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Abstract
Recently, mass production of lipid along with heavy metal reduction is gaining momentum due to their cost-effective and 
greener approach towards waste water treatment. The purpose of this study is to investigate the small scale photo bioreactor 
treatment of tannery effluent using Chlorella sp. isolated form Yercaud lake, Tamil Nadu, India. The results showed a signifi-
cant decrease in the heavy metals content in the tannery effluent after the treatment. Maximum reduction of the heavy metal 
Chromium (Cr) of 10.92 mg  L−1 was recorded, followed by Cobalt (Co)-7.37 mg  L−1, Nickel (Ni)-9.15 mg  L−1, Cadmium 
(Cd)-8.48 mg  L−1, Lead (Pb)-12.54 mg  L−1, Zinc (Zn)-11.56 mg  L−1 and Copper (Cu)-10.71 mg  L−1 at the end of the 20th 
day of treatment. The microalgae, Chlorella sp. was analyzed for their biosorption ability and the maximum biosorption 
capacity (qmax) rate against heavy metals was 81.36, 70.53, 82.15, 63.29, 58.92, 83.43, 64.83 µg  L−1 for Cr, Pb, Ni, Cd, Co, 
Zn, and Cu respectively. It matched with the Langmuir and Freundlich kinetics models. The maximum  CO2 utilization was 
found to be 60.50% and maximum concentration of lipid, carbohydrate and protein was found to be 0.95 g  L−1, 250 µg  mL−1 
and 160 µg  mL−1, respectively. The presence of various groups such as hydroxyl, alkyl, carbonyl and carboxylic acids was 
confirmed using Fourier transform infrared analysis. Thus, the isolated microalgae showed good biosorption ability towards 
the various heavy metal pollutants from tannery waste water.
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Introduction

Water is one of the most crucial natural resources. Owing 
to the increasing population, urbanization, industrialization 
and worldwide mobility, the quality of water is deteriorating, 
leading to an inadequate supply of uncontaminated water, 
especially in developing countries. Most of the wastewa-
ter generated from domestic, agricultural and industrial 
sources is contaminated with both organic and inorganic 
pollutants comprising of a variety of heavy meals, plastic 
based components and high concentration nitrates, sulfates, 

phosphates, etc. Such pollutants can disturb the food chain 
and also endanger lives (Muñoz et al. 2009; Chowdhury 
et al. 2016; Sousa et al. 2018; Eerkes-Medrano et al. 2019). 
For this reason, immediate attention needs to be directed 
towards waste water treatment technologies in order to 
eliminate pollutants from the contaminated water. All these 
pollutants cannot be removed with the help of a single tech-
nology as the contaminants may vary based on their types, 
indigenous conditions and concentrations (Wollmann et al. 
2019). Additionally, precipitation and coagulation proce-
dures implemented during removal of metals lead to sludge 
formation imposing supplementary treatment for harmless 
clearance (Sharma et al. 2017). Several studies reported by 
various researchers have utilized different forms of microal-
gae for the treatment of wastewaters for the removal of heavy 
metals pollutants (Zhao et al. 2015; Yang et al. 2015),  CO2 
sequestration (Eloka-Eboka et al. 2017; Khan et al. 2018; 
Fu et al. 2018), and biomass production (Zhao et al. 2015).

Findings from the earlier studies show that the utilization 
of microalgae for the treatment of wastewaters is effective, 
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safe and also aids in removal of various toxic chemicals at a 
reduced cost. Additionally, Yadavalli et al. (2014) reported 
the cultivation of algae using wastewater from dairy effluents 
and stated that the biomass generated during the treatment 
process could be effectively used for biofuel production. 
Similar research involving removal of heavy metals and 
toxic pollutants has been studied by different researchers. 
Their effluent treatment using microalgae offers good results, 
and can be used as an alternative treatment technology.

