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Abstract: Biosorption can be an effective process for the removal of heavy metal from industrial 
wastewaters. In this paper, the biosorption of copper, zinc, lead, and cadmium from industrial 
wastewaters by Ulothrix Zonata algae was investigated in batch experiments. The influence of algal 
dosage, initial concentration of heavy metals, sorption time, particle size, pH and temperature on 
removal efficiencies of Ulothrix Zonata was studied. Freundlich and Langmuir models were applied to 
describe the biosorption isotherms. The experimental data have been analyzed using first and second 
order kinetics. In 25 °C, pH of 4 to 5, contact time of 60 min and adsorbent level of 1.5 g/L, removal 
level of copper, zinc, lead and cadmium was 98.2%, 96%, 98.4% and 94.7% respectively. Among 
variables studied here, pH played an important role in absorption level of metals so that in pH of 3 to 5, 
the highest absorption level was observed. Kinetic data of this study were fitted to second-order 
models. The adsorption equilibrium was represented with Freundlich and Langmuir 2 adsorption 
isotherms. Isotherm parameters show that adsorbent capacity for adsorbing lead is higher, while 
adsorbing cadmium needs more energy. Concerning high absorption efficiency, Ulothrix Zonata algae 
can effectively be used to biosorption heavy metals from industrial wastewater. 
 
Keywords: Kinetic modeling, biosorption isotherm, heavy metals, Ulothrix Zonata Algae, industrial 

wastewater. 
 

INTRODUCTION 
 

Protecting environment from contamination caused by modern industries and technologies is one of the 
concerns of today’s world because they threaten humans public health (Inghui and Caoc 2009). High tendency 
of heavy metals to maintain, circulate and accumulate in food chain is one of the most important factors that 
show their high importance. These metals enter the environment due to various industrial procedures including 
melting, extraction and purification. Presence of heavy metals and their compounds, even in small amounts, in 
industrial wastewater is very dangerous and must be removed (Hmetsarı 2008). Various methods have been 
used for removing heavy metals from wastewater including ion exchange, chemical precipitation, reverse 
osmosis and adsorption. Physicochemical methods require a relatively high level of capital investment 
compared to other methods (Lamaia, Kruatrachuea et al. 2005). Some of these methods don’t provide legal 
necessities to remove wastewater in environment and also they have problems of removing sludge. On the other 
hand, making use of low-cost methods for removing heavy metals has been taken into significant consideration 
(Mehta and Gaur 2005; Hughes and Mcloughlin 2007). Concerning their efficiency and easy application, 
adsorbents are considered very suitable for removing heavy metals from industrial wastewater. Sawdust, banana 
skin, husked rice, rice bran, wheat bran, almond kernel, algae powder, living algae and many other things have 
been reported by researchers as adsorbents (Ngah and Hanafiah 2008). In a study carried out by Vitor et al in 
2005 in Portugal, it was shown that among various methods used to remove heavy metals in aquatic resources 
including chemical precipitation, membrane procedures and bio-absorption with the aid of Gelidium red algae, 
making use of bio-absorption method was better due to higher efficiency and lower costs (Vitor and Pvilar 
2008). In another study carried out by Bayramolga et al in 2006 in Turkey, bio-absorption of heavy metals by 
Chlamydomonas algae had high efficiency (Bayramoglu, Tuzun et al. 2006). In another study performed by 
Gupta et al, it was shown that Spirogyra algae which exist in fresh and salty waters has high potential in 
adsorbing heavy metals under thermal changes and pH changes (Gupta and Rastogi 2008). Mechanism of 
adsorbing heavy metals by algae is as a result of some compounds like polysaccharides, proteins, groups like 
amino, hydroxyl, carboxyl, acids, sulphate and other compounds by which it bonds and then it can adsorb them 
(Jalali, Ghafourian et al. 2002; Vilar and Boaventura 2005). Although some research has been done in the field 
of absorption level of heavy metals by different types of algae in aquatic resources, since type of algae, aquatic 
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resource, heavy metal as well as methods are different, it is necessary to carry out a comprehensive study 
regarding bio-absorption of heavy metals in industrial wastewater based on analysis of information resulted 
from adsorption isotherms in order to develop and describe the way how adsorbed material reacts with 
adsorbent as well as to optimize level of adsorbent. In this case, real level of adsorbent can be specified for 
every material in the best case. The aim of the present study was to provide a kinetic modeling and bio-
absorption isotherm of heavy metals from wastewater related to battery-making, electroplating and copper 
industries in Kerman using Ulothrix Zonata green algae. 

