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Abstract

Rice straw as a low cost by-product and hen egg shell as a natural
waste were investigated for their efficiency toward removing methylene
blue (cationic dye) as an organic pollutant, from aqueous solutions. The
effect of contacting period between the investigated adsorbents and the
experimental dye, as well as adsorbents dosage and initial dye
concentration were examined for the highest removal efficiency
percentage. Obtained results revealed that the optimum contacting periods
for rice straw (RS) and egg shell powder (ESP) were 100 and 15 minutes
respectively. Obtained results indicated that 1.5 g/l of RS and 1 g/l of ESP
were the optimum dosages. At the end of the study, it's obtained that as the
initial dye concentration increase the amount of MB adsorbed per the unit
weight of the adsorbent was decreased. The equilibrium adsorption
behavior was examined by applying Langmuir and Freundlich adsorption
isotherm models. The Langmuir isotherm parameters X m and K | and the
Freundlich isotherm parameters K f and n were determined from the
adsorption equilibrium data for the various samples. Correlation
coefficients were also determined. Obtained results revealed that the
equilibrium adsorption data fitted well to the two models. Obtained results
and their statistical manipulation proved that both RS and ESP could be
potentially considered for removing MB dye from its aqueous solution.

INTRODUCTION

Synthetic dyes are extensively used by industries including dye houses,
paper printers, textile dyers «colour photography and as additives in petroleum
products (Zollinger, 1991and Selvam et al., 2003). The effluents of these
industries are highly colored and disposal of these wastes into the environment
can be extremely deleterious. Their presence in watercourses is aesthetically
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unacceptable and may be visible at concentration as low as 1 ppm (Zollinger,
1991). Moreover, they may also affect photosynthetic activity in aquatic
systems by reducing light penetration (Mahony et al., 2002).

Several workers have examined toxicity of dyes and textile wastewaters
on fish in relation to their mortality (Rana and Raizada, 1999 and Karanjkar et
al., 2000), and changes in RBC counts (Goel et al., 1981) and their
morphological abnormalities (Murugesan et al., 1989).

In Egypt the problem of color removal from textile wastewater has been
considered to be of great importance because of the need to satisfy the
increasing demand for water for various uses. For this reason, a national effort
has been launched to deal with this problem using natural, local adsorbents.
Investigations have been undertaken to determine whether cheap commercially
available materials hold promise in the treatment of wastewater. In spite of the
presence of a huge number of dyestuffs which are widely used in dyeing
processes, little data are available about their removal from dyeing wastewater.
Adsorption is used in industrial wastewater treatment to remove organic
materials such as color, phenols, detergents, and other toxic or non-
biodegradable (EI- Sherbiny et al., 2009).

Due to low biodegradability of dyes a conventional biological treatment
process is not very effective in treating a dye wastewater. It is usually treated by
physical and/or chemical methods (Garg et al., 2003). Although these treatment
methods are efficient, they are quite expensive and have operational problems
(Garg et al., 2003 and Kapdan et al., 2000).

Adsorption of the molecules onto various adsorbents is an ideal option
for de-colourization, which is evidenced by the effectiveness of adsorption for
various dye types (Kapdan et al., 2000 and Porter et al., 1999).

Rice cultivation produces large quantities of straw waste, ranging from
2 to about 9 tons/ha globally (Parr et al., 1992). Rice is one of the most
abundant crops in Egypt, 2 million feddans (EEAA, 2008) with an average
production of about 6.12 million tons per year and 9.5 tons per hectare in 2005
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(FAO, 2006). In Egypt, processing of rice in the River Nile Delta yields large
amounts of rice straw as residue. About 20% was used for other purposes such
as ethanol, paper, and fertilizer production as well as fodders (EI-Gammal and
Shakour, 2001) and the remaining part was left in the fields for burning within a
period of 30 days to quickly get rid of leftover debris. The resulting emissions
significantly contribute to the air pollution called the “Black Cloud” (Keshtkar
and Ashbaugh, 2007). While rice straw has large potential to be used for
controlling water quality as reported by Shahabuddin (2012).

William and Owen (1995) reported that egg shell considered a
promising material to serve as an adsorbent agent, because its chemical
composition and its porous nature. The principal component of the shell is
calcium carbonate which comprises more than 90% of the material (William
and Owen, 1995; Kuh and Kim, 2000 and Stadelman, 2000).

