
Introduction
Activated sludge (AS) process is the most widely used 
biological method for treatment of municipal and 
industrial wastewater (1). AS has been widely used to 
remove nutrients and toxic materials for more than a 
century (2). AS has been used for the treatment of industrial 
and domestic wastewater by considering the main role of 
the community of bacteria and other microorganisms 
such as protozoa and metazoan (3). AS process has many 
benefits but, there are some problems with the application 
of AS such as the generation of a huge volume of sludge 
and the need for reuse and reduction of sludge. Economic 
and environmental conditions of sludge management are 
other aspects of this kind of aerobic wastewater treatment 
(4). It was stated that approximately 45% of the costs of 
wastewater treatment plants (WWTPs) are attributed to 
sludge management (5). 

Management of sludge in WWTPs is the key factor 

to reduce the operational cost. In the course of sludge 
management, the increase in sludge density has a critical 
effect on the cost of handling and transportation of sludge 
from WWTPs to the site of disposal (6). Therefore, in order 
to reduce the operational cost, each process that could 
properly separate the biomass from treated wastewater 
is considered a well-known factor that affects the cost-
benefit condition. The use of gravity sedimentation is an 
economical method for separation of solids (flocs) from 
the liquid phase in some wastewater treatment processes 
(3). Nowadays, use of mechanical and chemical methods to 
higher augmentation of flocs size and higher separation of 
solids from a liquid phase, have become more popular (7).

The application of metallic ions in WWTPs by creating 
a cross-link between flocs was reported to have a key 
role in the aggregation of sludge (8). Aluminum and 
iron salts are two main inorganic coagulants that are 
used in water and wastewater treatment processes for 
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Abstract
Metallic coagulants have been used for more coagulation and flocculation of flocs in many wastewater 
treatment plants (WWTPs) in all parts of the world. The integration of different methods to improve the 
wastewater treatment process has been considered in recent years. In this case-control study, the effects of 
four main coagulants (ferric chloride, ferric sulfide, alum, and poly-aluminum chloride) on sludge volume 
index (SVI) with and without exposure of static magnetic fields (SMFs) have been investigated. Both 
methods significantly reduced SVI (mL/g), but the combination of SMFs and coagulants was more effective. 
Ferric chloride could control bulking or reduce SVI to less than 150 mL/g at concentrations of 0.0625 to 
2 g/L when the SMFs intensity of 15 mT was used. The control of bulking in other coagulants happened 
when SMFs were added to coagulants at 0.0625-0.125 g/L concentration of coagulants (P < 0.05). With the 
application of SMFs, the highest reduction of SVI belonged to ferric sulfide (43.60%), followed by ferric 
chloride (18.40%), poly-aluminum chloride (PACl) (20.19%), and alum (19.80%). Without the application 
of SMFs, the highest reduction of SVI belonged to ferric chloride (38.36%), followed by alum (34.94%), 
PACl (25.43%), and ferric sulfide (6.69%). 
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substantial reduction of sludge volume (9). Aluminum 
could increase the compactness of sludge, sludge size, and 
surface area of wastewater when it is used as a coagulant 
(10). Ferric chloride is used for improving AS, in terms 
of the neutralization of negative charge, sedimentation 
of flocs by surface modification of the matrix in sludge, 
dewatering of sludge, and improvement of the settling 
velocity of flocs (11,12).

In order to improve the efficiency of the sludge coagulation 
and flocculation process, some researchers proposed the 
application of chemical materials combined with other 
methods (13). However, few studies have been done on the 
use of hybrid methods for sludge conditioning (14,15).

Some of the most important parameters for selection 
of a new method to improve WWTPs include low cost, 
safety for the environment, the possibility of the reuse of 
materials, and efficiency (16). One of the methods that has 
been considered by many researchers is the application 
of static magnetic fields (SMFs) for water and wastewater 
treatment process. SMFs are magnetic fields that do 
not vary in intensity over time and have a frequency of 
0 Hz (17,18). The application of SMFs for treatment of 
wastewater could increase the physical properties of 
wastewater components and, improve the separation of 
solids from liquid phase. Coagulation of colloidal particles 
is the reason for this phenomenon. Additionally, the 
increase in the activity of bacteria in wastewater is the 
other benefit of this method (19). 

