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ion exchange [12-13], chemical coagulation [14], and rivers osmosis 
[15], electro dialysis [16], flocculation [17], bioremediation [18], 
and adsorption [19]. From these methods, adsorption method is 
widely used for absorption of MB because it does not use highly 
sophisticated technology rather it uses local available absorbents [20-
22]. Some of the common absorbent charcoal [23], clays [24], sands 
[25], zeolites [26], coconut shell [27], eggshell [28], sugar cane bagasse 
[29], rice husk [30], petroleum wastes [31], coffee husk [32], sawdust 
[33], industrial wastes [34], fertilizer waste [35], fly ash [36] , chitosan 
[37], algae [38], bacteria [39], yeasts [40], fruit wastes [41-43], etc. 
As far as we know, the comparative study of the absorbent such as 
Jamma sand and bagasse ash did not reported yet. In this work, the 
absorption efficiency of Jamma sand and Bagasse ash were compared. 
Some of the reasons why this work choice Jamma sand and Bagasse 
ash as absorbent are as follows: i) sugarcane bagasse ash is a sugar 
factory by product that are available everywhere, in addition to this, 
bagasse ash is rich in hydroxyl and phenolic groups which are very 
crucial for absorption of MB from waste water [44-46]. ii) Jamma 
Sand consists of small particles or grains of mineral, in other words, it 
have high surface areas, which is very important for absorption of MB 
[46-48]. Our experimental results revealed that absorption efficiency 
of bagasse ash is 99.14% and that of Jamma sand is 93.75%, such 
difference were due to the porosity of the bagasse ash higher than that 
of Jamma sand.
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Abstract
The widely available and easily accessible natural resources are very important to remove organic dyes from wastewater. Here in this work, Methyele 
Blue (MB) removal efficiency of Jemma Silica Sand (JSS) and Sugar Cane Bagasse ash (SCBA) from aqueous solutions was investigated. The XRD 
patterns revealed that both JSS and SCBA are crystalline, but the crystalline size of JSS is 56.27 nm and that of SCBA is 70.90 nm. In addition to the 
percentage of silicon dioxide in JSS was 98% and in that of SCBA was 71.5% as confirmed by XRF results. The morphology and elemental composition 
of the two materials were revealed by SEM and EDX. The MB removal efficiency of SCBA (~99.14%) is greater than that of JSS (~93.75) because 
of its higher porosities nature. The adsorption of MB by SCBA follows the Freundlich isotherm model and pseudo-second-order kinetic model 
indicating chemisorption. Therefore, SCBA is promising absorbent for removing MB from wastewater because of its efficient, cost-effectiveness, and 
environmentally friendly nature.
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Introduction
Purified water is the most essential substance for all living thing 

to survive. In the absence of water, life cannot be sustained beyond a 
few days [1]. In addition to this, our every activity such as washing, 
sanitary, bathing, irrigation, and air-conditioning are required water. 
The importance of water in industries is unquestionable, particularly 
processing industries [2]. However, now days there are less percentage 
of uncontaminated water available particularly in developing 
countries because of expansion of industrialization accompanied by 
enormous discharge of waste to the environment. Many Industries 
including dying, printing, rubber, cosmetics, textile, leather, paper, 
and plastics use dyes to color their products, as a result approximately 
around 100,000 commercially available dyes that produced more 
than 7 × 105 tons of dyestuff annually [3-7]. These industries utilized 
such large number of dyes and then discharge a large amount of 
colored wastewater to water bodies. Dyes can be classified as anionic, 
cationic, and non-ionic dyes [8]. Methylene blue is a cationic dye 
most commonly used for dying purpose [9]. Drinking water that was 
contaminated with MB may leads to diseases such as vomiting, shock, 
increase heart rate, Heinz body formation, cyanosis, jaundice, tissue 
necrosis in humans, and quadriplegia [10]. In order, to overcome 
such healthy problems, removing the MB from the industrial effluent 
is very important. Commonly reported and widely used methods 
for purifying contaminated water are chemical precipitation [11], 
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Materials and Preparation Method
Materials

The raw materials used in this work are sugarcane bagasse ash and 
Jemma silica, distilled water and tap water are used for washing. Flask, 
centrifuge, mortal, pestle, and 60 μm sieve were used. Methylene blue 
was used as a dye source.

Preparation method
Sugarcane bagasse ash: The raw sugarcane bagasse ash was 

collected from the Wonji Sugar factory, Ethiopia. The SCBA will wash 
with distilled water and Sun-dried for 2 days in the laboratory and 
sieved by 60 μm sieve.

Jema silica sand: Jema sand was collect from the Jema river basin 
which is found in the Amhara region, Ethiopia and it milled and sieved 
under 60 μm.

Materials characterizations
The phase purity of SCBA and JSS materials were examined using 

X-ray powder diffraction at copper Kα radiation (λCuKa=1.5418 Å), 
a scan speed of 3.0000 (deg/min), voltage (40 kV), current (30 mA), 
XRF was used to know the elemental composition of the materials and 
scanning range (10-80°). The surface morphology was analyzed by 
Scanning electron microscopy and the elemental composition of the 
adsorbents was analyzed by energy-dispersive X-ray spectrometry and 
finally, functional groups on the adsorbent surface identify by using 
Fourier Transform Infrared (FTIR) spectra with a wave number range 
of 400-4000 cm-1. The absorption efficiencies of both materials were 
evaluated by using UV-Visible spectrophotometer.

Adsorption experiment
Methylene blue stock solution was prepared in distilled water by 

using a standard concentration of methylene blue. Then, a series of 
adsorption tests were carried out at typical equilibrium conditions 
for the optimization of adsorbents. For each adsorption test, a stock 
solution of Methylene blue was treated with 1 gr of adsorbents per 
litter. Then, the mixture was stirred and samples were analyzed 
by using UV-Visible spectrophotometer. Removal efficiency and 

adsorption capacity of the adsorbents were calculated using equation 
1 and 2 as shown below:

( ) /e o eq V C C m= − ………………..…….. (1)

(%) ( ) / 100o t oC C Cη = − × ……………… (2)

Where qe (mg/g) is the equilibrium adsorption capacity, Co is the 
initial concentration of methylene blue, Ce (mg/L) is the concentration 
of methylene blue at equilibrium time, Ct is the concentration of 
methylene blue at a given time, V is the volume of solution, m is mass 
of the adsorbent, η (removal efficiency) according to [49-52].

