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Abstract
Many industries pollute the water by discharging coloured effluents, presenting a major
environmental problem as they are typically toxic, carcinogenic and mutagenic to life forms.
Activated carbon is commonly used to purify water commercially, but it is economically unviable.
This study aims to investigate the ecological effects of waste dyes on Perna viridis and explore
the effectiveness of utilising dragon fruit peels to remove waste dyes from water. The byssus thread
count, clearance rate and neutral red retention time assays were conducted to study the
physiological and cellular effects the dyes had on the health of the Perna viridis. Dragon fruit peels
were then added to methylene blue solutions as an adsorbent and compared with activated carbon.
Results showed that the presence of 10 ppm of methylene blue negatively impacted Perna viridis
in all assays except byssus thread count, highlighting the importance of keeping the seas
unpolluted. Dragon fruit peels have also proved to be effective adsorbents which are comparable
to activated carbon and can potentially be a cost-effective alternative in the bioremediation of
water as compared to activated carbon.
1.

Introduction
Researchers have been investigating the ecological effects of industrial waste dyes on

aquatic life such as fishes and algae. Many of these dyes contain chemicals, which are toxic or will
pollute the water (Kant, 2012), and organic materials that react with many disinfectants such as
chlorine to form products that are often toxic, carcinogenic or mutagenic (Suteu et al., 2009).
Moreover, dyes also contain colour pigments and oily scums which not only gives the water it is
in a foul smell and bad appearance but also blocks the penetration of light into the water, which
reduces the rate of photosynthesis of plants in polluted water. This inevitably reduced the level of
oxygen in the water, thus affecting aquatic life (Kant, 2012; Gita, Hussan & Choudhury, 2017).
Textile effluents containing dyes discharged into water caused certain fishes to develop physically
abnormal behaviours (Gita et al., 2017), unusual internal organs (Karthikeyan, Jambulingam,
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Sivakumar, Shekhar & Krithika, 2006) and production of thick mucus on their bodies as observed
(Selvaraj, Leena & Kamal, 2015).
Byssus threads are secreted by the byssus gland at the base of the foot of mussels (Yonge,
1962). The byssus thread secretion in mussels is influenced by many factors, both exogenous and
endogenous factors, including environmental factors (Zardi, Mcquaid & Nicastro, 2007).
Variations in byssus thread production with changes in environmental conditions have been
reported for several species of mussels (Winkle, 1970; Price, 1980; Meadows & Shand, 1989), and
this could potentially serve as a biomonitoring tool for environmental contamination (Goh, Lai,
Tan, Yap & Dissanayake, 2014).
Being sessile filter feeders, water processing capabilities of Perna viridis directly translates
to feeding efficacy and is integral to organismal health and survival (Goh et al., 2014). Studies on
physiological responses of bivalves have shown reduction in feeding rates with exposure to
environmental stress factors like sedimentation (Bricelj & Malouf, 1984; Ward & MacDonald,
1996; Baco, MacDonald & Ward, 1998) or heavy metals (Watling, 1981; Grace & Grainey, 1987).
To find out the effect of pollutants in the water on mussels, the volume of seawater filtered by the
mussels can be found out which can be assessed by means of microalga feed removal (clearance
rate) from a fixed volume of water (Coughlan, 1969).
Molluscs such as mussels have organs and tissues which are highly dependent on an
extensively developed lysosomal system: subcellular organelles surrounded by a semipermeable
membrane that contain numerous hydrolytic enzymes involved in a range of cellular processes
including digestion, defense, and reproduction (Moore, 1980; Pipe, 1992; Ferreira & Dolder,
2003). Lysosomes play an important role in the detoxification and defence in marine organisms
(Moore, 1980; Lowe et al., 1995a, b), and may accumulate a variety of toxic metals and organic
chemicals. The stability of the lysosomal membrane can then be used to determine their efficiency
in performing these functions, giving rise to the neutral red retention assay. (Lowe et al., 1992,
1995a, b; Goh et al., 2014).
As the impact of dyes on marine organisms cannot be underestimated, it is paramount to
find solutions to remove waste dyes from water. Activated carbon is commonly used to purify
water commercially, but it may not be cost-effective (EPA Alumni Association, n.d.). Hence, this
study explored the possibility of using dragon fruit peels as an economically viable adsorbent. In
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Vietnam, the total annual production of dragon fruit is around 700,000 tonnes (FFTC, 2018). As
22-44% of a dragon fruit is made up of the rind (Cheok, 2016), usually discarded, this results in
huge amounts of waste, which can be harvested for the bioremediation of polluted water. Ground
dragon fruit peel was also embedded in alginate beads to improve the ease of retrieval after use.
2.

