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ABSTRACT

Metals adsorption and desorption were investigated on different types of non-conventional low-cost
bisorbents, including sun, oven dried and activated Nile water algae. The optimum adsorption condition
obtained at pH 4, 150 min contact time, and 2 g/l adsorbent dose. The optimum initial concentrations for
Cadmium, Lead and Zinc ions of the sun, oven dried and activated algal biomass was about 10 mg/l. The
maximum efficiencies of Cadmium removal were 99.28 % in case activated biosorbent with H2SOa4. The results
show that there are no clear variations between the percentages removal of metals from the sun, oven dried,
and activated biosorbents, where the maximum percentages removal of metals were 97.9%, 97.2% and 99.3%
for the sun, oven dried, and activated biosorbents respectively. On the other hand, the Langmuir maximum
sorption capacity (gmax) of sun dried biomass was found to be 16 mg/g for Cd, 31.3 mg/g for Pb and 12.2 mg/g
for Zn, gmax of oven-dried biomass was found to be 20 mg/g for Cd, 10.8 mg/g for Pb and 9.1 mg/g for Zn. Also,
gmax Of activated biomass was found to be 11.36 mg/g for Cd, 11.76 mg/g for Pb and 12.65 mg/g for Zn. the
recovery of metals by using 0.1 M HNOs from dried and activated biomass was more effective at 1st run with
the maximum recovery 99.8% for sun dried biosorbent, 99.3% for oven dried biosorbent and 96.3% for
activated biosorbent, but at 2nd run the effectiveness of the recovery was decreased to be 64.3% for sun dried
biomass, 69.4% for oven-dried biomass and 85.7% for activated biomass. No clear variations in efficiency of
removals and recovery between the three biosorbents.
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INTRODUCTION

A serious problems have been created by Industrial development that emitting wastewater
containing many different kinds of pollutants including heavy metals, dyes, pesticides, phenols, organic
compounds, etc. [1]. Heavy metals are recognized as one of the most toxic groups, which reach in the food
chain through the disposal of wastes to water receptors or land [2]. Heavy metals are taxed in causing toxic
effects on human being through some toxic metals accumulation like mercury, nickel, copper, cadmium,
chromium and zinc as several bad consequences such as developmental and growth abnormalities,
carcinogenesis, neuromuscular control defects, mental retardation, renal malfunction and a wide range of
other kinds of illnesses [3]. There are several chemical and physical conventional processes for heavy metals
removal, such as adsorption, sedimentation, electrochemical processes, ion exchange, cementation,
coagulation flocculation, filtration and membrane processes, chemical precipitation etc. The major
disadvantage that we come across these conventional processes is expensive and not eco-friendly; other
disadvantages include an incomplete high reagent, metal removal, and energy requirements, generation of
toxic sludge or other waste products that require careful disposal. [3]. In view of these problems and legal
constraints being imposed on the discharge of effluents a need for an alternative and cost effective technology
is essential [3]. The bioremediation technology has also a good prospect. As the wastewater from different
industries is deposited in the rivers nearby so the more studies for aquatic flora are needed to be used to
remove all these heavy metals. Fresh- water microalgae are one of the potential organisms, that can be used in
safe without any hazard to the environment [4]. The search for novel technologies that involves the complete
removal of the toxic heavy metals from wastewater has led to finding the process of biosorption that relies on
the metal binding capacities of various biological materials. The microbial biomass has proved to be a boon for
developing economic and eco- friendly waste water treatment process [5]. Moreover, algae have received a
great deal of attention for decontamination of water by biosorption process. Algal biomass of algae can be
used for live or dead form in a biosorption system. The biomass of the non-living algae is more favorable and
practical due to the fact that living biomass cells needs minimum nutrients and environmental conditions,
while non-living biomass does not. Moreover, dead biomass is not affected by the toxicity of metal ions, while
they can undergo different physical and chemical pretreatments to increase their adsorption capacity [5], so
that there are main factors influencing metals speciation in solution such as pH, heavy metal concentration in
solution, and the presence of light anions and metals. It is known that almost all metals tend to precipitate at
basic pH value, as carbonate or hydroxide forms. heavy metals Precipitation is a disadvantageous method for
heavy metals removal because can generate toxic chemical sludge [6].

