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A B S T R A C T

Industrial wastewater containing heavy metals is a major environmental problem that needs to be treated. This
study reported the ability of two fresh water algae cyanobacteria (Nostoc muscorum and Anabaena variabilis) to
remove lead from aqueous solutions of four different initial concentrations (0–50mg/L−1) for 21 days under
controlled laboratory conditions. Results obtained in this study showed a maximum removal of Pb(II) (97.8%) by
N. muscorum at 15mg/L−1 initial metal concentration however the maximum removal by A. variabilis at the
same concentration was 71.4% after 16 day of incubation. These N. muscorum appeared to be more efficient than
A. variabilis for removing Pb(II). Algal growth, pigments in the algae cells were measured during incubation
period. Lower concentrations of lead increased biomass, OD, chlorophyll a and carotenoids in both algae. On the
other hand, higher concentrations of lead were inhibitory for growth.

1. Introduction

Wastewater generation has always been related to the development
of human societies (Arceivala and Asolekar, 2007; Gupta et al., 2016).
Industrial water pollution is a main cause of damage to ecosystems and
human health over the world. It was rated that industry is responsible
for dumping 300–400million tons of heavy metals, toxic sludge, sol-
vents, and other waste in waters every year (United Nations World
Water Assessment Programme (UN WWAP), 2009). The quantity of
industrial water pollution in different countries varies widely, based on
the amount of industrial activity in the country and kinds of pollution
prevention and water treatment technologies used by industrial en-
terprises (Palaniappan et al., 2010).

The term ‘‘heavy metal’’ refers to any metal and metalloid element
that has a comparatively high density ranging from 3.5 to 7 g cm−3 and
is toxic or harmful at low concentrations.

These metals are found widely in the earth's crust and aren't bio-
degradable in nature. They enter into the human body through air,
water and food. A small number have a major role in the metabolism of
humans and animals in very trace amounts but their higher con-
centration may cause toxicity and health hazards (Gautam et al., 2014).

Due to bio-accumulative, non-biodegradable, long persistence, bio-
magnifying properties, heavy metals are the main pollutants in aquatic

environments (Jordao et al., 2002; Dadar et al., 2017; Fakhri et al.,
2017, 2018; Shahsavani et al., 2017; Taghizadeh et al., 2017). Heavy
metals can be toxic directly or indirectly accumulated in aquatic or-
ganisms and sediments, and subsequently transmitted to human
through the food chain (Avigliano et al., 2015; Bo et al., 2015; Kumar
et al., 2015; Dadar et al., 2016).

Seafood is a major source of proteins and essential fatty acids ne-
cessary for a healthy human life (Oliveri Conti et al., 2015; Adel et al.,
2016). However, they can cause many negative effects such as renal
dysfunction, liver failure, lung disease and dysfunctions in the kidneys,
joints and reproductive systems, cardiovascular system and acute and
chronic damage to the central nervous system (CNS) and peripheral
nervous system (PNS) (Ja¨rup, 2003; Dadar et al., 2016).

Lead, mercury, cadmium and chromium are at the top on the toxi-
city list between different metal ions (Volesky, 1994; Abbas et al.,
2014). Also, it should be noted that As, Pb and Hg have been associated
with different forms of cancer (Ryan et al., 2000; Sciacca and Oliveri
Conti, 2009).

Many applications of pesticides, fertilizers, mining, industrial waste
and smelting have significantly altered the balance and biogeochemical
cycles of metals in the environment (Shisia, 2013; Li et al., 2018).
During the industrial processes, especially in the industrial and sub-
urban areas, wastewater and solid waste may lead to the introduction of
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minerals into soil and waterways (Cabral Pinto et al., 2017a; Li et al.,
2018). Soil minerals can then be transported to crops or vegetables (Liu
et al., 2014; Li et al., 2018).

Metals in the water can also accumulate in the aquatic plants and
aquatic animals (Aweng et al., 2011; Shakoor et al., 2016; Li et al.,
2018). Metals attached to industrial waste particles may suspend and
travel in the air, and eventually enter the human body through different
paths (Hang et al., 2009; Cabral Pinto et al., 2017a, 2017b; Li et al.,
2018).