Methylene blue, a basic dye, is a heterocyclic aromatic chemical
compound with a diversity of different fields, including the dyeing of silk,
leather, paper, wool and cotton, and the production of ink and copying paper, as
well as the quality control test of concrete and mortar (Berneth, 2003) On the
other hand, it has been used as an effective therapeutant and antibacterial to
protect newly laid fish eggs from being infected by fungus or bacteria in the
aquacultural industry (Tacon and Forster, 2003). Therefore, it is necessary to
limit the potential negative impacts of aquacultural farm discharges on
environmental quality, and also maintain high surface water quality through a
recirculating aquaculture system during cultivation of fish.

The choice of methylene blue as adsorbate is due to its known strong
adsorption onto solids (Ozer and Dursun, 2007).

The present work aims to investigate the efficiency of row rice straw
and egg shell as low cost natural bi-products for removing methylene blue dye
as an organic pollutant from aqueous solutions.
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MATERIALS AND METHODS
Methylene blue (MB) Preparation and Determination:

In this experiment, Methylene blue (MB) dye was investigated for its
removal from its aqueous solution. MB is a heterocyclic compound, dark green
powder with the chemical structure: C16H1sCIN3S. MB solution was prepared
by dissolving MB powder in distilled water to prevent or at least minimize
possible interference. The dye was stirred until it was completely dissolved. A
stock solution of the dye was prepared by dissolving 1gram of dye in 1000 mL
distilled water to make a stock solution of 1000 mg/L. Then, the experimental
solution was prepared by diluting definite volume of the stock solution to get
the desired concentration. A series of standards with different dye
concentrations were prepared, while distilled water was used as a blank (0
mg/L). The blank and the standards were introduced into the UV-visible
spectrophotometer at a wavelength of 664 nm and the absorbance reading of the
blank and each standard were recorded.

Adsorbents preparation:
Rice straw (RS) preparation:

Rice straw remained as a waste after rice harvesting, gathered from the
surrounding fields and prepared through the following steps: 1- washed by
distilled water. 2- Sun dried for several days until complete dryness. 3- Cut to
small pieces. 4- Passed through very tight mesh sieve to obtain particles smaller
than 1mm. 5- dried in an oven at 60°C until constant weight. 6- Kept in plastic—
stopper bottles which preserved in desiccators to minimize contact with
humidity until use.

Egg shell powder (ESP) preparation:

Natural hen eggs were washed with tap water several times then air-
dried and incubated in hot air oven at 40 °C for 30 minutes (to prevent denature
of egg shell protein component which happen at temperatures higher than 40
°C). Consequently, egg shells were ground to a powder in a grinder, and sieved
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to obtain between 60-100 mesh (0.25-0.104 mm) size particles (Arunlertaree et
al., 2007).

Effect of Contact Time:

0.5 g of each of the investigated adsorbent materials (RS and ESP) was
added separately to 500 ml of MB dye solution with concentration of 100 mg/L
at room temperature. The mixture was stirred continuously with a magnetic
stirrer. The samples were then taken at different contact periods (2, 5, 10, 15,
20, 40, 60, 80, 100 and 120 minutes), filtered and the dye residues in each
sample were determined with UV-VIS Spectrophotometer. The removal
efficiency of each adsorbent substance at different tested contact periods was
investigated.

Effect of Adsorbent Dosage:

The optimum dose of each of the investigated adsorbent materials, was
determined by mixing various amounts of RS or ESP (0.2, 0.4, 0.6, 0.8, 1.0 and
1.5 g) into 1000 ml of six 100 mg/L MB solutions. The tested solutions were
stirred at room temperature for the optimum periods which previously
determined (100 minutes in case of rice straw and 15 minutes in case of Egg
shell powder). Samples were filtered and the dye residues in each sample were
determined with UV-VIS Spectrophotometer. The removal efficiency of each
adsorbent substance at different tested contact periods was investigated.

Adsorption isotherm:

Isotherm data were analyzed using Langmuir and Freundlich adsorption
equations. The two equations contain two adjustable parameters and different
constants were generated (Zubair and AbdelKhader, 2007 and Khan et al.,
2005) The Langmuir and Freundlich parameters were determined and
correlation coefficients were calculated.

Langmuir model is the simplest theoretical model for monolayer
adsorption onto a surface with finite number of identical sites (Agyei et al.,
2000 and Bajpai et al., 2000. The equation is applicable to homogeneous
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adsorption where adsorption process has equal activation energy, based on the
following basic assumptions (Abdullah et al., 2009): 1. Molecules are adsorbed
at a fixed number of well-defined localized sites, 2. Each site can hold one
adsorbate molecule, 3. All sites are energetically equivalent, 4. There is no
interaction between molecules adsorbed on neighboring sites.

