
Introduction

Nowadays, the treatment and disposal of sewage 
wastewater is gaining significance in order to protect 
the quality of terrestrial and aquatic life [1]. Discharging 
sewage wastewater without proper treatment contributes 

to pollution of the water resources and ecosystem 
[2]. The largest source of water pollution in terms 
of volume discharged is the sewage wastewater [3]. 
Sewage wastewater, the water generated from domestic, 
commercial and public buildings, is composed of  
bodily wastes (primarily feces and urine) along with 
the water utilized for toilet flushings, washing utensils, 
laundry preparation, and cleaning of other materials 
[4]. The wastewater can be destructive to public health 
because it contains high TSS, dissolved organic and 
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Abstract

The studies on utilization of natural coagulants prepared from seeds of Citrullus lanatus 
(watermelon) and Cucumis melo (cantaloupe) provide insight on sewage wastewater treatment. 
The results were statistically analyzed by response surface methodology (RSM) based central composite 
design (CCD), and supported with results from Fourier Transform Infrared (FTIR) spectroscopy for 
functional groups present in coagulants. The batch coagulation studies were performed varying process 
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10 mg/L using jar test. In jar test, coagulation was carried out with fast mixing (Mixing at 150 rpm for 
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pH and coagulant dosage for effective sewage wastewater treatment using natural coagulants with 
the objectives to maximize percentage reduction in turbidity, biological/biochemical oxygen demand 
(BOD), total suspended solids (TSS), and chemical oxygen demand (COD). The RSM results reveal that 
the optimum C. lanatus coagulant dosage of 72.3 mg/L at pH 5 achieved maximum efficacy removal of 
TSS and BOD by 92.8% and 92.1% respectively. The FTIR results show that the coagulants from plant 
seeds contain almost similar functional groups. Thus, it can be concluded that the coagulant prepared 
from C. lanatus would be more effective for treatment of sewage wastewater.
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inorganic matter, biological substances and toxic 
materials [5]. 

The disposal of wastewater to groundwater or 
surface water without proper treatment causes risks 
to human health and environment. Therefore, it is 
important to identify the appropriate method of treating 
the wastewater for the welfare of the people and the 
community with maximum performance and low-cost 
[5, 6]. The efficiency of water and wastewater treatment 
is influenced by the number of stages. The three stages 
of wastewater treatment include primary, secondary 
and tertiary. The treatment methods involve water 
clarification processes such as coagulation, flocculation, 
sedimentation, disinfection, etc. [7]. One of the principal 
techniques for wastewater treatment is coagulation and 
flocculation, used mostly for the treatment of domestic, 
commercial and industrial wastewater in the world [6-
8]. Coagulation is a process to destabilize charged 
particles to form a gelatinous mass to settle or to be 
trapped in the filter. On the other hand, flocculation is 
done by gentle mixing or agitation so that the particles 
agglomerate into floc [8]. 

The coagulation-flocculation process is affected by 
the type of coagulant, pH, coagulant dosage, flocculant 
dosage, mixing speed and time for fast and slow mixing 
in jar test, and the characteristics of wastewater [9]. 
Moreover, coagulation-flocculation process has been 
widely employed for potable water and wastewater 
treatment as a reliable and convenient technique to 
overcome the forces of stabilizing suspended particles 
and facilitating the collection and formation of flocs 
[10-11]. There are different types of coagulants such 
as natural/organic, inorganic and polymeric materials. 
Chemical coagulants such as alum [3, 12-14], ferric 
chloride [12, 14], polyaluminum chloride [13, 15], 
hydrated lime [3], and calcium carbonate [16] have been 
used in wastewater treatment to remove pollutants. Most 
municipal wastewater treatment plants use inorganic 
polymeric coagulants for turbidity and suspended 
solids removal [13, 15]. However, the most widely 
used coagulants for water and wastewater treatment is 
aluminium sulfate (alum) due to its effectiveness and 
low-cost although it has been found to cause some 
health effects to human and create problems to the 
environment upon long-term usage [3, 14]. 