 
MATERIALS AND METHODS 

 
Biomass Preparation:  

Ulothrix Zonata green alga was used as biosorbent for the biosorption of copper, zinc, lead and cadmium 
ions. Ulothrix Zonata green alga was collected from Seimareh River in Kouhdasht, Iran. Samples of the biomass 
were washed several times using deionized water and dried in an oven at 100° C for 24 h. The powdered 
biomass was passed through different standard sieves with mesh of 20, 40, 60, 100 and 140. 
 
Wastewater Sampling: 

In this periodic-descriptive study, cluster sampling was done from wastewater of copper, battery making 
and electroplating industries in Kerman for four continuous months. To determine level of studied metals and to 
study the effect of green algae on them, 40 samples were taken from every wastewater. Totally, 120 samples 
were taken from the mentioned industrial wastewater. 
 
Batch Adsorption Studies:  
First Case: Real Samples: 

To find out the metal biosorption capacity of the treated biomass, 0.2, 0.4, 0.5, 1 and 1.5 g of dried Ulothrix 
Zonata algae was prepared. For wastewater of every industry (copper, electroplating and battery-making), the 
mentioned amounts were exposed to the algae with contact time of 80, 60, 45, 30 and 15 min in normal lab 
temperature (21 ±1°C) with 150 to 180 rpm using Jar device. After determining balanced contact time, 
adsorption level of wastewater of every industry was studied in various pHs of 3, 4, 5, 6 and 7 with mentioned 
amounts of dried algae and the optimum pH was specified for adsorbing lead, copper, zinc and cadmium. In the 
next step, wastewater of various industries was studied in 10, 15, 20, 25 and 30 °C under pH and balanced 
exposure time and the best adsorption temperature was achieved for every metal. Then, to determine the 
optimum adsorption level, the achieved optimum variables were studied with 0.2, 0.4, 0.5, 1 and 1.5g of dried 
Ulothrix Zonata algae with the mentioned industrial wastewater. After the sample was sieved, all metals were 
measured by atomic absorption spectrometry (model Shimadzu/AA-670). 
 
Second Case: Synthetic Samples: 

To determine maximum adsorption level of Lead, Copper, Zinc and Cadmium by dried Ulothrix Zonata 
algae and to determine the effect of adsorbent on adsorption level of metals, synthetic solutions were prepared 
for Copper, Lead, Zinc and Cadmium in concentrations of 40, 60, 80, 100 and 120mg. To prepare synthetic 
solutions, Cd (NO3)2.2H2O, ZnCl2, CuCl2, Pb (NO3)2.4H2o (Merck Company) were used. To adjust pH, HCl 
0.1N and NaOH 0.1N solutions were used. Then, concerning the optimum variables, real wastewater samples 
(pH, temperature, balanced contact time and adsorbent level) affect the above solutions. After the samples were 
sieved, metals adsorption was specified using atomic adsorption apparatus (Cucarella and Renman 2009): 
 

                 (1) 
Where: 

RE: efficiency of studied method (%)  
C0: initial concentration of given metal (mg/L) 
Ct: initial concentration of given metal in t time (mg/L) 

 
Study The Effect of Adsorbent Particle Size: 

To determine the effect of particle size of Ulothrix Zonata algae adsorbent, 20, 40, 60, 100 and 140 meshes 
were used. To do this, 1.5g of adsorbent was added to a liter of every solution with concentration of 120mg/L of 
lead, copper, zinc and cadmium under optimum pH, temperature of 25 ºC and balanced exposure time of 60min. 
Then, their adsorption level was specified. 
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Equilibrium Experiments: 
Adsorption isotherms are used to describe the mass adsorbed from the adsorbed material for adsorbent mass 

unit. In this research, to study concentration level of adsorbed material, the following isotherms are used 
(Table1): 
 
Table 1: Specifications of studied isotherms. 

