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EDIP 2003 method.
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I. Introduction
Surfactants or surface-active agents represent
potential toxicants. They have many applications in
both domestic and industrial operations. Combined
worldwide consumption of surfactants (anionic,
cationic and nonionic) was estimated to be 15
million metric tons in 1989. [1]
Detergents and cleaning agents have received
specific attention, mainly because the high
consumption, for example, in 1993, EC used to
consume an average of 5.5 Million tons of detergent.
Therefore, focus on this category of products seems
to become necessary as far as ecology is concerned.
In 1992, the association of the Swiss Soap and
detergent industry (SWI), commissioned LCAs on
detergents and cleaning agents, considered the ecobalancing, the essential ingredients of these product
categories are an important step for the sake of
developing European detergent market [2].
The popularity of synthetic detergents raised a
particular interest for the effect of surfactants on the
growth and metabolism of plants, on ground water
and wastewater operations.
Removal of the residual surfactants for the
effluents steams is a very important task, however

imposing expensive physical and chemical
processes. [3]
Synthetic surfactants are widely used, they appear
in natural ecosystems either through direct
application. Possible harmful effects of surfactants
in the environment are the re-mobilization of organic
pollutants, the inhibition of biological activities, and
toxic effect against organisms [4].
In the Algerian society, a great consumption of
detergent product is so remarkable in the last 10
years that many factories are installed with different
types and markets. For this reason, the evaluation of
impacts generated by these manufactories seems to
be necessary. The work reported in the current study
is the use of life cycle assessment methodology in
order to assess the environmental impacts generated
by one of the leader manufactories on detergent
production in Algeria town. The LCA is also us ed
to show how elements generate the impacts
categories and to compare three liquid detergent for
different use: washing dish, clothes and multi user
detergents.
The LCA is a methodology developed to evaluate
the mass balance of inputs and outputs of systems,
and to organize and convert those inputs and outputs
into environmental categories impacts, relative to
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resources use, human health and ecological area [4].
This methodology has taken place within ISO 14040
series [5] [6] [7] [8].
The impacts are evaluated using SimaPro.7.1
Software and EDIP 2003 method.
II.Description of system
For preparing these kinds of liquid detergent, we
must have a mixture of the compound with addition
of water to obtain a homogeny liquid with middle
viscosity and neutral Ph.
Principal compounds are anionic surfactants that
are LAS (linear alkyl benzene sulfonate) and AES
(alkyl ether sulfonate), which are neutralized with
sodium hydroxide, and nonionic surfactant (fatty
alcohol) NI07 that has an emulsifying role, with
helices agitation and rapid speed.
III.Material and methods
In order to determine the environmental impact of
liquid detergent production, and for the sake of
carrying out a comparative study, we need to use the
LCA methodology using SimaPro 7.1 and EDIP
2003 method.
a. Life cycle assessment
Life cycle assessment (LCA) is a method of
evaluation used to assess the environmental impacts
of technologies from “cradle to grave” and may be
performed on both products and processes. LCA has
the ability to evaluate the materials and energy
efficiency of a system and to identify pollution
generated by production system and favor.
LCA has been proved to be a potential tool for
evaluating the improvement of industrial processes,
used to avoid sub-optimization in the development
of more environmental and concrete product and
manufacturing processes.
LCA is developed to evaluate the masse balance of
inputs and outputs of system and to convert those
inputs and outputs into environmental themes or
categories relative to resources use, human health
and ecological areas [4] [9].
b. Goal and scope, functional unit and system
boundaries
The goal of the present study is to assess the
environmental performance of detergent production
by comparing them. The model focuses on
production of detergent liquid form that are: multi
user liquid, liquid dish and liquid for washing clothe,
the production process includes the mixture of all
compounds in aqueous solution. The functional unit
of analysis in this study is the production of one ton
of this detergent.
c. Data quality
The study is based on the process data supplied by
detergent production in Algerian manufactory. Data
used for this study is based on data records from the
plants.
The LCIs of the ingredients manufacturing
processes for multi user liquid detergent and dish

liquid detergent is obtained from this plant and are
reported to production of one ton of final product.
The LCI of the packaging needed to construct
package is calculated from the raw materials
(cardboard, plastics PEHD …).
The consumption of energy and water is reported
to quantity of final product.
Emission and characteristics of wastewater and
waste generated are considered.
The LCA SimaPro7.1 (Preconsultants, 2008) is
used to evaluate the environmental impact of
inventory aspects. Inventory data for raw materials
and electricity and water is obtained fromthis factory
and from SimaPro.7 software databases (table 1
show raw materials and energy resources used in this
factory).
Table 1. Life cycle inventory of liquid detergent
Raw materials
consumption (kg)

Multi
user

Dish
liquid

Liquid
clothe

LAS (linear alkyl
benzensulfonat)
AES (alkyl
ethersulfonat)
Sodium hydroxid
(NaOH)
Sodium Chlorure
(NaCl)
Fragrance
Formaldehyd
Fatty alcoholethoxylate
(NI 7)
Dequest (sequestrant
agent)
Stearicacid
Hydro nacre
Tartrazine yellow color
Acétiqueacid

21.207

27.455

44.5

26.414

32.189

0

0.526

0.681

26.14

4.260

3.806

16.34

1.230
0.662
3.787

1.136
0.662
0

6.63
2.86
14.88

0.568

0

0

0
0
0.153
0.037

7.96
6.63
0 .5
0

50

33.33

104.49

3.60

2.40

4.64

4.80

3.20

2.6

32

46

32.14
941.18

21.43
932.89

15.24
737.6

20
9.07
983.00

20
10.30
1440.00

21
6.98
1540

103.33
1.96
0.650
0.068
71.11
13.32
76.00
800.00
30.00
3.45

400.00
2.018
0.710
0
5.93
10.92
33.00
1400.0
30.00
4.09

130
0.56
0
0
4.76
8.76
0
530
20.56
2.55

10
1.5

4.05
3.37

0
0
0.153
0.037

Packaging
consumption
Cartonscellulose
(cardboard) (Kg)
Etiquettes (plastics)
(Kg)
Bouchons (P EHD)
(Kg)
Bottle (P ET) (Kg)

48

Energy
consumption
Electricity (KWh)
Water (m3)

Emission
parameter of
effluent
Température (°C)
Ph
DCO (mg of
O 2 / l)
DBO 5 (mg of O 2/ l)
LAS (g/l)
AES (g/l)
NI 7 (g/l)
Turbidity (NTU)
L’ O 2 dessous (mg/l)
P hosphate (mg/l)
Sulfate (mg/l)
Nitrate (mg/l)
TDS (complete
dissolved selt (g/l)

Waste generated
Cartoncellulose (kg)
P lastics (kg)

5
2
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I MPA CTS CA R ÉGOR I ES
clothe %
95
96
87

dish %

25
20
0

75

multi user %

15
15
12

The EDIP2003 method is used to assess the
environmental impacts.
The impacts considered in this study are shown in
figure 1, and summarized in table 2:
Aquatic eutrophication EP(N) expressed on
kg N
Aquatic eutrophication EP(P) expressed on
kg p
Human toxicity water expressed on m 3
Bulk waste expressed on Kg.

13
0

Impacts assessment

%

d.

Figure 1. Impacts category of liquid detergent
IV. Results and discussion

Table 2. Impact generated by detergent liquid
detergent -EDIP 2003 method-

Impact
categories

Unit

Aquatic
eutrophication
EP (N)

Kg

Aquatic
eutrophication EP(P)

Kg

Human
tocxicitywater

Multi
user

Dish
liquid

4.07 E-6

4.07 E-6

Liquid
clothe

9.58 E -6

2.21
E -5
0.105

1.26E-7

0
0

m3

Bulkwaste

In this case, the production of multi-use liquid
detergent and dish liquid detergent generates four
major impact categories, which are:

0.00738

Kg

7.00

11.5

3.67

Table 3. Contribution to impact generated

Impact
Categorie

Aquatic
eutrophicat
ion EP (N)
Aquaticeut
rophication
EP (P )
Human
tocxicity
water

Element conntribution

unit

Nitrate

Multi
user

Kg
N

Phosphate

4.07
E-6

Dish
liquid

4.07
E -6

Liquid
clothe

1.26
E -7

Kg P

2.21 E5

9.58
E -6

0

Fatty alcohol
ether sulphate
( C12 - C14)

m3

0.00178

0.0021

0

Fattyalcoholethox
ylate

m3

0.103

Linear alkyl
benzensulfonate
Carton waste

m3

0

Kg

5.00

10

0.3

Plastic waste

Kg

2.00

1.5

3.37

0

0.0053

0

0

Bulkwaste

a) Aquatic eutrophication
This impact has been evaluated at 4.07 E-6 kg N,
and at 2.21 E-5 kg P respectively due to nitrate and
phosphate contribution in the case of multi-use
liquid detergent. It has been evaluated at 4.07 E-6 kg
N and at 9.58 E-6 kg P respectively due to nitrate and
phosphate contribution in the case of dish liquid
detergent.
The phosphate contribution is very important in the
case of multi-use than dish liquid and it has no
contribution in case of detergent liquid clothe,
because we have used more surfactant (tow anionic
and one nonionic) and dequest (sequestrate agent) in
the case of multi-use. In the case of dish liquid and
liquid clothe, we have used only the anionic
surfactant, without using dequest. We can say that
dequest partly contributes to eutrophication impact
because it contains phosphate and nitrate in it
composition. The use of surfactant undergoes a
degradation of organic content, which contributes to
eutrophication impact, that is also due to change of
the formulation (important difference, see table 1).
The same result is obtained by Erwan Saouter and
all [10], it is shown that application of LCA
methodology using CML92 method for granular
laundry detergent, this production generates the
eutrophication impact due to biodegradation of
organic materials by oxygen depletion and nutrients,
phosphorus and nitrogen. The residual detergent
ingredient is converted to chemical oxygen demand
(COD). This study has made use of the results
obtained in 1998, the eutrophication impact
generated by phosphorus in the Netherlands and
Sweden respectively with1380 and 1360 expressed
on mg PO4 -3 for granular laundry detergent.
A study carried out byJoostDewaele and al [12]
demonstrates that formulation step of ARIEL liquid
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detergent for washing clothe in France, contributes
to eutrophication impact at 9.82% and 8.32%
respectively in 1998 and 2001, this step consumes
also an average of 0.7 to 0.95% of water for the same
years. The same study demonstrates for the most
detergent product (liquid form and different use)
formulation contributes at 7% to 15% to this impact
generated.
Eutrophication is primarily driven by organic
emissions, since all formulations under study are free
of phosphate. Noteworthy is that today’s powders
and liquids are >40% lower on eutrophication [15].
b) Human toxicity water
In this case, it has generated at 0.105m3 for multiuse and 0.00738 for dish liquid, which is applied to
residual detergent ingredients in the effluent. In this
case it is due to alkyl ether sulfonate (AES) with
contribution at 0.00178 m3 (so 1.7%) of total impact
and to fatty alcohol ethoxylate (NI 7) with 0.103 m3
(so 98.3%) of total multi-use impact. It is due to the
linear alkyl benzene sulfonate (LAS) and AES in the
case of dish liquid. Those kinds of component are the
residual product (mark) of anionic and nonionic
surfactant generally present in the effluent.
These compounds are present at significant
concentration in the effluent of this plant (see
table1), so they WERE being discharged into the
environment without treatment.
Several studies of rivers and estuaries have
reported concentration of anionic surfactant such as
LAS, AES at the µg/L level. In the case of nonionic
surfactant such as AEO, it has been detected in
sewage plant influent and effluent samples ranging
at levels between 1 and 30 µg/L [11].
A study carried out by Joost Dewaele and al [12]
demonstrates that formulation and use stage are the
principal and dominant contributor to this impact at
28.28%, 23.88% respectively for 1998 and 2001for
all kinds of detergent formulation, in which NOxand
SOx emission are accounting for ˃ 90% of human
toxicity potential.
Pant and al [13, 14] have identified that the most
impact toxic is linked to the wastewater from
washing process and formulation.
By this study we can say that using only anionic
surfactant without using nonionic is very benefit, so
they generate low quantity of impact because
nonionic contribute considerably to impact human
toxicity water.
Therefore, it is very important to replace nonionic
by another emulsifying compound that has low
impact to environment.
c) Bulk waste
In this case, it has generated 7kg of waste by
production of one ton of final product; this is due to
carton and plastic waste packaging contribution.
JoostDewaele and al [12], demonstrate that a
significant part of total solid waste of various
product (liquid and powder), is derived from the
packaging disposal (with a relative higher share for

the liquid detergent). Solid waste produced during
the product formulation, and the accounted solid
waste is derived from wastewater treatment (36 48%), within the waste water treatment, 98% of the
solid waste is produced as chemical absorbed into
sludge. It is also due to not evaluating refile
packaging.
V.Conclusion
Life cycle assessment is used to evaluate the
environmental impacts generated by detergent
production. The current study demonstrates a
presence of eutrophication impact due to nitrate and
phosphate that are the residue of surfactant after their
biodegradation. It is present in the effluent rejected
without treatment by this factory in the environment
area, human toxicity water is due to surfactant.
Therefore, it is important to reformulate the
detergent composition using natural surfactant, or
minimize the quantity used and treating the effluent.
The LCA is a beneficial tool in evaluating the
environmental impact in that it shows how element
contribute to the appearance of all impacts’
categories; it is also helpful in the process of decision
making for the sake of minimizing the potential
impacts.
The findings of the current humble study seem to
be consistent with its expressed objectives.
Accordingly, the results appear reliable under study
limitations.
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Abstract : In this study the biomass Pleurotus mutilus was used for
the biosorption of Cu2+, Ni2+, Cd2+, Zn+2 and Co+2 ions. The effect of
different parameters such as contact time, adsorbate concentration,
pH of the medium and temperature were investigated. The sorption
capacities were in the order of Cd2+ > Zn+2 > Co+2 >Cu2+ > Ni2+ . This
order can be explained by their different values of affinities
respectively. In order to prediction of the rate controlling
step(external or internal mass transfer) , Boyd model was used in all
case. Results showed that the external mass transfer is the rate
controlling step. Different thermodynamic parameters such as
enthalpy and entropy and change in standard free energy have also
been evaluated and it has been found that the reaction was
spontaneous and exothermic in nature. The Freundlich, Langmuir,
Temkin and Dubinin-Raduskuvich adsorption models were used for
the mathematical description of the biosorption equilibrium.
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I. Introduction
Several studies[1,2,3,4,5] have been cited on
metal biosorption by Pleurotus mutilus biomass so
no study could explain the order in the adsorption
capacities of these heavy metals.
In order to examine the adsorption capacities of
these ions on Pleurotus mutilus biomass, several
solutions containing heavy metals were prepared
.The tests were performed under the same operating
conditions.
The purpose of the present work is to examine the
order in metal ions biosorption capacity on the
Pleurotus mutilus biomass. In this study, the effect
of different parameters such as contact time,

adsorbate concentration, pH of the medium,
temperature,
were
investigated.
Langmuir,
Freundlich, Dubinin-Raduskevich and Temkin
models were applied for the experimental
biosorption equilibrium data.
II. Sorption equilibrium
Biosorption isotherms characterised by certain
constant values express the surface properties and
affinity of the biosorbents [6], and can be used as a
comparison in biosorptive capacity of biomass of
various heavy metals. Metal uptake by
microorganisms has been shown to occur in two
stages as initial rapid stage (passive uptake)
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followed by a much slower process (active uptake)
[7]. The biosorption isotherms of (Cu +2 , Ni+2 ,Mn +2 ,
Cd +2 , Zn +2 and Co +2 ) were investigated using five
isotherm models: the Langmuir, Freundlich,
Dubini-Raduskevich, Temkin isotherm models.
II.1. Langmuir isotherm:
Theoretically, the Langmuir isotherm is used to
examine the adsorption of gases on a solid surface.
The isotherm has been successfully applied to many
pollutant biosorption processes and has been the
most widely used isotherm for the biosorption of
solute from a liquid solution. However, it should
be realised that the Langmuir isotherm offers no
insights into the mechanistic aspects of biosorption
[8]. This model can be written in nonlinear form as
in equation (1): Nonlinear Langmuir isotherm [8,9]:

qe  (qmax .K d .C) e (1  K d .Ce )

(1)

Were q e is the biosorption capacity at equilibrium
(mg/g), q max is the maximum uptake (mg/g) and Kd
(L/mg) represents the equilibrium constant of the
biosorption reaction. The model was linearized as
equation (2) and equation (3) in order to obtain q max
and Kd values.