(Luo et al. 2017; Selvan et al. 2019). The utilization of 
microalgae for the treatment of wastewater seems to be 
promising due to their extreme metabolic flexibility in the 
presence of various pollutants (Hu et al. 2018; Tamil Selvan 
et al. 2020).

Another important feature of microalgae bioremedia-
tion is the production of huge biomass during the process. 
The utilization of industrial waste water for the micro algal 
biomass production puts forward the opportunity to recycle 
industrial residues for energy and material generation. The 
algal biomass produced can be further utilized for the gen-
eration of various sustainable bio products like, fatty acids, 
proteins, animal feeds, bio-fuels etc., (Mohan et al. 2016; Yu 
et al. 2017; Madeira et al. 2017). The waste water discharged 
from the tannery industries possesses bio toxic substances 
such as heavy metals. These toxins when released into the 
ecosystem can serve as major threats to the environment and 
also cause health issues in humans. The cultivation of micro-
algae on tannery wastewater (TWW) has been explored in 
certain research studies as it is considered to have a poten-
tial biological function in trimming down the contaminant 
load accompanied by safe discharge of effluents (Nagi et al. 
2020).

The present study aims to investigate the production of 
biomass from the potential microalgae, Chlorella sp. along 
with its capacity to sequestrate  CO2 and remove heavy 
metals from tannery effluent with 90% of concentration 
adaptation.

Materials and methods

Isolation and microscopic identification 
of microalgae

For the present study, freshwater associated with micro-
algae was collected from the Yercaud lake, Tamil Nadu, 
India, and brought to the laboratory. The samples collected 
were inoculated in Bold Basal Medium (BBM) and BG11 
medium in a 100 ml sterile bottle. Different microalgae 
present in the fresh water were further isolated by spread 
plate technique using bold basal medium (BBM). At the 
end of incubation, pure forms of microalgal colonies were 
isolated and identified based on microscopic observations. 

The isolation medium was supplemented with antibiotics 
such as, ampicillin, chloramphenicol and gentamycin for the 
prevention of unwanted bacterial growth. The isolated pure 
culture of microalgae was further grown in sterile bold basal 
medium (BBM) and allowed to incubate at light intensity 
of 110 µmol  m−2  s−1, with a temperature of 23 °C, in 12/12 
light and dark cycle (Andersen 2005). The pure colony of 
the microalgal strain was observed under light microscopy 
for further identification.

Morphological identification of Microalgae

The microalgal cells inoculated on BBM agar plates were 
screened for the presence of unialgal strains. The purity of 
the algal forms was confirmed using microscopic analysis. 
Further inoculation in fresh medium was carried out for 
maintaining their monoculture state.

Collection and Physicochemical analysis of Tannery 
Effluent

In the present study, the tannery effluent samples were 
collected from Melvisaram, Vellore district Tamil Nadu. 
The effluent samples were collected in a sterile container, 
brought to the laboratory and stored at 4 °C till further pro-
cessing. The various physical and chemical parameters of 
the effluent such as pH, total dissolved solids (TDS), total 
suspended solids (TSS), total solids (TS), alkalinity, ammo-
nia, total hardness, chloride, sulphate, chromium, calcium, 
iron, nitrate, nitrite, phosphate, BOD (biological oxygen 
demand), and COD (chemical oxygen demand) as per the 
standard procedures of APHA (APHA 2005) were checked. 
The reduction of the organic and inorganic chemical pol-
lutants in the effluent samples was calculated in terms of 
percentages (%) as follows.

where, IC- Initial concentration and CV- Concentration 
value.

Determination of heavy metals

The concentration of heavy metals in the tannery effluent 
was determined based on the methodology followed by Wolf 
et al. (1979). Briefly, the effluent sample was centrifuged at 
10,000 rpm for 15 min, the sediment was collected, air dried 
and further subjected to various heavy metal analysis (Cd, 
Cr, As, Cu, Fe, Mn, Ni, Pb and Zn) using Atomic Absorption 
Spectrometer (Perkin Elmer, USA).

