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An experiment was conducted to evaluate the toxicity of uranium to the micro
green alga Scenedesmus quadricauda. The results showed that the growth of alga
was mostly decreased as compared with its corresponding control. The least
reduction in the growth and growth parameters were found at 125 ppm. The other
concentrations gradually decreased to the maximum reduction at the relatively
high concentration (750 ppm). Also, it was found that at 125 ppm, the
implementation time for complete one cycle was 4.49 h -1 and the generation time
was 1.2 day-1 whereas, at 750 ppm the time required for one cycle of growth was
6.2 h-1 and the generation time was 1.4 day-1. This means that uranium toxicity
delayed the growth of S. quadricauda. The results of biosynthesis of pigments
showed that uranium promotes carotenoids biosynthesis rather than chl. a and b.
For reducing the toxicity of uranium, the alga was trapped in alginate form and a
batch of experiments that include different pH, shaking and contact time were
carried out to study the ability of alga to uptake uranium. The results of alginate
born alga is more efficient to remove uranium ions from aqueous solution.
Key words: Microgreen alga, uranium, Relative growth rate, generation time and
number of cycling, adsorption and isotherm.

INTRODUCTION
Uranium is hazard to human body as it leads to the danger
of bone and liver cancer. This is due to its nature as heavy
metal not as radioactive element (Mistry et al., 2004). High
elevated concentration of uranium (1.14 µg/l) was
manifested through its combination with active groups on
the surface of certain contaminants (Aleissa et al., 2004). In
spite of uranium having no biological function, it is known
to be more toxic to humans (Cothern and Lappenbusch, 1983;
Campbell, 1995). Accumulation of metals membrane bound
ligands has been assessed on the basis of toxicity.
Subsequently, the competition between cations (calcium,
and magnesium) for binding sites at the biological surface
results in an obvious decrease in metal uptake and toxicity
(Compbell et al., 2002). The biologically active site on the
surface of of algal cell constitutes the biotic ligand model
(BLM) (Paquin et al., 2002). However, some of the current
premises behind the BLM may not be respected (Campbell
et al., 2013). For example, from a physical perspective, the

model ignores dynamic reactions occurring at the surface of
the cells by assuming a thermodynamic equilibrium
between the metal and the surface (Duval, 2013). The metal
accumulation and its resulting toxicity in a range of aquatic
organisms are often proportional to the free ion
concentrations in solution at constant pH and hardness;
this has been conceptualized. The chemical toxicity of uranium
has been reported to inhibit the growth of some aquatic
microflora including algae, fungi and other microorganisms in
fresh water system (Driver, 1994). On the other hand,
cyanobacteria and some green algae have the ability to detoxify
and accumulate uranium from aquatic environment (Kanamaru
et al., 1994; Li et al., 2004; Zhou et al., 2004) and then suitable to
use as bio-agents for the removal and recovery of target metals
(Garcia-Meza et al., 2005; Wang et al., 2005).
The present investigation aims to manifest the toxicity and the
ability of S. quadricauda either free or immobilized to uptake
uranium from aqueous solutions.
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Figure 1: Growth curves of S. quadricauda previously treated with different
conc. of Uranium.
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Figure 2: Growth parameters of S. quadricauda previously treated with
different conc. of Uranium.

MATERIALS AND METHODS
Reagents and standards
The chemicals used for this study were of analytical - grade
and purchased from Sigma Services company and SDFCL
fine - chem. Limited.

Growth and growth parameters of Scenedesmus
quadricauda
The unicellular green S. quadricauda was isolated from the
Egyptian wheat soil farm at Zagazig city in solid modified
BG11 medium according to Stanier et al. (1971). Unistreak
of purified alga was suspended in 5 ml sterile BG11
medium. Stock solution of S. quadricauda was cultivated in

modified liquid BG11 medium (3 L flasks containing 2 L
sterile BG11 medium). The flasks were incubated under
light intensity of (70 µmol photon m-2s-1) at 25C with
continuous aeration for 20 days. The growth curve was
determined every 48 h to assist the maximum growth rates
of free alga (Figure 1). The different growth parameters
including relative growth rate(K) and generation time(G)
were determined according to Fogg (1975) and number of
cycling was estimated according to Dahlia (1997), data are
shown in Figures 2 and 3.