Isotherm type Equation          Linear form    
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Kinetic Study: 
To understand dynamics of adsorption reactions, information resulted from adsorption kinetic can be 

examined. Two normal kinetic types studied in this research have been presented in table 2. 
 

Table 2: Equations and linear form of kinetic studied here. 
kinetic type        Equation  Linear form 
Pseudo first order 
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Results: 
Characterizations of Wastewater: 

Characterizations of industrial wastewater samples including initial pH, average concentration of heavy 
metals and temperature were specified (Table 3). 

 
Table 3: Characterizations of wastewater of electroplating, copper and battery-making industries. 

Industries Heavy 
metals 

Average concentration of 
heavy metals (mg/L) 

Average wastewater 
pH 

Average temperature of 
wastewater based on °C 

Electroplating Zinc 41.2 6 16 
Battery-making Cadmium 

Lead 
20.84 
55.5 

5.6 
5.6 

16.4 
16.4 

Copper industries Copper 57 5.8 15.5 

 
Effects of Contact Time:  

The contact time was evaluated as one of the important factors affecting the biosorption efficiency. Fig. 1 
shows the biosorption efficiency of different heavy metals by Ulothrix Zonata algae. As contact time increased, 
adsorption efficiency increased too so that as contact time increased from 15 to 60 min, removal efficiency of 
copper, zinc, lead and cadmium increased to 20, 22, 15.5 and 14% respectively.  

 
Effect of pH: 

According to the results, highest removal of copper and lead occurred in pH 4 and highest removal of zinc 
and cadmium happened in pH of 5. In pH of 5 to 7, removal level of all metals decreased, that is, 32, 38, 23.5 
and 26.7% for copper, zinc, lead and cadmium respectively.  

 
Influence of Biosorbent Dose: 

To determine the effect of adsorbent dose, different quantities of Ulothrix Zonata algae were suspended in 
heavy metal solutions. The effect of adsorbent dose on heavy metals removal is shown in Fig. 3. As dose of 
Ulothrix Zonata algae increased, removal level increased too so that as adsorbent level increased, removal level 
of copper, zinc, lead and cadmium increased to 94.2%, 96%, 94.2% and 94.4% respectively and adsorption level 
decreased to 37, 26, 36.5 and 13.5 mg g-1 respectively. 
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Fig. 1: Effect of contact time on the extent of biosorptions (Initial concentration of copper=57 mg/L, zinc= 41.2 

mg/L, lead=55.5 mg/L, cadmium= 20.84 mg/L, pH=7 and adsorbent dose=1.5 g/L). 
 

 
 

Fig. 2: Effect of pH on the extent of biosorptions (Initial concentration of copper=57 mg/L, zinc= 41.2 mg/L, 
lead=55.5 mg/L, cadmium= 20.84 mg/L, contact time =60 min and adsorbent dose=1.5 g/L). 

 

 
 
Fig. 3: The effect of adsorbent dose on the extent of biosorptions (Initial concentration of copper=57 mg/L, 

zinc= 41.2 mg/L, lead=55.5 mg/L, cadmium= 20.84 mg/L, contact time =60 min and pH= 4 and 5). 
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Effect of Temperature: 
The results of heavy metal adsorption on the biosorbent, at different temperatures are shown in Fig. 4. As 

temperature increased from 10 to 20 ºC, removal efficiency increased too. In 20 ºC to 30 ºC, no significant 
change was observed in removing metals. In 10 to 30 ºC, removal level of copper, zinc, lead and cadmium 
increased to 11, 9.6, 5.3 and 11.1 respectively.  

 
Fig. 4: The effect of temperature on the extent of biosorptions (Initial concentration of copper=57 mg/L, zinc= 

41.2 mg/L, lead=55.5 mg/L, cadmium= 20.84 mg/L, contact time =60 min, adsorbent dose=1.5 g/L, pH= 
4 and 5). 

 
Effect of Particle Size: 

Results related to the effect of particle size on adsorption capacity are shown in Fig. 5. According to the 
results, as particle size decreased, removal level increased so that in mesh of 140, the removal level with initial 
concentration of 120mg/L was 93%, 93%.5, 91% and 86.9% for copper, zinc, lead and cadmium respectively 
and it was 82%, 79%, 75% and 73% for mesh of 20.  