The Langmuir isotherm in linear form is given as:
X =1/Xm.KI+1/C+1/ Xm

Where:

X = is the amount of the investigated dye adsorbed per gram of the adsorbent.
C = is the equilibrium concentration.

Xm = is a constant which is refer to the monolayer capacity.

Kl = is a constant which is a measure of adsorption binding energy.

Freundlich expression is an empirical equation applicable to non-ideal
sorption on heterogeneous surface as well as multilayer sorption. ( Selim and
Abdel-Khalek, 2010).

The linear form of Freundlich isotherm is:
Log x = LogK + 1/n LogC
Where:

K = is a constant which is a measure of adsorptive capacity.

1/n = is a constant refer to adsorption intensity. (Uddin, 2007; Khan, 2005). All
the constants are specific to test conditions and the adsorbent type. (Uddin,
2007).

The plots of 1/x versus 1/C and Log X versus Log C were made to test
the Langmuir and Freundlich adsorption models respectively. In each case
related respective constants were determined.
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Removal efficiency%o:

Removal efficiency percentage of different investigated adsorbents at
different contact periods as well as with different initial dye concentrations had
been calculated according to the following equation:

Removal efficiency % = (Ci —Cf/Ci) *100 where:
Ci = initial dye concentration
Cf = dye residue in the solution after treatment.

Statistical analysis:

Comparison of treatment means (all experiments were conducted in
three replicates) using one-way analysis of variance (ANOVA) followed by
Duncan’s Multiple Range Test (DMRT) was performed to compare the
different treatment means at 5% level of significance. The software SPSS,
version 10 (SPSS, Richmond, USA) was used as described by Dytham (1999).

RESULTS AND DISCUSSIONS

Obtained results indicated that the two investigated adsorbents (RS and
ESP) were potentially considered for inorganic pollutants (methylene blue dye)
removal from their aqueous solutions. This effectiveness could be attributed to
their chemical composition. Mohamed et al. (2016) reported that the native rice
straw contained about 41.15% cellulose, 20.46% hemicellulose, and 3.91%
lignin. William and Owen (1995) reported that egg shell considered an
attractive material to serve as an adsorbent agent, because its chemical
composition (94% calcium carbonate, 1% magnesium carbonate, 1% calcium
phosphate and 4% organic material), as well as the porous nature of egg shell
structure (7000-17000 pores).

The effect of Contacting period:

As shown in Table 1, MB residues decreased rapidly in the investigated
solution within the first 2 minutes; and then decreased gradually with the
increase of the contacting period with 1 g of each of the investigated adsorbent
materials per 1 liter of the solution; until 100 minutes in case of RS and 15
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minutes in case of ESP. Figures 1 and 2 revealing that the maximum removal
efficiency of MB by using RS or ESP are 96.91 and 97.12 %, respectively.

Dargo et al. (2014) indicated that MB dye adsorbed on modified rice
husk rapidly at the initial stages of the adsorption and equilibrium is attained
within about 120 min. They reported that after the rapid uptake, the capacity of
the adsorbent became exhausted and the adsorption would be replaced by the
transportation of dye from the external sites to the internal sites of the adsorbent
particles. Similar results were reported by many authors (Nwabanne and Mordi,
2009 and Singh et al. 2003).

Ngadi et al. (2013) reported that methylene blue dye was removed
rapidly in 5 minutes after mixing with egg shell powder; they found that the
quantity of adsorbed dye molecules rose with time and started to attain an
almost constant value around 30 minutes.

Table 1. Means = SE of MB residues at different contact periods with different
investigated adsorbent materials.

