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Abstract 

This study is concerned in the potential use of agricultural wastes (watermelon 
peels, WP) for removal of Brilliant Green dye (BGD) from coloured effluents as 
they keep growing nowadays because they are industrial wastes and are low-cost 
as they exist in abundance and this process is considered as wastes management. 
Different techniques are used for characterization study before and after BGD 
removal. These techniques are surface area (SBET), FTIR, SEM, and SPM. 
Effects of different parameters̓ on BGD removal were studied, consisting of pH 
of dye solution, contact time, biosorbent dose, initial concentration of dye. The 
isotherm analysis revealed that the equilibrium data were greatest simulated with 
the model of Langmuir and the maximum uptake of BGD was 25 mg/g. The 
results indicated that WP can be utilized as non-hazardous agro-waste for the 
removal of BGD from aqueous solutions. 
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1.  Introduction 
Dyes and pigments released to the natural environment are increased as a result 
of the development of technologies and industrial activities. Worldwide, over 7 
x 105 tons of dyes and pigments are produced annually [1], and approximately 
90% of this ends up on fabrics [2]. Dyes usually are commercially synthesized 
with complicated aromatic molecular structures, and they have extensive 
applications in textile, leather, plastic, rubber, paper industries, and construction 
industries [3-6]. Due to the development of these industries, large quantities of 
coloured water are produced [7; 8]. The industry of textile alone accounts for 
two-thirds of the total dye production and about 10 to 15% of the used dyes come 
out through the effluent which is caused serious dangers to the public health and 
the environment [9; 10]. So, water contamination is considered the principal 
cause of environmental contamination at the present time. Because of these 
coloured effluents, sunlight cannot be reached to aquatic plants which are 
essential for various biotic events like photosynthesis [7, 11].  

Various physiochemical techniques including coagulation [12], electrochemical 
technique [13, 14], nanofiltration membranes [15, 16], photocatalytic degradation 
[17, 18], membrane separation [19], ultrasonic technique [20, 21], ozonation [22], 
advanced oxidation [23], and microfiltration [24, 25], photo-degradation [26, 27], 
aerobic degradation [28, 29], and adsorption [30, 31] have been found significantly 
effective in dealing with these wastewaters. However, these methods have limitations 
like coagulation leads to a huge amount of waste products with high disposal costs 
[32-34]. Conventional biological methods are expensive so they cannot be used to 
treat a wide range of coloured wastewater. The ion-exchange technique is expensive 
and cannot be used with such a wide range of dyes [35]. Adsorption is considered to 
be a simple and effective technique, and an ideal cheaper alternative can be used, 
which gets the whole removal of contaminants [36, 37].  

The best extensively adsorbent used for the colour removal from different 
discharges is activated carbon because it possesses a high surface area with 
micropore and mesopore structures and is known as efficient adsorbents for gas and 
liquid [38]. The chief concerns related to using activated carbon are regeneration 
and trouble of filtration from effluent after use it [38]. Using biomass keeps 
growing nowadays because they are industrial wastes, including agricultural wastes 
and they exist in abundance and low-cost. So, many investigators have attentive to 
the development of low cost, nonconventional agricultural wastes as an alternative 
adsorbent of activated carbon, such as Peanut shell, Rice husk ash, and fruit peels, 
such as orange peels, pomegranate peel, and Banana peels and Jackfruit peels [8, 
15]. Therefore, the biomass used adsorption process is considered as green 
technology when it does not change the properties and react to other chemicals as 
mixed with chemicals containing wastewater.  

Fruit and vegetable peel contains 51-58% oxygen, which confirms the existence 
of fiber and carbohydrate. Higher amounts of cellulose, hemicellulose, and polymers 
are potential bio-adsorbents for wastewater decolourization because they are rich 
with functional groups (such as hydroxyl, carboxyl, and amine), which can easily 
attract cationic pollutants and make them [39]. The nature of fruit and vegetable peel 
surface can be evaluated by calculating the net amount of basic and acidic sites on it 
during the investigation of surface charges of different fruit and vegetable peels, and 
it is observed that all peels studied including watermelon peels are more suitable for 
the removal of cationic contaminants from aqueous solution [39]. 



