
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

Removal of Methylene Blue from aqueous solution by marine green alga
Ulva lactuca
A. El Sikailya; A. Khaleda; A. El Nemra; O. Abdelwahaba

a Environmental Division, National Institute of Oceanography and Fisheries, Alexandria, Egypt

To cite this Article Sikaily, A. El , Khaled, A. , Nemr, A. El and Abdelwahab, O.(2006) 'Removal of Methylene Blue from
aqueous solution by marine green alga Ulva lactuca', Chemistry and Ecology, 22: 2, 149 — 157
To link to this Article: DOI: 10.1080/02757540600579607
URL: http://dx.doi.org/10.1080/02757540600579607

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757540600579607
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Chemistry and Ecology
Vol. 22, No. 2, April 2006, 149–157
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Biosorption of colours is an important technology for treatment of different types of industrial
wastewaters containing dyes. The objective of this study was to convert green alga Ulva lactuca
to dye adsorbents for wastewater treatment. The importance of commonly available green alga Ulva
lactuca was investigated as viable biomaterials for the biological treatment of synthetic basic blue
9 (5-ch1oro-N,N,N ′,N ′-tetramethyl-5λ4-phenothiazine-3,7-diamine) effluents. The results obtained
from the batch experiments revealed the ability of the green algae to remove the basic blue 9, and this
was dependent on the dye concentration, pH, and algal biomass. We investigated the equilibrium and
kinetics of adsorption, and the Langmuir and Freundlich equations were used to fit the equilibrium
isotherm. The adsorption isotherm of basic blue 9 followed both the Langmuir and Freundlich models
with a correlation coefficient of ∼0.96–0.99, and the adsorption kinetics followed the pseudo-second-
order model (R2 = 1.0). The maximum adsorption capacity was about 40.2 mg of dye per gram of dry
green algae at pH 10, 25 g l−1 dye and 2.5 g l−1 alga concentrations. This study demonstrated that the
green algae could be used as an effective biosorbent for the treatment of dye-containing wastewater
streams.

Keywords: Biosorption; Basic dye; Methylene Blue; Green algae; Ulva lactuca;Wastewater treatment;
Removal of dyes

1. Introduction

Effluents from the dying and finishing process in the textile industry are known to contain
colour, high amounts of surfactants, dissolved solids, and possibly heavy metals such as Cr,
Ni, and Cu [1]. The effluents from the dyestuff manufacturing and other similar industries are
also generally highly coloured with a large amount of suspended organic solids, and hence are
important sources of water pollution [2]. From an environmental point of view, the removal
of synthetic dyes is of great concern, since some dyes and their degradation products may be
carcinogens and toxic [3], and it is difficult or impossible to remove these by conventional
biological treatment processes [4].
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Biological treatment processes are reported to be efficient in the removal of suspended solids
and the reduction in chemical oxygen demand but are largely ineffective at removing colour
from waste water [5]. Therefore, investigations have been conducted on physico-chemical
methods of removing colour from textile effluent [2]. These studies include the use of coagu-
lants [6], oxidizing agents [7], ultra-filtration, electro-chemical, and adsorption techniques [5].
Adsorption has been found to be an efficient and economic process to remove dyes, pigments,
and other colourants, and also to control the biochemical oxygen demand [8, 9].

There are relatively few studies on the use of aquatic plants as a biosorbent for dyes. Low
et al. [10] reported the potential of Hydrilla verticillata as absorbent for removal of basic dye
Methylene Blue under various conditions. The Ulva lactuca is another species of algae that is
widespread along the shores. It grows well in intertidal waters and accumulates high nutrient
levels in urban areas contaminated by domestic sewage [11].

In the present study, aqueous solutions of Methylene Blue dye was used as a model com-
pound in an attempt to use Ulva lactuca as an adsorbent. Although not greatly hazardous,
Methylene Blue can have various harmful effects [12]. The purpose of this work was to
investigate the adsorption capacity of Ulva lactuca to remove Methylene Blue from aqueous
solution and the kinetics and mechanisms of adsorption of Methylene Blue on various weights
of algae [13].