Objectives and Hypotheses
The objectives of this study are to investigate the ecological effects of waste dyes on Perna

viridis as well as the effectiveness of dragon fruit peels in removing waste dyes from water.
The hypotheses of this study are that exposure of mussels to methylene blue treated water
will reduce clearance rate, neutral red retention time, and byssus thread count of Perna viridis; and
that dragon fruit peels are comparable to activated carbon in the bioremediation of water treated
with methylene blue.
3.

Methods and Materials

3.1.

Materials
For the investigation of the ecological effects of waste dyes on Perna viridis, the Perna

viridis were bought from local sources. For the investigation of the effectiveness of dragon fruit
peels in the bioremediation of polluted water, the dragon fruit peels were sourced from a local
supermarket. Instant Ocean aquarium salt was bought from Aquarium Systems, while microalga
feed was bought from Reed Mariculture.
3.2.

Methods
The experimental procedure is split into 3 segments. Firstly, Perna viridis was pre-treated

in artificial seawater containing methylene blue at 10 parts per million (ppm). Afterwards, three
biological assays (byssus thread count, clearance rate, neutral red retention time) were conducted.
In the second part of the experiment, water with methylene blue was bioremediated with dragon
fruit peels and activated carbon separately and compared. The possibility of using sodium alginate
beads to encapsulate the dragon fruit peels was also explored.
3.2.1. Preparation of artificial seawater
357.89 grams of Instant Ocean aquarium salt was dissolved in 10 litres of deionised water
to form artificial seawater which would then be stored in an air-tight container for later use.
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3.3.

Byssus thread count assay

3.3.1. Pre-treatment
Five crystallisation dishes were set up each for the control set-up, which contained 1 litre
of artificial seawater per dish; and the treatment set-up, which contained methylene blue at 10ppm
in addition to artificial seawater. Three Perna viridis with their byssus threads removed at the start
of the experiment were placed into each dish with their dorsal sides facing the side of the dish. 1
ml of Reed Mariculture microalga feed was provided in each dish, along with constant aeration.
3.3.2. Counting of byssus thread
After 24 hours of pre-treatment, the number of byssus threads produced by each mussel
was counted. Every individual thread was considered as one thread. If the threads were bundled
up, every thread that could be identified as an individual thread was considered as one thread, and
the rest of the bundle was considered as one thread.
3.4.

Clearance rate assay

3.4.1. Pre-treatment
Two crystallisation dishes were set up each for the following set-ups: the control, which
contained 1 litre of artificial seawater per dish; the 5ppm methylene blue and 10ppm methylene
blue set-ups, which contained the corresponding concentration of methylene blue per dish in
addition to seawater. Three Perna viridis and 1 ml of microalga feed was added into each dish,
along with constant aeration.
3.4.2. Feeding of mussels
After 24 hours of pre-treatment, the mussels in each crystallisation dish were transferred
into separate clean crystallisation dishes which each contained 1 litre of artificial seawater and 1
ml of microalga feed, along with constant aeration. After making sure that the microalga feed was
spread evenly across the seawater, 200 μl of the mixture was aliquoted from each dish into
Eppendorf tubes. At the end of 1 hour of feeding, another 200 μl of the mixture was aliquoted.
3.4.3. Counting of microalga cells
In each Eppendorf tube, 20 μl of the mixture was loaded into a haemocytometer. The
haemocytometer was placed under the microscope so the microalga cells could be enumerated.
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3.5.