Results and Discussions
XRD analysis

The XRD patterns of SCBA and JSS are sown in figure 1. The XRD 
data of SCBA revealed that the diffraction peaks at angles of 2θ=21°, 
26.5°, 51°, 54.9°, 60° correspond to the (100), (101), (112), (202), 
(211) crystallographic plane, that match with the standard XRD data 
of Silicon Dioxide (SiO2) [53]. In addition to these main peaks, other 
peaks were shown owing to the presence of other compounds such 
as Al2O3, K2O, Fe2O3, C2O and Na2O. Similarly, the XRD patterns of 
JSS also revealed that the diffraction peaks at angles of 2θ=21°, 26.5°, 
39.5°, 45.9°, 51°, 54.9°, 60° correspond to the (100), (101), (102), (201), 
(112), (202), (211) crystallographic plane that is almost similar to the 
standard XRD pattern of silicon dioxide (SiO2). The main peaks are 
observed clearly and no higher other peaks were shown owing to the 
absence of other compounds. Based on this result we hypothesize that 
SCBA have less silica than JSS as revealed by the data of XRD.

The crystalline size of SCBA and JSS particles was calculated by 
scherrer equation 3 to be around 70.90 nm and 56.27 nm respectively.

/ cosD Kλ β θ= …….………………………… (3)

Where, λ=0.15406 nm (wavelength of X-ray), K=0.9 (Scherrer 
constant), D=crystalline size (nm), and β=FWHM.

The crystalline size of SCBA is larger than JSS sand as we calculate 
using Scherrer formula. As particle size decreases the surface area of 
the material increases which promotes rapid reaction thus leads to high 

Figure 1: XRD patterns of SCBA and JSS.

 



 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Asefa MT, Lelisa W, Feyisa GB (2022) Comparative Study on Removal Efficiency of Methylene Blue from Wastewater by using 
Nano-Scaled Sugarcane Bagasse Ash and Jema Silica Sand. Int J Water Wastewater Treat 8(1): dx.doi.org/10.16966/2381-5299.181 3

International Journal of Water and Wastewater Treatment
Open Access Journal

adsorption. According to this explanation we are going to predict that 
JSS will have higher adsorption efficiency than SCBA due to smaller 
particle size which leads to large surface area of material. However, 
porosity nature of SCBA was much higher than that of JSS as shown 
in figure 2. Thus the SEM results showed that there is more porosity 
nature on the surface of SCBA than JSS.

XRF analysis
It was performed to know the chemical compositions of the 

minerals that are present in the materials (SCBA and JSS). The XRF 
results were listed in table 1. These results revealed that silica was 
present in both SCBA and JSS but the amount of the silica in both 
materials are different. JSS have higher content of silica than SCBA. 
Therefore, both materials are considered as silica-based materials [51].

SEM and EDX analysis
Figure 2 shows the SEM and EDX results of SCBA and JSS. The 

morphology of SCBA was shown in figure 2(a) that showed a more 
porous surface with small grain boundaries. Similarly, the morphology 
of JSS is indicated in figure 2(b) which revealed smooth surface and 
large grain boundaries. Energy Dispersive X-ray (EDX) results also 
showed in figure 2(c) and 2(d). The results revealed that SiO2, Al2O3, 
K2O, Fe2O3, CaO, and Na2O were on served in SCBA and in JSS sample, 
the following elements are detected: SiO2, Al2O3, K2O, Fe2O3, TiO2 and 
MgO. The result of EDX elemental analysis for SCBA and JSS showing 
the presence of high composition of SiO2 with other impurities as 
expected.

FTIR analysis
The FTIR spectrum of SCBA and JSS are shown in figure 3 which 

shows an almost similar spectrum with different intensity of peaks. In 
the fingerprint region, the spectrum shows a broad and intense band 
around 1101 cm-1, shows that the characteristic of anti-symmetric 
stretching vibration of the Si-O-Si and a less intense band around 
789 cm-1 is due to Si-O-Si symmetric stretching vibrations. These 
are characteristic strong bands for silica and there are peaks around 
3440 cm-1 and 1631 cm-1 which corresponds to the stretching of the 

hydroxyl groups (OH-) from adsorbed water molecules. The sharpness 
of the peaks could determine the amount of water (H2O) molecule 
adsorbed on the surface of the samples, which in turn can be used 
to estimate the amount of the hydroxyl functional groups present 
in the sample. Reduced band sharpness is observed for JSS, which 
indicates the material contains fewer bonded H2O molecules. SCBA 
samples on the other hand have intense peaks of the band which may 
be attributed to the presence of more water molecules adsorbed on the 
surface. Therefore, the presence of a large number of hydroxyl groups 
(–OH−) on SCBA material can be determined that the SCBA sample 
is favorable for the adsorption of methylene blue.

Adsorption performance analysis
Effect of contact time: The adsorption of methylene blue by SCBA 

and JSS at room temperature, initial methylene blue concentration of 
10 ppm, and adsorbent dosage (SCBA and JSS) of 1 g/L were used to 
study the effect of contact time for 14 hours (0-840 min) and to compare 
the capacities of the adsorbents and removal efficiency of SCBA and 
JSS. The adsorption of methylene blue was very fast at first for both 
SCBA, this is because of the availability of a large number of vacant 
active-sites on the surface of the adsorbents, then the SCBA sample 
shows only a slight increase and eventually reached equilibrium, as 
shown in figure 4. The presence of a large number of active sites on the 
surface and pores resulted in rapid adsorption process while for JSS 
sample there is a gradual occupation of sites due less active sites leads 
to slow adsorption process.