On the other hand, biomass based organic polymeric 
flocculants prepared from Moringa oleifera seeds 
[17-19], nirmali (Strychnos potatorum) seeds [20-21], 
tannin [22] and cactus [22] have been the interest of 
many researchers as the viable alternative choice and 
tested over the years for different types of water and 
wastewater treatment due to its efficiency to flocculate 
with less dosage, high biodegradability, cost effective, 
abundant availability, eco-friendliness, production of 
biodegradable sludge, and not likely to produce extreme 
pH [23, 24]. The natural coagulants are generally 
produced from plant seeds which contain carboxyl, 
hydroxyl and amino groups that have significant affinity 
towards various pollutants from their aqueous solutions 

that enables the coagulation to work effectively  
[25-27]. In the present study, natural coagulants 
extracted from the seeds of C. lanatus and C. melo 
collected in the Dhofar Governorate of Sultanate of 
Oman was used. The climate and ecological diversity 
in the country offers an opportunity to grow off-
season fruits and vegetables because of the mild winter 
climate. The farmers have selected and conserved 
landraces and local cultivars in a dynamic way.

The fruits of watermelon and cantaloupe are known 
for its high nutritional value and rich in vitamins and 
minerals. However, seeds from watermelon are known 
for its natural coagulant properties that removes the 
turbidity, BOD, TSS, and COD to greater extent [28, 29]. 
Furthermore, it is also effective to enhance the filtration 
process during water treatment with antimicrobial 
agents [30,31]. On the other hand, cantaloupe is one of 
the major fruits grown in the middle east. The peel of 
the fruit is naturally enriched with pectin, α-cellulose 
and non-essential amino acids [32, 33]. Furthermore, 
the seeds of watermelon and cantaloupe is a good 
replacement for inorganic and synthetic polyelectrolytes 
in treating water and wastewater since the natural 
coagulants are effective and cheaper. The functional 
goups in the seeds are generally characterized through 
FTIR. The presence of carboxyl, hydroxyl and amino 
groups in the coagulant accelerates the effectiveness of 
coagulation for the maximum removal of turbidity and 
TSS in municipal wastewater. 

A statistical experimental design, RSM, is used 
in the present study for better understanding of the 
experimental approach. It works by fitting experimental 
responses to quadratic function [34]. Also, RSM has 
successfully helped in the modeling and optimization 
of various experimental designs involving wastewater 
treatment process, extraction process, food preservation 
and other discipline of engineering [3, 15, 26, 32]. The 
stages involved in the RSM as an optimization tool 
include: selection of independent variables and their 
levels, selection of experimental design, generation and 
validation of model equation, graphical representation 
and searching for optimal region [35]. 

The main aim of the study is to investigate the 
efficacy of natural coagulants (C. lanatus and C. melo) 
for treatment of sewage wastewater using coagulation-
flocculation process for the reduction of turbidity, BOD, 
TSS and COD. 

Materials and Methods

Preparation of Natural Coagulants from C. lanatus 
(watermelon) and C. melo (cantaloupe) Seeds

The fresh fruits of watermelon and cantaloupe, 
grown locally, were procured from the local commercial 
market in Salalah, Oman. The natural plant seeds 
were collected from fresh fruits. The seeds were 
washed several times with double distilled water and 
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dried in the hot air oven at 70ºC to drying. The seeds  
were sorted to remove debris, shelled and milled 
to obtain fine powder. The powdered seeds were  
extracted by means of Soxhlet extraction for about 
6 hours using hexane as solvent to obtain a seed 
cake without oil [36]. The presence of oil in seed 
could reduce the efficiency of the coagulant. The 
cake seed is thoroughly washed with double distilled 
water in order to remove the excess n-hexane, and 
finally dried in oven at 60ºC until constant weight 
and screened through 255 microns and stored 
in air-tight containers for use as natural powder 
coagulant. The stock solution of natural coagulant 
was prepared by adding 1 g of processed seed cake in  
100 mL of double distilled water.

