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 Introduction: Increasing the concentration of Boron in drinking water, wastewater, 
and irrigation have negative effects on the human environment. This pollution can be 
partially removed by the application of phytoremediation technologies using algae or 
aquatic plants. The aim of the current study was to determine the biosorption capacity 
of the algae Spirogyra sp. for Boron from industrial wastewater and examine the best 
elimination conditions using different parameters. 
Materials and Methods: In this study, 100 g of fresh algal biomass was collected from 
the industrial wastewater of a copper mine located in Kerman, Iran. 
At first, algae was selected among various algal species concerning abundance and 
resistance ability to high concentrations of Boron. Then, removal of Boron by the algal 
was examined in terms of algae biomass levels (2 and 4 gr), incubation time intervals 
(2, 12. 24. 48, and 72 hours), and different concentrations of Boron (5, 10, 15, 25, and 
100 ppm) on the were examined. The experiment was factorial with a completely 
randomized design framework and three replications. 
Results: The results presented that the elimination of Boron from industrial wastewater 
was performed by biomass of algae Spirogyra sp. The maximum Boron absorption was 
achieved at concentrations of 5 ppm and an incubation time of 12 hours. The absorption 
of Boron was higher in 4 gr than in 2 gr of algae biomass treatment. 
Conclusion: It can be concluded that algae Spirogyra sp. has a strong potential for 
boron removal in industrial wastewater containing boron ions. 
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1. Introduction

Boron is a paradoxical contaminant used for wastewater. 
From a health standpoint, it is a micronutrient for many 
plants and animals at low levels, while it is a poison at higher 
levels1,2. Exposure to large amounts of Boron (B) over short 
periods of time can affect the stomach, intestines, liver, 
kidney, and brain and can eventually lead to death3. The 
excessive amount of B in the cultivated soils can lead to B 
toxicity, and consequently inhibition of nitrate reduction and 
increased ammonium assimilation in tomato plants, 
accompanied by the loss of leaf biomass and disorders in 
organic nitrogen metabolism4. 

The WHO limit for Boron is set at 0.3 ppm for drinking 
water; however, there is some speculation that this limit can 
be increased to 2.4 ppm. Thus, it has been left to state and 
regional regulatory agencies to set limits on boron discharge 

in waste water5. Boron is diffused to the environment  
mainly in discharged industrial wastewater, including 
manufacturing facilities of heat-resistant materials, storage 
and distribution of solar energy systems, catalysts, ceramics, 
and glass6. Since B removal from industrial wastewaters has 
received interest among scholars, some methods, including 
adsorption–flocculation, electrocoagulation, reverse 
osmosis, precipitation, ion-exchange, use of B-selective 
resins, and some biological materials (such as duckweeds) 
have been tried7-10. Phytoremediation is defined as a process 
of decontaminating soil and aquatic systems by using plants, 
fungi, or algae to absorb heavy metals. Recently, aquatic 
plants, especially micro and macro algae, have received 
much attention as they can absorb metals and take up toxic 
elements from the environment or lessen their detrimental 
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effects11,12. The algae can be considered ideal candidates for 
the selective elimination and concentration of heavy metals 
due to its high tolerance to heavy metals, ability to grow 
both autotrophically and heterotrophically, large surface 
area/volume ratios, phototaxy, phytochelatin expression, 
and potential for genetic manipulation13,14. In recent years, 
several species of the algae, namely Chlorophyta and 
Cyanophyta, have been utilized to absorb and accumulate 
Arsenic and Boron ions from their environment into their 
bodies15-17. 

The current study aimed to determine the biosorption 
of capacity of the algae Spirogyra sp for B from industrial 
wastewater and examine the best elimination conditions 
using different parameters.  

 

2. Materials and Methods 
 

2.1. Collection of samples 
 
To conduct the study, 100 g of fresh algal biomass was 

collected from the industrial wastewater of a copper mine 
located in Kerman, Iran. The collected samples were 
washed with distilled water to remove dirt and were 
passed from filter paper to reduce the water content. The 
biomass was then sun-dried for 4 days, followed by drying 
in an oven at 70°C for 24 hours, and finally crushed.  
The biomass was then sieved to reduce the 
size range of particles to 2-3 mm. In the next step, isolated 
samples were morphologically identified.  

 
2.2. Biosorption studies   

 
In order to study B removal capacity, the microalgal 

cells were performed at room temperature in 250 ml 
Erlenmeyer glass flasks containing an aqueous solution of 
B concentrations of 5, 10, 15, 25 and 100 , prepared 
using boric acid. Accurately weighed, 2 g and 4 g portions 
of biomass were added to each flask. The mixtures were 
agitated on a rotary shaker at 180 rpm for five contact 
periods of 2, 12, 24, 48, and 72 hours. The samples were 
centrifuged at 5000 rpm for 10 minutes. The remaining B 
concentration in the residual solution was analyzed  
by azomethine H spectrophotometric method. The 
experiments were conducted in triplicates, and the average 
values were considered 18,19. 

