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Abstract : The ability of marine brown algae Sargassum myriocystum for sorption of Cu(II) ions from 
aqueous solution was studied in batch experiments. The effect of relevant parameters such as function of pH, 

sorbent dosage, agitation speed and contact time was evaluated by using Response surface methodology (RSM). 

A maximum percentage removal of Cu (II) by Sargassum myriocystum occurs at pH - 4.94, sorbent dosage – 
1.99 g/L, agitation speed – 119.59 rpm and contact time – 59.55 min. 
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1. Introduction 

Heavy metal is applied to a group of elements having atomic density value of more than 6 g/cm
3
,
 1

 Heavy 

metals like arsenic (As), copper (Cu), cadmium (Cd), chromium (Cr), nickel(Ni), zinc (Zn), lead (Pb), mercury 

(Hg) and manganese (Mn) are key pollutants of freshwater reserves
2
 because of their toxic, non-biodegradable 

and persistent nature. Most of the metals are carcinogenic, teratogenic and create severe health problems like 

organ damage, reduced growth and development, nervous system impairments and oxidative stress
3
. The 

increasing industrial growth is the major source of heavy metals introduction into different segments of the 

environment including air
4
, water, soil and biosphere. These industrial sources include mining, smelting, sur-

face finishing, electroplating, electrolysis, electric appliances and electric boards/circuits manufacturing 

industries as well as agriculture sector as well as fertilizers, pesticides
5
. Copper is an important trace element 

essential by humans for its role in enzyme synthesis, tissues and bones development
6
.However, the divalent 

copper (Cu
2+

) is toxic and carcinogenic when consumed in overload through ingestion. The excessive 

Cu
2+

consumption leads to its deposition in liver and subsequent vomiting, headache, nausea, respiratory 

problems, abdominal pain, liver and kidney failure and finally gastrointestinal bleeding
6
. It has known  harmful 

injurious effects on the soil biota and damages to many plant species including some of the endemic Australian 
native plant species (Acacia holosericea and Eucalyptus crebra)

7
.The excessive amounts of Cu

2+
in fresh water 

resources and aquatic ecosystem damage the osmo-regulatory mechanism of the freshwater animals
8
 and cause 

mutagenesis in humans
9
. Large quantities of Cu

2+
 are released by the disposal of untreated industrial waste

7
. 

United State Environmental Protection Agency has set its Cu
2+

permissible limits as 1.3 mg/L in industrial 

effluents
9
. World Health Organization (WHO) defines the Cu

2+
permissible limit of 1.5 mg/L in drinking 

water
10

. Conventional methods used to remove metal ions from industrial wastewater include chemical 
precipitation, electrochemical treatment, ion exchange process, membrane separation and evaporation

11
. 

However some of the conventional technologies are ineffective and unfavorable as they cause sludge disposal 
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problem, expensive and incomplete removal

12
. The utilization of sorption technology for the treatment of heavy 

metal contaminated wastewaters has become an alternative method to conventional treatments
13,14

. The main 

advantages of this technique are the reusability of biomaterial, low operating cost, improved selectivity for 

specific metals of interest, removal of heavy metals from effluent irrespective of toxicity, short operation time, 

and no production of secondary compounds which might be toxic
15-17

. Among the biological materials, algae 
have been found to be potentially suitable sorbents because of their cheap availability both in fresh and 

saltwater, relatively high surface area and high binding affinity
18

. Research in the field of sorption has mostly 

concerned itself with brown algae
19-21

. The cell walls of brown algae generally contain three components: 
cellulose, the structural support; alginic acid, a polymer of mannuronic and guluronic acids and the 

corresponding salts of sodium, potassium, magnesium and calcium and sulphated polysaccharides. As a 

consequence, carboxyl and sulphate are the predominant active groups in this kind of algae. 

