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1. Introduction  

Biosorption of heavy metals from aqueous solutions is a relatively new technology for the 
treatment of industrial wastewater, which utilized naturally occurring waste materials 
derived from biomass. Generaly Heavy metals eliminated by biosorption are usually 
classified on three categories: toxic metals (such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, 
etc.), precious metals (such as Pd, Pt, Ag, Au, Ru etc.) and radionuclides (such as U, Th, Ra, 
Am, etc.), whose specific weight is usually more than 5.0 g/cm3 [Bishop, 2002; Volesky, 
1990; Wang & Chen, 2006]. 
The heavy metal ions are stable and persistent environmental contaminants since they 
cannot be degraded and destroyed. These metal ions can be harmful to aquatic life and 
water contaminated by toxic metal ions remains a serious public health problem for human 
health. Numerous methods exist to remove heavy metals  ions from aqueous solutions by 
chemical precipitation or by activated carbon as the most used adsorbent, nevertheless it is 
relatively expensive [Demirbas, 2008; Gabaldon et al, 1996]. 
The toxicity of heavy metals is apparent in reducing growth and development in 
microorganisms and plants, and seriously harming the health of animals and humans. In 
particular, heavy metals may disrupt the normal function of the central nervous system and 
cause changes in the blood content, and adversely affect the function of lungs, kidneys, liver 
and other organs. The long-term action of heavy metals may cause the development of 
cancer, allergy, dystrophy, physical and neurological degenerative processes, Alzheimer's 
and Parkinson's diseases. However, in small amounts, heavy metals are indispensable for 
many organisms, but their enhanced doses induce acute or chronic poisoning [Kvesitadze  
et al, 2006] 
Adsorbent materials derived from Biomass can be used for the effective removal and recovery 
of heavy metal ions from wastewater: from algae [Farooq et al, 2010; Hamdy, 2000], fungi 
[Kapoor et al., 1999], bacteria [Ozturk, 2007], sea-weeds [Elangovan et al., 2008], some higher 
plants (Rahman et al., 2005), and agricultural wastes[Demirbas, 2008; Park et al, 2006]. 
Several reviews articles have been published about the use of certain cellulosic agricultural 
waste materials for the removal of heavy metal ions [Sud et al., 2008], the use of microbial 
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and certain plants derived biomass types [Ahluwalia & Goyal, 2007], use of Saccharomyces 
cerevisiae [Wang & Chen, 2006], the adsorption capacity of low cost adsorbents derived 
from agricultural waste for heavy metals removal [ Febrianto et al, 2009; Kurniawan et al, 
2006]. A number of other reviews are available in the literature [Davis et al., 2003; Lodiero et 
al., 2006; Nurchi & Villaescusa, 2008]. 
The major advantages of biosorption technology are its effectiveness in reducing the 
concentration of heavy metal ions to very low levels and the use of inexpensive biosorbent. 
Among these, is a rapid, reversible, independent of physiological constraints of living cells, 
no aseptic conditions required, chemical or biological sludge is minimized, economical and 
eco-friendly technology in contrast to traditional methods used for removal of heavy metals 
from wastewaters [Cheriti et al, 2010; Talhi et al, 2009]. However, there are certain 
disadvantages as irrespective of the value of the metal, it needs to be desorbed from the 
material to be further re-employed, the characteristics of the biosorbents can not be 
biologically controlled [Farooq et al, 2010]. 
Wastes containing metals are directly or indirectly discharged into the environment 
increasingly, especially in developing countries, having brought serious environmental 
pollution, and threatened biolife [Bishop, 2002; Wang, 2002; Wang et al, 2006]. Algeria, with 
more than 34 million inhabitants, is located in a semi arid region, and is increasingly 
confronted with the problem of the scarcity of water. The country is characterized by 
irregular rainfall with a generally variable pattern of distribution and the major 
environmental issues include: soil erosion from overgrazing and other poor farming 
practices, desertification, dumping of raw sewage, petroleum refining wastes, and other 
industrial effluents is leading to the pollution of rivers and coastal waters.  
Continuing our effort on the valorization of Algerian Sahara plants as biomaterials for the 
biosorption of toxic heavy metals from water, We present in this chapter a brief review on 
the use of the locally available Sahara medicinal plants Acacia raddiana, Anabasis aretioides, 
Retama raetam and Tamarix gallica as an adsorbent for removal of copper ion from aqueous 
solution. Effect of operating conditions like Temperature, pH and initial metal 
concentration, on copper biosorption were investigated. The relation between the 
phytochemical composition (Polyphenol, alkaloids, terpenoids, carbohydrates...) of the 
plants and the percent of adsorption for copper ion was examined. Thus, biosorption of 
copper ion occurs as a result of ion exchange or complex formation between metal ions and 
functional groups (hydroxyl, amine, carboxyl...) on the cell surface of the biomass derived 
from Algerian Sahara plants 

2. Characteristics and taxonomie of Sahara plants 

Algeria is a large North African country located on the Mediterranean Sea. Three-quarters 
of the country is part of the Sahara Desert lying beyond the broad ranges of the Atlas 
Mountains which parallel the coast. In Sahara, the climate is hot and dry in the summer, 
and cooler with average annual rainfall of 50 mm in the winter, although there may be 
years where there is no rain at all.  The highest temperature ranges between 40 and 50 °C, 
creating evaporation that far exceeds the amount that falls as rain and water is a serious 
constraint. 
The flora of the central Sahara is very poor and estimated to include only 500 species [Le 
Houérou, 1990]. Vegetation is very contracted along the oued and the dayas with Acacia sp, 
Anastatica hyrochuntina, Astragalus gombo, Calligonum sp., Calotropis procera., Luanaea 
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arborescens, Neurada procumbens, Panicum turgidum, Pistacia atlantica, Pithuranthos sp. and 
Tamarix sp., where there is sufficient ground water. Hammadas are covered by Anabasis 
aretioides, Anrthirrnum ramosissimuma, Arthrophytum schmittianum, Gymnocarpos decander, 
Helianthemum sp., Ononis angustissima and Pithuranthos chloranrhus. On sandy there are 
several plants, including Aristida acutiflora, Calligonum comosum, Ephedra alata ssp alenda, 
Genista saharae, Oudneya africana, Panicum turgidim, Retama raetam, Rhanterium suaveolens and 
Zilla spinosa. There is great seasonal diversity in the Saharan plant communities. Some 
evergreen perennials, such as Luanaea arborescens, Pityranthus tortuosus and Stachys 
aegyptiaca, may flower all year, whereas others have restricted flowering during the summer 
(Zygophyllum coccineum) or autumn (Haloxylon salicornicum), or other germinate in January 
during the wet season [Chehma, 2006; Ozenda, 1991; Quezel, 1965]. 
Plants used in this study ( Figure 1) are common in Sahara and used by local population in 
traditional pharmacopeia. 
 