All matrials were purchased from Merck co., Germany. 
 

3. Results 
 

In the study, the isolated and purified microalgal strains 
identified as Navicula, cladophora, Spirogyra, and zygnema 
by evaluating the morphological properties were used. 
Resistance of the isolated strains to high concentrations of 
B was determined. Spirpgyra had a higher resistance to B 
(1000ppm), compared to other algae, so it was selected for 
further studies.  

Spirogyra is a genus of filamentous charophyte green 
algae of the order Zygnematales, named for the helical or 
spiral arrangement of the chloroplasts that is diagnostic of  
 

 
          Figure 1. Spirogyra 

 
the genus (Figure 1)20. 

 
3.1. Biomass concentrations  

 
Figure 2 indicates the influence of microalgal biomass 

on B removal at five contact times. A decrease in the algal 
dose resulted in the decrease in B removal, indicating that 
a reduction of the algal dose led to a decrease in adsorption 
capacity. In other words, the absorption of Boron was 
higher in 4 gr of algae biomass treatment.  
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Figure 2. Effect of microalgal biomass on Boron removal 

 
3.2. Contact times  

 
Figure 3 shows the effect of contact time on the B 

removal at five different B concentrations. As can be seen, 
the minimum residual of B took place within 12 hours. The 
B uptake increased with the rise in contact time up to 12 
hours and then remained almost constant.  

 
3.3. Initial B concentration 

 
Figure 4 shows the effects of different initial B ion 

concentrations on the B removal at two algal doses. The 
removal of B decreased when initial B concentrations 
increased up to 5 . 
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Figure 3. Effect of contact time on B removal     

 

 
 
 

Figure 4. Effect of initial B concentration on B removal 

 
4. Discussion 
 

Phytoremediation of waters by algae has been recently 
reported21. The ability of algae to absorb metals has been 
recognized for many years. Algae can take up toxic 
elements from the environment, resulting in higher 
concentrations than those in the surrounding water 22, 23.  

Two algae Spiruline and Chlamydomonas were 
reported for their ability to accumulate heavy metals, 
such as Zn, Pb, and Cu24. According to Baker et al., 
Chlorophyta and Cyanophyta are hyper-absorbents and 
hyper-accumulators for Arsenic and Boron, absorbing and 
accumulating these elements from their environment into 
their bodies. These algae can be hyper-phytoremediators, 
and their presence in water reduces water Arsenic and 
Boron pollutant15.  

The biosorption of heavy metals by algal species from 
aqueous solutions is a complex process, depending upon 
the algal species, the heavy metal ion, and the contributing 
source 26. In the present study, Spirpgyra had a higher 
resistance to B (1000 ppm), compared to other algae. 

In another study, the optimum conditions for the 
absorbent and adsorbate were Cr concentration of 5 mg/l 
in 120 minutes with an algal dose of 5 g/l. It was reported 
that with a decrease in algal dose for the same primary Cr 
concentration,  adsorption capacity decreases, and with an 
increase in time, rate of percentage removal decreases. The 
maximum Cr removal levels were higher at higher biomass 
concentration27. The increase in the adsorption amount of 
solute is an obvious cause of increasing biomass surface 
area28. 

The results of the present study demonstrated that the 
B removal increased in initial B concentration. Similar 
results were found in another study indicating an 
increase in cobalt concentration resulted in the increase 
of Co2+.accumulation28. In fact, increasing initial Co2+ 
concentration significantly reduced algal growth. 

Algal cells have revealed considerable potential in the 
elimination of heavy metal from aqueous solutions in 
previous studies11,12. Similar to present findings, Alpana et 
al observed 97% removal of Pb2+ by Pithophora odeogonia 
and 89% removal by Spirogyra neglecta in 30 minutes from 
a solution containing 5 mg/l primary concentration of Pb2+ 

by a biomass concentration of 1 g/l29.  
 

5. Conclusion 
 

The obtained results of the current study indicated that 
algal biomass Spirogyra sp. have a higher tolerance and 
removal capacity than the other strains isolated from the 
polluted environment. The results also provided 
fundamental information in optimum algal dose, optimum 
contact time, optimum primary B ions concentration for 
maximum removal of B ions. The maximum B elimination 
was found at 4 g dry weight biomass in 12 hours with 
5  of initial concentration. 

Therefore, it can be concluded that algal biomass 
Spirogyra sp. is a good adsorbing matrix for B and these 
algae can be the used for elimination of B from industrial 
wastewaters. 
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