The present work aims to investigate the sorption potential of marine macro brown algae Sargassum 

myriocystum  as an alternative sorbent material for the removal of Cu(II) ions from aqueous solution. The effect 

of some operating variables – temperature, pH and initial concentration of Cu(II) – on the sorption process onto 
the marine macro-algae  studied by using a Central composite design method, which gives a mathematical 

model that shows the influence of each variable and their interactions.  

2. Materials And Methods 

2.1 Chemicals and equipment 

All chemicals used were of analytical reagent grade. Deionized double distilled water was used 

throughout the experimental studies. Analytical grade HCl, NaOH and buffer solutions (E. Merk) were used to 

adjust the solution pH. Elico (L1-129) make pH meter was used for pH measurements. The metal 
concentrations in the samples were determined using Atomic Absorption Spectrophotometer (AAS) (Elico SL - 

176).  

2.2 Biomass preparation 

The sorbentt marine brown algae Sargassum myriocystum were collected from the Mandapam coast, 

Ramanadhapuram district, Tamilnadu, India. They were washed several times using deionized water to remove 
extraneous materials and salts. The washing process was continued till the wash water contained no dirt. The 

washed algae were completely dried in sunlight for 10 days. The dried samples were cut into small pieces and 

powdered using domestic mixer. In this work, the powdered raw algae of 60 mesh particle size were used as 
sorbents for sorption process.  

2.3 Preparation of metal ion solution 

A stock solution of Cu(II) supplied by (Merck Ltd.) India (1000 mg/L) was prepared by dissolving 

3.801 g of Cu(So4) in 1000 mL slightly acidified distilled water. Working standards were prepared by 
progressive dilution of the stock copper solution. 

2.4 Batch Sorption experiment 

According to CCD all the batch experiments were carried out. The sorbent - sorbate mixtures were 

taken in a 250ml conical flask and agitated in an incubator shaker (LARK). The samples were centrifuged in the 

research centrifuge (REMI) at 10000 rpm and the supernatant was used for analysis of metal concentrations by 
using AAS. Experimental analysis was repeated three times and the results were statistically analyzed. The 

amount of adsorbed copper per unit mass of adsorbent (qe,  mg/g) was obtained using the following expression: 

m

VCC
q eo

e

)(
                           (1)  

The amount of adsorbed copper per unit mass of adsorbent at time t (qt mg/g) was obtained by using following 

expression: 

m

VCC
q to

t

)(

        
(2)                    
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where V is the volume of solution treated in liter, Co is the initial concentration of Copper metal ion in 

mg/L, Ce is the equilibrium Copper metal ion concentration in mg/L, Ct (mg/L) is the concentration of 

adsorbents at time t, and m is the biomass in gram. 

2.5 RSM experimental design     

RSM is an optimizing tool designed to find the optimal response within specific ranges of pre-

established factors, through a second-order equation. In industrial applications, RSM designs involve a small 
number of factors, because the required number of experimental runs increases dramatically with the number of 

factors [22]. CCD was chosen to study the effects of pH, sorbent dosage (g/L), agitation speed (rpm) and 

contact time (min) on Cu (II) sorption. In order to describe the effects of these variables on percentage removal 
of copper, batch experiments were conducted. The coded values of the process parameters were determined by 

the following equation. 

X

XX
X i

i

)( 0          (3) 

Where xi coded value of the i
th
 variable , Xi uncoded value of the i

th
 test variable and Xo uncoded value 

of the i
th
 test variable at center point. The range and levels of individual variables were given in Table 1. The 

experimental design was given in Table 2. The regression analysis was performed to estimate the response 
function as a second order polynomial. 

A second-order polynomial equation is  

Y = 

k

i

k

j

jiij

k

jii

iii

k

i

ii XXXX
1 2

1

,1

2

1

0 ,        (4) 

Where Y is the predicted response bi, bj,bij are coefficients estimated from regression, they represent the linear, 

quadratic and cross products of x1, x2,x3 on response. 