Ce

qe


Ce
1
 
q max
 K d .q max


 (2)


an increase in biosorbent coverage [8]. The model
is represented by equation (6):





 RT 
qe  
 ln K T .Ce
 B 
(6)
 RT 
 RT 
qe  
 ln K T  
 ln Ce 
 B 
 B 
(7)

 

Where:
(L/mg)

(Kr)

is the Temkin isotherm constant

( B ) is the constant related to the heat of
biosorption (J/mol)
(T )

is Temperature (K)

R = 8.314

J/ (mol.K)

II.4. Dubinin –Radushkevich (D-R) isotherm:
The D-R model does not assume a homogeneous
surface or a constant adsorption potential as the
Langmuir model.
The D-R isotherm was developed to account for
the effect of the porous structure of a biosorbent
[8,10]. The model can also be used to determinate
whether the metal biosorption process is physical or
chemical in nature. The linearized D-R isotherm is
expressed as follows:

Ln(qe )  Ln(qmax )   2
1
1

qe q max .K d .C e



1
q max

(3)

II.2. Freundlich isotherm:
The Freundlich isotherm is applied under the
assumption of a heterogeneous adsorption surface
and active sites with different energies involved the
model is represented as follows:

qe  k f .Ce

1/ n

(8)

Where β (mol2 .J-2 ) is the activity coefficient related
to mean biosorption energy (E) , and ε (J.mol-1 ) is
the polanyi which can be determined from equation
(9):



  RT ln 1 


1
Ce





(9)

(4)

Where kf (g/mg) is a Freundlich
constant
relating the binding capacity and (1/n) is an
empirical parameter relating the biosorption
intensity which varies with the heterogeneity of the
biosorbents. The parameter can be determined
through the linearization of equation (5) as follows:

1
ln qe  ln Ce  ln k f
n

(5)

The plot of the (q e) versus ε2 results in a straight
line, and its slope is equal to (–β).Thus, the mean
biosorption energy (E) (J/mol) can be calculated
using equation(10):
(10)

The obtained E values provide useful information
with regard to weather biosorption is subject to a
physical or chemical process [8,11].

II.3. Temkin isotherm:
The Temkin isotherm is based on the assumption
that the heat of biosorption decreases linearly with
Copyright © 2015, Algerian Journal of Environmental Science and Technology, All rights reserved
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If
0< E < 8 kJ/mol: the sorption type is
physisorption
If
8< E < 16 kJ/mol: the sorption type is ion
exchange
If
16< E < 40 kJ/mol: the sorption type is
chemisorption
III. Rate controlling step
Prediction of the rate controlling step is an
important factor to be considered in biosorption
process [12]. For solid-liquid biosorption process,
either external mass transfer or intraparticle
diffusion or both usually characterize the metal ion
transfer process.
In our case, the sizes of particle are of the order of
a few microns. For this, the size of pore was very
small and in this case, we can neglect the
intraparticle mass transfer.
In order to predict which the intraparticle or
external mass transfer or both will be controlled the
overall rate of biosorption, the kinetic data are
further analyzed using Boyd kinetic expression
which is given by [13]:

(13)
Where ( r ) represents the radius of the particle by
assuming it as spherical particles.
IV. Thermodynamic parameters
The Gibbs free energy, ΔG° is used in order to
determine, which process will occur spontaneously.
Reactions occur spontaneously at a given
temperature if ΔG° is negative.
The thermodynamic parameters such as changes
in standard free energy (ΔGo ), enthalpy (ΔH° ) and
entropy (ΔS° ), were determined by using the
following equation:

(14)
ΔG0 = ΔHo - T.ΔSo (15)
(16)

(11)
Where kd is the distribution coefficient for the
biosorption.

qt
Which: F 
qe

Ca : is the amount of metal ion (mg) adsorbed on
the adsorbent per liter of solution.

F : represents the fraction of solute adsorbed at

Ce : is the equilibrium concentration (mg/l)

of

any time t.
 t : is a mathematical function of ( F ).

metal ion in the solution.

Rearranging Eq (11):

ΔH° and ΔS° were calculated from the slope and

T : is the temperature (°K)
R : is the gaz constant.
(12 )

Equation is used to calculate (

)
t

V. Materials and methods

 ) vs time is used
t

to distinguish whether external and intraparticle
transfer controls the overall biosorption rate.
If the relation between (

1
).
T

values at

different time ( t).
The linearity of the plot of (

intercept of ( ln k d ) vs (

 ) and (t) is linear but

V.1. Biosorbent material
Pleurotus mutilus biomass produced during
pleuromutiline antibiotic productions was collected
after fermentation. This biomass was washed with
distilled water and dried at 50° C during 24h. It was
then crushed and sieved in order to obtain a particle
size in the range of 100-200μm.

t

does not pass through origin confirm that the
external mass transfer is the rate controlling step
[14] and the intraparticle mass transfer is negligible.
The intraparticle diffusion coefficient (D'i ) can be
determinated from the linear plot of (

 ) vs (t):
t

V.2. Metal solution
The metal stock solution was prepared by
dissolving accurately weighted amounts of Cd +2 ,
Co +2 ,
Cu +2 ,
Ni+2 ,
Zn +2
prepared
with
(Cd(NO3 )2 ,4H2 O); (Co(NO3 )2 , 6H2 O);(Cu(NO3 )2 ,3
H2 O);(Ni(NO3 )2 , 6 H2 O);(Zn(NO3 )2 , 6 H2 O) in
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100ml distilled water and the experimental
solutions were obtained by diluting the stock
solution to the required concentrations .
The solution pH was adjusted with 0.1M of HNO3
and 0.1M of NaOH using a pH meter (Hanna, pH
211).

14

12
Co+2

10

V.3. Batch biosorption experiments
All experiments were carried out by added of a
known amount of biosorbent to 100ml of metal
solution.
The effect of experimental parameters such as pH,
biosorbent dosage, metal concentration, and
temperature and contact time on the biosorption
capacity was studied.
After each sorption, metal residual concentrations
in solution were determined a Unicam 939 Atomic
absorption spectrophotometer at wavelengths of
228.8 nm (cd +2 ); 240.7nm (Co +2 );
324.8nm (Cu +2 ); 232nm (Ni+2 ); 213.9nm (Zn +2 ).
The amount of sorption q(mg.g -1 ) was calculated
by:
 C  Ce

q 0
.V  (17)
M


Where C 0 and C e are the initial and equilibrium
concentrations of metal (mg.L-1 ) respectively.

V is the volume of solution(L) and M is the
amount of biosorbent used(g).
The metal removal percentage can be calculated as:
Removal percentage =

C0  Ct
.100 (18)
C0

Where C t (mg.L-1 ) is the metal concentration at

Q(mg/g)

Ni+2

Cu+2

6

Cd+2

Zn+2

4

2

0
0,0

2,0

4,0

6,0

8,0

10,0

12,0

pH

Figure 1.Effect of pH on the
Co +2 ,Ni +2 ,Cu +2 ,Cd +2,Zn +2 adsorption capacity by
the Pleurotus mutilus
biomass(w=300rpm,C 0 (Co +2 ,Ni +2 ,Cu +2 ,Cd +2 ,Zn +2 )
=100mg/l;C biomass =10g/l;
PS: 100-200µm.
VI.2. Effect of biosorbent dose
The effect of biosorbent dose ranging from 5g.L-1
to 40g.L-1 on metal ion sorption is presented in
Fig.2. From this figure it is observed that the
maximum removed amount of different metals were
obtained at biosorbent concentration Co +2 (20g.L-1 ) ;
Cu +2 (10g.L-1 ) ;
Cd +2 (10g.L-1 );Zn +2 ;(15g.L-1 ) ;
Ni+2 (20g.L-1 ).
All next cited experiments were carried out at
bisorbent concentration of 10g.L-1 .

time t (min).
VI. Results and discussion

120

100

80

Co+2
Ni+2

60

Cu+2

R(%)

VI.1. Effect of solution pH
The pH of the aqueous solution is an important
controlling parameter in the sorption process of
metal ion. The effect of solution pH on metal ion
sorption was studied at the pH ranges of 2.5-11 and
the results are shown in Fig.1. The sorption of
metal ion was found to be maximum at the initial
pH= 6.
The removal of metal ion increase for pH greater
than 6 and can be explained by sorption and
microprecipitation mechanisms.

8

Cd+2
40

Zn+2

20

0
0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

Cb(g/l)

Figure 2. Effect of the biosorbent dose on the
biosorption capacity of the Pleurotus mutilus
biomass (w=300rpm,
C0 (Co +2 ,Ni +2 ,Cu+2 ,Cd +2 ,Zn +2)=100mg/l;C biomass=10
g/l;pH=6,
PS: 100-200µm.
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VI.3. Metal ion biosorption kinetics
The biosorption of metal ion onto Pleurotus
mutilus biomass as a function of contact time is
shown in Fig.3.
Biosorption studies were carried out for 300min.It
was observed that the amount of metal ion
increased with time and the equilibrium were
established
in
Co +2 (15min);
Ni+2 (23min);
+2
+2
+2
Cu (15min);
Cd (23min);
Zn (30min).
At
equilibrium, the adsorbed quantity obtained tends to
values of Ni+2 (6.9 mg.g -1 ); Cu +2 (7.3 mg.g -1 );
Co +2 (8mg.g -1 );Zn +2 (8.8 mg.g -1 ); Cd +2 (10mg.g -1 );

8

Ni+2

y = 0,0162x - 0,4977
R2 = 1

7

Cu+2
Co+2

y = 0,0151x - 0,4977
R2 = 1

6

Cd+2

5

Zn+2

βt

y = 0,0045x - 0,4977
R2 = 1

4

3

y = 0,0052x - 0,4977
R2 = 1

2

y = 0,0038x - 0,0131
R2 = 0,7825

1

20

0
Ni+2

0

100

200

300

400

500

600

700

800

900

1000

15

Cu+2

-1

t(s)

Q(mg/g)

Co+2
Cd+2
10

Zn+2

Figure 4. (Bt ) versus (t) according to the boyd
model for the biosorption of (Co +2 ,
+2
Ni ,Cu +2 ,Cd +2 ,Zn +2 ) on the Pleurotus mutilus
biomass.
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0
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50

100
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250
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We can deduce, the values of Di ' from Boyd model .

t(min)

Figure 3. Effect of time on the uptake of metal ions
of Co +2 , Ni +2 ,Cu +2 ,Cd +2 ,Zn +2 by the biomass
Pleurotus mutilus (w=300rpm ,
C0 (Co +2 ,Ni+2 ,Cu +2 ,Cd +2 ,Zn +2 )=100mg/l ,biomass
dose 10g/l , pH=6, PS:100-200µm.
The order observed of the adsorption capacity of
ions Co +2 , Ni+2 , Cu +2 ,Cd +2 ,Zn +2 on the biomass
Pleurotus mutilus can be explained by their
different individual affinity
[A(cd)=-26kJ/mol), A(Zn)=9kJ/mol,
A(Co)=63.8kJ/ mol, A(Cu)=118.5kJ/ mol,
A(Ni)=156kJ/ mo l], therefore with a lower affinity
we have a higher adsorption capacity.
In order to determinate the rate controlling step,
the experimental kinetics values were analyzed by
the Boyd model. By plotting (Bt ) versus time
(Fig.5), we can deduce that the relation between(Bt )
and time is linear but does not pass through origin
and confirm that the external mass transfer is the
rate controlling step and the intraparticle mass
transfer is negligible.
In general, when the particle size was around
some micrometer, we can negliged the intraparticle
mass transfer, because the particle pore was very
smaller and the intraparticle mass transfer become
difficult .

Table 1. Values of Di ' obtained from Boyd model
for the biosorption of (Co +2 , Ni +2 ,Cu +2 ,Cd +2 ,Zn +2 )
on the Pleurotus mutilus biomass

Metal ion

Di '(m2 .s -1 )

Co+2

3.88*10-12

Ni+2

2.57*10-12

Cu+2

9.24*10-12

Cd+2

8.61*10-12

Zn+2

2.17*10-12

VI.4 Isotherm biosorption analysis
The equilibrium experimental data were analyzed
by Langmuir, Freundlich; Dubini-Radushkevich
and Temkin adsorption isotherms.
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40

Zn+2
Co+2
Ni+2

30

Cu+2

qe(mg/g)

Cd+2

From
Langmuir,
Freundlich;
DubiniRadushkevich and Temkin equations gives the
values of the isotherm constants are calculated in
table 2.
However regarding the correlation coefficient R2
for (Co +2 , Ni+2 ,Cu +2 ,Cd +2 ,Zn +2 ) biosorption, all
models (R2 >0.9) were found to represent the
equilibrium biosorption experimental data .

20

10

0
0

100

200

300

400

500

600

Ce(mg/l)

700

From table.2, we can be seen that the mean
adsorption energy (E) and (B) were less than
8kJ/mol and may provide useful information that
biosorption is subject to a physical process.

Figure 5: Biosorption equilibrium data of (Co +2 ,
Ni+2 ,Cu +2 ,Cd +2 ,Zn +2 ) on the Pleurotus mutilus
biomass(w=300rpm,Cb =10g/l,P.S:100-200µm).
Five correlation isotherms were used to modelise
the
experimental
data
for
(Co +2 ,
Ni+2 ,Cu +2 ,Cd +2 ,Zn +2 ) biosorption on the Pleurotus
mutilus biomass.
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Table2. Equilibrium parameters of metals biosorption onto Pleurotus mutilus biomass

Models

Langmuir

Values

Equations

Ce

qe

Ce

q max


1

 k .q
 d max

q max(mg.g -1 )
R2

ln qe 

Ni+2

Cu +2

Cd +2

Zn +2

0.035

0.082

0.043

0.264

0.023

16.13

10.30

24.33

27.62

24.57

0.996

0.992

0.996

0.992

0.991






Kd

Freundlich

Co +2

1
ln Ce  ln k f
n

2.32

1.417

1.996

8.477

1.878

Kf(L.g -1 )

2.87

2.00

1.99

3.62

2.2

n

0.933

0.919

0.969

0.955

0.946

R2
DubininRadushkevich

Ln(q e )  Ln(qmax )   2
9.627

8.338

13.307

21.596

8.29

q max(mg .g -1 )

6×10-6

16×106

7×10-6

3×10-6

5×10-6

β(mol2 .J-2 )

0.999

0.998

0.99

0.608

0.977

R2

0.289

0.176

0.267

0.408

0.316

E(kJ.mol-1 )
Temkin

qe 
Β(J.mol-1 )
KT(L .g -1 )
R2

RT
RT
ln K T 
ln Ce
B
B
1.12×10-3

1.13×10-3

2.24×10-3

2.18×10-3

2x10-3

0.71

0.394

0.346

2.107

0.31

0.972

0.954

0.984

0.943

0.933
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Table 3 shows the equilibrium biosorption capacity
obtained of different metal ion on the Pleurotus
mutilus biomass.

VII. Thermodynamic analysis
The values calculated of ΔG° , ΔH°, ΔS° from Eq
(15) and Eq (16) for all metal ions were
summarized in table 4.

Table3.Equilibrium biosorption capacity for
different metal ion on the Pleurotus mutilus
biomass
Metal ion
Co+2
Ni+2
Cu+2
Cd+2
Zn+2

Equilibrium sorption
capacity(mg/g)
15
11.4
25.2
28.8
23

Table 4.Thermodynamic parameters for the biosorption of (Co +2 , Ni +2 ,Cu +2 ,Cd +2 ,Zn +2 ) on Pleurotus mutilus
biomass
Initial
concentration of
metal(mg/l)

ΔHº
(kJ.mol -1 )

ΔSº
(kJ.mol -1 . K-1 )

ΔGº(kJ.mol -1 )
292ºK
297 ºK

323 ºK

333 ºK

Co+2
Ni+2
Cu+2
Cd+2

100
100
100
100

-7.526
-7.284
-5.947
-21.474

-0.0097
0.0033
-0.0117
-0.0644

-4.702
-8.25
-2.537
-2.659

-4.654
-8.266
-2.479
-2.337

-4.402
-8.352
-2.175
-0.662

-4.306
-8.385
-2.059
-0.018

Zn+2

100

-7.069

-0.0015

-6.639

-6.632

-6.594

-6.579

Ion metal

VIII. Conclusion
The change in free energy for physisorption is
between -20 and 0 kJ.mol-1 , and chemisorption has
a range of -400 to -80 kJ.mol-1 (Yu et al.2001).It
appears from table 6 that the free energy for
biosorption of metal ion onto Pleurotus mutilus
with a initial concentration of 100mg/l were
between (-20 kJ/mol and 0 kJ/mol). Hence, this
process can be considered as physisorption .The
negative values of ΔG° indicate that the biosorption
of metal ion onto Pleurotus mutilus biomass is
spontaneous. The negative values of change in
enthalpy (ΔH° ) shows that the biosorption is
exothermic in nature.

