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Abstract

In current times Water pollution is considered to be dangerous because it is indirectly disturbing the
ecosystem by polluting water bodies. Hence it is necessary to resolve this issue by controlling it on source
or by treating it through treatment processes such as chemical treatment and biological treatment.
Industries are of various categories from which some are major polluting industries such as textile. A
valuable work done on laboratory level by growing algal species (blue green algae) on textile effluent after
characterization of effluent samples. For this characterization of effluents was done for various
physiochemical parameters and isolation of algal species was done and algal species was introduced in
experimentation through adsorption method and biomass was produced by remediating the textile effluent
samples. Blue green algae was considered to be good absorbent of pollutants such as trace metals by
analyzing under Fourier Transform Infrared Spectroscopy (FTIR) and X-Ray Diffraction (XRD). Results of
the study revealed that BGA can be a good absorbent of trace metals for industrial effluent treatment on
large scale and considered to be a cost-effective and sustainable bioremediation technique.

Keywords: Effluent Treatment; Physiochemical Parameters; X-Ray Diffraction; Fourier Transform Infrared;
Eco-Friendly.

1. INTRODUCTION

Algae ponds at large scale are being utilized as cost-effective and valuable source of
sewage treatment. The bulk of algae biomass manufactured in the ponds can be
collected and used in pollutant elimination. As pollution is a current problem either
pollution of water, soil or air. Algae had been studied as pollutant eliminator in effluent,
soil and in air. Algae have capacity to uptake heavy metals as well as greenhouse gas
(carbon dioxide gas) and oxides of Nitrogen and Sulphur and ammonia. Blue-green
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algae show special benefits in large scale production; Its filamentous nature allow
mechanical harvest, their capability for nitrogen fixation made them attractive for
production of fertilizer, or their vesicles can lesser pond mixing need.

Algae is photoautotrophic and are the most primitive existing on our earth surface and
it is considered to be of Proterozoic and Archaean period which were 2.7 billion years
ago, at that time these were accountable to create our oxygen containing atmosphere
by their activities like photosynthesis. Blue green algae were first to use two
photosystems | and Il and to break down water instead of Hydrogen sulfide like other
bacteria. Blue green algae capture light from sun by using chlorophyll a and different
pigments particularly c-phycocyanin and carry out photosynthesis as plants and algae.
Although blue green algae carry out oxygen producing photosynthesis like higher plants
and eukaryotic green algae, but they cannot store food as starch in their body.
Cyanophycean starch and Glycogen collectively with specific intracellular storage
components like protein consisting cyanophycean granules, lipids and polyphosphate
bodies are its main storage products Kulasooriya (2011).

Algae are amongst the most primitive of inhabitants on Earth surface and considered as
extremely diverse member in the existing worldwide biodiversity and play a major role
in the Nitrogen and Carbon bio-geochemical cycles, mainlyin deep oceans. Blue green
algae in latest years gained importance due to their probable use in different fields of
research. This varied group has applications into diverse fields as agriculture,
biotechnology and pharmacology etc. Because of presence of broad range of
biologically active compounds blue green algae possesses anticancer, antibacterial,
antiviral and antifungal activities. A number of strain of blue green algae also rich into
food supplements.

Additionally, nitrogen fixation capability of blue green algae has attracted researchers
and agriculturists as they use blue green algae as a constituent of bio-fertilizers to make
better both the growth of plants and as 5 5 well as soil fertility. Current studies have
shown that blue green algae have ability to decompose environmental contaminants
and are being utilized as a capable source of substitute energy. Despite of all the
research and analysis more work should be done in search of additional strains of algae
and genetically modified strains to get highest production of desired yield. Blue green
algae are amongst the organisms that can change atmospheric nitrogen into organic
compounds like ammonia or nitrates and consequently they serve as economical
biofertiliser in agriculture and as biofuel. Ananya and Ahmad, (2014).

Natural farming has developed as a significant area worldwide concerned with
increasing demand for healthy and safe food. And concerns for sustainability and
environmental pollution linked with random use of agrochemicals. Although use of
chemical input in farming is expected to meet up the rising demand for food production
on the earth, there are opportunities in chosen crops and fields where natural production
could be enhanced to increase the export market at domestic level. Biofertilizers as
being necessary components of natural farming are compounds containing latent or live
cells of effective strains of phosphate solubilizing, cellulolytic and nitrogen fixing micro-
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organisms used for applying to soil, seed and composting areas with the purpose of
increasing such micro-organisms and speed up those microbial processes that
increases the accessibility of nutrients which could be easily used by plants.
Biofertilizers play an important role to improve soil fertility by atmospheric nitrogen
fixation both in relationship with plant roots or without it, and solubilise the insoluble
phosphates and produces growth substances of plants in the soil.In fact they are being
developed to get naturally accessible biological system of mineral mobilization
(Venkatashwarlu, 2008).