 
Fig. 5: The effect of particle size on the extent of biosorptions (Initial concentration of heavy metals= 120 

mg/L, contact time =60 min, adsorbent dose=1.5 g/L, temperature is 25 ºC, pH= 4 and 5). 
 
Effect of Initial Concentration: 

The results of heavy metal adsorption at different initial concentration are shown in Fig. 6. Initial 
concentration of heavy metals had a great effect on biosorption process and as initial concentration increased, 
biosorption capacity also decreased. In initial concentrations of 40 to 120 mg/L, removal efficiency of copper, 
zinc, lead and cadmium decreased from 98.5%, 96%, 98% and 88% to 81%, 80%, 78% and 65% respectively.  

 
Isotherms Modeling: 

The equilibrium data showed in Table 4 and 5 were applied to Freundlich and Langmuir isotherms 
equations.  
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Fig. 6: The effect of initial concentration on the extent of biosorptions (contact time =60 min, adsorbent 

dose=1.5 g/L, temperature is 25 ºC, pH= 4 and 5). 
 
Table 4: Results of Longmuir Model Absorption Isotherms** 
                             Heavy metals 

      
 

Isometric parameter                

    Cd+2      Pb+2     Zn+2   Cu+2    Isotherm type 

 111 333 250 250  
Longmuir type 1  0.036 0.027 0.078 0.09 

 0.828 0.967 0.789 0.957 

 76.9 333 250 166  
Longmuir type 2 

 
 0.089 0.028 0.08 0.187 

 0.977 0.995 0.971 0.921 

 78.46 317 173.6 179.8 Longmuir type 3 

 0.057 0.029 0.128 0.157 

 0.728 0.929 0.565 0.734 

 96.6 301 190 173 Longmuir type 4 

 0.045 0.026 0.11 0.168 

 0.768 0.933 0.685 0.812 
** average initial concentration of metals is 57, 41.2, 55.5 and 20.84 mg/L respectively and adsorbent level is 1.5 g/L and pH is 4 

and 5 
 

Table 5: Results of Freundlich model absorption isotherms   * . 
               Heavy metal      
Adsorbent dose 

 Cd2+   Pb2+   Zn2+   Cu2+  

g/L Kf n R2 Kf n R2 Kf n R2 Kf n R2 
0.2 0.98 0.97 0.49 0.89 0.98 0.87 1.19 0.97 0.61 1.4 0.95 0.5 
0.4 0.95 0.96 0.56 0.91 0.98 0.97 1.26 0.97 0.67 1.25 0.97 0.61 
0.5 0.94 1.3 0.97 0.51 1.25 0.9 0.68 0.9 0.98 0.59 0.94 0.92 
1 0.96 1.5 0.76 0.93 0.19 0.63 0.96 0.97 0.92 1.2 0.96 0.54 

1.5 0.97 1.45 0.59 0.8 0.83 0.95 0.68 0.97 0.96 0.93 1.27 0.95 
* average initial concentration of metals is 57, 41.2, 55.5 and 20.84 mg/L respectively and pH is 4 and 5 

 
Kinetic Modeling: 

The pseudo-first-order and second-order models were applied to test adsorption kinetics data to study the 
mechanism of biosorption. In Table 6 the estimated values of the model parameters are reported.  

 
Conclusions: 

As it is obvious, absorption capacity of copper, zinc, lead and cadmium by Ulothrix Zonata was high and 
absorption occurred in a relatively lower time period according to synthetic equations. Since absorption capacity 
of metals (using this adsorbent) depends highly on solution pH, temperature, initial concentration of metallic 
ions, adsorbent size, exposure time and adsorbent level, thus it is recommended that optimum cases of the 
above-mentioned variables should be prepared to achieve higher removal efficiency of heavy metals from 
industrial wastewater (using Ulothrix Zonata as a bio-adsorbent).  
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Table 6: Results of examining the studied kinetic. 
Kinetic type Kinetic 

 parameter 
Metal type 

Cu+2 Zn+2 Pb+2 Cd+2 
Pseudo first degree 0.0115 0.018 0.007 0.02 

 
150 162 267 112 

 
0.947 0.869 0.967 0.947 

Second grade 
 

0.0013 0.0025 0.0078 0.0059 

 
105 96 186 71 

 
0.987 0.969 0.982 0.972 

 
Discussion: 

