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Abstract
Four agricultural wastes, i.e., sugarcane bagasse, rice straw, cotton stalk, and corn stalk were experienced as low-cost lignocel-
lulosic materials for their ability to adsorb reactive red dye from its contaminated solutions. Batch adsorption technology was
carried out in order to analyze sorption behavior of dye-adsorbent systems at different wastes, initial dye concentration, and
solution pH value. The acid pH treatment was detected to significantly enhance the adsorption efficiency of used lignocellulosic
wastes to maximum removal efficiency (96%). Bioreactor technology was applied as up-scaling experiments using sugarcane
bagasse (SCB) waste (the best adsorbent under batch experiments) with different adsorbent dosage and flow rates. The maximum
removal efficiency (89.65%) was recorded by 448 g of SCB waste, hydraulic retention time of 24 h and 12.6 l/h flow rate. The
SEM characterization illustrated accumulation of dye molecules onto lignocellulosic structure. Also, elemental analyses by
EDAX instrument confirmed absorption technology. Thus, the sugarcane bagasse wastes can be applied as low-cost and
environmental safe absorbent for RR dye removal from its contaminated wastewater and introducing non-traditional water
resource.
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1 Introduction

The common pollution sources in Egyptian Nile River are the
discharge of untreated wastewater of agriculture, municipal,
and industrial one [1, 2]. Because of the increasing demands
for agricultural supplies and decreasing of available water,
administrators, researchers, and farmers are looking for non-
conventional water resources. Treated domestic and industrial
wastewater presents a smart option, especially where conven-
tional water sources are scarce or lacking [3–5]. Many world
industries such as textiles, paint, leather, dyestuff, paper, print-
ing, carpet, plastic, food, and cosmetics used dyes to provide
their products color. The dyes are applied by large quantities
and directly discharged to the water streams without treatment

as industry effluent materials [6]. This has a negative impact
on all ecosystem components like humans, plants, animals,
and soil. As is known, the presence of these dyes, even in
small amounts (< 1 mg/l) in industrial wastewater, is a matter
of concern and disrupts the ecological system [7]. Discharging
the dyes into water streams causes a lot of negative things like
carcinogenicity, embryo toxicity, and mutagenicity.
Additionally, it can cause severe damage to human beings like
damage of the brain and central nervous system, the liver, and
the reproductive system [8].

There are different treatment processes employed to com-
plete degradation of the toxic textile wastewater components
depending on the water source and the application in the in-
dustry, biological processes, physicochemical methods such
as chlorination, coagulation-flocculation, adsorption, and ad-
vanced oxidation processes, such as ozonation, fenton treat-
ments, electro-fenton methods, photo-fenton oxidation pro-
cesses, photocatalytic oxidation/degradation, and membrane
processes [9].

At another way, agricultural wastes as lignocellulosic
materials are produced by large amounts yearly. It can be
applied for beneficial substances production like
nanocellulose, biofuel materials, and agricultural fertilizers
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[10–12]. Also, it contains three main structural compo-
nents (lignin, cellulose, and hemicelluloses) and can play
an important role in the adsorption processes [13–15].
Agricultural wastes like corn, rice straw, shells, peels, sug-
arcane bagasse, cotton, peanut hull, orange, and banana
peel are commonly used for adsorption of pollutants from
aqueous solutions [16]. Activated orange and banana peel
was used to remove the reactive red dye from textile indus-
try wastewater with maximum efficiency of 89.41 and
70.25% for orange peel and banana peel, respectively, at
pH 4 and dye concentration of 25 mg/l [17]. The carbon-
ized rice straw at 400 °C and its activation using KOH at
700 °C was proved to be highly effective for adsorption of
methylene blue and Congo red dye with adsorption capac-
ity of 5.28 and 5.31%, respectively [18]. Also, sugarcane
bagasse (carbonaceous and fly ash bagasse) was used as
bio-sorbents to remove malachite green dye from aqueous
solutions by 89% of removal efficiency [19].