The importance and role of biofertilizers in sustainabily production of crops has reviewed
by authors. While the advancement in the area of biofertilizer production technology
always remained under less satisfaction in the Asia due to different constraints (Mishra
et al., 2013).

2. MATERIALS AND METHODS
2.1 Effluent sample collection

Textile effluent samples were collected from diverse Textile Industries of Lahore in
November, 2021 and February, 2022. These were collected in amber glass bottles, closed
properly to avoid any impurity and were labeled as E1, E2, E3 and E4. And were
transferred in laboratory for various parameters such as pH, temperature, BOD, COD,
TDS, TSS, DO, electrical conductivity and trace metals.

1) Collection and preservation of Algae

Algal samples were collected in plastic bottles and cans and labeled with number and
were transferred to be kept in refrigerator at about 40C.

2) Algal species identification

Algal species were identified under light microscop by following standard procedure of
(Coltli et al., 2014).

3) Algal species isolation

Algae species were isolated by following standard procedures of streak plate and serial
dilution method.

4) Desired species cultivation on synthetice media

For the growth of desired algae, BG-11 media was used by following standard method of
university of texas (2009).

5) Effluent treatment by desired algal species

Adsorption experiment was utilized for effluent treatment. 0.5g of Algal biomass was taken
in flask containing 300 ml wastewater and were placed in aeration through aeration pump
and under fluorescent light.
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Estimation of algal biomass production during effluent treatment:

Algal biomass was calculated through optical density method by using UV Visible

Spectrophotometer under 680nm wavelength.

6) Characterization of Algal biomass

XRD analysis of algal biomass:

Algal samples were oven dried and ground into fine powder form for XRD analysis.

FTIR analysis of algal biomass:

Samples were prepared by freeze drying method for FTIR analysis.

Statistical Analysis:

Statistical analysis was done through Origin Lab and Microsoft Excel.

3. RESULTS

All the results of characterization of textile industry effluents were compared with National
Environment Quality Standards for Industrial effluents and data was interpreted in Table

1.

Table 1: Observed values of physio-chemical parameters of each industry
compared with the standard values of NEQS

Characteriz Effluent analysis values (Mean+SE)
Parztrlnoer][ers (E1) Industry 1 | (E2)Industry 2 | (E3) Industry 3 | (E4) Industry 4 NEQS limits
pH 6.5+0.25 12.6+0.61 8.2+0.43 8.2+0.523 6-10
Temp(°C) 31.17+0.256 34.2+1.6 38.7+2.91 37.7£1.38 400C
TDS(mg/L) | 1280.5+16.885 | 3323.1+37.17 | 1785.3+147.9 2927.5+9.872 3500 mg/L
TSS(mg/L) 143+16.274 2808+178.40 | 2794.4+164.34 | 2075+216.88 150 mg/L
DO(mg/L) 6.2+0.284 6.62+0.161 6.34+0.444 7.25+0.412 6 mg/L
BOD(mg/L) 51.43+9.056 408.743.941 | 472.5+46.347 610.3+15.027 80 mg/L
COD(mg/L) 72.51+6.555 | 803.4+16.985 126.4+6.364 210+4.647 150 mg/L
EC (us/cm) 2026+25.823 | 3754+16.157 | 2521.6+25.842 | 4036+37.301 750 ps/cm
Cd(mg/L) 0.001+0.006 0.082+0.004 0.065+0.005 0.96+0.052 0.1 mg/L
Zn(mg/L) 1.107+0.239 2.62+0.191 1.614+0.136 2.27+0.113 5.0 mg/L
Pb(mg/L) 0.018+0.002 0.32+0.0351 0.324+0.157 1.262+0.126 0.5 mg/L
Cu(mg/L) 0.084+0.025 4.1+0.208 8.38+0.466 4.066+0.202 1.0 mg/L
Cr(mg/L) 1.123+0.055 2.24+0.143 2.55+0.078 3.14+0.255 1.0 mg/L
As(mg/L) 0.75+0.036 7.1+0.082 2.18+0.056 3.34+0.232 1.0g/L

1) Comparison of Average values with the Standard values:

The Mean values of pH of industry 1, 3 and 4 were in standard range of NEQS standards,
which is 6-10. However, a high pH 12.75 was observed in the effluent of E2. Hence, the
effluent was basic in nature. The mean values of temperature of all samples were below
the permissible limit which was 400C. The effluent samples were in range of 31-380C.
The total dissolved solids were also found below the standard value which is 3500 mg/L
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in all samples of effluent. These were within permissible range. The mean values of total
suspended solids of the effluent of industry 1 were within the standard value i.e 150mg/L.
However, the average values recorded for E2, E3 and E4 were very high.

