and Scholz (2018) examined the treatability of Basic Red 46 and Reactive Blue 198
combinations in shallow ponds containing L. minor in a follow-up investigation. While experiments with
a different combination combining 8 mg/L Reactive Blue 198 and 2 mg/L Basic Red 46 produced a
removal efficiency of 33%, the removal efficiency of a solution containing 2 mg/L Reactive Blue 198
and 8 mg/L Basic Red 46 dye mixture was 66%. As a consequence, it was discovered that a mixture's
higher Reactive Blue 198 level reduced the solution's treatability. Phytoremediation effectiveness of L.
minor was examined by Khataee et al. (2012) utilising artificial neural network modelling. They looked
at how Acid Blue 92 removal efficiency was affected by beginning dye concentration, initial pH, working
time, temperature, and weight of L. minor. At a pH of 3.5, a temperature of 25 C, a plant weight of 2 g,
and an initial dye concentration of 10 mg/L over the course of 6 days, the highest removal efficiency was
91.0%. By combining triacontanol hormone with L. minor, Nur et al. (2010) investigated the elimination
of four dyes (Reactive Orange 14, Reactive Red 120, Reactive Black 5, Brilliant Blue R, and Reactive
Brilliant Blue R). With 1 mg/L of the hormone, the highest dye removal efficiency was reported to be
59.6%.
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The method of using living plant compared to the other method called phytoadsorption uses dried
mass of azolla. In this method the plants are dried powdered and made to contact with dye using rotary
shaker. This requires lesser contact time. In an experiment conducted by (Aytaf et al., 2020) using
Phyto adsorption he was able to remove 90 of methylene blue from the dye solution. In an experiment
conducted by (Muhammad et al., 2016), used the plant duckweed (Lemma minor) he was able to
remove 80% methylene blue from 50 mg/L methylene blue. The similar observations were taken by
(Reema et al., 2011, Khatau et al., 2012) respectively in the period of 3 days (72 hours).

Several other technologies are available to degrade the azo dyes in wastewater. In an experiment
conducted by Yang et al. (2020) using Electro coagulation method, they found out that the rate of
removal varies with change in concentration. For 20 minutes of time, they were able to remove 90.7%
of methylene blue and 95 % of Aniline yellow from the water. Lucas et al. (2022) reported that in
different studies have done in order to estimate the effectiveness of using microbes to degrade the
industrial dyes. They used Pseudomonas sp. Strains which were able to remove 90% azo dyes. The
bacterial strain Bacillus sp. was able to remove upto 92% of azo dye in the period of 48 hours.

In the same experiment the relative growth rate was estimated. Lemma minor or duckweed
showed the relative growth rate of 0.011 per day as compared to control unit which showed the growth
rate of 0.24 per day (Reema et al., 2011). In our experiment we observed the reducing growth rate as
the dye concentration increased. The observed growth rate of azolla is was about 0.053 in 2.5 mg/I,
0.023 In 5 mg/l, 0.011 in 10 mg/l, and -0.0083 in 15 mg/I per day. In control it was 0.104 per day in
azolla. The reduced growth rate compared to normal azolla cultivation is due to the larger ratio of azolla
used in small amount of dye solution which contained nutrients.

Also, the contact time also plays an important role in dye removal. In the study Lemma minor
removed 80% dye by the plant in 3 days. In this experiment 80 % of the process is done in the period
of 3 days here the contact time and area of contact between plant and dye solution also plays important
roles. From estimating the chlorophyll content of the plant, it was seen that the chlorophyll content of
the azolla plant is reduced by 10 to 50 percent as the dye concentration increases. According to a study
by Buy et al in 2022 dyes reduce the chlorophyll content in plants more than heavy metals because of
similar characteristics of dye and plant pigments (Bai et al., 2021). The azo dye gets stored in plant
cells beak down the chlorophyll content in plant cells.

Conclusion

In this study the efficiency of Phytoremediation of azolla is studied. It was found that plant azolla
pinnata removes up to 85% of dyes from contaminated water. It was observed that the factors such as
dye concentration and plant weight affect the rate of reaction. The effect of methylene blue on plant
body was studied. It was studied that more than half of the process is completed by period of 3 days.
After 5 days the process reaches equilibrium state. It was observed that the death of plants occur at 15
mg/L dye concentration which indicates its threshold value. The methylene blue gets accumulated in
the plant's body. Most of the dye is stored in root system and ventral thallus of azolla. Dorsal surface
is not affected by methylene blue because of protective layer on the upper part of the body. The
increasing concentration of MB has adverse effect on plants growth rate. It was seen that plants show
negative growth i.e. death of plants occur in concentrations more than 15mg/L dye concentration
because of increased acidity. This process is an effective process that uses zero machinery and far lesser
cost and a simple mechanism. It's an easier process compared more modern and complex process that
is useful in treatment of textile wastewater and heavy metal contamination in wastewater.
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