As a result, agricultural wastes have huge volume esti-
mated about 21 million tons per year are unused and burnt
directly in fields causing damage of organic matter and
make pollution problems [20]. So, the use of these wastes
can be maximized by entering it to more applications like
wastewater treatment. Many studies have shown that agri-
cultural wastes are effective remover for textile dyes as a
simple and low-cost adsorbent, but the efficiency is not
more than 90% and used with low dye concentrations.
Thus more research is needed in this field. Consequently,
the main objective of this research was to maximize the
efficiency of 4 agriculture wastes as low-cost adsorbents
to remove the reactive red dye from aqueous solution, pro-
vide an unconventional water resource that can be used to
irrigate many crops, landscape plants, and others.

2 Materials and methods

2.1 Preparation of low-cost bio-sorbents

Four agriculture wastes, i.e., sugarcane bagasse (SCB),
corn, cotton stalks, and rice straw wastes as bio-sorbent
materials were collected from the farm of the Faculty of
Agriculture, Cairo University, Giza, Egypt. The dry bio-
mass of the collected samples was crushed into granules
and sieved to 5–20 mm of particle size. The forms of
crushed samples were illustrated in Fig. 1. Before appli-
cation of the collected wastes, the samples were treated by
distilled water, 1% NaOH, and 1% H2SO4 to maximize
their absorption efficiency. The samples were saved into
suitable amount of treated solution with agitation for 40
min. After incubation, the samples were filtered, washed
by distilled water several times, and air dried.

2.2 Preparation of synthetic wastewater containing
reactive red dye solution

Different concentrations (100, 300, 500, 700, and 900 ppm) of
reactive red azo dye (RR) were prepared in distilled water as a
synthetic wastewater by waiting the suitable amount of dye
powder and making complete solution. The maximum wave-
length of this dye (λmax) was 555 nm. The structure of RR dye
was represented in Fig. 2. Reactive red dye has a molecular
weight of 1437 and contains 36.8% C and 13.6% N.

2.3 Evaluation the bio-sorption efficacy of the pre-
pared agricultural wastes

Four agriculture wastes with 4 treatments (3 prepared treat-
ments and a control) were applied for removing of different
dye concentrations from the synthesized wastewater. A 200-
ml dye sample was prepared in a 500-ml conical flask and
20 g of bio-sorbent was added. The mixtures were incubated
with agitation at 150 rpm for 8 days at the room temperature.
Each treatment was repeated 3 times and the samples were
taken every day for decolorization determination [21].

2.4 Design and operation of continuous reactor for
synthetic wastewater remediation

After selection, the best treatment (type of bio-sorbent and
treatment), the bioremoval technology was up-scaled to sim-
ulate the plant’s production from wastewater containing tex-
tile dyes. To achieve this goal, the bioreactor as a closed and
continuous systemwas designed and manufactured from three
parts (Fig. 3). The first part was the three tanks with a volume
of 25 l. Each tank has 2 opening sites in the top and bottom of
tank to allow entry and exit of wastewater. The second part
(the main reactor tank) was the 3 transparent acrylic columns
(cylinders) with 15 cm of diameter, 30 cm of height, and
approximately 5.3 l of volume as a working volume. Each
column has 2 opening taps to allow entry and exit the waste-
water contain RR azo dye. Also, it contained stainless steel
mesh in the cylinder bottom to prevent the bio-sorbents from
lost with the water. The 3rd part was a peristaltic pump (model
Master flex 7568-00 Pump Drive); it is used to transfer the
solution from the tank to the column and vice versa (Fig. 3).
Three depth of wastes as a working volume (15, 20, 25 cm of
height) equals the weight about 262, 352, and 448 g of wastes,
respectively, with three flow rates 3.8, 8.5, and 12.6 l/h of RR
dye solution with a concentration of 900 ppm. The certain
retention time was 24 h as down flow and the samples were
collected every 4 h. The decolorization efficiency was calcu-
lated using Eq. (1) by measuring the optical density using the
UV-Vis spectrophotometer.
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Removal efficiency% ¼ co−ct

co
*100 ð1Þ

where Co is the optical density of RR dye at initial time (con-
trol), Ct is the optical density of RR dye at the sampling time

2.5 Characterization of RR dye removal process

After certain time, the samples were collected and centrifuged
at 5000 rpm for 10min. The optical density (OD) of remaining
dye solution at the initial and the sampling time was measured
by the UV-Vis spectrophotometer (model, DR/2500
Spectrophotometer, 230 Vac), also the pH value was mea-
sured at the start and the end of experiment using FISHER
ACCUMET pH METER.

