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Abstract 
 
In activated sludge system, the performance of the process largely depends on the balance between filamentous and floc-forming micro-

organisms. When the normal balance of these biological communities is disturbed, filamentous microorganisms tend to proliferate, caus-
ing various problems to the treatment performances such as sludge bulking. Various approaches have been used to control the prolifera-
tion of filamentous microorganisms. However, the approaches led to various drawbacks that eventually worsen the performances of 
treatment systems. Therefore, this study is aimed to investigate the potential approach using static magnetic field in inhibiting filamen-
tous microorganisms that presence in the sludge bulking. Magnetic field of intensity 88 mT was used. Its exposure on the filamentous 
microorganisms was investigated in terms of filaments' characteristics such as branching, shape and filaments' location. The analysis 
indicated that the magnetically exposed activated sludge showed less possibility presence of the filamentous microorganisms compared 
to unexposed activated sludge. 
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1. Introduction 

In activated sludge system, the performance of the treatment pro-
cess largely depends on the balance between filamentous and floc-
forming microorganisms [11]. When the normal balance of these 
biological communities is disturbed, filamentous microorganisms 
tend to proliferate, causing various problems. Sludge bulking phe-
nomena is one of the major problems referred usually resulting in 

poor settleability and low quality of the final effluent [2,9]. There 
are more than 20 types of filamentous morphotypes presence in 
activated sludge biomass [1,13]. Among the common mor-
photypes are Microthrix parvicella, Types 0092, Sphaerotilus 
natans and many more. Morphotypes of the filamentous microor-
ganisms are varies depending on the operational nature of the 
treatment plants. 
In order to control the proliferation of filamentous microorgan-

isms, various approaches have been implemented such as by add-
ing chlorine, metal salts or by maintaining higher dissolved oxy-
gen (DO) concentration throughout the treatment process [4]. 
However, these approaches exhibited certain drawbacks despite 
the ability of controlling the proliferations. Due to such matter, an 
approach using magnetic field is seen as a potential application to 
inhibit the growth of the filamentous microorganisms. Based on 
the previous researches, application of magnetic field showed 
good improvement on the activated sludge treatment system 

through the enhancement of biomass [8,7,17], bacterial activity 
[3,15] and sludge settleability [12,14,16]. Nevertheless, previous 
researchers in investigating the effect towards such performances 
used various ranges of magnetic field intensity. This may suggest 

that different microorganisms have their unique level of magnetic 
susceptibility. The microorganisms may act differently, either 

being inhibited or enhanced, similar to the filamentous microor-
ganisms.  

To recent knowledge, there are no confirmed findings on the 
suitable condition of magnetic field that can inhibit the filamen-
tous microorganisms. Therefore, this study is aimed to investigate 
the susceptibility of the present filamentous microorganisms in the 
induced condition of activated sludge bulking with respect to the 
88.0 mT magnetic field intensity. The susceptibilities are been 

investigated in terms of filamentous microorganisms’ characteris-
tics such as its branching, shape and filament’s location. 

2. Materials and Methods 

2.1. Experimental Setup and Operational Conditions 

Two lab-scale sequencing batch reactors - Reactor A (SBRA) and 
Reactor B (SBRB) were designed with a working volume of 6 L. 
SBRA was equipped with the magnetic device while SBRB acted 
as a control system. The magnetic device that attached to the 
SBRA comprised series of permanent magnets arranged in an 
alternate order. Each permanent magnet was a square prism with 

two faces of 100 mm x 50 mm and a thickness of 5 mm. The ap-
plied magnetic field was at intensity of about 88.0 mT. SBRA and 
SBRB were operated in parallel with hydraulic retention time 
(HRT) of 8-h in 3 successive cycles. Each cycle comprised of 10 
min filling, 380 min reaction, 80 min settling and 10 min decant-
ing. The volumetric exchange rate (VER) was fixed at 50%. Both 
reactors were inoculated with activated sludge from a municipal 
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wastewater treatment plant and fed with raw domestic wastewater 
from the same treatment plant. In order to study the characteriza-
tion of the filamentous microorganisms, both reactors were set to 
allow sludge-bulking occurrence by slowly reducing the dissolved 
oxygen (DO) concentration to below than 2 mg/L. 