Effect of initial concentrations: The percentage removal of 
methylene blue decreases as the concentrations of methylene blue 
increase from 10 ppm-40 ppm [54,55]. This is because, at a low initial 
concentration of methylene blue, many adsorption sites are relatively 
high compared to the amount of adsorbed species. On the other hand 
at high initial concentration, the total available adsorption sites of the 
adsorbents (SCBA) meet saturation of adsorption site which causes 
a decrease in the adsorption efficiency. On the other hand, when 
the initial concentration of methylene blue increased the adsorption 
capacity is also increases this is because the active sites of SCBA 

Figure 2: SEM image of a) SCBA b) JSS and EDX spectra of c) SCBA d) JSS.
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Figure 4: Effect of contact time on the removal efficiency of SCBA and 
JSS.

 

Figure 3: Fourier transform infrared spectroscopy (FT-IR) spectra of 
SCBA and JSS.

 

Composition (%) SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO P2O5 TiO2 LOI

SCBA 71.50 8.16 5.12 1.68 1.24 1.60 5.80 <0.01 0.68 0.34 3.59

Jema sand 97.948 0.966 0.089 0.061 0.017 0.144 0.014 0.003 0.023 0.099 0.629

Table 1: Chemical Composition of SCBA and Jema sand.

adsorbent were enclosed by much more methylene blue and leading 
to a higher amount of methylene blue that adsorbed from the solution. 
Thus, an increased initial concentration of methylene blue leads to 
an increase in absorbance capacity. Figure 5 shows the effect of dye 
concentration on removal efficiency and adsorption capacity of SCBA 
and JSS respectively.

Effect of mass of adsorbent: The amounts of methylene blue 
adsorbed by different amounts of SCBA as shown in adsorbent are 
shown in figure 6. Adsorbent dosage increases from 0.4 to 1 g which 
leads to an increase in adsorptions percentage. This is due to more 
adsorption sites introduced to the solution by increasing the number 

of adsorbent particles which tends to more methylene blue attached as 
the adsorbent weight increases [56].

Adsorption isotherm analysis

An equilibrium model that is used to characterized equilibrium 
behavior by describing the amount of adsorbate adsorbed as a function 
of gases or liquids at a constant temperature is called an isotherm [57]. 
Adsorption isotherm models are basic to investigate the adsorption 
process [58]. Adsorption isotherms are the main spring to define the 
adsorption of substances. As yet, various equilibrium models are used 
to explain the adsorption process, like Langmuir, Freundlich, Temkin, 
Slips, Hill, Radke-Prausnitz, and Flory-Huggins isotherms, Whereas 
Langmuir and Freundlich adsorption isotherm as mentioned in 
table 2 are the most customary used models [58-62].

The Langmuir model assumes that the adsorbent surface for the 
removal of metal ions is homogenous and flat without any interaction 
between adsorbed molecules or ions. On the other hand, the Freundlich 
model assumes that the adsorption occurs on a heterogeneous surface. 
Each localized adsorption sites have their bond energy, the stronger 
binding sites are settled first till the end of the adsorption process 
[57]. Where qe (mg/g) is the adsorption capacity at equilibrium time, 
qmax (mg/g) is the maximum adsorption capacity achieved by the 
adsorbent, b (L/mg) is the Langmuir adsorption constant, Ce (mg/L) is 
the equilibrium concentration, KF is the Freundlich constant [(mg/g)
(L/g)1/n] which represents binding energy of the adsorbents, and n 
is the adsorption intensity. Figure 7(a) presents Langmuir isotherm a 
plot of 1/qe against 1/Ce and figure 7(b) represents a plot of lnqe against 
lnCe which shows the Freundlich isotherm model.

Therefore, according to the results, Freundlich isotherm was the 
best-fitted model with a correlation coefficient (R2)=0.64789 rather 
than Langmuir isotherm with a correlation coefficient (R2) around 
0.4849 which is very far from 1.

Adsorption kinetics
Adsorption kinetics study is critical in remediation of effluents 

since significant information on the performance of the process, 
reaction ways, and the mechanism of adsorption reactions is provided. 
Adsorption processes are mostly described using pseudo-first-order 
and pseudo-second-order kinetic models based on chemical reaction 
kinetics (Table 3) [62-64].

Figure 8 shows Pseudo-first-order (a) and Pseudo-second-order 
kinetic model for SCBA. In pseudo-first-order kinetic models, there is 
a large difference in qe, exp, and qe, cal which show that the adsorption 
of methylene blue by SCBA doesn’t obey pseudo-first-order kinetics 
in the other hand the value of qe, exp, and qe, cal obtained in pseudo-
second-order model is very closer. In addition to this, the correlation 
coefficient (R2)=0.87862 in pseudo-first-order kinetics while the 
pseudo-second-order kinetics model showed a higher correlation 
coefficient (R2)=0.99975 so we can confirm that pseudo-second-order 
is the best-fitted model for SCBA.
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Figure 5: Effect of contact time on the removal efficiency of SCBA and JSS.

 

Figure 6: Effect of dye concentration on removal efficiency and adsorption capacity of SCBA and JSS.
 

Figure 7: (a) Langmuir adsorption isotherm and (b) Freundlich isotherm model for SCBA.
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Isotherm model Non-linear equation Linear equation plot Reference

Langmuir
max

(1 )
e

e
e

q bcq
bc

=
+ max max

1e e

e

c c
q bq q

= + e
e

e

c vs c
q Chen X, et al. [61]

Freundlich
1
n

e F eq K C=
1ln ln lne e Fq c K
n

= + ln lne eq vs C Chen Z, et al. [62]

Table 2: Equations for Langmuir and Freundlich isotherm models.

Isotherm Model Equation Plot Reference

Pseudo-First Order log( ) log / 2.303e etq K tq q− = − 1 log( )teq vs timeq− Ho YS, et al. [65]

Pseudo-Second Order 2
2

1

e e

t t
qt K q q

= + t vs time
qt

Ho YS, et al. [65]

Table 3: Equations for pseudo-first-order and pseudo-second-order kinetic models.