   
    (a) Acacia raddiana (Saoura region)                  (b) Anabasis aretioides (Saoura region) 

   
  (c) Retama raetam (El Bayadh region)                   (d) Tamarix gallica (Saoura region) 

Fig. 1. Saharian Plants in their natural habitat 
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2.1 Acacia raddiana savi (Vernacular name: Talh, Mimosacea family) (Fig 1 a) 

Acacia is a cosmopolitan genus containing in excess of 1350 species that together with the 
African and the Middle Eastern monotypic genus. In Algerian Sahara, Acacia raddiana is a 
medium umbrella-shaped tree 4-15 m tall, with round irregular crown and reddish bark. 
The flowers are arranged in heads. The legume is flattened and spirally twisted. Tree 
provide food and shelter for many desert animals and is a major source of livestock feed and 
firewood for the native people [Cheriti, 2000; Cheriti et al, 2006]. This specie is reported to 
tolerate annual precipitation of 10-100 mm, arid climates with temperatures as high as 50 ºC 
and alkaline soils. The tree has been recommended for reclaiming dunes. 
Gum from the tree is dispensed in water and used to treat ocular affections, jaundice, 
anthelmintic, antidiarrhoea, asthma and pulmonary diseases. Seeds, entire or powdered, are 
taken as antidiarrhoeic, vermifuge and dusted onto skin. Dried powdered bark used as 
disinfectant, for healing wounds and is a good source of tannin and used in tanning 
[Belakhdar, 1997; Cheriti et al, 2004; Cheriti, 2000; Ibn Baytar, 1992].  

2.2 Anabasis aretioides Coss. & Moq. (Syn. Fredolia aretioides Coss. & Dur., 

Vernacular name: Dgaa, Chenopodaceae family) (Fig 1 b) 

Anabasis aretioides is an endemic specie of  South-west Algeria and South-east Morocco, 

grows on rocky and stony plateaux (reg and hamada). It’s a vigorous cylindrical shrub, it 

looks like a huge cauliflower. The branches are very compact with sand in the interstices. 

The small fleshy leaves, not exceeding 5 mm, are opposite, very tightly attached to the 

stems, and blue-green. Each leaf ends in a small spine. The long roots that creep through 

vertical crevices enable the plant to thrive in severe climatic conditions where the annual 

rainfall does not exceed 100 mm. per year. The fruit is a small achene surrounded by 

transparent wings of the evergreen perianth [ Ozenda, 1991].  

In local traditional medicine, A. aretioides is used for rheumatism, as a diuretic, as an 
antidote and in treatment of gynaecological disorders [Belakhdar, 1997; Cheriti et al, 2004; 
Cheriti, 2000]. 

2.3 Retama raetam Forssk. (Vernacular name: R’tem, Fabaceae family) (Fig 1 c) 

Retama raetam Forssk is an saharo-mediterranean species; it’s a glabrescent large shrub that 

grows to about 3 m on sandy soils and in dry conditions (rainfall around 100 mm. per year), 

common in the Northern Africa and East Mediterranean region [Chehma, 2006; Quezel, 

1965]. The leaves, which are very small (about 6-7 mm. long), simple, subsessile and narrow 

(only 1 mm. wide), drop quickly and the plant remains leafless for most of the year. The 

flowers are 8-10 mm. long, white and pea-like, appearing close to the stem in clusters of 3-

15. The hairless grape-shaped seed pod (10-15 mm. diameters) contains one or two kidney-

shaped seeds, which are about 6.5 mm. long and may be yellow, green, brown or black. The 

plant flowers from March to April and plays an important ecological role, it is widely used 

in dune stabilisation and soil fixation and as a good fuel wood.  

In Algeria, R. raetam it is largely located in Sahara and arid steppe regions, provide food for 
many desert animals and is largely recommended by traditional herbal healers for treatment 
of various illness as diabetes, hypertension, gastro-intestinal disorders and as an antiseptic 
for wounds, skin rash and pruritus. Powdered branches mixed with honey are emetic, given 
as a purgative and vermifuge. The flowers are an important source of fodder for 
dromedaries [Belakhdar, 1997; Cheriti et al, 2006; Cheriti, 2000]. 
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2.4 Tamarix gallica L. (Vernacular name: L’ariche, Tamaricaceae family) (Fig 1 d) 

Tamarix gallica L. is a perennial small tree, densely ramified, abundant along streams and 
oued with a high salt content, rich clay soil and with a moderate sand accumulation. The 
purple-brown bark of this desert tree is initially smooth with numerous elongated lenticels, 
later developing shallow splits and becoming rough when mature. The leaves are tiny, grey-
green, 1-3 mm. Flowering starts around March and lasts until May. The small flowers have 5 
lavender pink or white petals 1.5-2 mm. long, numerous on long, very slender, spike-like 
racemes in terminal panicles. The fruit is a small dry capsule containing small cottony 
seeds[Quezel, 1965]. Its wood is used in local construction, for dyeing and as fuel.  
The decoction of leaves and young branches are used in Saharan traditional medicine as a 
vermifuge, antihaemorrhoid and in treatment of diarrhoea, rheumatism and as an antialgetic 
for toothache and to cure dromedary galls [Belakhdar, 1997; Cheriti et al, 2006; Cheriti, 2004]. 