Jar Test Method

The most widely applied technique in the sewage 
treatment plant is coagulation-flocculation due to 
its effectiveness [3, 37]. The study was performed 
using the jar test apparatus (Armfield Company, UK) 
for the evaluation and optimization of coagulation-
flocculation. The jar test apparatus has stirrers with 
six blades each rotates with independent variable 
speed motors at a stirring speed of 0 to 200 rpm. 
The wastewater sample was well-shaken for the  
re-suspension of possible settling solids and the aliquot 
volume of sample transferred to the jar test beakers. 
The coagulant dosage (50-150 mg/L) and pH (5-7) were 
the input variables. However, turbidity, BOD, TSS  
and COD were the dependent variables for coagulation-
flocculation performance. The pH of the wastewater 
sample was adjusted to the desired pH value of  
(5.0-7.0) by adding (1 N HCl) or (1 N NaOH) solution. 
The experimental process consists of 3 steps: fast 
mixing at 150 rpm for 1 min followed by slow mixing 
for 30 min at 50 rpm and finally settled for 1 h at the 
temperature of 30±2ºC. After the settling period time, 
the supernatant was withdrawn and transferred to the 
flask for subsequesnt analysis and the sludge (dense 
floc) was discarded. The characterization of supernatant 
was performed in quadrapulate and the mean value was 
taken as response, according to the standard operating 
procedures [38]. The coefficient of variance was found 
to be within 5%. 

Experimental Design and Process Optimization 
Using RSM

Design-Expert® version 12 software from Statease 
Inc., USA was used in the present study for the 
statistical design of experiments and analysis of data. 
central composite design (CCD) and Box-Behnken 
design (BBD) are the two statistical experimental 
designs in RSM. CCD was selected in the present study 
to identify the optimal region for the factors affecting 
the performance of coagulation-flocculation process due 
to its efficiency [39]. 

The two most important operating variables in the 
study were coagulant dosage and pH. The coded values 
for pH (A) and coagulant dosage (B) were set at levels: 
pH (-1 ↔ 5.00) low, (+1 ↔ 7.00) high and coagulant 
dosage (-1 ↔ 50.00) low, (+1 ↔ 150.00) high. The 
response factors considered were percentage reduction 
in turbidity, TSS, BOD and COD. The number of trials 
performed in CCD is 2f+2f+CP where f is the number 
of factors or variables and CP is the number of center 
points [40]. Trials performed as shown in Table 1 were 
thirteen (13) with 5 centre points for 2 variables as 
per the CCD matrix. The experimental data fitted to 
the quadratic equation was used to study the effect of 
factors on the response as represented in Equation (1) 
and model coefficients were evaluated using Equation 
(2). The coefficients in Equation (1) were analyzed 
for checking the similarity between experimental and 
predicted values based on the p-value with a 95% 
confidence level. The significance of the model was 
tested using analysis of variance (ANOVA). Regression 
coefficients R2, adjusted R2 and predicted R2 values 
were assessed to find the fit between experimental and 
predicted values. The value between 0.9 and 1 reveals 
the best of fit between experimental and predicted 
values. 

 
(1)

 
                    (2)

...where: βo is an intercept; βi, βii, βij are linear, squared 
and interaction coefficients respectively, Y is the 
response; Xi and Xj are independent factors; and, e is a 
random error. 

FTIR Analysis

Fourier Transform Infrared (FTIR) spectrophotometer 
was used to detect functional groups. The samples C. 
lanatus and C. melo were grounded and then compressed 
and formed into pellets. The pellets formed were 
analyzed covering a frequency range of 4000-400 cm-1

 with a resolution of 4 cm-1 at room temperature [41].

Analytical Methods

The sewage wastewater sample was collected from 
Salalah Sanitary Drainage Services Company SAOC 
(SSDS) water reclamation plant where the flow rate is 
35,000-40,000 m3/day [42]. The sewage wastewater 
sample collected in an air-tight glass container was 
characterized for physiochemical parameters such as 
turbidity, TSS, BOD and COD. All experiments were 
performed to determine the physiochemical parameters 
in quadrapulate to ensure the results with minimum 
error. The pH of the solution was measured using a pH 
Meter (Hanna HI2211-02) with regular calibrations of 
4.01, 7.0 and 10.0 standard pH buffer solutions (Thermo 
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Scientific Orion). The turbidity was measured using the 
ISO Turbidity Portable Meter (HI98713-01). However, 
the BOD was measured using 5-day DO test as per the 
APHA standard method and COD was measured using 
the dichromate open reflux method as per standard 
methods [43]. The TSS values were measured using 
gravimetric method.