Preparation of immobilized Scenedesmus sp. by
alginate and spongy, composite
The total number of the cells at the maximum optical
density was calculated using Hemocytometer and then
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Figure 3: Time of one cycle of S. quadricauda previously treated
with different conc. of Uranium.

collected to ready for immobilization forms (alginate form
and spongy, composite form). The micro alga after
harvesting by centrifugation at 4000 rpm for 10 min was
seeded in 50 ml of distilled water to form a concentrated
algal suspension with a cell density of 10*106 cells/ml. 4%
alginate solution was prepared, 1 ml of algal suspension
was mixed with 1 ml alginate suspension to reach 2%
alginate solution. The mixture was poured into 50 ml
burette and dropped into saturated calcium chloride
solution. This method produced approximately 5650
uniform algal beads with approximately 2.35 mm diameter
and the volume of alginate beads was 6.7 mm-3. For the
formation of alga /spongy, composite, a lot of clean white
spongy pieces were mixed with algal suspension containing
the same number in case of alginate, then left to stand
overnight and washed to remove the free cell. The
concentration of the applicable beads and spongy was
depend on the displacement volume of uranium solution
alga suspensions.
Preparation of uranium solutions

Gray (1964). Through it, 5 ml of uranium solution was taken
and dropped and titrated against ammonium meta vanedate
(NH4VO3) with titanium tri chloride (TiCl3) as indicator.
Fourier transform infrared spectroscopy studies
Infrared Spectroscopy (FTIR) using a Shimadzo 1650
spectrophotometer (Tokyo, Japan) was employed. The
spectra were taken within the range of 400 to 4000 cm-1 of
the different samples according to Bayramoglu et al.
(2006). The results are shown in Figures 14 to 17.
Effect of pH initial
This was studied by performing a series of different pH
ranging from 2.5 to 8.5. Solutions of 0.1N HNO3 and 0.1N NaOH
were used to adjust the different pH at room temperature. For
each pH, three Erlenmeyer flasks each containing 125 ppm
uranium mixed with equivalent number of beads to 0.035 g
and all the flasks were incubated at 30+2C in shaking
incubator at 300 rpm. 5 ml were taken and clarified by
centrifuge for titration with ammonium meta vanedate
(NH4VO3) using titanium tri chloride (TiCl3) every 5min to the
last contact time of 30 min for different shaking rate, the
different samples were taken at each rate after constant time
and optimum pH. Data are shown in Figure 18.

Different uranium concentrations were prepared in Nuclear
Materials Authority laboratories, New Cairo City, Egypt by
diluting 1000 mg uranyl-acetate (C4H8O6U/l) stock solution.
Serial dilutions of uranium starting from 125 ppm upto 750
ppm were prepared. The experiments were carried out at
room temperature. The pH of the uranium solution was
adjusted to the required pH values. The maximum rate of
Effect of shaking speed and contact time
shaking was also adjusted to 300 rpm.

Under optimum pH 4.5 and concentration of uranium (125
mg-L) as previously mentioned, a series of Erlenmeyer flasks
containing 50 ml of sterile aqueous uranium solution were
Uranium was titrated and estimated according to Davis and seeded with an equivalent weight of alga under investigation
Determination of uranium
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Figure 14: The FT-IR spectra of S. quadricauda (control).

Figure 15: The FT-IR spectra of S.quadricauda (free) after U.

Figure 16: The FT-IR spectra of S. quadricauda (spongy) after U.
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Figure 17: The FT-IR spectra of S. quadricauda (alginate) after U.

Figure 18: Effect of pH on the biosorption of U by S. quadricauda at different
forms.

(0.035 g) and incubated on electric shaker. The flasks were
classified into two groups: one left under static conditions and
the others were shaked from 100, 200, 300 and 400 rpm. For
each speed, 5 ml was taken for estimating the concentration of
residual uranium at the following times (5, 10, 15, 20, 25 and
30 min). The different data of different times and shaking rate
were graphically represented in Figures 19 to 21, respectively.
Kinetic studies
To analyze the rate of sorption of metal ions onto the
biomass, two simple kinetic models namely, pseudo firstorder may be represented as follows:
dq/ dt = K1 (qe – qt)

(1)

where k1 = rate constant of pseudo first- order biosorption
(min -1) and qe, qt = amounts of biosorption (mg/g), at
equilibrium and at time (t) respectively (Parab et al., 2005)
and pseudo second-order model can be expressed as
follows:
dq/ dt = K2 (qe – qt) 2

(2)

where, k2 (min -1) = Rate constant of pseudo second- order
biosorption (Amini et al., 2009). Data are represented in
Table 1.

Determination of chlorophyll "a" and "b"
Calculations of chlorophyll "a" and "b" in the extract were
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Figure 19: Effect of shaking on the biosorption of U adsorption by S.
quadricauda forms.

Figure 20: Pseudo first-order model for U adsorption by S. quadricauda
forms.