In this case-control study, the effects of the use of SMFs 
and four main coagulants (there are the most commonly 
used coagulants in water and wastewater treatment) on 
the sludge volume index (SVI) of mixed liquor suspended 
solids (MLSS) of complete-mixed AS process were 
investigated. 

2. Materials and Methods 
2.1. Coagulants 
Ferric chloride, ferric sulfide, aluminum sulfide (alum), 
and poly-aluminum chloride (PACl) are four metallic 
coagulants that were used in this study (Fig. 1). The 
concentrations of these coagulants used in our study were 
0.0625, 0.125, 0.25, 0.5, 1, and 2 g/L. The high concentration 
of coagulants was selected to see the change of pH in the 
samples and find the turning point of pH changes.

2.2. Mixed Liquor Suspended Solids 
All samples (the cases and control) of MLSS (mg/L) were 
obtained from the effluent aeration basin of Sanandaj 
WWTPs (the capital city of Kurdistan that is located in the 
west of Iran) daily. The complete-mixed activated sludge 
(CMAS) process was used in this plant for the treatment of 
wastewater. After sampling and transferring the samples 
to the laboratory, they were stored at 4 °C to avoid any 
changes. All runs of the experiments were done in one 
day, so at the beginning of each run, the concentration 
of MLSS (mg/L) was measured. Each run of experiments 
was repeated three times to ensure the accuracy of the 
obtained results.

2.3. pH and Temperature 
As the concentration of chemical materials in the solution 
is related to pH, pH has a key role in wastewater treatment 
process (20). In this study, the pH of MLSS (mg/L) from 
the main source (control sample) and the cases after 
adding coagulants and SMFs was measured by a digital pH 
meter (827 pH Lab Meter). Sedimentation of MLSS (mg/L) 
in the secondary basin of wastewater treatment can be 
affected by temperature (20). Therefore, the temperature 
of the cases and control samples was measured by digital 
thermometers (Testo 104 penetration thermometer) at 
the end of each run of the experiment. The measurement 
of pH and temperature was repeated three times for each 
run of the experiments.

2.4. SMFs Generation
Using solenoids that are connected to direct current 
(DC) is one of the ways used for generation of SMFs. 
To complete the electrical circuit, a light bulb should be 
added. Two main methods are proposed to calculate the 
SMFs. One of them is the use of Ampere’s Circuital Law 
and another is the use of Tesla-meter or Gauss meter 
(21). In this study, 15 mT was considered as the optimal 
intensity of SMFs (22,23). As in our study, the wires are 
wrapped around the galvanized iron cylinder (0.5 mm 
thickness, 10 cm diameter, and 25 cm height). This device 
intensifies the SMFs; therefore, using a Tesla-meter yields 
more realistic results than the equations. To produce 
this intensity of SMFs, 750 rounds of wires with 1 mm 
thickness were needed. 

2.5. Jar Test
By the use of Jar-stirring device, 1000 mL of MLSS was 
mixed in 1-L beaker. Then, 0.0625 g of ferric chloride 
(the lowest concentration in our experiments) was added 
to the beaker and the solution was mixed at 200 rpm for 
30 seconds and 50 rpm for 10 minutes (13). As the daily 
concentration of MLSS changed, we tried to do each step 
daily. In order to ensure accuracy, all experiments were 
repeated three times for all concentrations of coagulants. 
It is clear that these steps were repeated for other 
concentrations of other coagulants, too. Fig. 1. Four Metallic Coagulants Used in This Study
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2.6. SVI Test
At the beginning of each run of the experiment, to 
calculate SVI (mL/g), based on the parts of 2710 D of 
Standard Methods for the Examination of Water and 
Wastewater, the amount of suspended solids (SS) was 
measured. Suspended solids from the effluent of aeration 
basin is called MLSS (mg/L) instead of SS. Then, the 
volume of settled sludge in the 1-L graduated cylinder 
after 30 minutes was estimated as SV30 (mL/L) and finally, 
SVI was calculated using the following formula (20):

( ) ( )30  SV  mL/L 1000
SVI mL/g =

mgSS or MLSS 
L

    
 

 (1)

SVI is the volume in mL occupied by 1 g of a suspension 
(mL/g). 

