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Abstract - Wastewater contaminated by heavy metals remains today one of the major problems to solve in industrialized 
countries. Various conventional methods are used to remove heavy metals from the existent wastewater. They are based 
on chemical precipitation phenomena, ion exchanges, and adsorption or bio-sorption. 
 The treatment by plants (phytopurification) is a natural treatment for a variety of aquatic or semi aquatic organized and 
structured artificially to maximize their holding capacity for various pollution parameters. Many studies aim to increase 
the removal of heavy metals by plants to clean up wastewater. In this study we are interested in the ability of the algae 
"ulva-lactuca" to eliminate the chromium (Cr) from a previously prepared solution and the factors that may influence 
the absorption [1,2,3]. 
The parameters studied were pH, mass, contact time between polluted water and algae (biomass and its impact on the 
bio-sorption also other physico-chemical parameters).The results show the bio-sorption percentage R% = 84 % is 
observed at pH = 5 and m = 4g amount of living biomass, and the elimination percentage of Cr is equal to 96% at pH = 
5, m = 1g and C0 = 38.32 mg / l and the amount adsorbed can reach 1.81 mg / g for crushed algae. These results are 
consistent with those obtained with the Langmuir model. 
Keywords: algae, contaminated water, chromium, ICP-AES, Langmuir. 

I. INTRODUCTION 
It is well recognized that the presence of heavy metals in the environment can be detrimental to a variety of living species, 
including man. Chromium is one of the most toxic metals affecting the environment. Mining and metallurgy of chromium, 
chromium electroplating, battery and accumulator manufacturing, pigments and ceramic industries waste waters contain 
undesired amounts of chromium (VI) ions. The main techniques which have been utilized for treatment chromium (VI) 
bearing waste streams include precipitation, evaporation, adsorption, ion exchange, membrane processing, solvent extraction, 
etc. These methods have been found to be limited, since they often involve high capital and operational costs and may also 
be associated with the generation of secondary wastes which present treatment problems [4]. Using microorganisms as 
biosorbents for heavy metals offers a potential alternative to existing methods for detoxification and recovery of these 
components from industrial waste waters. The special surface properties of microorganisms enable them to absorb different 
kinds of pollutants from solutions [5]. 
Absorption in natural or uncontrolled situations typically involves a combination of active and passive transport mechanisms 
starting with the diffusion of the metal ion to the interior of the microbial cell. Once the metal ion has diffused to the cell 
interior, it will bind to the polymer attached heavy metals which exhibit some chemical affinity for the metal [6,7].This step 
contains a number of passive accumulation of processes and may include absorption, ion exchange, coordination, 
complexation, chelation and micro-precipitation. Generally, such metal ion absorption is fast, reversible, and not a limiting 
factor in bioremoval kinetics when dealing with dispersed cells. Absorption is often followed by a slower metal binding 
process in which an additional metal ion is bound, often irreversibly. This slow phase of metal uptake can be due to a 
number of mechanisms, including covalent bonding, surface precipitation and redox reactions, iffusion into the cell interior 
and binding to proteins and other intracellular sites ([8,9,10]The marine algae can sequester heavy metal ions by the same 
absorption mechanisms as other microbial biomass. The mechanism of binding metal ions by inactivated algal biomass may 
depend on the species and ionic charges of metal ion, the algal organism and the chemical composition of the metal ion 
solution [11,12]. 
our interest in the wastewater treatment of these marine algae is mainly due to their nature biopolymers  (polysaccharides, 
proteins, and lipids) rich in amines, alcohols, sulfates, and carboxylic groups responsible for the fixation of heavy metals 
functions [13,14,15,16,17,18]. 
The aim of this work is to evaluate the bio-sorption capacity of chromium (VI) in living marine algae (ulva lactuca). Our 
choice is at the same time, guided by ecological and economic considerations which impel us to look for natural sorbents, 
absorbent, these algae are abundant in nature and exploitable in the raw state or after a simple treatment. After saturation, 
residues of algae will be recovered and eventually incinerated or stored in appropriate places. 
 

II. MATERIALS AND METHODS 
A. Harvest and Preparation of algae 
Marine green algae (ulva-lactuca) were collected using peaches to plankton net in October 2013 at room temperature 22 ° C 
on the Moroccan Atlantic coast at the level of the beach of Rabat (34 ° 03' North latitude, and 6 ° 46' West longitude at an 
altitude of 79 m). These algae have been rinsed with sea water and then Stored in plastic bags of polyethylene previously 
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rinsed with distilled water acidified with nitric acid pure, upon arrival at the laboratory, the algae are again rinsed with 
distilled water.  