The percentage removal efficiencies of turbidity, 
TSS, COD and BOD was determined according to 
Equation (3):

% Removal = (Cinfluent – Ceffluent) ÷ (Cinfluent) 
× 100                               (3)

...where: Cinfluent and Ceffluent are the concentrations 
of TSS, COD and BOD in the influent and effluent 
respectively.

Results and Discussion

Characteristics of Sewage Wastewater Collected

The sewage wastewater was characterized and  
pH, turbidity, TSS, BOD and COD were found to be 
7.25, 225 mg/L, 500 mg/L, 60 mg/L and 575 mg/L 
respectively.

Assessment of Statistical Modeling 
and Optimization through RSM

Tables 1 and 2 show the results of the CCD matrix 
designed for input variables with percentage reduction 

in turbidity, COD, TSS and BOD using C. lanatus 
and C. melo as natural coagulants. The independent 
variables (inputs) used in this experiment were pH  
(5-7) and coagulant dosage (50-150 mg/L). The reduction 
percentage in turbidity, TSS, BOD and COD were  
the responses or dependent variables. Optimization  
was carried out for thirteen experiments to compare  
the corresponding experimental and predicted results 
for both coagulants for removal efficiencies of  
responses as given in Table 3. From the results  
obtained in the experiments, quadratic model was 
recommended to represent the performance of 
coagulation-flocculation process for each coagulant 
used in the experiments. The pH and dosage are both 
significant terms to yield higher percentage removal 
of TSS [43]. The TSS response surface indicates 
92.8% removal efficiency, which agrees with findings 
using conventional coagulants found to be the same in  
C. lanatus natural coagulant.

Tables 4 and 5 show the analysis of variance 
(ANOVA) results of the quadratic models. The results 
were assessed with various descriptive statistics such as; 
p value, lack of fit test, coefficients of determination R2 
and adequate precision. The p-value is used to estimate 
whether the F value is large enough to indicate statistical 
significance [44]. The higher Fishers’s F-test values and 
low of p-values (<0.05) imply that the quadratic model 
terms are significant [45]. However, p-values ≥0.05 
indicate the insignificant model terms. Thus, results 
in quadratic models predicted in C. lanatus are higher 
in F-test and p-value less than 0.05 (Table 4). For C. 
melo, F-value is lower than C. lanatus with p-value less 
than 0.05 (Table 5) which means that both results were 

Table 1. CCD matrix for reduction of Turbidity, TSS, BOD and COD by coagulation using citrullus lanatus coagulant.

Factor 1 Factor 2 Response 1 Response 2 Response 3 Response 4

Std Run A:pH B:Coagulant 
dosage

Reduction in 
Turbidity

Reduction in 
TSS

Reduction in 
BOD

Reduction in 
COD

mg/L % % % %

11 1 6 100 37.6 87.7 95.5 71.4

5 2 5 100 37.6 92.2 97.7 71.4

7 3 6 50 96.6 86.7 76.1 10

13 4 6 100 37.6 87.7 95.5 71.4

8 5 6 150 35.6 76.7 95.5 78.6

4 6 7 150 40 77.2 88.1 71.4

1 7 5 50 95.5 93.3 86.4 14.3

6 8 7 100 34.1 87.7 85.2 71.4

9 9 6 100 37.6 87.7 95.5 71.4

2 10 7 50 92.8 85.5 50 34.3

10 11 6 100 37.6 87.7 95.5 71.4

12 12 6 100 37.6 87.7 95.5 71.4

3 13 5 150 36.5 79.5 96.6 81.4
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significant. Therefore, the model developed in the study 
was statistically significant in (±5%).

The adequate precision ratios obtained as shown 
in Table 6 (C. lanatus) and Table 7 (C. melo) were 
greater than 4, indicating that the adequate signal for all 
models could be used to navigate the design space. The 
lack of fit test describes the variation of data around 
the fitted model. If the quadratic models fit the data,  
the lack-of-fit test will be insignificant [46]. Table 4 
and 5 indicate that the lack-of-fit values in all models 
are insignificant. The ANOVA of regression model 
(R2) greater than 0.98  values indicates the aptness of 
the model. R2 values in C. lanatus (Table 6) are all 
greater than 0.81 while in C. melo (Table 7) all values 
were reduced. Moreover, R2 values close to 1 denote a 
satisfactory adjustment of the quadratic models to the 
experimental data. This phenomenon justified the high 

treatment efficiency removal in C. lanatus rather than 
C. melo coagulant.