One of the most popular of these technologies is activated carbon adsorption which is widely used
but it is expensive. Therefore, there is a growing interest in using low-cost, and most available materials for the
metal ions adsorption. A low-cost adsorbent is defined as one which is abundant in nature, a by-product or
waste material from another industry [7]. More recently, great effort has been contributed to developing new
adsorbents and improve existing adsorbents like granular activated carbon, other adsorbents such as iron
oxide coated sand, porous cellulose carrier modified with polyethyleneimine etc. [8].

The main goal of this study is investigation of possible applications of low-cost absorbents from non-
living freshwater algae for removal and recovery of heavy metals.

MATERIALS AND METHODS
Biosorbents preparation
Drying of algal biomass
Nile water algae were collected from the river Nile at the intake of El-Giza water work using
phytoplankton net (80 umesh). The biomass was washed several times with deionized water to remove dirt,

and/or other impurities present in the raw materials. The sample was dried:

9 Inan oven at 60°C for 24h or until constant weight then ground with a mortar.
9 Sun dried by exposing to sunlight for 3 days and covering it during night.
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Activation of dried algal biomass
Activation with Calcium chloride (PAC1), Sodium carbonates (PAC2) and Sodium sulphate (PACs).

The oven-dried algae to be activated are impregnated with 10 % calcium chloride, sodium carbonate
and sodium sulphate solutions. The solution gets well adsorbed for 24 h, the excess solution was decanted off
and air dried. The dried algae treated with (Calcium chloride, Sodium carbonate and Sodium sulphate) were
placed in muffle furnace carbonized at 400 °C for 10 min. The dried materials were powdered and activated in
a muffle furnace kept at 800 °C for 10 min. After activation, the carbon washed sufficiently with 4 N HCI to
remove the cations. Then, the materials were washed with plenty of water to remove excess acid, then dried
and powdered [9].

Activation with Sulphuric acid (PACs)

500 g of the dried algae was added in small portion to 400 mL of 98% H2SO4 and the resulting mixture
was kept for 24 h at room temperature followed by refluxing in fume hood for 5 h. After cooling, the reaction
mixture was poured onto ice water (2 L) and filtered. The filtrate was washed repeatedly with distilled water
and soaked in 1% NaHCOs solution to remove any remaining acid. The sample was then washed with distilled
water until pH of the activated carbon reached 6, dried in an oven at 160 °C for 48 h and kept in a glass bottle
until used [10].

Biosorbents characterizations
FT-IR analysis of dried and activated algae

FT-IR analysis of dried and activated algae was determined as follows: KBr pellet was prepared. The
infra-red spectra were collected by FT-IR within the range 400 to 4000 cm-1 .the spectrum analysis was
realized according to [11].

High resolution Transmission Electron Microscope (HRTEM]

Biomass specimen examined under High resolution transmission electron microscope according to
[12] using (Jeol Electron microscope JEM-2100).HRTEM allows to evaluate morphological characteristics of the
algal biomass surface and to measure the fractions of pores and particle size if they will be in nanoscale
measure (1-100 nm) or not.

Energy Dispersive X-ray microanalysis (EDX)

Energy dispersive X-ray microanalysis techniques it can provide valuable inputs in determining the
distribution of various elements inside the biomass [13]

Preparation of metal ion solutions

Cadmium, Lead and Zinc standard solutions were prepared by using analytical grade chemical of
cadmium chloride (CdClz 2.5 H20), Lead nitrate (Pb (NOs)2), and Zinc chloride (ZnCl).

