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Abstract: Biosorption is a potential alternative to traditional processes of metal ions removal. Therefore

the capacity to biosorb cadmium and nickel by non –living Nile water algae was investigated. Bench-scale

experiments were conducted to study the effect of design parameters such as pH, retention time, and initial

metals concentration. Fixed dried Nile algae dose of 2g/l was applied through the study. The highest

removal for Cd and Ni were 46% and 72% respectively. For both metals uptake increase by increasing

the initial metals concentration. The experimental biosorption equilibrium data were in good agreement

mwith those calculated by both Langmuir and Freundlich model. The maximum sorption capacities (X )

determined from the experimental equilibrium isotherms by applying the Langmuir model showed that the

m malgae had the best ability at pH6  X  = 96, and 333.3 ìmol/g for Cd and Ni respectively . At pH4 X

= 100, and 210.14 ìmol/g for Cd and Ni respectively. By applying Freundlich model at pH6 k was 8.9

for Ni and 21 for Cd and at pH4 k was 5.5 for Ni and 30 for Cd. This means that treated adsorbents

show good adsorption capacities for Cd and Ni.
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INTRODUCTION

Industrial and mining waste waters are the major

source of pollution by heavy metals. Furthermore, in

developing countries, such as Egypt many industries

are operated at small or medium scale. These smaller

units can generate a considerable pollution load which,

in many cases, is discharged directly into the

environment without any facilities for waste-water

treatment. Metals can pose health hazards if their

concentrations exceed allowable limits. Even when the

concentration of metals does not exceed these limits,

there is still a potential for long-term contamination,

since heavy metals are known to be accumulative

within biological systems. Cadmium, zinc, copper,

nickel, lead, mercury and chromium are often detected

in industrial wastewaters, which originate from metal

plating, mining activities, smelting, battery manufacture,

tanneries, petroleum refining, paint manufacture,

pesticides, p igment manufacture, printing and

photographic industries, etc., . In recent years,[26 ,9]

increasing awareness of the environmental impact of

heavy metals has prompted a demand for the

purification of industrial waste waters prior to discharge

into natural waters. Research interest into the

production of cheaper adsorbents to replace costly

conventional methods of wastewater treatment methods

are attracting attention of scientists. Conventional

methods for example, ion-exchange, chemical

precipitation, ultrafiltration, or electrochemical

deposition do not seem to be economically feasible for

such industries because of their relatively high costs

and often insufficient removal of traces of metal ions.

Therefore, there is a need to look into alternatives to

investigate a low-cost method which is effective and

economic, and can be used by such industries.

Biosorption has recently attracted growing interest. It

has the advantage of achieving high purity of the

t r e a t e d  w a s t e w a t e r  i n v o l v i n g  i n e x p e n s i v e

sorbents . According to Bailey et al. , an[1 ,5 ,12 ,14 ,17 ,24 ,25] [6]

adsorbent can be considered as cheap or low-cost if it

is abundant in nature. Recently microbial systems like

fungus, bacteria and algae have been successfully used

as adsorbing agents for removal of heavy metals .[21 ,19]

Biosorption studies involving low-cost and often

dead/pretreated biomass have dominated the literature

and, subsequently, extensive reviews focusing on

equilibrium and kinetics of metal biosorption have also

come up. Biosorption takes advantage of sequestering

capabilities of dry or dead cells, which is

technologically advantageous. The binding capacity of

living cells is significantly lower than that of dead

cells. There is also a possibility of desorption and reuse

of biomass in case of biosorption. 

Cadmium and nickel metals are of major concern

because of their larger usages in developing countries

and their non degradability nature. Cadmium is one of

the heavy metals with a greatest potential hazard to

humans and the environment. Chronic exposure to

elevated level of Cd is known to cause renal
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dysfunction (Fanconi syndrome), bone degeneration

(itai-itai syndrome), liver damage and blood damage.

Ni (II) is more toxic and carcinogenic metal when

compared with Ni (IV). Ni is also listed a possible

human carcinogen (group 2) and associated with

reproductive problems and birth defects. Many type of

biomass has been reported to have high uptake

capacities for heavy metals, including cadmium .[20]

The main objective of this work is to investigate

possible application of low-cost adsorbents non-living

algae obtained from Nile water to remediate cadmium

and nickel contaminations. The effect of pH and metal

concentration were determined. Likewise, equilibrium

sorption isotherms were assessed, and modeling of the

experimental results has been carried out.