(1)Percentage reduction =
(IC − CV)

(CV)
× 100
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Laboratory scale treatment of effluent

For the laboratory scale, 50 L photo bioreactor was used 
with a total working volume of 40 L. Prior to the bioreme-
diation study, 5 L of selected microalgal species was grown 
in pure culture form. Then, 3 L of pure culture of microalgal 
species was transferred to 50 L photo bioreactor containing 
37 L of tannery effluent. The plastic tank was enabled with 
continuous (pure)  CO2 gas supply with 50 ml/min and the 
setup was incubated for 20 days in batch operation under 
laboratory condition. During the period of incubation, vari-
ous physiochemical properties, presence of heavy metals, 
 CO2 biosorption rate, algal growth rate, total biomass and 
lipid content were determined from the samples collected 
every day and recorded (Scheme 1).

Determination of algal growth rate kinetics

The algal growth rate was determined by measuring the 
growth of microalgae using spectrophotometer. Breifly, sam-
ples were withdrawn and the algal growth was measured by 
recording the absorbance at 680 nm. For the determination of 
biomass, the algal suspension was centrifuged at 15,000 rpm 
for 10 min, dried at 55 °C for 60 min in hot air oven. The rela-
tion between the growth rate and the biomass was estimated 
using liner regression equation (eq:2) and specific growth rate 
(eq:3) (Tamil Selvan et al. 2020):

(2)Y = 0.8754X − 0.3645
(

R2 = 0.965
)

Scheme 1  Laboratory scale treatment of tannery effluent using a photobioreactor and b Flow diagram of photobioreactor
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where, X—optical density at 680 nm and N—dry biomass 
weight  (gmL−1)

Were, µ—Specific growth rate and Ln—Liner regression.

Determination of  CO2 utilization kinetics

The  CO2 biosorption ability and the biofixation efficiency 
rate (BCO2) of the selected microalgal algal species was cal-
culated using modified methodology of De Morais and Costa 
(2007). The biofixation efficiency rate, percentage of  CO2 
removal and consumption rate was calculated as mentioned 
below:

The  BCO2 (Eq:4) and  CO2 removal (%)(Eq:5) were esti-
mated based on the equations, given as the determination of 
biofixation efficiency rate:

where, Xc % of carbon content from the given microalgal 
cell, P is the biomass productivity expressed in terms of 
mg  mL−1d−1, ZC is the molecular weight Carbon (C) and 
ZCO2 is the molecular weight carbon dioxide  (CO2).

The determination of  CO2 removal (%):

where, RCO2 is carbon dioxide  (CO2) removal in terms of 
percentage and V is the volume of  CO2.

Determination of heavy metals biosorption capacity

To study the biosorption ability of heavy metals using 
microalgae, 50 mL of the effluent treated with algae was 
filtered using nylon millipore membrane filter. The filtered 
microalgal cells were collected and utilized for biosorption 
capacity studies using atomic adsorption spectroscopy. The 
kinetics studies of heavy metals biosorption using microal-
gae was evaluated by kinetic models such as Langmuir and 
Freundlich model (Tamil Selvan et al. 2020) as mentioned 
below.

For Langmuir model, the biosorption ability was calcu-
lated using the following equation:

where,qe is Algal biosorption capacity at equilibrium 
(mg   g−1),Ce is Concentration of metals at equilibrium 

(3)�=
Ln

(

N1 − N0

)

t1 − t0

(4)BCO2 = Xc × P

(

ZCO2

Zc

)

(5)RCO2 =

(

Total CO2 biofixed(V)

Total CO2 input(V)

)

× 100

(6)
Ce

qe
=

(

1

bqmax

)

+

(

Ce

qmax

)

(mg  L−1),qmax is Maximum biosorption capacity (mg  g−1) 
andb is Langmuir constant (L  g−1).

