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Background: The combined use of plant-based and chemical coagulants, such as
aluminium or iron salts can reduce the use of chemical coagulants while providing
sufficient efficiency in removing suspended solids. This experimental research
investigated the effect of Descurainia sophia seed extract (DSSE) in conjunction with
the aluminium sulphate (alum) on turbidity removal efficiency.

Methods: D-Optimal design using Response Surface Methodology (RSM) was used for
experimental design to investigate the effects of operating factors on responses and the
potential interactions between these factors.

Results: The results showed that, when starting with an initial turbidity of 200 NTU,
the maximum achieved turbidity removal efficiency of 91.45% (Run 1) was attained by
using only alum at an optimized concentration of 59.5 mg/L and a pH 6. However, when
the initial turbidity was 200 NTU, pH 7, and the alum concentration was reduced to 40
mg/L, and the DSSE/water ratio was increased to 16 mL/L, a turbidity removal efficiency
of 93.45% (Run 35) was obtained.

Conclusion: DSSE can be used as a plant-based coagulant along with alum to reduce
alum consumption and improve the coagulation and flocculation of suspended solids
in water. By incorporating this extract, the removal of impurities and reduction of
turbidity can be effectively promoted.

1. Introduction

amounts of dissolved aluminium, particularly at pH levels of
8 or above. Additionally, the presence of complex inorganic

In water and wastewater treatment, coagulation and
flocculation processes are crucial for the elimination of
suspended particles that contribute to turbidity and
discoloration in the water. These processes involve the
application of coagulants, such as polyaluminium chloride
(PACL) and aluminium sulphate (Al; (SO4)3), commonly
known as alum [1]. Although these types of coagulants are
widely used due to their high production and favorable
coagulation performance [2], the high cost of producing
these materials and their negative impact on the
environment and human health have raised concerns [3, 4].
When aluminium-based coagulants are used in water
treatment processes, treated water can contain significant

