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 Background: Environmental pollution by heavy metals is one of the major problems. 

Therefore, it is necessary to remove it from the polluted area. It is believed that, the 

used of brown macro algae Padina sp. as biosorbent for removing metal ions can 
reduce the pollution. The selection of this material due to the high capability to remove 

metal ions. In the present study, biomaterial was pre-treated with NaCl. The purpose of 

the pre-treatment process is to remove the contamination on the biomaterial.  The clean 
biomaterial (biosorbent) was immersed in the aqueous metal solution and the mixture of 

biosorbent and solution was agitated at 150 rpm. In order to determine the efficiency of 

biosorbent to adsorb the metal ions from the solution, the optimization of each 
parameter such as contact time, pH, initial concentration and dosage have been done. 

This is an important step so as to obtain the better information to evaluate the efficiency 

of biosorbent. Initial and final metal concentration was measured by using ICP-MS to 
determine the amount of metal adsorbed on the biosorbent. Besides seeking the 

efficiency of the biosorbent in removing the metal ions, the present study also 

investigate on the capability of biosorbent to be recycled. Therefore, a study in 
desorption process was carried out using HNO3 as desorbing agent. The used biosorbent 

was immersed in HNO3 solution to breaking up the metal ion on the biosorbent. Then, 

the biosorbent washed with distilled water and reused for the next cycle. Objective: To 
investigate the efficiency of adsorption-desorption process of heavy metals. Results: 

From the study, the result shows that the optimum removal of metal ions from the 

solution was at 60-75 minutes of contact time, metal solution with pH 6, 100 µg/L 
initial metal concentration and 0.5 g of biosorbent dosage. The biosorbent can be 

recycled for five times of adsorption-desorption process. Conclusion: As conclusion, 

the adsorption-desorption process can be done up to fifth cycle and the removal of 

metal ions from the solution is significant to the parameter used. 
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INTRODUCTION 

 

 Nowadays, one of the most important problems is environmental pollution caused by heavy metals and the 

main reason of this problem is disposal of wastes containing heavy metal by various types of industries such as 

mining and smelting, energy and fuel production, fertilizer, electroplating, electrolysis, leather work and 

manufactures of electrical appliances (Abdel -Aty et al., 2012; Al-Homaidan et al., 2014; Gautam et al., 2014; 

Luo et al., 2014). Thus, it is gaining a major concern by experts due to high toxicity to living organisms, 

insusceptibility and non-biodegradable. Therefore, it is very important to seek out the effective method to 

remove heavy metals.  

 There are a variety of methods has been explored for the treatment of heavy metal pollution such as 

chemical precipitation, ion-exchange, filtration, electrochemical and reverse osmosis (Bai et al., 2013; Das et 

al., 2014; Oliveira et al., 2014). Generally, their performance is acceptable; however, they have a few of 

drawback such as extremely expensive, not eco-friendly, production of toxic sludge and not effective at low 

concentration (below 100 mg/L)(Luo et al., 2014). Therefore, an alternative method which is biosorption is 

highly suggested for removing heavy metal at low concentration.  

 Biosorption is an innovative method using biomaterial as a medium to adsorb heavy metal from the polluted 

area (Das et al., 2014). The examples of biomaterial used previously are tree bark, seeds, corn stalk, duck weed, 

macro algae, sugarcane bagasse, oil palm fiber and many more(Abia and Asuquo, 2007; Achak et al., 2009; 

Ahilya and Anjali, 2012; Ahmady-Asbchin and Mohammadi, 2011; Alomá et al., 2012; Araujo et al., 2010; 

Azouaou et al., 2013). The major advantages of this method over conventional methods are abundant in the 
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nature, low cost, high efficiency, minimization of chemical and biological sludge and easy to handle (Achak et 

al., 2009; Al-Homaidan et al., 2014; Azouaou et al., 2013).  

 The biomaterial used is called as biosorbent and their performance is depend on the functional groups 

presence includes hydroxyl, carboxyl, carbonyl and amine groups. Biosorbent can be divided into two types 

which are living and non-living biosorbent. Both of these types give their own performance in removing heavy 

metals. Many studies prove that non-living biosorbent promising good performance compared to the living 

biosorbent. It is due to the non-living required neither food nor the needed elements for biological growth. 

Therefore, many researchers choosing non-living as a biosorbent to remove heavy metal from polluted area.  

 At the present time, an economical aspect strongly emphasizes in determine a good biosorbent. Therefore, 

the researchers find out an idea to make it more economical which is by recycling the biosorbent. The used 

biosorbent will be reused and; hence, it will cut the production cost, time, as well as materials. Thus, biosorption 

process becomes an economical technique to remove heavy metal from polluted area. 