For Freundlich model, the biosorption ability was calcu-
lated using the following equation:

where,KF is Freundlich constant,1/n is Adsorption 
intensity,qe is Algal biosorption capacity at equilibrium 
(mg  g−1) andCe is Concentration of metals at equilibrium 
(mg  L−1).

Scanning Electron Microscopic (SEM) Studies

The interaction between the microalgal cells and the heavy 
metals during biosorption process was analyzed by studying 
the cell surface of both treated and untreated microalgal cells 
using a scanning electron microscope (SEM).

Estimation of total lipid content

The concentration of lipids in the microalgal cells was deter-
mined following biomass extraction using methanol, chloro-
form, and hexane (2:1.5:1.5 v/v) by modified Floch’s method 
(Folch et al. 1957).

Estimation of total carbohydrate

The total carbohydrate content of the microalgal cells was 
determined by Anthrone method using glucose as a standard 
(Pons et al. 1981). Five gram of algal biomass was homog-
enized with 10 mL of conc.  H2SO4 and the preparation was 
centrifuged at 10,000 rpm for 15 min. The supernatant was 
collected, incubated further for 10 min at room temperature 
and used for carbohydrate content determination by record-
ing the absorbance at 490 nm. The carbohydrate content was 
calculated using the standard equation as mentioned below:

where, X1 is the total biomass and Y1 is the carbon content.

Estimation of total microalgal biomass

For determining the total microalgal biomass, the microal-
gae was harvested, filtered using 15 µm size of fiberglass 
filter cloth at the end of the 15th day and air dried under 
direct sunlight for 2 days. The total biomass weighed was 
calculated using following equation:

(7)qe = KF × C
1∕n
e

(8)Z =

(

X1 − Y1

100

)

(9)P =

(

Y1 − Y0

t1 − t0

)
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where, Y1 is concentration of biomass at time t1 and Y0 is 
concentration initial biomass at time t0.

Determination of Protein by Lowry’s Method

The concentration of intracellular protein was estimated 
using Lowry’s method with BSA as a standard.

Determination of Chlorophyll content

The chlorophyll content (Chlorophyll a, b and c) of the 
microalgae was analyzed using spectrophotometric method.

FTIR Fourier Transform Infrared Spectrum analysis lipid 
extracts

The extracted lipid was analyzed using FTIR spectros-
copy in order to investigate the functional groups present 
on cell surface of the microalgae.

Results

Isolation of microalgae

The algal growth was monitored based on the observation 
of green color of the selected culture and identification 
by light microscopic analysis.

Morphological identification of Microalgae

The pure form of microalgal strain was identified as Chlo-
rella sp. based on the morphological characteristic features 
such as spherical shape with size ranging from 2 to 10 μm 
in diameter, green photosynthetic pigments without flagella 
(Supplementary 1).

Physicochemical analysis and lab scale treatment 
of tannery effluent using Chlorella sp.

The physicochemical characteristics of the tannery effluent 
were studied, recorded and tabulated (Table 1). The results 
from the tests confirmed the potential bioremediation abil-
ity of Chlorella sp. against tannery effluent in larger scale 
treatment as a clear reduction in turbidity was visualized by 
the 20th day (Supplementary 2).

Determination of algal growth rate kinetics

In the present study, the growth of the microalgal culture 
was determined by measuring the absorbance at 680 nm. 
The lag phase of the microalgal growth was measured both 
in the treated and untreated sample which was recorded and 
calculated as 0.57 ×  109 cells  mL−1. The growth kinetics of 
the microalgae during the treatment with wastewater was 
studied at 6 different time periods and tabulated (Table 2).

Determination of  CO2 utilization kinetics

The maximum utilization (61.60%) of  CO2 was found when 
tannery effluent was treated with microalgal cells supplied 

Table 1  Physiochemical 
characteristics of untreated 
and treated tannery wastewater 
using Chlorella sp.