Lead (Pb) is a natural component of Earth's crust, and is usually
found in soils, plants, and water at trace levels (Crook, 1921; Cheng and
Hu, 2010). It's a main pollutant in both terrestrial and aquatic ecosys-
tems. Pb intake may occur through food (65%), water (20%) and air
(15%). It is more likely to contaminate drinking water by corroding the
tubes when the water is slightly acidic. This is why it is required that
public drinking water systems be checked periodically for pH (Ryan
et al., 2000; Sciacca and Oliveri Conti, 2009).

Pb is also a component of many pesticides and can be ingested by a
pregnant woman through drinking water. The placenta can cross and
deposit in the fetal brain, causing mutagenic and invasive effects (ab-
normal brain growth) as well as abortion. A link has been established
between drinking-ingested lead and delayed mental and physical de-
velopment of the child (Ryan et al., 2000; Sciacca and Oliveri Conti,
2009).

The World Health Organization (WHO, 2008) has set a guideline of
10 μg/L as the maximum concentration level of lead in drinking water
Zinicovscaia (2016) and recommended limits for lead constituents in
reclaimed water for irrigation were 5mg/L and 10mg/L for long and
short term use respectively (Rowe and Abdel-Magid, 1995; Fipps,
2015).

Besides natural weathering processes, the main sources of Pb pol-
lution are cars exhaust, chimneys of factories using Pb, liquid wastes
from the storage battery, mining, smelting of lead ores, mineral coating,
finishing operations, fertilizers, pesticides and gasoline (Eick et al.,
1999; Sharma and Dubey, 2005). Exposure to lead produces anemia,
brain damage, liver and kidney damage and ultimately death (Henick-
Kling and Stoewasnd, 1993; Deep et al., 2016). Children are more
susceptible to Pb than adults, also causes bad effects on the cognitive
performance over childhood (Hilary, 2001; Hu, Cheng, 2010).

Treatment of heavy metals containing industrial wastewater prior to
discharge into aquatic ecosystems is critical so that the risk of heavy
metal contamination can be avoided by the ecosystem and associated
food chain (Fu and Wang, 2011; Chabukdhara et al., 2017). That occurs
by using physical, chemical and biological techniques. Conventional
technologies, such as chemical deposition, lime coagulation, membrane
filtration, solvent extraction, reverse osmosis, exchange and absorption.
Each process has its own advantages and limitations, so these conven-
tional methods of metal removal have a specific defect (incomplete
metal removal, high reagent and energy requirements, toxic sludge
generation or other waste products) (Abbas et al., 2014). Among these
methods, those with lower and lower environmental risks, like using
microbial biomass to remove heavy metals, got more attention (Arun
et al., 2016).

Bioremediation is a biological treatment system to destroy, or re-
duce the concentration of hazardous waste from a contaminated site.
Some definitions restrict to the use of microbes only while others ap-
pear to include all the biological entities such as plants (phytor-
emediation) (Biswas et al., 2015). It is a viable technique for many
restored treatments, because it doesn't interfere with the ecosystem, it
requires little manpower and therefore isn't so expensive compared to
conventional physicochemical methods (Cristaldi et al., 2017).

However, bioremediation can in fact be defined as a biological
treatment involving both plants and microbes and rather the plant-
microbe interaction in root zone has a very important role (Biswas
et al., 2015).

Microorganisms like bacteria, fungi, yeast, and algae from their

natural habitats are excellent sources of bio-sorbent (Wang and Chen,
2009; Abbas et al., 2014). These bio-sorbents possess metal-seques-
tering property and can be used to decrease the concentration of heavy
metal ions in solution from ppm to ppb level. It can effectively sequester
dissolved metal ions out of dilute complex solutions with high effi-
ciency and quickly, therefore it is an ideal candidate for the treatment
of high volume and low concentration complex wastewaters (Kapoor
and Viraraghavan, 1998; Abbas et al., 2014).

The term phycoremediation is used to denote the remediation (re-
moval, degradation, absorption, etc.) from different types of algae and
cyanobacteria (Olguı´n and Sa´nchez-Galva´n, 2012; Chabukdhara
et al., 2017).

