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Abstract: Nanoparticles(NPs) were prepared from Nostoc sp. and Spirulina sp. 
for the purpose of removing some heavy elements(Pb, Cd, and Cu) from water. 
An FTIR device was also used to identify an active sites present in the bio-
nanoparticles both without adding any elements and when adding elements 
individually. It was observed that binding bands led to adsorption between the 
surface of the prepared nanoparticles and the heavy elements due to nanoparticles 
surface area. Results showed ability of nanoparticles to adsorb HMs from water, 
with the highest removal percentage with the addition of (1g) of the Spirulina sp. 
NPs for cadmium, reaching (82.94%), this was followed by lead, which reached 
(77.81%), and the percentage of removal for copper was (70.89%). While the 
results indicated lower removal percentages when using Nostoc sp. NPs. 
compared to Spirulina sp. NPs with percentages (79.8, 74.22, 67.39)% for the 
three elements at a concentration of 50 ppm respectively. 
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Introduction 

Water pollution of  heavy metals(HMs) is one of the global environment problems, 
released into water bodies during mining operations, agricultural runoff, and industrial and 
domestic liquid waste, which has a lasting negative impact on aquatic systems because of its 
toxic and remained  in water, thereby preventing self-purification of the water body [1]. 
Treatment of polluted water and removal of HMs from the environment is essential, with an 
urgent need to innovate new methods to effectively solve the pollution problem and increase 
the availability of usable water by minimizing or eliminating pollutants [2,3].. Many traditional 
methods have been used to treat water, which have often been limited in effect and economically 
costly, hence researchers have shifted towards finding modern methods instead of traditional 
approaches, including bioremediation [4]. Biosorption, as a biological method leveraging the 
ability of inactive biomass to attract heavy metals in polluted waters. [5,6]. Microalgae have 
been used in various environmental biotechnological applications, as they have a significant 
impact on controlling heavy metal concentrations in water bodies due to their high capability 
for accumulating heavy metals [7].  With the continuous advancement in technology, many 
techniques were tested to eliminate  HMs which pollutes water, including nanotechnology for 
HMs removal; this technique offers advantages such as ease of preparation, low cost, non-
toxicity, and no side effects [8]. The properties and characteristics of NPs are attributed to their 
size,chemical composition, and structure of surfaces, these properties and physical changes of 
materials at the nanoscale have led to the development of industrial product properties, resulting 
in a significant and impactful increase in industrial and medical applications [9]. Algae possess 
a unique ability to bind with heavy elements, which they have been used in the manufacture of 
nanoparticles to enhance their efficiency in bioremediation of pollutants [10,11], as well as 
forming biologically active materials  such as  proteins, phenolic acids, amino acids, alkaloids, 
and terpenoids that represented  as natural abbreviations and capping factors to facilitate NPs 
synthesis by stabilising or controlling their shape and size, this makes them ideal particles in the 
treatment processing [12,13,14,15], and thus algae have become an important factor in the 
biosynthesis of nanoparticles used for detoxifying from sites polluted with metals in order to 
maintain a sustainable environment [16]. Many studies that  use algae as nanoparticles in the 
treatment and absorption of heavy metals from water [17,18,19,20,21,22,23]. It has been found 
that the use of microalgae and macroalgae in removing pollutants from wastewater and 
eliminating heavy metal ions from aqueous solutions is more efficient than other methods. 
Additionally, they are low-cost and easy to cultivate, more environmentally friendly, and exhibit 
higher adsorption capacity and selectivity for heavy metal ions. 

 
Objective of study  

This study aim to synthesise nanoparticles from some blue green algae ( Cyanophyta) 
and demonstrate their ability in reducing or removing heavy metals from polluted media.   

Materials and Methods 
 
2.1. Prepare extract of algae and AgNO3solution:- 
 Algal extracts were  prepared from adding 100g  powdered algae to 200 ml of distilled 

water in an extraction device for 3 hours, followed by filtration using filter paper.  
The silver nitrate was prepared from adding a specific weight AgNO3 to 1000ml 

deionised distilled water to obtain a 1mm silver nitrate solution ready for use [24].  
 
2.2: Preparation of nanoparticles (NPs) :- 
The bio-nanoparticles were prepared from the aqueous extract of algae based on 

[24].Which involves place AgNO3solution  on magnetic stirrer then add the algal extract as drop 
wise. After 20 minutes, a colour change was observed, indicating the occurrence of the 
bioreduction of silver by the algae extract. Impurities were then separated using a centrifuge, 
and dry  the residue to obtain silver nanoparticles in powder form. Finally, the prepared 
nanoparticle powder was placed in a special container to protect it from contamination for use 
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in the experiment. Subsequently, weights of (0.1 - 0.5 - 1)g were prepared, and these weights 
were obtained using a sensitive balance. 