S.No Parameters Before treatment 
(mg  L−1)

After treatment 
(mg  L−1)

Percentage 
of treat-
ment

1 pH 9.8 8.19 –
2 Total dissolved solids 2204 218 90.11
3 Total solids 2208 226 89.76
4 Total suspended solids 35 5 85.71
5 Chloride 845 46 94.56
6 Sulphate 498 19 96.18
7 Chromium 246.4 56.3 77.15
8 Total hardness 764 136 82.20
9 Calcium 517 25 95.16
10 Magnesium 137 20 85.40
11 Total alkalinity 524 453 13.55
12 Iron content 0.05 Traces 99
13 phosphate 0.03 Traces 99
14 Chemical oxygen demand 5349 243 95.46
15 Biological oxygen demand 393 19 95.17



 Applied Water Science (2021) 11:108

1 3

108 Page 6 of 12

with different concentrations of  CO2 gas ranging from 10 to 
50 mL  min−1 (Table 3a, b).

Determination of heavy metals biosorption capacity

To determine the heavy metal biosorption ability of micro 
algal cells in tannery effluent, the heavy metal composi-
tion and quantity was analyzed using atomic adsorption 

spectroscopy, before and after the heavy metal biosorp-
tion treatment. The microalgal cells were successful in 
absorbing a greater part of the heavy metal Chromium 
(Cr),10.92 mg   L−1 (95.59%), followed by Cobalt (Co)-
7.37 mg  L−1 (94.12%), Nickel (Ni)-9.15 mg  L−1, (93.94%), 
Cadmium (Cd)-8.48  mg   L−1 (93.98%), Lead (Pb)-
12.54 mg  L−1 (93.43%), Zinc (Zn)-11.56 mg  L−1 (93.84%) 
and Copper (Cu)-10.71 mg  L−1, (89.38%) (Table 4).

The biosorption ability of the different metals using 
microalgae in tannery effluents was studied and analyzed 
using Langmuir isotherm and Freundlich kinetics model 
(Fig. 1 and Table 4). The Langumiur model biosorption 
capacities (qmax) were noted to be 81.36 µgL−1,70.53 µgL−1, 
82.15 µg  L−1, 63.29 µg  L−1, 58.92 µg  L−1, 83.43 µg  L−1, 
64.83 µg  L−1, for Cr, Pb, Ni, Cd, Co, Zn, and Cu respectively 
(Table 5).

SEM Studies

The morphological changes in the microalgae during the 
biosorption of heavy metals were investigated using SEM 
studies. The biomass after the treatment of tannery effluent 
was observed under high resolution. The scanning electron 

Table 2  Analysis of microalgal 
growth kinetics

Day Microalgal growth 
kinetics (n ×  109 cells 
 mL−1)

Control Tested

1 0.69 0.72
4 0.86 0.93
8 1.24 1.64
10 1.87 2.38
14 2.66 3.45
16 3.54 4.69
18 4.12 5.36
20 4.77 6.21

Table 3  a Carbon content, 
average  CO2 utilization rate, 
and  CO2 biosorption efficiency. 
b Comparison different 
microalgal species for biomass 
productivity at pure  CO2

a

CO2 conc. (mL  min−1) CC (%w/w) P (mg  mL−1) RCO2  (gCO2L−1  min−1) ECO2 (%)

25 12.25 0.24 0.86 29.65
50 21.94 0.56 1.04 39.64
75 40.46 1.65 1.90 53.58
100 63.06 2.46 1.34 61.60

b

Studied Microalgal spe-
cies

Flow rate (ml/
min)

Biomass productivity (mg/mL/
day)

Reference

Oscillatoria sp. 300 0.90 ± 0.001 Nithiya et al. (2017)
Chlorella sp. 100 0.75 ± 0.003 Skrupski et al. 