The maximum uptake of metal ion were about
Co +2 (15mg/g),
Ni+2 (11.4mg/g), Cu +2 (25.2mg/g),
+2
Cd (28.8mg/g), Zn +2 (23mg/g) at initial pH= 6. It
appears, that the biosorption capacity evolves in the
opposite direction of the affinity if ions. The use of
Boyd model confirm that the biosorption overall
rate was controlled by the external mass transfer.
The equilibrium data fitted very well with the
Lagmuir, Freundlich; Dubini-Radushkevich and
Temkin Isotherm model.
The monolayer biosorption of metal ion onto the
Pleurotus mutilus biomass can be considered as
physisorption. Thermodynamic parameters ΔH° and
ΔG° showed that the process can be exothermic and
spontaneous
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In the present work the methylene blue was degraded by two
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I. Introduction
Synthetic dyes are used in several industries such
as the pharmaceutical, cosmetic, textile and leather
industries[1]. The effluents from the textile industry
are the most polluting because of the volume and his
composition [2], these effluents have a wide variety
of dyes and high stability to light, to temperature and
to microbial attack [3] almost 15% of the dyes us ed
in textile industry are released into the
environment[4, 5]. According to the report published
in 2002 by RAC / CP, Algeria has 39 companies in
the textile sector, and consumes 40.12 tons of dyes
and pigments per year and a quantity of water
exceeding 4.8 t / year. This generates voluminous
and charged rejects. However, 70% of these
industries release their effluents into the
environment [6] . That cause serious problems of
water pollution (surface waters and groundwater) in
addition some synthetic dyes are carcinogenic or
mutagenic [7] , Methylene blue (MB) is widely used
dyes, he have been reported for his negative impact
on living cells and organisms. The oral median lethal
dose (LD50) of methylene blue in rats has been
estimated as 1180 [8]. It was also found that at low

and moderate doses of MB arterial blood pressure
increased, where as at high doses it will worsen
systemic hypotension, mycocardardial depression
and hypertension after endotoxemia [9].
To avoid the dangers accumulated by dyes in the
environment, several techniques are used to
eliminate them such as coagulation flocculation, [10,
11], reverse osmosis[12], oxidation or chemical
reduction[13-16] photocatalytic degradation[17-20].
The physico-chemical methods are expensive and
complicated processes that are why we need to
develop economical and efficient methods for the
total elimination of dyes in effluents such as
biological treatment. Biological treatment is an
economical treatment that offers a better alternative
to the analysis and control of the environment[21].
In recent years, several studies have focused to the
degradation of dyes by microorganisms such as
bacteria, fungi and algae. The use of bacteria for the
elimination of synthetic dyes offers considerable
advantages, the process is relatively inexpensive,
running costs are low and the end products of the
complete mineralization are not toxic[22].
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There are several bacteria that have the ability to
absorb or degrade dyes [23-25], these bacteria can be
isolated from soil, water and from food.
The objective of this work is to isolate and identify
bacterial strains with a strong ability to degrade
methylene blue from waste of red beet.
II. Materials and Methods :
II .1. Microorganisms and the culture medium:
Figure 1: Structure of Methylene Blue
The bacterial strains used in this study were
isolated from the peel of red beet cultivated in the
region of Boumerdes in Algeria by the serial dilution
method [26] . A 5 g sample of the peel of beet was
suspended in 100 ml of physiological saline (water +
NaCl at 0.85%). 1 ml of the suspension obtained was
serially diluted in distilled water (10 times). A
volume of 0.1 ml of the diluted suspension was
spread onto nutrient agar plates added with
methylene blue and incubated at 30 ° C for 24 h.
The selected isolate was identified by Maldi-Tof
mass spectrometry bruker biotyper (Matrix Assisted
Laser Desorption Ionisation - Time of Flight) by
analysis of their ribosomal and membrane proteins.
The bacteria able of degrading methylene blue MB
was cultivated in a nutrient broth consisting of water,
peptone, yeast extract, meat extract and NaCl during
24h at a temperature of 37 ° C.

II.3. Degradation of the methylene blue
About 0.1 ml of bacterial culture was inoculated in
test tube containing 20 ml nutrient broth media and
incubated at 37 °C for 24 h; the precultures obtained
are added to 200 ml of methylene blue at different
concentrations in 250 ml Erlenmeyer flasks.
The degradation of dye was ascertained by
measuring the absorbance of culture taken at
different time intervals at the wavelength of MB
(664 nm) using the shimadzu spectrophotometer
UV-1800.
The percentage of elimination is calculated by the
following equation Eq. (1)[28]:
% of elimination =

initial OD − final OD
initial OD

× 100

III.Results and Discussion
II .2 .The Dye
The dye used in this study is a cationic dye which
is methylene blue C.I (52015) The Methylene Blue
was obtained from panreac Ltd.
Table 1: properties and characteristics of the
MB[27]
Generic name

M ethylene blue

Chemical name

3,7-bis(Dimethylamino)phenazathionium chloride
tetramethylthionine chloride
C16H18ClN3S·3H2O

Chemical formula

III.1. Isolation and identification of bacteria
The dilution suspensions method yielded a large
number of isolates with nutrient agar supplemented
with methylene blue, the follow-up of the
decolorization of the medium by the bacterial
strains isolated from the peel of the red beet during
24h has allowed to choose two strains BP1 and BP2.
The identification of these bacteria by Maldi-Tof
mass spectrometry identified BP1 as coccobacilli ,
non-sporulating
gram-negative
bacteria
Acinetobacter Johnson II and BP2 as rod-shaped
bacillus Gram-positive, sporulating
bacteria,
Bacillus weihenstephanensis.

M olecular weight
(g / mol)

373.90

III.2. Influence of the initial concentration on the
degradation of the methylene blue

M olecular volume
(cm3 / mol)

241.9

λ max (nm)

668

The results obtained are presented in Figures 2 and
3, they showed that the two strains have a great
ability to degrade MB, which is a hardly
biodegradable dye, the BP2 bacterium have better
results than the bacterium BP1 (90% of elimination
for the concentration of 5 mg / l during 50h of
incubation by the bacterium BP2 compared to 80%
of elimination by the bacterium BP1).
The results showed that more the initial
concentration of the MB increases the percentage of
elimination decreases , 80% and 90% of elimination

The chemical structure of methylene blue is
represented in the Figure 1
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by BP1and BP2 respectively for an initial MB
concentration of 5 mg / l and by against there is 60%
by BP1 and 70% by PB2 for an initial concentration
of 100 mg / l. these results are similar to those found
by Shah 2012[29], BANDARY and al 2016[30] and
by Kilany 2017[31], after this results it can be said
that the concentration of the dye affect the microbial
activity by a combination of factors including the
toxicity of the dye at high concentrations (the
antiseptic effect of MB)[29]

80

5

60

10
40

20

20

50

0

100
0

1

2

3 4 5 28 29 52
Time(h)

Percentage of
elimination%

Rate of elimination(% )

100

show that the rate of degradation is higher at a pH of
7 (50.5%) for the bacterium BP1, the same finding is
obtained by BANDARY et al 2016[30] unlike
Kilany 2017[31] which obtained a better elimination
at a pH of 5, for against for the bacterium BP2 the
degradation is much better in the high pH for
example for a pH 9 it was an elimination of 59.54%.
The rate of elimination was higher at only optimum
pH but tends to decrease rapidly at strongly acid or
strongly alkaline pH,This results may explained by
the fact that at low pH, protons in solution compete
with the cationic dye for the binding sites on the
surface of bacteria. At higher pH, hydroxyl groups in
solution complex with cationic dye preventing their
adsorption by microbial sorbents [31].
60
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40
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20
10
0

3
5
7
9
0 1 2 3 4 5 6 24
Time (h)

Figure 2: The rate of degradation of the methylene
blue as a function of the time and the initial
concentration of the dye by the
bacterium Acinetobacter Johnson II.

Figure 4: The rate of degradation of the methylene
blue as a function of time and the pH by the
bacterium BP1.
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Figure 3: The rate of degradation of the methylene
blue as a function of the time and the initial
concentration of the dye by the bacterium Bacillus
weihenstephanensis.

Figure 5: The rate of degradation of the methylene
blue as a function of time and the pH by the
bacterium BP2.

III.3. Influence of PH on the degradation of
the methylene blue:
Figures 5 and 6 show the degradation of
methylene blue by the bacteria Acinetobacter
Johnson II BP1 and Bacillus weihenstephanensis
BP2 as a function of time and the pH , these results

III.4. Influence of the temperature on the
degradation of the methylene blue:
Microbial decolorization process is directly
influenced by temperature because different groups
of microorganisms need a defined range of
temperature to perform their activity efficiently.
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III.5. Influence of carbon source and source of
nitrogen on the degradation of the methylene
blue
The addition of a source of carbon and nitrogen in
the medium has a negative effect on the degradation
of the dye, for the two bacteria (Figures 8 and 9), a
degradation of 48% was obtained in the presence of
carbon source and 53% in the presence of a nitrogen
source in 28 hours of incubation compared to 71%
without the addition of the latter for the bacterium
BP2 and a degradation of 19% in the presence of
carbon source, 41% in the presence of nitrogen for
the bacterium BP1 on the other hand there is a
degradation of 75% of degradation without the
addition of a source of carbon and nitrogen. From its
results, it can be said that the two bacteria degrade
methylene blue by taking more carbon than nitrogen.

Percentage of
elimination%

Percentage of elimination%

The results presented in figures 6 and 7 show that
the degradation rate is much better at a temperature
of 37 ° C in both cases for the bacterium BP1 (the
percentage of elimination is 59% during 5 hours of
incubation) as well as for the bacterium BP2 (a
removal rate is 67% during 5 hours of incubation),
the further away from 37 ° C the elimination rate
decreases , The same finding is obtained by Tripathi
and al 2011[22]; Shah 2012[29] and BANDARY et
al 2016[30] , by contrast Kilany 2017[31] achieved
the best degradation at a temperature of 30 ° C.
The degradation rate decreases at a higher
temperature and this result must be due to the loss of
cell viability or to the denaturation of the enzyme azo
reductase [32]. At low temperatures the elimination
rate is low because the growth rate, the biomass yield
and the reaction mechanism require an optimum
temperature for maximu m efficiency [33].
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Figure 7: The rate of degradation of the methylene
blue as a function of time and temperature by the
bacterium Bacillus weihenstephanensis.

Pourcentage d'élimination

Figure 6: The rate of degradation of the methylene
blue as a function of time and temperature by the
bacterium Acinetobacter Johnson II.

Figure 8: The degradation of methylene
blue by Acinetobacter Johnson II as a function of
time and the source of carbon and nitrogen.
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Figure 9: The degradation of methylene
blue by Bacillus weihenstephanensis in function of
the time and the source of carbon and nitrogen.
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IV.Conclusion
The present work is a contribution to the study of
the degradation of methylene blue by bacterial
strains isolated from the peel of red beet; the two
selected bacteria were identified as Acinetobacter
Johnson II BP1, Bacillus weihenstephanensis BP2.
The degradation of the dye is affected by several
parameters such as the initial concentration, the pH,
the temperature and the addition of the carbon source
and the nitrogen source.
The elimination rate of the dye decreases with the
increase of the concentration as well it decreases
with the addition of glucose and nitrogen in the
medium.
The best biodegradation is obtained for a
methylene blue concentration of 5 mg / l at a pH of
7 and a temperature of 37 °C by bacillus
weihenstephanensis.
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I. Introduction
For many years, there has been a strong interest in
the development of polymeric coatings with
specific properties. The cost of the raw material, the
ease of forming the parts, the weight and the
recycling are also parameters to be taken into
account. It is of interest to be able to synergistically
combine the intrinsic properties of the inorganic
component (thermal stability, stiffness, etc.) with
those of the polymer (flexibility, dielectric
properties, ductility, ease of use, etc) [1]; [2].
Moreover, if the size of the inorganic domains
becomes nanometric, the final properties of the
organic / inorganic (O / I) hybrid material, which
could also be called nanocomposite, are greatly
improved due to a greater Specific inorganic
surface developed to interact with the polymer
phase [3, 5]. Steel pipes for the transport and
distribution of buried gases may be exposed to
ground corrosion attacks that damage grids. Thus,
our industrial partner seeks to protect these pipes
efficiently by combining the HDPE with the third

layer of protection used externally and which is in
contact with the ground with a ceramic material in
the form of porcelain powder [6]; [7]. This
substance is reliable over time and can withstand
external environmental degradation. The choice
was made for the tri-layer assembly successively
composed of an epoxy layer (Ep), a layer of a
mixture of ethylene, butyl acrylate (EBA) and
anhydride Maleic acid (MA), and a layer of high
density Polyethylene (HDPE). The final properties
of nanocomposites depend on several parameters,
including the nature, shape, size and rate of the
particles inserted and the interface between the
polymer and the nanoparticles.
II. Materials and methods
The polymer used, HDPE, is a polymer widely
used in industry and also the simplest thermoplastic
polymer because of its structure. The choice of
porcelain particles is rather for its affordable cost
using porcelain waste by recycling. The samples are
prepared by the incorporation of porcelain particles
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in a polymer matrix. The choice fell on the threelayer assembly each of these layers provides a
particular function within the collage:
- The epoxy layer essentially serves as adhesion
primer.
- The EBA layer has an adhesive function that
allows it to optimize the mutual bonding of
materials on both sides of the assembly (Ep and
HDPE).
- The layer of HDPE, deposited in thick compared
to other materials, provides the function of thick
protective coating.

Table 1 shows the different formulations taken into
consideration in our study. The aim is to study the
influence of porcelain on the behavior of the
material.
Table 1.Numbering of samples according to
different formulations tested
Raw materials
PEHD
(M atrix) (wt. %)
Porcelain
(reinforcement)
(wt. %)

Percentages by mass (wt. %)
100

90

80

60

0

10

20

40

II.2. Characterization of samples
The mechanical, thermal and structural properties
of the samples are characterized by different
techniques: Particle Size Analysis, Differential
Scanning Calorimetry (DSC), Scanning Electron
Microscopy (MEB). The tensile tests are carried out
on a tensile machine (Zwick / Roell Z050
(reference Z2.5KN with a tensile speed of
1mm/min at ambient temperature).

III. Results and discussion
Figure 1. Three-layer coating on a metal substrate

III.1. Particle size analysis results

II.1. Sample formulation and development
Mixtures of different proportions (0 to 40wt. %)
of porcelain particles are produced in an internal
mixer (Brabender, Volume max = 35 cm3 ). After
melting the HDPE at 180°C., in the mixer, the
porcelain particles are added in powder form. The
torque applied by the mixer rotors as a function of
time was recorded. After finishing inserting the
particles into the HDPE and arriving at a constant
torque, the mixer continues to run for about 10
minutes to ensure homogeneous mixing. The
mixtures thus obtained are removed from the mixer,
ground and injected in a press (ARBORG, 35 tons,
screws with a diameter of 18 mm) in the form of a
tensile test specimen. The photo below shows a
traction test piece obtained after injection.

Material stability, chemical reactivity, opacity,
fluidity and strength are affected by the size and
characteristics of the particles in them.

Figure 3.Granulometric distribution of porcelain
powder

Figure 2. Tensile test sample of a HDPE-porcelain
mixture after shaping in the injection molding
machine

The porcelain powder used in our case as
reinforcement in the HDPE polymer was dried at
105°C, crushed, ground and sieved using a
vibration sieve column using different sieves. The
material was sieved to dryness on a series of Afnor
type sieve with dimensions are: 125, 100 and 63μm.
All analyzes were carried out with the powdered
clay material of particle size less than or equal to
100 μm. Figure 3 shows the particle size curve of
the porcelain powder. The analysis shows a
bimodal distribution with two maximum points,
which are centered at about 5 μm and 170 μm.
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Reducing the size of the porcelain particles can be
done in different ways. This powder has larger
grain sizes in the practice of ceramics, different
types of equipment are used to reduce the particle
size depending on the type of material, the initial
particle size distribution and the desired final
distribution [8]. In the field of ceramics, there is a
reduction in size by the grinding process. The
particle size of the majority of the volume in
general is considered interesting. This size and
distribution allows the final powder from the raw
material mix to have a greater free surface energy
and, consequently, influences the densification of
the final product [9].

(c)

III.2. Structural properties
The MEB images below show the microstructure
obtained with the various porcelain mixtures (0.10,
20 and 40wt. %) incorporated in the HDPE
polymer. The MEB photographs presented were
made on samples formed by pressing. The
structures of the composites seem to depend on the
conditions of the mixing applied and the rate of
fillers.

(d)
Figure 4. Microstructure of porcelain bodies: (a)
100% PEHD+0% porcelain; (b) 90% PEHD+10%
porcelain; (c) 80% PEHD+ 20% porcelain; (d)
60% PEHD+40% porcelain.