Using Agricultural Waste as Biosorbent for Hazardous Brilliant Green . . . . 3437 

 
Journal of Engineering Science and Technology           August 2021, Vol. 16(4) 

The need for developing efficient methods for dyes and other pollutants from 
waters and wastewaters is not only because of the effects of the effluents of the 
textile industry, but also because of the shortage of freshwater that resulted from 
climate changes [40-42], the increase in urbanisation [43-45], effluents of other 
industries such as concrete [46-49], cement industries [50-53], and also because of 
domestic wastes and wastewaters [54-56]. 

This work is aimed to evaluate the natural watermelon peels, WP as biosorbent 
for removal of BGD from its aqueous media in batch mode.  The biosorbent 
preparation with surface characterization was critically talked over. Various factors 
were investigated to discover the optimum conditions for dye biosorption. The 
equilibrium data were fitted using the Langmuir and Freundlich isotherm model. 
The attained results will supplement the other works of utilizing fruits peels for 
removal of this category of contaminants. 

2. Material and Procedures 

2.1. Preparation of biomass sorbent  
The biomass sorbent of watermelon peels (WP) was chosen because of its locally 
available and eventually discarding nature as the agro-waste material. So, this fruit 
was gotten from a local Iraqi market, and peels of watermelon were washed a 
number of times using tap water, after that distilled water. For easily drying, WP 
was cut into small parts. Afterwards, the peels were dried through sunlight for seven 
days to eliminate all the humidity content. Then, the hot water (70 ºC) was used to 
wash the peels to eliminate water-soluble substances, dust, etc. and dried by an 
oven at 85 ºC for 48h. Finally, the biosorbent was ground and sieved through 100 
mesh [57]. The prepared biosorbent was saved in airtight bottles to use it for the 
next experiments. 

2.2. Characterization techniques of WP  
The surface area, SBET of biosorbent was performed using the isotherms of nitrogen 
adsorption-desorption attained by an analyser of BET surface area, Model No. 
Qsurf 9600, Themo Finnegan Co., the USA in relative pressure ˂ 0.35 p/pº. The 
investigations on the changes resulted after and before brilliant green dye (BGD) 
onto WP were performed using different tests. FTIR spectroscopy (SHIMADZU, 
IRPrestige-21, Japan) was dependent on discovering the functional groups that 
existed on the surface of biosorbent studied in the series of 4000-400 cm-1 using 
KBr tablet way. The investigations on the changes of the surface and shape of 
natural WP before and after BGD removal were achieved by using images with 
high accuracy gotten by scanning electron microscopy (SEM; TESCAN, Mira3, 
France). The topography of natural WP was investigated by the SPM test (SPM 
AA300, Advanced Angstrom Inc., USA with contact style of AFM).  

2.3. Chemicals 
Reagents with analytical rank were used in this work. A cationic BGD used in this 
work was bought from Sigma Chemical Co. (USA). It is described as ammonium, 
4 (diethylamino) - alpha - (phenylbenzylidene). It is categorized as a cationic dye 
basic green 1 with C.I. of 42040; MW= 482.63 g/mol; 624 nm λmax; molecular 
formula= C27H34N2O4S the structural formula of BGD is presented in Fig. 1. 
Dissolving an appropriate amount of dye powder using double-distilled water for 
preparing a solution with a strength of 103 mg/l. The dilution method was used to 
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get the other strengths of BGD solutions from the stock solution. The adjustment 
of pH values was performed using 0.1M HCl or NaOH as required. 

 

Fig. 1. The structural formula of BGD [7]. 

2.4. Biosorption investigates 
A batch system was dependent on performing all the experiments of BGD 
biosorption utilizing WP at ambient temperature (30±2 oC), using numbers of 250 
ml conical flasks containing 100 ml solution of BGD. The influences of operating 
factors on the biosorption rate were observed to define the best conditions for 
biosorption process and get the greater number of equilibrium data that are suited 
for the determination of interactive material activity and isotherm of biosorption. 
These factors included the study of the pH of dye solution, contact time, biosorbent 
mass, and initial dye concentration. Table 1 shows the major varied parameters 
used in these experiments.  

Table 1. Major varied experimental parameters in batch experiments. 
Parameter Range Purpose 
pH 2, 4, 5, 6, 7, 8, and 9 To find the optimum pH of removal 
Contact time, min. 10 - 120 To discover the equilibrium time  
Dose of 
biosorbent, g / 100 
ml 

0.05, 0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 0.7, 0.8, 0.9, 1, 

1.1, 1.2, 1.3, and 1.4 

To find the optimum biosorbent dose 

Initial dye 
concentration, 
mg/l 

10, 20, 30, 40, 50, 60, 
70, 80, 90, and 100 

To show the effect of dye concentration 
on bisorption process and  
to plot the equilibrium isotherm curves 

After completing each experiment, a sample of the solution was taken from 
every flask and the sample was filtered and analysed for finding the amount of 
remaining dye concentration using a UV-VIS spectrophotometer with a double 
beam (UV/VIS-6800 JENWAY) at 624 nm as maximum wavelength.  

