
* Corresponding author.

Presented at the First International Seminar on Pollution, Health, Environment and Bio-monitoring (SIPSEB-2021), 27–28 December 2021, 
Virtual Seminar, Skikda, Algeria

1944-3994/1944-3986 © 2022 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2022.28858

273 (2022) 139–148
October

Removal of cadmium from industrial wastewater using blue-green and green 
microalgae (Aphanocapsa zanardinii and Chlorella vulgaris)

Sabrina Dzizia,b,*, Nadjla Chaiba,c, Faïza Nouneb,d, Hadjer Kaddecheb,d,  
Nabil Charchare

aDepartment Process Engineering, Faculty of Technology, University of 20 August 1955 Skikda, Algeria,  
emails: dzizisabrina904@gmail.com/s.dzizi@univ-skikda.dz (S. Dzizi) 
bLaboratoire de Recherche en Physico-Chimie des Surfaces et Interfaces (LRPCSI), University of 20 August 1955 Skikda, Algeria 
cLaboratory of Catalysis, Bioprocesses and Environment (LCBE), University of 20 August 1955 Skikda, Algeria,  
email: n.chaib@univ-skikda.dz (N. Chaib) 
dDepartment of Natural and Life Sciences, Faculty of Sciences, University of 20 August 1955 Skikda, Algeria,  
emails: F.noune@univ-skikda.dz (F. Noune), h.kaddeche@univ-skikda.dz (H. Kaddeche) 
eBioremediation Research Division: Biotechnology and Environment, Biotechnology Research Center (C.R.Bt), BP 73 UV 03,  
Nouvelle Ville Ali-Mendjli, Constantine, Algeria, email: n.charchar@crbt.dz (N. Charchar)

Received 10 May 2022; Accepted 15 August 2022

a b s t r a c t
Industrial activities produce large amounts of contaminated wastewater mainly with heavy met-
als. Due to its high potential for bioaccumulation for heavy metals, the use of microalgae biomass 
in their removal is an interesting technology. Indeed, through a variety of biological processes 
such as bio-sorption and bioaccumulation, microalgae have developed a big number of potential 
mechanisms to cope with heavy metal toxicity. The present study aims to study the heavy metal 
removal from industrial wastewater using two selected species Chlorella vulgaris and Aphanocapsa 
zanardinii isolated from the bay of Skikda. Samples were grown in a sterile medium Bold Basal 
until a sufficient biomass volume is obtained, then moved to new flasks that contain sterile waste-
water. The bioremoval of cadmium using separately C. vulgaris and A. zanardinii was carried out 
by selecting three concentrations of cadmium (50, 100, and 250 mg·L–1). The results showed that 
both microalgae have a significant ability to eliminate cadmium Cd2+ as a single source of con-
tamination with significant removal rates using separately A. zanardinii (75.13%), and C. vulgaris 
(86.07%) as bioremediation tools.
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1. Introduction

Aquatic environments contaminated by heavy metals 
(HMs) are of special concern because they are toxic, abun-
dant and persistent in the environment, and accumulate over 
time in aquatic habitats [1]. Marine ecosystems are environ-
ments that are progressively more affected by human activ-
ity due to urban, agricultural, and tourist development in 

coastal cities [2–7]. Metallurgical and mining industries 
and oil refineries known to be sources of metallic contam-
ination of the environment are generally located in coastal 
areas [8–10]. In addition, urban and industrial discharges 
use the sea as a dumping ground that can lead to high lev-
els of pollution in marine and coastal ecosystems [4,11,12]. 
Indeed, the continuous discharges of wastewater produced 
mainly by anthropogenic activities, such as agricultural, 
urban, and in particular, industrial practices transport, and 
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discharge of many pollutants (nitrogen, phosphorus, and 
mainly HMs) in coastal waters is a serious problem in the 
form of water pollution of aquatic environments and causes 
the degradation of ecosystems, thus promoting the bioaccu-
mulation of toxic elements in marine organisms, including 
the transport along the trophic chain represents a danger to 
human health [2,13,14].