The biological oxygen demand of effluent of E1 was under standard range but the values
of other industrial effluent samples were very high. The value recorded was between 400
to 600mg/L of range. The dissolved oxygen was extremely low. The average value of
chemical oxygen demand of effluent of industry 1 and 3 were under the normal range of
standard value. The COD of E4 was slightly higher than the standard limits. And the COD
value of E2 was very high i.e almost 804 mg/L. The dissolved oxygen of samples of
industries was near the limit of standard described by WHO. The temperatures of samples
were under the limit of NEQS therefore, the dissolved oxygen was also present in
adequate concentration.

The standard value of electrical conductivity described by WHO is 750 ps/cm. The
electrical conductivity values recorded from samples of all industrial effluent were very
high. They were in range of 2000 to 4000 ps/cm.

For heavy metals, cadmium was within the normal range of standards for E1, E2 and E3
but was slightly higher in the effluent of E4. The zinc concentration was noted in the
normal range of standard for all samples. The lead concentration was slightly higher in
water of E4 as compared to other three industries which showed normal values. Copper
concentration was only normal in effluent of E1 and was many folds high in other three
industrial effluents i-e up to 8mg/L. The average value noted for chromium was higher in
effluent samples of E2, E3 and E4. The value of E1 was within the range of standard
limits. Arsenic was also present in the effluent samples. The range of arsenic in effluent
of E2 and E4 was many folds high. The concentration in E1 was normal and that of E3
was also high but somehow near to the standard value.

[_1pH values
] Temperature(oC)

[10o(mgL) _
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T T T T
Industry 1 Industry 2 Industry 3 Industry 4
Industrial wastewater samples

Fig 1: Observed Average values for pH, Temperature and DO of four industries
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Fig 3: Observed/Average concentration for Cd, Zn, Pb, Cu, Cr and As. of four
industries
2) Identification of algae through Light Microscope and SEM:

The BGA specie were identified under light microscope According to appearance under
Light Microscope blue green algae present in sample were bead-like strings as shown in
the figure 4, and belongs to nostoc genus. These are freshwater photosynthetic specie.
These contain an outer layer and an inner matrix.
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Fig 4 (a): Blue green algae detected under light microscope
1. XRD analysis:

The X-ray diffraction results of blue green algae was observed and recorded as graph.
The sharp peaks of graph showing high intensity sample and hence resulting in crystalline
material and broad peaks showing the low intensity revealing an amorphous nature of
sample material. The following graph shows that the peaks are not sharp enough.
According to results, the sample was 25% crystalline. Hence, it is semi-crystallized
polymeric substance (amorphous). Results reveals that algae of amorphous nature can
act as a good absorbent because they have high strength, good porosity and high
chemical stability.

FTIR results:

The Fourier-transform Infrared spectroscopy results of blue green algae sample are
plotted below as a graph. According to it, seven regionswere taken for interpretation
according to which various functional groups were present there. These wave numbers
were in range of 1022 to 3658cm-1. Results were interpreted by following literature of
Coates, 2000.
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Fig 5: XRD graph of sample (25% crystallinity)
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Fig 6: FTIR graph of sample

Functional group Interpretation:

In the region of first wavenumber i-e 1022cm-1, here lies the possibility of in the region of
1485cm-1 wavenumber shows that methylene C-H bond, aromatic nitro compounds and
carbonate ion were present. At 1590cm-1, various combinations of functional groups were
expected to be present. These include primary and secondary amine aromatic ring (aryl),
NH bond, carboxylate, open chain amino and azo. At the fifth wavenumber i-e 2297cm-
1, aliphatic nitrile/cyanide was present. At about 2578cm-1 wavenumber, thiols (S-H
stretch) were detected. Further At about 1712cm-1, ketone and carboxylic acid was
present. Lastly, at the wavenumber 3658cm-1, non-bonded hydroxyl group (OH stretch)

was detected.

Because the functional groups found in the sample i-e, methanethiols, carbonyl, amino,
carboxylic acid, and hydroxyl group (OH stretch) possess good absorbent properties and
hence show that it can remove metals successfully so After analyzing the functional
groups in the sample, it was concluded that the sample algae is a good absorbent of
metals..