ligands such as fluoride can further increase the amount of
soluble aluminium concentrations, even to a non-negligible
amount at pH levels of 6 and 7. The results of a meta-analysis
show that people who are chronically exposed to aluminium
have a 71 % higher risk of developing Alzheimer's disease [5,
6]. Bones are the main site for the accumulation of absorbed
aluminum in the human body, but it also accumulates to a
lesser extent in the brain, liver, and kidneys [7]. The systemic
absorption rate of monomeric aluminium salts from drinking
water (0.28 %) exceeds that from food sources (0.1 %). The
intake of large amounts of aluminium through drinking
water consumption has been associated with various
complications, including microcytic anaemia, osteoporosis,
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and kidney failure in dialysis patients. There is ample
evidence of a link between bone disease and aluminum
concentration in water [8]. The application of chemical
coagulants in water treatment has its limitations. For
instance, their effectiveness diminishes considerably under
low water temperatures, and they can have considerable
impacts on the pH of the treated water [9]. In addition, this
type of coagulant produces a large amount of non-
degradable sludge, which increases the cost of water
treatment [10]. In recent years, there has been an increasing
trend towards the use of natural coagulants derived from
various sources such as plants [11], microorganisms [12], or
animals [13]. This growing inclination towards natural
coagulants can be attributed to the desire to overcome
potential problems caused by the use of chemical coagulants
[14]. Compared to chemical coagulants, natural coagulants
have several advantages. These include source stability,
environmental friendliness, reduced dependence on
chemicals, lower costs for sludge treatment and
management, availability and locality, independence of pH
and alkalinity, as well as relatively lower production costs
[15]. In addition, natural coagulants are non-corrosive and
safe to use, particularly when compared to chemical
coagulants. Furthermore, they produce less sludge that is
biodegradable [16]. However, it is important to note that
certain natural coagulants may have disadvantages. These
can include an increase in the organic content of the water,
an increase in microbial activity, a higher chlorine
requirement during disinfection, and an extended settling
time [17]. Natural coagulant sludge contains many nutrients
and can be used as fertilizer and soil conditioner [18]. Plant-
based coagulants are also used in wastewater treatment.
Studies have shown that the extract of G. ulmifolia
demonstrates a remarkable removal efficiency of 95.8 % for
turbidity and 81.2 % for biochemical oxygen demand (BOD)
in dairy wastewater in a combined system of coagulation
followed by dissolved air flotation (DAF) [19]. The improved
and optimized processes compared to the conventional
coagulation process have many advantages in improving the
removal rates of natural organic matter (NOM) and
disinfection by-products [20]. During the coagulation
process, particle coagulation can be attributed to four
mechanisms: double-layer compression, polymer bridging,
charge neutralization, and sweep coagulation [21]. In water
treatment practice, polymer bridging and charge
neutralization are two possible coagulation mechanisms for
plant-based coagulants [22]. Research conducted on the
individual and simultaneous application of plant-based and
chemical coagulants shows promising results in terms of
improving the quality of raw water by reducing dependence
on harmful compounds [23, 24]. The results of a study on the
effect of plant-based coagulant aid to reduce medium water
turbidity and color showed that the simultaneous use of
watermelon seed powder with 20 % alum improved water
quality to meet the guidelines set by the World Health
Organization (WHO) [23]. Studies have demonstrated that
rice starch is capable of reducing water turbidity by
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approximately 50 %. Moreover, when rice starch is employed
simultaneously with chemical coagulants, the removal
efficiency of water turbidity can be enhanced by up to 80%.
Additionally, this combined approach leads to a reduction of
approximately 60 % in the volume of sludge generated from
chemical-based coagulation processes [25]. Lablab
purpureus is a species of bean in the Fabaceae family. The
ability of L purpureushas been studied as a coagulant as well
as a coagulant aid to reduce water turbidity. The ability of L.
purpureus to reduce water turbidity was about 80 % when
used alone as a coagulant, and when used as a coagulant aid
with alum, the removal efficiency increased up to 95.6 % [24].
The use of (phaseolus mungo/vigna mungo) extract as a
coagulant aid with alum can increase the efficiency of
turbidity removal to 100 % while reducing the consumption
of alum by 20 % [24]. The study of the effectiveness of using
Moringa oleifera seed extract with alum in reducing water
turbidity showed that the settling time is reduced and the
consumption of alum is reduced by 30 % [26]. Similar results
of another study showed that the use of cassava peel starch
and alum together can eliminate water turbidity by 91.47 %
and reduce settling time by 50 % [27]. The simultaneous use
of cactus extract with PACL has shown higher efficacy in
removing turbidity from water compared to the use of PACL
with alum. In addition, the use of PACL with cactus extract
has a lower effect on lowering pH than the use of alum with
cactus extract [28]. Descurainia sophia is a plant of the
Brassicaceae family that produces a large number of seeds
from early to late summer. In Iran, the seeds are called khak-
e shir (khakshir). This plant is native to temperate and
tropical regions of Asia and Europe and has mucilaginous
seeds of dull red to light brown color and 0.7-1.5 mm in
length. DSSE has been used for centuries in traditional
medicine for its various health benefits [29]. It contains a
variety of bioactive compounds, including alkaloids, Tannins,
and saponins [30], which are believed to be responsible for
its therapeutic properties [31]. Studies on the coagulant
activity of DSSE have shown that the coagulant extracted by
the optimal method is capable of removing water turbidity
with a removal efficiency of 94.98 % [32, 33]. Before using
plant-based coagulants for water treatment, it is crucial to
evaluate their effectiveness and potential impacts. The
performance and impacts of these coagulants may vary
depending on the specific coagulant and the water being
treated. This study aims to assess the effectiveness of using
DSSE and alum together in reducing chemical coagulant
consumption and improving turbidity removal efficiency.
Additionally, the impact of this approach on NOM in water
will also be evaluated.

2. Materials and Methods

The seeds of Descurainia sophia were purchased from local
markets in Kurdistan, Iran. Kaolin powder, sodium chloride,
sodium hydroxide, and hydrochloric acid were purchased
from Merck (Germany), and aluminium sulfate from Carlo
Erba (Italy).
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2.1 Preparation of the turbid water

Approximately 10 g of kaolin powder was added to 1 L of
distilled water. The resulting suspension was stirred gently
for 24 h and then kept at rest for 24 h to allow the particles
to settle. The supernatant was used as a stock solution, which
was subsequently employed to prepare water samples with
different turbidities. To adjust the initial pH, solutions of
hydrochloric acid and sodium hydroxide (1 N) were used.

2.2 Extraction of Descurainia sophia seed

For the optimal extraction of Descurainia sophia seeds, the
results of previous studies were used [32]. Briefly, 10 g of
ground Descurainia sophia seeds were added to 250 mL of
distilled water containing 1 g/L sodium chloride and 0.03 g/L
sodium hydroxide. The mixture obtained was stirred with a
magnetic stirrer for 5 min. After 48 h of storage at room
temperature, the obtained suspension was sonicated at 75
kHz for 13 min. Then the mixture was filtered with filter
paper. The filtered extract was used as DSSE.