HMs pollution has become a major global concern in 
aquatic ecosystem rehabilitation because of its non-bio-
degradability, bioaccumulation, and biomagnifications 
through the food chain, resulting in adverse ecological 
and environmental effects [15,16]. The presence of HMs 
in wastewater seriously affects the environment, human 
health, and the ecosystem. Heavy metal bioremediation has 
gained considerable and increasing interest over time [17]. 
Many alternative technologies for the removal of HMs from 
wastewater exist, such as: electro-coagulation, precipitation, 
and the ion exchange, reverse osmosis, advanced oxidation, 
evaporation, and adsorption [18,19]. These various treat-
ment techniques used to reduce or eliminate HMs in the 
environment have many disadvantages. However, biore-
mediation is more cost-effective and environment-friendly 
with fewer by-products compared with the aforemen-
tioned physicochemical methods [16]. This demonstrates 
the need for these effective treatment methods capable of 
effectively and completely reducing or eliminating heavy 
metal concentrations in wastewater before discharging it 
into natural resources. Phycoremediation uses microalgae 
to clean up water [20–23]. The present study aims to remove 
cadmium at both low and high concentrations using two 
isolated microalgae from a contaminated site: Aphanocapsa 
zanardinii (Hauck) Hansgirg and Chlorella vulgaris Beijerinck.

2. Experimental section

2.1. Samples collection

The algal samples were collected from Skikda Bay from 
three locations contaminated by wastewater discharged 
by the petrochemical industry. Blue-green and green 
microalgae were sampled using a phytoplankton net with 
a 20 μm mesh size [24]. The operation consists of filtering 
1 L of seawater (30 cm below the surface of the water). 
The collected suspension is poured into two 125 mL glass 
sterilized flasks, one containing 5 mL of Lugol 10% for 
microscopic determination, and the second without con-
servation then transported in a dark cooler at 4°C. Algal 
species were then washed with distilled water to be ready 
for determination under a light microscope with a digital 
camera. Characteristics such as size, strands, shape, cell-
layer thick, cell size, and filaments were used to identify 
the different species using keys for freshwater microal-
gae as Bellinger and Sigee [25], Serediak and Huynh [26], 
Van Vuuren et al. [27], and Canter-Lund and Lund [28].

2.2. Specific growing medium

Microalgae samples were initially inoculated in 
Bold Basal Medium (BBM) (1967) containing the follow-
ing compounds: 10 mL of macronutrients: CaCl2·2H2O, 
2.5 g·L–1; MgSO4·7H2O, 7.5 g·L–1; NaCl, 2.5 g·L–1; NaNO3, 

25 g·L–1; KH2PO4, 17.5 g·L–1; K2HPO4, 7.5 g·L–1 and 1 mL of 
micronutrients: ethylenediamine tetraacetic acid (EDTA), 
50 g·L–1 + KOH 31 g·L–1; FeSO4·7H2O, 4.98 g·L–1; H3BO3, 
11.42 g·L–1 and 1 mL of this solution that contains CuSO4·5H2O, 
1.57 g·L–1; ZnSO4·7H2O, 8.82 g·L–1; MnCl2·4H2O, 1.44 g·L–1; 
Na2·MoO4·2H2O, 0.71 g·L–1; Co(NO3)2·6H2O, 0.49 g·L–1 [29]. 
The BBM medium with EDTA improved its high capac-
ity to chelate HMs. In addition to 2 g of sodium carbonate 
(Na2CO3) as a carbon source [30], then made up to one liter 
with sterile distilled water. Agar is added to the medium at 
this stage, to prepare a solid medium, by constant agitation 
at low temperature until boiling point, to ensure that the 
agar is completely dissolved. The media were then sterilized 
at 120°C for 120 min and stored at 4°C. The solid medium 
was used to enumerate, isolate, and transplant colonies for 
strain purification.

2.3. Experimental setup

The microalgae isolated and grown in the BBM medium 
were subsequently cultured with various concentrations 
of cadmium. The bold liquid culture medium was sup-
plemented separately with a range of Cd2+ concentrations 
(50, 100, and 250 mg·L–1). The use of a gradient of increased 
cadmium concentrations was chosen based on the literature 
[31,32]. Cadmium chloride hydrate (CdCl2·H2O) was used 
as a source of Cd2+. Stock solutions of 1,000 ppm were pre-
pared in Milli-Q water and sterilized by filtration (0.22 μm). 
The required concentrations of Cd2+ for the various experi-
ments were prepared by the dilution method. A glass ster-
ilized flask filled only with BBM served as a control. Both 
isolated species C. vulgaris and A. zanardinii were sam-
pled from the mid-log phase culture as inoculum. All the 
experiments were carried out in triplicates and carried out 
in 250 mL glass sterilized flasks. All the flasks were incu-
bated in an incubator shaker (Type Kuhner), maintained at 
22°C ± 2°C, and 150 rpm agitation. The light was provided 
by continuous cool white fluorescent lamps with 4,000 LUX, 
and a light/dark photoperiod of 16 h/8 h. Media pH was 
controlled and adjusted at 5.7 ± 0.1, which is the optimum 
pH for cadmium removal [33]. All flasks were connected to 
a bubbling pump equipped with a flow rate meter under 
the pressure of mixed air (95%) and 5% of CO2, ensuring the 
enrichment of cultures in CO2 with the injection of 2 LPM.

