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ABSTRACT

Purpose: Sludge management is one of the most important problems in wastewater treatment plants (WWTPs) and 
an activated sludge treatment process. Excessive growth of filamentous bacteria may cause, less dense floc structure, 
poor sludge compaction, slow settling, and wash-out solids from the final clarifiers. Sludge volume index (SVI) is 
an unknown method and the most appropriate parameter to express and estimate the settling characteristics of the 
sludge. The use of chemical materials to increase the volume of sludge is custom, but these methods are expensive 
and are not a green process. In recent years, the use of integrated treatment methods such as the use of magnetic 
fields (MFs) with biological methods, to accelerate the growth of microorganisms has become common. 

Methods: In this case and control study use of MFs (from 0.19 to 3.21mT) to decrease SVI (30 minutes time to 
settling) or enhancement of sludge, considered. 

Results: Based on the result of this study by increased the intensity of MFs, a decrease in SVI (0.03 to 53 percent) 
happened statistically.

Conclusion: One of the main, physical, and practical methods to reduce the huge volume of sludge by decrease SVI 
in WWTPs can be used by applying MFs. 
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INTRODUCTION

Rapid industrial development, based on increasing urbanizationand 
inevitably, development of wastewater collection network and 
municipal wastewater treatment plants (WWTPs), are basic 
elements of the sewage sludge production in all parts of the world 
[1].

The activated sludge process is the most important process for 
biological treatment of wastewater. The biological degradation 
process has a major role in confirming efficient wastewater 
treatment. Aeration tank is the heart of the system and degraded 
organic matters that happened by the floc-forming microorganisms 
[2]. The activated sludge treatment processes are widely used in 
municipal WWTPs [3]. Coordinating of microorganisms such as 
all species of bacteria, made a mix microbial mass to treatment 

of wastewater. Of course, the role and function of bacteria to 
stabilization of organic matterare the most important than the 
other microorganisms [4]. 

Production of 17.8 million tons dry matter of sludge average 
annually in the last decade in the United States of America and 
0.36 and 2.2 million tons in Australia and Japan are examples of 
this idea [5]. The treatment, disposal, and, the operating costs of the 
wastewater treatment process in the course of sludge management 
are very expensive, so dewatering and turn down the volume of 
sludge are most important [6]. Based on particle sizes activated 
sludge has a wide range (0.5–5.0 μm). Slow settling of activated 
sludge flocshave been made the most separation problems [7]. 

In course of reducing hydration of sludge, use of equipment 
and conditioning agents is necessary. One way is the use of 
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polyelectrolytes for the dewatering, butthis method have many 
significantly limited [8,9].

Operation of a wastewater treatment plant in term of sludge 
has one basic parameter is well-known as sludge volume index 
(SVI). Ascalculated by measurement of volume of the sludge that 
sediment in a graduated cylinder (contain 1000 mL of mixed 
liquor suspended solids of the effluent of the aerated basin) for 30 
minutes. Settling characteristics of the activated sludge is typically 
expressed by SVI in biological suspensions. The sludge that settles 
well has an SVI equal to or less than 120 mL/g [10,11].

In achieving successful separation of solid-liquid from wastewater, 
sludge flocs must settle and compact to the bottom of the clarifiers, 
SVI, and sludge density index (SDI) are two main factors are used 
as indicators of sludge settling in term of the operational function 
[9].

Sludge bulking phenomena that sometimes called, filamentous 
bulking is an operationalproblem in the biological treatment plans 
and it happens by overgrowth of filamentous bacteria [12]. There 
are proposed many theories to description of sludge bulking, 
but they are not entirely express the excessive growth of these 
microorganism.

Sothe settling of flocs is a serious problem in WWTPs, and 
structural stability of granular sludge decrease by filamentous 
bacteria overgrowth [10,11]. 

Dewatering or minimize the sludge volume to reduce its overall 
volume and enabling the easy handling of the sludge is the first and 
main essential step for appropriate sludge treatments[13]. Due to 
the highly hydrated colloidal structures of microbial aggregates and 
stronger affinity between water and organic compositions, sludge 
is difficult to be dewatered [14].It must be admitted that, there is 
a lack of a comprehensive review of sludge dewatering and limited 
literature focused on dewatering conditioning on sewage sludge 
[15,16]. 