(a)

(b)

After a heat treatment at 1380°C of the porcelain
material which has been used as reinforcement by
recycling in a polymer matrix HDPE, the vitreous
phase is important, the kaolin sheets which is one of
the raw materials of the porcelain material no
longer exist and the sizes of the mullite crystals are
very large in the 20wt. % porcelain sample [10]. On
the other hand, we observe intergranular pores
represented in black background on the images 0
and 40wt. % in porcelain. Note the existence of
large porcelain particles having geometric shapes
and other very small which appear as a powder in
the sample 40wt. % porcelain and this because of
the phenomenon of flocculation and the poor
dispersion of raw materials in the solid. These large
particles probably formed during mixing in the
extruder. Indeed, the mullite phase decreases and
the total porosity of the material also decreases,
according to the work of [11], [12] heat treated at
1380°C of the porcelain material, the mullite
needles form a network within the vitreous phase,
the porosity decreases by the decrease of the black
voids observed in the SEM 10 and 20wt. %
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porcelain images. These observations are in perfect
agreement with the measurements of the density;
the increase of the density causes a reduction of the
pores.
The figures collect MEB photographs taken at
different levels of less rigid porcelain, and rigid
different formulations. We carried out a more
detailed microscopic study of the effect of the
existence of porcelain in the HDPE polymer.
Microscopic observations sectional samples of
platelets indicate that the material has still suffered
internal changes. The platelets have been hardened
after adding porcelain
III.3. Thermal properties
The HDPE curves obtained correspond to the
variation of heat flux as a function of temperature.
The shape of the melting peak depends directly on
the temperature keeping time. Table 2 gives the
melting temperatures of the systems studied. For
the blank sample; we find that the melting
temperature is of the order of 103.87°C. They also
have an offset of HDPE melting temperature to
high temperatures in the presence of porcelain
particles, as shown in the thermograms below
figure 5. We are interested in this study much more
at the melting temperatures of the samples.
Table 2.Melting temperature for the different
samples
Melting
Percentage of porcelain
temperature DSC
incorporation into PEHD
(°C)
(wt. %)
103.38
0
108.94
10
128.37
20
81.50
40

presence of porcelain particles according to,
indicating the addition of additives such as clays,
Al2 O3 , lithium oxide, etc [13], in the polymer
materials leads to the increase of the melting
temperature (increase of the thermal force),
porcelain is classified among refractory materials,
during a heat treatment, phyllosilicates lose their
structure in sheet, and when the temperatures are
sufficiently high (> 1000°C), after cooling, they
consist of a mixture of a vitreous phase and
crystals, typically mullite and cristobalite [14], [15].
The final powder obtained by mixing the raw
materials has a greater free surface energy, the
thermal properties improve and, therefore, an
increase in the melting temperature and
densification of the product 20wt. % porcelain
compared to other materials (0, 10 and 40wt. %
porcelain).
III.4. Mechanical properties
The tests are carried out at ambient temperature
(about 23°C.) and a speed of 100 mm / min. The
stress-strain curve, up to the rupture of the
specimen, indicates the different values of the
mechanical properties of the material such as the
Young's modulus, the yield stress, the stress and
elongation at break. We performed four test pieces:
HDPE (0, 10, 20 and 40wt. % porcelain), the results
are shown in figure 6.

Figure 6. Stress deformation curve for HDPE
samples with (0, 10, 20, 40wt. % of porcelain)

Figure 5. DSC thermograms obtained on composite
HDPE-porcelain
The results show that there is indeed an effect of
reinforcing the rigidity of the samples in the

The yield stress (tensile strength) and the Young's
modulus of the samples obtained at different
percentages of porcelain are shown in Table 3. An
increase in the threshold stress and Young's
modulus is observed for the samples: 10, 20 and
40% of porcelain compared to 0% HDPE of
porcelain as shown in table 3. The tensile curves
obtained with a speed of 1 mm/min show that the
elongation at break increases in the presence of
porcelain particles in HDPE more precisely in the
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material (80wt. % HDPE + 20wt. % porcelain),
although the maximum stress also increases in the
elastic domain. When the rate of the porcelain
powder is higher, the dispersion becomes difficult
and promotes the entanglement of strings that have
a character flexible. The addition of the nanocharge
of clay seems to induce an antagonistic effect in
decreasing
the
breaking
stress
of the
nanocomposites. This behavior could be generated
by the presence of clay aggregates within the
matrix, which caused its early break,
Table 3.Values of mechanical quantities: tensile
strength and modulus of Young
Tensile
Young's
Quantities
strength
module
« Rtr »
«E»
(N/mm2 )
(N/mm2 )
mechanical
Samples
100wt. % PEHD +
0wt. % porcelain
90wt. % PEHD +
10wt. % porcelain
80wt. % PEHD +
20wt. % porcelain
60wt. % PEHD +
40wt. % porcelain

ALJEST

to the addition of porcelain. On the other hand, the
elongation at break increases sharply which results
in a gain of ductility of the material which is related
to the phenomenon of rigidity which is
accompanied by a strong attachment of the chains.
The DSC thermograms allowed access to the
melting temperature (top position of the exothermic
peak). The results show a sharp increase in melting
temperature with the addition rate of porcelain,
which comes from the porcelain firing temperature
which 1380°C. Incorporation of different amounts
of treated porcelain powder at different sintering
temperatures has led to the appearance of a mullite
phase which is technically important and appears
better in the image of the 20wt. % porcelain
material. Simulations are in progress for
intermediate cases where the interaction between
the ceramic particles and HDPE is modified
through the HDPE-ceramic interface.
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Abstract: Fungal biomass is cost-efficient and efficient biosorbent for heavy
metals removal. In this paper the ability of fungal biomass Pleurotusmutilus
(filamentous fungi) to remove Ni(II) from aqueous solutions has been
undertaken. The speciation of Ni(II) was modeled and the most probable
precipitates forming were predicted using visual MINTEQ. The surface of
fungal biomass was characterized by pHP ZC determination, and Boehm and
potentiometric titrations. The effects of various physico -chemical factors on
Ni(II) biosorption were investigated. The optimum pH for Ni(II) removal was
achieved at pH 8.0. The maximum adsorption capacity calculated from
Langmuir adsorption isotherm was 47.169 mg/g. The adsorption isotherms
ﬁtted the data in the order: Dubinin-Radushkevich>Temkin>Freundlich>
Langmuir. The biosorption kinetic data were ﬁtted well with the pseudosecond-order kinetic model. The negative values of Gibbs free energy (ΔG0 )
indicate the feasible and spontaneous adsorption of nickel.

I. Introduction
Heavy metal pollution is one of the most important
environmental issues today. Pollution by nickel
usually comes from several industrial processes such
as electroplating, mining, fertilizers, pigments [1],
dyeing operation, leather tanning, paint formulation,
ceramic and porcelain enameling industries [2]. The
health hazards associated with Ni(II) include renal
edema, lung cancer, pulmonary fibrosis, skin
dermatitis, and gastro intestinal discomfort [3].
Hence, the treatment of nickel contaminated
industrial effluents is necessary. The most widely
used methods for removing Ni(II) from
contaminated waters include chemical precipitation,
ion-exchange, ion flotation, membrane filtration,
adsorption and electrochemical treatment [4].
Nonetheless, these methods are not effective enough
at low concentrations and are also very expensive as
a result of high chemical reagent and energy
requirements. They also have the major drawback of
generating toxic secondary sludge [5]. In recent
years, biosorption has emerged as a cost-efficient
and effective alternative for the removal of nickel
from wastewaters [2, 6]. A variety of microbial

systems have been used as biosorbents for nickel
removal from wastewaters such as: bacteria [7],
fungi [8] and algae [9]. Problems associated with
metal toxicity in living biomass and the need to
provide suitable growth condition also do not aris e.
Many early studies have shown that nonliving
biomass may be even more effective than living cells
in sequestering metallic elements [10]. A variety of
biomass is used by the SAIDAL antibiotic complex
at Medea, Algeria, among which the filamentous
fungi (Pleurotusmutilus) is isolated. Huge quantities
of fungal residue are produced from the antibiotic
extraction process. The ability of Pleurotusmutilusto
remove heavy metals [11-13], dye [14] and pesticide
[15] has already been studied. However, to our
knowledge, no study has been reported on the
biosorption of nickel by Pleurotus mutilus. The main
objective of this work was to study the Ni(II)
adsorption using biomass of dead Pleurotus mutilus.
The effect of four different factors and the
mechanisms of biosorptionwere also studied. The
parameters of the biosorption isotherms and kinetics
were determined from biosorption measurements.
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II. Materials and methods
II.1. Biosorbent Preparation
A
residual
biomass
of
non-living
Pleurotusmutilusfilamentous
fungi
biomass,
produced during veterinary antibiotic pleuromutiline
production, was obtained from SAIDAL antibiotical
complex (Medea, Algeria). The biomass was washed
with distilled water and dried at 60°C for 24 h, then
crushed and sieved to the desired particle size.
II.2. Biosorbent characterization
II.2.1. Determination of zero point charge
Zero point charge is the pH at which the external
surface charge of a particle is zero, i.e. the number of
positively charged centers is equal to the number of
negatively charged centers [16]. The pH point of
zero charge (pHzpc) determination was carried out by
adding 0.1 g of biomass to 50 mL solution of 0.01 M
KNO3 (1.01 g/L) whose initial pH has been measured
and adjusted with HCl 0.1 M or NaOH 0.1 M
solutions. The container was sealed and placed on a
shaker for 48 h at room temperature before
measuring the pH of the solution. The point of zero
charge (pHzpc) is the value at which the curve pHinitial pHfinal = f (pHinitial ) intersects pHinitial axis [16, 17].
II.2.2. Boehm titration
Acidic and basic sites on the biosorbent were
determined by the acid-base titration method
proposed by Boehm [18]. Triplicate 0.5 g samples of
the biomass were shaken with 50 mL solution of
NaHCO3 (0.1 M), Na2 CO3 (0.05 M) and NaOH (0.1
M) for acidic groups and 0.1 M HCl for basic groups
respectively at room temperature (24 ± 2°C) for 72 h
in closed centrifuge tubes. The stock solution was
prepared from analytical grade product (Merck,
Darmstadt, Germany) in deionized water. The
equilibrated Boehm reactants were separated from
the biomass by filtration using 0.45 µm
nitrocellulose filter paper. The isolated solution is
acidified then boiled to remove CO2 . Finally,
aliquots of the isolated solutions are back-titrated
with a standardized NaOH solution to determine the
quantity of the Boehm reactants that were
neutralized during the initial equilibration with the
solid. The numbers of the various acidic site types
were calculated under the assumption that NaOH
neutralizes carboxylic, phenolic and lactonic groups,
Na2 CO3 carboxylic and lactonic and NaHCO3 only
carboxylic groups. Lactones are assumed to be the
difference between the groups titrated with Na 2 CO3
and those titrated with NaHCO3 and phenols are
assumed to be difference between the groups titrated
with NaOH and those titrated with Na 2 CO3 . The
number of surface basic sites was calculated from the
amount of hydrochloric acid which reacted with the
biomass. Neutralization points were known using pH

indicators of phenolphthalein s olution for titration (1
g of phenolphthalein in 100 mL of ethanol 95 %).
II.2.3. Potentiometric titration
Potentiometric titration was performed using an
automatic microburette (Witeg, West Germany) and
a hotplate stirrer (Stuart, heat-stir, SB 162). The pH
glass electrode (pH-meter Jenway 3310) was
calibrated with buffer solutions of pH 4.0, 7.0 and
9.0. The temperature is constant during the
experiment (25°C). The titration cell was filled with
50 mL of 0.1 mol/L NaNO3 solution (or 0.01 mol/L)
and 0.15 g of biomass. Then, the suspension was
acidified to pH 3.0, using 0.1 mol/L HCl solution
under constant magnetic stirring (250 rpm). Titration
was carried out by stepwise addition of 0.1 mL of
0.0134 mol/L NaOH. The suspension was bubbled
for 30 min with N2 to remove CO2 and limit its
dissolution. After NaOH addition, the drift rate was
measured over time, and readings were accepted
when the drift was less than 2 mV/min [19, 20].
Potentiometric titration can be performed to evaluate
cation exchange capacity (CEC) of the biosorbent,
i.e. the number of negatively charged sites per unit
of biomass mass [21]. The calculation of cation
exchange capacity (meq/g) was carried out using the
following equation:
CEC =

C (V−v)
m

(1)

where C (mmol/L) is the concentration of the NaOH
solution added, V (L) is the volume of NaOH
solution added to the biosorbent suspension at
deﬁned value of pH, v (L) is the volume of NaOH
solution needed to reach the same pH in blank
experiments (without biosorbent) and m (g) is the
weight of biosorbent.
II.3. Speciation and saturation index (SI)
calculation
The chemical equilibrium software, visual MINTEQ
v 3.1 was used to predict nickel speciation depending
on metal concentration and solution pH and calculate
the saturation indices (SI).
The SI for a solid is deﬁned as:
IAP

SI = log (

Ks

) (2)

IAP is the ion activity product and KS is the
temperature-corrected solubility constant.
Oversaturation is indicated if SI > 0, whereas the
solution is undersaturated with respect to the solid if
SI < 0. There is an apparent equilibrium with respect
to the solid when SI = 0 [22].
II.4. Solution preparation
A stock solution of 1000 mg/L of Ni(II) was
prepared from nickel standard solution (NiCl2 ,
Titrisol Merck) in deionized water. Other
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concentrations varying between 50 and 500 mg/L
were prepared from stock solution by dilution.
II. 5.Batch biosorption experiments
The biosorption tests were carried out in closed
system. Batch experiments were executed in 250 mL
Erlenmeyer flask, containing 100 mL solution of
metal ions [23, 24]. A known amount of Ni(II)
prepared with NiCl2 salt was added to the suspended
biomass in solution (3g/L) until adsorption
equilibrium was reached. A magnetic stirrer was
used to homogenize the mixture. The stirring speed
of 250 rpm was used in all our experiments (IKA
Labortechnik KS 250 basic) [25]. Each experiment
was conducted three times in order to confirm the
results. Ni(II) residual concentrations in solution
were
determined
by
Atomic
Absorption
Spectrophotometer with a wavelength of 232 nm.
The initial pH of the solutions containing biomass
was adjusted with HCl (0.1 M) and NaOH (0.1 M)
solutions, with no significant dilution effect to
defined values at initial time before adding nickel
(pH Meter Jenway 3310). Experiments were
conducted at room temperature (24 ± 2°C).
Biosorption studies were done using various
parameters such as time (2-120 min), pH (3.010.0), Ni(II) concentrations (50-500 mg/L), and
particles size (50-100 µm, 100-200 µm, 200-300
µm).
The metal uptake q (mg/g) was calculated from the
difference between initial concentration Ci (mg/L)
and final equilibrium concentration Cf(mg/L) of the
metal in solution according to the following
equation:
q=

V(Ci−Cf)
m

(3)

where V (L) is the liquid sample volume and m (g)
is the starting sorbent weight.
II.6.Biosorption isotherms
Out of several isotherm equations, the Langmuir,
Freundlich, Temkin, and Dubinin-Radushkevich (DR) isotherm models were used to describe the
equilibrium between adsorbed Ni(II) on fungal
biosorbent and Ni(II) in solution.
II.6.1. Langmuir model
The Langmuir isotherm model is appropriate for
the monolayer type sorption where all sites on the
surface of the sorbent have the same affinity and
assume no migration of metal ions in the surface
sites. This model was chosen to estimate the
maximum adsorption capacity corresponding to
complete monolayer coverage on the biomass
surface [26, 27]. The mathematical formula of the

linear form of Langmuir equation can be expressed
as:
1
1
1
1
=
+
(4)
qe

q max

RL =

1
1+ KL C 0

q max KL C e

(5)

where, q e(mg/g) is the amount of adsorbed nickel
ions per unit weight of biomass and Ce(mg/L) is the
unadsorbed nickel ions concentration in solution at
equilibrium.
q maxis the maximum amount of nickel ions per unit
weight of biomass required to form a complete
monolayer on the surface bound at high Ce(mg/g)
and KL (L/mg) is a constant that impacts the affinity
of the binding sites. Another essential characteristics
of the Langmuir isotherm can be described by the
separation factor RL (Eq. (5)) that reflects the
biosorption process and is classified into unfavorable
(RL > 1), linear (RL = 1), favorable (0 < RL < 1) or
irreversible (RL = 0) [26].
II.6.2.Freundlich model
The Freundlich model describes adsorption to
heterogeneous surfaces. It was chosen to estimate the
adsorption intensity of the biosorbent towards the
biomass [26, 27]. The linear form of this model is
given by the equation (6):
1

ln qe = ln C + ln K
n

e

(6)
f

Where q e(mg/g) is the amount adsorbed at
equilibrium and Ce is the equilibrium concentration
of the adsorbate. Kf is the adsorption capacity and
“n” the intensity of adsorption. The “n” parameter is
known as heterogeneity factor and it has been used
to evaluate whether the adsorption process is
physical (n > 1), chemical (n < 1), or linear (n = 1)
[28].
II.6.3.Temkin model
Temkin isotherm considers that the fall in the heat of
sorption is linear rather than logarithmic, as implied
in the Freundlich equation. The heat of sorption of
all the molecules in the layer would decrease linearly
with coverage due to sorbate/sorbent interactions
[29, 30]. The Temkin isotherm has been used in the
following linear form:
qe =

RT
bT

lnaT +

RT
bT

lnCe (7)

where q e (mg/g) is the adsorbed amount at
equilibrium and Ce (mg/L) the equilibrium
concentration of the adsorbate, b T (J/mol) is the
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Temkin constant related to heat of sorption and a T
(L/mg) the equilibrium binding constant [29, 31].
II.6.4. Dubinin-Radushkevich (D-R) model
The Dubinin-Radushkevich (D-R) model does not
assume a homogeneous surface or a constant
biosorption potential as the Langmuir model. The
mathematical
formula
of
The
DubininRadushkevich (D-R) model is written as follows:
ln q e = lnqD − βε2 (8)
Where q D (mg/g) is the theoretical saturation
capacity of the adsorbate retained, β is the activity
coefficient related to mean sorption energy and ε, the
Polanyi potential, which is equal to:
ε = RTln (1 +

1
Ce

) (9)

where R (J/mol K) is the gas constant and T(K) is the
absolute temperature.
The mean energy of sorption, E, can be calculated as
follows:
E=

1
√2β

(10)