Neutral red retention time assay

3.5.1. Pre-treatment
One crystallisation dish was set up each for the following set-ups: the control, which
contained 1 litre of artificial seawater per dish; the 5ppm methylene blue and 10ppm methylene
blue set-ups, which contained the corresponding concentration of methylene blue per dish in
addition to seawater. In the crystallisation dish belonging to the control set-up, 1 litre of artificial
seawater was added. Five Perna viridis and 2 ml of microalga feed was added into each dish, along
with constant aeration.
3.5.2. Pre-experiment preparations
Firstly, the microscope slides that would be used for this assay had to be coated with PolyL-Lysine diluted with deionised water at a ratio of 1:10 and air-dried. Secondly, Marine Bivalve
Physiological Saline was prepared so that the mussel cells could be transferred from place to place
without feeling stressed. Deionised water was added to 4.77g of hepes, 25.48g of sodium chloride,
13.06g of magnesium sulfate, 0.75g of potassium chloride and 1.47g of calcium chloride until the
volume of the mixture is 1 litre. Thirdly, the Neutral Red stain (working solution) was prepared.
The stock solution prepared prior to the experiment was removed from the fridge so that it could
reach room temperature. 995 μl of physiological saline and 5μl of the NR stock solution was added
into a 2ml smoked vial before they were mixed by vortexing.
3.5.3. Recording of neutral red retention time
After 1 hour of pre-treatment, the mussels (N = 15) were opened using a fixed scalpel blade
and the excess seawater was drained out from the shell cavity. 0.5 ml of haemolymph was then
drawn from each mussel into a syringe which already contained 0.5 ml of physiological saline.
The haemolymph was transferred into pre-siliconised microcentrifuge tubes. 40 μl of the
haemolymph mixture from each tube was transferred onto the centre of a Poly-L-Lysine coated
microscope slide. All the slides were then incubated in a light proof humidity chamber for 15
minutes. Following the incubation period, the excess physiological saline/haemocyte mixture was
tapped off the slides and 40μl of the working neutral red solution was added to the cells on the
slide. All the slides were incubated in the light proof humidity chamber for another 15 minutes to
allow the dye to penetrate the lysosomal compartment of the cells. Afterwards, each slide was
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periodically examined under the light microscope and the time taken for 50% of the cells in view
to release dye from their lysosomes was recorded. Cells which have released dye from their
lysosomes tend to be the more stressed cells. They are typically rounder in shape, smaller in size,
and have darker and larger lysosomes.
3.6.

Bioremediation of dyes using dragon fruit peels

3.6.1. Preparation of dragon fruit peels
The dragon fruit peels were cut into smaller pieces, washed with deionised water and then
dried out in the sun. Using a blender, the dragon fruit peels were blended into granular sizes.
3.6.2. Preparation of sodium alginate beads
8 ml of sodium alginate solution and 1 g of adsorbent were added to a beaker containing 8
ml of deionised water. The contents were mixed thoroughly using a glass rod. Then, a syringe was
used to suck in the mixture before the mixture was dripped into another beaker containing 100 ml
of calcium chloride solution. Beads averaging 5 mm in diameter were produced with every drip.
After the mixture in the syringe had been depleted, the beads were sieved out of the calcium
chloride solution and rinsed with deionised water twice. The beads were finally stored in a beaker
containing deionised water to prevent them from drying out.
3.6.3. Bioremediation
Six groups of three beakers were set up, each containing 100 ml of 10 ppm methylene blue.
1 ml of the solution in each bottle was transferred into cuvettes which were analysed using a UVVisible Spectrophotometer at 664 nm. Each beaker in every group of beakers except the control
carried added substances: 1 g of dragon fruit peels, 1 g of activated carbon, sodium alginate beads
carrying a total of 1 g of dragon fruit peels, sodium alginate beads carrying a total of 1 g of activated
carbon and empty sodium alginate beads were added to each of the bottles. The bottles were left
on the magnetic stirrer to stir for 24 hours. 10 ml of the solution in each bottle was then transferred
into centrifuge tubes. The solutions which originated from bottles without the addition of alginate
beads were centrifuged at 8500 rpm for 10 minutes and filtered. The supernatant in each tube was
transferred into cuvettes which were analysed using the spectrophotometer at 664 nm.
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Results and Discussion

4.1.

Byssus Thread Count
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Figure 1: Graph showing the effect of 10 ppm methylene blue on the average number of byssus
threads produced by the mussels
Figure 1 shows that the mussels that were exposed to 10ppm methylene blue dye grew an
average of 4.87 threads while those that were exposed to artificial seawater without methylene
blue grew an average of 7.20 threads. The mussels in the control set-up grew an observably greater
number of byssus threads than those in the treated set-up. A Mann-Whitney U-Test was carried
out which revealed that p > 0.05 which showed that the results are not statistically significant.
Being an environmental stressor, the 10ppm methylene blue dye likely caused the mussels close
their valves and subsist on anaerobic respiration to reduce exposure. Thus, in order to survive, the
energy supplied to various physiological processes not critical for survival, including byssus thread
production, would be limited (Goh et al., 2014). The result is similar to that reported by Winkle,
(1970) and Price, (1980), when the mussels were subjected to other environmental stressors.
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Figure 2: Graph showing the effect of different concentrations of methylene blue on the
clearance rate of mussels.
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Figure 2 shows that the mussels that were exposed to artificial seawater without methylene
blue had an average clearance rate of 5.96. The mussels that were exposed to artificial seawater
with methylene blue at 5 ppm and 10 ppm had average clearance rates of 6.37 and 2.21
respectively. A Kruskal-Wallis Test was conducted on the three set-ups which revealed that p <
0.05. A Mann-Whitney U-Test was carried out with the control and the set-up with methylene blue
added at 5 ppm which revealed that p > 0.05. Another Mann-Whitney U-Test was carried out with
the control and the set-up with methylene blue added at 10 ppm which revealed that p < 0.05. In
addition to the reduced energy supplied for feeding when the mussels were subjected to the 10ppm
methylene blue dye environmental stressor due to their subsistence on anaerobic respiration,
feeding is also decreased due to reduced filtering when the valves are closed to reduce exposure
to the environmental stressor. This is similar to the results when the mussels were subjected to
other types of pollution, as reported by Bacon et al., (1998), Wang et al. (2011), Watling, (1981).
4.3.