Algae have low nutrient requirements. Being autotrophic, they
produce a large biomass, unlike bacteria and fungi. They generally do
not produce toxic substances (Abbas et al., 2014). Also because they
have high sorption ability and are available in large amounts in seas
and oceans (Rincon et al., 2005; Brinza et al., 2007; Abbas et al., 2014).

Nowadays, using cyanobacteria in waste treatment becomes trend
as it could reduce the heavy metal in industrial wastes. These wastes
become a major cause of environment due to their health effect (Anjana
et al., 2007; El-Enany and Issa, 2000; Cain et al., 2008; Afdal, 2008).
Cyanobacteria are classified by five groups according to the body
structure namely Chroococcales, Pleurocapsales, Oscillatoriales, Nos-
tocales and Stigonematales (Afdal, 2008).

The main objectives of this study were to evaluate the removal ef-
ficiency of lead in some different concentrations from liquid nutrient
medium by two species of cyanobacteria (Nostoc muscorum and
Anabaena variabilis) and choose the most effective alga to remediate
contaminated water, have treated water according to local and inter-
national standard that can be reused in agricultural production and
study the effect of different concentrations of lead on growth para-
meters of the algae.

2. Materials and methods

2.1. Maintenance of the microorganisms

Two identified cyanobacteria (Nostoc muscorum and Anabaena var-
iabilis) were obtained from plant physiological laboratory from Faculty
of Agriculture, Cairo University. The strains were grown in liquid blue
green BG110 media using Erlenmeyer flasks with alternate light and
dark periods of 16 and 8 h, respectively. Temperature and light in-
tensity for the cyanobacteria growth were maintained at 25–30 °C, pH
7.2 and 3000–3500 lx (cool white light), respectively. Composition of
the BG110 medium was (g/L): NaNo3, 1.5; K2HPO4, 6.1; MgSO4·7H2O,
15; CaCl2·2H2O, 7.2; citric acid, 1.2; ferric ammonium citrate, 1.2;
EDTA, 0.2; and Na2CO3, 4. The medium was supplemented with 1ml/L
trace metal solution containing (g/L) H3BO3, 2.9; MnCl2·4H2O, 1.8;
Na2MoO4·2H2O, 0.4; ZnSO4·7H2O, 0.2; CuSO4, 0.8; and Co
(NO3)2·6H2O, 0.5. The culture was regularly maintained by sub-cul-
turing and washing with BG110 medium every 14–21 days.

2.2. Heavy metal removal from contaminated water

The experiment ran with different concentrations of Pb(II) was
employed to study its removal from contaminated water by N. mus-
corum and A. variabilis. The stock solution (1000mg/L) of the metal was
prepared by dissolving 4.575 g of Pb(Ch3Coo)2 in 2500mL of deionized
water. These stock solutions were initially diluted with BG110 medium
to achieve a desired concentration of the heavy metals in the experi-
mental run (0, 15, 30 and 50mg/L) (C0, C15, C30, C50) in triplicate.

The experiment was carried out in plastic containers with large
capacity (26.9 * 18.75 * 12.5 cm3), each container has 2 L of BG110
medium with a contaminated solution and 110mL of algae media in the
same OD678 of algae approximately (0.001:0.004) were added. The
containers were covered with a PVC Cling Film to allow light to enter
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and prevent pollution from the surrounding and incubated at 27 °C
temperature and under ambient light conditions, as mentioned earlier.
During the experiment and under sterilization conditions with con-
tinuous stirring, 5 mL sample was taken every 4 days till 21 days (D0,
D4, D8, D12, D16, D21) for the analyses of optical density, 10mL for
biomass, 25mL of the contaminated solution for analysis of residual
metal concentration after centrifuged by atomic absorption spectro-
meter (Perkin Elmer A Analyst 400) and 50mL sample was taken every
7 days (D0, D7, D14, D21) to estimate pigments. The heavy metals are
expressed as percentage of metal removal as given below in Eq. (1);

Metal removal Co Ce
Co

*100=
−

(1)

where Co and Ce are the initial and final metal concentration in solution
(mg/L) respectively. In addition to this, samples were analyzed for
biomass, OD and pigments as detailed later.

2.3. Measurement of algae optical density (turbidity)

In measurement of exponential rate as increase in optical density
(O.D), percent transmission for a growing cell suspension is determined
at regular intervals of 4 days along the 21 days of incubation according
to Sorokin (1973) using thermo scientific HELIOS GAMMA spectro-
photometer at 678 nm.