If E < 8000 J/mol, the adsorption is dominated by
physisorption, if E is between 8000 and 16000 J/mol,
the adsorption process is dominated by
chemisorption mechanism and if E is > 16000 J/mol,
the adsorption process is dominated by particle
diffusion [32].
II.7. Biosorption kinetic models
Many kinetic models have been proposed to
elucidate the mechanism of adsorption and its
potential rate-controlling steps that include mass
transport and chemical reaction processes.
Several kinetic models such as pseudo-first-order,
pseudo-second-order,
Elovich,
intraparticle
diffusion and Boyd models were commonly used to
test the experimental data.
II.7.1. Pseudo-first-order kinetic model
The pseudo-first-order kinetic model was proposed
by Lagergren [33]. The integral form of the model
was generally expressed as follows:
log( qe − qt ) = logqe −

K1
2.303

t (11)

where, q e(mg/g) and q t (mg/g) are the amounts of
adsorbed Ni(II) on the adsorbent at equilibrium and
at time t respectively and k1 (min -1 ) is the first-order
rate constant.
II.7.2. Pseudo-second-order kinetics
The pseudo-second-order model is proposed by
Ho and McKay [34] and based on the assumption
that the adsorption follows second order

chemisorption. The linearized form of the pseudosecond-order model can be expressed as:
1
qt

=

1
K2 q 2
e

+

1
qe

t (12)

Where k2 (g/mg min) is the second order adsorption
rate constant and q e (mg/g) the adsorption capacity
calculated by the pseudo-second-order kinetic
model.
The constant k2 is used to calculate the initial
sorption rate h (mg/g min) at t→0 as follows [35]:
h = k 2 q2e (13)
II.7.3. Elovich model
The Elovich equation is valid for heterogeneous
surfaces and mainly applicable for chemisorption
process. The Elovich model can be written as [6]:
1
1
qt = ln(αβ ) + lnt (14)
β

β

Where α (mg/g min) is the initial adsorption rate and
β (mg/g min) Elovich constant related to the extent
of surface coverage and also to the activation energy
involved in chemisorption (g/mg).
II.7.4. Intra-particle diffusion model
During the biosorption process, the adsorbate
transfer is characterized by boundary level diffusion
and/or intraparticle diffusion. The intraparticle
diffusion model assumes that the ﬁlm diffusion is
negligible and intraparticle diffusion is the only ratecontrolling step, especially in a rapidly stirred batch
reactor [36]. In order to investigate the adsorption is
intra-particle diffusion or film diffusion, Weber and
Morris [36] suggested the following kinetic model:
qt = K p t 1/2 + C (15)
Where kp (mg/g min 1/2 ) is the intra-particle diffusion
rate constant, q t (mg/g) is the amount of Ni(II)
adsorbed at time t and C (mg/g) is a constant related
to the thickness of the boundary layer. If the
adsorption process follows the intra-particle
diffusion model, then q t versus t 1/2 will be linear and
if the plot passes through the origin, then the rate
limiting process is the intraparticle diffusion.
II.7. 5. Boyd model
Due to both the ﬁlm diffusion and the intraparticle
diffusion, Boyd model is used to determine the
actual rate-controlling step involved in the Ni(II)
biosorption process. The kinetic data as obtained by
the batch method were further analyzed using the
Boyd model given by Boyd et al. [37]:
Bt = −0.4977 − ln(1 − F) (16)
F=

qt
qe

(17)
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II.8. Thermodynamics of biosorption
The thermodynamics of Ni(II) sorption onto
biomass of Pleurotusmutilus was evaluated using
following equations:
Kc =

C Ae
C Se

(18)

ΔG0 = −RTlnK c (19)
Where Kc is the equilibrium constant, which is the
ratio of the equilibrium concentration of nickel ions
on the adsorbent to the equilibrium concentration of
nickel ions in solution. R (8.314 J/mol.K) is the
universal gas constant, T (K) is the absolute
temperature.
II.7. Statistical analysis
All the experiments were performed in triplicates
and the data represent the average of the values
obtained. All data analyses were performed using an
XLStat 7.5.2. The data were evaluated by ANOVA
with significance set at p < 0.05.
III. Results and discussion

4
2

pHi -pHf

where F (mg/g) is the amount of metal ions adsorbed
at equilibrium, q t (mg/g) represents the amount of
ions adsorbed at anytime t (min). The linearity of the
plots can be used to identify whether ﬁlm diffusion
or intraparticle diffusion controls the rate of Ni(II)
sorption process. A straight line passing through the
origin is indicative of biosorption processes
governed by particle-diffusion mechanisms;
otherwise, they are governed by ﬁlm diffusion [38].

0
0

5

10

-2

15

pHi

-4
-6
-8
Figure 1. Determination of the zero point charge of
Pleurotusmutilus.
The surface of Pleurotusmutilus will be negatively
charged above the pH of 7.94 and positively charged
below this pH value [39, 40].
III.1.2. Boehm titration
According to the experimental data obtained by
Boehm method, the quantities of acidic sites
matching the carboxylic, phenolic and lactonic sites
[41] and basic sites for Pleurotusmutilusare
presented in table 1.
Table 1. Functional groups determined by Boehm
method.

III.1. Characteristics of Pleurotusmutilus
Biomass

III.1.1. The point of zero charge (pHzpc)
The zero point charge was found to occur at the pH
of 7.94 as presented in figure. 1.

Pleurotus
mutilus

Basic sites
(meq/g)

Acidic sites
T otal
(meq/g)

Carboxylc Phenolc Lactonc
(meq/g)
(meq/g) (meq/g)

4.33

3.35

These results indicate that
Pleurotusmutilus is acidic.

0.46

the

0.52

surface

2.32

of

III.1.3. Potentiometric titration and Cationic
Exchange Capacity
In order to gain closer insight of biomass surface
properties, a suspension of biomass was
potentiometrically titrated applying 0.1 M NaOH.
The results provided a rough characterization of
the fungal biomass, since the ionic exchange is one
of the prevalent mechanisms in the removal of Ni(II)
from aqueous solution. The curve displayed on
figure. 2 shows inflexion points which correspond to
pKavalues of the binding functional groups. In fact,
pKa determines such pH, above which functional
Copyright © 2015, Algerian Journal of Environmental Science and Technology, All rights reserved
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groups of particular type are in the ionized form,
capable of exchanging H+ with metal cations from
the solution [42].
An evaluation of the inflexion point is performed
by searching for zero values of the second derivative
of pH versus titrant volume, which correspond to
maximum and minimum values of the first
derivative. Table 2 shows the identified chemical
binding groups with their pKa, for two ionic forces.
Table 2.Functional groups and their pK a on
Pleurotusmutilus conditional on Ionic Strength at
0.01 and 0.1 M.
Fonctionalgroup

I = 0.01M

I = 0.1 M

Carboxyl

3.4, 3.88

3.62

Imidazole

5.55

5.64

Phosphate

6.8

6.88

0,09
0,08

0,25

0,04

0,03
0,02
Pleurotus mutilus 0.01 M
Pleurotus mutilus 0.1 M
0

0,2

0,1
0,05

6
0
4

d2pH/d2V

8

-0,05
-0,1

2
-0,15
0

5

10

15

pH
Figure3.Cation exchange capacity as function of
pH for ionic strength of 0.1 M and ionic strength of
0.01 M.

0,15

pH

0,05

0

10

-0,2

10
20
NaOH (m L)

0,06

0,01

I=0.01 M
I=0.1 M
2-deriv I=0.1 M
2-deriv I=0.01 M

0

0,07

IEC (meq/g)

The titration curve of Pleurotusmutilus (Figure. 2)
showed inflexion points at pH 3.4, 3.88 and 5.5 for
ionic strength of 0.01M and pH 3.62 and 5.64 for
ionic strength of 0.1 M corresponding to carboxylic
(pKa 1.7-4.7) and imidazol (5.5-6) as acidic groups.
The curve showed also one inflexion point at pH 6.8
for ionic strength of 0.01 M and 6.88 for ionic
strength of 0.1 M corresponding to the alkaline
functional group of phosphate (pKa 6.1-6.8) as
summarized in table 2 [43, 44].

12

strength of 0.1 M. These results were expected as an
increase in ionic strength lowers most pKavalues
[45].
FTIR analysis performed by Chergui et al. [11] on
the Pleurotusmutilus biomass confirms the existence
of Sulfonate groups. Potentiometric titration did not
confirm involvement of these groups (-SO3-) in
cation exchange, since it was performed in the range
of pH 3.01-10.01. Sulfonate groups usually only
contribute to metal binding at low pH, and their
typical pKavalues are in the range of 1.0-2.5 [46].
The cationic exchange capacity (CEC) of
Pleurotusmutilus was found to increase with
increase in pH but does not change with ionic
strength variation (Figure. 3).

30

Figure2. Potentiometric titration curves and second
derivative plots (2-deriv) of Pleurotusmutilus for
ionic strengths I = 0.01 M and I = 0.1 M.

III.2. Speciation and saturation index (SI)
Visual MINTEQ V 3.1 software was used to
calculate the distribution of Ni(II) chemical species
in the solution and the possibility of mineral
precipitation at the concentration of 300 mg/L. The
concentration of Ni(II) ions in the solution does not
change significantly at pH values ranging from 3.0
to 8.0 as free metal ions mainly dominated in
solutions. Then the concentration of Ni(II) decreases
up to pH 10.0 as nickel precipitated mainly as
Ni(OH)2 (figure. 4). The calculations showed that at
pH values higher than 7.14 the saturation index for
Ni(OH)2 was higher than 0. The saturation was
significant only for pH values higher than 8.0.
On considering the pHpzc and the precipitation of
nickel as Ni(OH)2 , pH 8.0 was selected as optimum
pH for Ni(II) adsorption.

The pKa values obtained for the ionic strength of
0.01 M are higher than the value obtained for ionic
Copyright © 2015, Algerian Journal of Environmental Science and Technology, All rights reserved
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Figure 4. Nickel ions concentration decreases due to
Ni(OH) 2 precipitation.
III.3. Effect of pH
The pH of solution greatly influences metal
sorption due to the influence of pH on the
deprotonation of functional groups. As can be seen
from Figure. 5, the amount of Ni(II) adsorption on
fungal biomass increased with the increase of pH
from 2.0 to 8.0. At pH values above 8.0, nickel
mainly precipitated as Ni(OH)2 according to Visual
MINTEQ. Therefore, the observed removal was
attributed to precipitation and not to adsorption. At
low pH, the cell wall ligands are closely associated
with the hydronium ions and restrict the biosorption
of Ni(II). As the pH increases, the hydronium ions
are gradually dissociated and more active sites with
negative charges such as carboxyl, phosphate,
imidazole and amino groups would be available for
the binding of Ni(II) as was confirmed by the study
of pHzpc. The maximum adsorption at pH 8.0 is due
to the optimum combination between the functional
groups on the biomass surface and ionic species of
Ni(II). The following experiments were carried out
at this pH value.

11

Figure 5. Effect of pH on the biosorption of Ni(II):
C0 =300 mg/L, particle size 100-200 µm, and contact
time = 3h.
III.4. Effect of initial metal concentration
The effect of initial nickel concentration on
adsorption of nickel ions at pH 8.0 is shown in
figure. 6. The amount of nickel adsorption by fungal
biomass increased rapidly when initial metal
concentration was increased from 50 to 500 mg/L.
The
maximum
biosorption
capacity
of
Pleurotusmutilus achieved at an initial Ni(II)
concentration of 478.995 mg/L was 47.101 mg/g.
After the equilibrium, the removal of nickel ions was
not significant due to the limited adsorption sites and
electrostatic repulsion on the surface.
70
60
50

q(m g/g)

0,0000

40
30
20
10

0
0

100

200

300
400
Ni (m g/L)

500

600

Figure 6. Effect of Initial metal concentration on
the biosorption of Ni(II): pH 8.0, particle size 100200 µm, and contact time = 3h.
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51

III. 5.Effect of contact time
Contact time is one of the key parameters for
successful biosorption application. The effect of
contact time on biosorption of Ni(II) is depicted on
figure. 7. The sorption rate of Ni(II) was initially
high and decreased with an increase in contact time.
The initial fast uptake is probably due to the high
initial Ni(II) concentration and empty metal binding
sites on fungal biomass. Whereas the rate of
biosorption decreases due to the saturation of metal
binding sites. The equilibrium was reached within 79
min. An additional increase in contact time had a
slight effect on the amount of biosorption.

50

49

q (m g/g)

48
47
46
45

44

50

43

45

42

40

50-100 µm

200-300 µm

Particle size

35

Figure 8. Effect of particle size on the biosorption
of Ni(II): pH 8.0, C 0 = 300 mg/L, and contact time
= 3h.
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III.7.Biosorption isotherms
The values of Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich parameters are summarized
in Table 3.

20
15
10

Table 3. Adsorption isotherm models parameters
Isotherm model
Pleurotusmutilus

5

Langmuir

0
0

30

60
90
t (m in)

120

150

Figure7. Effect of contact time on the biosorption
of Ni(II): pH 8.0, C 0 = 300 mg/L and particle size
100-200 µm.
III.6.Effect of particle size on nickel biosorption
The
influence
of
particle
size
of
Pleurotusmutiluson nickel biosorptionis reported in
figure. 8. Pleurotusmutilus removed more nickel
ions (48.539 mg/g) with particle size ranging from
200 µm to 300 µm. The effect of Pleurotusmutilus
particle size was not significant (P-value= 0.364 >
0.05).

q max(mg/g)

47.169

KL (L/mg)

0.0042

RL

0.606

R2

0.688

Freundlich
Kf(L/mg)

0.029

n

0.7452

R2

0.792

Temkin
aT(L/mg)

0.026

b T(J/mol)

104.849

R2

0.950

Dubinin-Radushkevich
q D (mg/g)
Β

(mol2 /J2 )

E (J/mol)

47.153
-1.3x10-9
196116.614

R2

0.9836
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III.7.1. Langmuir model
The Langmuir constant (KL ) and q maxare calculated
from the slopes and intercepts of 1/q e versus 1/Ce
respectively (figure. 9). The predicted q max of Ni(II)
biosorption capacities of Pleurotusmutilus was
47.169 mg/g. The separation factor RL indicated that
the biosorption for Ni(II) was favorable.
0,1
0,09
0,08

III.7.3. Temkin model
The Temkin constants a T and b T are calculated
from
the
slopes
and
intercepts
of
q evslnCerespectively (figure 11). Typical bonding
energy range for ion-exchange mechanism is
reported to be in the range of 8000-16000 J/mol
while physisorption processes are reported to have
adsorption energies less than −40000 J/mol. Very
low value of b T (86.949 J/mol) obtained in the
present study indicates that the adsorption process
involves both chemisorption and physisorption [47,
48].

0,07

1/qe

0,06

60

0,05
0,04

50

0,03

0,01

q (m g/g)

40

0,02

30

0
0

0,005

0,01
1/Ce

0,015

0,02

20

Figure 9. The linear form of Langmuir adsorption
isotherm of Ni(II).
III.7.2. Freundlich model
The Freundlich isotherm for the adsorption of
nickel on Pleurotusmutilusis presented in figure. 10.
The values of Kf and 1/n are calculated from the
intercepts and slopes respectively. The value of
heterogeneity factor “n” are greater than unity,
indicating that Ni(II) ions are favorably adsorbed
(table 3).
5
4,5
4

3,5

ln qe

3
2,5
2

10

0

3

4

5

6

7

LnCe

Figure 11.Temkin adsorption isotherm for Ni(II).
III.7.4. The Dubinin-Radushkevich (D-R)
The Dubinin-Radushkevich constants and mean
free energy are given in Table 3. The constants q D and
B are calculated from the slope and intercept
respectively (figure. 12). The value of the mean
biosorption energy (E) suggests that the biosorption
process of nickel ions onto Pleurotusmutilusis
dominated by particle diffusion.
A comparison of the R2 values for models
suggested that the Dubinin-Radushkevich fitted the
data best followed by the Temkin isotherms.

1,5
1
0,5

0
3

4

ln Ce 5

6

7

Figure 10. The linear form of the Freundlich
adsorption isotherm equation for Ni(II).
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III.8.1. Pseudo-first-order kinetic model
Straight-line plot of log (q e- q t ) against t was used
to determine the rate constant k1 and correlation
coefficients R2 (Figure. 13). The intercept of the plot
should be equal to log q eq . However, if calculated q eq
does not equal the equilibrium metal uptake then the
reaction is not likely to be first order even if this
equation has a high correlation with the experimental
data [27, 49]. The calculated q eq is not close to
experimental q eq (table 4) suggesting the
insufficiency of the pseudo-first-order model to fit
the kinetic data.
3
Figure12. Dubinin-Radushkevich adsorption
isotherm for Ni(II).