Conclusions
The methylene blue absorption capacity of the sugarcane bagasse 

ash (SCBA) and Jema silica sand (JSS) were investigated comparatively. 
The adsorption capacity of the SCBA and JSS is 99.14% and 93.75.14% 
respectively. The SEM results confirmed that the morphology of SCBA 
was more porous than JSS which enable SCBA high absorption capacity. 
The Langmuir and Freundlich equations were utilized to describe 
the equilibrium data. However, Freundlich isotherm model was the 
best-fitted adsorption isotherm data. In addition to this, the kinetic 
study performed showed the adsorption followed the pseudo-second-
order kinetic model. Thus, the experimental results suggest that SCBA 
is an active adsorbent with higher removal efficiency, cost-effective, 
and environmentally friendly so this material could be a potential 
adsorbent for the removal of methylene blue from wastewater.

Acknowledgment
We are greatly thankful for material science and Engineering, 

Adama Science and Engineering, adama, Ethiopia for supporting us.

References
1.	 Howard G, Bartram J (2003) Domestic Water Quantity, Service Level, 

and Health. World Health Organization.

2.	 Bansil PC (2004) Water management in India. Concept Publishing.

3.	 Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN 
(2014) Toxicity, mechanism and health effects of some heavy metals. 
Interdiscip Toxicol 7: 60-72.

4.	 Fiyadh SS, AlSaadi MA, Jaafar WZ, AlOmar MK (2019) Review on 
heavy metal adsorption processes by carbon nanotubes. Journal of 
Cleaner Production 230: 783-793.

5.	 Obayomi KS, Auta Mm (2019) Development of microporous 
activated Aloji clay for adsorption of lead (II) ions from aqueous 
solution. Heliyon 5: e02799.

6.	 Godswill AC, Somtochukwu IV (2017) Industrial waste management: 
brief survey and advice to cottage, small and medium scale 
industries in Uganda. Int J Advanced Academic Research 3: 26-43.

Figure 8: Pseudo-first-order (a) and Pseudo-second-order kinetic model for SCBA.

 

https://www.google.co.in/books/edition/Domestic_Water_Quantity_Service_Level_an/IosStwAACAAJ?hl=en
https://www.google.co.in/books/edition/Domestic_Water_Quantity_Service_Level_an/IosStwAACAAJ?hl=en
https://www.google.co.in/books/edition/Water_Management_in_India/u7ojYC9csS8C?hl=en&gbpv=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://agris.fao.org/agris-search/search.do?recordID=US201900364782
https://agris.fao.org/agris-search/search.do?recordID=US201900364782
https://agris.fao.org/agris-search/search.do?recordID=US201900364782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6895723/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6895723/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6895723/
https://www.ijaar.org/articles/Volume3-Number1/Sciences-Technology-Engineering/ijaar-ste-v3n1-jan17-p8.pdf
https://www.ijaar.org/articles/Volume3-Number1/Sciences-Technology-Engineering/ijaar-ste-v3n1-jan17-p8.pdf
https://www.ijaar.org/articles/Volume3-Number1/Sciences-Technology-Engineering/ijaar-ste-v3n1-jan17-p8.pdf


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Asefa MT, Lelisa W, Feyisa GB (2022) Comparative Study on Removal Efficiency of Methylene Blue from Wastewater by using 
Nano-Scaled Sugarcane Bagasse Ash and Jema Silica Sand. Int J Water Wastewater Treat 8(1): dx.doi.org/10.16966/2381-5299.181 7

International Journal of Water and Wastewater Treatment
Open Access Journal

7.	 Davari P, Maibach H (2011) Contact urticaria to cosmetic and 
industrial dyes. Clinical and Experimental Dermatology: Clinical 
dermatology 36: 1-5.

8.	 Rafatullah M, Sulaiman O, Hashim R, Ahmad A (2010) Adsorption of 
methylene blue on low-cost adsorbents: a review. J Hazard Mater 
177: 70-80.

9.	 Khodaie M, Ghasemi N, Moradi B, Rahimi M (2013) Removal of 
methylene blue from wastewater by adsorption onto ZnCl2 activated 
corn husk carbon equilibrium studies. J Chem.

10.	 Ahmad R, Kumar R (2010) Adsorption studies of hazardous malachite 
green onto treated ginger waste. J Environ Manage 91: 1032-1038.

11.	 Sivamani S, Leena G (2009) Removal of dyes from wastewater using 
adsorption-a review. Int J Biosci Technol 2: 47-51.

12.	 Wang LK, Vaccari DA, Li Y, Shammas NK (2005) Chemical Precipitation. 
In: Wang LK, Shammas NK, Hung YT (eds) Physicochemical Treatment 
Processes. Humana Press.

13.	 Nachod FC (2012) Ion Exchange: Theory and Application. Elsevier 
Science.

14.	 Rashed I, Hanna MA, El-Gamal HF, Al-Sarawy AA, Wali  FKM (2005) 
Overview On Chemical Oxidation Technology In Wastewater 
Treatment. Ninth International Water Technology Conference, 
IWTC9 2005, Sharm El-Sheikh, Egypt 115-131.

15.	 Amjad Z (1993) Reverse osmosis : Membrane technology, water 
chemistry, and industrial applications. New York: Van Nostrand 
Reinhold.

16.	 Mohammadi T, Moheb A, Sadrzadeh M, Razmi A (2005) Modeling of 
metal ion removal from wastewater by electrodialysis. Separation 
and Purification Technology 41: 73-82.

17.	 Bratby J (1980) Coagulation and Flocculation: With an Emphasis on 
Water and Wastewater Treatment. Uplands Press.

18.	 Vidali M (2001) Bioremediation. An overview. Pure Appl Chem 73: 
1163-1172.

19.	 Li Q, Zhao Y, Qu D, Wang H, Chen J, et al. (2018) Preparation of Ag-
MnFe2O4-bentonite Magnetic Composite for Pb(II)/Cd(II) Adsorption 
Removal and Bacterial Inactivation in Wastewater. Chem Res Chin 
Univ 34: 808-816.

20.	 Zhang T, Wang W, Zhao Y, Bai H, Wen T, et al. (2020) Removal of 
heavy metals and dyes by clay-based adsorbents: From natural clays 
to 1D and 2D nano-composites. Chem Eng J.