2. Biomass determination through spectrophotometer

A flask containing syntheic media was used to determine the biomass of blue green algae
at 680nm upon regular time intervals under Uv visible Spectrophotometer. Growth pattern
was recorded for 12 days. Maximum growth of algae was recorded at 6 and 7 day under
observation. After seven days the growth started to be declined slowly. Optical density

was calculated by the following formula:

DOPT = axl Where;
DOPT = Optical Density, A(a) = absorbance coefficient = 2.303x A/l, | = thickness = 1cm
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Fig 7: Graph curve showing growth pattern of blue-green algae

The artificial (BG11) medium shows the highest rate in the growth of many species of the
cyanobacteria genus (University of Texas, 2009). Some other researchers also used
cyanophycean agar, basal broth media or combination of BG11 media with some other
media and salts. Such as species including Synechococus elongtus, Leptolyngbya,
Anabaena, Synechocystis and Oscillatoria were grown in BG11 medium (Khan,2018).
Microcystis was grown in BG11l medium (BG1l1l without combined nitrogen)
supplemented with sodium nitrate and sodium bicarbonate. In a work conducted by
Haande, 2008 explained that high values of Cod, Nirates, BOD and Phosphate with low
Dissolved Oxygen favored the development of Blue Green Agae than any other algae.
Their outcomes were reinforced by the observations of Jacob et al., 2018 and Darda et
al., 2019, in diverse industry effluents respectively. Growth and biodegradation abilities
were affected by microbial species, their natural environment, contaminants
concentration, contact time and use as individual or mixed cultures.

Heavy metals analysis:

The effluents of various textile industries were analyzed for trace metals concentrations
and also for the remediation abilities of algal biomass. The data of heavy metal
concentrations, before and after remediation processes is gathered below for every metal.
The remediation ability of blue green algae was determined through the following formula:

Adsorption (%) = (Ci — Cf) x 100/Ci where;
Ci — initial concentration and Cf — final concentration

Being an environmental friendly method, phycoremediation possess many benefits such
as algal biomass may be utilized for various purposes over a period of years (Salama et
al.,, 2017), algae possesses the ability to remove diverse pollutants (e.g., pesticides,
heavy metals, organic and inorganic toxins); in diluted effluents, these are reletively
effective because of their high surface area to volume ratio, these are appropriate even
in effluent containing higher heavy metal concentrations, algae are suitable for anaerobic
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and aerobic effluent treatment units and cultures of algae may be grown on large-scale,
and also in the laboratory and open ponds (Acuner and Dilek 2004).
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Fig 8: Cadmium concentration (mg/L) before and after treatment of effluent
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Fig 9: Zinc concentration before and after treatment of effluent
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Fig 10: Lead concentration before and after treatment of effluent
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Fig 11: Copper concentration before and after treatment of effluent
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Fig 12: Chromium concentration before and after treatment of effluent
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Fig 13: Arsenic concentration before and after treatment of effluent
Metal removal efficacy of Algae:

Blue green algae removed the 28.1% of Arsenic, 30.1% of Chromium, 15.1% of Copper,
37.6% of Lead, 43.6% of zinc and 48.6% of Cadmium. Among various processes of heavy
metal removal biosorption method shows high potential for heavy metal removal. To
eliminate pollutants, various processes including aerobic/anaerobic biological treatment,
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chemical oxidation and photolytic analysis are being utilized (Verma and Kumar, 2023).
Freshly, a research work by Shen et al., 2018 described the high efficacy of Cadmium
removal utilizing Chlorella sp. A greater bioaccumulation volume of 13.71 mg/g of the
complex of water hyacinth biochar immobilized with algal cells was achieved. The study
also revealed that intracellularly sorbed Cadmium accounted for 34.7% of the total heavy
metal ions adsorbed. Recovery tests showed that both the biochar pellets and algal cells
could be reused and recycled. Metal removal by common physico-chemical techniques
is expensive and not environment friendly hence, biotechnological methods have
received a larger deal of consideration as an alternative source in current years. The use
of microbial cells (microalgae, fungi and bacteria etc.) for the determination of heavy metal
elimination has been extravagantly studied by Malik, 2004. In adding to cells, seaweeds
are also known to have the capacity to remove trace metals from the nearby seawater
(Davis, 2000).

4. CONCLUSION

With increasing population worldwide high consumption of resources are resulting in high
pollution and environment degradation and climate change. For control of pollution in
environment various cost effective and sustainable stratagies are being introduced. In our
concerned water pollution is sourced from domestic and industrial outputs. It is need of
time to introduce some ecofriendly techniques to remediate this polluted water, Hense
under our study it is concluded from all experimentation that algal species can be a better
option to treat contaminated industrial effluents for chemical parameters such as high
BOD, COD and trace metals. Algae have many benefits as it is less costly, gives high
growth and can prevail rapidly in contaminated water and are considered to be the good
absorbant. Other recommendations can be taken from the results of this study that
various other algal species can be utilized for the treatment of textile effluents as well as
for other industries relevant to dealing with high organic load such as industries relevant
to food and food products.
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