2,5
2

Table 4.Comparison of kinetic parameters for
adsorption of Ni(II) by Pleurotusmutilus.
Kineticmodel
Pleurotusmutilus
Pseudo-ﬁrst-order
q eexp (mg/g)

44.022

q ecalc (mg/g)

7.243

k1 (1/min)

0.041

R2

0.448

Pseudo-second-order
q e,exp (mg/g)

44.022

q ecalc (mg/g)

43.478

k2 (g/mg min)

0.016

h (mg/g min))

30.303

t1/2 (min)

1.435

R2

0.998

Elovich
α (mg/g min)

6711.670

β (g/mg)

0.278

R2

0.848

1,5

Log (qe-qt)

III.8.Biosorption kinetic models
The kinetic data were analyzed using various
kinetic models: pseudo-first-order model, pseudosecond-order model, Elovitch model, Intra-particle
diffusion model and Boyd model.
Kinetic parameters are presented in Table 4. The
higher values of R2 and the accuracy to predict
q eq were used as criteria to define the most suitable
model to describe sorption kinetics of Ni(II).

1

0,5
0
0

50

100

150

-0,5
-1

t (min)

Figure 13. Pseudo-ﬁrst-order kinetics of Ni(II).
III.8.2. Pseudo-second-order model
A pseudo-second-order model proposed by Ho and
McKay [34] was then used to explain the sorption
kinetics (figure. 14). The rate constant and the
correlation coefficient are also summarized in Table
4.The correlation coefficient R2 for the pseudosecond-order adsorption model has very high value
(0.998). Besides, the adsorption capacity calculated
by the pseudo-second-order model is also close to
that determined by experiments. Therefore, it has
been concluded that the pseudo-second-order
adsorption model is more suitable to describe the
adsorption kinetics. This result suggests that the
biosorption of Ni(II) onto Pleurotusmutilus is likely
to be a chemisorption process involving exchange or
sharing of electrons mainly between metal ions and
functional groups of the biosorbent [49].

Intraparticlediffusion
Kp (mg/g min 1/2 )

0.322

C (mg/g)

30.966

R2

0.686

Boyd model
Kfd (min -1 )

24.927

R2

0.448
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III. 8.4. Intra-particle diﬀusion model
The experimental data were fitted to Weber and
Morris model to evaluate whether intraparticle
diffusion controlled the rate of Ni(II) adsorption. The
plots of q t versus t 1/2 showed that the straight line did
not pass through the origin (Figure. 16). This
suggested that the intraparticle diffusion effect was
not the rate-controlling mechanism of the
biosorption process. Based on this plot, the
biosorption process of the Ni(II) entails two phases,
the initial portion of the plot indicated an external
mass transfer across the liquid film whereas the
second linear portion is due to intraparticle or pore
diffusion but was not the rate-limiting step. Similar
results were reported by Sahmoun et al. (2009) [50]
for the adsorption of Cr(III) by Streptomyces
rimosusand by Chergui et al. (2009) [11] for the
adsorption
of
hexacyanoferrate(III)
by
Pleurotusmutilus.
The slope of the second linear portion of the plot
has been identified as the intraparticle diffusion rate
constant (KP ) [50]. The values of C and Kp are given
in Table 4.

3

t/qt (m in/(mg/g))

2,5

2

1,5

1

0,5

0
0

50 t (min) 100
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Figure 14. Pseudo-second-order kinetics of Ni(II).

q (m g/g)

III.8.3. Elovich model
The plot of q t versus ln t for the Elovich equation
is shown in figure. 15.The parameters of the Elovich
equation are shown in Table 4.
Elovich equation agreed well with the
experimental values (R2 > 0.84). This conﬁrms that
the adsorption of nickel by Pleurotusmutilus is
controlled by chemisorption process.
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Figure16.Intraparticle diffusion plot sorption of
Ni(II).
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Figure 15.Elovich kinetics for Ni(II) adsorption.
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III.8.5.Boyd model
The Boyd plot was obtained by plotting Bt versus
time (Figure. 17). The plot was neither linear nor
pass through the origin with low correlation
coefficients (table 4). This suggested that the ﬁlm
diffusion is the rate limiting mechanism in Ni(II)
biosorption by Pleurotusmutilus.
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performance was strongly affected by solution pH
and contact time at room temperature. The optimum
pH for biosorption of Ni(II) on Pleurotus mutilus
was achieved at pH 8.0. Nickel biosorption by
Pleurotus mutilus was ﬁtted well with DubininRadushkevich and Temkin isotherms equations
within the investigated metal concentration range.
The maximum adsorption capacities (q max)
calculated from Langmuir adsorption isotherm was
47.169 mg/g. The kinetics of the biosorption of
Ni(II) was better described with pseudo-secondorder kinetics. The negative values of ΔG0 indicate
spontaneous adsorption of nickel. The results
obtained through this study support that filamentous
fungi is effective and low cost biosorbent for Ni(II)
removal from aqueous solutions.

Figure17. Boyd plot for the biosorption of Ni(II).
While six kinetic models were ﬁtted to the
experimental data, only the pseudo-second-order
model ﬁt the sorption kinetics well with a correlation
coefficient of 0.998. This adsorption kinetic is
typical for the adsorption of divalent metals onto
biosorbents [51].
III.9. Thermodynamics of biosorption
The values of ΔG0 are summarized in table 5.The
change in the standard free energy has negative value
for the whole range of concentration. These results
indicate that the adsorption of Ni(II) by
Pleurotusmutilus
was
spontaneous
and
thermodynamically favorable.

Table 5.Thermodynamic parameters of free energy
of adsorption ΔG0 .
Ni (mg/l)

ΔG0 (kJ/mol)

50.00

-7.92

100.00

-1.44

150.00

-1.42

200.00

-1.06

250.00

-0.57

300.00

-0.75

350.00

-1.27

400.00

-1.50

450.00

-1.84

500.00

-2.16

IV. Conclusion
The current study shows that the fungal biomass of
Pleurotus mutilus is effective biosorbent for the
removal of Ni(II) from aqueous solution. The
speciation model predicted the formation of nickel
precipitates at pH above 8.0. The biosorption
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Article History :

Résumé : La quantité du lactosérum produite chaque année, à partir
de 20000 litres de lait mis en œuvre par jour pour la fabrication de
camembert tassili, a été estimée à 5 840 000 litres soit 581 605.6 kg
d’éléments nutritifs qui sont purement et simplement évacués dans les
effluents de la laiterie de Draa Ben Khedda.
L’analyse biochimique du sérum a permis de mettre en évidence des
aptitudes nutritionnelles très intéressantes pour l’alimentation
humaine.
En effet, le lactosérum est caractérisé par sa richesse en matière sèche
représentant 67.02 % des éléments nutritifs originaires du lait. Il est
riche en lactose, protéines, matière grasse et éléments minéraux
représentants respectivement 64.34 %, 5.63 %, 2. 55% et 8.35 %. Et
d’autre part d’après les valeurs très élevées obtenues de la DCO
(127 712 mg d’O2 /l) et la DBO5 (49333.32 mg d’O 2 /l), nous pouvons
affirmer que ce sous produits est un facteur de pollution très
redoutable de l’environnement donc il serait nécessaire de le
valoriser. L’objectif de notre étude vise à récupérer les protéines du
lactosérum par le procédé d’ultrafiltration et de réduire ainsi le
caractère polluant de ce sous produit par l’utilisation d’une membrane
en polyéther-sulfone (PES) et de 10KDa de seuil de coupure.
L’influence de la pression transmembranaire sur le flux de permeation
sera étudiée et le taux de rétention des protéines ainsi que l’évolution
du colmatage de la membrane seront déterminés.
Abstract :The quantity of whey produced each year, from20000 liters
of milk used per day for the manufacture of tassili Camembert, has
been estimated at 5 840 000 liters or 581 605.6 kg of nutrients which
are simply evacuated in the effluents of the Draa Ben Khedda dairy.
The biochemical analysis of the serum made it possible to highlight
nutritional skills that are very interesting for human nutrition .
The biochemical analysis of the serum made it possible to highlig ht
nutritional skills that are very interesting for human nutrition. It is rich
in lactose, protein, fat and mineral elements respectively representing
64.34%, 5.63%, 2. 55% and 8.35%. On the other hand, according to
the very high values obtained of COD (127,712 mg of O2 / l) and
BOD5 (49,333.32 mg of O2 / l), we can affirm that this by-product is
a factor of very formidable pollution of the environment so it would be
necessary to value it. The objective of our study is to recover whey
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proteins by the ultrafiltration process and thus reduce the pollutant
character of this by-product through the use of a polyether sulphone
(PES) membrane and 10KDa cutoff threshold.
The influence of the transmembrane pressure on the permeation flux
will be studied and the retention rate of the proteins as well as the
evolution of the clogging of the membrane will be determined.

I. Introduction
Le lactosérum représente 90% du volume original
de lait utilisé en fromagerie et en est le principal sous
produit [1]. Il est riche en protéines et en lactose, ce
qui le rend dommageable aux écosystèmes
aquatiques (DBO5 de 40 à 50gr d’O2 /l de lactosérum)
[2, 3], alors que la norme de rejet pour une entreprise est de
30mg d’O2 / litre [4].
La réduction de la DBO5 d’un effluent industriel de
fromagerie peut se faire efficacement par
récupération totale des glucides et des protéines
par évaporation, séchage ou filtration membranaire.
Les procédés basés sur la séparation par membrane
permettent de coupler dépollution et valorisation [5]
et de travailler dans des conditions particulièrement
douces [6]. Par ailleurs, les membranes permettent
de réduire voire même supprimer la consommation
de produit chimique (floculant, coagulant…) pour le
traitement de l'effluent [7]. Ceci est un avantage non
négligeable dans l'objectif d'élaborer des systèmes
plus propres.
L’ultrafiltration permet de récupérer et de
concentrer les protéines du lactosérum tout en
éliminant le lactose et les sels minéraux. Ces
opérations assurent la rétention des protéines en
amont de la membrane filtrante et laissent apparaître
un permeat constitué essentiellement d’eau ; de
lactose et des sels minéraux.
L’objectif de notre étude vise à donner aux
industries fromagères Algériennes un outil de
valorisation des protéines du lactosérum par un
procédé économique et efficace (ultrafiltration) et de
réduire ainsi le caractère polluant de ce sous produit.
II. Matériels et méthodes
II.1. Produit étudié
Les échantillons utilisés dans cette étude
proviennent de l’unité laitière et fromagère de Draa

Ben Khédda (D.B.K.) le lactosérum est de type doux,
issu du premier soutirage lors de la fabrication du
fromage type camembert selon le procédé représenté
sur la figure 1 ; les échantillons ont été prélevés au
niveau de la cuve de coagulation, dans des flacons en
plastiques stériles et conservés à 4°C jusqu’a
analyse et traitement.

Figure 1. Diagramme de fabrication du camembert
à Draa Ben Khedda et les niveaux de soutirage des
lactosérums
II.2. Caractérisation des lactosérums
1. Détermination du pH à l’aide d’un pH mètre type
JENWAY 3510.
2. Détermination de l'acidité titrable.
3. Détermination de la matière sèche par étuvage.
4. Détermination de la matière grasse (méthode
Gerber).
5. Dosage des cendres (méthode classique
préconisée par AFNOR).
6. Dosage des protéines par la méthode Kjeldahl
Les protéines ont été déterminées après le dosage de
l'azote total et de l'azote non protéique
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, par la méthode Kjeldahl. L’azote non protéique a
été dosé sur le filtrat obtenu après précipitation des
protéines par l’acide trichloracétique (T.A.C) à 15%.
Teneur en protéine = 6.38 (NT – NNP)
7. Dosage du lactose par la méthode polarimétrique.
8. Dosage des chlorures par la méthode Charpentier
Vohlard.
9. Dosage des éléments minéraux : Calcium,
Potassium Magnésium, Sodium et Phosphore. Le
calcium (Ca++), le magnésium (Mg ++), le potassium
(K+) et le sodium (Na +) ont été dosé par
spectrométrie d'absorption atomique sur appareil FS
95 Furane Autosampler ; Le dosage du phosphore
total a été effectué par spectrophotomètre UV/VIS
type Unicam à 820 nm.
Afin de mettre en évidence le pouvoir polluant du
lactosérum on a déterminé :
10. La demande biochimique en oxygène (DBO5 ) à
l’aide d’un DBO mètre type OXITOP BOX.
11. La demande chimique en oxygène (DCO) à
l’aide d’un DCO mètre type VELP Scientifica
II.3

Récupération
des
protéines
par
ultrafiltration
La récupération des protéines a été réalisée au
laboratoire sur une membrane plane, type Oméga en
polyéther sulfone (PES), de 50 cm 2 de surface et de
seuil de coupure de 10 KDa disposée à l’intérieur
d’un module d’ultrafiltration type minimate TFF
OA010C12 en polypropylène de 8cm d’épaisseur,
20cm de longueur et 3,8cm de largeur.

ALJEST

homogénéisé à l’aide d’une agitation continue tout
au long de la filtration à l’aide d’une plaque
magnétique. Au cours de la circulation du
lactosérum, le permeat a été collecté dans un cylindre
gradué tandis que le retentât a été retourné vers le
réservoir (figure 2).
II.4
Détermination
transmembranaire (PTM)

de

pression

Experience 1
Le lactosérum clarifié a été ultrafiltré à un débit de
40ml/min, température de 20°C, pH=6,3 et à des
pressions transmembranaires de 0,1 ; 0,55 ; 0,65 ;
0,75 ; 0,95 ; 1,05 ; 1,15 ; 1,3 et 1,4 bar.
Expérience 2
Un suivi de flux d’ultrafiltration en fonction du
temps à un débit de 40 ml/min, température de 20°C
et à un pH de 6,3 ; les pressions transmembranaires
étudiées situées autour de la pression trouvée dans
l’expérience précédente. Des échantillons de 5 à
10ml de permeat et de retentât étaient prélevés à
différents facteur de concentration (FC) : 2 ; 5 et 10
pour la détermination de la concentration en
protéines, en cendres, en lactose (extrait sec total).
Le calcul du taux de rétention (T R) permet de tracer
la courbe du taux de rétention en fonction du facteur
de concentration.
TR =1-Cp/Cr×100

(4)

Cp : Concentration des protéines dans le permeat.
Cr : Concentration des protéines dans le retentât.
III. Résultats et discussions
Tableau 1. Caractérisation physicochimique du
lactosérum doux liquide

Figure 2. Dispositif d’ultrafiltration
Le lactosérum a été circulé à partir d’un réservoir
de 500 ml en utilisant une pompe péristaltique
FS700M01. Deux indicateurs de pression type
FS700X14 ont été utilisés l’un à l’entrée et l’autre
à la sortie de la membrane pour mesurer la pression
transmembranaire (PTM). Le liquide a été

La clarification a été réalisée afin de limiter les
effets néfastes du colmatage sur la membrane
d’ultrafiltration et d’augmenter le flux de
perméation. Les résultats sont indiqués dans le
tableau 2.
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Tableau 2. Caractéristiques physico-chimiques du
lactosérum clarifie

III.1 Ultrafiltration du lactosérum clarifié
III.1.1 Choix de la pression transmembranaire
optimal
Le flux de perméation est augmenté avec
l’augmentation de la pression transmembranaire
jusqu' un point critique (PTM= 0.95-1.05 bar)
correspond à un flux limite de 36,08 l/h/m2 , au
dessus du quel le flux devient indépendant de la
pression transmembranaire, ceci est dû au dépôt de
protéines sur la surface membranaire et la formation
d’une couche de polarisation de concentration ; ce
phénomène a été observé par plusieurs auteurs [8,
9,6].
Cette expérience nous a permis de sélectionner trois
pressions transmembranaires au dessous de lapression
critique trouvée (0,95 ; 0,75 et 0,65 bar).

Afin de sélectionner la pression transmembranaire
optimale une deuxième expérience a été réalisée
avec la même membrane après nettoyage chimique
et rinçage.
Les courbes de filtration en fonction du temps ont
une allure hyperbolique. On note que le flux décroît
rapidement pendant la première heure quelque soit
la valeur de la pression transmembranaire, ceci est
dû à l’adsorption des protéines et la formation d’une
couche de polarisation de concentration qui est
susceptible d’engendrer une pression osmotique [8,
9], puis diminue lentement
à cause de
l’établissement d’un dépôt de gel à la surface
membranaire [6, 10].

Figure 4. Flux du lactosérum en fonction du temps
à différentes pressions transmembranaires,
Q=40ml/min, t°=20°C, pH=6.3

III.1.2 Caractérisation du retentât et du permeat
durant l’ultrafiltration
La figure 5 nous montre que l’extrait sec total du
retentât augmente avec l’augmentation du facteur de
concentration (6,65% ; 7,35% et 8,23%).

Figure 3. Flux du lactosérum en fonction de la
pression transmembranaire, Q=40ml/min,
t°=20°C ; FCV=1, pH=6.3
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Figure 5. Variation de l’extrait sec total dans le
retentât et dans le permeat en fonction du facteur
de concentration, PTM=0.75 bar Q=40ml/min,
t°=20°C, pH=6.3
La figure 6 nous révèle que le taux des cendres au
niveau du permeat augmente de 0,268% à FC=2 à
0,312% à FC=10. Au niveau du retentât, le taux des
cendres au facteur de concentration2, 5 et 10 est
respectivement de 0,338% ; 0,469% et 0,445%, ce
qui montre que les cendres passent à travers la
membrane au cours de l’ultrafiltration du lactosérum
clarifiée.