Batch adsorption studies

Batch adsorption equilibrium experiments were conducted to determine the optimum adsorption
conditions of Cadmium, Lead and Zinc on oven dried and activated biosorbents. For studying these optimum
conditions, adsorbent dose, initial metal concentrations, and contact time the experiments were conducted at
various adsorbent doses of (0.1, 0.15, 0.2, 0.25 and 0.3 g/100 ml), at different concentrations of metals (10, 20,
30, 40, 50, and 60) mg/L in 250 mL stoppered reagent bottles at a constant shaking speed (150 rpm) at
different contact times of (0,5,15,30,50,60,90,120,150, 180, and 240 min.). All the experiments were carried
out at room temperature (25°C + 2°C). For studying the influence of pH on the adsorption of Cadmium, Lead
and Zinc the experiments were conducted at various initial metal solution pH values of 2 to 7 for Cadmium, 1
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to 7 for lead and zinc. The pH of each solution was adjusted to different values with either 0.1 N NaOH or 0.1 N
HCI. The solutions were filtered through a 0.45 um membrane filter; the concentrations of Cadmium, Lead and
Zinc ions in solution before and after adsorption were determined using flame atomic adsorption
spectrophotometer (Model Varian 220).

Batch desorption studies

After the biosorption cycle the biosorbents were centrifuged at 2000 rpm for 15 min and washed
twice with distilled water and dried. The biosorbents were added to 50 mL of the desorption eluent 0.1 M
HNOs (the solid to liquid ratio was kept constant for all experiments at 0.2g/ 100 mL ( 2g/L) The biosorbents
with eluent were left on the shaker at 150 rpm for 150 min. the eluent was removed and the final ions
concentration measured. The sorbent was then centrifuged and washed as previously described. Adsorption

and desorption cycles are repeated to evaluate adsorption and desorption potential of the biosorbents to
determine the availability of its reuse.

RESULTS AND DISCUSSION
Characterizations of algal biosorbents

FT-IR Spectroscopy

The FT-IR spectra for sun, oven dried and activated algal biomass are shown in fig. (1) the spectra
display number of absorption peaks, indicating the nature of sun, oven dried and activated algal biomass.
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Fig. (1) The FT-IR spectral characteristics of the three biosorbents of Nile water algae

The bands observed at 3553 and 3409 cm™ in sun, oven dried and activated algal biomass represent
bonded —OH of carboxylic groups on their surface. The band located on 3240 cm™ in oven dried and activated
algal biomass representing stretching of —NH group. Aliphatic C—H group in is represented by the bands at
2960-2920 and 2850 cm™ in the sun, oven dried and activated algal biomass. The bands between 2366 - 2310
cm-1 in oven dried and activated algal biomass could be assigned to the Si-H stretching of silicon group. The
bands between 1747 and 1710 cmin the sun, oven dried and activated algal biomass correspond to the free
C=0. The peaks located at 1637-1617 cm™ in sun, oven dried and activated algal biomass are representing
carbonyl group (-HC =0, Rz C=0) stretching. [14] reported that these groups can be conjugated or non-
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conjugated to aromatic rings. The bands between 1541-1415 cm™ in sun, oven dried and activated algal
biomass representing stretching amide (C—N and N—H) from proteins. [15-17] The band at 1090 cm™ in the sun,
oven dried and activated algal biomass was representing Si—O-Si or Si—O—C of silicon content [18- 20]. The
bands between 873 - 795 cm™ in the sun, oven dried and activated algal biomass could be assigned to be a
silicate, the band at 615 cm™ in sun, oven dried and activated algal biomass representing H2POs— or PO:- and
band at 466 cm™ in sun, oven dried and activated algal biomass representing metal compounds. It has been
well documented that the composition of cell wall of algal biomass contains a large number of complex organic
components such as proteins, lipids, carbohydrate polymers (xylane, cellulose, alginic acid, mannan ) and
inorganic ions (Ca 2*, Mg?*) [21 & 22].