(2013)
Chlorella sp. 100 1.9 ± 0.002 In this study

Table 4  Determination of heavy 
metals from Chlorella sp. after 
tannery effluent treatment

S.no Parameters Concentration of heavy metals  (mgL−1)

Before treatment After treatment

1 Chromium (Cr) 247.89 10.92
2 Lead (Pb) 190.90 12.54
3 Nickel (Ni) 150.89 9.15
4 Cadmium (Cd) 140.80 8.48
5 Zinc (Zn) 187.67 11.56
6 Copper (Cu) 100.89 10.71
7 Cobalt (Co) 125.30 7.37
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microscopic image during the treatment with tannery efflu-
ent great structural changes (Fig. 2).

Estimation of total lipid content

In the present study, the lipid concentration was estimated 
using modified Floch’s method. The Lipid content present 
in tannery effluent Control culture (C) and Melvisharam 
Untreated (MSU) was found to be 0.63 g  L−1 and 0.95 g  L−1 
respectively (Fig. 3). The extracted lipid was further ana-
lyzed using thin layer chromatography (TLC) and FTIR.

Estimation of Total Carbohydrate

The intracellular carbohydrate content present in tannery 
effluent control culture (C) and Melvisharam Untreated 
(MSU) was found to be 165 µg  mL−1 and 250 µg  mL−1 
respectively (Fig. 4).

Determination of Protein by Lowry’s Method

The protein content present in tannery effluent Control cul-
ture (C), and Melvisharam Untreated (MSU) was found to be 
120 µg  mL−1 and 160 µg  mL−1 respectively (Fig. 5).

Determination of Chlorophyll content

The Chlorophyll a content present in tannery effluent Con-
trol culture (C) and Melvisharam Untreated (MSU) was 
found to be 5.6 µgmL−1 and 7.1 µgmL−1, respectively. Simi-
larly, the Chlorophyll b content was found to be 7.4 µgmL−1 
and 9.6 µgmL−1 respectively. Among the tested samples, the 
Melvisharam untreated (MSU) showed rich content of Chlo-
rophyll a and b when compared to effluent treated biomass, 
whereas Chlorophyll c content was found to be 5.3 µg, and 
6.5 µg respectively (Fig. 6).

FTIR Fourier Transform Infrared Spectrum analysis 
of the lipid extracts

The extracted lipids analyzed using FTIR spectroscopy 
is depicted in the Fig. 7. FT-IR analysis for lipid extracts 
was performed to find out the chemical composition. Both 
control and treated biomass were analyzed using FTIR 
spectroscopy to investigate the functional groups present 
on cell surface of the microalgae. The results revealed 
that the untreated control biomass showed characteristic 
absorption peaks corresponding to hydroxyl groups (–OH), 
alkyl (–C–C), carboxylic acids (–COOH), carbonyl (–C 
O), and esters (–COOR) and lipid absorption ranges up 
to (2000–3000)cm−1. The FTIR spectral analysis of MSU 
showed the presence of characteristic peaks corresponding 
to hydroxyl groups, alkyl, carbonyl, carboxylic acids and 
esters, however slight changes in the peak values of func-
tional groups was detected. These changes observed in the 
treated biomass correspond to the presence of toxic com-
pounds (Table 6).

Discussion

The present study focuses on evaluating the efficacy of the 
microalgae Chlorella sp. in reducing the toxic components 
present in tannery effluents. Initially, the pure culture of 
microalgae was isolated and primary identification was con-
firmed based on shape, size and color intensity of the strain.

During the remediation process by microalgae, the pH 
level of the effluent turns neutral or roughly neutral since the 
dissolved  CO2 is reduced by the microalgae during the pro-
cess of photosynthesis which in turn elevates the pH level. 
The chemical oxygen demand (COD) and the biochemi-
cal oxygen demand (BOD) of the tannery wastewater were 
reduced to 95.46% and 95.17% respectively after treatment 
using Chlorella sp. This can be attributed to the effectiveness 

Table 5  Isotherm models of Langmuir and Freundlich constant biosorption kinetics for Chlorella sp

qmax—maximum biosorption capacity (µg  L−1), b—affinity coefficient (L  mg−1), SSE—Sum of square errors squared,  Kf—Freundlich sorption 
capacity constant, n, Freundlich affinity constant and *Significant at the 95% level