2.3 Prepare a stock solution of alum

To prepare a 1000 ppm stock solution, 1 g of the alum was
added to 1 L of distilled water, and the resulting solution was
mixed for 10 min to obtain a homogeneous solution.

2.4 Design of experiments and statistical analysis

This experimental study was conducted on a laboratory
scale with the aim of performance assessment of turbidity
removal by DSSE with alum and evaluating the simultaneous
application of alum with DSSE. Design-Expert 11.0 software
was used to design the experiments and statistically analyze
the experimental results. In this study, the independent
variables (factors) are initial pH, initial turbidity, DSSE
volume ratio to water(DSSE/water), and alum concentration.
Due to the ease and accuracy of the setting, initial pH and
initial turbidity were considered categorical variables, while
the remaining two factors were treated as continuous
variables. The dependent variables (response) are removal
efficiency of water turbidity, final pH after the coagulation
sedimentation process, and NOM in water. Table 1
represents the details of the selected continuous and
categorical factors with the appropriate levels. The effects of
the operational factors on the responses and the interaction
among factors were assessed using the D-Optimal design
using the RSM. The sequential backward elimination method
was used to remove statistically ineffective variables. The
diagnosis of the statistical properties of the model was made
using the normal probability plot of the difference between
the value of the dependent variable predicted by the model
and the results obtained in each run (residuals). The normal
probability plot shows whether the residuals follow the
normal distribution or not. In a normal distribution, the
residuals follow a straight line. The distribution of the
residuals and following certain patterns, e.g. S-shape, shows
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that a better analysis can be achieved by transforming the
values of the dependent variable. The investigation of the
effect of the factors on the responses as well as the
interaction effect was determined with analysis of variance
(ANOVA) and the probability value P-value < 0.05. The
adjusted coefficient of determination R? was evaluated to
measure the fit of the model.

Table 1. The range of factors studied for the experimental design to determine
the effect of the simultaneous use of DSSE with alum in the removal of
turbidity (coded values)

Factor Name Unit Range/Categories
Minimum maximum
A DSSE/water mL/L 0 50
(-1) (+1)
B Alum mg/L 0 100
concentration (-1) (+1)
levels
C Initial pH - 6 7 8
(10) (01) (-1-1)
D Initial NTU 10 100 200
Turbidity (10) (01) (-1-1)
2.5 jar test

The jar test was used to determine the effects of the factors
(DSSE/water, alum concentration, initial pH, and initial
turbidity) on the responses (final pH, turbidity removal
efficiency, and NOM at room temperature (23 + 1 °C). Briefly,
different amounts of DSSE and alum (according to the
experiments described in Table 2) were poured into jars and
made up to 1 L with turbid water. The jar test machine was
set for rapid mixing at 120 rpm for 2 min, followed by
flocculation at 60 rpm for 20 min and settling for 30 min.
Water samples were taken with a pipette 3 cm deep from the
top of the liquid. The turbidity of the water was measured
using a turbidimeter (HACH 2100AN) with a maximum
sensitivity of 0.01 NTU. Final pH values were measured with
a pH meter (Metrohm696). NOM in water was measured
with a spectrophotometer (DR6000) at 254 nm wavelength.