MATERIAL AND METHODS

Preparation of Biosorbent: Nile water algae are used

because diatoms are dominant. Nile water algae were

collected from the river Nile at Giza, Cairo sector

using phytoplankton net (80 µmesh). The biomasses

were washed several times with deionized water to

remove dirt, and/or other impurities present in the raw

materials.  All the samples were dried in an oven at

100°C for 24h or until constant weight and ground

with a mortar.  Fractions of particle size in the range

between 0.5 and 1 mm were selected for the metal

uptake experiments. The concentration of added

biomass was 2 g/l.

Metals Solutions: Cadmium and Nickel solutions and

standards were prepared by using analytical grade

2c ad m ium  ch lo ride  (C dC l ) ,  N ic ke l ch lo r id e

2 2(NiCl .6H O). Solution of 5000 mg/l was prepared with

deionised water. Solutions of varying concentrations

were prepared by diluting the stock solution with

deionised water. The freshly diluted solutions were

used for each biosorption study.

Experimental  Procedure:  B atch equilib r ium

experiments were performed in 125 ml Erlenmeyer

flasks, containing 100 ml of metal solution. The initial

concentrations of cadmium were 4, 7, 9, 28, 36 and 44

mg/l and that of nickel were 4, 9, 16, 18.5,27 and 30

mg/l. All the experiments were conducted with

included a control test without metal. Samples were

taken  from  solution  after 5, 15, 30,50,60,90,120,150,

180,  240min  to  determine  optimal  contact time.

The separation of the biomass from experimental

solution was achieved by membrane filtration

(Whatman 40) in all cases. The pH values were

adjusted at 6 and 4 for biosorption using 10% NaOH

and 10% HCL. During the adsorption process, the

flasks were agitated on a shaker at rate 200 rpm under

ambient temperature (25±2 °C). The specific surface

area of the biomass, 5.3m /g was determined by2

2adsorption of N  adsorption at 77k  using a

Sorptometer of the type Nova version 1.12

(Quantachrome Instrument).

Heavy metal ion concentrations were measured in

the filtrate by atomic absorption spectrophotometer

(AAS) (Varian, Model 220) according to Standard

Methods.  

Data Analysis: The Langmuir and Freundlish isotherm

model below is commonly used to describe the

sorption of metals onto microbial surface.

Langmuir  equation: [16]

e m  e mC C /X = 1/bX + C /X  

mWhere X = the amount of solute adsorbed per unit

of adsorbent required for monolayer coverage of the

esurface, also called monolayer capacity C  =

equilibrium concentration of the solute b= a constant

erelated to the heat of adsorption (L/m mol). C /X was

eplotted versus C  to fit the experimental data to a

straight line. With this linear plot of Langmuir equation

mX  and b can be determined.

Freundlich  equation[11]

o e eC Log (C  – C /m) = log k + 1/n log C

oWhere C  = the initial concentration Ce = the

metal concentration remaining in solution m: weight of

adsorbent (gm) k reflects adsorption capacity of

adsorbent as it increases the adsorption capacity

increases. 1/n measure of the affinity of adsorbate to

the adsorbents and its value decrease as 1/n value

increases

RESULTS AND DISCUSSIONS

The biosorption process has been analysed through

batch experiment with regard to the influence of initial

metal concentration and pH on biomass. The removal

process is rapid; it takes only a few minutes. From

preliminary experiment to reach equilibrium 2 hr were

shoosen for best removal of cadmium and 3hr for

nickel . [15]

Key quantitative information on biosorption

performance can be obtained from batch equilibrium

studies. Small sample doses (2 g/l) of the biosorbents

prepared of dried biomass of Nile water algae enabled

46% removal of Cd ions, 72% removal of Ni ions

from diluted water solutions. Mahamadia and Torto

2007 found that Nickel biosorption by green alga

occurred rapidly, with 80% of total uptake occurring

within 50 minutes.
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(a) (b)

Fig. 1a: Langmuir sorption isotherm for cadmium onto River Nile algae at pH6

Fig. 1b: Langmuir sorption isotherm for cadmium onto River Nile algae at pH4

(c) (d)

Fig. 1c: Langmuir sorption isotherm for nickel onto River Nile algae at pH6

Fig. 1d: Langmuir sorption isotherm for nickel onto River Nile algae at pH4

Biosorption Time: The result indicates that the metal

concentration decreased rapidly during the first 5 min

and remained nearly constant after 2hr for Cd and 3 hr

for Ni suggesting that the biosorption was fast and

reached saturation within 2 and 3 hrs. After this

equilibrium period , the amount of adsorbed metal ions

didn't significantly change with time. Similar

equilibrium times are obtained for other algae.