At final it must be mention to this main topic that in WWTPs, 
the SVI forecast has an essential impact on the prediction of 
bioreactor parameters such as mixed liquor suspended solids 
(MLSS), recirculation grade of sludge, dissolved oxygen (DO) 
concentration, pH, and SDI [16]. 

We want to know in this study, could we decrease SVI or SDI 
of MLSS in the aeration basin of the activated sludge treatment 
process by use of MFs, without the use of any chemical materials? 

MATERIALS AND METHODS

Design of experimental apparatus

In this study, for the setup of the uniform intensity of magnetic 
fields, 182 meters of coated wire (750 turn coils in five rows) made 
of copper with 1mm thickness, was wrapped around a galvanized 
iron. The galvanized iron used as fundamental has 0.5 mm 
thickness and it is prevented the separation and disintegration of 
wires.

Two graduated cylinders (this equipment is used to measure SVI 
in the laboratory) are used as reactors. The volume of these is 1000 
mL.

The Intensity of Magnetic Fields (IMFs)

In this study, in term of generation Direct Current (DC)use of DC 

power (Dazheng DC power, PS-305D) considered, which produces 
0.01 to 5 A. in this way, the intensity of MFs is chosen between 
0.05 to 4.75 mT as shown in Table 1. DC power plugged to the 
solenoid and a lamp to complete loop of the electrical circuit. Since 
the wires have an internal resistance, it is necessary to calculate 
the effective current by means of Ampere-meter (digital clamp 
meter DT3266L). The IMFs of this experiment were calculated by 
equation 1.

B = µNI/L					                     (1)

Which

B = intensity of magnetic fields (T)

μ = permeability of water and wastewater (1.26 × 10-6 H/m)

N = turn's number

I = effectiveness of direct current (A)

L = length of wire around the reactor (m)

Then for calculated intensity of magnetic field in the first run by 
above equation:

B = (1.26 × 10-6 × 750 × 0.2)/1 = 0.00019 T = 0.19mT

Source of MLSS

Source of MLSS used in this study was collected from the effluent 
of the aerator unit of municipal wastewater treatment plants of 
Sanadnaj (a city located in the west of Iran) daily (shown in table 
1) and, to prevention of any changes in the samples, all of them 
immediately brought to the laboratory within less than 5 minutes. 
It must be mention that MLSS was taken from the effluent of 
the aeration tank daily and, the differences between them are the 
change of daily and hourly flow and concentration of wastewater 
contents.

Lab conditions

For the prevention of any changes in the quality of MLSS in course 

run I
(A)

MFIs
(mT)

MLSS
(mg/L)

1 0.2 0.19 1900

2 0.4 0.38 1900

3 0.6 0.57 1970

4 0.8 0.76 1970

5 1 0.95 1970

6 1.2 1.13 1860

7 1.4 1.32 1860

8 1.6 1.51 1860

9 1.8 1.70 2230

10 2 1.89 2230

11 2.2 2.08 2250

12 2.4 2.27 2250

13 2.6 2.46 2250

14 2.8 2.65 2170

15 3 2.84 2170

16 3.2 3.02 1480

17 3.5 3.21 1870

Table 1. Intensity of current (A), IMFs (mT) and MLSS (mg/L).
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of transportation, such as oxygen concentration, all experiments 
were performed in WWTP's Lab. The temperature of the Lab was 
between 25–30ºC during the examination.

Samples volume and time of exposure

The main goal of this study is to determine SVI in case and 
control samples. So in the first of each run, MLSS of the samples 
detected (through the 5 mL of the sample from the paper filter 
by a vacuum pump and then drying by the oven in 105˚C for 1 
hour, differences between weight of paper before and after is MLSS 
mg/L) [17]. Then 1000mL of MLSS poured into the cylinder and 
placed in MFs as a case sample. Also, 1000 mL ofMLSS poured 
into another cylinder as a control sample, too. After 30 minutes of 
exposure, temperature, DO, pH, SVI of case and control samples 
detected immediately, and then SDI calculated. 

Run of the experiments

We divided the range of IMFs from 0.05 to 4.75 mT to 17 runs. In 
each run, 0.3mT added to the intensity. It must be mentioned that 
the range of MFs is the limitation of this study that is based on the 
generation of DC by DC power.

Measurement of other indicators

As pH and temperature are the most important parameters in all of 
the biological process, so in this study pH (pH lab 827 Metrohm) 
and temperature (testo104-IR) in the case and the control samples 
are measured. On the other hand, DO (by HQ 40d HACH) as 
the main itemin the aerobic biological process, in each run of the 
experiment measured too.