2.4. Biomass growth measurements

Biomass growth for each culture was measured every 
5 d. To improve the interpretation of the results, three meth-
ods of biomass growth measurements were performed: 
cell counts CC, optical density (OD), and dry biomass 
weight (DW) as a function of time. All tests were repeated 
3 times in order to check the reliability of the results. 
The latter are reported as an average ± standard error for 
each measurement.

2.4.1. Cell counts

Cell counts were determined using a Thoma slide under 
a light microscope (Optika ×40), and expressed as the num-
ber of cells per μL. This method, allowed us to calculate 
cell densities taking into account dilutions, and using Eq. (1):
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CC =
×n D
V

 (1)

where n = number of counted cells, CC = number of cells per 
microliter (μL), D: dilution factor, V = counting volume: for 
Thoma, V = 0.1 μL (whole grid).

The log(CC) was then calculated to reduce the impact 
of high cell counts and facilitate plotting of growth 
curves. log(CC0), log(CC1), log(CC2), and log(CC3) referred 
respectively to the concentrations of Cd2+ (0, 50, 100, and 
250 mg·L–1). For each experiment and at each sampling time, 
growth rates (μ, expressed as divisions per day) and gener-
ation doubling times (G = ln(2)/μ) of the both A. zanardinii 
and C. vulgaris were calculated according to Guillard [34].

The number of divisions per day was calculated from 
the slope of the exponential curve between Day 5 and 
Day 21, illustrating log cell count as a function of time  
using Eq. (2).

µ
Log CC Log CC

21

�
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�
21 5

5D D
 (2)

where μ is the growth rate, and D for Day, CC21 is the cell 
number at Day 21 (cell·cm–2), and CC5 is the cell number at 
Day 5 (cell·cm–2).

2.4.2. Optical density

The OD of both microalgae was measured by a 
HELIOS EPSILON UV-VIS 3SGN006008 at 620 nm every 
5 d. Appropriate dilutions were required each time OD 
exceeded >0.7 [35]. The results are expressed in mg·L–1.

2.4.3. Dry biomass weight

Dry biomass weights were determined by filtering 10 mL 
of the microalgal culture through 0.45 μm fiber filters. The 
collected biomass was then cleaned with distilled water 
to eliminate any residue, and dried at 105°C for 90 min. 
The results of DW were expressed in mg·L–1 using Eq. (3):

DW mg L  
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� � �� ��1 1 0 1 000

F F
V

,  (3)

where F1 is the filter’s weight + dried biomass, and F0 is 
the initial weight of the empty filter. V is the filtered vol-
ume (10 mL). DW0, DW1, DW2, and DW3 referenced to Cd 
concentrations (0, 50, 100, and 250 mg·L–1).

2.5. Cd2+ concentrations determination

Samples of the media recovered after filtration for DW 
measurements every 5 d, were used to determine Cd2+ con-
centrations quantified by inductively coupled plasma- optical 
emission (ICP-OE) spectroscopy (PerkinElmer Optima 8300, 
American Laboratory Trading (ALT)) Water samples were 
filtered by a membrane filter, and analyzed individually 
using a special lamp with a specific wavelength. Heavy 
metal removal efficiencies were then calculated.

3. Results and discussion

3.1. Isolation of species

The isolated species were identified based on their 
morpho-cytology and growth response to the wastewater 
composition. C. vulgaris and A. zanardinii were the most 
abundant microalgae cells in the wastewater samples. 
The strains were isolated and purified on agar medium, 
then re-cultivated in liquid BBM medium for 20 d. 
A suspension of microalgae was collected from the expo-
nential growth phase, where the concentration represents 
the initial measured concentration using three methods 
OD, DW, and CC (living cell counts).