The dye uptake, qe (mg g-1) and biosorption efficiency (R%) at equilibrium time 
were calculated using Eq. (1) and Eq. (2), respectively [23]: 
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As, Cο and Ce are primary and equilibrium concentrations of BGD (mg/l), M is 
the quantity of biosorbent (g), then, V is the volume of BGD solution (l). 
Investigation on the pH value when the final and initial pHs are the same and the 
charge of biosorbent surface is neutral at this pH value (point zero charges, pHpzc) 
is a fundamental characteristic that helps to comprehend which ionic types can be 
sorbed by biosorbent at desired pH. The pHpzc of WP is fined based on the previous 
conventional method [58], using batch equilibrium mode. The amount of 0.5 g of 
WP was put in conical flasks which are contained 50 ml of 0.1M NaCl solution. 
The initial values of pH (pHi) (2-9) were organized using 0.1 M solution of NaOH 
or HCl. After that, the suspensions obtained were agitated at 150 rpm for 24 hr. 
After that, WP was filtered, and the ending pH value of the solution was tested. The 
pHpzc is obtained from the point of interception zero with the curve obtained by 
plotting the ΔpH vs. pHi.           

3. Results and Discussion 

3.1. Characterization of WP 
Detailed values of physicochemical characteristics of natural biosorbent were 
recorded in Table 2. The SBET of biosorbent was calculated following the method 
of Brunauer-Emmett-Teller (BET) founded by the linear part of the N2 adsorption-
desorption isotherm [59]. 

Table 2. Elemental composition (%w/w) and  
physicochemical characteristics of natural WP. 

Elemental composition (%w/w) 
 C O N H S Ash L.O.I 

WP 42.70 31.07 0.92 6.11 1.41 7.65 10.14 
Physicochemical characteristics     
Surface area, SBET (m2 g-1)        18.75    
Moisture content %                   12.6    
Particle density (g/ml)                1.07    
Bulk density (g/ml)                     0.42    
Point zero charge (pHpzc)             5.0    

The FTIR spectra are an essential analysis to sense the useful groups that exist 
on the biosorbent surface to explain the bonding ways of BGD ions with these 
functional groups. So, FTIR was performed upon WP before and after BGD 
biosorption as shown by Figs. 2(a) and (b) to elucidation the locations of these 
active groups along with the changes in their locations after the biosorption process. 
Figure 2(a) displays the FTIR spectra of WP before BGD ions biosorption. 
Different IR bonds are looked at that indicated different functional groups 
regarding to their wavelengths (cm-1). 

The wide and deep band at 3387 cm-1 is due to the stretching vibrations of -OH 
revealed the lignin, pectin, or cellulose and N-H which is related to amine 
functional groups [39, 57]. The second peak was looked at the frequency at 2920.23 
cm-1 which is referred to -CH asymmetric stretching vibrations of groups of methyl 
and methoxy, while 2852.72 cm-1 related to the symmetric stretching bond of -CH. 
The peak at 1741.72 cm-1 denotes to  -C=O stretching of esters or carboxylic acid. 
The frequency at 1622.13 cm-1 is assigned to the asymmetric vibrations of the ionic 
carboxylic group (-COO-), but the band at 1419.61 cm-1 revealed the symmetric 
vibrations of the same groups. 
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Fig. 2. FTIR analysis for (a) natural WP (b) BGD loaded WP. 

The frequencies at 1525.69 cm-1 and 1514.12 cm-1 are assigned to the aromatic C=C 
group stretching vibration in aromatic rings [57]. The frequency at 1381.03 cm-1 and 
1338.60 cm-1 are referred to -COO- symmetric stretching of pectin [57]. The peaks in 
the range of 1300-103 cm-1 referred to the stretching vibrations of C-O-C and C-O 
groups of carboxylic acids, esters, alcohols, and phenols [39]. The peaks at 923.90, 
896.90, 873.75, and 819.75 cm-1 represent the vibration of symmetric stretching of N-
H of primary and secondary amines. The frequencies at 773.46 cm-1 and 763.81 cm-1 
referred to C-N stretching. All peaks fewer than 700 cm-1 referred to alkyl halides 
compounds with C-Br (stretching vibration) bond. Thus, the IR spectral shows that the 
surface of WP before BGD biosorption is rich in hydroxyl and carboxylic groups, which 
they act as proton donors to bind the cation BGD along with the other medium and 
weak functional groups participating in biosorption process.  