3. Biosorption of copper ion by different biomass 

Recently, the surge of industrial activities has intensified more environmental problems as 
seen for example in the deterioration of several ecosystems due to the accumulation of 
dangerous polluants such as heavy metals [ Park et al, 2006]. The heavy metal pollution has 
naturally become one of the most serious environmental problems today. Due to their 
persistence in nature, increased susceptibility to disease in man and animal (hepatic, kidney, 
nerves and the immune system damage and block functional vital groups…..) and toxic 
characteristics of heavy metals displayed as follows: The toxicity of heavy metals occurs 
even in low concentration of about 1.0–10 mg/L. Some strong toxic metal ions, such as Hg 
and Cd, are very toxic even in lower concentration of 0.001–0.1 mg/L;  the toxicity can last 
for a long time in nature; some heavy metals even could be transformed from relevant low 
toxic species in to more toxic forms in a certain environment;  the bioaccumulation by food 
chain could damage normal physiological activity and endanger human life; cannot be 
degraded by any methods including biotreatment [ Wang and Chen, 2006; Wang, 2002].  
Knowledge about toxicological effects of heavy metals on the environment and in drinking 
water is well recognized and therefore, it is inevitable to search for different methods to 
reduce water pollution. Conventional methods for removing heavy metal ions from aqueous 
solution have been studied, such as chemical precipitation, ion exchange, electrochemical 
treatment, membrane technologies and adsorption. Than, Copper (Cu) is one of the most 
important heavy metals often found in effluents discharged from industries and not 
biodegradable and travels through the food chain via bioaccumulation, which is potentially 
toxic. The excessive intake of copper results in its accumulation in the liver causing 
haemolysis, liver and kidney damage, irritation of the upper respiratory tract, chronic 
asthma, gastrointestinal disturbance, anemia and diarrhoea, Wilson desease and dermatitis [ 
Cheriti et al, 2009; Kurniawan et al, 2006]. Thus, it becomes essential to search for different 
methods to reduce water pollution and to remove these heavy metals from wastewaters. 
Biosorption is again promoted as a potential biotechnology for removal of heavy metals and 
related organic substances from waste streams and effluents. A wide range of microbial 
biomass types have been investigated in biosorption studies, including many kinds of 
macroalgae (seaweeds), plant materials (leaves, bark, sawdust), animal materials (hair, 
crustaceans) have also been studied [ Gadd, 2009; Niua et al 2007; Zhang & Banks, 2006]. A 
common rationale is that ‘waste’ biomass will provide an economic advantage with low 
costs and availability in large quantities, easily regenerable, and cheap [ Hashem, 2007]. 
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Chemical modification of biomass may create derivatives with altered metal binding 
abilities and affinities [ Bae et al, 2000; Gadd, 2009]. Aspergillus niger mycelium was modified 
by introducing additional carboxy or ethyldiamino groups which increased metal 
biosorption [ Kramer & Meish, 1999] ( Table 1). 
 

BioSorbent qm (mg/g) 

Acacia raddiana ( Talhi et al, 2010) 82.63 

Apple wastes 10.8 

Bacillus subtilis 146.09 

Banana pith 13.5 

Cellulose 7.06 

Chitin 29.04 

Coirpith carbon 39.7 

Cork 20 

Cork bark 2.96 

Cottonseed hulls 19.1 

Dehydrated wheat bran (DWB) 51.5 

Ganoderma 23.83 

Grape stalks 10.10 

Lignite 6.35 

Mentha spicatum 10.37 

Oil-palm fibre 1.98 

Padina sp. 50.8 

Peanut hull carbon 65.57 

Penicillium ochrochloron 80.70 

Plant root tissues 0.50 

Pollen 6.23 

Rice bran 33.58 

Saccharomyces cerevisiae 30.50 

Saragassum fluitans 108.03 

Sawdust 1.79 

Scenedesmus obliqus 10.04 

Soybean hulls 38.7 

Sphaerotilus natans 60 

Sphagnum moss peat 16.4 

sugar beet pulp 17.1 

Sunflower 89.37 

Tree fern 11.7 

Washed sugar beet pulp 21.1 

Yohimbe bark 9.42 

Table 1. Maximum capacities of copper(II) ions biosorption by various biosorbents 

(compiled from [ Benaissa & Elouchdi, 2007]) 

Biomass used for biosorption may be living or dead. While the use of dead biomass or 
derived products may be easier by reducing complexity, the influence of metabolic 
processes on sorption is often unappreciated, particularly where there is scant biological 
input to the problem [Gadd, 2009]. Removal of heavy metals using agricultural waste and its 
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industrial by products has been massively investigated due to the abundance of agricultural 
materials in nature and its low cost [ Febrianto et al, 2009]. 
It was noted that the pH value of the solution is of great importance in both cation and 
anion biosorption. However, the optimum pH for anion biosorption is opposite to that of 
cation  biosorption. While cation biosorption is favored at increased pH > 4.5 [Kratochvil 
1997], anion adsorption is preferred in a lower pH range of pH 1.5–4 [Gaff, 1992]. This was 
determined based on the characteristics of the biomass as well as considering the speciation 
of metals in the solution. The pH value of solution strongly influences not only the site 
dissociation of the biomass surface, but also the solution chemistry of the heavy metals: 
hydrolysis, complexation by organic and/or inorganic ligands, redox reactions, 
precipitation, the speciation and the biosorption availability of the heavy metals [Wang, 
2002]. 
The temperature can influence the sorption process  [Naja et al. 2008] whereas temperatures 
of 60°C or more caused a change in the texture of the sorbent and a loss in the sorption 
capacity due to the material deterioration. Biomass usually contains more than one type of 
sites for metal binding. This was confirmed in Cu adsorption by potassium-saturated 
microbial biomass. For most metals, the heat of reaction was constant, independent of the 
degree of site occupation. For Cu, however, the heat of reaction decreased with increasing 
degree of site occupation from 27 to 14 kJ/mol, indicating the involvement of different 
binding sites or the formation of different types of Cu complexes with the biomass [Naja & 
Volesky, 2011; Weppen & Hornburg, 1995]. 
Biosorption is rather difficult to define because many mechanisms may contribute to the 
overall process depending on the substance to be sorbed, the biosorbent used, 
environmental factors and the presence or absence of metabolic processes in the case of 
living organisms [Gadd, 2009]. 