 The present study was used brown macro algae Padina sp. as a biosorbent in removing heavy metal from 

the aqueous solution. The selection of brown macro algae is due to the high effective compared to others. 

Parallel to the economic rationale, the aim of this study is to investigate the adsorption-desorption process of 

heavy metals carried out and the various parameters such as contact time, pH, initial concentration and dosage 

were used to evaluate the efficiencies. 

 

Methodology: 

Preparation of biomaterial: 

 The dried brown macro algae Padina sp. was supplied by Madesjaya Sdn Bhd, Semporna, Sabah, Malaysia. 

The biomaterial Padina sp. was washed with tap water repeatedly for removing undesired materials and 

followed by deionized water for three times before drying process. Then, it was placed in an oven overnight at 

60°C. Next, the biomaterial Padina sp. was ground and sieved between 150-250 µm sizes. The ground Padina 

sp. was stored in the desiccators for the further used.  

 

Pre-treatment of biomaterial: 

 1L of 1% NaCl solution was prepared by dissolving appropriate amount of NaCl in deionized water and the 

pH of the solution was measured and recorded. Then, 50g of dried Padina sp. was immersed into the solution 

for 4 hours. After that, it was washed with deionized water until neutral pH (6.9-7.1) and was dried at 70°C for 

24 hours in a drying oven.  

 

Batch adsorption studies: 

 Metal ions solution was mixed with biosorbent and the adsorption capacity of metal ions was studied. The 

concentration of metal ions before and after adsorption was measured by using Inductive Couple Plasma 

Microscopy (ICP-MS). The variables used in the study are pH, initial concentration and biosorbent dosage. The 

percentage of cadmium ions adsorbed was calculated by using equation below: 

𝑞𝑒 =
 𝐶𝑖−𝐶𝑓 

𝑚
𝑉             (1) 

% 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝐶𝑖−𝐶𝑓

𝐶𝑖
 × 100           (2) 

Where;  

𝑞𝑒= metal uptake at equilibrium 
𝜇𝑔

𝐿
  

𝑉 = volume (mL) 

𝑚 = mass (g) 

𝐶𝑖  = initial metal ions concentration  
𝜇𝑔

𝐿
  

𝐶𝑓= final metal ions concentrations 
𝜇𝑔

𝐿
  

 

Adsorption-desorption cycle: 

 In order to investigate the possibility of recycling biosorbent, desorption and regeneration experiments were 

conducted. For desorption experiment, treated biomaterial Padina sp. containing metal ions was transferred into 

the 100 mL conical flask containing 25mL desorbing agent. In this study, 0.1M of HNO3was used as desorbing 

agent. The mixture was shaken at 150 rpm for 60 minutes using an orbital shaker. After that, the treated 

biomaterial Padina sp. was filtered and rinsed three times with mili-Q water to remove any trace of acid and it 

was suspended again in the standard mixture solution for the next adsorption cycle. The adsorption-desorption 

cycle was repeated five times using the same treated biomaterial Padina sp. Desorption percentage of heavy 

metal was calculated by using equation below: 

𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛  % =
𝐶𝑒

𝐶𝑜
 𝑥 100%          (3) 

Where;  
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𝐶𝑒= final concentration of metal ions in desorption medium  
𝜇𝑔

𝐿
  

𝐶𝑜  = initial concentration of metal ions on the biosorbent 
𝜇𝑔

𝐿
  

 

Results: 

Effect of contact time: 
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Fig. 1: Effect of contact time on adsorption of metal ion at constant pH, initial concentration and dosage. 

 

 The adsorption study on the effect of contact time was performed in order to determine the maximum 

uptake of metal ions by brown macro algae Padina sp. pre-treated with NaCl.  Figure 1 shows the percentage 

removal of metal ions and the adsorption process was significantly influenced by contact time. At the beginning 

of the experiment, the adsorption occurred rapidly which is 50%-55% of removal for the all metal ions tested. 

Then, the removal of metal ions from the solution continued increasing gradually as longer the interval time.  

 However, the removal efficiencies of Pb, Cd and Ni ions were stopped at 60 minutes with 68%, 66% and 

62% of removal and achieve the equilibrium until experiment end. In other hand, the adsorptions of Cr and Cu 

ions keep increasing until 75 minutes of contact time. After that, the adsorption become constant until end of 

experiment as demonstrated in figure1. Hence, the optimum contact time for removing metal ions from the 

solution for the present study is 60 minutes and the same result has been reported by other studies (Lasheen et 

al., 2012; Wang et al., 2013; Zhou et al., 2012). 