These algae were dried in an oven at a temperature of 70 ° C for 48 hours until the weight of the fibers becomes constant;  
Then they were crushed and the resulting particles serve for the remainder of our study.  
B. Preparation of metallic solutions 

The cadmium solutions were prepared by dissolving mass m = 0, 101g of K2Cr2O7, in deminerealised water. The initial 
solution of concentration [Cr]=38,17mg/L was diluted to obtain other solutions of different concentrations. The solution pH 
was adjusted by means of HCl and NaOH solutions (both of concentrations 0.1M and 1M), using a pH-meter. 
The percentage of biosorption is given by equation (1) [19]: 
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                                                (1) 

With: C0: the initial concentration of the metal in the aqueous solution.  

           Ct:  the concentration of the metal to the equilibrium of extraction in the supernatant solution.   
C. Determination of contact at equilibrium time 

To determine the time after which algae comes into equilibrium with the polluted aqueous solution Cr, An amount of 
living algae was put in contact with a volume of 50 ml of a synthetic solution of chromium (VI) ([CR(vi)] = 20.81 mg/l). 
The swabs Resulting from the contact time of 1 day of interval and 6 days were analyzed by ICP - AES. 
D. Effect of agitation 

Effect of agitation experiments were performed suspending 1 g of biomass, or its equivalent fixed in agar, in 50 ml of 
Cd(II)  solutions. The metal concentration 38, 17 mg/g . Suspensions were kept in constant agitation at desired and constant 
pH = 5 and room temperature t°= 22°C After 15, 30, 60, 90, 120, 150, 180 min, the mixture (algal biomass+ metal) was 
filtrated with membrane filters (0,45 um). Afterwards, the final metals concentrations in the remaining solution were 
determined and metal uptake (Qt) was calculated using the following mass balance equation [20]: 

                                           (2) 
Where C0 is the initial metal concentration (mg l−1 ),  
Ct the equilibrium metal concentration (mg l−1), 
 Vl the solution volume (l). 
 Ms is the dry alga weight (g). 

 

III. RESULTS AND DISCUSSION 
A. realised pH Effect 

As known, the initial solution pH has a great influence on the elimination of metallic ions by adsorption phenomenon. 
Therefore its effect was considered for ion Cd(II)  by varying its value as follows:  

 pH 2, 3, 4, 5, 6, and 7. 
The obtained results are shown in Fig. (2), as follows: 
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FIG.1. EFFECT OF PH ON THE ABILITY OF CHROMIUM ABSORPTION BY ALGAE 
  ULVA LACTUCA. 

Earlier studies on heavy metal biosorption have shown that pH is an important parameter affecting the biosorption 
process. Chromium (VI) uptake by algal biomass(ulva lactuca) is also a function of solution pH. Chromium (VI) uptake by 
algal biomass(ulva lactuca) is also a function of solution pH. The effect of initial pH on the adsorption of cadmium on algal 
biomass(ulva-lactuca) was studied at 38,17mg/l initial chromium(VI) ion concentration and at 22°C. As seen from Fig. 1, the 
absorption of chromium (VI) increased with pH up to 5.0 and then declined with further increase in pH. The maximum 
equilibrium uptake value was found as R=72% at pH 5. The equilibrium binding capacity decreased to the value of R = 28% 
by decreasing pH value to 2.0. Solution pH influences both cell surface metal binding sites and metal chemistry in water. At 
low pH, cell wall ligands were closely associated with the hydronium ions H3O and restricted the approach of metal cations 
(as a result of) which causes the repulsive force. As the pH increased, more ligands such as carboxyl, phosphate and amino 
groups would be carried negative charges with subsequent attraction of metallic ions with positive charge and absorption 
onto the algae surface. Similar results have been reported from other research teams [21,22,23,24,25]. 
B.  the mass effect on chromium (VI) absorption 

 Finding the minimum mass which may absorb the maximum of chromium (VI) comprises contacting a solution of Cr 
concentration C0 = 38, 17 mg.l-1 and pH = 5, with different masses of seaweed. The results are shown in figure 2. 
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FIG.2. INFLUENCE OF THE AMOUNT OF ALGAE (ULVA LACTUCA) ON THE CAPACITY 

ABSORPTION OF CHROMIUM (VI). 

These curves there is chromium (VI) concentration absorbed increases with the mass of the alga, the maximum retention 
is obtained for a mass of 5 grams of algae <ulva-lactuca> by 50 ml of solution. For this quantity, the percentage of 
elimination saves its value maximum (R = 84% for m = 5 g of chromium (VI)). For other quantities, the percentage of 
elimination   increased from increased from 63% to 84% for the masses of fibres from 1 to 8 g of ulva lactuca. The increase 
in the retention rate of hexavalent chromium on the basis of the increase in the mass of fibres is mainly due to the presence 
of functional groups capable of fixing heavy metals. This trend is quoted by [26].  
C. effect of contact time on the removal of chromium (VI) 

Figure 3 shows the percentage of chromium (VI) absorbed by the <ulva-lactuca> living time. The experimental 
conditions are as follows: mass of Spirogyra SP. m = 5 g, initial concentration of chromium (VI) C0 = 20, 81 mg.l - 1 
ambient temperature t = 22 ° C, and pH of the solution in the range of 5. 
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FIGURE 3. INFLUENCE OF THE CONTACT ON THE BIOSORPTION CAPACITY TIME 

CHROMIUM (VI) BY ALGAE ULVA LACTUCA. 