MB residues Mg/l

Contact period (minute)

Rice straw Egg shell
10040 ? 10040 ?
10.98+0.032 ° 7.127+0.045°
9.59+0.214 ¢ 5.916+0.016 ©
10 8.52+0.185 ¢ 4.096+0.374
15 7.7610.003 ¢ 2.878+0.042 9
20 6.64+0.016 ' 6.69+0.173 ™
40 5.92+0.184 ¢ 4.777+0.211 ¢
60 5.760.297 ¢ 6.655+0.288 ™
80 4.41+0.068 " 6.954+0.322 °
100 3.09+0.052 5.597+0.139 %
120 3.99+0.087 " 6.435+0.622 b<d

Means followed by different letters in each column are significantly different (Duncan's Multiple Range

Test P<0.05).
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Fig 2. Removal efficiency of 1 g ESP/I toward 100 mg MB/I at different contact
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The effect of adsorbents concentration:

As shown in Table 2, minimum MB residues were obtained when the
experimental solution had been mixed with 1.5 and 1 g/l of rice straw or ESP,
respectively. The maximum removal efficiencies of RS and ESP toward MB at
different adsorbents doses were 98.57 and 97.12 %, respectively, as illustrated in
Figures 3 and 4. Ngadi et al. (2013) mentioned that the adsorption efficiency
increased with adsorbent concentration because there were plenty of surface area
and more adsorption sites available to interact with the dye molecules provided by
the increased adsorbent dosage. In contrast, the low adsorption capability might
due to the saturation of adsorption sites and hence cannot further adsorb the dye
molecules. Dargo et al. (2014) found that the maximum removal percentage of
methylene blue was obtained when the experimental solution was mixed with 1
g/l of modified rice husk. Several investigations demonstrated that although,
increasing of adsorbent dosage leads to increase of active sites for adsorption, but
this phenomenon may not lead to high adsorption capacity and adsorption
efficiency of adsorbent due to the over load of the adsorbent area is decreased
(Verma and Mishra, 2010 and Alopes et al., 2004).

Table 2. Means = SE of MB residues in the experimental solution as treated with
different investigated adsorbent materials.

Adsorbent dose (g/l) MB residues Mg/l
Rice straw Egg shell

0.2 14.263+1.451° 9.539+0.551 2
0.4 7.93+0.949° 7.836+0.187 °
0.6 4.404+0.149° 6.418+0.016 ©
0.8 3.96+0.079° 4.926+0.179 ¢
1 2.454+0.019% 2.878+0.042 ©
15 1.432+0.048¢ 4.165+0.318 ¢

Means followed by different letters in each column are significantly different (Duncan's Multiple Range
Test P<0.05).
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Fig 4. removal efficiency of different doses of ESP toward 100 mg MBI/I.
The effect of initial dye concentration:

Table 3 revealing that MB residues in the experimental solution as
treated with either RS or ESP were affected with the initial dye concentration.
When the experimental solution mixed with rice straw, MB residues directly
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proportionated with its initial concentration. When different initial MB
experimental solutions were mixed with 1g Egg shell powder/l, the investigated
dye residues slightly fluctuated until in case of 5 g/l initial MB concentration,
were its residue was 3.105 mg/l, which increase sharply to 10.247 mg/l when
the investigated adsorbent ESP was mixed with 100 mg MB/I experimental
solution, based upon, there was no need to increase the initial MB concentration
than 100 mg/l. Figure 5 showing that the highest removal efficiencies had been
obtained after mixing 100, 150 and 200 mg MB/I with 1g RS/I. These values
were 98.51, 98.77 and 98.9 %, respectively. However, the highest removal
efficiency obtained as a result of treating the experimental solution with ESP
was 94.07% at an initial dye concentration of 40 mg/l. Similar results obtained
by Dargo et al. (2014) who found that the uptake of MB was rapid at lower
concentration (10-15 mg/L) and as concentration increase the amount of MB
adsorbed was decreased. In contrast Santhi and Manonmani, (2012) revealed
that the amount of MB adsorbed per unit mass of adsorbent increased with
increasing dye concentration.

Table 3. Means = SE of MB residues in the experimental solution as affected
with initial dye concentrations.

Initial dye concentration MB residues (Mg/l)
(mg/1)
Rice straw Egg shell

5 0.645 + 0.045 9 1.724 +0.019
10 0.757+0.03 ™ 1.518+0.2°¢
20 0.807 + 0.048 2.588 + 0.068
30 0.952+0.014 ° 1.855+0.417 ¢
40 1.181+0.018 ¢ 2.374 +0.093 ™
50 1.214 +0.011 ¢ 3.105+0.285°
100 1.494 +0.048 10.247 +0.746 2
150 1.844 +0.002 ° -
200 2.206 +0.124 2 -

Means followed by different letters in each column are significantly different (Duncan's Multiple Range

Test P<0.05).
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The adsorption isotherms:

The adsorption isotherms data, as shown in Table 4 for RS and in Table
5 for ESP were fitted to both the Langmuir and Freundlich isotherm equations.
The typical graphical representations of the linearized plots are shown in figures
7 and 8 for adsorption of MB on RS and ESP, respectively, according to
Langmuir equation; as well as in Figures 9 and 10 for adsorption of MB on RS
and ESP, respectively, according to Freundlich equation. The results show that
the adsorption process could be described well with both Langmuir and
Freundlich isotherms. The experimental equilibrium data fitted well to both
equations with correlation coefficient values greater than 0.9 for RS while these
values are 0.9686 and 0.9811 for Langmuir and Freundlich equations,
respectively, while these values for ESP are 0.8268 and 0.9601, respectively.
Similar results were reported in a related work (Okeola and Odebunmi, 2010).