2. Material and methods

Ulva lactuca was washed with sea water, tap water, and then distilled water several times. The
clean algae were exposed to the sun for several days followed by oven drying at 100 ◦C for
24 h, and the dried algae were milled and sieved. Methylene Blue (MB) supplied by BDH was
used as absorbate and was not purified prior to use. All the other chemicals used in this study
were of reagent grade. Double-distilled water was used for preparing all of the solutions and
reagents.

Batch adsorption experiments were carried out using appropriately diluted 1000 mg l−1

stock solutions to the required initial concentrations. Adsorption experiments were carried out
at room temperature (25 ± 2 ◦C) [10]. The initial concentrations (5, 10, 15, 20, and 25 mg l−1)
of MB were obtained by measuring the adsorption at λmax 663 nm using a UV-VIS spec-
trophotometer (Milton Roy, Spectronic 21D). Exactly 100 ml of MB solution of known initial
concentration (concentration range 5–25 mg l−1) was shaken at a constant agitation speed
(200 rpm) with a required dose of algae (0.125, 0.25, 0.5, 0.75, and 1.0 g) of a fixed particle
size (0.315–0.8 nm) for a specific period of contact time (range 5–120 min). The algae were
selected according to size using a topmost sieve shaken on a mechanical shaker ‘Betrieb-
sanleitung vibration testing sieve mechanical machine Thyr 2’ for 20 min. The pH of the
solutions was adjusted to the required value (range: 2–10) by adding either 1 M HCl or 1 M
NaOH solution. The optimum pH was pH 10. After equilibration, the final concentrations (Cf )
were measured at λmax 663 nm. The percentage of dye removal and adsorbed (mg g−1) were
calculated using the following relationships:

Percentage removal = 100 × (Ci − Cf)/Ci (1)

Amount adsorbed (qe) = (Ci − Cf)/m, (2)

where Ci and Cf are the initial and final concentration (mg l−1) of dye, respectively, and m is
the mass of algae (g l−1).
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3. Results and discussion

The results obtained from the present investigation revealed the ability of Ulva lactuca in
treating MB.

3.1 Effect of contact time

The removal of different concentrations of dye colour by Ulva lactuca biomass was mon-
itored at various contact times and is shown in figure 1. The dye uptake profiles distinctly
showed three phases: the rate of removal/uptake was less initially (phase 1), progressively
increased, attained a rapid phase with progression of contact time (phase 2), and finally
levelled and attained saturation after a contact time of 45 min, remaining more or less con-
stant thereafter up to 120 min. The pattern of graphs was almost the same for all the dye
concentrations and biomass concentrations. Our results suggest that 30 min of contact time
is required for the initial contact of the algal biomass. After phase 1, the dye uptake was
increased and reached saturation at c. 45 min. The rate of dye uptake level reached saturation
more or less at the same time (45 min) for all concentrations of biomass, and removal was
constant.

3.2 Effect of algal biomass

The variations of dye removal (saturation) values are shown in figures 1 and 2 for all the algal
biomass and dye concentrations. An increase in adsorbent amount led to a decrease in dye
removal for most studied concentrations of dye. This study is not in agreement with the results
obtained by Namasivayam et al. [8] and Lee et al. [14], where the sorption capacity increased
with increasing biomass dosage.

Figure 1. Effect of different weights of algae on the adsorption of dye initial concentration of MB = 25 mg l−1.
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Figure 2. Effect of weight of algae on the removal efficiency at different dye concentrations.