High resolution Transmission Electron Microscope (TEM)

High resolution Transmission Electron Microscope for sun, oven dried, and activated biomasses as
shown in Fig (2). Prove that the morphology of the biomass material can facilitate the sorption of metals, due
to presence of irregular surface of the algal biomass contain fractions of nanopores and nanoparticles have
nanoscale measure ranged between (9-20 nm), these nanopores are distributed in a symmetric manner
through the two silica valves of diatoms which represent the most abundant algal group in the Nile water [23].
So based on the morphology of the biomass material, as well as on the fact that high amounts of silicate which
concentrated on the oven dried algal biomass it can be concluded that the biomass material presents an
adequate morphological profile to adsorb metal ions [24].

Sun dried

Fig. (2) TEM micrographs of sun, oven dried, and activated biomasses of Nile water algae showing:-

a- Symmetric form of nanopores
b- nanoscale measure of pores and particles ranged between (1-100 nm).
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Energy Dispersive X-ray spectroscopy (EDX)

The chemical composition of sun, oven dried and activated biosorbents were characterized and
examined by using (EDX) as shown in Table (1) which showed that oxygen and silica were abundant
components of sun, oven dried and activated Nile water algae with percentage weight of 52% O and 35% Si
for sun dried, 50% O and 37% Si for oven-dried biomass and 49% O and 33% Si for activated biomass. High
amounts of silicate which concentrated on the oven dried and activated algae due to the diatoms with outer
shells of silica component represented the most abundant algal group in the Nile water [25 & 26]. These data
are in agreement with FT-IR data in the presence of oxygen and silica which are conjugated in many function
groups that have a role in the absorption of metals, however, there are no clear differences between oven
dried and activated biomass in the percentages weight of the major components as oxygen and silica.

Table (1) Energy dispersive X-ray microanalysis (EDX) of the three biosorbents of Nile water algae

Element Weight%
Sun dried biomass Oven dried biomass Activated biomass

C 3.1 3.39 5.93
0 52 50 49.01
Mg 0.35 1.39 0.39
Al 2.2 5.58 3.26
Si 35 37 33
S 0.3 0.2 -

K 2.1 2.54 0.5
Ca 0.45 3.43 0.58
Ti 0.5 0.8 0.9
Mn 0.1 0.19 -
Fe 5 8 2.84

Metal removal
Determination of the optimum condition for metal removal

The results of the optimum adsorption conditions as pH, contact time, algal dose, and initial metal
concentration for metal removal are shown in fig (3).

pH is considered as the most important parameter that could affect the biosorption of metal ions
from solutions indicate that the best adsorption of Cd, Pb and Zn achieved at pH 4. However, the percentage
removal of Cd, Pb and Zn were 88%, 98.7% and 86%, respectively. [27 & 28] found that the highest removal of
Pb and Cd were achieved at pH 4. [29] show that maximum adsorption of Zn was obtained in the pH range
5.0-6.0

Contact time was studied in the range from 0 time to 240 min. the percentage removal of Cd by oven
dried algae was about 93% at O time then increased gradually to reach maximum removal 99.1% at 150 min.
[30] found that the adsorption time was rapid and approached maximum within 30 min but attained
equilibrium after 120 min.

The maximum removal of Cadmium achieved at a dose of adsorbent (2 g/I). However, the percentage
removal was 88%. [31] showed that the best removal of Pb at dose 2g/| by oven dried algae. Also [32] found
that the biosorption of Cd and Pb ions was increased with subsequent increasing the biosorbent dose and
almost became constant at dosage 2 g/| for Pb and Cd .

The results of optimum initial metal concentrations show that the maximum removal of Cd, Pb and Zn
were 95.3%, 97.2% and 96.6%, respectively. These removals were achieved at 9.8, 10 and 9 mg/L, for Cd, Pb
and Zn, respectively. The variations of percentage removal at different initial metal concentrations were not
altered greatly from concentrations between 10-60 mg/I [27 & 28].
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Evaluation the efficiency of different types of activated Nile water algae for metal removal

The efficiency of activated algae by CaClz, Na2COs, Na2S04, H2SO4 and commercially activated carbon
were studied for Cadmium removal. The maximum removal of Cd achieved by using PACs was 99.28%, the
removal of cadmium were 96.5%, 94.62 and 98.96% by using PAC1, PAC2 and PACs respectively, on the other
hand, the less removal was achieved by PACcom Where reached 74.6% (Fig.4).