RESULTS 

Effect of MFs on the temperature of the case and control 
samples

Pass of current through an electrical conductor produces thermal 
energy, this phenomenon is called Joule heating [16]. By increasing 
the IMFs, the temperature of MLSS in the case samples raises more 
than the control samples (Figure 1). Also, these differences between 
them (from 0.1 to 24.8) are statistically significant (p‹0.005).

The internal and external temperature of the reactor in this study 

raises 45.3 and 58.8ºC. In Figure 2 rise of the external temperature 
of the case reactor samples is shown. 

Effect of MFs on pH of the case and control samples

The range of pH in the case samples is from 7.11 to 7.45. This 
parameter on the control sample is from 7.32 to 7.62. When 
means of pH of the case and control compared with each other, a 
meaningful difference have appeared. After 30 minutes present of 
MLSS in MFs, the pH of the case samples decreased.There is not 
any logical trend in course of increase pH not only appeared in the 
case samples, but also in the control samples (Figure 3). 

Hou-Feng Wang et al., in 2017 studied onacid conditioning 
mechanism in term of dewatering of sludge,by decreasing of pH, 
treated sludge and fluidization, increased to equilibrium level. 
The floc structure and flocculation depend strongly on pH of 
sludge [18]. Also in 2002, Liao et al., said that in the process of 
sludge dewatering, pH in the range of acidic is a suitable for the 
promotion of the process [16]. 

Effect of MFs on DO of the case and control samples

By exposure of MLSS for 30 minutes under MFs, the concentration 
of DO in the case cylinders decreased as shown in Fiqure 4. When 
the mean concentration of DO in the case and control compared to 
each other, statistical differences appeared (p‹0.005).The amount 
of DO decreases with higher temperature, salinity. On the other 
hand, the concentration of DO in cold water is much more than 
in warm water [19]. 

In aerobic conditions, degradation of the organics matters by 
present of DO happened. DO has key role of stabilization of 
organic components, physiological growth of microorganisms 
communities in WWTPs and has main function of operational 
costs [20]. 

Effect of MFs on SVI of the case and control samples

A decrease of SVI (mL/g) happened in the whole of the case 
samples. The minimum decrease happened in 0.57 mT (0.03%) 
and the maximum befalls in 2.46 and 2.84 mT (53%). So by apply 
MFs half of a hour, the sludge could be settle without the use of 
any chemical materials. These differences in all of the runs of study 
have significant statistically (Figure 5).

0.19 0.38 0.57 0.76 0.95 1.13 1.32 1.51 1.7 1.89 2.08 2.27 2.46 2.65 2.84 3.02 3.21
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Figure 1: Temperature (Celsius degree) of the case and control samples.
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Effect of MFs on SDI of the case and control samples

As the Sludge density index (SDI) is 100 per SVI, so any changes 
in SVI will be affect SDI [21]. In Figure 9 change of SDI in the case 
and control samples is shown. The trend of decrease of SDI by 
increase IMFs has happened. 

Many new studies in course of wastewater treatment have been 
conducted to explore the bacterial community of activated sludge 
in WWTPs, such as research had down by Match et al., and 
Awolusi and et al. [22,23].

As it is clear the trend of decrease is not linear, as in some ranges of 
exposure rise of differences between the case and control samples 
present. Differences between SVI in the case (2.84 mT and on the 
left) and the control (on the right) samples are shown in Figure 6. 
Also, four SEM of flocs in the case (MFIs is equal to 2.27mT) and 
the control are illustrated in Figure 7. In this image, density of 
flocs in the case is more than the control sample. In Figure 8 light 
microscopic image of flocs in the case and control samples is shown 
(10x magnification a bright-field image). It must be mention that 
SVI in case is 800 ml/g and SVI in control is 400 ml/g.

Figure 2: Rise of the external temperature of the case reactor.

0.19 0.38 0.57 0.76 0.95 1.13 1.32 1.51 1.7 1.89 2.08 2.27 2.46 2.65 2.84 3.02 3.21
7.14 7.14 7.19 7.17 7.42 7.29 7.43 7.3 7.24 7.33 7.39 7.31 7.11 7.19 7.08 7.45 7.4 7.3
7.32 7.32 7.43 7.33 7.35 7.39 7.49 7.4 7.35 7.46 7.49 7.41 7.23 7.42 7.31 7.62 7.51 7.54
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Figure 3: H of the case and control samples.