3.3 Effect of pH

The pH value of the solution was an important parameter in controlling the adsorption process.
Basic dye upon dissolution released coloured dye cation in solution, and the adsorption of these
charged dye groups onto the adsorbent surface was primarily influenced by the surface charge
on the adsorbent, which in turn was influenced by the pH solution (figure 3). The maximum
affinity for this dye cation could be expected at alkaline pH values. At a low pH value, a
fewer anionic adsorption sites on the dried Ulva lactuca were generated, and sorption was
unfavourable, probably because of excess H+ competing with dye molecule for sorption sites
on the dried Ulva lactuca. The observed values also agree well with the results reported
in the literature [10, 15–18]. Another possible interference to biosorption mechanisms was

Figure 3. Amount of MB removed for two weights of algae at different pHs for the dye concentration 15 mg l−1.
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Table 1. Comparison of the first- and second-order adsorption rate constants for calculated and
experimental qe values at 25 mg l−1 initial MB concentration and different Ulva lactuca concentrations.

Parameter First-order kinetic model Second-order kinetic model

Algae conc. (g l−1) qe (exp.) Kad qe (calc.) R2 K2 qe (calc.) R2

1.25 16.603 0.032 2.203 0.846 0.040 16.75 1.000
2.50 7.835 −0.302 0.815 0.657 0.116 7.15 1.000
5.00 3.660 −0.025 0.102 0.565 0.883 3.66 1.000
7.50 2.394 −0.058 0.060 0.841 2.503 2.40 1.000

10.00 1.782 −0.063 0.014 0.637 7.173 1.78 1.000

Note: Conc.: concentration; exp.: experimental; calc.: calculated; the units of qe are mg g−1, Kad min−1, and
K2 g mg−1 min−1.

high ionic strength–high ionic strength, which significantly reduced the binding of cation to
biomass [19].

3.4 Adsorption dynamics

The adsorption rate constant is determined from the first-order rate expression given by
Lagergren rate equation [14, 20] as follows:

log(qe − qt ) = log qe − kad × t/2.303, (3)

where qe and qt are the amounts of dye adsorbed (mg g−1) at equilibrium and at time t (min),
respectively, and kad the rate constant of adsorption (min−1). Values of kad were calculated
from the plots of log(qe − qt) vs. t for different concentrations of Methylene Blue (table 1).
The experimental qe values do not agree with the calculated values obtained from the linear
plots. This shows that the adsorption of MB on Ulva lactuca is not a first-order reaction.

The second-order kinetic model [21] is expressed as follows:

t/qt = 1/(k2 × q2
e ) + t/qe, (4)

where k2 is the rate constant of second-order adsorption (g mg−1 min−1). If the second-order
kinetics is applicable, then the plot of t/qt vs. t should show a linear relationship (figure 4).

Figure 4. Pseudo-second-order model at different initial dye concentrations and 7.5 g l−1 of algae.
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There is no need to know any parameter beforehand, and the adsorption capacity at equilibrium
qe can be calculated from equation (4). Also, it is more likely to predict the behaviour over
the whole range of adsorption [21]. Values of k2 and qe were calculated from the intercept
and slope of the plots of t/qt vs. t. This shows a good agreement between experimental and
calculated qe values (table 1). The correlation coefficients for the second-order kinetic model
are 1.0. These indicate that the adsorption system belongs to the second-order kinetic model.
Similar phenomena have been observed in the biosorption of dye removal black B on biomass
[22, 23] and adsorption of Congo Red on coir pith carbon [24].

3.5 Adsorption isotherms

The adsorption data were analysed with the help of the following linear forms of Freundlich
and Langmuir isotherm [25], as follows:

log qe = log kf + (1/n) log Ce, (5)

where, log kf is roughly a measure of the adsorption capacity, and 1/n is an indicator of
adsorption effectiveness.

The Langmuir isotherm is:

Ce/qe = (1/ab) + (Ce/b), (6)

where qe is the amount of dye adsorbed per unit mass of adsorbent (mg g−1), and a and
b are the Langmuir constants, which are the measure of Langmuir sorption affinity (l g−1)
and monolayer adsorption capacity in (mg g−1), respectively. The values of the Freundlich
and Langmuir parameters were obtained from linear correlations between the values of (i)
log qe and log Ce and (ii) Ce/qe and Ce, respectively (table 2). The adsorption isotherms
along with the correlation coefficient are presented in figures 5 and 6. The observed linear
relationships as evidenced by the r-values (close to unity) indicate the applicability of these two
adsorption isotherms and the monolayer coverage on the adsorbent surface. The monolayer
adsorption capacities of the adsorbents possess a high adsorption capacity and hence could be
employed as low-cost adsorbents for the removal of MB. Further, the essential characteristics

Table 2. Freundlich and Langmuir constants for the adsorption of MB dye
on alga using different weight.