Table 1. Experimental range and levels of independent process variables 

Independent variable 
 Coded   levels 

 Code -2 -1 0 +1 +2 

pH  A 3 4 5 6 7 

Sorbent dosage(g/L)  B 1 1.5 2 2.5 3 

Agitation speed(rpm)  C 40 80 120 160 200 

Contact time(min)  D 20 40 60 80 100 

 

A statistical program package Design expert 7.1.5 was used for regression analysis of the data obtained and to 

estimate the coefficient of the regression equation. The equation was validated by the statistical test called 

ANOVA analysis. After sorption, the contents of the beakers were centrifuged at 10000 rpm for 3 min and the 
sorbent was successfully separated from aqueous solution. The supernatants were analyzed for residual Cu (II) 

concentration using AAS. All the experiments were performed in triplicate and average value was reported. 

3. Results and Discussion 

3.1 Fitting models 

According to the CCD, Sorption of Cu (II) was carried out and the results obtained were given in Table 2. 

The results of theoretically predicted response were given in Table 2. The mathematical expression of 

relationship to the response with variables is: 

Y = 94.8000 – 5.57167A – 2.29833B – 1.10250C – 0.160833D – 4.49917A
2
 – 4.03917B

2 
 - 4.30917C

2
 – 

2.43417D
2
 – 1.89250AB – 1.59375AC – 1.42875AD + 0.941250BC – 1.15125BD – 2.22750CD   (5)     

where Y is the percentage removal of Cu (II) and A, B, C and D are the coded values of pH, sorbent 

dosage(g/L), agitation speed (rpm) and contact time (min) respectively. 
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Table  2. CCD based experimental design and its response for Copper (II) removal 

 

The ANOVA results for Cu (II) sorption onto brown algae were given in Table 3. F value of 52.72 

implies that the model was significant. The fisher F- test with a very low probability value (P model > 0.0001) 
reveals a very high significance for the regression model. The goodness of fit of the model was checked by 

coefficient of determination (R
2
). For a good statistical model, R

2
 value should be close to 1.0. The R

2
 was 

found to be 0.9801, which implies that more than 98.01% of experimental data was compatible with the data 
predicted by the model. A low CV value (2.19), indicate that the deviations between experimental and predicted 

values were low. Adeq precision measures the signal to noise ratio. A ratio greater than 4 is desirable. In this 

work, the ratio is found to be 25.231, which indicates an adequate signal. Values of "Prob > F" less than 0.0500 

indicate model terms are significant.  In this case A, B, C, AB, AC, CD, A2, B2, C2, D2 are significant model 

Run 

Order 
(A) pH 

(B) Sorbent 

Dosage (g/L) 

(C) Agitation 

speed (rpm) 

(D) Contact 

Time (Min) 

Percentage Cu (II) 