These findings can be shown through Fig. 2(b). After WP is loaded with BGD, 
absorption peaks are shifted, new peaks are looked, and other are disappeared. 
These variations may be affected by association of revers ions with hydroxylate 
and carboxylate anions signifying that the dye biosorption is controlled by 
hydroxyl, carboxyl, and carbonyl groups. So, the biosorption of BGD onto WP can 
be due to (i) chemical reaction between functional groups and dye ions (ii) 
electrostatic interaction between dye ions and the electron contained in sites on 
surface of biosorbent, and (iii) hydrogen bonding interactions and weak physical 
forces, van der Waals between BGD ions and biosorbent. As the carboxyl group of 
each biosorbent interacts with the positively charged nitrogen moiety of the BGD 
molecule, also the hydroxyl group of biosorbent bonds with the ammonium ion, or 
aromatic ring in dye molecule via the hydrogen bonding. So, both physical and 
chemical adsorption are involved in dye removal [60, 61]. 
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The shape and surface texture morphology were investigated by the SEM 
technique for WP before and after biosorption of BGD as shown by Figs. 3(a) and 
(b). There are significant features of an irregular, rough surface with substantial 
layers of rough heterogeneous pores, cavities, and ravines that are favourable 
properties as increase the biosorption of dye through the improvement of break 
easily binding of BGD ions onto the active sites. These observations are consistent 
with these were reported in the literature [60, 61].  

After the BGD biosorption onto WP (Fig. 3(b)) and related to Fig. 3(a), a number 
of intense graphic changes were clear. The surface of WP appeared smooth and 
disappearing of a few pores which are seen earlier. These changes indicated both 
physical and chemical reaction between BGD ions and both surface and inner pores 
of biosorbent. Similar observations are noticed by Mohammed and Samaka [60]. 

 
Fig. 3. The SEM micrograph pictures of natural  

WP (a) before BGD removal (b) after BGD removal. 

The topography characteristics of biosorbent before and after removal of BGD 
at the same scale were investigated and Figs 4(a) and 4(b) explained the results. 
Before BGD removal, the 3D images show that each material has an amorphous 
and rough surface with heterogeneous, which enhance adhesion of the dye ions, but 
after BGD removal, surface roughness and surface area were reduced as 3D profiles 
show how the number and form of the dotes vary as the quantity of BGD ions 
deposited onto the surface of biosorbent and covered biosorbent surface leading to 
reduce the surface roughness and surface area. The essential data obtained by this 
analysis are listed in Table 3. 

 
Fig. 4. Scanning probe microscope for WP:  

(a) before BGD biosorption (b) after BGD biosorption. 
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Table 3. WP characteristics before and after biosorption of BGD by SPM. 

Character WP 
Before After 

Sa (roughness average) (nm) 14.2 8.89 
Ssk (surface skewness) 0.00245 0.131 
Ten-point height (nm) 56.8 35.4 
Sar (surface area ratio) 25.2 14.6 
Sk (core roughness depth) (nm) 49.5 30.9 

3.2. Parameters influencing the BGD biosorption 

3.2.1. The influence of dye solution pH    
The dye solution acidity is the essential factor governing the adsorption technique 
in aqueous solution [32]. The functional groups found on the surface of adsorbent 
is affected by this parameter; also, it defines the solubility of the contaminant in the 
aqueous media. The competition among the contaminant ions that sorbed to the 
adsorbent active sites is also affected. Figure 5 displays the deviation of the removal 
efficiency of BGD with varying solution pH in terms of contact time using WP. 
The biosorption efficiency was enhanced with the increase of contact time for all 
pH ranges and became slow near the equilibrium. It was increased from 78.86 to 
98.40% with the rise of solution pH from 2 to 9. So, it was evident that ions 
biosorption strongly depended on pH. At pH more than 8, there is no significant 
effect on BGD biosorption. The optimum removal of dye was reported at pH 8, and 
it was reported as 98.35%. Therefore, the next experiments were carried at pH 8.  
The lowest biosorption of dye onto WP was looked at pH 2 as the movement of 
more concentrations of H+ ions present and the biosorbent surface is bounded by 
hydrogen ions which contest with dye cations for the biosorption places found in 
biosorbents, inhibiting the BGD ions from reaching these places. So, the increase 
of solution pH will increase the negative charge intensity on the surface of 
biosorbent and increase the affinity of the cationic dye's site toward biosorption. 
Similar notes were in agreement with some earlier studies [60, 61]. The point of 
zero charges (pHpzc) is an important parameter for determining the type of surface-
active centres and the adsorption ability of the surface. 