Concentration of alga U. lactuca (g l−1)

Parameter 1.25 2.5 5.0 7.5 10.0

Freundlich
log Kf 1.432 1.604 1.101 1.134 1.453
1/n 3.978 3.283 1.908 1.095 1.955
r 0.954 0.959 0.948 0.957 0.996

Langmuir
a 0.625 1.038 0.742 0.824 0.936
b 3.012 6.268 7.001 9.013 10.994
r 0.958 0.999 0.962 0.954 0.999
RL 0.660 0.660 0.540 0.460 0.520

Note: Data used: pH 10, speed 200 rpm, contact time 5–120 min, particle size 0.315–
0.80 nm, room temperature (25 ± 2 ◦C), concentration of dye 25 mg l−1. The units of Kf
and b are mg g−1, and a l g−1.
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Figure 5. Fitting adsorption data with Langmuir.

of the Langmuir isotherm can be described by adsorption factor RL, which is defined by the
following equation

RL = 1/(1 + aC), (7)

where C is any adsorbate concentration of dye at which the adsorption is carried out (mg l−1),
and a is the Langmuir sorption affinity (l g−1). The value of adsorption factor RL indicates
the nature of the adsorption process as given below (table 3). In the present study, the values
of RL computed are in the range of 0–1, indicating that the adsorption process is favourable
for all weights which may indicate low-cost adsorption. Moreover, the adsorption capacity of
Ulva lactuca for Methylene Blue was equivalent to rice-husk carbon (37.7 mg g−1) and straw

Figure 6. Fitting adsorption data with Freundlich.
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Table 3. Adsorption factor values and
corresponding nature of adsorption

process.

Nature of adsorption
RL value process

>1 Unfavourable
1 Linear
0–1 Favourable
0 Irreversible

carbon (42.6 mg g−1) but higher than the bamboo-dust carbon (7.2 mg g−1), coconut-shell
carbon (8.16 mg g−1), and groundnut-shell carbon (7.5 mg g−1).

4. Conclusions

The results of the present study showed a broader pH sorption, and the kinetics data showed that
sorption was quite rapid. Since Ulva lactuca is readily available in the environment, it is more
economical and can yield a sorbent of a higher sorption capacity than others. Furthermore,
regeneration is not necessary because it is available biological material. Since this study was
performed using synthetic waste water and at a laboratory scale, the results obtained may
have some variation if they are applied to real waste water. Parameters such as equilibrating
time, pH, dosage, and concentrations may stand as important factors in the adsorption process.
Further studies focusing on real waste water from different sources are needed.

References
[1] P. Grau. Textile industry wastewaters treatment. Water Sci. Technol., 24, 97–105 (1991).
[2] N. Kannan, S. Meenakshi. Kinetics and mechanism of removal of methylene blue by adsorption on various

carbons – a comparative study. Dyes Pigments, 51, 25–40 (2001).
[3] A. Reife. Dyes, environmental chemistry. In Kirk-Othmer Encyclopedia of Chemical Technology, 4th edn.,

pp. 753–768, Wiley, Washington, DC (1993).
[4] U. Pagga, D. Braun. The degradation of dye stuffs: Part II. Behavior of dye stuffs in aerobic biodegradation

tests. Chemosphere, 15, 479–484 (1986).
[5] G.R. Brower, G.D. Reed. Economical pre-treatment for colour removal from textile dye wastes. In Proceedings

of the 41st Industry Waste Conference, Purdue University, West Lafayette, IN (1986), pp. 612–616.
[6] N.K. Majewska. Effect of flow conditions on ultra-filtration efficiency of dye solutions and textile effluents.