The 3-D response surface plots of the regression 
equation (1) are presented in Figs 1 and 2. The 
effect of natural coagulant dosage and pH and their 
interactions on a percentage reduction in turbidity, 
BOD, TSS, and COD are shown in Figs 1(a-d) and  
2 (a-d) for watermelon (C. lanatus) and cantaloupe 
(C. melo) respectively. The results of the experiments 
conducted for the effect of pH and dosage on turbidity 
and TSS removal are presented in Fig. 1(a-b) and  
Fig. 2(a-b). Results from Fig. 1(a-b) showed that at 
pH 5 and coagulant dosage of 50 mg/L, the removal 
of turbidity and TSS were high at 95.5 and 93.3% 
respectively. When coagulant dosage was increased 
to 100 mg/L, the removal of turbidity and TSS were 
reduced to 37.6 and 92.2% respectively. On the other 

Table 2. CCD matrix for reduction of Turbidity, TSS, BOD and COD by coagulation using cucumis melo coagulant.

Factor 1 Factor 2 Response 1 Response 2 Response 3 Response 4

Std Run A:pH B:Coagulant 
dosage

Reduction in 
Turbidity

Reduction in 
TSS

Reduction in 
BOD

Reduction in 
COD

mg/L % % % %

11 1 6 100 53.2 91.1 95.4 28.6

5 2 5 100 30.1 88.9 88.6 11.4

7 3 6 50 59.5 87.7 39.8 88.6

13 4 6 100 53.2 91.1 95.4 28.6

8 5 6 150 46.7 89.4 96 50

4 6 7 150 69.1 77.7 93.3 69.9

1 7 5 50 41.8 64.4 44 22.9

6 8 7 100 88.2 87.7 94.3 57.1

9 9 6 100 53.2 91.1 95.4 28.6

2 10 7 50 68.1 87.7 65.9 71.4

10 11 6 100 53.2 91.1 95.4 28.6

12 12 6 100 53.2 91.1 95.4 28.6

3 13 5 150 32.1 88.4 92 48.6

Table 3. Optimal values for reduction of Turbidity, TSS, BOD and COD by coagulation using Citrullus lantus and Cucumis melo 
coagulant.

Natural 
Coagulant pH

Natural Coagulant 
Dosage % Turbidity Reduction % TSS Reduction % BOD Reduction % COD Reduction
mg/L

Citrullus 
lanatus 5 72.3

66.5 (Experimental) 92.8 (Experimen-
tal) 92.1 (Experimental) 42.9 (Experimen-

tal)

62.8 (Predicted) 94.2 (Predicted) 94.9 (Predicted) 44.3(Predicted)

Cucumis 
Melo 7 76.7

78.2 (Experimental) 87.7 (Experimen-
tal) 80.1 (Experimental) 64.3 (Experimen-

tal)

77.0 (Predcted) 89.6 (Predicted) 86.9 (Predicted) 56.9 (Predicted)
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hand, a dosage of 150 mg/L was also decreased in 
turbidity to 36.5 and TSS to 79.5%. However, in  
Fig. 2(a-b), it is clear that at pH 5 and coagulant dosage 
of 50 mg/L, the removal of turbidity and TSS were 
only 41.8 and 64.4 % respectively. When the coagulant 
dosage was increased to 100 mg/L and 150 mg/L, the 
percentage removal of turbidity was reduced more 
to (30.1 and 32.1%) while TSS increased to (88.9 and 
88.4%) respectively. The natural coagulant is more 
effective in turbidity at lower pH and dosage. Thus, 
TSS was found to be efficient regardless of dosage and 
pH.