The similar results, the green alga Ulva fasciata when activated by CaCl2, Na,SOs and Na2COs give the
maximum adsorption for lead 91.54%, 97.24% and 95.37% respectively, also, it gave less removal 74.8% with
the commercial activated carbon PACcom [8], Also, [10] observed that the green alga Ulva lactuca, when
activated by H2SO4, give the maximum adsorption to chromium by 98%.
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The results in Table (2) Predicted that the maximum removals of Cd, Pb and Zn were 91.5%, 97.9%
and 93.3%, respectively for sun dried biosorbent, for oven dried biosorbents the maximum removals of Cd, Pb
and Zn were 95.3%, 97.2% and 96.6%, respectively, and The maximum removal by using activated algae for Cd,
Pb and Zn was 99.28%, 96.8% and 95.5%, respectively. These removals were achieved at 9.4, 9.6 and 8.8 mg/L,
for Cd, Pb and Zn, respectively by using sun-dried bio sorbents, for oven dried bio sorbents the removals were
achieved at 9.79, 10 and 9 mg/L, for Cd, Pb and Zn, respectively, and for activated bio sorbents were achieved
at initial concentrations 9.78, 9 and 8.6 mg/L for Cd, Pb and Zn ions respectively. Analysis of percentage
adsorption versus initial varying concentration of Cd, Pb and Zn ions showed that the percentage adsorption
decreased with increase in initial concentration of the adsorbate, but the increase in uptake capacity takes
place with the increase in initial concentration. This is due to an increase in the initial ion concentration
providing a larger driving force to overcome all mass transfer resistances between the aqueous and the solid
phase resulting in higher metal ion adsorption. Similar results have been reported [33-35].

Application of Biosorption isotherms

It is necessary to optimize the biosorption process design, the appropriate correlation for the
equilibrium curve must be obtained. In this study, the relationship between metal biosorption capacity and
metal concentration at equilibrium has been described by two-parameter sorption isotherm models: Langmuir
[36], Freundlich [37]. The two isotherms were applied on the sun dried, oven dried and activated algal
biomasses to indicate the surface properties and affinity of the bio sorbent and can also be used to compare
the biosorptive capacities of the bio sorbent for different metal ions. These isotherms are represented by the
following linearized equations:
Langmuir isotherm

The Langmuir isotherm is a theoretical model for monolayer adsorption, which assumes that the
adsorption takes place at specific sites of homogeneous adsorbent, is given by the following equation:

C = 1 + Ce
Qe bqmax Qmax

Table (2) Adsorption of Cadmium, Lead and Zinc ions by sun dried, oven dried, and activated biomass as a function of initial
concentration at the optimum removal conditions

pH Value =4 Contact time = 150 min. Adsorbent dose = 2g/L

Metals Sun dried algae Oven dried algae Activated algae
Ci (mg/l) % Removal Ci (mg/l) % Removal Ci (mg/l) % Removal
9.4 91.5 9.79 95.3 9.78 99.28
19.5 84.3 21.43 88.3 19.7 83.2
31 66.5 32 70.3 29.5 776
cd
40.55 60.3 40.55 63.6 39.25 64.9
51.8 58.4 51.8 65.4 50 55.6
64 55 64 59 55 333
9.6 97.9 10 97.2 9 96.8
20 93.2 20 93.8 18 96.5
Pb 30 92.5 30 93 32 83.3
40 92.1 40 93 40 78.7
50 91.8 50 92.2 50 71
60 91.0 60 91.3 60 75.4
8.8 93.3 9 96.6 8.6 95.5
19 75.9 19 78.9 19 63
7n 27.5 67 27.5 70 27.5 58.5
37.5 52.3 37.5 55.3 37.5 51.3
46.5 51.0 46.5 54.8 46.5 46.2
50 30 50 33 50 46