2.4. Dry weight determination

Measurement of algae biomass was done as adopted by Sorokin
(1973) with some modifications. Algae suspension or culture flasks
were stirred adequately where a representative aliquots of algae sus-
pension were taken. Then, algae cells are separated from culture
medium by centrifugation at (4000 rpm for 10min). The deposit of cells
is then re-suspended in distilled water and centrifuged again. After
being washed once in distilled water, cells are transferred into a pre-
weighted glass dish. Drying was applied using an oven at 65–70̊ C until
two successive weightings of the dish, done at intervals, give a constant
weight. Weighting is done after the dish is cooled in a dessicator to
room temperature. Dry weight of cells is determined for each replicate
by subtracting the obtained weight of dried sample from the glass dish's
weight and expressed per unit volume.

2.5. Photosynthetic pigments analysis

Chlorophyll a and carotenoid pigments are determined as adopted
by Burnison (1980) using DMSO and 90% acetone with some mod-
ifications. Algae vessels were mixed on rotary shaker for 10min after
that, algal samples were withdrawn into falcon tubes and 1mL of
0.01% MgCo3 solution was added. Algal samples where centrifuged at
(4000 rpm for 10min) where algal medium was decanted carefully.
Samples were washed with distilled water and centrifuged again at
(4000 rpm for 10min). Then, distilled water was decanted carefully
where algal cells were resuspended into 4mL DMSO. Algal cells were
homogenized at 1000 rpm for 1min and heated in water bath at 65 °C
for 10min. Following to these, 6 mL of 90% acetone were added to the
DMSO-extracted algal cells and mixed very well. Extracted algal sam-
ples were kept in a refrigerator for 24–48 h at dark. Extracted samples
were centrifuged at 4000 rpm for 10min at 6 °C where the supernatants
were transferred into a new falcon tubes. Finally, absorbance of ex-
tracted solution was measured using spectrophotometer at 691, 664,
647, 630 and 468, concentrations (µg/mL) of chlorophyll a was cal-
culated according to Ritchie (2008) by Eq. (2);

Chl a –0.3319 A630–1.7485 A647 11.9442 A664–1.4306
A691( 0.0020)

= +

± (2)

Total carotenoids concentration (µg/mL) in the extracted solution

was calculated according to Davies (1976) by Eq. (3);

total carotenoids (μg/mL) R*D*F= (3)

where R is the reading at 468, F is the factor (4.5) and D is the
extract volume/sample volume.

2.6. Statistical analysis

A randomize complete block design with three factors [Algae (A),
Concentrations (C) and Days (D)] was used for analysis all data with
three replications for each parameter. The treatment means were
compared by least significant differences (L.S.D.) test as given by
Snedecor and Cochran (1976). The second test was performed to de-
termine relationships between the treatments with correlation coeffi-
cients (R2). All analyses were done by using the MSTAT program
(MSTAT is written in the C programming language and runs on DOS
compatible machines) (Mstat-c, 1989).

3. Results and discussions

3.1. Heavy metal removal

The ability of N. muscorum and A. variabilis to remove lead from
contaminated water after 21 days of incubation was shown in Fig. 1.
The values of residual Pb(II) varied according to the initial concentra-
tion of lead. Results indicated that the best values of residual Pb (II)
achieved by N. muscorum after 16 days of incubation (0.33, 1.2 and
2.9 ppm) with removal efficiency 97.8%, 96% and 94.2%, respectively.
While the values achieved by A. variabilis were (3.702, 9.39 and
20.11 ppm) with removal efficiency 75.32%, 68.7% and 59.78%, re-
spectively by the different initial concentrations 15, 30 and 50 ppm,
respectively after 16 days of incubation that when N. muscorum and A.
variabilis were reached to the saturation level.

As a result of the death of some algae cells and their degradation,
the lead was released again to the contaminated water and the residual
Pb(II) increased again in water after 21 days of incubation (0.66, 1.992
and 4.4 ppm), efficiency decreased to 95.6%, 93.36% and 91.2% by N.
muscorum and (4.29, 10.299 and 21.75 ppm) with efficiency 71.4%,
65.67% and 56.5% by A. variabilis by the different initial concentrations
15, 30 and 50 ppm, respectively. That was in agreement with Sivakami
et al. (2015) in high concentrations of lead (40, 60 and 80 ppm) after
120min by Oscillatoria limosa.