 

Fig. 5. Influence of initial pH in terms of contact time at  
various pHs on the biosorption efficiency of BGD at the strength  

of 50 mg/l, and 250 rpm for 120 min using WP with a dose of 0.8 g/100 ml. 
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The pHpzc of the WP surface was reported as the point of intersection of pHi vs. 
ΔpH presented that the pHpzc of WP happened at pH 5 at which the surface of WP 
is neutral as illustrated in Fig. 6. As pH lower than 5, the WP surface is dominated 
by the positive charges, so repulsion between the cations of dye and each of 
biosorbent has happened and decreased the BGD removal. But, as the pH higher 
than 5 the biosorbent surface is dominated by negative charges due to the presence 
of OH- groups and come to be more satisfactory for cations of dye removal due to 
the attraction of electrostatic forces. 

 
Fig. 6. Finding of point zero charges (pHpzc) of natural WP. 

3.2.2. The influence of contact time 
The study of the finding the equilibrium time is needed to identify the possibility 
of binding for active sites occupied by BGD and completing the removal of it. 
Generally, the removal efficiency or uptake of dye increases to a certain extent with 
increasing of contact time. Further increase in contact time does not be significant 
in the removal of dye on the available active sites found onto the adsorbent. The 
mass of dye removed at equilibrium time refers to the adsorbent's maximum 
adsorption capacity under those operating factors. Figure 7 illustrates that the 
uptake of BGD is affected by contact time. The maximum uptake was reported as 
6.2 mg g-1. Sorbed amount of BGD increased with increasing contact time and 
remained relatively constant after equilibrium time. Through Fig. 7, it can be 
noticed that the biosorption process is divided into two stages, fast and slow stage. 
The first stage comprised a rapid initial removal efficiency of dye when it was over 
90% within the first 10 min. In the second stage, a slow removal rate is followed 
by attainment equilibrium at 60 min. There was no important change in BGD 
removal rates after this time. This can be interpreted by the fact that at the 
beginning, a great number of surface sites exist for biosorption of BGD ions and 
there is higher contact between the dye and surface of biosorbent, but after 
equilibrium time, the remaining surface sites are limited and difficult to occupy 
these ions. These observations are consistent with other studies. 

 
Fig. 7. Contact time effect on uptake (mg/g) of BGD using WP (dose= 0.8 g, 

initial BGD concentration=50 mg/l, pH 8, 250 rpm for 120 min.). 
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3.2.3. The influence of biosorbent dose 
The uptake of BGD was discussed as a function of biosorbent dose for a given 
initial BGD concentration. Figure 8 illustrates the uptake and percentage removal 
of dye using WP. The removal efficacy of dye increased from 67.1 to 99.54%, as 
the biosorbent amount was increased from 0.05 to 1.4g/100 ml with keeping other 
factors constant. This is due to a more active site's existence for BGD removal.  

 

Fig. 8. Percentage removal and  uptake of BGD ions in terms of  
biosorbent dose with initial dye  concentration = 50 mg/g, pH 8,  

250 rpm using WP with a contact time of 60 min. 

The best dose of WP was chosen as 0.8 grams as removal efficiency increased 
up to 98.35%, then stayed closely constant regardless of the increase in the 
biosorbent amount when it did not cause a significant increase in dye removal. This 
can be interpreting as the greatest dye ions are sorbed onto biosorbent and the 
equilibrium time was reached between dye sorbed onto WP and those remaining in 
the solution. On the other hand, the biosorbed BGD amount per amount of 
biosorbent frequently decreased, because a great amount of biosorbent reduced the 
unsaturation of the active sites, then the total active sites per amount lowered led a 
lower biosorption rate to a greater amount of biosorbent. A similar fact was reported 
by an earlier study by Hameed. Thus, the dose of 0.8 g/100 ml was chosen for BGD 
removal using WP in the following experiments.  