3.2. Biomass growth development

Biomass concentration is one of the most important, but 
also one of the most challenging measurements. The num-
ber of live algal cells was log-transformed to a near normal 
distribution. The OD and DW measurements do not pro-
vide a true measurement of the number of live algal cells. 
This is because the OD method is based on light distribution 
not absorbance. The dry weight method fails if the sample 
contains any other insoluble particles. Likewise, the opti-
cal density measurement is of limited use if the solution is 
unclear. In addition, those methods do not distinguish via-
ble cells from dead cells. In contrast, algal cell counts using 
a Thoma slide can detect viable cells among other solid par-
ticles. However, this method involves extensive prepara-
tions, and requires 24–48 h to incubate and count the cells. 
Therefore, cell counting is primarily used to cross-check 
other measurements, such as optical density and dry weight.

The growth curves obtained for OD, log(CC), and DW 
were congruent for both species A. zanardinii and C. vulgaris 
according to time of exposure for each concentration of Cd2+. 
After an exponential phase of 21 d, the algae biomass reaches 
the stationary phase for almost the curves.

The results obtained from the OD allowed us to esti-
mate the amounts of A. zanardinii and C. vulgaris respec-
tively 68.53 ± 1.12 and 95.73 ± 1.61 mg·L–1 for [Cd]~50 mg·L–1, 
55.30 ± 0.80 and 97.07 ± 0.06 mg·L–1 for [Cd]~100 mg·L–1, 
and 48.84 ± 0.45 and 59.13 ± 1.96 mg·L–1 for [Cd]~250 mg·L–1 
(Fig. 1). These results were compared to OD0 (initial optical 
density) for both species (12.10 ± 0.25 to 101 ± 0.33 mg·L–1), 
in the same experimental conditions without any sup-
ply of cadmium (Table 1). The initial OD values at the 
beginning of the experiments were lower for both spe-
cies for all Cd2+ concentrations.

The growth curves obtained from the DW measure-
ments (Fig. 2) showed the same appearances of the curves 
obtained for OD.

Biomass obtained from an initial dry weight (DW0) 
of 19.07 ± 0.04 mg·L–1, at the issue of the experiments for 
each Cd2+ ion concentration were respectively for A. zanar-
dinii and C. vulgaris 23.52 ± 0.32 and 24.27 ± 0.58 mg·L–1 
for [Cd]~50 mg·L–1, 20.88 ± 0.35 and 22.13 ± 0.86 mg·L–1 for 
[Cd]~100 mg·L–1, and 17.94 ± 0.38 and 18.89 ± 0.26 mg·L–1 for 
[Cd]~250 mg·L–1 (Table 2).

Cellular enumeration of species using a Thoma slide 
under a light microscope is less affected by errors. Indeed, 
algal cell counts are more consistent based on the effective 
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values of the living cells (CC) in the liquid medium, with 
increasing Cd2+ concentrations. The counted living cell 
results were log transformed to log(CC) for each species to 
simplify the linearization of the projected points on growth 
curves. In living algae contact time has a greater effect on the 
biosorption capacity.

We recorded a gradually increase of cell counts for both 
species in comparison to each Cd2+ concentration from the 
first day of growth for four weeks (30 d). The log(CC) reach 
their highest values after 30 d of growth in the contaminated 
BBM medium (Fig. 3).

The initial log(CC0) of 15.12 ± 0.44 mg·L–1 while the high-
est number was 31.29 ± 0.58 mg·L–1. At the end of the exper-
iments, for each Cd2+ ion concentration log(CC1), log(CC2), 
and log(CC3) were respectively for A. zanardinii and C. vul-
garis 26.08 ± 0.57 and 29.29 ± 0.22 mg·L–1 for [Cd]~50 mg·L–1, 

18.40 ± 0.31 and 20.23 ± 0.14 mg·L–1 for [Cd]~100 mg·L–1, 
and 12.33 ± 0.25 and 17.07 ± 0.29 mg·L–1 for [Cd]~250 mg·L–1 
(Table 3).