Some studies had same removal efficiency. For example, Inthorn
et al. (2002) reported that the maximum efficiency to remove pb(II) by
some of Nostoc sp. (Nostoc punctiforme, Nostoc piscinale, Nostoc commune
and Nostoc paludosum) (98%, 94%, 94% and 92%, respectively) at the
end of the cultivation period of 30min. Also Roy et al. (2015) used N.
muscorum to remove lead from a mining site. The results revealed a
maximum removal of 96.3% Pb(II), it was at the end of the cultivation
period of 60 h. Dixit and Singh (2013) also found the maximum sorp-
tion of Pb (93.3%) was achieved at 80 μg/mL concentrations of re-
spective metal, within 15min 80 μg/mL. It was been reported that the
maximum removal of 94% Pb(II) by N. muscorum from the textile
wastewater after 28 days of incubation by (Ghazal et al., 2016).

In other studies, N. muscorum had lower capacities than those found
herein. For example, El-Sheekh et al. (2005) showed that N. muscorum
could remove only 84.6%, 87.5% and 30.2% Pb(II) from sewage was-
tewater, wastewater of Salt and Soda Company and wastewater of Verta
Company respectively after 10 days of incubation. Hazarika et al.
(2015) reached removal efficiency of 98% at 5mg/L of Pb(II). But the
efficiency had been dropped to 86%, 70% and 65% at 10, 25 and
50mg/L of Pb(II), respectively by N. muscorum isolated from a coal
mining site at the end of the 20-day experiment at 0.034mg/L of Pb(II)
and after 28 days of incubation.

On the other hand, Heimann and Cirés (2015) reported that the
trend of removal efficiency of lead by Anabaena sp. was between 29%
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and 85%. El-Sheekh et al. (2005) showed that Anabaena subcylindrica
could remove 86.2% and 26.4% Pb(II) from sewage wastewater and
wastewater of Verta Company respectively under 1mg/L of lead con-
centration after 10 days of incubation. Ghazal et al. (2016) reported
that the maximum removal of 47.06% Pb(II) by Anabaena fertilissima
from the textile wastewater after 28 days of incubation.

In spite of this, we selected cyanobacteria to remove heavy metals
from contaminated water because they have high growth rates, easy to
separate from solution by simple filtration. Roy et al. (1993) and Gupta
and Rastogi (2008) reported that cyanobacteria have large surface area,
greater mucilage volume with high binding affinity and simple nutrient
requirements.

3.2. Growth parameters

3.2.1. Biomass
There was variation in biomass values during incubation period in

N. muscorum and A. variabilis depending upon the combination of the
levels of the parameters was shown in Fig. 2. In case of N. muscorum, the
highest value of biomass was recorded in control treatment after 21
days of incubation period it was (400mg/L). The lowest value was
recorded in the fourth treatment (50 ppm) after 21 days, it was
(166.7 mg/L). It was shown that the fourth treatment (50 ppm of lead)
had been reached to decline phase after 12 days of incubation. While in
case of A. variabilis, the highest value of biomass was recorded in
control treatment after 21 days of incubation period it was (400mg/L).
The lowest value was recorded in the fourth treatment (50 ppm) after
21 days, it was (160mg/L). The third and fourth treatments (30 ppm
and 50 ppm of lead respectively) had been reached to decline phase
after 12 days of incubation.

Arunakumara, Xuechen (2007) recommended that growth reduc-
tions at higher metal concentrations could be resulted from the in-
hibition of enzyme systems, respiration, photosynthesis, protein and
nucleic acid synthesis. There was increased in biomass of N. muscorum
at low concentration of Pb(II) that was in agreement with the finding of
Hazarika et al. (2015), who found that high initial concentration of the
Pb(II) reduced biomass growth and also led to the death of the cya-
nobacterium. Arunakumara and Zhang (2007) illustrated that Pb(II) at
high concentrations (30, 50 and 100 µg/mL) inhibited the growth of
Spirulina platensis after 10 days. Another study by Hong and Shan-shan
(2005) showed that high concentrations of lead (> 20 µg/mL) caused

Spirulina cells death in growth inhibitions.
R2 between residual Pb and biomass was 11.07% and 32.59% by N.

muscorum and A. variabilis, respectively.