4. Mechanisms of biosorption 

Biosorptive capacity of heavy metals is influenced by many factors, including the status of 
biosorbent, properties of metal ions (radius of ion, valence, etc.) in aqueous solution, 
experimental conditions (such as pH, temperature, contact time, co-ions in solution, initial 
concentration of metal and biomass.  
Biosorption is a physico-chemical process and includes such mechanisms as absorption, 
adsorption, ion exchange, surface complexation and precipitation [Gadd, 2009]. A variety of 
mechanisms are involved in the removal of such diverse substances from solution.  A cation 
can associate with a surface as an inner-sphere or outer-sphere complex depending whether 
a chemical bond is formed between the metal and the electron donating oxygen ion in this 
case (inner-sphere complex) or if a cation approaches the surface negative groups to a 
critical distance. It is necessary to distinguish between chemisorption, which involves 
chemical binding, and physisorption that depends strictly on the surface-based physical 
forces of interfacial imbalance and attraction (e.g. van der Waals). Also there is deference 
between active metabolically mediated metal uptake by living cells as opposed to passive 
metal sequestering by dead biomass. In general, biosorption can be defined as the passive 
sequestering of metal ions by metabolically inactive biomass and is considered to be a fast 
physical/chemical process [Febrianto et al, 2009; Naja & Volesky, 2011; Wang & Chen, 2006]. 
In the literature another models have been reported with different schematizations of the 
interfacial structure in terms of supposed reactions, description of the electric double layer 
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introduction of cooperative phenomena and continuous distribution for the equilibrium 
constants among active sites and ionic species in solution [ Pagnanalli, 2011].  

4.1 Biosorption models 
Biosorption isotherms are used to describe the experimental adsorbed amount qe (mg/g) as a 
function of the equilibrium concentration Ce (mg/L) of the adsorbing molecule at constant 
temperature. Than, Equilibrium isotherm models are usually classified into the empirical 
equations and mechanistic models, based on the mechanism of metal ion biosorption. 
Mechanistic models can be used not only to represent, but also to explain and predict the 
experimental behavior [Liu et al., 2002; Pagnanelli et al., 2002). The empirical models for 
single solute systems used to describe the biosorption equilibrium are Langmuir (based on 
monolayer adsorption of solute ), Freundlich (developed for heterogeneous surfaces ), 
Brunauer–Emmett–Teller (BET), Skips, Henry and Temkin models. However, Langmuir and 
Freundlich are the most widely accepted and used in a number of references. These models 
can provide information of metal-uptake capacities and differences in metal uptake between 
various species and have been widely applied since they are simple, give a good description 
of experimental behaviour in a large range of fixed operating conditions, and are 
characterised by a limited number of adjustable parameters [Kapoor & Viraraghavan, 1995; 
Pagnanelli et al., 2002]. Several biosorption isotherms originally used for gaz phase 
adsorption are vailable readily adopted to correlate adsorption equilibria in heavy metals 
biosorption. 

4.1.1 Freundlich isotherm 

Freundlich isotherm is an empirical equation (Eq. 1) most widely used for the description of 
adsorption equilibrium. Freundlich isotherm is capable of describing the adsorption of 
organic and inorganic compounds on a wide variety of adsorbents including biosorbent. 

 

1
log log loge F eq K C

n
 

 

(1) 

Where qe is the amount of metal ion sorbed at equilibrium per unit weight of sorbent (mg/g), 
Ce the equilibrium concentration of metal ion in the solution (mg/L), The Freundlich model 
constants KF and n indicate respectively the relative sorption capacity of the sorbent and the 
intensity of the sorption. The plot log qe versus log Ce, gives a straight line of slope, which will 
permit us to obtain the constants from their intercepts and slopes [ Cheriti et al, 2009]. 
log KF is equivalent to log qe when Ce equals unity. However, in other case when 1/n    1, 
the KF value depends on  the units upon which qe  and Ce  are  expressed. On average, a 
favorable adsorption tends to have Freundlich constant n between 1 and 10. Larger value of 
n (smaller value of 1/n) implies stronger interaction between biosorbent and heavy metal 
while 1/n equal to 1 indicates linear adsorption leading to identical adsorption energies for 
all sites [Delle Site, 2001]. 
Freundlich isotherm has the ability to fit nearly all experimental adsorption–desorption 
data, and is especially excellent for fitting data from highly heterogeneous sorbent systems 
but does not predict an adsorption maximum and implies that the adsorption energy of a 
surface varies with surface coverage [Pagnanelli, 2001]. Table 2  abridges a  number of  
studies that draw upon Freundlich isotherm to interpret biosorption equilibrium data of 
Copper ions. 
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Biosorbent 
Operational condition Freundlich parameters 

pH T ◦ C KF n R2 

Acacia raddiana
[Talhi et al, 2010] 

5.0 25 8.75 1.54 0.971 

Aspergillus niger – 20 1.77 2.05 0.886 

Crab shell particles 3.5 – 2.05 1.68 0.979 

Tea waste 5–6 22 0.70 1.35 0.984 

Tea industry waste 5.5 25 0.45 1.18 0.992 

Atriplex canescens 5.0 24 ± 2 4.02 1.04 0.979 

Caulerpa lentillifera 5.0 - 10.44 1.27 0.971 

green algae Cladophora 
fascicularis 

5.0 25 84.38 2.45 0.998 

Sour Orange Residue 4.5 28 9.52 2.90 0.980 

Sour Orange Residue  
(NaOH treated) 