3. Results and Discussion

The experiments conducted to study the effect of
simultaneous application of alum and DSSE and the results
obtained are shown in Table 2. According to the results
shown in Table 2, the combined use of DSSE and alum
demonstrates a wide range of turbidity removal efficiency,
spanning from 96.7 % to -164 %. Moreover, the final pH of the
water is in the range of 3.34 to 7.65, and NOM is in the range
of 0.915 to 0.035. The DSSE has a background turbidity.
Therefore, if DSSE is added to water with a low initial
turbidity (10 NTU), the final turbidity will increase compared
to the initial turbidity. In a series of runs (Table 2), the final
turbidity was higher than the initial turbidity due to the
increase in turbidity from adding DSSE. As a result, the
calculated removal efficiency was negative. The results of
this study show that the efficiency of turbidity removal
increases as the initial turbidity increases.
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Table 2. The Designed experiments and results of the use of alum in conjunction with DSSE to remove water turbidity
Run Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 Response 3
A: DSSE/water mL/L B: Alum concentration C: Initial pH D: Initial turbidity Final pH Turbidity removal NOM UV
mg/L NTU efficiency Absorption at 254
% nm
1 0 59.5 6 200 4.08 91.45 0.052
2 0 100.0 8 200 5.41 1 0.51
3 0 0.0 8 100 7.42 1.7 0.316
4 50 7.5 6 10 4.5 -37 0.445
5 0 325 8 200 5.51 1.5 0.556
6 33 54.0 6 100 3.61 -15 0.673
7 50 0.0 7 200 5.21 2 0.725
8 0 0.0 7 100 5.78 6.6 0.311
9 0 31.0 6 100 4.02 84.1 0.051
10 39 0.0 7 100 5.55 23 0.574
11 50 0.0 7 10 5.42 -13 0.359
12 0 0.0 6 200 5.81 3 0.513
13 19 100.0 8 100 4.24 30.4 0.386
14 43 100.0 7 200 4.51 81.05 0.478
15 50 40.0 8 10 4.31 -102 0.507
16 50 100.0 8 100 3.61 -3 0.503
17 43 100.0 8 10 3.71 23.7 0.364
18 33 0.0 8 10 6 -15 0.31
19 22 62.0 6 10 3.64 -56 0.256
20 23 35.0 8 100 5.76 -8 0.509
21 20 100.0 6 200 3.81 93.2 0.179
22 0 0.0 6 10 5.45 -3 0.041
23 50 100.0 6 10 3.34 -164 0.537
24 0 0.0 7 200 6.11 14 0.504
25 50 0.0 6 200 5.21 0 0.915
26 50 0.0 8 200 7.55 -0.5 0.848
27 0 100.0 7 100 3.99 12.8 0.301
28 45 53.6 6 10 345 -125 0.485
29 36 335 7 10 3.75 -32 0.296
30 0 65.0 7 10 3.65 13.8 0.04
31 15 0.0 8 200 7.65 2 0.646
32 50 70.5 6 200 3.65 0 0.78
33 50 100.0 7 10 3.35 -65 0.412
34 0 0.0 8 10 6.55 43 0.041
35 16 40.0 7 200 5.01 93.45 0.253
36 50 18.5 8 100 5.71 1.4 0.636
37 0 71.5 8 100 4.45 5.7 0.325
38 0 49.0 7 100 3.81 1.4 0.32
39 35 65.5 8 200 5.55 87.6 0.331
40 15 100.0 7 10 3.55 3.1 0.144
41 50 48.0 7 100 3.65 4.6 0.642
42 0 100.0 6 100 3.81 85.8 0.048
43 9 67.0 8 10 4.25 -40 0.144
44 0 100.0 6 10 3.79 2.6 0.042
45 50 100.0 6 100 3.46 -14 0.797
46 21 74.0 7 100 3.65 7.6 0.439
47 0 100.0 6 10 3.65 533 0.035
48 20 100.0 6 200 4.01 79.4 0.221
49 0 100.0 7 200 5.34 20 0.462
50 0 100.0 6 100 4.02 67.3 0.082
51 0 100.0 7 100 4.78 2.8 0.311
52 6 0.0 7 10 5.98 -15 0.084
53 50 0.0 6 100 5.02 0 0.735
54 50 100.0 8 200 4.22 96.72 0.302
55 23 0.0 6 100 5.02 -1 0.53
56 50 48.0 7 100 3.68 24.9 0.727

For example, at an initial turbidity of 200 NTU, under the
same other factors, the turbidity removal efficiency is 81.05%
(run 14), while at an initial turbidity of 10 NTU, it decreases
to -65 % (run 33). The increase in initial turbidity of water
leads to an increase in suspended solids and colloidal
particles, resulting in a higher probability of coagulants
hitting them and forming larger flocs. Similar results have
been reported in studies involving other plant-based natural
coagulants (Quercus Branti) [14].
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BY NC

3.1 Effect of operational factors on turbidity removal
efficiency

The investigation of the influence of the factors on the
efficiency of turbidity removal was carried out with a 2FI
model (p-value < 0.0001). Notably, in comparison to
alternative models, the sum of squared errors in the 2FI
model was minimal (1.007E + 05). ANOVA was adopted to
test the significance of the model at the % 95 confidence level.
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The p-values below 0.05 indicate that the model terms are
significant. The results of the analysis of variance are shown
in Table 3. In Table 3, the Model F-value of 8.47 indicates the
significance of the model. There is only a 0.01 % chance that
such a large F-value occurs due to noise. Furthermore, P-
values of less than 0.0500 mean the statistical significance of
the model terms being examined. In this case, the
DSSE/water ratio (A), the initial turbidity (D), the interaction
between DSSE/water ratio and the initial pH (AC), the
interaction between DSSE/water ratio and the initial
turbidity (AD), and the interaction between alum
concentration and the initial turbidity (BD) are significant
model terms. The lack-of-fit F-value of 2.97 suggests that the
lack-of-fit in relation to the pure error is not statistically
significant. There is an 11.25 % chance that such a large lack-
of-fit F-value is due to noise. A non-significant lack-of-fit
means that the model fits well. The equation in terms of
coded factors can be used to make predictions about the
response for given levels of each factor. By default, the high
levels of the factors are coded as +1 and the low levels are
coded as -1. The coded model shown in Equation 1 is useful
for identifying the relative impact of the factors by
comparing the factor coefficients.

