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Abstract: Heavy metal (HM) pollution has slowly but surely crept into the list of direst issues
being faced by mankind. It usually results in a myriad of complications for the environment as
well as human health. Conventional techniques for the treatment of HM pollution are sometimes
not effective under certain conditions. Treatment of HM pollution is currently being explored
by utilizing biological activity of plants, algae, fungi, etc. Positive outcomes have been
demonstrated, especially by algae. Thus, phycoremediation has arisen as an alternative, green
method of solving this 1ssue. Green algae were 1solated from Kolavai lake and then cultivated in
Erlenmeyer flasks under room conditions. After growth, the cells were harvested by
centrifugation and filtration and then dried for 24 hr at high temperatures. Powdered biomass
was then added to aqueous solutions containing Chromium at different concentrations with a
fixed dosage. Results showed that 30ppm was favored for Cr” uptake by biosorbent. Next, the
effect of pH was studied on adsorption rate. Results indicated that as the pHincreased, the Cr”
uptake was found to have decreased, thus confirming low pH favors Cr* sorption. AAS results
had indicated that biosorbent was effective in Cr” even at low concentrations and thus provided
a possible alternative to conventional techniques.

Keywords: Algae, Bioremediation, Wastewater, Heavy Metals, Chromium, Biosorption

1. Introduction

Due to the negative consequences it 1s producing all across the world, Heavy metals
(HM) pollution is an issue that is only getting worse and 1s now a major worry. Through a variety
of human activities, including agriculture, the metals industry, inappropriate waste management,
fertilizers, and pesticides, HMs are released into the surroundings [1]. Moreover, HMs are
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produced naturally by erosion, infiltration, and volcanic activity [2]. When these contaminants
are released into the environment, they build up in the soil, water, and atmosphere. Diseases
affecting the gastrointestinal system, the lungs, the heart, the kidneys, the hemopoietic system,
and the nervous system can all be brought on by HM exposure.

Both anthropogenic (man-made) and geogenic (natural) sources can release HMs [3].
Volcanic eruptions, rock weathering, etc. are some of the natural sources that release HMs [4].
The burning of fossil fuels, car exhaust, mining, agriculture, the incineration of solid and liquid
waste, and atmospheric pollution are all examples of anthropogenic sources of HMs [2, 5]. Both
natural and manmade sources of HMs can build up in the environment, and plants can absorb
these metals through tainted soil and water. HM water contamination is caused by a variety of
human activities, including the use of fossil fuels, car exhaust, mining, agricultural practices, and
waste incineration. Moreover, HMs are produced naturally by volcanoes, thermal spring activity,
erosion, Infiltration, and other processes [2]. Human health can suffer greatly as direct
consequence of HM pollution. The kidneys, liver, skin, and cardiovascular system are only a few
of the human body's organs where HMs can be toxic [6]. Metals that are toxic to humans can
enter the body through the skin, digestive system, or lungs. It has been demonstrated that toxic
metals can harm DNA and membranes, as well as interfere with protein synthesis and enzyme
activity [7]. Mercury, Lead, Chromium, Cadmium, and Arsenic are the HMs that are most
frequently linked to health issues [8]. The harm that these HMs can do to membranes and DNA,
the disruption of protein and enzyme activity, and the development of gastrointestinal,
respiratory, cardiovascular, reproductive, renal, hemopoietic, and neurological illnesses are all
possible effects of exposure to them [2]. Developmental delays, brain impairment, and kidney
disease have all been related to mercury exposure. Anemia, hypertension, and brain and nervous
system damage can all result from lead exposure. Exposure to chromium can result in liver and
kidney damage, stomach cancer, lung cancer, and other types of cancer. Prostate cancer, kidney
damage, and lung damage can all be brought on by cadmium exposure. Skin sores, skin cancer,
liver, kidney, and lung damage can all result from exposure to arsenic [8].

Algae can be bioengineered using methods that are particular to plants, and the majority
of algal biotechnological research and applications will focus on creating novel products or algae
that can synthesis commercial products at a competitive price. In addition, engineered microalgal
biochar for sustainable remediation of the emerging pollutants f[rom wastewater [9]. As they have
a relatively straightforward genetic structure and are significant economically, the form of algae
known as cyanobacteria has been the subject of most advancement in algal genetic engineering
[10]. Algal-based membrane reactor for the remediation of emerging contaminants from
wastewater: mechanism, synthesis and technological advancement also elaborated [11]. Many
lucrative items could be produced using algal biotechnology [12]. Polypeptides, polysaccharides,
organic acids, biofuels, and other products with added value can all be made from algae.
Cultivation of microalgae at the cheap cost by utilizing wastewater as nutritional source for the

production of algal biomass [13]. Over 200 species of algae are utilised globally in various
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industries as food, feed, and fertilizers. The removal of environmental pollutants from water,
soll, etc. using living organisms like bacteria, fungi, microalgae, and plants is a process known as
bioremediation. A sustamnable method of managing environmental contamination 1is
bioremediation. It can be used in addition to physicochemical methods to completely solve the
problems posed by environmental contaminants. Pesticides, solvents, explosives, oil and other

petroleum products, and others are among the toxins that bioremediation can remove [14].