Fig. 3 shows the same experimental results in terms of 
living cell numbers in the cultures. Although, the relative 
position of the curves of exponential growth is the same 
as those obtained according to optical density and dry 
biomass weight (Figs. 1 and 2). We notice a decline in the 
number of cells at the end of the growth, since day 21. This 
apparent contrast (biomass increases while the cell popu-
lation decreases) indicates that the growth of viable algae 
biomass is negatively affected by the long-time of expo-
sure to the different concentrations of cadmium for both 
species investigated. Thus, it is on the basis of these out-
comes that we can evaluate the growth rate of the cultures 
in the most reliable way.
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Fig. 1. Optical density evolution of both microalgae as a function of time: (a) Aphanocapsa zanardinii and (b) Chlorella vulgaris. 
OD0, OD1, OD2, and OD3 mentioned the concentrations of Cd2+ (0, 50, 100, and 250 mg·L–1).

10

12

14

16

18

20

22

24

26

28

30

Day1 Day5 Day10 Day15 Day21 Day25 Day30

D
W

 m
g.

L-
1

(A
p

h
a

n
o

ca
p

sa
 z

a
n

a
rd

in
ii)

Time (Days)

(a)DW0 DW1 DW2 DW3
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Although essential to the understanding and accuracy 
of biomass growth, the determination of μmax (maximum 
growth rate) is extremely delicate. Different mechanisms 
are involved: assimilation, variation of internal stocks, num-
ber of cells, etc. with numerous feedbacks from one factor 
to another, in order to obtain the most accurate value of this 
growth rate.

Generation doubling times G account less than 1 d for 
algae grown in BBM free of cadmium, and about 1 d for 
the initial concentration of cadmium (50 mg·L–1), and up to 
3.30 and 1.98 d respectively for A. zanardinii and C. vulgaris 
cultivated in BBM with 250 mg·L–1 of Cd2+ (Table 4).

The highest growth rates match the minimal genera-
tion doubling times. In other words, the optimal cadmium 
concentration would be selected based on the maximum 
growth rate value achieved and the lowest generation time.

This means that the best exponential growth rates retained 
from our results were those of A. zanardinii (μ = 0.62 d–1, 
G = 1.12 d), and C. vulgaris (μ = 0.73 d–1, G = 0.95 d) for 
the lowest Cd concentration (50 mg·L–1).

The calculated growth rates (Table 4) for A. zanar-
dinii and C. vulgaris are lower than those (2.08 d–1) given 
by Findlay et al. [36] for green algae in their uncontami-
nated habitat. While we find other works that report C. vul-
garis rates of 1.3 to 2.5 d–1 for waters not contaminated by 
metal pollution. On the other hand, weak growth rates of 
(0.207–0.187 d–1) were recorded for this same species collected 
from Cu concentrations (200 and 500 μg·L–1), compared to 
those without addition of Cu (0.216–0.203 d–1) [37].

Hockaday et al. [38] compared the responses of C. vul-
garis and Scenedesmus obliquus for removal of Cu/Cd and 
concluded that Chlorella was the more potent adsorbent 
since it was capable to adsorb the metals more rapidly from 
both a single metal solution and a mixed solution. C. vul-
garis also had a higher binding capacity for both metals 
compared to Scenedesmus obliquus. When the metals are 
in a mixed solution, the presence of copper affected the 
cadmium adsorption of each algal species. This should 
be taken into consideration if C. vulgaris will be used for 
wastewater bioremediation, as the presence of other metals 
may reduce the efficiency of metal removal. However, the 
growth rates obtained from our experimental conditions 
are comparable to those found in the literature.

3.3. Removal rates of cadmium

Photosynthetic microalgae have the ability to consume 
pollutants like ammonia and phosphorus, as well as 
HMs [39,40], thereby qualifying them as good potential 
candidates for wastewater remediation. Their use in the 
phyco-treatment of wastewater has recently started [41,42]. 
They display high adaptability in various growing condi-
tions, and effluent compositions, as they can tolerate HMs 
in excessive amounts.

Removal rates were calculated by comparing the 
final registered concentration and the initial concentra-
tion of cadmium (Table 5). The bioremoval of Cd2+ using 
A. zanardinii and C. vulgaris was stopped after 30 d in all 
the flasks by reaching the stationary phase of minimal 
[Cd2+] from the 21st day (Fig. 4). The drop in Cd2+ content 
was improved by both species for all bioremoval treatments. Ta
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The final concentrations were respectively 11.43 ± 0.55 
and 6.97 ± 0.28 mg·L–1 for [Cd]~50 mg·L–1, 72.37 ± 1.97 and 
63.46 ± 1.49 mg·L–1 for [Cd]~100 mg·L–1, and 233.09 ± 1.28 
and 225 ± 1.25 mg·L–1 for [Cd]~250 mg·L–1.