3.2.4. The influence of initial BGD concentration 
The uptake, as well as percentage removal as a function of initial dye concentration 
with values of 10-100 mg/l for BGD biosorption, were investigated and Fig. 9 
shows the results for using WP. The removal of dye lowered from 100 to 95% as 
the strength of dye solution increased from 10 to 100 mg/l due to the fact that at a 
fixed amount of biosorbent, a fixed biosorption area was existing for dye at higher 
initial dye concentration and a greater competitive happens by the BGD ions 
remaining in the liquid media to be retained by the active binding sites of the 
biosorbent [58]. Equilibrium between the biosorbent dose and the BGD 
concentration must be achieved through the best conditions for effective sorbate 
removal. On the other hand, the biosorption capacity increased from 1.25 to 12.22 
mg g-1 as the initial dye concentration increased from 10 to 100 mg/l. These results 
can be interpreted by two main parameters, namely a great rate of BGD diffusing 
onto the biosorbent surface and a high possibility of collision between BGD ions 
and WP surface. At high initial concentration, the mass transfer resistance is 
reduced throughout the driving force's acceleration.  
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Fig. 9. Percentage removal and uptake of BGD  
ions as a function of BGD concentration (pH 8, 250 rpm)  

using WP with dose = 0.8 g/100 ml, and contact time = 60 min.  

3.3. Mathematical modeling 

3.3.1. Biosorption isotherm studies 
It is necessary for practical tenders to forecast the complete adsorption behaviour 
and assess the maximum contaminant amount sequestrated from wastewater. So, 
the equilibrium isotherm plays a key role in the design of adsorption process when 
it has offered useful facts regarding adsorption under optimum conditions. Isotherm 
analysis displays the way of interactions between the pollutant molecules and the 
adsorbent. Also, it provides information about the nature of interactions in the 
phases of solid-liquid during the equilibrium state [61]. The experimental isotherm 
data of BGD biosorption onto WP were examined depending on the isotherm linear 
forms of Langmuir model (Eq. (3)) and Freundlich (Eq. (4)) and the obtained results 
are explained in Fig. 10(a) and (b), respectively. The first model assumes 
monolayer sorption of sorbate on the surface of sorbent with homogeneous nature, 
and the definite localized active sites without interaction between molecules 
removed on adjacent sites. It was limited sorption capacity for sorbent and no 
additional sorption can take place by a site and reaches an equilibrium state when 
the full uptake of the sorbent is attained. The Langmuir model with linear formula 
is described by Eq. (3): 

m

e

ame

e
q
C

Kq
1

q
C

+=                                                                       (3) 

where the dye concentration (mg l-1) at equilibrium is assigned by Ce and the 
adsorbate mass that adsorbed per mass of adsorbent (mg g-1) is assigned by qe while 
Langmuir constants (ka (l mg-1) and qm (mg g-1)) which refer to the site’s affinity 
for dye adsorption and the maximum monolayer uptake. These constants can be 
found by the sketch between Ce/qe and Ce which provides a straight line with a slope 
(1/qm) and intercept (1/qmka) as presented in Fig. 10 and the values of constants are 
recorded in Table 3. 

The maximum uptake, qm, was and for BGD biosorption per gram of WP. The 
equilibrium data were the finest fitting with the model of Langmuir indicates of 
monolayer biosorption behaviour onto the biosorbent.  

The dimensionless separation factor expresses the adsorption feasibility of the 
adsorbent, RL, related to the Langmuir model using Eq. (4): 
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L ++
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As Cο is the primary BGD concentration (mg l-1). 

RL can indicate the isotherm shape as favourable (0˂ RL˂1), unfavourable (RL˃1), 
irreversible (RL=0), and linear (RL=1). The RL values for BGD biosorption are 
shown in Fig. 11. The biosorption process of BGD onto WP was favourable as the 
RL values were in the range of 0-1. 

 
Fig. 10. Linearized model of BGD removal using WP  
by: (a) Langmuir isotherm (b) Freundlich isotherm. 

 

 

Fig. 11. RL values for BGD biosorption onto WP. 

