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ABSTRACT

Increased knowledge about toxicological effects of heavy metals on the environment and in drink-
ing water is well recognized and therefore, it is inevitable to search for different methods to reduce
water pollution. The Saharan plant Retama raetam (Fabaceae family) was used as locally available
adsorbent for removal of copper ions from aqueous solution. Various biosorption parameters
such as initial metal concentration, pH and temperature on the capacity of copper biosorption
were investigated. The relation between the phytochemical composition (polyphenol, alkaloids,
terpenoids, carbohydrates) of the aerial parts of Retama raetam and the percent of adsorption for

copper ion was examined.
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1. Introduction

Toxicological effects of heavy metals on the environ-
ment and drinking water are well recognized. 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), it becomes essential to search for different meth-
ods to reduce water pollution and to remove heavy metals
from wastewaters [1-7]. Copper, like all heavy metals, is
potentially toxic; the excessive intake of copper results
in its accumulation in the liver causing gastrointestinal
problems, kidney damage, anemia, and an increase in
lung cancer among exposed workers is associated with
continued inhalation of copper-containing sprays [8].

* Corresponding author.

Thus, several approaches have been studied and de-
veloped for the effective removal of heavy metals using
biosorbents like peat, fly ash, algae, soya beans, hull leaf
mould, sea weeds, coconut husk, sago waste, peanut
hulls, hazelnuts, bagasse, rice hulls, sugar beet pulp,
plant biomass and bituminous coal. It has also been ob-
served that these biosorbents need further modifications
to increase the active binding sites and also made them
readily available for sorption [9-19].

Continuing our effort on the valorisation of Algerian
Sahara plants as biomaterials for the biosorption of toxic
heavy metals from water [20], we report herein our results
in this field. To our knowledge, no information is available
for heavy metals biosorption from aqueous solutions by
the aerial parts of the Saharan plant Retama raetam (Fa-
baceae). So, the objective of this study was to utilize the
locally available plant Retama raetam as an adsorbent for
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removal of copper ions from aqueous solution. Effects of
operating conditions like initial metal concentration, pH
and temperature on copper biosorption were investigat-
ed. The relation between the phytochemical composition
(polyphenol, alkaloids, terpenoids, carbohydrates) of the
aerial parts of Retama raetam and the percent of adsorption
for copper ion were examined.

2. Materials and methods
2.1. Biosorbent preparation

The aerial parts of Retama raetam used were collected
from its natural habitat, i.e. from El Bayadh region (South
Algeria) in April 2006. The biomass was washed with
distilled water several times to remove soil-associated
particles and water soluble materials. The dried bioma-
terials ground in a mortar to powder and sieved into a
size ranging from 125 to 250 pm and stored in a desiccator
until use for the biosorption process.

2.2. Biosorption studies

All chemicals used in this study were of analytical
grade and solutions were prepared using double distilled
water. Cu* solution was prepared by dissolving solid cop-
per sulfate (CuSO,-5H,O) in distilled water. Hydrochloric
acid (HCI) and sodium hydroxide (NaOH) solutions were
used to adjust the solution pH. Blank runs, with only the
sorbent in 100 mL of distilled water, were conducted at
similar conditions to understand the pH change of the
solution during sorption experiments. The pH was mea-
sured 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 solu-
tion of known concentration in 200 mL Erlenmeyer flasks
stirred at constant speed in a magnetic shaker. After
agitation, the solid was removed by filtration through a
filter paper (Whatman GF/A). The final metal concentra-
tion 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 and the average results are presented in
this study.

3. Results and discussion
3.1. Effect of initial copper ion concentration

According to our recent works [20], we have deter-
mined the optimum time of biosorption for different
initial concentrations (varied between 50 and 300 mg 1™).
Then, biosorbed copper ion concentrations increased
with time and reached equilibrium after 4 h for all initial
copper ion concentrations tested, an increase of removal
time to 24 h did not show notable effects.

Table 1
Variation of percent copper removal and biosorbed copper

concentrations with the initial copper ion concentration at the
end of 4 h, pH 5, T =25°C

Initial Cu* Final Cu?* Percent Cu** Biosorbed Cu?*
concentration concentration removal concentration
C, (mg 1) C(mgl?) (%) q(mgg™)
50 6 88 44
100 21 79 79
150 48 68 102
200 90 55 110
250 137 45 113
300 186 38 114

We noted that variations of equilibrium solid phase
Cu? concentration (qe, mg Cu g biomass™) with initial
Cu? increased with increasing initial Cu*" concentration
(Table 1). At pH 5, the percent copper ion removal de-
creased from 88% to 38% and the final Cu* concentration
increased from 6 mg 1™ to 186 mg I"! when the initial Cu*
concentration was raised from 50 mg 1 to 300 mg 1"
At low initial Cu* concentrations, such as 50 mg I"! and
100 mg I, all copper ions were biosorbed onto binding
sites on R. raetam plant surfaces. However, at high initial
copper ion concentrations, such as 250 mg I! and 300 mg 17,
alarge fraction of binding sites on biomass surfaces were
occupied by copper ions [20].