Significant bioremoval rates were recorded for C. vulgaris 
86.07% [Cd]~50 mg·L–1, 36.54% [Cd]~100 mg·L–1, and 9.93% 
[Cd]~250 mg·L–1. Bioremoval rates were also calculated for 
A. zanardinii 75.13% [Cd]~50 mg·L–1, 21.63% [Cd]~100 mg·L–1, 
and 6.65% [Cd]~250 mg·L–1. The highest removal rates 
were obtained for [Cd]~50 mg·L–1 for both species, whereas 
the lowest rates were registered for [Cd]~250 mg·L–1 

(Table 5). This leads to conclude that the higher Cd2+ concen-
trations the lower the removal rates will be.

The removal of HMs by living microalgae involves two 
phases [43]; (1 one is fast and mostly unaffected by cellular 

metabolism ‘adsorption’, and 2) the second is slower and 
relies on cellular metabolic activities ‘absorption’.

Algae sampled from polluted sites are considered tol-
erant or resistant to HMs (Cu2+, Cd2+, Pb2+, and Zn2+) [44]. 
Biological removal is characterized by the accumulation of 
pollutants in aqueous solutions using living or non-living 
algae biomass, thereby enabling the removal of contamina-
tion in an environment-friendly manner [45,46].

A. zanardinii and C. vulgaris as all photosynthetic microal-
gae have also the ability to reduce by biosorption high 
amounts of HMs in water. C. vulgaris is able to remove 69% 
and 80% of Ni2+, and Cu2+ ions, respectively at an initial con-
centration of 2.5 ppm. Whereas, by increasing the initial 
concentration to 10 ppm, the metal removal efficiency was 
further reduced to only 37% and 42%, respectively [47].
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The efficiency of bioremediation depends on the selec-
tion of microorganisms [48]. For example, living C. mini-
ata achieved around 85% removal rate of Ni2+ at an initial 
concentration of 30 mg, while C. vulgaris achieved only 
~50% [49]. In another study, Chlorella pyrenoidosa achieved 
70%–98% adsorption ability for Fe3+, Cu2+, Zn2+, Cd2+, and 
Pb2+, at an initial concentration of 5 mg [50]. Thus, higher 
bioremoval rates of single metals were compared with metal 
mixtures [51,52]. Bioremoval efficiency rates of cyanobac-
terial species as Anabaena variabilis and Tolypothrix ceylon-
ica have the ability to adsorb/absorb HMs (Zn2+, Fe3+, Cu2+, 
and Pb2+), even at their high concentrations with selective 
preferences among them [53].

The removal rates in the continuous culture of Aphanocapsa 
(Microcystis) sp. for Cr+4 were better than in batch cultures 
[54]. Microcystis (Aphanocapsa) showed high biosorption 
potential from aqueous solution containing Pb2+, Cu2+, Cd2+, 
and Zn2+ [55]. However, Rai and Tripathi [56] found that 
removal rates of Cd2+ when added solely in the growth 
medium were ~24%–34.2% removed. Although, when it 
comes to a mixture of Cd2+ and Cr4+, the removal rates of Cd2+

 
were considerably higher (~65.2%). The mixture between 
Cd2+ and Cu+2 was also tested (~59.7%) [56].

Shanab et al. [57] demonstrated that Phormidium 
ambiguum was most sensitive to the three tested metal ions, 
albeit at low concentrations (5 and 10 mg·L–1), while both 
Pseudochlorococcum typicum and Scenedesmus quadricauda 
showed greater tolerance to high metal levels reaching con-
centrations of 100 mg·L–1. Bioremoval of heavy metal ions 
(Hg2+, Pb2+, and Cd2+) using Pseudochlorococcum typicum 
from the aqueous solution exhibited that the highest rates 

occurred within the first 30 min of contact, recording 97% 
(Hg2+), 86% (Cd2+), and 70% (Pb2+).

Heavy metal removal using microalgae biomass depends 
mainly on the initial metal content in the growth medium. 
Cadmium is the most poisonous heavy metal resulting 
from industrial wastewater [58,59]. Several studies reported 
that microalgae have different responses to cadmium and 
hence different bioremoval ways. However, the ability of 
Chlamydomonas reinhardtii to remove cadmium was signifi-
cantly improved (69.8%–90.2% in 6 h) [60]. On the other 
hand, Ma et al. [61] studied the cadmium removal poten-
tial of suspended Scenedesmus obliquus and its biofilm, and 
recorded removal efficiencies of Cd2+ with an initial con-
centration of 3 mg·L–1 from 61.8% to 91.27%, and of 87.49% 
from 20 mg·L–1 as initial concentration.