  5.52 3.74 0.980 

Brown seaweed 5 25 5.5.70 2.30 0.908 

  40 5.20 2.10 0.953 

  55 5.40 2.00 0.917 

Litter of poplar forests 4.5 25 6.14 3.89 0.966 

  45 8.32 3.31 0.875 

  60 14.18 5.57 1.000 

Pretreated Aspergillus niger 5.5 ± 0.5 – 5.35 2.38 0.890 

Lentil shell 6 20 0.65 2.77 0.993 

  40 1.20 2.58 0.964 

  60 1.14 2.87 0.901 

Wheat shell  20 0.019 10.91 0.910 

  40 0.034 9.59 0.955 

  60 0.022 13.43 0.945 

Rice  shell  20 0.108 2.79 0.996 

  40 0.148 2.82 0.929 

  60 0.130 3.19 0.938 

Myriophyllum spicatum L   1.60 1.20 0.950 

Cedar sawdust 5–6 25 0.59 1.02 0.938 

  35 1.04 1.13 0.969 

  45 1.19 1.25 0.986 

Crushed brick  25 0.75 1.19 0.957 

  35 1.04 1.23 0.968 

  45 1.54 1.49 0.964 

PVA-Sargassum 5 22 ± 1 0.19 7.143 0.83 

Free suspended Sargassum   0.56 3.226 0.95 

Rhyzopus oryzae (viable) 4–6 21 8.65 6.67 0.921 

Rhizopus oryzae (NaOH treated)   11.07 11.07 0.836 

Table 2. Freundlich parameters and conditions for  biosorption of copper ion  by various 

biosorbents ( compiled from [Febrianto et al 2009] ) 

Sorption of copper on any sorbent can occur either by physical bonding, ion exchange, 
complexation, chelation or through a  combination  of these interactions. In  the first case of  
physical bonding. Miscellaneous functional groups such as  hydroxyl,  carbonyl,  carboxyl, 
sulfhydryl, thioether, sulfonate, amine, imine, amide, imidazole, phosphonate, and 
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phosphodiester groups, can  present within the structure of biosorbent, the mechanism of  
adsorption will   not be  restricted to physical bonding [Cay et al, 2004; Febrianto et al, 2009; 
Popuri et al, 2007]. Different mechanisms can be involved as the interaction between sorbent 
and solute molecules is expected to be strong. The parameter n of Freundlich equation in 
Table 2 expresses these phenomena. 

4.1.2 Langmuir isotherm 
The Langmuir equation (Eq. 2) was derived using the following assumptions [Pagnanelli, 
2011]: 
 The surface of the adsorbent has a fixed number of identical sites which can each retain 

one molecule, resulting in adsorption monolayer coverage. 
 Reversible Adsorption process.. 
 Adsorption energy for aIl sites is identical, regardless of surface coverage  

 

1e e

e m m

C C

q bq q
 

 (1) 

Where qe is the amount of metal ion sorbed at equilibrium per unit weight of sorbent 
(mg/g), Ce the equilibrium concentration of metal ion in the solution (mg/L), qm and b the 
Langmuir model constants, indicate respectively the monolayer sorption capacity and the 
constant related to the free energy of sorption. The plot of Ce /qe versus Ce  give a straight 
line of slope, which will permit us to obtain the constants from their intercepts and slopes. 
Example of Langmuir parameters and conditions for biosorption of copper ion by various 
biosorbents are tabulated in Table  3. 
In biosorption process, saturation limit of certain biomass is affected by several factors such 
as the number of sites in the biosorbent material, the accessibility of the sites, the chemical 
state of the sites and the affinity between the site and the metal. 
The easy interpretation of Langmuir parameters made the fortune of this model: in fact qm is 
often used to compare biosorbent performances in terms of maximum capacity, while b, 
which characterise the initial slope of the isotherm, is taken as a measure of the biosorbent 
affinity for a metal [ Pagnanelli, 2011]. 
Within the Langmuir model, the saturation capacity qmax is supposed to coincide with 
saturation of a fixed number of identical surface sites and as such, it should logically be 
independent of temperature. The  decrease of  b value with temperature rise signifies the 
exothermicity  of  the  adsorption  process (physical adsorption) [Shaker, 2007], while the  
opposite  trend  indicates  that  the  process needs thermal energy (endothermic), leading to 
chemisorption [Dundar et al, 2008; Vilar et al, 2008]. In physical adsorption, the bonding   
between heavy metals and active sites of the biosorbent weakens at higher temperature in 
contrast with chemisorption bonding which becomes stronger.  

4.2 Biosorption kinetic 
Several biosorption kinetic models have been established to understand the kinetics and rate 
limiting step. These include pseudo-first and second-order rate model [Febrianto et al,2009], 
Weber and Morris sorption kinetic model, Adam–Bohart–Thomas relation, first-order 
reversible reaction model, external mass transfer model, first-order equation of Bhattacharya 
and Venkobachar, Elovich’s model and Ritchie’s equation. The pseudo-first and second-
order kinetic models are the most used to study the biosorption kinetics of heavy metals and 
quantify the extent of uptake in biosorption kinetics. 
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Biosorbent 
Operational condition Langmuir  parameters 

pH T◦ C b qm R2 

Acacia raddiana [Talhi et al, 2010] 5.0 25 0.073 82.63 0.985 
Aspergillus niger – 20 0.0120 33.11 0.944 

 25 0.0150 33.23 0.941 
 35 0.0260 33.54 0.939 

Green alga Cladophora fascicularis 5.0 15 0.1406 47.019  
 25 0.1607 70.53  
 35 0.1649 92.77  
 45 0.1882 110.56  

Tea waste 5–6 22 0.0076 48.00 0.994 
Spent grain 4.2 – 0.0800 10.47 0.995 

Pretreated Aspergillus niger 5.5 – 0.1888 2.61 0.990 
Lentil shell 6 20 0.0190 8.98 0.980 

 40 0.0220 9.51 0.981 
 60 0.0410 9.59 0.999 

Wheat shell 20 0.0020 7.39 0.925 
 40 0.0040 16.08 0.791 
 60 0.0050 17.42 0.883 

Rice  shell 20 0.0110 1.85 0.991 
 40 0.0160 2.31 0.982 
 60 0.0180 2.95 0.987 

Brown seaweed 5 25 0.0260 82.60 0.998 
 40 0.0240 88.00 0.997 
 55 0.0254 93.90 0.996 