 
2.3: The detection of bio-nanoparticles:- 
Involved FTIR Spectroscopy analysis over at wavelength 500-3500cm-1 using FTIR 

device to elucidate the size of the nanoparticles and reveal the main active groups which  
important to reduce AgNO3 at biosynthesis process and the stabilization of nanoparticles 
[25,26]. 

 
2.4: Study of the effectiveness of nanoparticles (NPs) in adsorbing heavy metals (HMs):- 
Involved preparing solutions of heavy metals (Pb, Cd, Cu) at 50 ppm for each element, 

and then placed in plastic tubes to which the prepared nanoparticles with weights (0.1, 0.5, and 
1)g was added. The mixtures were then placed in a shaker for 15 minutes to ensure homogeneity 
between the nanoparticles and the metal concentrations, left to sediment for 24 hours. After 24 
hours, the solution was filtered using a filtration device, and the tubes were placed in a 
centrifuge to ensure the separation of the nanoparticles.To determine the amount absorbed, the 
solution was passed through membrane filters with a pore size of 0.45 µm, to estimate their 
concentrations using a flame atomic absorption spectrometer [27]. 

 
2.5: Removal efficiency percentage of HMs:-  
A percentage removal of HMs represented by cadmium, copper, and lead was estimated, 

according to the following equation [28]. 
𝑅𝑒𝑚𝑜𝑣𝑎𝑙	𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒	𝑜𝑓	𝐻𝑀𝑠	%	 = 	 (𝐶0	 − 	𝐶1/	𝐶0) 	∗ 100 

 
C0 : Concentration of HMs before treatment. 
C1: Concentration of HMs after treatment. 
 
2.6:Analysis of statically: 
By using SPSS program at a significance level of 0.05P ≤, to determine significant 

differences between the concentrations of the elements after treatment with nanoparticles . 
 

Results and Discussion 
The percentage of heavy metal removal from the aqueous solution using algal 

nanoparticles :- 
Tables (1&2) illustrates the concentration and percentage removal when using algal 

nanoparticles(NPs) , showing that concentrations decreases  in aqueous solution with an 
increase in the amount of NPs from Spirulina sp. and  the highest removal percentage for 
cadmium was achieved with the addition of (1g) of the NPs, reaching (82.94%), this was 
followed by lead, which reached (77.81%), and the percentage of removal for copper was 
(70.89%). While the results indicated lower removal percentages when using NPs from Nostoc 
sp. compared to NPs from Spirulina sp., with percentages of (79.8, 74.22, 67.39)% for the three 
elements respectively, when (1g) of the NPs was added. 

Analysis  of statically at p≤0.05 indicated that the different were  non-significant between 
the algal NPs while recorded significant differences between the weights (0.1, 0.5 and 1)g 
among each other, with the highest removal percentage for cadmium, followed by lead, and the 
lowest removal for copper.  
 

The results indicate that the percentage of heavy metal removal is increases with the 
increase in the amount of nanoparticles due to the increased surface area, which increased NPs 
active groups that have capacity to adsorb [29].  The low removal of heavy metal ions is 
attributed to the crowding of  ions for algal active sites, resulting in many ions remaining 
unabsorbed in the solution at high concentrations [30]. The ability of nanoparticles to absorb 
high concentrations of heavy metals results from the potential for a state of balance between 
both enzymatic and molecular antioxidants, which increases the activity of secondary 
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metabolite secretion. Additionally, when algae absorb HMs, it may stimulated the  production 
of chelating compounds that surrounding   the pollutants and trap them within their vacuoles 
[6].  

From the above, it is clear that the capacity of algal nanoparticles to remove heavy 
metals, particularly lead and cadmium, is significant, followed by copper, which is an essential 
element but considered toxic at increased concentrations. 

Detection of algal nanoparticles using FTIR before treatment :- 
The shape (1&2) represents the infrared spectrum of the NPs from Spirulina sp. before 

treatment with any element, as the results showed the presence of bands at the wavenumbers 
(3495.78 , 2924.08 ,1578.56 ,1419.63 , and 1016.56) cm-1 and a peak of the NPs from Nostoc 
sp. appeared at the wavenumbers (3324.26, 2802.83, 1431.23, 1698.74,and 1048.37) cm-1 
corresponding to the alcohol group carrying the hydroxyl bond (-OH), alkyl group (-CH), amine 
group (N-H), (C-O) represented an aromatic ester group, and(S=O) represented sulfoxide group 
respectively [31,32].The bonds  above represent active adsorption groups because of  negative 
charges it carries, which increase the ability of active groups forming physical connections and 
chemically bonds because of  containing one or more lone pair electrons that they can donate 
or share to form a physical bond or link. [33]. 