Table 4. Isothermal data for RS as an Adsorbent.

RS dose (g/l) 0.2 0.4 0.6 0.8 1 15
C (Dye conc. mg/l) 14.26 7.93 4.4 3.96 2.45 1.43
Dye removed (mg/l) 85.74 92.07 95.6 96.04 9755  98.57
X (dye removed/g of .0 )9h1g 159.33  120.05 9755  65.71
adsorbent (mg/g)
1/C 0.07 0.126 0.227 0.253 0.408 0.699
1/X 0.0023 0.0044 0.0063 0.0083 0.0103  0.015
LogC 1.154 0.899 0.644 0.5977 0.3899  0.156
Log X 2.632 2.362 2.202 2.079 1.989 1.818
Langmuir data L/xmk 0.0198
g 1xm __ 0.0019
Xm 526.316
Langmuir constants K 0.096
R? 0.9686
. 1/n 0.8045
Freundlich data log K 16652
n 1.24
Freundlich constants K 46.28

0.9811
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Table 5. Isothermal data for ESP as an Adsorbent.
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ESP dose (g/l) 0.2 0.4 0.6 0.8 1 15
C (Dye conc. mg/l) 9.54 7.84 6.42 4.93 2.88 4.165
Dye removed (mg/1) 90.46 92.16 93.58 95.07 97.12 95.84
X (dye removedig of ., 4 230.4 15597 11884  97.12  63.89
adsorbent (mg/g)
1/C 0.105 0.128 0.156 0.203 0.347 0.24
1/X 0.0022 0.0043 0.006 0.0084 0.010 0.0157
Log C 0.98 0.894 0.807 0.692 0.459 0.62
Log X 2.655 2.363 2.193 2.075 1.987 1.805
Langmuir data L/xmk 0.0302
9 T/xm 0.0007
Xm 1428.57
Langmuir constants K 0.023
R’ 0.8268
. 1/n 2.131
Freundlich data log K 0.5165
n 0.469
Freundlich constants K 3.285
R® 0.9601
- ™
0.018
0.016 \;zﬂ 0198x+ 0. 0019
R?=0.9686
0.014
0.012
0.01
E'S-u /
= 0.008 ‘*/
0.006 /
0.004
0.002 2 2
ﬂ T T 1
Q 0.2 04 0.8
1/cC
o A

Fig 7. Application of Langmuir equation to the experimental data points
Determined for the adsorption of MB on the RS. The straight line

represents a linear regression fit to the result, Where:

X = is the mass of MB per unit mass of RS.
C = is the concentration after adsorption.
R = is the regression co-efficient.
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determined for the adsorption of MB on the ESP. The straight line
represents a linear regression fit to the result.
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Fig 9. Application of Freundlich equation to the experimental data points

determined for the adsorption of MB on the RS. Sorption of MB on
the ESP. The straight line represents.
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Fig.10. Application of Freundlich equation to the experimental data points
determined for the adsorption of MB on the ESP.

The Langmuir and Freundlich constants determined from the slopes and
intercepts of the respective plot are summarized in tables 4 and 5. Although the
constants are specific to test conditions and adsorption type, the obtained results
indicate comparable assessment of the investigated adsorbents. The constant X m
in the Langmuir isotherm which represents a practical limiting adsorption
capacity is useful in comparing performance adsorption of different adsorbents.
The value of X m relates directly with MB adsorbed from solution, this value for
ESP is higher than that of RS, while the Freundlich constant n of RS is higher
than that of ESP.

CONCLUSION

The two investigated adsorbents, rice straw and egg shell powder were
found potentially effective for removing the basic dye, Methylene blue, as an
organic pollutant, from its aqueous solutions. It is recommended to use such low
cost materials for improving the quality of the huge amounts of water, which
available in low quality, resulting in these types of waters became more suitable
for different purposes.
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