Figure 21: Pseudo Second-order model for U adsorption by S.
quadricauda forms.
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Table 1: Kinetic data for the adsorption of uranium ions by S. quadricauda forms.
Kinetic model
Experimental

Parameters
qe(mg/g)

D. Sc
125.71

E. Sc
145.04

F. Sc
151.43

Pseudo first order

q1st, (mg/g)
k1, (min-1)
R2

69.663
0.12667
0.976

47.139
0.14509
0.991

100.462
0.16351
0.987

Pseudo second order

q2nd, (mg/g)
K2,(g/mg.min.)
R2

131.58
0.00276
0.9989

151.515
0.00279
0.9994

158.73
0.00268
0.9993

done by inserting the optical densities in following
equations (Jeffrey and Humphrey, 1975).
Chl. "a" = 11.85 (O.D.664 ) – 1.54(O.D.647) – 0.08 (O.D.630)
Chl. "b" = 21.03 (O.D.647 ) – 1.54(O.D.664) – 0.08 (O.D.630)
Where,
Chl. "a" and Chl. "b" = Concentrations of chlorophyll "a" and
"b" respectively (µg/mg fresh weight) and O.D.664, O.D.647
and O.D.630 = Optical densities at the respective
wavelengths.

Determination of caroteniods content
According to Metzner et al. (1965), the O.D. of the clarified
extract was measured at 452.5 nm and then carotenoids
content in the extract (µg/mg fresh weight) was calculated
from the following equation:
Carotenoids content = 4.2(O.D.452.5) - [0.0264(Chl.
"a"(µg/mg fresh weight) + 0.426 Chl."b"(µg/mg fresh
weight)]. Data are represented in Figures 4 and 5.

Statistical analysis
The obtained data were analyzed statistically using oneway analysis of variance (ANOVA) and either Fisher´s LSD
or Student´s T-test was used to determine significant
differences among the data.

RESULTS AND DISCUSSION
Growth and growth indexes
The results in Figure 1 showed that as S. quadricauda
growing in serial dilutions of uranium starting from 125
ppm up to 750 ppm against control sample gave a bell like
curve with an obvious log and lag phases. Then the maximal
rate of growth was attained at 16 days, the generation time

of S. quadricauda at the relatively low concentration
reached 0.9 day-1 through which the relative growth rate
was 0.33 day-1 in case of untreated sample. Under these
conditions, the number of recycling reached 6.6 cycles (it
means 3.3 h) for 1 cycle. Such plateau was delayed to the
level of more time required for one generation beyond
control sample as the alga was treated with uranium at 750
ppm (G =0.99) (Figure 2). During such period, the number
of recycling was 6 times (it means 3.95 h) for 1 cycle
(Figure 3). This means that the reduction in the growth is
related to the toxicity of uranium application. The previous
reduction in the growth can be explained on the basis of
uranium as heavy metal are adsorbed to the surface of the
alga and enter to the cell via active transport system or
endocytosis process and transfer to the vacuoles (PeralesVela et al., 2006). However, as regards the amount uranium
exceeding a critical concentration and accumulate inside
the cell, multi-physiological problems eventually disrupted
the rate of division and the protein biosynthesis
(Arunakumara and Zhang, 2008). All these disruptions
were in proportion with uranium concentration increase.

Effect of uranium on the biosynthesis of different
pigments by S. quadricauda either free or immobilized
forms
The data in Figure 4 showed that in untreated sample
(control), a pronounced amount of both chl.(a) and chl.(b)
was found. The ratios between each amount to carotenoids
reached 1.5 and 1.3. Such plateau was shifted toward the
inhibition of the different pigments as shown in the case of
free alga treated with uranium at 125 ppm. In case of
immobilization form, uranium application resulted in
biosynthesis of carotenoids rather than untreated sample
specially in alginate form. The maximum amount of
carotenoids reached 4.84 µg/mg fresh weight as compared
with untreated sample with 2.58 µg/mg fresh weight. The
results showed that chl.(a) and chl.(b) were highly sensitive
to uranium application rather than carotenoids. This means
that the exposure of algal cell to uranium hinder the
electron-flow on both the acceptor and donor side of PS II,
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Figure 4: Effect of uranium on the biosynthesis of different pigments by S.
quadricauda forms.
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Figure 5: The ratio of pigments chl.(a) , chl.(b) and carotenoids of S.
quadricauda either free or immobilized form treated with U.