The adsorption process on the surface of agriculture wastes
was characterized using SEM and EDAX techniques. The
surface of the used lignocellulosic agriculture wastes before
and after the adsorption processes was studied using a scan-
ning microscope (QUANTA FEG250) at the National
Research Centre, Giza, Egypt [22, 23]. The elemental analysis
of adsorbent before and after dye removing technology was
performed using the energy-dispersive X-ray spectrometer
(EDAX TEAM, at National Research Centre, Giza, Egypt)
[24].

2.6 Statistical analysis

Completely randomized design for factors A (wastes), B (dye
concentrations), and C (day type) is a split plot on A and B.
The treatment means were compared by least significant dif-
ferences (LSD) using the MSTAT program [25, 26].

3 Results and discussions

3.1 Reactive red dye removal by lignocellulosic
agricultural wastes under different pH values

Many technologies are applied for dye removal from its con-
taminated wastewaters, biological, chemical, or physical treat-
ments like activated sludge, activated carbon, membrane pro-
cesses, phytoremediation, and microbial remediation.
However, none of these methods is acting with all dye classes;
in the same time, the textile plants need one technology for
treatment of contaminated wastewater with low remediation
costs [27]. Thus, the current work aimed to apply technology
with double face like recycling of agricultural wastes and re-
mediation of wastewater contaminated with textile dyes in the
same time. Four lignocellulosic agriculture wastes with three
modification processes based on pH value were applied for
RR dye removal from its contaminated synthetic wastewater.

Sugarcane 
bagasse

Rice 
straw

Corn 
Stalk

Cotton 
Stalk

Fig. 1 The forms of agriculture wastes for using as bio-sorbents
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Fig. 2 Chemical structure of
reactive red azo dye
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The highest removal efficiency (about 96.05%) of RR dye
was noted with acidic modification for sugarcane bagasse
waste, also, the other tested agriculture wastes with acidic
modification had high ability to absorb RR dye. However,
the lowest value (60.1%) was recorded with increasing the
pH treatment of sugarcane bagasse waste (Fig. 4).

The high activity for dye adsorption may be due to increas-
ing of free cellulose and lignin compounds in the modified
agriculture wastes resulting by acid treatment. Acid pretreat-
ment make hydrolyses of hemicellulose to monomers
(destroying the polymeric bonds) enhancing the cellulose
and lignin availability. However, the alkaline pretreatment
makes destroying the cellulosic compounds [28]. Another the-
ory for declaration of absorption mechanisms, the lower ab-
sorption of RR dye at high pH values might be returned to the
excess of OH− ions which will compete with SO3 of dye

molecule, while the higher absorption at acidic pH might
returned to the richness of OH− ions interacting with N+ of
dye molecule. In this target, Dehghani et al. [29] noticed that
the removal efficiency of reactive red 120 and 196 decreased,
respectively, with increasing the pH value using chitosan/
zeolite composite (CZC) as a low sorbent materials. In another
work, Dawood and Sen [30] reported that the adsorption of
Congo red dye by both raw pine cone biomass and acid-
treated biomass decreased by increasing of solution pH and
the maximum adsorption was noted by raw pine cone (32.65
and 40.19 mg/g) with acid-treated pine cone at pH 3.55 and
initial dye concentration of 20 ppm. Fogel et al. [31] men-
tioned that diluted acid pretreatment hydrolyses hemicellulose
and produces a liquid phase rich in xylose with minor amounts
of lignin derivatives. Thus, it is an outstanding method for
hemicellulose recovery and it has been successfully applied
to sugarcane bagasse.