21.	 Otunola BO, Ololade OO (2020) A review on the application of clay 
minerals as heavy metal adsorbents for remediation purposes. 
Environ Technol Innov 18: 100692.

22.	 Naushad M. Al-Othman ZA (2013) A book on ion exchange, 
adsorption and solvent extraction. Nova Science Publishers, 
Incorporated.

23.	 Widiyastuti W, Rois MF, Suari NMIP, Setyawan H (2020) Activated 
carbon nanofibers derived from coconut shell charcoal for dye 
removal application. Adv Powder Technol 31: 3267-3273.

24.	 Kausar A, Iqbal M, Javed A, Aftab K, Nazli Z, et al. (2018) Dyes 
adsorption using clay and modified clay: A review. J Mol Liq 256: 
395-407.

25.	 Vegliò F, Passariello B, Abbruzzese C (1999) Iron removal process for 
high-purity silica sands production by oxalic acid leaching. Ind Eng 
Chem Res 38: 4443-4448.

26.	 Wang S, Li H, Xu L (2006) Application of zeolite MCM-22 for basic 
dye removal from wastewater. J Colloid Interface Sci 295: 71-78.

27.	 Aljeboree AM, Alshirifi AN, Alkaim AF (2017) Kinetics and equilibrium 
study for the adsorption of textile dyes on coconut shell activated 
carbon. Arab J Chem 10: S3381-S3393.

28.	 Tsai WT, Hsien KJ, Hsu HC, Lin CM, Lin KY, et al. (2008) Utilization of 
ground eggshell waste as an adsorbent for the removal of dyes from 
aqueous solution. Bioresour Technol 99: 1623-1629.

29.	 Amin NK (2008) Removal of reactive dye from aqueous solutions 
by adsorption onto activated carbons prepared from sugarcane 
bagasse pith. Desalination 223: 152-161.

30.	 Chuah TG, Jumasiah A, Azni I, Katayon S, Choong SYT (2005) Rice 
husk as a potentially low-cost biosorbent for heavy metal and dye 
removal: an overview. Desalination 175: 305-316.

31.	 Raj RA, Manimozhi V, Saravanathamizhan R (2019) Adsorption 
studies on removal of Congo red dye from aqueous solution using 
petroleum coke. Pet Sci Technol 37: 913-924.

32.	 Ahmad MA, Rahman NK (2011) Equilibrium, kinetics and 
thermodynamic of Remazol Brilliant Orange 3R dye adsorption on 
coffee husk-based activated carbon. Chem Eng J 170: 154-161.

33.	 Garg VK, Gupta R, Bala Yadav A, Kumar R (2003) Dye removal from 
aqueous solution by adsorption on treated sawdust. Bioresour 
Technol 89: 121-124.

34.	 Jain A, Gupta VK, Bhatnagar A, Suhas (2003) A comparative study 
of adsorbents prepared from industrial wastes for removal of dyes. 
Sep Sci Technol 38: 463-481.

35.	 Mall I, Srivastava VC, Kumar GVA, Mishra IM (2006) Characterization 
and utilization of mesoporous fertilizer plant waste carbon for 
adsorptive removal of dyes from aqueous solution. Colloids Surf A 
Physicochem Eng 278: 175-187.

36.	 Mohan D, Singh KP, Singh G, Kumar K (2002) Removal of dyes from 
wastewater using flyash, a low-cost adsorbent. Ind Eng Chem Res 
41: 3688-3695.

37.	 Vakili M, Rafatullah M, Salamatinia B, Abdullah AZ, Ibrahim MH, et 
al. (2014) Application of chitosan and its derivatives as adsorbents 
for dye removal from water and wastewater: A review. Carbohydr 
Polym 113: 115-130.

38.	 El Sikaily A, Khaled A, El Nemr A, Abdelwahab O (2006) Removal of 
methylene blue from aqueous solution by marine green alga Ulva 
lactuca. Chem Ecol 22: 149-157.

39.	 Khan R, Banerjee UC (2010) Decolorization of Azo Dyes by 
Immobilized Bacteria. In: Atacag Erkurt H (eds) Biodegradation of 
Azo Dyes. The Handbook of Environmental Chemistry, Springer, 
Berlin, Heidelberg 9: 73-84.

40.	 De Castro KC, Cossolin AS, Oliveira dos Reis HC, de Morais EB (2017) 
Biosorption of anionic textile dyes from aqueous solution by yeast 
slurry from brewery. Braz Arch Biol Technol 60: e17160101.

41.	 Pavan FA, Lima EC, Dias SL, Mazzocato AC (2008) Methylene blue 
biosorption from aqueous solutions by yellow passion fruit waste. J 
Hazard Mater 150: 703-712.

42.	 Cameselle C, Gouveia S, Akretche DE, Belhadj B (2013) Advances in 
electrokinetic remediation for the removal of organic contaminants 
in soils. In: Nageeb Rashed M (eds) Organic Pollutants-Monitoring, 
Risk and Treatment. IntechOpen, Croatia 209-229.