2.2. Analytical Methods 

Filamentous colonies were identified by direct observation of 

inoculated plates. The plates were incubated and observed for fast 
and confluent growth of up to 72 hours. The microscopic charac-
terizations of the filamentous isolates were then performed using 
phase-contrast high power microscope at 1000x magnification. 

3. Results and Discussions 

A total of 10 filamentous microorganisms have been successfully 
isolated from the induced activated sludge bulking in the bioreac-
tor system. Out of 10 filamentous, 5 of them were isolated from 
the raw activated sludge, 2 were isolated from the sludge in SBRA 
and the remaining 3 were isolated from the sludge in SBRB. All of 
the 10 filamentous microorganisms were characterized in terms of 
branching, filament’s shape, filament’s location as well as fila-
ment’s width and length. The filamentous isolates were named 

accordingly as FM1raw-FM5raw, FM6RA-FM7RA and FM8RB-
FM10RB. Table 1 shows the results of the morphology and cellular 
characterization of the isolated filamentous microorganisms from 
the activated sludge. 
 
Table 1: Morphological and cellular characterization of the ten isolated 

filamentous microorganisms from activated sludge 

Filamentous 

Strain 

Branching Shape Filament’s 

Location 

Filament’s    

Dimension 

FM1raw Present 

(False 

branching) 

Coiled Free floating W = < 1.5 

μm 

FM2raw Present 

(False 

branching) 

Irregularly 

shaped 

chain of 

cells 

Within floc W = < 1.0 

μm 

L = 10.0 – 

30.0 μm 

FM3raw Absent Irregularly 

shaped 

chain of 

cells 

N/A N/A 

FM4raw Absent Irregularly 

shaped 

chain of 

cells 

N/A N/A 

FM5raw Absent Irregularly 

shaped 

chain of 

cells 

N/A N/A 

FM6RA Absent Straight Free floating 

(Dispersed) 

W = < 1.0 

μm 

FM7RA Absent Irregularly 

shaped 

chain of 

cells 

Free floating W = < 1.0 

μm 

FM8RB Present 

(True 

branching) 

Mycelial; 

Coiled 

Extending 

from floc 

surface 

W = 2.0 – 

4.0 μm 

FM9RB Absent Irregularly 

shaped 

chain of 

cells 

N/A N/A 

FM10RB Absent Irregularly 

shaped 

chain of 

cells 

Free floating 

(Dispersed) 

W = < 1.0 

μm 

In terms of branching, the characterization is divided into two, 
whether it is present or absent and, if present, whether it is true or 

false. Based on Table 1, two of the filamentous isolates from raw 
activated sludge - FM1raw and FM2raw indicated false branching, 

while the other three isolates were branch absent. Similar observa-
tion of the branch absent was also shown by the filamentous iso-
lates from SBRA (FM6RA and FM7RA). Magnetic field exhibited in 
SBRA may inhibit the proliferation of filamentous microorganisms 
by shortening their branch. This may explained the observation of 
branch absent for both isolates of SBRA. For the sludge in SBRB, 
one of the isolates - FM8RB indicated true branching, while the 
other two isolates were branch absent. The false and true branch-

ing observed in FM1raw and FM8RB were indicated in Fig. 1 and 
Fig. 2, respectively. 

 
Fig. 1: Phase-contrast image of filamentous isolates (FM1raw) at 1000x 

magnification 

 

 
Fig. 2: Phase-contrast image of filamentous isolates (FM8RB) at 1000x 

magnification 

 

There is slight difference between true and false branching. True 
branching shows contiguous cytoplasm between branched fila-
ments while false branching occurs when no contiguous cytoplasm 
is present between filaments. In false branch, two filaments have 
merely stuck together and grown outward. Commonly, the only 
filament-forming organisms that have true branches are fungi and 
nocardioform organisms while for false branches, they are usually 
observed on Sphaerotilus natas [5]. Eventually, both types of 
branches exhibited same effect towards the sludge-bulking occur-

rence. These branches prevent close packing of activated sludge 
flocs, thus adversely affect the settleability properties [5,10]. That 
is why those two branches were seen in the isolates of raw activat-
ed sludge and sludge in SBRB rather than sludge in SBRA. This 
observation suggested that occurrence of sludge bulking in SBRA 
may have been mitigated by the magnetic field. 