3.2. Effect of solution pH

The pH of the solution is the most important control-
ling parameter in the biosorption process, can signifi-
cantly influence the removal of heavy metals [3]. Several
studies were done to determine the effect of pH on the
sorption of copper(ll) by using a variety of different sor-
bent types, and optimum sorption capacities of copper
ions have been reported at pH values of 5 [14,20-22], 6
[3,12,23,24] and 7 [14,25,26].

Keeping the same experiment conditions with
100 mg/L of copper ions solution as mentioned previously
(time=4h, 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 R. raetam under
different pH values are summarized in Table 2 and Fig. 1.

The greatest increase in the biosorption rate of Cu*
ions on the R. raetam plant 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 37 there are three species pres-
ent in the solution [3]: Cu*, CuOH" and Cu(OH),. These
species are adsorbed an electrostatically interaction at
the surface of the biomass. As the pH decrease, the sur-



A. Cheriti et al. | Desalination and Water Treatment 10 (2009) 317-320 319

Table 2

Effects of pH on percent copper removal and biosorbed cop-
per concentration. Initial Cu* concentration C; = 100 mg 17,
T=25°C,4h

Table 3

The biosorption quantity of Cu* onto R. raetam plant at dif-
ferent temperature. Initial Cu* concentration C, =100 mg 1,
pH5,4h

pH Final Cu?* Percent Cu?* Biosorbed Cu?
concentration  removal concentration
C(mg1) (%) q(mgg™)
3 91 9 9
4 42 58 58
5 21 79 79
6 30 70 70
7 33 67 67
80
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Fig. 1. Effects of pH on percent Cu* removal by Retama raetam
plant.

face of the R. raetam plant exhibits an increasing positive
characteristic.

H" ions present at a higher concentration in the reac-
tion mixture and compete with Cu* ions for the biosorp-
tion sites resulting in the reduced uptake of copper cation.
At higher pH values, precipitation of Cu(OH), occurred
and both sorption and precipitation would be the effec-
tive mechanisms to remove the copper ions in aqueous
solution. At around pH 5, copper cations, mainly Cu?*,
would be expected to interact more strongly with the
negatively charged binding sites in the sorbent [20,27,28].

3.3. Effect of solution temperature

According to our previous sutdies on desert plant
Acacia raddiana [20], we have found the same effect of
the temperature on the biosorption of copper cations by
R. raetam plant. The sorption of copper cations increased
slightly with the increase in temperature up to 50°C and

T Final Cu* concentration Percent Cu*removal
°O C(mgl") (%)

25 21 79

30 21 79

40 39 61

50 58 42

60 79 21

then started decreasing. The temperature higher than
30°C caused a change in the texture of the biomass and
thus reduced its sorption capacity (Table 3). Usually the
physical sorption reaction is exothermic and preferred at
a lower temperature [27].

3.4. Phytochemical characterization of aerial parts of R. raetam

Retama raetam Forssk., locally named as -R'tm- is a
glabrescent large shrub belonging to the Fabaceae family.
It is common in the Northern Africa and East Mediter-
ranean region [29-32]. In Algeria, it is largely located in
Sahara and arid steppe regions. The plant flowers from
March to April and plays an important ecological role,
it is widely used in dune stabilisation and soil fixation
(Fig. 2). In Algerian Sahara, R. raetam provides food for
many desert animals and is largely recommended by

Fig. 2. Retama raetam in its natural habitat (El Bayadh region,
March 2007).
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traditional herbal healers for treatment of various illness
as diabetes, hypertension and gastro-intestinal disorders
[33-35].

According to our previous phytochemical screening
of the aerial parts of R. raetam, we reported the presence
an important quantities of flavonoids, tritepenoids sapo-
nin, alkaloids, phytosterol, cellulose, hemicellulose and
lignin [31,33]. It has been reported that the plant contains
various flavones and glycosides flavonoids [36,37]. It is
known that these natural compounds present in the cell
wall are the most important sorption sites. Therefore,
the importance of these natural compounds is that they
contain functional groups as hydroxyl, carboxylic, car-
bonyl and amine groups which are important sorption
sites for the binding of metal ions [26,38]. Thus, biosorp-
tion 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.

4. Conclusions

This study showed that the aerial parts of Retama
raetam can be used as an inexpensive biosorbent and as
suitable alternatives for the removal of copper ions from
wastewater. The process of biosorption was dependent
on the initial concentrations of adsorbate (Cu* ions), pH
and temperature, respectively. The optimal pH was 5 and
the temperature was 25-30°C. Copper cation biosorp-
tion obtained was nearly 88%, and the equilibrium was
reached in 4 h.

Thus, biosorption of copper ions 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. Additional work will be
required in order to determine the biosorption of other
heavy metal ions and to determine the mechanism of
copper sorption by Retama raetam plant.
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