https://pubmed.ncbi.nlm.nih.gov/20456377/
https://pubmed.ncbi.nlm.nih.gov/20456377/
https://pubmed.ncbi.nlm.nih.gov/20456377/
https://pubmed.ncbi.nlm.nih.gov/20044207/
https://pubmed.ncbi.nlm.nih.gov/20044207/
https://pubmed.ncbi.nlm.nih.gov/20044207/
https://www.hindawi.com/journals/jchem/2013/383985/
https://www.hindawi.com/journals/jchem/2013/383985/
https://www.hindawi.com/journals/jchem/2013/383985/
https://pubmed.ncbi.nlm.nih.gov/20060638/
https://pubmed.ncbi.nlm.nih.gov/20060638/
https://zenodo.org/record/1436044
https://zenodo.org/record/1436044
https://www.google.co.in/books/edition/Physicochemical_Treatment_Processes/GlZ7xxtrfS8C?hl=en&gbpv=0
https://www.google.co.in/books/edition/Physicochemical_Treatment_Processes/GlZ7xxtrfS8C?hl=en&gbpv=0
https://www.google.co.in/books/edition/Physicochemical_Treatment_Processes/GlZ7xxtrfS8C?hl=en&gbpv=0
https://www.google.co.in/books/edition/Ion_Exchange/LejpwGFcmmsC?hl=en&gbpv=0
https://www.google.co.in/books/edition/Ion_Exchange/LejpwGFcmmsC?hl=en&gbpv=0
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.7236&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.7236&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.7236&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.7236&rep=rep1&type=pdf
https://www.worldcat.org/title/reverse-osmosis-membrane-technology-water-chemistry-and-industrial-applications/oclc/473153659?referer=di&ht=edition
https://www.worldcat.org/title/reverse-osmosis-membrane-technology-water-chemistry-and-industrial-applications/oclc/473153659?referer=di&ht=edition
https://www.worldcat.org/title/reverse-osmosis-membrane-technology-water-chemistry-and-industrial-applications/oclc/473153659?referer=di&ht=edition
https://www.infona.pl/resource/bwmeta1.element.elsevier-93f5a130-35f4-3ab5-a302-f00bd98cc577
https://www.infona.pl/resource/bwmeta1.element.elsevier-93f5a130-35f4-3ab5-a302-f00bd98cc577
https://www.infona.pl/resource/bwmeta1.element.elsevier-93f5a130-35f4-3ab5-a302-f00bd98cc577
https://www.google.co.in/books/edition/Coagulation_and_Flocculation/0oUAcgAACAAJ?hl=en
https://www.google.co.in/books/edition/Coagulation_and_Flocculation/0oUAcgAACAAJ?hl=en
https://www.degruyter.com/document/doi/10.1351/pac200173071163/html
https://www.degruyter.com/document/doi/10.1351/pac200173071163/html
https://link.springer.com/article/10.1007/s40242-018-7372-2#citeas
https://link.springer.com/article/10.1007/s40242-018-7372-2#citeas
https://link.springer.com/article/10.1007/s40242-018-7372-2#citeas
https://link.springer.com/article/10.1007/s40242-018-7372-2#citeas
https://en.x-mol.com/paper/article/1322269804718166016
https://en.x-mol.com/paper/article/1322269804718166016
https://en.x-mol.com/paper/article/1322269804718166016
https://www.sciencedirect.com/science/article/abs/pii/S2352186419307229
https://www.sciencedirect.com/science/article/abs/pii/S2352186419307229
https://www.sciencedirect.com/science/article/abs/pii/S2352186419307229
https://www.google.co.in/books/edition/A_Book_on_Ion_Exchange_Adsorption_and_So/1n9DAQAACAAJ?hl=en
https://www.google.co.in/books/edition/A_Book_on_Ion_Exchange_Adsorption_and_So/1n9DAQAACAAJ?hl=en
https://www.google.co.in/books/edition/A_Book_on_Ion_Exchange_Adsorption_and_So/1n9DAQAACAAJ?hl=en
https://www.sciencedirect.com/science/article/abs/pii/S0921883120302909
https://www.sciencedirect.com/science/article/abs/pii/S0921883120302909
https://www.sciencedirect.com/science/article/abs/pii/S0921883120302909
https://www.sciencedirect.com/science/article/abs/pii/S0167732217346366
https://www.sciencedirect.com/science/article/abs/pii/S0167732217346366
https://www.sciencedirect.com/science/article/abs/pii/S0167732217346366
https://pubs.acs.org/doi/10.1021/ie990156b
https://pubs.acs.org/doi/10.1021/ie990156b
https://pubs.acs.org/doi/10.1021/ie990156b
https://pubmed.ncbi.nlm.nih.gov/16143340/
https://pubmed.ncbi.nlm.nih.gov/16143340/
https://www.sciencedirect.com/science/article/pii/S1878535214000239
https://www.sciencedirect.com/science/article/pii/S1878535214000239
https://www.sciencedirect.com/science/article/pii/S1878535214000239
https://pubmed.ncbi.nlm.nih.gov/17543519/
https://pubmed.ncbi.nlm.nih.gov/17543519/
https://pubmed.ncbi.nlm.nih.gov/17543519/
https://www.sciencegate.app/document/10.1016/j.desal.2007.01.203
https://www.sciencegate.app/document/10.1016/j.desal.2007.01.203
https://www.sciencegate.app/document/10.1016/j.desal.2007.01.203
https://www.sciencedirect.com/science/article/abs/pii/S0011916405001293
https://www.sciencedirect.com/science/article/abs/pii/S0011916405001293
https://www.sciencedirect.com/science/article/abs/pii/S0011916405001293
https://www.tandfonline.com/doi/abs/10.1080/10916466.2019.1575866
https://www.tandfonline.com/doi/abs/10.1080/10916466.2019.1575866
https://www.tandfonline.com/doi/abs/10.1080/10916466.2019.1575866
https://www.sciencedirect.com/science/article/abs/pii/S1385894711003500
https://www.sciencedirect.com/science/article/abs/pii/S1385894711003500
https://www.sciencedirect.com/science/article/abs/pii/S1385894711003500
https://pubmed.ncbi.nlm.nih.gov/12699929/
https://pubmed.ncbi.nlm.nih.gov/12699929/
https://pubmed.ncbi.nlm.nih.gov/12699929/
https://www.tandfonline.com/doi/abs/10.1081/SS-120016585
https://www.tandfonline.com/doi/abs/10.1081/SS-120016585
https://www.tandfonline.com/doi/abs/10.1081/SS-120016585
https://www.sciencedirect.com/science/article/abs/pii/S0927775705009714
https://www.sciencedirect.com/science/article/abs/pii/S0927775705009714
https://www.sciencedirect.com/science/article/abs/pii/S0927775705009714
https://www.sciencedirect.com/science/article/abs/pii/S0927775705009714
https://pubs.acs.org/doi/abs/10.1021/ie010667%2B
https://pubs.acs.org/doi/abs/10.1021/ie010667%2B
https://pubs.acs.org/doi/abs/10.1021/ie010667%2B
https://pubmed.ncbi.nlm.nih.gov/25256466/
https://pubmed.ncbi.nlm.nih.gov/25256466/
https://pubmed.ncbi.nlm.nih.gov/25256466/
https://pubmed.ncbi.nlm.nih.gov/25256466/
https://www.tandfonline.com/doi/abs/10.1080/02757540600579607
https://www.tandfonline.com/doi/abs/10.1080/02757540600579607
https://www.tandfonline.com/doi/abs/10.1080/02757540600579607
https://link.springer.com/chapter/10.1007%2F698_2009_45
https://link.springer.com/chapter/10.1007%2F698_2009_45
https://link.springer.com/chapter/10.1007%2F698_2009_45
https://link.springer.com/chapter/10.1007%2F698_2009_45
https://www.scielo.br/j/babt/a/LwCkhdH3Kcvz5k3mZdnDNyn/abstract/?lang=en#ModalArticles
https://www.scielo.br/j/babt/a/LwCkhdH3Kcvz5k3mZdnDNyn/abstract/?lang=en#ModalArticles
https://www.scielo.br/j/babt/a/LwCkhdH3Kcvz5k3mZdnDNyn/abstract/?lang=en#ModalArticles
https://pubmed.ncbi.nlm.nih.gov/17597293/
https://pubmed.ncbi.nlm.nih.gov/17597293/
https://pubmed.ncbi.nlm.nih.gov/17597293/
https://www.google.co.in/books/edition/Organic_Pollutants/p3WfDwAAQBAJ?hl=en&gbpv=0
https://www.google.co.in/books/edition/Organic_Pollutants/p3WfDwAAQBAJ?hl=en&gbpv=0
https://www.google.co.in/books/edition/Organic_Pollutants/p3WfDwAAQBAJ?hl=en&gbpv=0
https://www.google.co.in/books/edition/Organic_Pollutants/p3WfDwAAQBAJ?hl=en&gbpv=0