removal 

Experimen

tal 

Predicte

d 

1 1 (6) -1 (1.5) -1 (80) -1(40) 77.46 79.98 

2 -1 (4) 1 (2.5) 1 (160) -1(40) 88.60 88.22 

3 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

4 0 (5) -2 (1) 0 (120) 0 (60) 83.16 83.24 

5 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

6 0 (5) 0 (2) 2 (200) 0 (60) 72.00 75.35 

7 1(6) -1(1.5) 1 (160) 1(80) 72.30 71.83 

8 2 (7) 0 (2) 0 (120) 0 (60) 65.00 65.66 

9 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

10 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

11 0 (5) 0 (2) 0 (120) -2 (20) 83.11 85.38 

12 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

13 -1 (4) -1(1.5) -1 (80) 1(80) 88.50 90.59 

14 -1 (4) 1 (2.5) 1 (160) 1(80) 87.12 84.00 

15 0 (5) 0 (2) -2 (40) 0 (60) 81.67 79.76 

16 1(6) -1 (1.5) -1 (80) 1(80) 84.06 83.56 

17 0 (5) 0 (2) 0 (120) 2 (100) 85.56 84.74 

18 -1 (4) 1 (2.5) -1 (80) -1(40) 81.03 80.90 

19 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

20 -1 (4) 1 (2.5) -1 (80) 1(80) 84.16 85.59 

21 -1 (4) -1 (1.5) -1 (80) -1(40) 83.60 81.29 

22 1(6) 1 (2.5) -1 (80) 1(80) 71.31 70.99 

23 1(6) 1 (2.5) 1 (160) 1(80) 61.60 63.03 

24 0 (5) 2 (3) 0 (120) 0 (60) 72.67 74.04 

25 -1 (4) -1 (1.5) 1 (160) 1(80) 85.63 85.23 

26 -1 (4) -1 (1.5) 1 (160) -1(40) 85.13 84.85 

27 1 (6) 1 (2.5) -1 (80) -1(40) 72.50 72.02 

28 1 (6) -1 (1.5) 1 (160) -1(40) 79.47 77.16 

29 -2 (3) 0 (2) 0 (120) 0 (60) 87.15 87.94 

30 0 (5) 0 (2) 0 (120) 0 (60) 94.80 94.80 

31 1 (6) 1 (2.5) 1 (160) -1(40) 
75.65 72.96 
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terms for the sorption of Cu (II). This implies that the linear effect of pH, sorbent dosage, agitation speed and 
square effects of pH, sorbent dosage, agitation speed and contact time were more significant factors. The 

interactive effect of pH , sorbent dosage, pH, agitation speed and agitation speed, contact time was also 

significant. Values greater than 0.1000 indicate the model terms are not significant. 

Table  3. ANOVA for Copper (II) removal using Sargassum myriocystum 

 Source  Sum of 

squares 

Df Mean Square F - Value P –value 

Prob > F 

Model 2459.87      14 175.71 52.72 < 0.0001 

A – pH 744.06      1 744.06 223.24 < 0.0001 

B – Sorbent Dosage, g/L 143.71      1 143.71 43.12 < 0.0001 
C – Agitation speed, rpm 40.99      1 40.99 12.30    0.0032 

D – contact time , min 0.25      1 0.25 0.075    0.7875 

AB 73.26      1 73.26 21.98    0.0003 
AC 55.42      1 55.42 16.63    0.0010 

AD 14.66      1 14.66 4.40    0.0533 

BC 4.04      1 4.04 1.21    0.2880 

BD 7.81      1 7.81 2.34    0.1467 
CD 46.36      1 46.36 13.91    0.0020 

A
2
 591.82      1 591.82 177.57 < 0.0001 

B
2
 478.58      1 478.58 143.59 < 0.0001 

C
2
 543.59     1 543.59 163.10  < 0.0001 

D
2
 177.57     1 177.57 53.28 < 0.0001 

Residual 49.99    15 3.33   
Lack of fit 49.99    9 5.55   

Pure error 0.000    6 0.000   

Cor total 2509.87    29    

 Std. Dev – 1.83 ; R-Squared - 0.9801 ; Mean – 83.21 ; Adj R-Squared - 0.9615 ; C.V. % - 2.19      

Pred R-Squared - 0.8702 ; PRESS – 325.67 ; Adeq Precision – 25.231 
 

3.2 Effect of variables on Cu (II) removal 

The sorption efficiency depends on several parameters, like pH, structural properties of both sorbate 
and sorbent, sorbent dosage, contact time, agitation speed, initial concentration of metal ions etc

23
.  