Caulerpa lentillifera 5.0 – 0.0760 5.57 0.968 
 4.0 0.0618 42.37 0.995 
 3.0 0.0290 2.64 0.995 

Atriplex canescens 5.0 24 9.0900 590.92 0.0001 
Non-living green algae 
Cladophora fascicularis

5.0 25 0.0652 102.55 0.997 

 35 0.1241 106.81 0.998 
 45 0.1750 112.97 1.000 

Sour orange residue 4.5 28 0.0660 52.08 0.990 
Sour orange residue (NaOH 

treated)
  0.0540 23.47 0.980 

Litter of poplar forests 4.5 25 1.66 × 10−4 19.53 0.991 
 60 3.574 × 10−4 29.33 0.972 

Pre-treated arca shell biomass 25 0.0590 26.88 0.979 
Myriophyllum spicatum L. 20 0.0120 113.00 0.110 

Algal waste 20 0.0028 16.7 0.950 
 35 0.0053 17.0 0.950 

Cedar sawdust 5–6 25 3.584 × 10−3 294.12 0.977 
 35 6.290 × 10−3 144.93 0.977 

Crushed brick 25 5.274 × 10−3 153.85 0.973 
PVA-Sargassum 5 22 ± 1 28.0700 0.21 0.960 

Freely suspended Sargassum 2.8600 0.96 0.980 
Rhyzopus oryzae (viable) 4 – 6 21 0.1290 19.40 0.999 

Rhyzopus oryzae (NaOH treated) 0.0280 43.70 0.999 
Lignin 5.5 20 0.4309 22.87 0.978 

Non-living lichen biomass of 
Cladonia rangiformis hoffm

 15 0.1051 7.69 0.998 

Lignocellulosic substrate 
(Wheat bran extract)

4.5  2.9600 12.58 0.980 
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Biosorbent 
Operational condition Langmuir  parameters 

pH T◦ C b qm R2 

Phosphorylated orange waste 4.5 30 0.0452 67.35 0.990 
Birch wood Betula sp. 5.5 22 0.2000 4.90 >0.997 

Brown alga Fucus vesiculosus 1.1000 23.40 >0.997 
Terrestrial moss Pleurozium 

schreberi
  1.1500 11.10 >0.997 

Cupriavidus taiwanensis TJ208 5 37 0.0363 19.00 0.887 
Mimosa pudica inoculated with 

TJ208
5  0.0990 25.40 0.966 

Mimosa pudica without inoculation 5 0.0614 22.70 0.923 

Table 3. Langmuir parameters and conditions for biosorption of copper ion by various 
biosorbents ( compiled from[Febrianto et al 2009] ) 

A comprehensive reviews is available and can be referred upon by interested readers [ 
Febrianto et al, 2009].  In biosorption of copper ion using cedar sawdust , two control 
mechanisms were observed, the film diffusion process controlled the early stage of 
biosorption process while in the later stage, chemical reaction become the limiting 
mechanism. The diffusion coefficient value of copper ions was 6.31×10−11 cm2/s. Similar 
mechanism was also observed [Febrianto et al, 2009]. 
The exothermicity or endothermicity of the biosorption process can be determined via heat 
of adsorption. This thermodynamic property is commonly obtained through integrated 
Van’t Hoff equation, which relates the Langmuir constant, b to the temperature. Heats of 
adsorptions Ea (kJ/mol) calculated for copper-biosorbent systems:  Cedar sawdust [Djeribi 
& Hamdaoui, 2008], and Cladophora fascicularis [Deng et al, 2006], Shells of lentil and Shells 
of rice[Aydin et al, 2008] are respectively as: −9.70, 39.00, 15.37 and 18.79. 
Unfortunately, knowledge of the biosorption mechanism is not easily obtained since we are 
not dealing with simple, clearly defined chemical compounds. Biosorbents comprise different 
types of cells with a highly complex structure whose various building blocks consist of a 
multitude of different molecules which in turn can display several binding sites [Naja & 
Volesky, 2011]. Numerous chemical groups have been proposed to contribute to biosorption 
metal binding by e.g. algae, bacteria or biopolymers, including hydroxyl, carbonyl, carboxyl, 
sulfhydryl, thioether, sulfonate, amine, imine, amide, imidazole, phosphonate, phosphodiester 
groups. In another hand  biosorption depends on factors as: quantity of sites in the biosorbent 
material, accessibility of the sites, chemical state of the site and  affinity between site and metal 
[Naja & Volesky, 2011]. Competition will also occur between cations and such an effect can 
also depress biosorption of the metal of interest. Various selectivity series have been published 
which reflect such competition, e.g. Cu2+ > Cd2+ > Ni2+ > Pb2+ > Zn2+, Co2+ > Cr3+ for Chlorella 
vulgaris, and Cu2+ > Sr2+ > Zn2+ > Mg2+ > Na+ for Vaucheria sp.[Gadd, 2009]. In some cases, 
cations may increase biosorption of anionic species by enhancing binding of the negatively-
charged anions. In some cases, cation loading of biomass may enhance biosorption of another 
cation because of pH buffering effects[Gadd, 2009]. 

5. Biosorption of copper ion by Sahara plants 

Conventional wastewater treatment including sludge separation, chemical precipitation, 
electrochemical process, membrane separation, reverse osmotic treatment, ion-exchange and 
solvent extraction are often expensive, require high energy, have low selectivity and are 
impractical when they are  used to treat the wastewaters with heavy metal ions amount 
lower than 100 mg l-1 [ Cheriti et al, 2009; Talhi et al, 2010]. 
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Screening of vegetable biomass types for heavy metals biosorption constitutes an important 
way of identifying the most promising types of biomass. Considerable efforts go into testing 
many different materials in order to assess their metal-sorbing potential. This is done mainly 
based on simple batch equilibrium sorption tests  [Naja & Volesky, 2011]. Thus, several 
approaches have been studied and developed for the effective removal of heavy metals using 
biosorbents like peat, fly ash, algae, soya bean, hulls leaf mould, sea weeds, coconut husk, sago 
waste, peanut hull, hazelnut, bagasse, rice hull, sugar beet pulp, plants biomass and bituminous 
coal. It has also been observed that these biosorbents need further modifications to increase the 
active binding sites and also made them readily available for sorption [Talhi et al, 2010] 
In the program of the valorization of Algerian Sahara plants initiated by our laboratory, we 

attempt to use some Saharan plants as low-cost biomaterials for the biosorption of toxic heavy 

metals from water and a suitable for application in small industries and for sustainable 

development. So, the objective of our studies was to utilize the locally available plants: Acacia 

raddiana, Anabasis aretioides, Retama raetam and Tamarix gallica as an adsorbent for removal of 

copper ion from aqueous solution. Effects of operating conditions like initial metal concentration, 

pH and temperature, on copper biosorption were investigated. The relation between the 

phytochemical composition and the percent of adsorption for copper ion was examined. 