2. Materials and Methods
2.1 Sample Collection

An unknown sample of green algae species was collected from Kolavai lake, South
Chennai (Latitude- 12.721060, Longitude- 79.982920). The algae was then washed with distilled

water and moculated mn agar plates in order to 1solate pure single colonies.

2.2 Algae Culture

BG-11 medium, also known as blue green algae 11 culture medium, was prepared by
appropriately weighing the 11 reagents specified above, mixing them with distilled water followed
by autoclave at 121°C for 15 min.

Table.1. Contents of BG-11 growth medium and their required concentration

REAGENT QUANTITY (mng/L)
Sodium Nitrate (NaNO3) 1500.0
Magnesium Sulphate (MgSO4.7H20) 75.0
Ferric Ammonium Citrate 12.0
Boric Acid (H3BO3) 2.861
Dibasic Potassium Phosphate (K2HPOA4) 39.0
Cupric Sulphate (CuSO4.5H20) 0.07
Sodium Carbonate (Na2CO3.H20) 20.0
Calcium Chloride (CaCl2.2H20) 27.0
Sodium Molybdate (Na2MoO4.2H20) 0.391
Manganese Chloride (MnCl2.4H20) 1.81
Zinc Sulphate (ZnSO4.7H20) 0.222
EDTA 1.0
Trace Metals Iml/L

The algae sample collected was then inoculated on a petri dish containing the BG-11
agar medium. The plates were allowed to incubate for two weeks and were regularly monitored
in order to obtain pure colonies. When appropriate growth was achieved, pure colonies were
observed under the microscope. The colonies were then moculated i conical flasks containing
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the BG-11 growth medium. The flasks were kept in an area that received sufficient light at
approximately 26°C. In order to obtain sufficient amount of biomass, the culture medium was
scaled up to a 15 L vessel after a month.

2.3 Biomass Extraction and Drying

After appropriate amount of biomass was obtained, the extraction process was initiated
by centrifuging the medium for a period of 10 min at 4500 revolutions/min. The supernatant
was then discarded while the pellets were collected in a petri plate. The collected wet biomass
was then kept in a hot air oven at a temperature of 60°C for a time period of 24 hr for drying.
Using a mortar and pestle, dried biomass was grounded and then sieved through a 75 mesh size

sieve In order to obtain uniform powdered biomass.

2.4 Synthetic Wastewater Preparation

Industrial grade Chromium sulphate was obtained from Fjaz Tanning Company, Ltd.
located in Ambur. To half a litre of distilled water, 188.5 mg of Chromium sulphate was added
m order to obtain 100 ppm aqueous chromium stock solution. From the stock solution, various
solutions of differing concentrations were prepared for the experiment.

2.5 Adsorption Study

Chromium aqueous solutions of varying concentrations (15, 30 and 45 ppm) were
prepared by diluting the stock solution. Previous studies had found the optimum adsorbent
dosage to be 1g/L [15]. Five conical flasks were taken to which 100 mg of powdered biomass was
added to four of these flasks. The following solutions were added to each flask for 100 mL; -
distilled water, 15ppm, 30 ppm, 45 ppm and 100 ppm Chromium aqueous solution. The flasks
were kept in an orbital shaker maintained at 130 rpm for 2 hours. Next, in order to separate the
biomass from the solution after adsorption, the solutions were subjected to centrifugation at 4500
rpm for 10 min followed by filtration through a Wattman filter paper. The filtrate was then
analysed by UV-visible spectroscopy at 400-580 nm. Once the optimum concentration had been
elucidated, a second round of adsorption studies was conducted, this time by varying pH as a
parameter. Five flasks containing synthetic wastewater had their pH adjusted from 4 - 8 by adding
0.1 N HCl or 1.0 M NaOH. 100 mg of powdered biomass was added to all the flasks. The flasks
were kept in an orbital shaker maintained at 130 rpm for 2 hours. The solutions were then
centrifuged at 6000 rpm n order to allow the fine particles to settle down thus, separating the

supernatant.
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3. Results and Discussion

Initially, 2 L culture vessel was theorized to yield 1g dry weight of algae. However, after
drying, the weight recovered was a measly 0.13g. Thus, there was a need to scale up the culture
vessel to a 15 L tank, which resulted in a total wet weight of 50g obtained after harvesting algae.
Alfter drying, the dry weight recovered was found to be 1.6g, thus crossing the 1g threshold
required for the experiment. Analysis of the supernatant by UV- visible spectroscopy determined
the extent to which chromium remained in the solution. The following data was obtained from
subjecting the solutions to UV- visible spectroscopy before and after adding the dry biomass
(Figure 1a, b)

a) Cr solution Cr solution + culture
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Figure 1. Graph showcasing synthetic wastewater (a); alter addition of culture (b); Comparison
between graphs of Cr solution and Cr solution + culture for each 1on concentration (15, 30, 45)

(0).