In terms of filament’s location, most of the isolates were free 
floating and dispersed. Only FM8RB (Fig. 2) was seen protruding 

from the floc surface and filaments’ isolates of FM2raw  (Fig. 3) 
was observed within the floc. The filament’s location could indi-
cate the severity of sludge bulking. Filaments that intertwined 
inside the floc or protruding from the floc surface are potential to 
cause severe bulking [5-6], thus showing that SBRB was more 
problematic than SBRA. These characterizations were made based 
on the classification reported by Jenkins et al. [5]. 

False 

branches 
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Fig. 3: Phase-contrast image of filamentous isolates (FM2raw) at 1000x 

magnification 

 
As for filament’s shape, most of the isolated filamentous were 
observed as irregularly shaped chains of cells. Only three isolates, 
which are FM1raw, FM8RB and FM6RA were in different shape 

which are coiled, mycelial and straight, respectively. However, 
these shapes are not much affect the condition of bulking [5]. 
However, in comparison between straight-shaped of filaments 
than other shapes, straight-shaped (as indicated by filament iso-
lates of SBRA) was likely to contribute less to the sludge bulking. 
Such shape may disable the filaments to form bridging within 
other filaments. That is why SBRA showed less bulking symptom 
compared to SBRB. 

In terms of filament’s width, categorization of more than 1 μm is 
considered as thick filament while less than 1 μm is considered as 
thin filament [5]. Based on the phase-contrast observation, isolates 
from SBRA indicated thin filament with the average width and 
length of approximately less than 1 μm and less than 10 μm, re-
spectively. Meanwhile for the isolates from SBRB, one of it 
showed thick filament with the average width ranging from 2 to 4 
μm. The effect of magnetic field in SBRA may limit the growth of 

the filamentous microorganisms thus resulted in thin filaments as 
been observed. As for SBRB, due to no control measure that has 
been adopted, the condition of low DO concentration has been 
well favored by the filamentous microorganisms, hence providing 
good condition to form thick filaments. Filipič et al. [3] reported 
that the use of magnetic field had negatively affected the growth, 
but at the same time positively affect the enzymatic activity of 
Escherichia coli and Pseudomonas putida. This report strongly 
support the findings in this study at which application of 88.0 mT 

magnetic field intensity has inhibit the growth of filamentous mi-
croorganisms but at the same time, enhanced the activity of other 
aerobic microorganisms that beneficial in biodegradation process-
es. 
Throughout the above characterizations, the filamentous isolates 
from SBRA (FM6RA and FM7RA) can be concluded in exhibiting 
less effect to induce the sludge bulking due to its filament’s loca-
tion that were dispersed, thin filaments and absent branching. On 

the other hand, filamentous isolates from SBRB (mostly FM8RB) 
showed a huge potential of sludge bulking as a result of filament’s 
location that extending out from the floc surface, their thick fila-
ments and presence of the true branching. 
 

4. Conclusion  

The overall characterization generalized that the filamentous iso-
lates under the exposure of magnetic field in SBRA were less acti-
vated to induce the sludge bulking due to the filament’s location 
that were dispersed, thin filaments and its absent branching. In 
contrast, filamentous isolates from SBRB showed that there is a 
great potential for the occurrence of sludge bulking as a results of 

filament’s location that extending out from the floc surface, thick 
filaments and presence of the true branching. 

The characterizations also deduced that the proliferations of 
filamentous microorganisms were adversely affected under the 
exposure of magnetic field. This suggesting that magnetic field 
could stand a great chance in eliminating the occurrence of fila-
mentous sludge bulking in activated sludge treatment system. 
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