 
The results of the active sites determination for the accumulated lead(Pb) in Spirulina 

sp. NPs  showed broad and significant peaks at(  3419,  2959,  2927,  1659,  1546,  1328, and 
1153)cm-1 and in Nostoc sp. NPs showed a peaks at( 3426, 2958, 2934, 1666, 1542, 1323, and 
1157) cm-1, this indicating the presence of the hydroxyl group (OH) , group in the organic 
compound(-CH2,and -CH), the carbonyl and carboxyl groups C=O, the amine group (N-H), a 
weak C-C bond, and the appearance of C-O respectively. shape( 3&4). 
 

As for the cadmium (Cd) showed peaks at (3406,  2957,  2929,  1656,  1539,  1327, and  
1059) cm-1  for Spirulina sp. NPs  and  peaks at (3415, 2961, 2931, 1652, 1543, 1323, and 
1052) cm-1 for Nostoc sp. NPs, which indicating for a hydroxyl group(OH), and organic 
compound (-CH2 and –CH) , the carbonyl and carboxyl groups (C=O), an amino group (N-H), 
a weak C-C and C-O. respectively, shape(5&6).While the FTIR technique for adsorption of 
copper (Cu), elucided the existence of functional groups as amino acids -NH and hydroxyl-OH, 
alongside other active groups responsible for the stabilization, adsorption, and reduction of 
copper. Its absorption was noted across a broad range of (3419-1059)cm-1 for Spirulina sp. NPs 
and (3417-1051)cm-1 for Nostoc sp. NPs with peaks observed at (1446 and 1442)cm-1 
respectively indicating C-N bond of the amino group. The band at (1649 and 1638)cm-1  
represented(C=O) group, respectively, and (1059 and 1051)cm-1 respectively, it refers to its 
connection with C-O, and noting that the infrared spectrum shows a shift in the peaks after the 
addition of copper and a wide range of absorbance, this indicates the association of the Spirulina 
sp.NPs and Nostoc sp.NPs with the Cu when the absorbance range reached (1649-461)cm-1. and 
(1638-459)cm-1., shape(7&8)  

Bands extension may result from the extension of the O-H bond in alcohols and phenols 
during the association of NPs with copper, and a band appearing at the peak of 1539 
corresponding to primary amines [33]. It was found that phenolic compounds have a stronger 
affinity for copper, which may explain that biomolecules can perform two functions: the 
synthesis and stability of copper in water[10]. Bioremediation of lead and cadmium due to the 
negatively charged ions on walls of bionanoparticles that attract (uptake) ions of these elements 
from water, which is due to carboxyl groups (COO). Thus, these negative charges bind with 
positive charges and prevent them from exiting back to the external growth medium [30]. 
Alternatively, heavy metals may bind with active groups – the carboxyl and phenolic groups – 
within the organic matter [20],preventing the accumulation of these elements at the target sites, 
converting them into inert forms (harmless salt crystals), and storing them in non-sensitive sites 
such as vacuoles, or converting them into other non-toxic forms that can be redistributed and 
reused in metabolic processes [34]. 
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Conclusions 

The current study demonstrated that bio-nanoparticles are highly efficient in removing 
heavy metals from aqueous solutions as their concentrations increase because of increase 
surface area and thus increase the effective groups present on their surface that have the ability 
to absorb. The most effectively removed element was cadmium, followed by lead and then 
copper( Cd > Pb > Cu).. 

 
Table 1. The concentration of HMs(ppm) and the removal percentage(%) after add Spirulina 

sp. NPs . 

Weight of 
NPs(g) 

concentration of HMs(ppm) removal percentage% 
Cd Pb Cu Cd Pb Cu 

0.1 19.4 22.86 24.04 61.42 54.32 51.29 
0.5 12.91 16.2 19.23 74.38 67.46 61.58 
1 8.79 11.45 14.54 82.94 77.81 70.89 

 
Table 2. The concentration of HMs(ppm) and the removal percentage(%) after add Nostoc sp. 

NPs . 
 

Weight of 
NPs(g) 

concentration of HMs(ppm) removal percentage% 
Cd Pb Cu Cd Pb Cu 

0.1 20.96 24.07 24.91 58.21 51.84 50.24 
0.5 14.98 17.81 21.56 70.19 64.45 56.83 
1 10.14 12.94 16.34 79.8 74.22 67.39 

 
3.3   Investigation of the effectiveness of algal nanoparticles for adsorbing 
heavy metals:  
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