Settled sludge volume or SV30 is the volume of sludge 
settled in a 1-L graduated cylinder after 30 minutes. 

SS or MLSS in an aqueous sample (L) the mass (mg) of 
solids retained on a surface of glass-fiber filter. 

2.7. Data Collection and Analysis 
In this study, samples of case 1 were exposed to SMFs and 
coagulants were added to MLSS. Case 2 is the group that 
contained only coagulants and MLSS and the control group 
contained only MLSS without coagulants and exposure to 
SMFs. The concentrations selected for the four mentioned 
coagulants included 0.0625, 0.125, 0.25, 0.5, 1, and 2 
g. Each run of the experiments included measurement 
of weight, pH, temperature, MLSS, and SV30. To ensure 
accuracy, each run was repeated three times. In this way, 
for each coagulant, 54 runs of experiments were designed 
for case 1, case 2, and control samples (18 runs for each). 
Data were analyzed using ANOVA and independent 
sample t test in SPSS version 21.
 
3. Results and Discussion
Ferric and aluminum salts are used as coagulants in the 
water and wastewater treatment process. They are highly 
recommended due to their compact structure, small size, 
high solid contents, and density (13).

The effect of MFs on biological systems and 
microorganisms depends on the kind of microorganism, 
time of exposure, temperature, and intensity of MFs (24). 
Some researchers reported that MFs could separate solids 
and colloidal particles from wastewater (1,19).

MFs could accelerate the coagulation of particles in 
sludge and, facilitate the dewatering of the sludge. MFs can 
change the structure of molecules in solution and reduce 
the amount of chemical materials in AS. Consequently, 
the consumption of materials decreases and the total cost 
of the process reduces significantly. Nevertheless, little 
information is available about the effect of MFs on AS (25). 

There are three main mechanisms for coagulation 
and flocculation of water and wastewater: (1) sweep 
flocculation, (2) compression of double-layer, and 
(3) neutralization of charge (26,27). Double-layer 
compression is not suitable for wastewater treatment, so 

the two other methods are the most important processes 
(28). Additionally, in wastewater treatment process, 
the behavior of coagulants could be affected by the type 
of coagulants, pH, and characteristics of wastewater 
(29). Sludge particles are conditioned with inorganic 
coagulants. Charge neutralization happens in this process 
(30). Aluminum and ferric flocs have compact structures 
and high solid contents (13). 

SV30, dose of coagulants, pH, and temperature are four 
main factors that have basic roles in measurement of SVI. 
In the flowing, the interaction between the concentration 
of four main coagulants with and without SMFs along 
with SV30, SVI, pH and temperature is presented. SV30 is 
the main factor for the measurement of SVI. The dose of 
coagulants is one of the most important parameters in the 
sludge conditioning process (31). 

Regarding the application of coagulants for sludge 
conditioning, the efficiency of coagulants in dewatering 
and the economic situation are two main factors that 
need to be considered. Consumption of low doses of 
coagulants is always suggested because the consumption 
of high concentrations of coagulant materials can cause 
instability of the sludge flocs. This phenomenon is known 
as re-stabilization effect (32,33). The hydrolysis speed of 
chemical materials and precipitation of solids have key 
roles in solubility. They are related to the pH of a system. 
Ambient temperature has an effect on the determination 
of optimal doses of coagulants. In other words, by 
increasing the temperature of the solution, the dose of 
chemical materials decreases (33).