Equation 1: Final model in Terms of Coded Factors for
turbidity removal efficiency Prediction.

RE = +6.29 - 14.60A + 8.52B - 1.22C [1] + 4.64C [2] -
38.16D[1] +5.56D [2] - 31.48AC [1] + 13.15AC [2] - 19.54AD
[1] + 0.8061AD [2] - 16.54BD [1] - 4.25BD [2].

RE = Turbidity removal efficiency (%) A = Ratio of
DSSE/water (mL/L), B = Concentration of Alum (mg/L), C-
Initial pH and D-Initial Turbidity.

3.2 Investigation of the interaction between the DSSE/water
ratio and the alum concentration (AC) on the efficiency of
turbidity removal

The results displayed in Figure 1 indicate that increasing
the ratio of DSSE to water at pH 7 and 8 improves the
efficiency of turbidity removal when the initial turbidity is
200 NTU and alum concentration is 100 mg/L (a) or 0.0 mg/L
(b). However, at a pH of 6, the efficiency of turbidity removal
decreases rapidly. Several studies have established that alum
coagulation efficiency is highly sensitive to solution pH [34].
It was demonstrated that turbidity was removed more

Assessment of Descurainia Sophia Seed Extract

effectively at pH levels between 7.0 and 8.5, indicating the
use of sweep flocculation. On the other hand, color removal
is supported at lower pH levels between 6.0 and 6.9 through
charge neutralization [35]. The initial pH value equal to 6 has
a negative effect on coagulation, as it can decrease the
effectiveness of the coagulant and the efficiency of the
turbidity removal. These results are similar to the findings of
other studies, which have proven that the coagulation
process is significantly affected by the amount of bio-
coagulant (Cactus) used and the pH level [36]. Figure 2
illustrates that for an initial pH of 7 and alum concentration
of either 100 mg/L (a) or 0.0 mg/L (b), increasing the ratio of
DSSE to water in high initial turbidity of 200 NTU can
improve the turbidity removal efficiency. However, in the
case of an initial turbidity of 10, increasing the DSSE
concentration increases the final turbidity. Simultaneously
using alum (100 mg/L) and DSSE (50 mL/L) results in a high
level of turbidity removal efficiency (Run#14, 81.05 %). Low
initial turbidity in water can negatively affect coagulation, as
it can lead to decreased coagulation efficiency and increased
coagulant consumption [37]. Similar results were achieved
in a pilot scale study to treat turbid surface water from a
stream using processed Moringa oleifera seed and alum.
Moringa oleifera seed extract was utilized as a primary
coagulant to treat raw water with turbidity levels ranging
from 21 NTU to 479 NTU. The treatment resulted in residual
turbidities of 2.7 NTU and 1.9 NTU for the high and low
turbidity levels respectively [38]. A low initial turbidity can
reduce removal efficiency. This is because the coagulation
process relies on the collision and aggregation of particles to
form larger flocs that can be easily removed. When there are
fewer particles to collide and aggregate, the formation of
larger flocs can be impeded, leading to reduced removal
efficiency [39]. The results depicted in Figure 3 indicate that
when the initial pH is 7 and the DSSE/water ratio is 50 mL/L,
increasing the concentration of alum in the highest initial
turbidity (200NTU) enhances the efficiency of turbidity
removal. However, in the case of the lowest turbidity
(10NTU), increasing the concentration of alum leads to an
increase in water turbidity. The DSSE has background
turbidity. The water treated with DSSE may experience an
increase in turbidity compared to the initial levels due to
background turbidity. This can result in negative removal
efficiency values. In addition, excessive concentration of
alum causes the aluminium ions to hydrolyse and form
aluminium hydroxide, which has a positive charge and may
lead to the restabilization of particles [40, 41].