ALJEST

Figure 7. Variation du taux de protéine dans le
retentât et dans le permeat en fonction du facteur
de concentration, PTM=0.75 bar Q=40ml/min,
t°=20°C, pH=6.3
La figure 8 nous montre que le taux de rétention
des protéines aux facteurs de concentration 2, 5 et 10
est respectivement de 94,9% ; 99,14% et 99,8%. Ces
résultats sont proches de ceux trouvé par Atra et al.,
2005[11] qui ont obtenu un taux de rétention des
protéines de 93 à 98%.

Figure 8. Influence du facteur de concentration sur
le taux de rétention des protéines, PTM=0.75 bar
Q=40ml/min, t°=20°C, pH=6.3
Figure 6. Variation de taux de cendre dans le
retentât et dans le permeat en fonction du facteur
de concentration, PTM=0.75 bar Q=40ml/min,
t°=20°C, pH=6.3
La figure 7 nous révèle que le taux des protéines
retenues au niveau de retentât augmente avec
l’augmentation du facteur de concentration, il est de
0,473% ; 1,115% et 1.182% à des facteurs de
concentration de 2, 5 et 10. Parallèlement au niveau
du permeat le taux des protéines diminue avec
l’augmentation du facteur de concentration (2, 5 et
10), il est respectivement de 0,024% ; 0,0095% et
0,0015%.

La figure 9, nous montre que le taux du lactose
dans le permeat est de 5,20 ; 5,22 et 5,23% à des
facteurs de concentration 2, 5 et 10 respectivement,
le taux du lactose dans le retentât augmente avec
l’augmentation du facteur de concentration, il est de
5,70 ; 5,72 et 6,55% aux facteurs de concentration 2,
5 et 10 respectivement. Ces résultats montrent que le
lactose se concentre dans le retentât et ne passe pas
totalement dans le permeat à cause de l’importance
du colmatage de la membrane.
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Abstract: The Lake of Reghaïa is an exceptional natural heritage in the
Algiers area, it underwent a dramatic pollution by its rejection supply due
to the close industrial activities. Since the year 1999. That, encouraged us
to accordingly take part in order to present an evaluation of the quality of
the grounds of the site as regards pollution in MTE (metallic trac elements)
heavy metals. We have selected a ground located on western bank of the
lake, of a square surface, limited to 2,500 m2 of a slope of 25%, it is
agricultural but not exploited for more than 20 years according to the
owner of the ground. That has an advantage of excluding the irrigation
by water from the lake. A systematic sampling of triangular grid of thirteen
(13) samples with positions GSP (geographical systemof positioning) of
each point. Quantities of approximately 100g more 1 kg of ground were
taken. Analysis by AAS (atomic absorption spectrometry) has shown
presence of heavy metals (Ni, Zn, Pb, Cd, Cr, Cu and Hg), which does not
exceed the values of reference on selected surface, of the contents of (Ni
and Zn and Hg) exceed slightly the values reference in the superior part of
surface located at 64 m of bank of lake, and approximately 20 min height
compared to the surface of the lake, the pollution of the surface of ground
were not noted, however, fromthe contents of (Cr) go beyond the values of
reference in all surface marking higher spades in the mediumof surface,
On the other hand, accumulation Cu is on the level nearest to the lake.
Strong Mn concentrations on all the surface particularly they are high on
first line close to lake and the limit superior of analyzed surface.
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I. Introduction
In Algeria, the period after independence was
marked by the effects and the consequences of the
development strategies based on industrialization,
which started since the beginning of the years 1980,
to express their reverses through serious distortions
on the whole of the components of the natural
environment (receiving mediums, natural resources,
etc.).
Since the years 1980, the industrial park of Reghaïa
pours its rejections in the sea, passing by a single
marsh in the of Algiers area, which is called the Lake
Reghaïa.The activity of the zone generates various
types of the rejections, transforming a place pleasant

and favorable to the life of fauna and flora and
prosperity of the biodiversity into a tank of toxic and
dangerous products.
In addition, among pollution induced by the
industrial activity, is that related to heavy metals.
Moreover, the site of its marshy nature, offers to its
vicinities fertile fields with agriculture in direct
contact with the edge of the lake.
Any time, within the framework of the development
of the Plan of Coastal Installation of the of Algiers
littoral, the wetland “Lake Reghaïa” was retained for
the control of a pilot project of Management
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Integrated of Coastal areas (GIZC). This natural
heritage reveals stakes, in ecological matter
(wetland), socio economic (agriculture, industry,
tourism, habitat,) and policy (administration, land
pressure,). A decision taken by the public authorities
to set up the wetland in natural reserve testifies to the
need for its protection. [1]
The protection and the depollution of the grounds are
a delicate operation because each site is specific,
several characteristics can intervene in particular
geology, topography, the nature of the pollutants,
their spatial, their concentrations, and their behaviors
with the ground, the latter are essential to the choice
of the technique of depollution. [2]
The ground is a nonrenewable resource and the
processes of its formation and its regeneration are
extremely slow being able to go to several thousands
of years, contrary to its degradation, certain human
activities can degrade the grounds in a few years or
decades.
In this context, and seen that heavy metals present an
undeniable health hazard for the whole environment
and that the ground is an important vector of transfer
of metals of the environment towards the organism,
heavy metals are present naturally in the rocks, they
are released during the deterioration of those to
constitute the geochemical bottom. The natural
concentration of these heavy metals in the grounds
varies according to the nature of the rock, its
localization and its age. [3]
Heavy metals being natural or anthropic in the
aquatic mediums are trapped in the sediments [4],
and for a significant analysis of a watery pollution or
a contamination of the grounds adjacent, one
analyzes the ground [5], the great contamination by
heavy metals touches the sidements more than the
living organisms [6] [7] [8] cadmium and mercury
are often found in the anthropic rejections. [9].
We chose this work which consists of the qualitative
and quantitative evolution of heavy metals in the
periphery of the lake and the establishment of the
correlation between the distribution of their
concentrations to the surface of the ground and the
pH on the one hand and the mineralogical
composition of the ground on the other hand. It is
important to announce that the ground in question
has not been exploited for more than twenty years.
II. Materials and methods
II.1. Sampling Locations
The Lake Reghaïa is a wet coastal area; located at the
North-eastern limit of the plain of Mitidja to 29 km
of Algiers. Surface of the lake is of 150 ha, the
surface of the lake (water level free) is
approximately 75 ha
Geographical coordinates: 3° 19' and 3° 21' east, 36°
45' and 36° 48' North [10]

Figure 1: Localization of the wetland of Reghaïa
II.2. Methods
We have selected a ground located on western bankof
the lake, of a square surface, limited to 2500 m2 of a
slope of 25%, it agricultural is not exploited for more
than 20 years according to the owner of theground.That
has an advantage of excluding the irrigation by water
from the lake.
The selected zone is in direct contact with the lake
without obstacle, the first line of the points of sampling
(S1, S2 and S3) were 14 m above the edge of the lake
(Figure 2):

Figure 2: Satellite sight of the zone of sampling
These conditions led successfully to theexpected results
from this study.
The number of the taken samples depends on thesurface
and the objective of the study. we are in search of a
certain pollution, its distribution on the surface in order
to establish a correlation surfaces of it in relation to the
distance and the height. On the other hand, surface is
50mx50m. In order to reveal the required pollution, the
remote samples of 25mwhich compose a rectangular
grid were selected to cover internal surfaces. Inside
Samples were selected giving a systematic sampling of
triangular grid of thirteen (13) samples as indicated in
figure 3.
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Figure 3: sampling plan

This grid covers perfectly the surface presenting of
the samples of five (05) levels of distances per
report/ratio of the lake:
S1, S2, S3
: 14m
S4, S5
: 26.5m
ES, S7, S8
: 39m
S9, S10
: 51,5m
S11, S12, S13
: 64m
This study is directed towards a study of surface, the
hollow ones approximately 20 cm in Diameter and
10 cm of depth, as the figure 4 shows. Were carried
out.

Figure 4: Diagram of the hollow one
The stereo analysis microscope and calculates its pH
were carried out before the preparation of the

ALJEST

samples. After that, they were dried in a drying oven
at temperature of 40°C (2 days) then crushed
coarsely, after sifting was made using tamiseuse
(Balistics department at the Institute Main road of
Criminalistic and Criminology of National police
NICC/NP) standard Haver EML DIGITAL CUT
MORE & BOECKER, programmed for a time of one
(01) Min and oscillation of 25 a second, the samples
passed by four sieves of 1250,400,160 and 40 µm.
Approximately 10 G of each sample obtained whose
particles are lower or equal to 40 µm are stored in
limp kneaded.
The measurement of the pH was taken on the thirteen
(13) samples. The test specimen is of 20 G in a
beaker, to which we add 100 ml of pure water; one
follows introduces a bar magnet to agitate the
solution during 15 to 20 min using a magnetic stirrer.
we leave the solutions 30 Min of decantation, in
continuation one filters the solution via a filter
placed on a funnel this last placed on beaker.
We carried out measurement by means of an
electrode of pH combined and connected to a pHmeter. METTLER TOLEDO of the department
National toxicology at the Institute of Criminalistic
and Criminology of National police INCC/NP). [11]
For the treatment of each sample, we used two types
of mineralization:
1.
The setting in solution of the ground by
floridric, nitric and chloridric acid attacks
2.
The setting in solution of the ground by
nitric and chloridric acid attacks.
The measurement of the metal concentrations in
each sample is carried out by spectroscopy of atomic
absorption.
This method of extraction of the setting in solution
of the ground by hydrofluoric acid attacks is applied
for the dosage of four elements (Ni, Zn, Pb and Cd).
Four other elements (Cu, Cr, Mn and Hg) were
extracted by the setting in solution from the ground
by attack with nitric and chloridric acids.
After mineralization of the organic matter by
calcination with 550°C, put in solution in the
concentrated hydrofluoric acid, then taken again by
hydrochloric acids and acids nitric after elimination
of the hydrofluoric acid and silica.
The analyzes of Ni, Zn, Pb and Cd are carried out on
a spectrometer of atomic absorption Thermo
Electron Corporation series Mr. GF95Z of the
department of toxicology/INCC-NP, with the lamp
with hollow cathode which emits the wavelength
corresponding to the element that we want to
analyze. The gases used to generate the flame are a
mixture Air/Acétylène. The analyzes of Cr, Cu, Mn
and Hg are carried out on a spectrometer of atomic
absorption Perkin Elmer Analyst 700 of the national
observatory of the environment and sustainable
development NOEDD, with the lamp with hollow
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cathode which emits the wavelength corresponding
to the element that one wants to analyze. The gases
used to generate the flame are a mixture
Air/Acétylène.
III. Results and discussion
Samp
pH

III.1. Calculate pH:
The results of the pH obtained from the thirteen
samples appear in the following table:

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

7.99

8.10

8.16

7.96

7.97

7.88

7.95

7.92

8.03

8.04

7.95

8.09

7.95

11

12

Table .1: Values of pH of the samples

8,2

8
7,8
7,6
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Figure.5: Histogram of the pH
The values of pH obtained are between 7,88 and 8,16
what indicates a stability between the values of pH
of the ground on the slightly basic surface.
According to the values presented in report BRGM

Image of S1

R 36682 [12] our ground is of texture clay heavy in
the pH are close to value 7,75.
The microscopic analysis of the samples S1, S7 and
E8 is illustrated in the following images whose
enlarging is of X60:

Image of S7

Image of S13

Figure.6: images of stereophony microscope
According to the images with various enlarging’s
(X12,5, X20, X40 and X60), the samples S1, S7 and
S13 result from an arable land which has not been
exploited for more than 20 years, according to the
owner of the ground, glaze of a spring vegetation of
color green, it was taken with distances from
approximately 14m 39m 64m of a lake of the marsh
type. The ground in place is original and analyzes by

stereophony microscope allowed to conclude that S1
S7 and S13 are an argillaceous topsoil
(particles<1μm), from color brown of crust dark, wet
and compact. There is a presence of the remainders
of vegetation. The particles of the ground have a subangular polyhydric structure (polyhydric blunted). It
does not have particular odor. The dark color is due
to the humus or manganese. [13] [14] [15].
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S1; testify the presence to some grains of beige and
white color.
S2; Testify the presence of some grains of beige,
white and black color.
S3; Testify the presence of some grains of beige and
black color.
Ni
Standard
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13

ABS
0.005
0.012
0.012
0.012
0.011
0.013
0.013
0.013
0.015
0.014
0.011
0.024
0.024
0.025

Our range of calibration of eight (08) heavy metals
follows the adequate linear model to the dosage of
our heavy metals.
The samples put in solution and supplemented in
pure water until 100ml, were analyzed by AAS with
flame which gave the results presented in table 2.
These results are expressed in mg/l and µg/l for Hg

Zn
CC
0
11.146
11.07
11.277
10.452
13.9
12.431
13.777
16.584
14.382
9.571
32.254
32.421
34.094

ABS
0.023
0.126
0.129
0.118
0.262
0.300
0.325
0.351
0.152
0.135
0.131
0.616
0.248
0.279

Pb
CC
0
46.632
46.577
43.217
108.307
125.442
136.959
148.761
58.213
49.729
48.46
263.737
101.889
116.23

ABS
0.000
0.004
0.002
0.002
0.002
0.002
0.002
0.003
0.003
0.002
0.000
0.003
0.003
0.004

Cr
Cu
ABS
CC
ABS
CC
Standard
0.016
0
-0.0086
0
S1
0.0125
91.977
0.01125
18.693
S2
0.0145
99.663
0.01025
17.352
S3
0.0145
105.570
0.01225
27.014
S4
0.0145
97.997
0.00925
13.055
S5
0.0185
134.246
0.00925
30.966
S6
0.0175
122.488
0.00425
17.553
S7
0.0165
122.139
0.00325
14.231
S8
0.0155
104.543
0.00325
12.996
S9
0.0145
103.903
0.00525
13.842
S10
0.0165
101.940
0.00525
15.524
S11
0.0145
105.709
0.00425
14.082
S12
0.0125
89.736
0.00625
22.520
S13
0.0135
92.039
0.00725
21.315
Table 2: Contents of heavy metals in the samples of ground.
Nickel ;
According to the concentrations of Ni obtained, we
notice that the concentrations of S1 S2 and S3 of the
level 14 m compared to the edge of the lake vary
slightly between 11.146 and 11.277 mg/kg. On the
line of 26.5 m, the content of S5 increased reaching
a value of 13.9 mg/kg on the other hand the
concentration of the S4 sample fell slightly taking
value 10.452 mg/kg. On the level of the line 39 m,
the concentrations vary towards the rise of the left
with right (of S6 with S8) from the 12.431 up to
16.584 mg/kg.

Cd
CC
0
11.205
6.673
4.791
5.334
5.348
4.732
8.687
9.578
6.525
0
8.67
10.787
13.358

ABS
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.002
0.001
0.003
0.002
0.002

CC
0
0.275
0.248
0
0
0
0
0
0
0
0
0
0
0

Mn
Hg
ABS
CC
ABS
CC
0.0071
0
0
0
0.105
403.471
0.003
< 0,2
0.117
431.733
0.001
< 0,2
0.087
344.224
0.002
< 0,2
0.081
312.033
0
< 0,2
0.092
308.277
0.002
< 0,2
0.088
324.867
0.001
< 0,2
0.082
319.719
0.001
< 0,2
0.096
344.208
0.001
< 0,2
0.083
303.010
0
< 0,2
0.102
331.661
0
< 0,2
0.09
344.675
0.011
0.31
0.076
285.433
0.002
< 0,2
0.112
399.130
0.006
< 0,2
CC: concentration (mg/Kg)

In continuation significant drops of concentration of
the sample S10 (9.571 mg/kg) and light for S9
(14.382 mg/kg) of the level 51,5m.
The higher line (64 m) records strong concentrations
of the 32.254 to the 34.094 mg/kg which presents the
maximu m value.
Although the ground is characterized by a slope of
25% and the values of the pH which are generally
similar, nickel could migrate of the lower levels
close to the lake up to the level highest fascinating of
the concentrations raised with fluctuations towards
the fall during its advance. The contents are lower by
in relation with the values of reference of H,
Germany and Japan, but the higher value recorded
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arrives at the limit of the value of reference to France
(35 mg/kg).
Zinc;
The concentrations of Zn start between 43.217 and
46.632 mg/kg on the level of the line 14 m, in
continuous increase of 125.442 and 108.307 mg/kg
in level 26.5 mg/kg, this increase continues with 39m
(136.959 and 148.761 mg/kg) except the
concentration of the sample to the S8 right-hand side
decreased considerably (58.213 mg/kg) this
reduction is recorded on the level 51.5 m from 48.46
to 49.729 mg/kg. The higher level (64m) takes sees
an increase in approximately 100% in S12 and S13
and a maximu m value in S11 (263.737 mg/kg).
Although the ground is characterized by a slope of
25% and the values of the pH which are generally
similar, zinc could migrate of the lower levels close
to the lake up to the level highest taking a maximum
concentration of 263.737 mg/kg with a remarkable
fall in the level 51.5 m and the majority of samples
right-hand sides of the ground.
Lead;
The concentrations are inferior to the values of
reference of Germany and Japan, the maximum
concentration of Zn exceeded the reference of the
Netherlands (200 mg/kg), this content, and those of
line 39 exceeded the values of reference in France
(140 mg/kg). Downward values of the S1 left
towards the line S3 (11.205, 6.673 and 4.791 mg/kg)
in the level 14m, these contents are increased in S4
and S5 (5.334, 5, mg/kg 5.348 mg/kg respectively)
of the level 26.5m, they continue to increase in S7
and S8 (8.687 and 9.578 mg/kg respectively) of the
level 39m.
An absence of lead in S10 and downward content
with 6.525 mg/kg in S9 on the level 51.5 m, then a
correction starting from going S11 of 8.67 in S11 to
reach the maximum one in S13 (13.58 mg/kg). The
concentration of Pb increases proportionally into
diagonal right-hand side to reach a maximum in the
sample S13 (13.358 mg/kg) with a high value
appearing on the line of 14m lake.
The contents are too low compared to the values of
reference of Netherlands (50 mg/kg), France (85
mg/kg), Germany (300 mg/kg) and Japan (300
mg/kg).
Cadmium;
Cadmium is mainly absent in the ground, an
appearance in the level 14m which does not exceed
0.275 mg/kg.
The content is too low in comparison with the values
of Netherlands (1 mg/kg), France (0.8 mg/kg),
Germany (2 mg/kg) and Japan (5 mg/kg).
Chrome;
The majority of surface contains variable
concentrations, between 100 and 130 mg/kg.
Contents between 89 and 99 mg/kg were observed
on the line of 14m and the line of 64m. The
maximum has shelter in the positions of S5, S6 and
S7 of which the largest is that of S5 (134.246 mg/kg).