3.1. Effect of SMFs on SV30 in the Case and Control 
Samples

The effects of SMFs on SV30 in the samples of case 1 
(containing coagulants placed in the MFs), case 2 samples 
(with only coagulants), and the control samples (without 
SMFs and coagulants) were illustrated in Fig. 2.

The volume of SV30 in the control sample (a) is equal 
to 960 mL/L. SV30 in case 1 (on the right side) is equal 
to 430 (mL/L) and in the case 2 (on the left side) is 800 

Fig. 2. SV30 in the Cases and Control Samples .
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(mL/L) (Fig. 2b). Therefore, in this section of the study, 
the combination of SMFs and FeCl3 could reduce SV30 to 
530 mL in case 1 compared to the control samples and to 
370 mL compared to case 2.

The application of SMFs and Fe2(SO4)3 in the samples 
of case 1 reduced SV30 (360 mL/L) which is illustrated in 
Fig. 2b. This proportion is about 600 mL less than that of 
the control sample and 520 mL less than that of the case 2. 

In this concentration levels of alum and PACl (0.0625 
g), as shown in Fig. 2c and 2d, a reduction of 420 mL was 
occurred in SV30 in both of the coagulants compared to the 
control sample. This value for case 1 is 500 mL for alum 
when compared with case 2, and it is equal to 440 mL for 
PACl when compared with case 1. 

It is necessary to mention that sedimentation of sludge 
in the graduated cylinders in which SMFs were present 
at the surface of sludge was rough and, in case 2 and the 
control samples were smooth. 

Zieliński et al reported the effect of the MF intensity of 
1.6 mT on coagulation and flocculation of SV30 using iron 
and aluminum in 2018. Four doses (0.05, 0.1, 0.2, and 0.4 
g/dm3) of metallic coagulants were applied to bioreactors. 
They reported that unlike aluminum-based coagulant, the 
iron-based coagulant had no effect on SV30. The decrease 
of SV30 (mL/g TSS) in the case samples was 145.25 ± 4.95 
cm3/g and in the control samples, it was 70 cm3/g in the 
optimal condition (25).

In our study, all of the coagulants with and without the 
use of SMFs could have an effect on SV30. This range for 
samples of case 1 in the lowest level was 360 (mL/L) for 
FeCl3 and in the upper level was 700 (mL/L) for PACl. 
Furthermore, these ranges in samples of case 2 and the 
control in the lowest level were 460 and 920 (mL/L) and, 
in the upper level, they were 460 and 980 (mL/L). 

3.2. Effect of Concentrations of FeCl3 with and without 
SMFs on SVI and pH 
Effect of the combination of SMFs and different 
concentrations of FeCl3 in the samples of case 1 and the 
use of different concentrations of FeCl3 without SMFs in 
case 2 on SVI and pH is provided in Fig. 3.

Based on the result of Fig. 3 , by increasing the concentration 
of FeCl3 in case 1 samples, no significant change was observed 
in the SVI (P < 0.05). Therefore, the effect of SMFs on SVI is 
independent of the concentration of FeCl3. However, in case 
2 samples, by increasing the concentration of FeCl3, the SVI 
was significantly decreased (P < 0.05). 

When the SVI was less than 150 mL/g, the sludge bulking 
did not happen or could be controlled (20). In the range of 
0.0625 to 2 mg/L of FeCl3 alone, this phenomenon did not 
happen. Nevertheless, with the use of SMFs intensity of 
15 mT for 30 minutes along with FeCl3, this phenomenon 
occurred and sludge bulking was controlled in all samples. 

FeCl3 is a salt that is commonly used for the sedimentation 
of flocs in AS. Fe + 3 could increase the density of flocs 
and this condition is suitable for sedimentation of flocs 
(11,12,34). 

The combination of MFs and iron for sludge conditioning 
was studied by Hrut and Kamizela (35). The results of this 
study indicate the advantages of the application of MF 
intensity of 40 mT in dewatering sludge. 