affecting the biochemical processes in photosynthesis (AlHeijuje, 2008). Also uranium as heavy metal may lead to
substitution or impairing the uptake of important elements
for photosynthetic pigments. The obvious increase in
carotenoids under the previous conditions may be
attributed to the fact that uranium cause oxidative stress
conditions, producing reactive oxygen (Pinto et al., 2003).
When microalgae were exposed to stress conditions, they
synthesized additional secondary carotenoids via
carotenogenesis (Faraloni and Torzillo, 2017). Moreover,
Takaichi (2011) reported that oxidative stress induced by
heavy metal has been demonstrated to affect astaxanthin
synthesis. Astaxanthin plays a role in protecting the
microalgae against oxidative damage (Gao et al., 2013;
Guedes et al., 2011). The highly obvious amount of

carotenoids may be attributed to the fact that alga needs to
protect and scavenge the free radicals formed due to the
toxicity of uranium by the enhancement of carotenoids
biosynthesis.
Moreover, the alginate form plays important role in
protecting the alga against the toxicity of uranium rather
than spongy one. In this regard, the amount of chl. (a) to
carotenoids (Figure 5) reached the minimum value in the
case of alginate as compared with spongy one.

Characterization of immobilized forms of algae
The microstructures of alginate beads and alga / spongy,
composite, were clarified by Scanning Electron Microscopy
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Figure 6: The SEM of S. quadricauda (control).

Figure 7: The SEM of S. quadricauda ( free) after U.

Figure 8: The SEM of S. quadricauda (spongy) after U.
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Figure 9: The SEM of S. quadricauda ( alginate) after U.

in Figures 6 to 9, respectively. Figure 9 shows that the
different alginate beads have isodiametric appearance with
multi-minute pores that facilitate the passage of uranium
ion to reach the active groups. On the other hand, the
activity of alga / spongy, composite is lower than alginate.
This may be related to the capillarity index of pores in
spongy being more sized than in alginate. X-Ray
spectroscopy (XRF) spectrum in Figure 12 showed that U
was adsorbed by alginate beads more than the other forms
and showed 3 peaks at the range of 14 to 17 keV with
maximum count reaching 5.12*103. In the case of spongy,
uranium appeared at 14.7 keV uranium count reaching
3.2*103. The results showed that the alginate form is better
than spongy form due to the appearance of active sites (-CO-, -C-C-, and -C≡C) bonds, respectively. In the case of free
treated with U, no peaks appeared in XRF spectrum
(Figures 10 to 13).
Immobilization of microorganisms either in alginate or
spongy exerts a significant stress which enhances the
interaction between biosorbent and uranium. Moreover,
multi-minute channels in immobilization matrix forces the
formation of different multi ligand to combine with
uranium (Bashan, 1986). The rate of intensive growth of
immobilized form may be related to the reduction in
competition process for nutrients (Faafeng et al., 1994).
Photosynthesis and respiration process were also enhanced
by the immobilized form rather than the free cells and the
senescence was significantly delayed (Singh, 2003).

Infrared spectroscopy for sorption of uranium by S.
quadricauda
The appearance of functional groups in the cell wall of the
biosorbent may be realized by the ability of algal cells in
adsorption processes of uranium either by free living or
immobilized cells. FT-IR spectra of S. quadricauda cells in

Figures 14 to 17 showed that different peaks corresponded
to the functional groups, confirming the properties of cell
wall of S. quadricauda. The combination between different
groups on the algal biomass resulted in the heterogeneity
characteristics peaks of the adsorption pattern. The
different peaks of IR imply amino, carboxylic, hydroxyl, and
carbonyl groups are characteristically present. In this
regard, adsorbent forms (free and immobilized) have
intense peaks at a frequency level of 3347 cm−1 due to O-H
stretching vibration (Jing et al., 2016). The band at
2923cm−1 is formed as a result of the combination of C-H
asymmetric stretching vibration of methyl and methylene
groups in cellulose (Kadous et al., 2009), whereas at
2111cm−1 it is produced due to overtone or combination
band of amino acids in the case of adsorption of uranium by
free alga. Moreover, the peak located at 1635 cm−1 indicates
the stretching vibration of carbonyl groups from
carboxylates and ketones either the biosorbent is free or
immobilized (Belkhouche et al., 2006). The peak at
1433 cm−1 is due to C-H bending vibration but at
1026 cm−1 it is attributed to C-O-C and asymmetric
stretching vibrations of phosphate and silicate groups in
the case of all algal forms (Seanen, 2014). The peak of
control at 1043 cm-1 represents C-O groups which was
shifted to1084 cm-1 in the case of immobilized forms.The
peak at 1240 cm-1 represents P-O groups; 1.400 cm-1
represents O=C-O stretching of carboxylate groups; 1300,
1430 and represents C-H groups; 1540 and 1650 cm-1
represents N-H stretching of amino groups in the case of
control and 3347 cm-1 representing O-H stretching of
hydroxyl groups in the case of different forms of samples.
The strong peaks at approximately 3400 cm-1 are shifted
and caused by the bending of N-H on the cell wall structure
of immobilized forms of alga. The other peak at 2800 cm-1,
representing C-H stretching vibration, is caused by the
several functional groups present on control algal cell wall.
The peaks of O=C-O stretching vibrations at 1400 cm-1 and
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Figure 10: XRF for Control S. quadricauda.
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Figure 11: XRF for free S. quadricauda with U.
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Figure 13: XRF for alginate S. quadricauda with U.