Ye et al. [62] demonstrated that the highest bioremedia-
tion capacity of Cd2+ ion was 31.45 mg·g–1 for an initial dry 
biomass weight of 15 g·L–1 of Porphyra leucosticta, at pH~8.0 
and time exposure of ~120 min from an initial concentra-
tion of 10.0 mg·L–1 for Cd2+ with bioremoval rate of 70%. 
Besides, the removal capacity for a real industrial effluent 
reached 75% from 7.6 mg·L–1 of Cd2+ ion concentration.

4. Conclusion

High heavy metal content in the aquatic environ-
ment resulting from industrial wastewater generates 
a serious problem because of their risks of toxicity. It is 
essential, to develop new bioremediation tools based 
on the exploitation of living microorganisms to elim-
inate or reduce effectively the high amounts of HMs 

Table 5
Bioremoval rates of Cd2+ at different concentrations using microalgae Aphanocapsa zanardinii and Chlorella vulgaris

Time (d) Aphanocapsa zanardinii Chlorella vulgaris

[Cd] 50 mg·L–1 [Cd] 100 mg·L–1 [Cd] 250 mg·L–1 [Cd] 50 mg·L–1 [Cd] 100 mg·L–1 [Cd] 250 mg·L–1

Day 1 50.00 ± 0.00 100.00 ± 0.00 250.00 ± 0.00 50.00 ± 0.00 100.00 ± 0.00 250.00 ± 0.00
Day 5 40.11 ± 1.52 90.89 ± 2.82 244.68 ± 4.32 40.33 ± 0.52 93.58 ± 1.27 239.33 ± 3.90
Day 10 32.48 ± 1.94 85.93 ± 2.66 237.52 ± 2.46 34.07 ± 0.55 88.97 ± 2.38 234.33 ± 4.56
Day 15 24.16 ± 1.12 81.17 ± 1.58 233.88 ± 2.46 19.07 ± 0.48 70.70 ± 3.30 228.00 ± 2.13
Day 21 12.73 ± 0.84 78.47 ± 2.84 233.68 ± 0.0 7.47 ± 0.50 65.51 ± 2.56 225.00 ± 3.18
Day 25 12.48 ± 0.59 78.40 ± 1.27 233.38 ± 1.31 7.37 ± 0.34 63.66 ± 1.37 225.25 ± 1.68
Day 30 12.43 ± 0.55 78.37 ± 1.97 233.37 ± 1.28 6.97 ± 0.28 63.46 ± 1.49 225.19 ± 1.25
Bioremoval rates (%) 75.13 21.63 6.65 86.07 36.54 9.93

Table 4
Growth rates μ and generation doubling times G determined for both species Aphanocapsa zanardinii and Chlorella vulgaris for each 
Cd concentration

Aphanocapsa zanardinii Chlorella vulgaris

log(CC0) log(CC1) log(CC2) log(CC3) log(CC0) log(CC1) log(CC2) log(CC3)

μmax (d–1) 0.74 0.62 0.41 0.21 0.96 0.73 0.52 0.35
G (d) 0.93 1.12 1.70 3.32 0.72 0.95 1.34 1.98

See Fig. 3 for codes.
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contaminating receptor environments, because of their 
effectiveness, and economic efficiency. Within this con-
text, the present study aimed to test the capacity of two 
species A. zanardinii and C. vulgaris to remove cadmium 
starting from different initial increasing concentrations. 
The recorded results show higher removal rates using C. 
vulgaris, and much less by A. zanardinii from the initial 
concentrations of [Cd]~50 mg·L–1. The low removal rates 
can be explained by the cadmium toxicity concentrations 
[Cd]~100 mg·L–1, and [Cd]~250 mg·L–1 on the isolated 
freshwater microalgae. In fact, several living microalgae 
with innovative bioremediation properties have been the 
subject of numerous scientific studies carried out on the 
removal of HMs. More research in the domains of gene 
technology, pretreatments, biofilm techniques, and in 
combination with other microorganisms will enable the 
bioremoval processes of HMs using algae on a large scale.
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