The results of the experiments conducted for the 
effect of pH and dosage on the BOD and COD removal 
are presented in Fig. 1(c-d) and 2(c-d). The results from 
Fig. 1(c-d) showed that at pH 5 and coagulant dosage 
of 50 mg/L, the removal of BOD was 86.4% and COD 
removal was very low at 14.3%. When coagulant dosage 
was increased to 100 mg/L, the percentage removal of 
BOD and COD increased to 97.7 and 71.4% respectively. 
Again, after the coagulant dosage was increased to  
150 mg L-, the removal were remained high of 96.6 for 
BOD and 81.4 % for COD. Further, Fig. 2(c-d) resulted 

in lower BOD (44%) and COD (22.9%) in 50 mg/L at 
pH 5. When dosage increased to 100 mg L- and 
150 mg L-, the percentage removal of BOD increased 
to 88.6 and 92% respectively. Thus, as pH increases to 
6 and 7 and dosage of 100 and 150 mg/L in both natural 
coagulants the percentage removal of BOD remains 
high. However, the percentage removal of COD remains 
low in 100 mg/L (11.4%) and 150 mg/L (48.6%). The 
study showed that the response surface method was 
very effective to obtain the optimum condition and 
maximizing the removal of turbidity, BOD and COD. 

FTIR Results from Watermelon (Citrullus lanatus) 
and Cantaloupe (Cucumis melo) Seeds

The Fourier transform infrared spectroscopy 
(FTIR) technique was an important tool to identify 
some functional groups present in the natural 
coagulant of watermelon (C. lanatus) and cantaloupe 
(C. melo) as shown in Fig. 3. The spectrum shows 
the plot of absorption intensity versus the wavelength 
frequencies of the compound. Two similar strong peak 
patterns observed both in C. lanatus and C. melo at 

Fig. 1. Three dimensional response surface plots showing the effect of pH and coagulant dosage on reduction of a) Turbidity, b) TSS, c) 
BOD (d) COD by coagulation using watermelon (citrullus lanatus) coagulant.
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3269.34 cm-1 which signify the presence of strong bands 
of O-H bond that indicates the presence of water. In 
addition, stretching was observed in the region between 
2500 and 3000 cm-1 indicates the presence of C-H bond. 
These two main functional groups found in C. lanatus 
and C. melo could be attributed to the contents of 
protein [47]. These results are in agreement obtained in 
the high percentage removal of turbidity in the study. 

Thus, some studies show that natural coagulant from 
M. oleifera seeds have greater effectiveness for the 
removal of high turbidity in wastewater [48]. Moreover, 
the region between 1400 and 1700 cm-1 corresponds to 
the carbonyl, C=O-NHR, amine, NH 2 and ammonium, 
NH+3 bands. As it can be seen in the result strong 
bands similarity of C=O stretching was observed in the 
region between 1500 and 1750 cm-1. Also, free amino 
acids aggravate the catalytic property, thus improving 
charge neutralization of suspended solids and bridging 
the flocculation [49]. One comparable bending band 
observed at 1000 and 1500 which verified the presence 
of amino group in both natural coagulants (C. lanatus 
and C. melo) which reduce the TSS and COD levels 
after the treatment [50]. Moreover, it was observed that 
the two plant species seeds obtained almost similar 
spectra.

Conclusion

Application and optimization of natural coagulants 
from watermelon (C. lanatus) and cantaloupe (C. melo) 

Fig. 2. Three dimensional response surface plots showing the effect of pH and coagulant dosage on reduction of a) Turbidity, b) TSS, c) 
BOD (d) COD by coagulation using cantaloupe (cucumsis melo) coagulant.

Fig. 3. FTIR spectra of extracting seeds from watermelon (C. 
lanatus) and cantaloupe (C. melo) seeds.
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in the coagulation-flocculation process were investigated 
in this study. The response surface methodology design 
using CCD was applied to determine the operating 
conditions of turbidity, total suspended solids, BOD, and 
COD. Based on the results demonstrated, the removal 
efficiency of both natural coagulants was highly 
effective. The natural coagulants of C. lanatus and C. 
melo achieved the maximum treatment performance of 
TSS (92.8% and 87.7%) and BOD (92.1% and 80.1%) 
under the dosage of 72 mg/L and 76.7 mg/L in pH  
(5 and 7) respectively. Instead of discarding or simply 
thrown away the seeds, a possible option is to convert 
into a natural coagulant to purify water and wastewater. 
The ability of natural plant seeds from C. lanatus 
and C. melo to act as a natural coagulant for 
treatment of municipal wastewater can be a suitable and 
effective pre-treatment option instead of conventional 
coagulants. 
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