0.19 0.38 0.57 0.76 0.95 1.13 1.32 1.51 1.7 1.89 2.08 2.27 2.46 2.65 2.84 3.02 3.21
case 0.6 0.39 0.45 1.09 0.3 0.33 0.31 0.59 0.17 0.37 0.55 0.16 0.28 0.41 0.5 0.84 0.31
control 0.85 0.47 0.43 1.45 0.43 0.73 0.46 0.96 0.84 0.49 1.03 0.65 0.97 0.19 0.18 1.3 1.32
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Figure 4: DO(mg/L) of the case and control samples.
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0.19 0.38 0.57 0.76 0.95 1.13 1.32 1.51 1.7 1.89 2.08 2.27 2.46 2.65 2.84 3.02 3.21
case 590 615 710 600 520 500 500 420 500 480 420 420 320 380 360 260 200
control 810 720 730 710 710 720 760 660 820 780 720 800 680 800 780 440 420
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Figure 5: SVI(mL/g) of the case and control samples.

Figure 6: SVI(mL/g) in the case (left) by exposure 2.84mT and control (right) samples.

Figure 7: SEM of flocs in the case(left) and control (right).

Figure 8. Flocsat 10x magnificationin the case(left) (IMFs is equal to 2.27mT) and control (right) samples.
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DISCUSSION

The skeleton structure of stabilization of organic components in 
the activated sludge process, is filamentous bacteria[24]. Weak or 
moderate magnetic fields have positive biological effects, according 
to many studies [25]. Influence of MFs are both on biochemical 
and biological systems [26]. Increase in biomass activity,limitations 
in term of transfer of mass through the cell walls, are effects of MFs 
on microbial systems [27]. 

When biomass exposure by MFs, improvement of treatment in 
activated sludge process have been befall [28,29] and, sludge settle-
ability [30]. Some of the studies in course of using the MFs in sludge 
and wastewater treatment have focused on stabilization of carbon 
components [31]. It must be mention that the further research in 
course of use of MFs in biological process is necessary, despite of 
any studies which have been improved .

Combination of MFs, polyelectrolyte and iron coagulant, can be 
effect on sludge dewatering, intensity of MFs which generated by 
a solenoid is recommended 0.04 T, according to previous studies. 
On the other hand, some of the researches recommended intensity 
of 40 mT or higher for dewatering of sludge [32]. Use of 0.04 T 
in many researches is accepted by the other authors [33]. Effect 
of MFs on microorganisms in the environmental is an interesting 
discussion for researchers [34]. Intensity of MFs, temperature, 
category of microorganism, exposure duration and, other factors 
are influence on microorganisms growth [35]. Investigating the 
effect of MFs in biomass of sludge, 20 mT intensity of MFs has 
been suggested [36]. Exposure of biomass to MFs,improve the 
treatment of wastewater process [28], activity of bacteria[37]and, 
settling properties of sludge [30].

There is a wide range to detect the optimum intensity of MFs. 
Intensity of MFs is lower than 50 mT has positive effects on growth 
of microorganisms [38]. Kind or type of microorganism activity, 
function of enzymes in biological system are most important to 
detect the optimal Intensity of MFs [39].

Although many studies have been done to examine interaction 
between MFs and metabolic ofmicroorganisms, but There are 
many contradictions in this case[38]. Finally, it must be say, 
the mechanisms of effect of MFs are not clear, as the data from 
physiological, biochemical and physical studies are limited till now 
[40].

An interesting subject in term of interaction between microorganism 
and MFs is that the microorganisms have the properties to move 
to area that the intensity of MFs is more. This properties is called 
Magnetotaxis [41]. 

CONCLUSION

Reduce the production of sludge, is the goal of all processes in 
WWTPs. The use of chemical materials and biological processes in 
course of operation and management is most common. The high 
cost of chemical processes and the low rate of microbial growth 
of microorganisms are two main limitations of these processes. 
Bulky waste and poor settling sludge in the second basin are two 
problems in the activated sludge treatment process. By use of MFs 
in the low range of 0.19 to 3.21 mT decrease of SVI as the main 
index of sludge have been happened. In this process decrease in pH 
and DO are befall too and, an increase in temperature of MLSS is 
another result of MFs. 
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