 

Effect of pH: 
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Fig. 2: Effect of pH on adsorption of metal ion at constant initial concentration, contact time and dosage. 
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 The effect of pH on the adsorption of metal ions by brown macro algae Padina sp. under pre-treatment of 

NaCl is presented in figure 2. From the figure, it is show that the removal of metal ions was strongly affected by 

pH of aqueous solution of metal ions.  

 At pH 2 of the aqueous solution, the removal of metal ions by the brown macro algae Padina sp. was below 

than 50% for the all metal ions tested. When the pH of the aqueous solution was increase up to pH 6, the 

adsorption of metal ions on the biosorbent was gradually increased. The maximum adsorption of each metal ion 

is at pH 6 with 84% (Pb), 82% (Cd), 76% (Cu), 72% (Ni) and 68% (Cr) as illustrated in figure 2. 

 

Effect of initial concentration: 

Initial concentration (µg/L)

0 50 100 150 200 250 300 350

%
 R

em
o

v
al

40

50

60

70

80

90

Pb

Cr

Cu

Cd

Ni

 
Fig. 3: Effect of initial concentration of metal ions on adsorption at constant pH, contact time and dosage. 

 

 Percentage removal of metal ions by brown macro algae Padina sp. pre-treated with NaCl at different initial 

metal ions concentration presented as shown in figure 3. Figure 3 shows the adsorption of 1 ppb initial 

concentration of metal ion solution was 46% (Cr), 49% (Pb), 51% (Cu), 53% (Ni) and 55% (Cd). The removal 

of metal ions was increased rapidly from 1 ppb to 50 ppb of metal ions initial concentration and it continued 

increase until 100 ppb of initial concentration. Then, the adsorption of metal ions become equilibrium at 300 

ppb initial concentration of metal solution was observed for all metal ions tested 63% (Cr), 80% (Ni, Cu and Cd) 

and 82% (Pb) respectively. Therefore, it can be concluded that, as increase the initial concentration of aqueous 

solution was increased the removal of metal ions.  

 

Effect of dosage: 
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Fig. 4: Effect of dosage on adsorption of metal ion at constant pH, initial concentration and contact time. 
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 The adsorption study on the effect of biosorbent dosage of brown macro algae Padina sp. treated with NaCl 

was complete as shown in figure 4. From the figure 4, the percentage removal of metal ions using 0.1 g 

biosorbent are 53% (Cu), 58% (Cr), 64% (Ni) and 80% (Cd and Pb). As can see in figure 4, the percentage 

removal of metal ions was steadily increased as increase biosorbent dosage especially for Cr, Cd, Ni and Pb 

ions. Cd and Pb show the same pattern of percentage removal and the optimum uptake capacity of Cd and Pb 

are 90% and 92% at 0.5g biosorbent dosage. Both metal ions were reached equilibrium and the removal is not 

substantial for both metal ions at 1.0 g of biosorbent dosage.  

 On the other hand, a sharp and rapidly increase in percentage removal was observed for Cu ions from 0.1 g 

(54%) to 0.2 g (72%) and keep increasing as biosorbent dosage increased. The removal of Cu ions was obtained 

the optimum at 0.5 g biosorbent dosage with 78% and at 1.0 g biosorbent dosage, there are no further in 

removing Cu ions was detected. It is means that, the Cu ions was attains its equilibrium at 0.5 g biosorbent 

dosage. 

 Different with removal of Ni and Cr ions, where, the percentage removal is retain increasing until end of the 

experiment.  However, the removal of both metal ions was fewer compared to others metal ions with ±75%. 

Based on the result obtained, thus, 0.5g is considered the optimum biosorbent dosage for removing Cu, Cd and 

Pb ions from the aqueous solution while 1.0 g is considered the optimum dosage for Ni and Cr ions. 

 

Adsorption-desorption: 

 The adsorption study of biosorbent is not only on the biosorption capacity but it also on how the biosorbent 

can be regenerated and used again. Therefore, desorption study on the brown macro algae Padina sp. was 

investigated in order to make the biosorption process become more economical. In this study, HNO3 was 

selected as desorbing agent for removing adsorbed metal ions from the biosorbent and the results obtained was 

summarized in table 1. 

 At first cycle, the adsorption of metal ions was 73-78% for each metal ion tested and for desorption process, 

Pb (90%), Cu (88%), Cr (89%), Cd (91%) and Ni (88%) were desorbed from the biosorbent respectively. Then, 

the biosorbent was used again for adsorption-desorption process for the other cycles until fifth cycle. The 

adsorption-desorption process was stopped at fifth cycles is due to avoid the mass loss of biosorbent dosage. In 

addition, the adsorption of metal ions was slowly reduced from one cycle to another cycles and it may cause by 

the efficiency of functional groups presence on the biosorbent reduced. 