the peak at 1076 cm-1 representing C-O bending vibrations
are observed for the algae species, as well. After the
uranium biosorption, the followings were detected from the
spectrum changes of the functional groups on the biomass:
(1) an increase of the peaks at the region 3400 cm-1 ; and
(2) an increase of the hydroxyl groups on the biomass (Lin
et al., 2005). This could be attributable to hydroxylation on
the cell wall of some polysaccharides to shorter
saccharides, such as oligosaccharides, under acidic
conditions (Deng and Ting, 2005), decreasing the peak at
1400 cm-1 of a carboxylate functional group, and switching
the peak at 1076 cm-1 because of the complexation of the CO bond of polysaccharides in U biosorption (Benning et al.,
2004).
On the other hand, there is shift in the peak 3343 in the
case of treated immobilized form to 3421 and 3410 cm-1
indicating that the cell wall having multi-shifting C-H
aldehydic group of some simple sugar bind with uranium
(Villaescusa et al., 2004). In a similar manner, the
appearance of strong peak located at 2111 cm-1 to 2163 cm1 indicated that C-H aldehydic groups are functional to be a
ligand to unit with uranium and form the complex ion.

Effect of different pH values
Such experiment was conducted to obtain the optimum pH
for biosorption of uranium as well as the maximum
biomass required for the maximum uptake.
The results in Figure 18 showed that immobilization
process of micro-green alga S. quadricauda with alginate
was found to be the best biosorbent for uranium uptake.
This is due to the rate of biosorption by alginate (F) being
greater than the other different processes under
investigation (spongy/ composite (E) and free (D)). Also,
maximum percent of removal of uranium was s observed in
general at pH 4.5, whereas the maximum removals were as
following: alginate 84.80 % > spongy 81.22% > free 70.40%
respectively.

These results were dimensioned and decreased to the
lower values at the alkaline pH. This means that the
biosorption process was mainly pH dependent either in the
algal cells in the form of immobilization or in the free living.
The results explain that the pH plays a role in the nature of
uranium being able to adhere to the relatively static groups
of the biosobents and influences the speciation of uranium
in aqueous solutions as well as the ionization of surface of
functional groups and the binding sites on biomass surface
(Gok and Aytas, 2009).

Effect of different shaking rates on uranium absorption
The results in Figure 19 showed that the percentage
removal of uranium by the different samples was regularly
increased as the speed of shaking increased. The maximum
rate was indicated as the shaking speeds reached 300 rpm
especially when the alga integrated with alginate where the
percentage of removal reached (F) (84.80%). The alga
immobilized with spongy (E) (81.22 %) less than the
previous one. On the other hand, it could be obvious that
the least percentage of removal was reached as the algal
sample seeded in the form of free (D) (70.40%). Moreover,
the relative percentage of removal showed an obvious
decrease as the shaking rate increased.
The previous increment in case of alginate specially at
300 rpm may be explain on the basis that shaking enhances
the collision between the ionic form of uranium and algal
cell. Moreover, the collision speed resulted in an assist the
protrusion of many active side groups of algal wall to make
complex ions with uranium (Mallick, 2002).

Effect of contact time
To understand the kinetics of uranium removal by S.
quadricauda forms, pseudo first-order Fig (20) and pseudo
second-order kinetic models (Figure 21) are tested with the
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experimental data, as shown in Table 1. The goodness of
the model may be tested from the value of regression
coefficients and the consistency of the calculated value
(qcalc) with the experimental one.
The results indicated that the adsorption of uranium ions
onto S. quadricauda forms followed the pseudo-second
order rather than pseudo-first order kinetics. This implies
that the rate of adsorption of uranium ions on the used
adsorbents depends on the properties of both alga and
uranium.

CONCLUSION
The results of this manuscript recommended that biological
application for removal of uranium was promising
technique and costless as compared with the other
techniques. In this regard, S. quadricauda is one of the most
species that uptake uranium under the acidic medium with
in a very short time.
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