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Asefa MT, Lelisa W, Feyisa GB (2022) Comparative Study on Removal Efficiency of Methylene Blue from Wastewater by using 
Nano-Scaled Sugarcane Bagasse Ash and Jema Silica Sand. Int J Water Wastewater Treat 8(1): dx.doi.org/10.16966/2381-5299.181 8

International Journal of Water and Wastewater Treatment
Open Access Journal

54.	 Nayak PS, Singh BK (2007) Instrumental characterization of clay by 
XRF, XRD and FTIR. Bulletin of Materials Science 30: 235-238.

55.	 Han R, Wang Y, Han P, Shi J, Yang J, et al. (2006) Removal of methylene 
blue from aqueous solution by chaff in batch mode. J Hazard Mater 
137: 550-557.

56.	 Alswata AA, Ahmad MB, Al-Hada NM, Kamaric HM, Hussein MZB, et 
al. (2017) Preparation of zeolite/zinc oxide nanocomposites for toxic 
metals removal from water. Results in physics 7: 723-731.

57.	 Al-Ghouti MA, Da’ana DA (2020) Guidelines for the use and 
interpretation of adsorption isotherm models: A review. J Hazard 
Mater 393: 122383.

58.	 Foo KY, Hameed BH (2010) Insights into the modeling of adsorption 
isotherm systems. Chem Eng J 156: 2-10.

59.	 Garba ZN (2019) The Relevance of Isotherm and Kinetic Models to 
Chlorophenols Adsorption: A Review. Avicenna J Environ Health Eng 
6: 55-65.

60.	 Okeola Fo, Odebunmi EO (2010) Freundlich and Langmuir isotherms 
parameters for adsorption of methylene blue by activated carbon 
derived from agrowastes. Advances in Natural and Applied sciences 
4: 281-288.

61.	 Chen X (2015) Modeling of experimental adsorption isotherm data. 
Information 6: 14-22.

62.	 Chen Z, Xing B, McGill WB (1999) A unified sorption variable for 
environmental applications of the Freundlich equation. J Environ 
Qual 28: 1422-1428.

63.	 Bujdák J (2020) Adsorption kinetics models in clay systems. The 
critical analysis of pseudo-second order mechanism. Appl Clay Sci 
191: 105630.

64.	 Ho YS, McKay G (1999) Pseudo-second order model for sorption 
processes. Process biochemistry 34: 451-465.

43.	 Vital RK, Saibaba KVN, Shaik KB (2016) Dye Removal by Adsorption: 
A Review. J Bioremediat Biodegrad 7: 371.

44.	 Ngah WW, Hanafiah MAKM (2008) Removal of heavy metal ions from 
wastewater by chemically modified plant wastes as adsorbents: a 
review. Bioresour Technol 99: 3935-3948.

45.	 Kanawade SM, Gaikwad RW, Misal SA (2010) Low cost Sugarcane 
Bagasse Ash as an Adsorbent for Dye Removal from Dye Effluent. Int 
J Chem Eng 1: 309-318.

46.	 Hurairah S, Lajis N, Halim A (2020) Methylene Blue Removal from 
Aqueous Solution by Adsorption on Archidendron jiringa Seed 
Shells. Journal of Geoscience and Enviro nment Protection 8: 128-
143.

47.	 Moeinian K, Mehdinia S (2019) Removing Methylene Blue from 
Aqueous Solutions Using Rice Husk Silica Adsorbent. Pol J Environ 
Stud 28: 2281-2287.

48.	 El-Sharkawi M, Botros NS, Madani AA, Ahmed M, Abdellatif B, et 
al. (2020) History of the Geological Research in Egypt. In: Hamimi Z, 
El-Barkooky A, Martínez Frías J, Fritz H, Abd El-Rahman Y (eds) The 
Geology of Egypt. Regional Geology Reviews. Springer, Cham 1-35.

49.	 Sheng L, Zhang Y, Tang F, Liu S (2018) Mesoporous/microporous 
silica materials: preparation from natural sands and highly efficient 
fixed-bed adsorption of methylene blue in wastewater. Microporous 
Mesoporous Mater 257: 9-18.

50.	 Alouani MEI, Alehyen S, Achouri MEI, Taibi M (2019) Preparation, 
characterization, and application of Metakaolin-based geopolymer 
for removal of methylene blue from aqueous solution. J Chem 2019.