Table 3. Analysis of variance for the prediction model of turbidity removal efficiency when DSSE is used in conjunction with alum

Source Sum of Squares df Mean Square F-value p-value
Model 1.007E+05 12 8395.06 8.47 <0.0001 significant
A- DSSE/water 10883.54 1 10883.54 10.98 0.0019
B-Alum concentration 2839.02 1 2839.02 2.87 0.0977
C-Initial pH 380.57 2 190.28 0.1920 0.8260
D-Initial Turbidity 44681.28 2 22340.64 22.55 <0.0001
AC 20146.05 2 10073.02 10.17 0.0002
AD 8868.02 2 4434.01 4.47 0.0172
BD 8841.40 2 4420.70 4.46 0.0174
Residual 42606.95 43 990.86
Lack-of-Fit 40799.31 38 1073.67 297 0.1125 not significant
Pure Error 1807.63 5 361.53
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(b)

Design-Expert® Software
Factor Coding: Actual

Interaction
C:pH

40

Turbidity Removal Efficiency (%)

A: DSSE/water (ml/l)

Figure 1. The interaction effect of DSSE with initial pH (AC) on the efficiency of turbidity removal

* (a) alum concentration = 100 mg|/L, (b

3.3 Effect of operational factors on final pH

A reduced quadratic model was used to investigate the
effects of the factors studied on the final pH value of the
water (p-value < 0.0001). ANOVA was used to check the
agreement of the presented model with the performance
results and to determine the significant effect of the
independent variables on the dependent variable of final pH.
The results of this analysis are presented in Table 4. The
model F value of 51.58 means that the model is significant.
There is only a 0.01 % chance that such a large F-value occurs
due to noise. P-values of less than 0.0500 mean that the
model terms are significant. In this case, the DSSE/water ratio
(A), alum concentration (B), initial pH (C), initial turbidity
(D), and the interaction effect of alum concentration and
initial pH (BC), initial pH and initial turbidity (CD) and the
squared effect of alum concentration (B2) are significant

Table 4. ANOVA for the final pH prediction model using DSSE in conjunction with alum

) alum concentration = 0 mg/L

model terms. The F-value for the lack-of-fit of 1.37 means
that the lack-of-fit is not significant in terms of pure error.
Also, the p-value for the lack-of-fit (p> 0.05) shows that the
predictions of the model agree with the experimental data.
The selected quadratic model for predicting the final pH of
water is shown in Equation 2.

Equation 2: Final model in Terms of Coded Factors for final
pH prediction.

pH=+4.19-0.2517A - 0.9611B - 0.4924C [1] - 0.1339 C[2]
-0.3431 D [1] - 0.0844 D [2] + 0.1859 BC [1] + 0.2120 BC [2]
+0.2193 C[1] D [1] +0.0151 C[2] D[1] - 0.0190C [1] D [2] -
0.0532 C[2] D[2] + 0.8001B=.

A = Ratio of DSSE/water (mLL), B = Concentration of Alum
(mg/L), C-Initial pH and D-Initial Turbidity.

Source Sum of Squares df Mean Square F-value p-value
Model 64.80 13 4.98 51.58 <0.0001 significant
A- DSSE/water 244 1 244 25.21 <0.0001
B-Alum concentration 31.71 1 31.71 328.11 <0.0001
C-Initial pH 11.78 2 5.89 60.97 <0.0001
D-Initial Turbidity 4.96 2 2.48 25.65 <0.0001
BC 2.68 2 1.34 13.86 <0.0001
CD 1.05 4 0.2623 2.71 0.0425
B2 6.52 1 6.52 67.50 <0.0001
Residual 4.06 42 0.0966
Lack-of-Fit 3.69 37 0.0998 1.37 0.3944 not significant
Pure Error 0.3643 5 0.0729
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Figure 3. The interaction effect of alum concentration with initial turbidity (BD) on the efficiency of turbidity removal
* (a) DSSE/water = 50 mL/L, (b) DSSE/water = 0.0 mL/L
Based on Figure 4, it is evident that the addition of DSSE to results in a decrease in the final pH of the water. Descurainia
water with an initial pH of 8 and initial turbidity of 200 NTU sophia seed extract is typically considered to be acidic, as it
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contains various fatty acids [42]. Fatty acids can indeed
reduce pH, especially when present in high concentrations.
This is because fatty acids, being organic acids, have a
carboxyl group (-COOH) at the end of their hydrocarbon
chain. When the carboxyl group dissociates, it releases a
hydrogen ion (H*), which can contribute to the acidity of a
solution [43]. The pH correction is only recommended in the
case of ionic plant-based coagulants/flocculants due to
promoting the electrostatic interactions between suspended
particles and the ionized biopolymer active compounds, such
as amine (NH;), carboxyl (CO0), and hydroxyl groups (OH)
[44]. In many cases, amphoteric bio-flocculants can be
effective without pH adjustments, as they can interact with
particles in water over a wide range of pH values [45]. Based
on Figure 5, when the initial turbidity is 200 NTU and the
ratio of DSSE to water is 50 mL/L, the final pH of the water
decreases with the addition of alum, regardless of the initial
pH values.