3.2.2. Optical Density (OD)
Optical Density of N. muscorum and A. variabilis were measured of

treatments at 678 nm, taking samples every 4 days along the incubation
period, the cells' growth was slightly affected at 15, and 30mg/L of
lead. The lowest growth rate was totally inhibited since the beginning
of the experiment when N. muscorum and A. variabilis were grown in
50mg/L lead as illustrated in Fig. 3.

R2 between residual Pb and optical density was 10.40% and 14.49%
by N. muscorum and A. variabilis, respectively. It was 69.25% and
19.52% by N. muscorum and A. variabilis, respectively, between biomass
and optical density.

3.2.3. Pigments
There was regular increase in chlorophyll a in 15 and 30 ppm of

concentrations of lead shown in Fig. 4, whereas decreases were ob-
served in the highest concentration (50 ppm) in the two species of cy-
anobacteria. Also carotenoids took the same trend shown in Fig. 5. The
increase in pigment content at low concentration of lead also was in
agreement with the findings of Deep et al. (2016) in Anabaena sp. after
15 days of incubation when the high concentration was 2 ppm of lead.
It was shown that the increase in lead concentration in the growth
medium of Synechococcus Leopoliensis resulted in a parallel decrease in
chlorophyll concentration that happened after 7 days in different con-
centrations by (Pinchasov et al., 2006). Raungsomboon et al. (2008)
reported that chlorophyll-a content of Gloeocapsa sp. was reduced by
more than 10% and 30% when the concentration of lead was increased
from 0 to 2.5 and to 20mg/L. According to Rzymski et al. (2014), the
higher lead concentration (10–20mg/L) decrease chlorophyll a after
24 h of incubation by using Microcystis aeruginosa.

R2 between chl. a and carotenoids was 96.84% and 98.23% by N.
muscorum and A. variabilis, respectively.

3.3. Statistical analysis

3.3.1. Analysis of variance
Analysis of variance (ANOVA) was performed on the factors af-

fecting on bioremediation as described in Table 1. There was highly

Fig. 1. Residual concentration of Pb (II) in ppm by N. muscorum and A. variabilis at different.
initial concentration (a) 15 ppm, (b) 30 ppm, (c) 50 ppm.
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significant difference between treatments (Residual lead, turbidity
(OD), Chl.a and Carotenoids) while there wasn't any significant differ-
ence between biomass and each other under the studied factors (Algae,
concentrations and days) at 0.05 level.

3.3.2. Mean performance
Table 2 showed the mean performance of the three factors (Algae,

concentrations and days) for studied treatments. The two cyanobacteria
microalgae were significantly different from one another at the 0.05
level. The results indicated that N. muscorum was better in removing Pb
from water and also was better in OD's value however A. variabilis
showed better quality in pigments (chl. a and carotenoids).

The different concentrations were significantly different from one
another at the 0.05 level. The results indicated that the better result for

Res. Pb by different concentrations and after control treatment (C0) was
the second concentration (C15), while there wasn't any significant dif-
ference between (C0, C15, C30) in OD. In Chl. a treatment, there wasn't
any significant difference between (C0, C15) and that was the better
result, while the better result in carotenoids was achieved by control
treatment (C0).

Statistical Analysis results at the 0.05 level gave the best value of
Res. Pb after 21 days of incubation and there were significantly dif-
ferent between different days (D0, D4, D8, D12, D16, D21), while the best
results of OD were achieved by the days (D16, D21) and there wasn't any
significantly different between them, also there wasn't any significant
difference between (D0, D4, D8). Pigments (chl. a and carotenoids) also
had significantly different from one another at the 0.05 level, the best
results were obtained by the D21.

Fig. 2. The effect of different initial Pb(II) concentration on Biomass of N. muscorum and A. variabilis (a) control, (b) 15 ppm, (c) 30 ppm, (d) 50 ppm.