Freundlich isotherm model is an empirical form often adopted to explain that 
the sorption happens on heterogeneous surfaces and the energy of sorption is 
different. This equation describes the physisorption as the sorbed molecules 
interacted through the formation of multilayer sorption and are not definite to 
monolayer creation of sorbate molecules (chemisorption) adsorbent [61]. The 
Freundlich model with linear formula is described by Eq. (5):  

elogC
n
1

FlogKelogq +=                                                                                             (5) 

The model constants are KF (mg/g)(l/mg)1/n and 1/n, the first assigns to the uptake 
and the second indicate the surface heterogeneity [61]. Freundlich constants can be 
found by the intercept and slope of the sketch between ln qe, and ln Ce as presented in 
Fig. 10. Constants̓ values of this model are arranged in Table 4. 
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The factor (1/n) is a character of the heterogeneity of the sorbent surface and it 
converts further heterogeneous as the value of 1/n near zero. The BGD biosorption is 
considered to be promising as n inserting in the range of 1-10.  

Table 4. Constants of biosorption isotherm for BGD using WP. 
Langmuir Freundlich 
qm (mg g-1) 25 KF(mg g-1)(l/mg)1/n 6.92 
Ka  (l mg-1) 0.91 1/n 0.42 
S.E. 0.0078 S.E. 0.0818 
RL 0.1 - 0.0109) Equation qe = 6.92Ce

0.42 
Equation qe= 22.75Ce / 1+0.91Ce   

The maximum biosorption capacity of WP obtained by this work was 
compared with other works as listed in Table 5. The value of maximum uptake 
(qm) of WP is higher, so WP can be used as an efficient biosorbent to remove 
BGD from aqueous solutions.  

Table 5. The Langmuir uptake (qm, mg g-1) comparison  
with the other works of utilizing agricultural wastes for BGD removal. 

Adsorbent qm (mg g-1) Reference 
Rice husk ash 21.6 [62] 
Acorn 2.1 [63] 
Peanut shell 19.92 [62] 
Strychnos potatorum 40.0 [8] 
Watermelon peels (WP) 25 The present study 

The experimental data and those calculated by two linear models are presented in 
Fig. 12. The uptake increased with a rise of equilibrium concentration with the nonlinear 
trend and the experimental data is more simulated by the Langmuir model with high R2 
and less value of the standard error of the estimate (S.E.). Lastly, the operation of the 
adsorption units faces many problems, such as the depletion of active sites, which 
requires continuous monitoring. For this purpose; electro-magnetic sensors could be 
effectively used basing on their good performance in many fields of industry, such as 
construction [64-66], communication [67], and water industries [68]. 

 
Fig. 12. Experimental and calculated biosorption capacity of BGD by 
Langmuir and Freundlich equilibrium isotherm models using WP. 
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4. Conclusions 
In this work, the environmentally friendly agro-waste (WP) was utilized as 
biosorbent to get rid of brilliant green dye from effluents. 
• Surface characterization of biosorbent before and after BGD removal was 

performed byways of SBET, FTIR, SEM, and SPM examination. 
• The operating factors, solution pH, contact time, the mass of biosorbent, and the 

primary strength of BGD solution were effective in removing BGD onto WP. 
• The Langmuir isotherm model was better to simulate the equilibrium data 

and the maximum monolayer biosorption capacity of WP was 25 mg/g. 
• All findings demonstrated that WP can be employed as a low-cost agro-

waste to sequestrate the BGD from aqueous media. 
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Nomenclatures 
qe Dye amount sorbed per unit amount of biosorbent, mg g-1 

BET Brunauer-Emmett-Teller 
Cο 
Ce 

Primary dye concentration, mg l-1 

Equilibrium dye concentration, mg l-1 

KF Freundlich constant refers to uptake,  (mg g-1)(l mg-1)1/n 
ka Langmuir constant assigns to the binding places affinity for 

sequestration, l mg-1 
1/n Freundlich constant refers to surface heterogeneity 
M Biosorbent quantity, g 

pHpzc Point zero charge 
qm Langmuir constant refers to monolayer full adsorption capability, 

mg g-1 

R% Dye removal efficiency  
RL Factor of separation 
R2 Coefficient of determination 
rpm Revolution per minute 
Sa Roughness average, nm      
Ssk  Surface skewness 
Sar Surface area ratio 
Sk Core roughness depth, nm 
V Dye solution volume, l 
  
 

Abbreviations 

AFM Atomic force microscopy 
BGD Brilliant green dye 
FTIR Fourier transformed infrared 
SBET Specific surface area, m2 g-1 

SEM Scanning electron microscopy 
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SPM Scanning probe microscope 
WP Watermelon peels 
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