In this study, the mean decrease of SVI in case 1 (SMFs 
with FeCl3) was 56.71% and in case 2, it was 37.90%. 
Therefore, the use of SMFs along with FeCl3 and the 
application of FeCl3 alone could decrease SVI. It must 
be mentioned that the effect of MFs on SVI could be 
separated from the consumption of coagulants (23).

The range of Hydrogen-ion concentration for secondary 
treatment of wastewater is 6 to 9 and for discharge of the 
treated wastewater into the environment is 6.8 to 8.5 (17).

Hence, when the concentration of FeCl3 is higher than 
0.5 g/L, pH adjustment is necessary. Adjusting the pH 
need the consumption of more alkaline, and this method 
raises the cost of treatment. 

By increasing the concentration of FeCl3 from 0.0625 to 
0.5 g/L, no change was observed in the pH of the solution, 
but in the range of 1 to 2 g/L, significant changes were 
observed.

3.3. Effect of Fe2(SO4)3 with and without SMFs on SVI 
and pH
According to Fig. 4. by consumption of Fe2(SO4)3 as a 
coagulant on MLSS of the effluent of aeration basins, the 

Fig. 3. Relationship between SVI, pH and, Concentration of Ferric Chloride in the Cases and Control Samples.
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amount of SVI in samples of case 2 significantly lower 
compared to control samples, however, this change was 
not higher compared to when SMFs intensity of 15 mT 
was used. The difference in change between the samples 
of case 1 and case 2 samples was statistically significant. 
Therefore, the use of SMFs reduced the SVI from effluent 
of aeration basins of CMAS when mixed with Fe2(SO4)3 in 
comparison with case 2 and the control samples. 

By increasing the concentration of Fe2(SO4)3 from 0.0625 
to 2 g/L, decrease of pH was observed. By application 
of Fe2(SO4)3 as coagulant, less change in pH of solution 
happened and, no need to adjusting the pH in the effluent 
of aeration basin of CMAS. 

3.4. Effect of Alum With and Without SMFs on SVI and 
pH 
Alum as a metal coagulant could reduce the SVI as 
illustrated in Fig. 5. However, this effect was not linear. 
The combination of alum and SMFs improved the 
reduction of SVI in case 1 when compared to case 2 and 
the control samples. In some samples of case 2, the amount 
of SVI was lower than 150 mL/g, based on the results of the 
independent sample t-test. By increasing the concentration 
of alum, no significant change in SVI was observed.

Bulking control happened when the concentration 
of alum was lower than 0.5 (g/L) in case 1 and case 2. It 
is clear that only the application of alum in the range of 
0.0625 to 2 (g/L) in case 2 could not control the bulking.

Increasing the concentration of alum in the range of 
0.0625 to 2 g/L reduced the pH of mixed liquor in the case 
1 and case 2 samples. These differences at concentrations 
lower than 0.25 g/L were not significant; however, at 0.5, 1, 
and 2 g/L concentrations, the differences were significant. 
In the samples of both cases at concentrations higher 
than 0.5 g/L, pH adjustment was necessary too. As other 
coagulants, alum decreased the pH of the solution. SMFs 
have a synergic effect on the reduction of pH when added 
to alum.

In 2020, Said et al (36) studied the effect of different 
concentrations of alum ranging from 100 to 600 mg/L on 
specific resistance to filtration of sludge. They mentioned 
that the use of 600 mg/L of alum for 60 minutes of 
dewatering produced better results compared to other 
concentrations of alum. 

The effect of alum on the wastewater treatment results 
from the interaction between Al + 3 and extracellular 
polymeric substances (organic matters that are produced 
by microorganisms in wastewater and control the 

Fig. 4. Change of SVI in the Cases and Control Samples of Ferric Sulfide.

Fig. 5. Relationship between Increasing the Concentration of Alum and SVI in the Cases and Control Samples.
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physicochemical properties of the sludge) in metal-organic 
complex. This phenomenon increases flocs density (34).