-figure 3 shows a rapid increase in the percentage of elimination of chromium (VI) for 0<t<3 days, which can be 
explained by high affinity of the alga for chromium (VI). It also shows for t>3 days, there is a stability of the amount of 
chromium (VI) absorbed by our algae, which can be explained by a saturation of the functional group able to fix heavy 
metals, So more than the time of balance is reached after 4 days or more are times of balance. 
D. Effect of agitation 

Agitation is one of the important parameters for biosorption application. Fig. (1) Shows that the adsorption of the 
cadmium is very rapid during the first minutes, indicating a great affinity between the biomasses of green algae for these 
cations. In fact, the results show an elimination of 96 % after only 30 minutes. The retention capacity increases with time 
and reaches the equilibrium after 40 minutes with a removal of 98% (Qeq=1,83 mg/g). 
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FIG.4. INFLUENCE OF AGITATION OF HEAVY METAL (CR) BIOSORPTION BY GREEN BIOMASSES. 

E. Modeling of adsorption isotherms 
Langmuir adsorption isotherm 
Langmuir adsorption isotherm [27] assumes that the solid surface has a finite number of identical sites which shows 

homogeneous 
surfaces. Langmuir equation and its linearized form may be represented as: 
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where qe (mg/g) is the amount of the adsorbed ion per unit weight of the dried plant adsorbent at equilibrium, Ce is the 

equilibrium concentration of ion (g/L) in the solution, qL is Langmuir maximum adsorption capacity (mg/g) and KL is 
Langmuir constant (L/g) related to a free energy of adsorption. The isotherm constants qL and KL were calculated from the 
slope and the intercept of the plot between 1/qe and 1/Ce. Langmuir equation is thermodynamically consistent and follows 
Henry’s Law at low concentrations. As Ce becomes lower, KLCe is much less than unity and qe = KLCe, which is 
analogous to Henry’s Law. 
Freundlich adsorption isotherm 

 Freundlich [28] equation shows the best fittings to the adsorption data for natural heterogeneous adsorbents. Freundlich 
adsorption isotherm equation and its linear form can be written as follow : 

 

                                           
n

iFeq CKQ /1.
                                                 (5)   non linear form   
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                      (6)    linear form  

 
where, qe is the amount of the solute adsorbed per unit weight of adsorbent (mg/g); Ce is the equilibrium concentration 

of the solute in the bulk solution (g/L); Kf is Freundlich constant, which is a comparative measure of the adsorption capacity 
for the adsorbent, and nf is an empirical constant related to the heterogeneity of the adsorbent surface. The isotherm 
constants nf and Kf were calculated from the slope and the intercept of the plot ln qe versus ln Ce. For a favourable 
adsorption, 0 < nf < 1, while nf > 1 represents an unfavourable adsorption, and nf = 1 indicates a linear adsorption. If nf = 0, 
the adsorption process is irreversible. 

Values for the constants of different models, for a temperature of 22 ° C, are given in table 1.                       
Table 1: Relating to the Cr (VI) chromium biosorption on crude fibre of ulva lactuca 

 constants of Langmuir and Freundlich 
Modèle  Expression linéaire  Paramètres du modèle  

LANGMUIR  
y=-0,0209x + 0,5594 

Qm = 1,86 (mg/g)   
KL=0,026 (ml/g) 
R2= 0,99 
0<RL=0,5<1 isotherme de Langmuir est    Favorable 

FREUNDLICH 
 
 

 
y=-0,0328x + 0,6194 

Kf =1,85 (L/g) 
nf =30,4 
R2=0,97 
 nf>1 : adsorption faible  

 
IV. CONCLUSION 

Marine algae <ulva-lactuca> are used in the elimination of heavy metals from polluted waters. We have shown that 
the absorption of heavy metals by these algae dependent on operating parameters as the pH of the solution, the 
concentration of polluting metal, the amount of algae used and the time of stays of the alga in the solution.  

We have also shown that balance, algae-solution metal, is reached after 5 days and the binding capacity increases as 
the initial pH of the solution get higher, the absorption maximum is reached at pH = 5, m = 5 g and the percentage of 
elimination is equal to 84% for C0 = 38, 32 mg.l1 of chromium (VI). 

This study showed that from the correlation coefficient R2 values, it can be concluded that the Langmuir model is the 
most suitable for the experimental results obtained in the two adsorption isotherms and the amount adsorbed at 
equilibrium is 1.86 mg/g. Taking into account the results, we can conclude that marine algae <ulva-lactuca> may 
constitute an effective ecological instrument in the process of water decontamination or closed basins polluted by certain 
metals such as chromium (VI). 
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