 Hence, for economical purposed, it is adequate for five cycles of adsorption-desorption process of metal 

ions. The recovery for each cycle is considered good and significant. 

 

Discussion: 

 The present study shows that the removal of metal ions from the aqueous solution influenced by contact 

time, pH and initial concentration of the solution and biosorbent dosage used.   

 On the effect of contact time, the removal of metal ions increased as interval time of metal ions to interact 

with biosorbent increase as presented in figure 1. This can be explained by the metal ions have sufficient time to 

interact with the functional groups presence on the biosorbent surface. While, rapidly adsorption process 

occurred at the initial of contact time is may be due to high availability of active sites on the biosorbent for 

metal ions attach. Besides that, the electrostatic interaction between metal ions and biosorbent surface as they 

come in also one of the possible reason for the adsorption happened rapidly at initial contact time.  

 Meanwhile, pH of metal ions solution also gives the effect to the removal of metal ions. Increased pH of 

metal ions solution was enhanced the adsorption mechanism. The increasing of percentage removal over pH in 

figure 2 can be explained by the number of positively charges were reduced when pH of solution increases. 

Therefore, higher availability number of negative charge was surrounded on the biosorbent surface. Thus, it was 

contributing for greater removal of metal ions from the solution. In contrast, if the solution in acidic medium, 

positively charges in the solution is more than negatively charge. H
+ 

will compete with metal ions for adsorption 

sites on the biosorbent surface and it was preventing the attachment of metal ions on the biosorbent surface 

(Bohli et al., 2013; Mohapatra et al., 2010; Zhou et al., 2012). Therefore, the removal of metal ions from the 

solution will be less at lower pH of the solution and Similar pH range have been reported by several study for 

the adsorption of metal ions on different biosorbent (Raj et al., 2013; Reddy et al., 2012; Singh et al., 2012; 

Witek-Krowiak and Harikishore, 2013). 

 Besides that, figure 3 explained the increment behavior of metal ions removal influenced by initial 

concentration of metal ions solution and it is attributed to the fact that the initial concentration provides an 

important driving force to overcome all mass transfer resistance of metal ions between solid and aqueous phase 

(Kang et al., 2011; Marandi et al., 2010). However, there no significant in metal ion removal at 300 ppb and this 

can be explained by at higher concentration of solution was provided more metal ions for attached on the 

biosorbent. As a result, the active sites are not sufficient for metal ions attached. A study by Kumar and 

Gayathri (2009) also reported that the percentage removal of metal ions is not significant due to the number of 

active sites was not available for metal ions attached at higher initial concentration. 



 6                                                              Anies Suhaida Mohd Naspu et al, 2014 

Journal of Applied Science and Agriculture, 9(11) Special 2014, Pages: 1-8 

 The result in figure 4 revealed that biosorbent dosage plays an important role in removing metal ions from 

the aqueous solution. Higher biosorbent dosage would offer more surfaces and therefore would be greater 

availability for exchanging active sites with metal ions (Argun et al., 2007; Fernando et al., 2009). According to 

Yari et. al. (2013), increasing biosorbent dosage could be attributed to increase the surface area and availability 

of more adsorption sites such as aldehydes, ketones, carboxylic, phenolic and other groups. However, the 

saturation of adsorption process happened at certain contact time and metal ion concentration as can see in 

figure 1 and 3, and this might be due to the unavailability of biosorbent for metal ions. Thus, it preventing for 

further adsorption process of metal ions.  

 

Conclusion: 

 As a conclusion, the present study reports that, the adsorption of metal ions which is Pb, Cu, Cr, Cd and Ni 

was highly dependent on contact time, pH of solution, initial metal concentration and biosorbent dosage. The 

optimum removal of metal ions from the solution at 60-75 minutes of contact time, pH 6 and 100 µg/L  of metal 

ions solution and 0.5 g of biosorbent dosage. The used of nitric acid as desorbing agent can recycle the 

biosorbent up to five cycles of adsorption-desorption process. 
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Table 1: Adsorption-desorption process of metal ions.  

Cycle Metal ions Adsorption (%) Desorption (%) 

1  78 90 

2  74 90 

3 Pb 73 87 

4  67 86 

5  65 85 

1  73 88 

2  68 86 

3 Cu 64 84 

4  61 81 

5  59 80 

1  77 89 

2  73 88 

3 Cr 71 82 

4  66 84 

5  60 80 

1  79 91 

2  73 90 

3 Cd 73 90 

4  66 89 

5  64 87 

1  75 88 

2  72 87 

3 Ni 69 88 

4  65 86 

5  63 86 
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