3.5. Effect of PACl With and Without SMFs on SVI and 
pH 
The reduction of SVI was higher in the cases compared to 
the control samples, however, this phenomenon was more 
obvious when MFs were present. One of the interesting 
results of this part is that the decrease in the concentration 
of PACl could control bulking (less than 0.25 g/L), and at 
concentrations equal and higher than 0.25 g/L, control of 
bulking did not happen. 

By increasing the concentration of PACl, a decrease in 
pH was observed in all samples. When the concentration 
of PACl was higher than 0.25 g/L, this difference was 
significant, and at concentrations lower than 0.25 g/L, the 
difference in pH change was not statistically significant 
between the three groups. The relationship between 
concentration of PACl with and without exposure of 
SMFs to SVI, and pH is illustrated in Fig. 6.

The molecular weight of coagulants has a key role in 
bridging flocculation (37). PACl has a molecular weight 
of greater than 3000 Da (38). Neutralization of sludge 
charge and dewatering of sludge by PACl can be efficient, 
and this property made PACl one of the best flocculants in 
treatment of water and wastewater (39). 

PACl has better efficiency when compared with 
aluminum and iron salts in the process of water and 
wastewater treatment, due to low temperature, low sludge 
volume production, and small change in pH (40,41). In 
our study, a small change in pH was confirmed when PACl 
was used as coagulants and added to effluent of aeration 
basin in all samples of the cases and the control. 

Guo et al recommended that the optimal pH (7.5) of 
PACl could decrease dry solids by approximately 7.4% (42). 

An important point to note is that the SMFs generate 
heat in the wires due to Joule heating (43). When heat was 
transferred to the samples, the mean temperature (ºC) rose 

in case 1 compared to the mean temperature in case 2 and 
control samples. The changes in the mean temperature of 
samples were summarized in Table 1.

Based on Table 1, the change of temperature in case 
1 compared with case 2 and the control samples was 
significant. However, there was no statistically significant 
difference in the temperature between case 2 and control 
samples. In this study, by 30-minute exposure of 15 mT 
SMFs, mean temperature of case 1 in all samples raised 
3.94 °C and 3.92 °C more than those of all samples in case 
2 and the control samples. 

In a study, a significant decrease in SVI from 77.32 
cm3/g to 20.93 cm3/g was reported at MF intensity of 48 
mT in 2012 (44). 

Hrut and Kamizela (35) reported that the consumption 
of chitosan in winter (0.5 mg/L) compared to its 
consumption in summer (1 mg/L) for the treatment of 
water in the coagulation/flocculation process is more 
than twice. The reason for this reaction, was related to the 
inverse relationship between viscosity and temperature. 
Another parameter is the solubility of materials in a liquid. 
The lower temperature is more beneficial than the higher 
temperature in coagulation and flocculation process (37). 

3.6. Cost-Benefit of the Application of SMFs in MLSS
In this study, the SMFs exposure time of MLSS in case 1 
was 30 minutes. This time is the recommended time for 
SV30 test. The total cost of applying the SMFs to case 1 
samples and using solar panels with the same amount of 
energy (150 W) instead of a DC power source (alternative 
device for reduction of the operation cost) was estimated 
which is presented in Table 2.

Although the cost of polycrystalline solar panel ($16.098) 
is higher compared to DC power supply, it seems that the 
cost of using solar panel is lower than that of DC power in 
the long run. Furthermore, one of the main limitations of 
the application of solar panel is that they could not be used 
at absent of sunlight.

Fig. 6. Change of SVI in the Cases and Control Samples by Increasing the Concentration of PACl.
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Sludge dewatering (higher density) is one of the most 
expensive treatment processes in WWTPs. Additionally, 
80% of the operating costs are allocated to the sludge 
dewatering (45). Therefore, any compounding process 
(such as the application of SMFs) that increases the density 
of the sludge can be considered as a helpful method. 