3.2 Effect of dye concentration on RR dye removal
using agricultural wastes

Reactive red azo dye is used and distributed in Egypt and
worldwide in textile industry. Unfortunately, this dye is highly
toxic and may cause carcinogenicity. So, it will be dangerous
when it discharged to industrial wastewater [21]. From our
field visiting to textile plants, we found that RR dye was
effluent to wastewater by at least 30% of applied amount.
Thus, it is necessary to remove this dye before exiting to
wastewater. The ability of acid-treated agricultural wastes to
remove RR dye from solutions under different dye concentra-
tions through 8 days was illustrated in Fig. 5. Normally, the
best bio-absorption capacity was recorded with 100 ppm of
dye concentration because it is considered the lowest dye con-
centration used in this study. In this experiment, we need to
find the best agricultural waste with the high dye concentra-
tion. Firstly, the maximum efficiency of dye removal was
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dye using different lignocellulosic
wastes under different pH values

Fig. 3 Flowchart and sketch of bioreactor design and operation
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95.43% using sugarcane bagasse waste at dye concentration
of 100 ppm and retention time of 8 days. It was evident that all
lignocellulosic wastes had the same trend in the removal effi-
ciency with increasing dye concentration. The removal effi-
ciency was decreased with increasing dye concentration may
be returned to saturation of adsorption sites on the adsorbent
surface. The same style is reported by Subramaniam and
Ponnusamy [32], who studied the effect of initial dye concen-
tration on the efficiency of dye removal marked that the
amount of dye adsorbed gets increased with the increasing
of dye concentration. Also, they mentioned that dye removal
percentage increased rapidly with time and then the adsorption
rate decreased progressively. Additionally, Wong et al. [33]
noticed that the dye removal decreased from 98.02 to 85.25%
by increasing the initial dye concentration from 10 to 50 mg/l
at experimental conditions of dosage of hydrogel (0.20 g/l),
stirring speed (100 rpm), contact time (240 min), and temper-
ature (30 °C).

3.3 Removal of RR dye from contaminated
wastewater using bioreactor

To up-scale the bioremoval process, the designed bioreac-
tor was applied to allow industrial remediation technology.
The present study showed that there were significant dif-
ferences in the removal efficiency with applying SCB

wastes at different depths (dosage of absorbent) and the
flow rates used during the experiment period which ex-
presses the hydraulic retention time (HRT). The results
represented in Fig. 6 showed that the maximum removal
efficiency recorded was 89.65% by 25 cm depth (about
448 g of SCB waste) with hydraulic retention time of 24
h. But, the minimum removal was 28.8% by 15 cm depth
(about 262 g of SCB waste). Also, the results indicated
that the higher removal percentages was noted when using
submerged system for 24 h, where the SCB molecules
contacted enough with the dye molecule duration of the
experiment. This can be explained by increasing of surface
area of adsorbent. In general, the removal efficiency in-
creased with increasing adsorbent amount because the
quantity of sorption sites increased as the surface area
and hence the binding sites available for the attachment
of dye molecules increased. Also, the HRT is an important
parameter for the adsorption technology makes increasing
the removal efficiency until reach to equilibrium time
where the amount of dye removed did not change indi-
cates a saturation time. The results in this study agreed
with results obtained by Hassani et al. [34], who stated
that a relatively strong increase in adsorbent dosage result-
ed in the increase of the removal efficiency of basic green
4 and basic yellow 28 at initial dye concentration of 30
mg/l, pH 6, and contact time of 35 min. Bhatti et al. [35]

Fig. 5 Removal efficiency of RR dye with different concentrations by some bio-sorbents. a Sugarcane bagasse. b Corn. c Cotton. d Rice straw
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reported that by increasing the bio-sorbent dose from 0.05
to 0.3 g, the dye removal increased up to 79%. Also,
Wong et al. [33] stated that in their results when the
dosage of hydrogel composite increased from 0.10 to

0.20 g/l, the dye removal efficiency was improved from
75.68 to 98.02% at initial dye concentration 10 mg/l, be-
cause the absorption sites were increased with increasing
the bio-sorbent amount.