5.1 Materials and methods 
5.1.1 Biosorbent preparation 
All plants were collected from their natural habitat in El Bayadh region (south Algeria) for  
Retama raetam  and from Saoura desert (south Algeria) for Acacia raddiana, Anabasis aretioides, 
and Tamarix gallica. We used the bark of tree Acacia raddiana and Tamarix gallica and the aerial 
parts of  Anabasis aretioides and Retama raetam. The biomass was washed with distilled water 
several times to remove soil-associated particles and water soluble materials. The dried 

biomass, ground in a mortar to powder and sieved into a size ranging from 125 to 250 m, 
was stored in a desiccator until use for the biosorption process. 

5.1.2 Biosorption studies 
All chemicals used in this study were of analytical grade and solutions were prepared using 

double distilled water. Cu2+ solution was prepared by dissolving copper sulfate in distilled 

water. Hydrochloric acid and sodium hydroxide solutions were used to adjust the solution 

pH. The pH was measured using Hanna pH meter at the beginning and at the end of the 

experiments.   

Batch experiments were carried out by shaking 100 mg of biosorbent mixed with 100 ml of 

copper sulfate solution of known concentration in 200 ml Erlenmeyer flasks stirred at constant 

speed in a magnetic shaker in a thermostatic bath. After, the solid was removed by filtration 

through a filter paper (Whatman GF/A). Blank runs, with only the sorbent in 100mL of double 

distilled water, were conducted at similar conditions. The equilibrium metal concentration in 

the filtrates as well as in the initial solution was analyzed using atomic adsorption 

spectrophotometer (Perkin Elmer Analyst 700). Each experiment was carried out in duplicate. 

5.2 Quantifying copper metal–biomass interactions 
The identification of the physico-chemical interactions between active sites on the adsorbent 
and metallic species, and the quantification of metal removed according to different 
mechanisms (physical adsorption, ion exchange, complexation, chelation, surface 
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microprecipitation) is an intriguing target that would allow the precise description of the 
effect of the environmental factors. Than, the biosrption capacity is governed by a series of 
properties, such as pore and particle size distribution, specific surface area, cation exchange 
capacity, pH, surface functional groups, and temperature  [Naja & Volesky, 2011].  

5.2.1 Effect of initial copper ions concentration 
According to our recent works [ Cheriti et al, 2009; Talhi et al, 2010], we have determined the 
optimum time of biosorption for different initial concentrations (varied between 50 and  
300 mg l-1). Than, biosorbed copper ion concentrations increased with time and reached 
equilibrium after 04 h for all initial copper ion concentrations tested, an increase of removal 
time to 24 h does not show notable effects. 
An important parameters in biosorption of heavy metal ions is the equilibrium solid phase 
metal ion concentration. We noted that qe, the Cu2+ equilibrium concentration in solid phase 
(mg Cu g biomass-1), increased  rising initial Cu2+ concentration . In the case of Acacia 
raddiana, Copper ion percent removal decreased from 94% to 39% (Fig. 2) and the final Cu2+ 
concentration increased from 3 mg l-1 to 183 mg l-1 (Fig. 3) when the initial Cu2+ 
concentration was raised from 50 mg l-1 to 300 mg l-1 at constant pH 5.0. At low initial Cu2+ 
concentrations, such as 50 mg l-1 and 100 mg l-1, all copper ions were biosorbed onto binding 
sites on Acacia raddiana bark surfaces.  
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Fig. 2. Variation of percent copper removal with the initial copper ion concentration at the 
end of 4h, pH 5, T = 25  ± 0.1 °C for Acacia raddiana 

For Retama reatem, at pH 5. the percent copper ion removal decreased from 88% to 38% and the 
final Cu2+ concentration increased from 6 mg l-1 to 186 mg l-1 when the initial Cu2+ concentration 
was raised from 50 mg l-1 to 300 mg l-1. At low initial Cu2+ concentrations, such as 50 mg l-1 and 
100 mg l-1 ( Fig. 4), all copper ions were biosorbed onto binding sites on R. raetam plant surfaces. 
However, at high initial copper ion concentrations, such as 250 mg l-1 and 300 mg l-1, a large 
fraction of binding sites on biomass surfaces were occupied by copper ions. 
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Fig. 3. Variation of final Cu2+ concentration with the initial copper ion concentration at the 
end of 4h, pH 5, T = 25  ± 0.1 °C – Acacia raddiana 
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Fig. 4. Effects of  initial copper ion concentration on the percent Cu2+ removal by Retama 
raetam plant 

5.2.2 Effect of pH 
The pH of the solution is the most important parameter that in the biosorption process can 
significantly influence the removal of heavy metals . The effect of pH on the sorption of 
copper (II) have been studied using different sorbent types and optimum sorption capacities 
have been reported at pH values of 5, 6  and 7 [Cheriti et al, 2009; Talhi et al 2010]. 
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Keeping the same experiment conditions with 100 mg/L of copper ions solution as 
mentioned previously (times = 04h, T = 25 °C), pH of solution was varied from 3 to 7 
Data on variations of percent copper removal and biosorbed copper concentration by the 
four saharan plants used under different pH values were  summarizes in Table 4  
 

pH 
Percent Cu2+ removal 

Acacia raddiana Retama raetem Anabasis aretioides Tamarix gallica 

3 11 09 05 10 

4 64 58 14 58 

5 86 79 35 81 

6 85 70 33 76 

7 83 67 25 71 

Table 4. Effects of pH on percent copper removal and biosorbed copper concentration. 
Initial Cu2+concentration C0 = 100 mg l-1, T = 25 °C, 04h 