Desalination, 71, 127 (1989).
[7] Z. Ding, C.W. Min, W.Q. Hwi. A study on the use of bipolar particles-electrode in the decolorization of dying

effluents and its principle. Water Sci. Technol., 19, 39–45 (1987).
[8] C. Namasivayam, N. Muniasamy, K. Gayatri, M. Rani, K. Rananathan. Removal of dyes from aqueous solutions

by cellulosic waste orange peel. Bioresour. Technol., 57, 37–43 (1996).
[9] C. Namasivayam, D. Prabha, M. Kumutha. Removal of direct red and acid brilliant blue by adsorption onto

banana pith. Bioresour. Technol., 64, 77–79 (1998).
[10] K.S. Low, C.K. Lee, L.L. Heng. Sorption of basic dyes by Hydrilla Verticillata. Environ. Technol., 14, 115–124

(1993).
[11] Y.B. Ho. Ulva lactuca as bioindicator of metal contamination in intertidal waters in Hong Kong. Hydrobiologia,

203, 73–81 (1990).
[12] H.B. Crauford, G. Clina. Water Treatment Plant Design, American Society of Civil Engineers, American Waters

Association, McGraw Hill, New York (1990).
[13] A. El Nemr, O. Abdelwahab, A. Khaled, A. El Sikaily. Removal of Chrysophenine from aqueous solution by

Ulva lactuca. Paper presented at International Conference on Aquatic Resources of the Arab Region 7–9 May
2005, Sheraton El Montaza, Alexandria, Egypt, p. 42 (2005).

[14] C.V. Lee, K.S. Low, S.W. Chow. Chrome sludge as adsorbent for color removal. Environ. Technol., 17, 1023–1028
(1996).

[15] K.S. Low, C.K. Lee. The removal of cationic dyes using Coco-nut husk as an adsorbent. Pertanika, 13, 221–228
(1990).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
2
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Removal of Methylene Blue from aqueous solution 157

[16] K.S. Low, C.K. Lee, K.K. Tan. Biosorption of basic dye by water hyacinth roots. Bioresour. Technol., 52, 79–83
(1995).

[17] A.K. Mittal, S.K. Gupta. Biosorsption of cationic dyes by dead macro fungus Fonitopsis carnea: batch studies.
Water Sci. Technol., 34, 81–87 (1996).

[18] K.R. Ramakrishna, T. Viraraghavan. Dye removal using low cost adsorbents. Water Sci. Technol., 36, 189–196
(1997).

[19] S. Schiewer, M.H. Wong. Ionic strength effects in biosorption of metals by marine algae. Chemosphere, 41,
189–196 (2000).

[20] S. Lagergren, K. Sven.Vetenskapsakad. Handl. 24, 1 (1898), as cited in Malik, P.K. Dye removal from wastewater
using activated carbon developed from sawdust: adsorption equilibrium and kinetics. J. Hazard. Mater., B113,
81–88 (2004).

[21] G. McKay, Y.S. Ho. Pseudo-second order model far sorption processes, Process Biochem., 34, 451–465 (1999).
[22] Z. Aksu, S. Tezer. Equilibrium and kinetic modeling of biosorption of Remazol black B by Rhizopus arrhizus

in a batch system: effect of temperature. Process Biochem., 36, 431–439 (2000).
[23] Z. Aksu. Biosorption of reactive dyes by dried activated sledges: Equilibrium and kinetic modeling. Biochem.

Eng. J., 7, 79–84 (2001).
[24] C. Namasivayam, D. Kavitha. Removal of Congo red from water by adsorption onto activated carbon prepared

from Coir pith, an agricultural solid waste. Dyes Pigments, 54, 47–48 (2002).
[25] D. Ghosh, K.G. Bhattacharyya. Adsorption of methylene blue on kaolinite. Appl. Clay Sci., 20, 295–300 (2002).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
2
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1