4. Conclusion
The main results of this study indicate the best coagulants 

among the four commonly used metallic chemical 
materials to control SVI in the effluent of aeration basin in 
CMAS with and without using of SMFs (Table 3). 

When concentrations of coagulants were between 
0.0625 to 2 g/L, and, the intensity of SMFs was 15 mT, the 
following results in terms of SVI were obtained: 
1. Ferric chloride is the only coagulant that can control 

the bulking at all concentrations and, at 0.0625 
and 0.125 g/L concentrations of other coagulants 

Table 1. Changes of Temperature in the Cases and the Control Samples

Coagulants
Mean Temperature (°C) P Value Between Case 

1 and Case 2 Samples
P Value Between Case 1 

and Control Samples
P Value Between Case 2 

and Control SamplesCase 1 Case 2 Control

FeCl3 24.35 ± 3.23 19.63 ± 0.94 19.85 ± 0.72 0.006* 0.008* 0.665

Fe2(SO4)3 22.20 ± 2.23 19.50 ± 1.03 19.86 ± 0.85 0.023* 0.038* 0.518

Alum 24.56 ± 3.53 20.30 ± 1.10 19.83 ± 0.821 0.018* 0.010* 0.426

PACL 24.16 ± 2.97 20.05 ± 0.72 19.85 ± 0.75 0.008* 0.006* 0.648

* Significance level: P ≤ 0.05.

Table 2. Estimated Costs of the Application of SMFs in Case 1 Using DC Power and Solar Panel

Process Unit
Price (US $)

DC Power (DAZHENG PS-A305D) Polycrystalline Solar Panel

Lacquered wire (1 mm) 180 (m) 25.4 25.4

Galvanized iron sheet (0.5 mm) 15*30 (cm) 1 1

Solenoid Rows 10 10

Power supply One device 66 82.1

Electricity consumption kWh 0.002 -

Total cost US ($) 91.502 107.6

Table 3. Sludge Bulking Control Using a Combination of Coagulants and MFs

Coagulants Concentration (g/L) MLSS (mg/L)
Mean SV30 (mL/L TSS) Bulking

Control Case 1 Case 2 Control Case 1 Case 2

FeCl3

0.0625 2900 960

430 800 h* c** h

Fe2(SO4)3 360 880 h c h

Alum 380 780 h c h

PACl 380 820 h c h

FeCl3

0.125 3130 920

440 780 h c h

Fe2(SO4)3 380 900 h c h

Alum 420 780 h c h

PACl 400 700 h c h

FeCl3

0.5 3260 960

420 460 h c h

Fe2(SO4)3 540 840 h h h

Alum 480 540 h h h

PACl 590 700 h h h

FeCl3

1 2800 940

380 460 h c h

Fe2(SO4)3 550 880 h h h

Alum 450 540 h h h

PACl 700 780 h h h

FeCl3

2 2840 950

400 460 h c h

Fe2(SO4)3 500 860 h h h

Alum 430 560 h h h

PACl 500 590 h h h

*Happened (SVI > 150 mL/g).
**Controlled (SVI ≤ 150 mL/g).
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combined with SMFs, SVI could be lower than 150 
mL/g (control of bulking happened).

2. Bulking control did not happen without exposure to 
SMFs. 

3. All of the coagulants with and without SMFs could 
decrease the SVI. 

4. The differences in the reduction of SVI were 
statistically significant in all samples of case 1 when 
compared to the samples of case 2.

5. When the concentrations of coagulants are equal or 
more than 0.5 g/L, pH adjustment is necessary for all 
samples.

6. With the application of SMFs, the highest reduction 
of SVI belonged to ferric sulfide (43.60%), followed 
by PACl (20.19%), alum (19.80%), and ferric chloride 
(18.40%).

7. Without the application of SMFs, the highest 
reduction of SVI belonged to ferric chloride (38.36%), 
followed by alum (34.94%), PACl (25.43%), and, 
ferric sulfide (6.69%). 
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