Fig. 3. The effect of different initial Pb(II) concentration on OD of N. muscorum and A. variabilis (a) control, (b) 15 ppm, (c) 30 ppm, (d) 50 ppm.
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The best alga used to remove Pb was N. muscorum with the second
concentration (15 ppm) at day 16 (A1C15D16), while there wasn't any
significant difference in OD when using A. variabilis in control treat-
ment at the end of incubation (A2C0D21) and the 4th concentration
(30 ppm) at day 16 (A2C30D16) and they were the best results. Also A.
variabilis proved that it was the best alga in pigment results at the end of
incubation with control treatment (A2C0D21).

4. Conclusion

Contaminated water with toxic heavy metals is a serious environ-
mental problem which may be solved with bioremediation. In the
present study, two cyanobacteria sp. (N. muscorum and A. variabilis)
were tested to remove lead at four concentrations (0, 15, 30 and 50mg/
L). The main conclusions of this research are:

✓ It was proved that bioremediation with cyanobacteria is green and
effective method to treat contaminated water.

✓ N. muscorum was found to be more effective than A. variabilis for
bioremoval of lead from contaminated water.

✓ Pb(II) didn't show any significant inhibitory effect on biomass at all
its initial concentration.

✓ Based on these results, biomass of N. muscorum and A. variabilis can
be used as an efficient low cost biomass for the removal of lead from
wastewater

It's recommended to stop the experiment after 16 days of incubation
period to get the highest efficiency of lead removal by the two cyano-
bacteria sp.

Fig. 4. The effect of different initial Pb(II) concentration on Chl. a of N. muscorum and A. variabilis (a) control, (b) 15 ppm, (c) 30 ppm, (d) 50 ppm.

Fig. 5. The effect of different initial Pb(II) concentration on Carotenoids of N. muscorum and A. variabilis (a) control, (b) 15 ppm, (c) 30 ppm, (d) 50 ppm.
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Table 1
Mean Square values of studied treatments from ANOVA table.

Source of variation D.F. Mean Square Source of variation D.F. Mean Square

Residual Pb Biomass OD Chl. a Carotenoids

Replications 2 0.004ns 0.0006ns 0.00073ns Replications 2 0.002ns 0.0003ns

Algae (A) 1 1387.637** 0.0001ns 0.025** Algae (A) 1 15.800** 0.251**

Concentrations (C) 3 2470.508** 0.0091ns 0.064** Concentrations (C) 3 64.873** 0.309**

AC 3 377.119** 0.0005ns 0.004** AC 3 5.929** 0.053**

Days (D) 5 1345.204** 0.0099ns 0.063** Days (D) 3 53.675** 0.325**

AD 5 55.791** 0.0025ns 0.005** AD 3 3.569** 0.050**

CD 15 249.61** 0.0041ns 0.01** CD 9 11.559** 0.054**

ACD 15 15.236** 0.0015ns 0.003** ACD 9 1.148** 0.009**

Error 94 0.009 0.001 0.001 Error 62 0.025 0.0002

(ns) No significant difference between the treatments.
** Highly significant difference between the treatments (P ≤0.05).

Table 2
Mean performance of three factors under study (Algae, concentrations and
days) for studied treatments.

Treatments Res. Pb
(ppm)

OD678 Treatments Chl. a
(μg/mL)

Carotenoids
(μg/mL)

Algae (A)
A1 5.402b 0.088a A1 2.383b 0.146b
A2 11.610a 0.061b A2 3.194a 0.248a
F. Test ** ** F. Test ** **

Concentrations (C)
C0 0.000d 0.104a C0 3.969a 0.284a
C15 4.599c 0.093a C15 3.984a 0.261b
C30 10.172b 0.090a C30 2.711b 0.211c
C50 19.253a 0.012b C50 0.491c 0.033d
LSD 0.04440 0.01480 LSD 0.09124 0.005771

Days (D)
D0 23.750a 0.041c D0 1.092d 0.063d
D4 6.302b 0.026c D7 2.138c 0.157c
D8 5.656c 0.039c D14 3.393b 0.229b
D12 5.199e 0.066b D21 4.532a 0.339a
D16 4.704f 0.134a
D21 5.424d 0.143a
LSD 0.05438 0.01813 LSD 0.09124 0.005771

Similarity between one or more letters indicates no statistically significant
differences (P≤ 0.05).
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