S. no Models Parameters Tannery effluent

Cr Pb Ni Cd Co Zn Cu

1 Langmuir qmax 81.36 70.53 82.15 63.29 58.92 83.43 64.83
b 0.716 0.629 0.734 0.536 0.391 0.746 0.566
R2 0.968* 0.958* 0.987* 0.952* 0.979* 0.986* 0.978*
SSE 11.26 9.52 12.67 8.45 6.95 11.67 7.53

2 Freundlich Kf 17.67 53.70 23.12 15.89 17.66 15.69 13.19
n 5.4 7.4 4.1 3.6 2.7 5.7 3.8
R2 0.969* 0.974* 0.978* 0.959* 0.980* 0.971* 0.967*
SSE 7.57 6.9 7.92 5.93 5.26 7.76 6.03
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of the strain to improve the quality of the wastewater. Almost 
similar results were obtained by Das et al. (2017) in a similar 

study with Chlorella vulgaris, where the COD and BOD 
values came down to 94.74 and 95.93%, respectively, after 

Fig. 1  Biosorption of heavy metals for Freundich and Langumuir kinetics isotherm model

Table 6  Characteristics FTIR absorption wavenumbers

S.no Wavenumber range  (cm−1) Typical band assignment from the literature Functional group

1 3029–3639 Water (O–H) Protein (N–H) stretching Amide
2 2809–3012 carbohydrate mainly  (CH2)  (CH2) stretching Lipid
3 1620–1780 Saturated (C=O) stretching of esters Amide
4 1583–1709 (C=O) stretching Protein amide
5 1550–1475 N–O asymmetric stretch Nitro compounds
6 1425–1477 Protein  (CH2) and  (CH3) bending of methyl, Lipid  (CH2) bending Protein, Lipid
7 1357–1423 Protein  (CH2) and  (CH3) bending of methyl Carboxylic Acid Protein, carboxylates Lipid
8 1191–1356 stretching of phosphodiesters Nucleic Acid
9 1000–1300 Stretching two band Ester (C–O)
10 820–995 bending Vibrations =C–H & =CH2

11 790–840 Aromatic  sp2 C–H bending patterns para disubstituted
12 700–800 Vibrational Stretching O–H molecule
13 500–600 Aliphatic iodo compounds C–I stretch
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21 days of treatment. In another study, Das et al. (2018) 
examined the bioremediation potential of two different 
marine microalgae strains individually and in consortium 
for the reduction of pollutants in tannery wastewater. It was 
found that Chlorella sp. and Phormidium sp, were able to 
reduce BOD, COD, chromium, total nitrogen, total phospho-
rous upon incubation for 20 days.

The results from the algal growth rate kinetics studies 
clearly indicate that the presence of tannery waste water 
supported the microalgal growth while also increasing its 
metabolic activity. Thus, effluent treatment using micro-
algal cultures attests to be a good choice for the treat-
ment process. The biosorption kinetics evaluation results 
obtained closely integrated with both the Langmuir and 
Freundlich isotherms which are also in accordance to 
the study by Pradhan et al. (2019) who investigated the 
biosorption ability of microalgal biomass from Scenedes-
mus sp. Maximum utilization of  CO2 was observed when 
tannery effluent was treated with microalgal cells supplied 
with different concentrations of  CO2 gas ranging from 10 
to 50 mL  min−1. Tannery wastes are attributed to con-
tain high levels of BOD, COD, suspended solids, total 
dissolved solids, chromium and sulfides. The efficiency 
of the isolated Chlorella sp. to remove the heavy metals 
contaminants, especially Chromium ((95.59%) correlated 
with the findings obtained by Das et al. (2017) who stated 
that microalga Chlorella vulgaris notably removed 100% 
of the chromium for 12 days of culture along with the 
removal of phosphates and sulphates.