Fig. 6 Removal of RR dye (900
ppm) using of SCB wastes into
bioreactor under different depths
(a) 15 cm, (b) 20 cm, and (c)
25 cm with various flow rates
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3.4 SEM and elemental profile (EDAX) analysis for SCB

Scanning electron microscopy (SEM) play a significant role
for characterizing the surface morphology and fundamental
physical properties of solid materials. It is suitable for deter-
mining the particle shape, porosity, and appropriate size
spreading of the adsorbent substances [36]. Results in Fig. 7

showed the SEM image for the surface of SCB before and
after dye removal. It is clear that many pores found in the
body of lignocellulose waste (it appears like sponge) result
from acid treatment and hydrolysis of hemicellulose (Fig.
7a). The produced pores are good places for dyes attachment.
Thus, the dye molecules appeared as clusters outside the pores
and onto the SCB surface (Fig. 7b). Also, the dye molecules

Dye molecules 

a

b

Fig. 7 SEM pictures of SCB
wastes before (a) and after (b)
adsorption of RR dye
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appeared to bound and adsorbed onto the lignocellulosic com-
pounds. The SEM picture of SCB adsorbent with tested dye
shows very illustrious dark spots which can be taken as a sign
of effective adsorption of RR dye molecules in the pores.
Many studies have reported the use of SEM-EDAX as a useful
technique for characterization of the adsorption of dyes on the
surface of materials. From that, Khodabandehloo et al. [37]
reported that the SEM analysis of Salix babylonica leaves
powder (SBLP) found numerous irregular cavities onto its
surface, which could be useful for the methyl blue (MB) re-
moval. The MB dye-overburdened SBLP surface was smoth-
ering in comparison with the initial sample, and the absence of
well-defined cavities in this micrograph suggests that causing
the adsorption of MB dye on the adsorbent.

For explanation, the elemental profile for absorption tech-
nology of dye molecule onto agricultural waste surfaces, the
EDAX technique was applied, and the obtained results were
illustrated in Fig. 8. The results of analysis for SCB before and
after dye adsorption indicated that C, O, Al, S, and Si are most
important elements in the adsorbent with the weight percent-
age of 49.59, 47.82, 0.07, 1.74, 0.77%, respectively.
However, N element was attended in EDAX analyses after
dye removal from its wastewater, confirmed the dye adsorp-
tion onto SCB surfaces. Also, the elements amount was
changed in case of before dye removal and after this process.
It helps to find all the fundamental compositional information
needed to do on material analysis [38]. This interpretation is
consistent with what reported by Dehghani et al. [29] as re-
ported that C, N, O, Al, and Si are major elements in the

agricultural wastes adsorbent with the weight percentage of
2.54, 6.07, 58.18, 4.95, and 24.63%, respectively, and the
presence of S and Cl in EDAX mapping of CZC after dye
adsorption confirmed that. Also, Baruah et al. [39] mentioned
the EDAX analysis ofAegle marmelos leaf powder (AMP) for
MB dye adsorption showed differences between the adsor-
bents’ surface composition before and after adsorption and
new elements were detected on the surface of the AMP.

4 Conclusions

The water scarcity problem has developed daily in
Saharian countries like Egypt. Researchers work hard to
face this challenge based on recycling wastewater and in-
troducing non-traditional water resources. The agricultural
wastes were applied in this study as adsorption agent to
treat dyed wastewater and provide unconventional water
resource. The acid-treated sugarcane bagasse as effective
waste has high ability for RR dye removal (until 900
ppm) from its contaminated wastewater. Also, the obtained
results were confirmed under bioreactor system using
SEM-EDAX. So, the agricultural wastes are considered
the double face technology for treating industrial wastewa-
ter polluted with dyes.

Acknowledgments The authors would like to express their thanks to the
National Research Centre and Faculty of Agriculture, Cairo University,
for their support this work.
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