Design-Expert® Software One FaCtOf
Factor Coding: Actual
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Figure 4. The effect of DSSE/water on the final PH

Chemical coagulants neutralize charges on suspended
particles to prevent electrostatic repulsion. Positively
charged particles attract negative particles, resulting in
electrical neutrality. Van der Waal's forces then take over,
allowing attraction to occur. The particles eventually become
floc and settle out of solution [46]. Traditional coagulants like
alum hydrolyse quickly and their products can destabilize
kaolin particles through precipitation charge neutralization
(PCN) after dosing. PCN zone can be extended by increasing
alkalinity, which also enhances the efficiency of alum
through sweep flocculation [47].
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Figure 5. The interaction effect of alum concentration and initial pH (BC) on
the final PH

The chemical reaction that occurs when alum is added to
water involves the formation of positively charged
aluminium hydroxide flocs, which attract and bind with
negatively charged particles in the water. The chemical
equation for the reaction is:

A12(504)3 + 6H,0 - 2Al(0H)3 +6H!™ + 35042'

Adding alum to water causes a reaction with the alkalinity
in the water, resulting in the formation of aluminium
hydroxide, which attracts small impurities in the water and
settles easily during sedimentation. In the absence of other
chemicals, 1 mg 1! of alum theoretically destroys 0.5 mg I!
of total alkalinity [48]. The degree of pH reduction is
dependent on both the initial pH level and the amount of
alum added, as illustrated in Figure 5. Figure 6 presents the
enhanced stability of the final pH, namely in highly turbid
water (200 NTU). In this context, the ratio of DSSE to water is
maintained at 50 mL/L, while alum concentration is held
constant at 100 mg/L. The addition of plant extracts as
coagulants leads to a decrease in the pH of the water due to
the presence of acidic compounds [49, 50]. Chemical
coagulants also cause a decrease in the final pH of the water
due to hydrolysis in the water and the combination with
alkalinity in the water and the release of H*ions [51]. The
observation of increased pH stability along with increased
turbidity can be explained by the buffering effect of kaoli.
The buffer capacity and carbonate content of the kaolin clay
used in this study maintain a stable pH level in a solution.
Kaolin buffer works by absorbing excess hydrogen ions (H*)
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or hydroxide ions (OH") in a solution, thereby preventing
significant changes in pH [52]. The initial alkalinity of the
water was 210.0 (mg/L CaC03), while the final alkalinity was
6.3 (mg/L CaCO3).

Interaction
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Figure 6. Interaction effect of initial pH and initial turbidity (CD) on the final
pH value of the water

3.4 The eftect of using DSSE with alum on NOM in water

NOM, which is found in surface waters, is a complex mix of
organic compounds with varying chemical compositions and
molecular sizes. It includes both aliphatic and highly colored
aromatic compounds, some of which are negatively charged
[53]. NOM in water can cause problems such as taste, odor,
color, and formation of disinfectant by-products [54]. Plant-
based coagulants, such as Moringa oleifera and other plant
extracts, may increase the concentration of NOM in water
during coagulation treatment [55]. During the process of
disinfecting with chlorine, it is possible that the NOM present
can create a need for more chlorine and also serve as a source
for trihalomethanes [56]. A statistically significant cubic
model (p-value < 0.0001) was used to investigate the effect
of the factors studied on the response of NOM in water. To
test the suitability of the model presented, an ANOVA was
conducted. The results of ANOVA are shown in Table 5. Table
5 shows that the F-value of the model of 59.20 means that
the model is significant. There is only a 0.01 % chance that
such a large F-valueoccurs due to noise. P-valuesof less than
0.0500 mean that the model terms are significant. In this
case, A, B, D, AC, AD, BC, BD, A2, B2, ABC, ACD, BCD, A2D, AB?,
and B’D are significant model terms. Values greater than
0.1000 indicate that the model terms are not significant. The
F-value for lack-of-fit of 1.49 means that there is a 34.86 %
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chance that such a large F-value for lack-of-fit can occur due
to noise. The cubic model selected for NOM prediction in
water is presented in Equation 3.