The greatest increase in the biosorption rate of Cu2+  ions on the plant biomass was observed at 
pH 5. At lower pH, H+ ions compete with copper cation for the exchange sites in the system. 
The heavy metal cations are completely released under circumstances of extreme acidic 
conditions. At pH (3 - 7) there are three species present in solution, Cu2+, CuOH+ and Cu(OH)2. 
These species are adsorbed an electrostatically interaction at the surface of the biomass. As the 
pH decrease, the surface of the A. raddiana, T. gallica and R. raetam plants exhibits an increasing 
positive characteristic. H+ ions present at a higher concentration in the reaction mixture and 
compete with Cu2+ ions for the biosorption sites resulting in the reduced uptake of Copper 
cation. At higher pH values, precipitation of Cu(OH)2 occurred and both sorption and 
precipitation would be the effective mechanisms to remove the copper ions in aqueous solution. 
At around pH 5, copper cations, mainly Cu2+, would be expected to interact more strongly with 
the negatively charged binding sites in the sorbent. We obtained poor biosorption for the 
Anabasis aretiode, we think its due to the site saturation in this plants due to its ecological grows. 

5.2.3 Effect of temperature solution  
According to our previous sutdies on desert plant [Cheriti et al, 2009], we have found the 
same effect of the temperature on the biosorption of Copper cation. The sorption of copper 
cations increased slightly with the increase in temperature up to 50ºC and then started 
decreasing. The temperature higher than 50ºC caused a change in the texture of the biomass 
and thus reduced its sorption capacity (Table 5). Usually the physical sorption reaction is 
exothermic and preferred at lower temperature. 
 

T °C 
Percent Cu2+ removal

Acacia raddiana Retama raetem Anabasis aretioides Tamarix gallica 
25 86 79 35 81 
30 84 79 30 81 
40 75 61 23 72 
50 49 42 11 49 
60 36 21 11 30 

Table 5. The biosorption quantity of Cu2+ at different temperature. Initial Cu2+concentration 
C0 = 100 mg l-1, pH 5, 04 h 
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For the excellent source of biosorbent Acacia raddiana, we have determined the biosorption 
isotherms. Than, the isotherms were found to be linear over the entire concentration range 
studied with a  good   linear   regression   coefficient for Langmuir and Freundlich models 
respectively (R2=0.985) and (R2=0.917). The parameters of both models determined by least 
squares fit of the experimental biosorption data are presented in Table 6. 
 

Langmuir Freundlich
qm ( mg/g) b R2 KF n R2 

82.63 0.073 0.985 8.75 1.54 0.917 

Table 6. Parameters of the Langmuir and Freundlich isotherms for the biosorption of 
Copper ions onto Acacia raddiana bark 

Fig. 5 shows the comparison of the experimental equilibrium data and the theoretical 
isotherm predicted by the Langmuir and Freundlich models. It was observed that Langmuir 
acceptably fit the experimental results with an acceptable coefficient. The maximum 
sorption capacity qm of the Acacia raddiana bark was 82.63 mg/g which indicates that this 
biosobent is a quite good and attractive in treatment of diluted ions copper solutions. 
 

 

Fig. 5. Comparison of Langmuir and Freundlich models with experiment data of copper 
sorption by Acacia raddiana bark 

5.3 Relation biosorption - phytochemical composition 

Acording to our previous phytochemical screening of the Saharan plants, we reported the 
presence an important quantities in all plants of Flavonoids, Tritepenoids saponin, Alkaloids, 
Phytosterol, Cellulose, Hemicellulose and Lignin. Thus the substances detected are known to 
contain the functions (hydroxyl OH, carboxyl COOH, in Flavonoids, Tritepenoids saponin, 
Phytosterol, Cellulose, Hemicellulose, Lignin and amine function NHR, NR2 in Alkaloids). It 
has been reported that the Acacia raddiana, Retama reatem and Tamarix gallica contain various 
polyphenols compunds and are rich on flavones and glycosides flavonoids [Cheriti, 2000; 
Cheriti et al, 2004; Cheriti et al, 2006 ]. It’s known that these natural compounds present in the 
cell wall are the most important sorption sites. Therefore, the important of these natural 
compounds is that they contain functional groups as hydroxyl, carboxylic, carbonyl and amine 
groups which are important sorption sites for the binding of metal ions. Thus, biosorption of 
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copper ion occurs as a result of ion exchange or complex formation between metal ions and 
functional groups (hydroxyl, amine, carboxyl...) on the cell surface of the biomass. In another 
hand,  all active sites involved in heavy metal biosorption can be extremely heterogeneous 
according to the wide variety of biosorbents used for this application. Direct comparison of the 
used sorbent materials is difficult, since vegetable materials applied are different. The sorption 
capacities of  Acaciai raddiana , Tamarix gallica and Retama raetam are relatively similar 

6. Conclusion 

Biosorption is an important process in the environment, and in several conventional waste 
treatment processes. By using Saharn plants, biosorpion of copper ions from aqueous solution 
was investigated as functions of important parameters, such as contact time, concentrations of 
adsorbate (Cu2+ ions), solution pH and temperature. The process of biosorption has nearly 
reached equilibrium in 04 hours and the biosorption of metals was pH and temperature 
dependent, respectively optimal pH was 5 and temperature was 25-30ºC. We obtained better 
results with Acacia raddiana bark, Retama reatam and Tamarix galliga with percent of copper 
cations removal  for the same initial concentration (100 mgl-1) respectively: 86%, 79% and 81%. 
Therefore, the present study demonstrates the possibility of usage of inexpensive biosorbent, 
as suitable alternatives for the removal of copper ions from wastewater 
Finally, additional work will be required in order to determine the biosorption of other 
heavy metals ions, and to determine the mechanism of copper sorption by these sorbents 
biomaterials. 
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