The data obtained from the table was then used to compare graphs of a particular ionic
concentration in order to make a prediction about the adsorption rate. From the line graphs, a
bar graph was generated that determines the adsorption efficiency of each particular 1on
concentration (Figure 1¢). From the graph, 30 ppm ion concentration was determined to be the
optimum concentration for Cr uptake by biosorbent with the dosage 1g/L.. While both 15 ppm
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and 30 ppm showed high adsorption rate for biosorbent, there was a significant decrease at
45ppm. This was attributed to the fact that 1g/L of adsorbent dosage will have a fixed number of
binding sites that can take up Cr” from the solution. Initially, an increase in initial concentration
was accompanied by an increase in removal rate by the biosorbent. However, any further
increase in initial concentration did not result in an increase in adsorption rate. This was
attributed to the fact that the fixed number of binding sites becomes saturated and are not able
to adsorb any more ions from the solution [16]. 30 ppm was selected for the next round of
experiments to be conducted in order observe the influence of pH. The parameter was adjusted
using a pH meter to values 4, 5, 6, 7 and 8. After centrifugation, the following data was obtained
from subjecting the solutions to UV- visible spectroscopy before and after adding the dry
biomass. The data was then used to generate a line graph in order to visualize the results (Figure

2 a,b)

a) Cr Solution b) Cr solution + culture
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pH (4, 5, 6, 7 & 8); Comparison between graphs of Cr. solution and Cr solution + culture for
each particular pH (4, 5, 6, 7, 8) at each pH with standard deviation The data obtained from
the table was then used to compare graphs of a particular pH 1n order to make a prediction
about the adsorption efficiency. From the line graphs, a bar graph was generated that
determines the adsorption rate of each particular pH (Fig. 2c¢).
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Results showed that as the pH increased, this was accompanied by a decrease i adsorption
rate. This could be attributed to the fact that an increase in pH facilitates the precipitation of
metal ions [16]. According to Kumar et al, (2011), Cr ions exist as HCrO" or Cr:O:" ions at
low pH which interface with the binding sites of the adsorbent. As the pH keeps rising,
conversion of Crions to Cr:O.*” is favoured [17]. Experiments carried out in Nithya et al, (2019)
presented that the high uptake of Cr ions at low pH is due to the presence of HCrO" ions which
predominates other forms between pH levels 1 to 4 [18]. The binding sites get deprotonated as
the pH rises, which causes them to repel negatively charged chromate ions such as CrO:*~ which
predominate at higher pH levels. While the effect of pH of the present work was conducted
between 4 to 8, Nithya er al., (2019) subsequently found out the optimum pH for Cr biosorption
to be pH 2, which consequently, was the pH at which HCrO"concentration remained
maximum. Atomic Adsorption Spectroscopy (Thermofisher Scientific, USA) [18]. Three
samples were tested using AAS; standard Cr” solution, Cr" solution with the addition of
biosorbent, and Cr” solution with the addition of biosorbent maintained at pH 4. The results
were then compiled to indicate the amount of Cr” remaining in each sample using a calibration
curve constructed using standard solutions of 1.25, 2.5, and 5ppm.Thus, it 1s clear from the data
that maximum amount of HM removal occurred at the sample to which biosorbent was added
and where the pH was not adjusted (i.e. pH < 2.5). While adsorption rate is still high, adjusting
the sample to pH 4 was not as effective at Cr” uptake as the sample maintained in its own natural
pH (Figure 3).
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4. Conclusion

Synthetic wastewater of varying concentrationswas prepared using industrial grade
chromium sulphate. Dried culture was added to synthetic wastewater which was kept in an orbital
shaker at 130 rpm for 2 hr. Biomass was separated from solution and then weighed for
comparison with biomass pre-adsorption. UV- Visible spectroscopy was conducted on the
samples to determine the concentration at which adsorption rate was maximum.Dried culture
was again added to synthetic wastewater of varying pH which were kept in an orbital shaker at
130 rpm for 2 hr. UV- Visible spectroscopy was conducted on the samples to determine the pH
at which adsorption rate was maximum.AAS was then conducted to find out the exact amount
of Cr" remaining in the sample. It was soon established that Cr" uptake remained high when pH
remained low due to existence of HCrO' ions that have a high affinity towards biosorbent. It
was seen that biosorbent could remove Cr”even at low concentrations, thus overcoming the issue
faced by some conventional techniques.
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