As contact time of adsorbent with solutions containing copper, zinc, lead and cadmium increased, 
absorption efficiency increased too. Reason of this increased exposure is increased contact between adsorbent 
and metals (it was achieved in balance time of 60 min). Results match the study carried out in 2005 in Poland by 
Chonjnacka et al (Chojnacka, Chojnacki et al. 2005). To prevent precipitation of metal hydroxyl and to prevent 
errors in reading absorption level, tests were done in pHs of 3 to 7. As pH increase from 3 to 5, adsorption level 
increased so that in pH of 4, we had the highest adsorption level for copper and lead and in pH of 5 the highest 
adsorption level was related to zinc and cadmium. In pHs of 5 to 7, adsorption level decreased and that’s 
because of high adsorption efficiency of bio-adsorbents in acidic environments; in this case, metallic ions are 
adsorbed properly on specified adsorbent bonds which have H+. These results match the study carried out in 
2005 in Iran by Nabizadeh et al (Nabizadeh and Naddafi 2005). According to results, as adsorbent dose 
increased, removal efficiency increased but adsorption level decreased; that is because of polysaccharide and 
fiber-like components available in cell walls of algae, adsorbent active surface and dynamic factors including 
increased level of contact and increased free bonds on adsorbent surface which can be specified according to 
adsorption isotherms and synthetic equations (Kumar, King et al. 2006; Ozer and Ozer 2008). Similar study 
carried out by Ozer et al (Ozer and Ozer 2008), as temperature increased, adsorption level increased too so that 
minimum and maximum adsorption level was observed in 10 and 30 ºC respectively; that’s because of increased 
ionic interactions of forming active complexes among metallic ions and polysaccharide compounds along with 
selective property of algae cell walls which can be seen in higher temperatures (Kaewsarn 2002; Sarı and Tuzen 
2008). Also, as adsorbent size decreased, adsorption level increased, because in smaller sizes, contact area of 
adsorbent with metal is higher and thus adsorption level increases. These results match those performed by 
Kumar et al in 2006 in India (Kumar, King et al. 2006). Concerning the results, there is a reveres linear 
relationship between metals initial concentration and removal percentage; that is, as initial concentration 
increased, removal efficiency decreased and that is due to higher ionic exchange bonds in lower initial 
concentrations (Vanessa, Helen et al. 2007). qm level obtained from Longmuir models reflects absorption level 
of metallic ions necessary for single-layer formation and this amount is higher in adsorbing lead than that in 
other metals; this reflects the fact that higher levels of lead is required for single-layer formation thus adsorption 
capacity of lead is higher than that of other metals. Similar results were achieved by Vitor et al in 2008 in 
Portugal (Vıtor and Boaventura 2008). n and kf in Freundlich model show adsorption energy. According to 
results, highest level of kf is related to copper and the highest amount of n is related to adsorbing cadmium. 
Concerning Longmuir models, levels of Kl in the present study (for the best adsorption case) was 0.09, 0.08, 
0.028 and 0.089 for copper, zinc, lead and cadmium respectively. Therefore, Copper was adsorbed with a higher 
energy compared to other metals studied here. Results obtained from Freundlich and Longmuir models are 
similar in this case. Results obtained from a kinetic study, which was carried out to predict adsorption velocity 
in order to design and model the process, show that kinetic of second order equation is the best model for 
determining reaction velocity using this adsorbent; that is, at balance time of 60 min, removal level of copper, 
zinc, lead and cadmium was 97.4%, 96.2%, 95.5% and 96.5% respectively. In a study carried out (to determine 
kinetic behavior of metals adsorption) by Chen et al in 2008 in china, it was shown that adsorbing heavy metals 
in aquatic solutions by Undaria Pinnatifida follows the second order  kinetic  curve too (Chen, Ma et al. 2008). 
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