Total dissolved solids (TDS) is a significant chemical 
factor of water, which specifies the occurrence of a range 
of minerals including nitrate, nitrite, phosphate, sulphates, 
metallic ions, alkalis and acids in both colloidal and dis-
solved forms. According to Das et al. (2017) a very high 

Fig. 2  Analysis Scanning electron microscopic (SEM) for treated 
microalga Chlorella sp.

Fig. 3  Estimation of lipid content from microalgae Chlorella sp.

Fig. 4  Estimation of carbohy-
drate content from microalgae 
Chlorella sp.
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concentration of TDS in untreated wastewater was con-
densed by C. vulgaris by day 21 with an overall TDS 
removal of 41% which is contrary to the results obtained in 
the current study as the percentage of the treatment given 
by the isolated strain is 90.11% which is indicative of its 
high potency. The results from the study by Ajayan et al. 
(2015) revealed that the algal biomass during the growth 
period reduced the pollution load of heavy metals like (Cr-
81.2–96%, Cu-73.2–98%, Pb-75–98% and Zn-65–98%) 
which are almost comparative to the current study results 
as given- (Cr)-10.92 mg  L−1 (95.59%), (Cu)-10.71 mg  L−1, 
(89.38%), (Pb)-12.54 mg   L−1 (93.43%), and Zinc (Zn)-
11.56 mg  L−1 (93.84%). The control biomass showed low 

lipid content when compared to the effluent treated bio-
mass. While fascinatingly, the effluent treated biomass 
showed high rich carbohydrate content when compared to 
the control biomass. The protein content present of MSU 
was higher (160 µg  mL−1) than the control (120 µg  mL−1). 
The chlorophyll ‘b’ content of the biomass treated effluent 
was found to be highest followed by concentration of chlo-
rophyll ‘a’ and ‘c’. Analogous findings of Santhosh et al. 
(2020) were reported with using Chlorella sp. strain, which 
highlighted that the chlorophyll a and c content were higher 
in 50% concentration but chlorophyll c was highest in 60% 
concentration.

Fig. 5  Estimation of protein 
from microalgae Chlorella sp.

Fig. 6  Determination of chloro-
phyll content from microalgae 
Chlorella sp.
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FTIR spectral analysis of MSU confirmed the pres-
ence of characteristic peaks corresponding to hydroxyl 
groups, alkyl, carbonyl, carboxylic acids and esters. Vidy-
adharani et al. (2013) studied the FT-IR spectrum for the 
analysis of lipid from Chlorella vulgaris. The results from 
this study were compared to those values in order to con-
firm the stretching pattern of Chlorella sp. The peak at 
3007.02  cm−1 corresponds to olefinic C–H stretching due 
to the presence of unsaturated fatty raw materials and a 
similar peak at 2920  cm−1 was identified in literature stud-
ies. The peaks for C-H bending vibration were visualized 
around 1425.40  cm−1. FTIR based lipid analysis was much 
more superior to the other methods like nile red fluorescence 
microscopy analysis and thin layer chromatography (TLC) 
due to its technical advantages such as sensitivity and high 
throughput means to assess carbon allocation changes.

Conclusion

The results of the present study offer possible applications of 
microalgae, Chlorella sp. for the removal of different heavy 
metals from the tannery effluents. The biosorption capacity 
of Chlorella sp. was confirmed against different heavy met-
als such as Cr, Pb, Ni, Cd, Co, Zn, and Cu during tannery 
effluent treatment with a maximum efficiency in removing 
chromium (95.59%). The pseudo order kinetics was well fit-
ted with Langmuir and Freundlich kinetics model. The abil-
ity of  CO2 sequestration during the treatment was also found 
to be high which aids in the production of elevated level of 
carbohydrate, lipid and protein. In conclusion, the isolated 
microalgae, Chlorella sp, is found to be a versatile microbe 
which assists in the removal of heavy metals and also to fix 

 CO2 from the environment, thus providing a promising alter-
native technology for the treatment of effluent waste water.
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