3.2.1Effect of pH on sorption 

The effects of pH on the sorption of copper onto raw Sargassum myriocystum algae biomass were 

studied by changing the pH from 3.0 to 7.0.  The pH of solution significantly influences metal sorption. Further, 
pH influences surface properties of the sorbent by way of functional group dissociation and also surface 

charges. At pH 3 sorption of Cu(II) onto Sargassum myriocystum biomass was found to be very low. It has been 

suggested that at low pH, H3O
+
 ions are close to the binding sites of the biomass and this restricts the approach 

of Cu(II) ions due to repulsion
24

. With increase in pH, more ligands with negative charges are expected to be 
exposed and this will attract more positively charged Cu(II) ions for binding. sorption of Cu(II) by Sargassum 

myriocystum biomass had been found to increase with increase in pH and reach maximum at 4.94 and then 

decrease with further increase in pH up to 7.0 and it was shown in Fig.1.  The effect of pH was not studied 
beyond pH 7.0 because of the precipitation of Cu(II) as hydroxide. Above the pH 7 the decrease in sorption may 

be attributed to reduced solubility and precipitation of Cu(II)
25

. Therefore, further experiments were carried out 

with an initial pH value of 4.94. Similar results also reported that the maximum sorption efficiency for Cu(II) 
metal ion an biomass was observed at pH 5.0

26-28
. 

3.2.2 Effect of sorbent dose 

The effect of sorbent dosage on the removal efficiency of Cu(II) was studied using varying amounts of 

sorbent dosages (1–3 g/ L) and the results are shown in Fig.1. The maximum removal efficiency was attained as 

the dosage was 1.99 g/L. The sorption percentage increases with increase in sorbent dosage and almost constant 
at dose higher than 1.99 g/L. This trend could be explained as a consequence of partial aggregation of biomass 
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at higher biomass concentration, which results in the decrease in effective surface area for the sorption

29
. 

Therefore, the optimum algae sorbent dose selected was 1.99 g/L for further experimental studies. 

 

Fig.1 Interactive effect of pH and sorbent dosage on Cu (II) removal by Sargassum myriocystum 

 

3.2.3 Effect of agitation speed  

The effect of agitation speeds on sorption of Cu(II) was studied in the range of 40 -200 rpm. The results 
were presented in Fig.2. From the results, the maximum sorption of Cu (II) occurred at 119.59 rpm for 

Sargassum myriocystum sorbent. At low agitation speed, the sorbent do not spread in the sample but 

accumulated. This may cover the active sites of the lower layer adsorbent and only the upper layer adsorbent 
active sites adsorb the metal ion. Therefore agitation rate should be adequate to assure that all the surface 

binding sites were readily available for metal uptake. But at higher agitation speed, the percentage removal 

decrease. This may be attributed to an increase desorption affinity of adsorbate molecules
30

. 

 
Fig.2 Interactive effect of agitation speed and 

contact time on Cu (II) removal by Sargassum 

myriocystum  

3.2.4 Effect of contact time  

The rate of sorption is important for designing batch sorption experiments. Therefore, the effect of 

contact time on the sorption of Cu(II) was investigated. Fig.2 shows the interactive effect of agitation speed and 

contact time on the sorption of Cu (II) on to the brown algae. The sorption yield of Cu(II) increased 

considerably until the contact time reached 59.55 min. Further increase in contact time did not improve the 
sorption, so, the optimum contact time was selected as 59.55 min for further experimental studies. The initial 

phase may involve physical adsorption or ion exchange at cell surface and the subsequent slower phase may 

involve other mechanisms such as complexation, micro-precipitation or saturation of binding sites
31

.  
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Second order polynomial models obtained in this study was utilized to determine the optimum 

conditions. The optimum conditions were: initial pH - 4.94, sorbent dosage – 1.99 g/L, agitation speed – 119.59 

rpm and contact time – 59.55 min.  

4. Conclusion 

In the present investigation, feasibility of sorption of Copper (II) onto a marine macro brown algae, 

Sargassum myriocystum, which is abundant and cheaply available, was studied. RSM is utilized to optimize the 
operating conditions and maximize the Copper (II) removal. Analysis of variance showed a high coefficient of 

determination value (R
2
 = 0.9801), thus ensuring a satisfactory adjustment of the second order regression model 

with the experimental data. The findings of the present investigagion indicates that Sargassum myriocystum can 

be successfully used for separation of Cu(II) from aqueous and industrial waste water solutions. 
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