Equation 3: Final model in Terms of Coded Factors for water
NOM prediction.

NOM = + 0.3573 + 0.2352A - 0.0676B + 0.0002C [1] -
0.0156C [2] - 0.1081D [1] + 0.1682D [2] -0.0072AB +
0.1173AC [1] 0.0338AC [2] + 0.0164AD [1] + 0.0315AD [2] -
0.0008BC [1] + 0.0246BC [2] + 0.0693BD [1] + 0.0189BD [2] +
0.0068C [1] D [1] 0.0123C [2] D [1] + 0.0047C [1] D [2] +
0.0127C [2] D [2] + 0.0508A2 + 0.0184B2 + 0.0460ABC [1] -
0.0057ABC [2] - 0.0746AC [1] D [1] + 0.0137AC [2] D [1] +
0.0359AC [1] D [2] - 0.0356AC [2] D [2] -0.0021BC [1] D [1]
0.0269BC [2] D [1] + 0.0068BC [1] D [2] 0.0310BC [2] D [2] +
0.0342A%B - 0.0351A2D [1] - 0.0916 AD 2] -
0.0822AB2 - 0.0304B2D [1] - 0.0665B2D [2]

A (DSSE /water Ratio), B (Alum concentration), C (initial pH)
and D (initial turbidity).

Investigation of the presence of NOM in water under the
influence of the interaction between the DSSE/water ratio
and the concentration of alum (A?B). Based on Figure 7, when
the initial pH is 7 and the initial turbidity is 200 NTU, the
concentration of NOM in the water increases as the
DSSE/water ratio increases. However, the increase in NOM is
less pronounced in the presence of high concentrations of
alum (100 mg/L) compared to when alum is absent.
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Figure 7. Interaction effect of DSSE/water ratio and alum concentration (A?B)
on NOM in water

One of the limitations of using natural plant-based
coagulants is the increase in organic load in the coagulation
process. This may be due to the dissolution of carbohydrates
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in plant extracts [57]. To reduce the impact of plant-based
coagulants on the taste and color of water, simple methods

Mikaeili A, et al.

for purification and filtration of this type of coagulant have
been proposed [58].

Table 5. ANOVA for the NOM in water prediction model using DSSE in conjunction with alum

Source Sum of Squares df Mean Square F-value p-value
Model 3.05 37 0.0824 59.20 <0.0001 significant
A-DSSE/water (mL/L) 1.29 1 1.29 924.03 <0.0001
B-Alum Concentration 0.0736 1 0.0736 52.91 <0.0001
C-pH 0.0054 2 0.0027 1.93 0.1743
D-INITIAL TURBIDITY 0.6085 2 0.3043 218.71 <0.0001
AB 0.0002 1 0.0002 0.1615 0.6925
AC 0.2797 2 0.1398 100.51 <0.0001
AD 0.0331 2 0.0166 11.91 0.0005
BC 0.0209 2 0.0104 7.51 0.0043
BD 0.1295 2 0.0648 46.55 <0.0001
cD 0.0068 4 0.0017 1.23 0.3339
A2 0.0078 1 0.0078 5.60 0.0293
B2 0.0080 1 0.0080 5.76 0.0275
ABC 0.0274 2 0.0137 9.83 0.0013
ACD 0.0672 4 0.0168 12.07 <0.0001
BCD 0.0323 4 0.0081 5.80 0.0035
A?B 0.0039 1 0.0039 2.78 0.1129
A2D 0.0535 2 0.0267 19.21 <0.0001
AB2 0.0269 1 0.0269 19.31 0.0003
B2D 0.0389 2 0.0194 13.97 0.0002
Residual 0.0250 18 0.0014
Lack-of-Fit 0.0199 13 0.0015 1.49 0.3486 not significant
4. Conclusion Acknowledgements

This study found that using DSSE in combination with alum
can increase the efficiency of turbidity removal. This is due
to the unique properties of both natural and chemical
coagulants, which work together to improve particle
coagulation and sedimentation. It is important to note that
the combined use of DSSE and alum may result in a larger
decreasein pH compared to using alum alone; therefore, it is
crucial to adjust the dosage of both coagulants While DSSE
alone may not have a high removal efficiency, its combined
use with alum can be an effective and sustainable solution
for improving coagulationin water treatment. However, it is
important to carefully evaluate the performance and
potential impacts of the coagulants and adjust the dosage
accordingly. Additionally, during the coagulation process,
DSSE may increase the concentration of NOM in water.
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