In comparison with the reference value of (100
mg/kg) of France and the Netherlands, almost 60%
of the surface of our land exceeds it. So, 40% of the
remaining surface is within the limit of this value.

Copper;
The maximum content of copper reach 27.014 and
30.966 mg/kg in S3 and S5, a decrease of 21.315 and
22.520 mg/kg in S12 and S13, the remaining is
approximately between 10 to20 mg/kg. The
minimums are S4 and S9 (13.055 and 13.842
mg/kg).
The reference value of copper is 35 mg/kg in France,
which affirms that surface is not touched by Cu
pollution. However, values approach S3 and S5 to
the position 26m above the bank of the lake.
Magnesium;
The recorded maximum content was found in S1, S2
and S13 (403.471, 431.733 and 399.130 mg/kg
respectively. concentrations between 303 and 344
mg/kg in the majority of surface. The minimum is
located in S12 (285.433 mg/kg)
Give The bibliography does not supply reference
values for comparison.
Mercury;
Content less than 0.2 mg/kg are recorded on all
surface, except for the samples of diagonal of S11, it
presents content of 0.31 mg/kg.
The value of S11 is beyond the recommended value
in France (0,3 mg/kg)
IV. Conclusion
The use of the atomic abs orption spectrometry has
enabled us to carry out an evaluation of the pollution
of the ground with heavy metals. In this study, we
established, in the first time, a representative
sampling, physicochemical characteristics and
thereafter of the classified dosages on eight element
as heavy metals including Nickel, Zinc, lead,
cadmium, Chrome, Copper magnesium and
Mercury.
The characterization of the highlighted ground
calculates its pH and morphological composition.
The calculated pH varies between 7.88 and 8.16, this
gives to our ground the alkaline character.
Morphologically, the ground in place is original and
analyzed by stereophony microscope allowed to
conclude that it is an argillaceous topsoil whose
particles are lower than 1μm, the brown color of
crust dark is due to the humus or manganese. The
particles of the ground have a sub-angular
polyhedric structure (polyhedric blunted).
Insufficient because the interaction ground substances is a complex phenomenon nevertheless
we
could
establish
assumptions
and
recommendations.
The analysis by AAS of the samples of surface of our
ground, put in solution by the attacks of the acids
showed the presence of heavy metals (Ni, Zn, Pb,
Cd, Cr, Cu and Hg) which does not exceed the values
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of reference on selected surface, of the contents of
(Ni and Zn and Hg) exceed slightly the values
reference in the superior part of surface located at 64
m of bank of lake and approximately 20 m in height
above the surface of the lake, the pollution of the
surface of ground was not noted, however, from the
contents of (Cr) go beyond values of reference in all
the surface marking of the higher spades in the
medium of surface, On the other hand, accumulation
of Cu is on the level nearest to the lake. Strong Mn
concentrations on all the surface are particularly
high on first line close to lake and the limit superior
of analyzed surface. The weak recorded
concentrations are due to the formation of a
protective coating (a coherent line) around the
peripheral of the lake, preventing the heavy transfer
of metals in the ground, this characteristic belongs to
the ground of heavy clay type when wet. On the other
hand, it was noted a migration towards the reaching
ground of the levels of cumulate far from the lake for
Ni, Zn, Pb and Hg and close to the lake for Cd, Cr,
Cu and Mn, this mobility is supported by the alkaline
character of the ground, and the capillarity of the
particles <1µm.
A widened analysis of heavy metals on the surface
will be able to argue the assumption relating to the
transfer of heavy metals starting from the
agricultural terrains used and irrigated by water of
the lake polluted with heavy metals, these terrains
are located in the heights of our surface in which
gravity and rain water support the transfer to the
bottom, moreover the phenomenon of illuviation
`progressive accumulation in a layer of the ground
(or horizon) of various substances deposited by the
infiltration of water' will be able to take place.
The results of this study showed that t heavy metals
are controlled by the physicochemical properties of
the grounds in particular the pH, the diameter of the
clay particles and mineralogical compositions.
This study could reveal that the pollution of this part
of Algiers natural heritage is in extreme cases in
relation to recommended values and opens prospects
for research on the surface and in-depth of the
ground in a widened way, taking in consideration
other characteristic parameters.
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Abstract: Stormwaters are produced by the streaming of rain water
on pervious surfaces even on the impervious surfaces but saturated
by a pluviometry with great width. Pollution is mobilized by rain
during its fall. It comes from emissions of various sources: industry,
heating and exhaust of the internal combustion engines of motor
vehicles. Stormwaters are recognised as substantial source of
pollutants for receiving aquatic environments. For that various
samples were collected on several sites in order to evaluate the
concentration in pollutants contained in this water. The increase in
concentration of pollutants depends by many factors: intensity of
rain, importance of streaming, nature of material surface, nature of
activities on or near surface. The characterisation related to the
analysis of physico-chemical parameters such as pH, conductivity,
COD, BOD, TSS, toxic metals and ions orthophosphates, sulphates,
nitrates, nitrites, ammonium, potassium, calcium, magnesium and
sodium. The descriptive analysis of physico-chemical parameters
showed that water presents very high concentrations in nitrites and
metals exceed standard of potability. Statistical analysis of data
allowed us to note that a significant correlation existed between
certain parameters and also to identify the distribution of
mineralization of stormwater. The analyses were carried out by UVvisible spectrophotometry, flame spectrophotometry and atomic
adsorption.
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I. Introduction
L’eau est partout présente dans le milieu terrestre.
Elle
passe
de
l’atmosphère
au
réseau
hydrographique de surface, au sous -sol, puis à la
mer et de nouveau à l’atmosphère en subissant des
transformations en état, quantité et qualité [1, 2].
Les eaux de pluie, récupérées après ruissellement
sur les toitures, ne sont pas pures. Les apports de
polluants atmosphériques se présentent sous forme
de particules fines qui retombent en période de
temps sec et sous forme de retombées humides qui
englobent la pollution contenue dans les pluies [3].
La contamination de ces eaux est fortement
influencée par l’environnement du
site, les
conditions météorologiques, la nature de la toiture

et les activités humaines et animales. De nombreux
composés organiques et minéraux peuvent être
retrouvés dans les eaux pluviales, souvent
accompagnés de micro-organismes. Ainsi, par
l’utilisation [4-7] de quantités importantes de
produits phytosanitaires, il est possible de retrouver
des quantités non négligeables de pesticides dans
l’atmosphère et dans les eaux de ruissellement. En
ce qui concerne la contamination microbiologique,
les eaux de pluie récupérées après ruissellement
sur toitures peuvent être contaminées par divers
micro-organismes pouvant être pathogènes [8].
Afin d’évaluer la qualité des eaux pluviales [9-14]
nous avons procédé à des analyses physico chimiques des eaux pluviales récupérées sur les
surfaces urbaines.
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II. Materials and methods
II.1. Prélèvement et modes d'échantillonnage
La surface de récupération est la toiture en tuile
une surface qui intercepte l’eau de ruissellement et
qui la concentre vers un collecteur (la gouttière
puis le tuyau de descente). Une filtration est
impérative pour éliminer les plus grosses particules
présentent sur la surface de récupération (mousses,
lichens, feuilles..). Après la collecte, les eaux sont
stockées dans des cuves à l’abri de la lumière et de
la chaleur.
Les échantillons sont récupérés sur 5 sites
(toiture en tuile sur la région d’Alger) dans des
cuves en plastique rincées initialement à l’eau
distillée, puis placés dans des jerricans qui au
préalable rincés à l’eau distillée puis à l’eau à
analyser. Les analyses ont été effectuées au niveau
du laboratoire.
I.2. Méthodes d’analyse
Les mesures du pH ont été effectuées à l’aide
d’un pH mètre de marque BASIQUE 20 CRISON ;
celle de la turbidité avec un turbidimètre de
TERRAIN 2000 NTU, celle de la DCO avec un
DCO-mètre de marque: Spectroquant TR 320
MERCK, et celle des ions: NH4 +, NO3 −, NO2 − et
PO4 3– avec un spectrophotomètre visible de
marque JASCO V-630. Ces paramètres physicochimiques des eaux de pluie ont été analysé selon
les protocoles normalisés AFNOR et ISO [15].
Les méthodes utilisées pour l’analyse des ions sont:
la méthode de Nessler pour l’ion NH4 +, de
Zembelli pour l’ion NO2 -, de Salicylate de sodium
pour NO3 - et la méthode d’acide ascorbique pour
les ions PO4 3-.

III. Results and discussion
III.1. Analyse
Le suivi de la qualité des eaux de pluie a été
effectué en procédant à un certain nombre
d’analyses des paramètres physico-chimiques tels
que : DCO, pH, turbidité, conductivité, MES, les
ions NO₃⁻, NO₂⁻, PO₄3 ⁻, SO₄²⁻, Cl-, NH₄⁺, K⁺,
Na⁺ Ca²⁺, Mg²⁺.
Les résultats d’analyse des paramètres physicochimique des eaux de pluie comparés aux normes
de potabilité sont reportés dans le tableau 1.

Tableau 1 : Caractéristiques des eaux de
ruissellement

Figure 1.Effect of chicken eggshells dose on the
Au cours de sa chute, l’eau de pluie traverse
l’atmosphère (des zones cultivées) et se charge de
manière plus riche des pesticides (pesticides
gazeux) [16,17] et en matières en suspension et
organiques azotées. L’ion NH4 + se produit alors
par ammonification de cette dernière. Les MES
contenant des bactéries qui sont responsables de la
nitrification [18] des ions ammonium pour
produire les ions nitrites [19].
La turbidité est due à la présence des matières en
suspension finement divisées : argiles, grains de
silice et des matières organiques transportées par
les eaux de pluie.
La poussière mobilisée par la pluie lors de sa
chute est le polluant représentatif des matières en
suspension [20].
La pluie recueille des impuretés de l’atmosphère,
c’est surtout lors du ruissellement au sol qu’elle
entraîne la majeure partie des polluants accumulés
sur les surfaces. L’action des précipitations
commence par le mouillage en surface
correspondant à environ 0,5 millimètre de pluie qui
ne donne pas lieu à un écoulement. Dans cette
phase, il y a début de dissolution des éléments
solubles en dépôt sur le sol qui vient s’ajouter aux
apports atmosphériques. Dès que la quantité de
pluie tombée dépasse le seuil de mouillage, le
ruissellement commence. L’entraînement et le
transport des particules déposées associés à ce
ruissellement sont essentiellement fonction des
facteurs caractéristiques de la pluie. Même si l’eau
de pluie peut être légèrement polluée lors de son
passage dans l’atmosphère, le ruissellement va
entrainer la concentration d’une pollution
accumulée sur diverses surfaces.
III.2. Classification chimique
Afin de déterminer le faciès chimique de eaux de
ruissellement, nous avons placé les concentrations
en éléments majeurs des ces eaux sur le
diagramme de Piper (figure 1). Il est composé de
deux triangles représentant la répartition des
anions et celles des cations, respectivement, et
d’un losange représentant la répartition synthétique
des ions majeurs. Dans ce losange, le pôle haut
correspond à 100 % de sulfates et chlorures et 100
% de calcium et magnésium, le pôle bas
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représentant 100 % de carbonate et bicarbonate et
100% de sodium et potassium. Ainsi, dans ce
diagramme, une eau bicarbonatée calcique serait
située au pôle gauche du losange alors qu’une eau
chlorurée sodique serait située au pôle droit, les
points représentatifs des eaux de pluie sur le
diagramme losangique se regroupent dans un seul
nuage de points. Cette disposition de points montre
3 familles des faciès chimique:
 Sulfaté calcique et magnésien (site 2)
 Chloruré calcique et magnésien (site 1,
3,4)
 Chloruré sodique (site 5)

Figure2 : Diagramme de Stabler

Figure1 : Diagramme de Piper
Pour mettre en évidence la variabilité de la
composition chimique des eaux de ruissellement,
nous avons représenté les différents éléments
chimiques sur le diagramme de Stabler. Ce
diagramme est très utile pour l’étude des équilibres
carbonatés. Il permet de représenter
très
rapidement l’alcalinité, l’alcalinité résiduelle
calcite et les alcalinités résiduelles généralisées.
On classe séparément les anions et les cations par
ordre décroissant (Fig. 2).
Les résultats obtenus permettent de distinguer
quatre faciès chimiques:
 Sulfaté calcique et magnésien (site 2)
 Chloruré calcique et magnésien (site 1 et 4)
 Chloruré calcique (site 3)

III.3. Analyse statistique des données
L’analyse statistique des données physicochimiques sur 11 variables et 5 individus a été
réalisée par l’ACP. La matrice des corrélations nous
donne une première idée des associations existant
entre les différentes variables telles que pH, la
conductivité électrique, la turbidité, les MES, la
DCO et les ions NO3 -, NO2 -, NH4 +, Cl-, SO4 2-,
PO4 3 . Ces paramètres sont relativement bien
corrélés entre eux. Les valeurs propres de la matrice
des corrélations permettent de mesurer le
pourcentage de la variance expliquée par chaque
factoriel. Nous apporterons une attention
importante aux variables ayant une forte
contribution positive ou négative à l’axe factoriel,
ce qui facilitera la compréhension de la source de
variabilité expliquée par cet axe.
III.3.1. Analyse de corrélation
Plusieurs corrélations significatives ont permis de
montrer la bonne corrélation entre certains
paramètres physico-chimiques.
La liaison existante entre toutes les variables
prises deux à deux et les coefficients de
corrélation entre ces différentes variables sont
donnés par la matrice de corrélation (Tableau 2)
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On note de nombreuses corrélations faibles et
fortes et positives entre certaines variables. Ainsi,
la CE présente de fortes corrélations avec
NH4 +(0,83), PO4 3- (0,76), DCO (0,85), SO4 2(0,75), Tur (0,79) et le pH (0,65). Il existe de
fortes corrélations entre PO4 3- et MES (0,56), CE
(0,76), Tur (0,95), SO4 2- (0,99), NH4 + (0,96). Les
corrélations sont également importantes entre NO3 et NO2 - (0,76) entre DCO et CE (0,85), Tur (0,90),
SO4 2- (0,82), NH4 + (0,91); et faible entre NO3 - et
MES (0,51) ; PO4 3- et MES (0,56) ; MES et CE
(0,57).

Tableau 2 : Matrice de corrélation

Figure 3 : Cercle des corrélations

IV. Conclusion

III.3.2. Analyse de l’espace des variables du plan
factoriel F1xF2
Les données sont représentées dans l'espace
réduit
des
deux
premières composantes
principales sur la figure 3.
L’analyse du plan factoriel F1 et F2 montre
que 83,31% de variance sont exprimées. L’axe
1 est exprimé à 55,03% et représenté
principalement par la DCO, la CE, la turbidité et
les ions NH4 +, SO4 2- et PO4 3-. L’axe 2 est exprimé
à 28,28% et représenté principalement par les
ions Cl-, NO3 - et NO2 -.

Les résultats obtenus nous ont permis d'arriver aux
conclusions suivantes :
Les résultats obtenus montrent que les eaux de pluie
sont faiblement minéralisées, pauvres en matières
organiques, mais aussi présente des concentrations
importantes en azote ammoniacal ainsi que en ions
nitrites.
L’analyse des paramètres de pollution a montré
que certains d’entre eux dépassaient les normes de
potabilité admissibles.
L’approche hydrochimique (diagramme de piper)
classe les eaux dans 3 faciès chimique : sulfaté
calcique et magnésien, Chloruré calcique et
magnésien et chloruré sodique et montre que les
eaux de ruissellement ont une excellente qualité pour
l’irrigation des espaces verts.
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Abbreviation and units
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