Equilibrium times of 2 or 3 h were employed with

macroalgae of Saragassum genus . This equilibrium[8 ,17]

time is shorter than those usually employed for the

adsorption of cadmium by other adsorption materials.

Aksu  reported that 4 hours with the microalgae[3]

chlorella vulgaris.  

Equilibrium Sorption Isotherms: The Langmuir and

Freundlich models were used to describe the

biosorption equilibrium .The linearized Langmuir model

was applied to fit the experimental equilibrium data

obtained for the biosorption of cadmium and nickel for

the River Nile algae. The linear plots of Ce/x versus

Ce was employed. Fig. 1(a, b, c, and d) show that the

isotherm of the River Nile algae was fitted by the

mLangmuir model. The X  and b parameters were

determined from the slope and the intercept of the

lines. The adsorption capacity increases with the

mincrease in solution pH for Ni. The X  value indicates

that the algae has high metal binding capacity for

mnickel more than cadmium at pH 4 and 6. X = 96 and

333ìmol/gm for cadmium and nickel at pH6

mrespectively and X  =100 and 210.14ìmol/gm for

cadmium and nickel at pH4 which mean at pH6 the

maximum uptake of Ni and at pH4 the maximum

uptake of Cd, this agree with Guriik et al.  and[13]

Esmaeili et al.  which found maximum uptake of[10]

nickel at pH6 and 7 respectively  . In addition Herrero

et al.  showed that maximum cadmium uptake by[14]

dried marine algae Fucus sp. was at pH 4.5. 
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(a) (b)

Fig. 2a: Freumdilch sorption is otherm for cadmium by river Nile algae at pH4

Fig. 2b: Freumdilch sorption is otherm for cadmium by river Nile algae at pH6

(c)    (d)

Fig. 2c: Freumdilch sorption is otherm for nickel by river Nile algae at pH4

Fig. 2d: Freumdilch sorption is otherm for nickel by river Nile algae at pH6

The greatest capacity of biosorption was obtained

at pH6 for nickel which means the sorption of nickel

increase with the increase of pH from 4 to 6. High

algae  capacity  uptake  is due to the mass of algal

cell wall polymers. Vanessa et al.  determined that at[23]

low  pH,  the  positively  charged  hydrogen  ions

may compete with metal ions for binding legends on

the cell wall and this leads to fewer sites being

available to bind metal ions. However, as the pH

increases there are fewer hydrogen ions in solution and

this means that there is less competition for binding

sites thus freeing up  more  ligands  leading  to

enhance biosorption. The maximum equilibrium

constant uptakes of cadmium and nickel ions were also

determined as 0.02 L/ìmol for Cd and 0.01 L/ìmol for

Ni at pH6 and,0.033 for Cd 0.003 L/ìmol for Ni at

pH4.

Freundlisch model effectively described the

sorption  of cadmium and nickel by river Nile algae.

In Fig. 2 (a, b, c, and d) k and 1/n are empirical

constants and are indicative of sorption capacity and

intensity, respectively. Tien  found that the magnitude[22]

of k and n showed easy uptake of surface area and dry

weight of algal cells. It was found to be the main

factors influencing metal sorption and indicates

favorable  adsorption.  So the ratios of surface area

and  dry  weight  were  determined,  it  was  2.65.

The Freundlisch constant k are 30 and 21 at pH 4 and

6 respectively for cadmium which reflects higher

adsorption capacity at lower pH and k for nickel were

5.5, 8.9 at pH4, 6 respectively which reflects that

adsorption capacity for nickel is higher at pH 6.

Affinity  of the adsorbate (1/n) for nickel were 0.82

and 0.87 at pH 6 and 4 respectively which denotes

greater affinity at pH 6 , for cadmium 1/n were 0.49

and 0.4 at pH 6 and 4 respectively which mean greater

affinity at pH 4. 

Conclusion: 

C The study indicated that the river Nile algae could

be used as an efficient biosorbent material for the

treatment of cadmium and nickel ions bearing

wastewater.

C The Langmuir and Freundlish adsorption models

were used for the mathematical description of the

biosorption of cadmium and nickel to dried river

Nile algae. 
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C The adsorption capacity was solution pH dependent

and maximum adsorption capacity was obtained to

be 333µmol/g for nickel at a solution pH 6. 
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