Neutral Red Retention Time
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Figure 3: Graph showing the effect of different concentrations of methylene blue on the time
taken for 50% of the cells to lyse when treated with neutral red
Figure 3 shows that the mussels that were exposed to artificial seawater without methylene
blue had an average neutral red retention time of 13.9 minutes. The mussels that were exposed to
artificial seawater with methylene blue at 5 ppm and 10 ppm had average neutral red retention
times of 73.7 and 90.9 minutes respectively. A Kruskal-Wallis Test was conducted on the three
set-ups which revealed that p < 0.05. The methylene blue has affected the lysosomes of the cells
not only directly on the membrane but also by activating (or downregulating) calcium- and tyrosine
kinase-dependent cell signalling pathways. This destabilised the lysosomal membrane, as they are
membrane dependant processes, which in turn decreased the ability of the lysosomes to retain the
Neutral Red dye. Under physiological stress, the lysosomes lysed readily releasing neutral red to
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the rest of the cytoplasm. As a result, the lysosomes of the mussels exposed to 10 ppm methylene
blue retained the neutral red for the shortest duration after uptake. This trend has also been
observed in similar studies such as those by Moore, (1980), Lowe et al., (1995a, b).
4.4.

Bioremediation of dyes using dragon fruit peels
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Figure 4: Calibration curve showing the concentrations corresponding to absorbance
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4.4.2. Percentage of methylene blue dye adsorbed by adsorbents
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Figure 5: Percentage of methylene blue dye adsorbed by adsorbents
Figure 5 shows that dragon fruit peels adsorbed 93.9% of the methylene blue dye which is
comparable to activated carbon which adsorbed 99.8% of the dye, suggesting that dragon fruit
peels has great potential to be further developed into a commercial product. A Kruskal-Wallis test
was conducted on all six sets of data which revealed that p < 0.05. Using sodium alginate beads to
contain the adsorbents had negligible effect on the percentage of dye except in the case of the
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control, as the blank alginate beads had adsorbed some methylene blue. Cellulose found in dragon
fruit peels has hydroxyl groups, which is anionic, it can attract the cationic ions found in methylene
blue, which makes dragon fruit peels a good adsorbent of methylene blue. Moreover, using alginate
beads has not compromised the ability of dragon fruit peels to adsorb methylene blue. Hence, the
dragon fruit peels embedded in alginate beads can be easily retrieved after use.
5.

Conclusion
Perna viridis experienced a significant reduction in clearance rate and neutral red retention

time when exposed to methylene blue dye. There was an observable reduction in byssus thread
count in mussels exposed to 10 ppm methylene blue dye, but the large variation made the results
statistically insignificant. It can be concluded that when methylene blue dye is present in seawater,
Perna viridis will face many ecological impacts that are detrimental to its survival. It is possible
that other marine organisms such as crustaceans and fish will also be affected by methylene blue
as Perna viridis is a reliable bioindicator of pollution. The ecological impact of pollution of
seawater has dire consequences especially if the effect is bioamplified as it progresses up the food
chains. Water pollution must be curbed to deter the mass extinction of marine organisms. In
addition, this study has shown that dragon fruit peel is comparable in effectiveness to commercial
activated carbon in the bioremediation of water polluted by methylene blue dye. Dragon fruit peels
can hence potentially be a more economically viable alternative to commercial activated carbon.
6.

Future Work
Due to bioamplification, predators of Perna viridis will accumulate exponentially higher

concentrations of pollutants. Hence, it is necessary to investigate the effects of both consuming
Perna viridis which have consumed dyes and other pollutants such as nitrates, as well as the effects
of direct exposure to pollutants on other organisms. More assays can also be conducted such as
phagocytosis, cell viability and glycogen analysis to further investigate the potential effects of dyes
on humans.
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