C;: Initial concentration
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The two linearized isotherms acquired for Cd, Pb, and Zn, in sun, oven dried, and activated bio
sorbents were presented in Fig. (5). The experimental data of Cd, Pb and Zn could better be described for
Langmuir and Freundlich isotherms where R? is more than 0.9. The Langmuir maximum sorption capacity (qmax)
of sun dried bio sorbent was found to be 20 mg/g for Cd, 10.8 mg/g for Pb and 9.1 mg/g for Zn, (gmax) of oven
dried bio sorbent was found to be 16 mg/g for Cd, 31.3 mg/g for Pb and 12.2 mg/g for Zn, and (Qmax) of
activated bio sorbent was found to be 11.36 mg/g for Cd, 11.76 mg/g for Pb and 12.65 mg/g for Zn. [38]
studied isotherm constants for heavy metal biosorption by oven dried biomasses of various green marine
macroalgae, they found that the values of Freundlich model constants and isotherm indicated good
biosorption, where Langmuir constant (qmax) ranged between 2.6 to 20.4 mg/g for Cd and 21.3 to 83.3 mg/g for
Pb, also Freundlich constants (n) were ranged between 2.6 to 8.9 for Cd and 1.3 to 2.6 for Pb, while [8] found
that adsorption process was better described by the Langmuir model, and qmax of lead adsorbed by activated
biomass ranged between 15.62 mg/g to 24.15 mg/g, and (n) ranged between 2.83 to 4.2.

Comparison between the efficiency of sun dried, oven dried and activated Nile water algae for metal
removal

It is evident from the data predicted from the optimum removal of the metals by sun dried, oven
dried and activated algae in fig. (6), that no clear variations between the percentage removal of metals for sun
dried, oven dried and activated Nile water algae, however, the percentages removal of metals were ranged
between (91.2%-97.9%) for sun dried algae, (95.3%-97.2%) for Oven dried algae, and (95.5%-99.3%) for
activated algae. [10] show that there are low differences between dried and activated, however, the
maximum chromium removal were 92 and 98%, respectively for dried algae and its activated biomass by
H2S0a.
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Metal recovery
Metal removal and recovery for sun dried Nile water algae

The results of desorption experiments are shown in fig. (7) which clearly indicates that there are
effective adsorption and desorption of Cd, Pb and Zn ions at the first run, where the percentages removal
were 91.5%,97.9%, and 93.3% respectively and the percentages recovery were 98.8%,95.7%, and 99.8%,
respectively. At the second run the effectiveness of adsorption and desorption of Cd, Pb and Zn were
decreased, where the percentages removal were 75%, 81.7%and 78%, respectively and the percentages
recovery were 64.3%, 61.7% and 56.3% respectively.

Metal recovery for oven dried Nile water algae

There are effective adsorption and desorption of Cd, Pb and Zn ions at the first run, however, the
percentages removal were 95.8%,98.4% and 96.6% respectively, also the percentages recovery were 94.5%,
99.3% and 96.3% respectively. At the second run the effectiveness of adsorption and desorption of Cd, Pb and
Zn were decreased, however, the percentages removal were 73%, 80% and 72% respectively and the
percentages recovery were 61.5%, 69.4% and 58% respectively (Fig. 7).

Metal recovery for activated dried Nile water algae

There are no clear variations in effectiveness of adsorption and desorption of Cd, Pb and Zn ions at
the first run between dried and activated biomass, whereas the percentages removal of Cd, Pb and Zn ions
were 96.8%, 97.4% and 95.5% respectively and the percentages recovery were 92.5%, 91.2% and 96.3%
respectively. This effectiveness was decreased in the second run, however, the percentages removal were
66.3%, 77.7% and 63% for Cd, Pb and Zn ions, the percentages recovery of Cd, Pb and Zn ions were 81.3%,
85.7% and 78.6% respectively (Fig. 7). [39] when investigated the recovery of lead from dried Sargassum
biomass, found that a successful recovery achieved by eluting with 0.1 M HNOs for 15 min and a high degree
of metal recovery was observed (95%).
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Fig (7) Removal and recovery of Cd, Pb and Zn by sun dried, oven dried, and activated biomass
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