51.	 Bello OS, Bello IA, Adegoke KA (2013) Adsorption of dyes using 
different types of sand: a review. S Afr J Chem 66: 117-129.

52.	 Desalegn YM, Andoshe DM, Desissa TD (2020) Composite of 
bentonite/CoFe2O4/hydroxyapatite for adsorption of Pb (II). Mater 
Res Express 7: 115501.

53.	 Norsuraya S, Fazlena H, Norhasyimi R (2016) Sugarcane bagasse as a 
renewable source of silica to synthesize santa barbara amorphous-15 
(SBA-15). Procedia Eng 148: 839-846.

https://link.springer.com/article/10.1007/s12034-007-0042-5
https://link.springer.com/article/10.1007/s12034-007-0042-5
https://pubmed.ncbi.nlm.nih.gov/16600482/
https://pubmed.ncbi.nlm.nih.gov/16600482/
https://pubmed.ncbi.nlm.nih.gov/16600482/
https://www.sciencedirect.com/science/article/pii/S2211379716307860
https://www.sciencedirect.com/science/article/pii/S2211379716307860
https://www.sciencedirect.com/science/article/pii/S2211379716307860
https://pubmed.ncbi.nlm.nih.gov/32369889/
https://pubmed.ncbi.nlm.nih.gov/32369889/
https://pubmed.ncbi.nlm.nih.gov/32369889/
https://www.sciencedirect.com/science/article/abs/pii/S1385894709006147
https://www.sciencedirect.com/science/article/abs/pii/S1385894709006147
http://ajehe.umsha.ac.ir/Article/ajehe-4083
http://ajehe.umsha.ac.ir/Article/ajehe-4083
http://ajehe.umsha.ac.ir/Article/ajehe-4083
https://go.gale.com/ps/i.do?id=GALE%7CA252944801&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=19950772&p=AONE&sw=w&userGroupName=anon%7E162d6794
https://go.gale.com/ps/i.do?id=GALE%7CA252944801&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=19950772&p=AONE&sw=w&userGroupName=anon%7E162d6794
https://go.gale.com/ps/i.do?id=GALE%7CA252944801&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=19950772&p=AONE&sw=w&userGroupName=anon%7E162d6794
https://go.gale.com/ps/i.do?id=GALE%7CA252944801&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=19950772&p=AONE&sw=w&userGroupName=anon%7E162d6794
https://www.mdpi.com/2078-2489/6/1/14
https://www.mdpi.com/2078-2489/6/1/14
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq1999.00472425002800050005x
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq1999.00472425002800050005x
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq1999.00472425002800050005x
https://www.sciencedirect.com/science/article/abs/pii/S0169131720301952
https://www.sciencedirect.com/science/article/abs/pii/S0169131720301952
https://www.sciencedirect.com/science/article/abs/pii/S0169131720301952
https://www.sciencedirect.com/science/article/abs/pii/S0032959298001125
https://www.sciencedirect.com/science/article/abs/pii/S0032959298001125
https://www.omicsonline.org/open-access/dye-removal-by-adsorption-a-review-2155-6199-1000371.php?aid=81146
https://www.omicsonline.org/open-access/dye-removal-by-adsorption-a-review-2155-6199-1000371.php?aid=81146
https://www.sciencedirect.com/science/article/abs/pii/S0960852407005068
https://www.sciencedirect.com/science/article/abs/pii/S0960852407005068
https://www.sciencedirect.com/science/article/abs/pii/S0960852407005068
http://www.ijcea.org/papers/54-A541.pdf
http://www.ijcea.org/papers/54-A541.pdf
http://www.ijcea.org/papers/54-A541.pdf
https://www.scirp.org/journal/paperinformation.aspx?paperid=98368
https://www.scirp.org/journal/paperinformation.aspx?paperid=98368
https://www.scirp.org/journal/paperinformation.aspx?paperid=98368
https://www.scirp.org/journal/paperinformation.aspx?paperid=98368
http://www.pjoes.com/Removing-Methylene-Blue-from-Aqueous-Solutions-nUsing-Rice-Husk-Silica-Adsorbent,91044,0,2.html
http://www.pjoes.com/Removing-Methylene-Blue-from-Aqueous-Solutions-nUsing-Rice-Husk-Silica-Adsorbent,91044,0,2.html
http://www.pjoes.com/Removing-Methylene-Blue-from-Aqueous-Solutions-nUsing-Rice-Husk-Silica-Adsorbent,91044,0,2.html
https://link.springer.com/chapter/10.1007/978-3-030-15265-9_1#citeas
https://link.springer.com/chapter/10.1007/978-3-030-15265-9_1#citeas
https://link.springer.com/chapter/10.1007/978-3-030-15265-9_1#citeas
https://link.springer.com/chapter/10.1007/978-3-030-15265-9_1#citeas
https://www.sciencedirect.com/science/article/abs/pii/S1387181117305590?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1387181117305590?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1387181117305590?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1387181117305590?via%3Dihub
https://www.hindawi.com/journals/jchem/2019/4212901/
https://www.hindawi.com/journals/jchem/2019/4212901/
https://www.hindawi.com/journals/jchem/2019/4212901/
https://www.ajol.info/index.php/sajc/article/view/123147
https://www.ajol.info/index.php/sajc/article/view/123147
https://iopscience.iop.org/article/10.1088/2053-1591/abc71f
https://iopscience.iop.org/article/10.1088/2053-1591/abc71f
https://iopscience.iop.org/article/10.1088/2053-1591/abc71f
https://www.sciencedirect.com/science/article/pii/S1877705816310979
https://www.sciencedirect.com/science/article/pii/S1877705816310979
https://www.sciencedirect.com/science/article/pii/S1877705816310979

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Preparation Method 
	Materials
	Preparation method 
	Materials characterizations 
	Adsorption experiment 

	Results and Discussions 
	XRD analysis 
	XRF analysis 
	SEM and EDX analysis 
	FTIR analysis 
	Adsorption performance analysis 
	Adsorption isotherm analysis 
	Adsorption kinetics 

	Conclusions
	Acknowledgment
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3

