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Abstract Coagulation and flocculation are integral basic unit processes for conventional water 
treatment plants. Usually, chemical coagulants are used in most of the treatment plants. However, 
the search for natural bio-coagulants is ongoing to reduce the negative impacts of chemical 
coagulants on human health and the environment. In this research, a natural bio-coagulant from a 
local fungus (Lentinus squarrosulus) was produced. The sedimentation process in river water by 
this myco-coagulant was investigated using a settling column. Kaolin suspension was used as 
synthetic turbid water for the settling column tests. Detention time and the overflow rate of the 
particles are necessary to design sedimentation basins for water treatment plants. As such, tests 
were conducted to plot the iso-removal lines for the kaolin particles. Such data is required to 
design sediment or settling basins for the water treatment facilities. Therefore, detention times and 
overflow rates of the kaolin particles were calculated for an optimum myco-coagulant dose of 1% 
(v/v). To reduce 80% of the initial turbidity from the kaolin suspension, the overflow rate and 
detention time of the sedimentation tank should be 41.6 m/day and 59.5 minutes, respectively. In 
contrast, similar ranges of overflow rates and detention times could remove only about 23% of the 
turbidity from the kaolin suspension without any myco-coagulant. This novel, natural and 
biodegradable coagulant is found to have the potential for reducing turbidity in river water; therefore, 
also can be a good candidate for the coagulation-flocculation process in water treatment plants.  
Keywords: Myco-coagulant, particle size distribution, river water treatment, sediment basin, turbidity.  

 

 
Introduction 
 
River contamination is widespread throughout much of the world  [16]. In emerging nations, river 
pollution issues pose risks to both the environment and people's well-being [20]. The main factors in 
river pollution, that deter people from using the rivers, include a high amount of fine suspended solids 
and turbidity. The sources of sediment pollution are land-clearing and construction activities, soil 
erosion, deforestation, etc. [2]. Sediments play a significant role as carriers of additional inorganic and 
organic contaminants in the water bodies [18]. Considering this, reducing fine suspended solids from 
river water will considerably improve water quality and prevent the degradation of ecosystems. 
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For many years, people have employed traditional water treatment methods like coagulation-
flocculation, sedimentation, and filtration [3]. Common chemical coagulants are typically employed to 
clean the water. Several chemical coagulants can be used to treat river water, including potash alum, 
poly aluminium chloride (PAC), and aluminium sulphate (Al2(SO4)3) for Ganga River water [12], poly 
aluminium chloride for Karoon River water [8], PAC and Al2(SO4)3 for Yellow River water [22], and 
ferric chloride (FeCl3) and Al2(SO4)3 for Huangpu River water [10]. However, numerous studies have 
demonstrated that utilising chemical coagulants can cause major health issues, including 
neuropathological illnesses [13] and strong environmental and human carcinogens [17]. Additionally, 
alum salts are frequently utilized in contemporary water treatment facilities; this produces a significant 
amount of sludge, with alum being primarily concentrated in the sediment sludge. In addition, it is 
challenging to reduce the volume of sludge using a dewatering system so that it may be disposed of 
safely without harming the environment [21]. The discharge of alum sludge can have negative effects 
on water quality, and aquatic communities may suffer long-term effects [19]. 
 
A solution to the issues would be to investigate novel microbial coagulants. Bio-coagulants are 
biodegradable and safe for both the environment and people's health. Therefore, it would provide new 
sources and knowledge to get eco-friendly, renewable, and efficient microbial coagulants that reduce 
the turbidity of river water. The application of bio-coagulants is now promising in river water treatment 
research due to their high efficiency in reducing water turbidity [16]. The efficiency of a good bio-
coagulant varies between 80 to 95%. However, bio-coagulant production and their flocculation activity 
are the main concerns limiting the wide application of microbial coagulants. The production cost was 
high due to the expensive growth media of bio-coagulants [9], screening of efficient strain was hard, 
and the mechanism of microbial flocculation is not completely specific yet. Recently, many researchers 
are still exploring novel potential microbial coagulants with high flocculation activity and developing bio-
coagulant yield. Nowadays, the toxicity of metabolites is one of the concerns for human health. Some 
filamentous fungal species produce metabolites which are mycotoxins that can easily contaminate 
foods and feeds. Myco coagulant produced from white rot fungi was tested using turbid synthetic water 
with different turbidity levels [11]. L. squarrosulus produced a myco-coagulant that was effective in the 
removal of turbidity of a kaolin suspension and river water [6]. The optimal conditions for the production 
of coagulant from L. squarrosulus were malt extract concentration 0.1% (g/l), initial pH 7.0 and 
inoculum dose 3% (v/v) for 6 days of cultivation. The myco-coagulant produced under this optimum 
condition achieved efficiency as high as 95%. The coagulant’s stability indicated that it can work at 
different pH ranges between 4-8 and can be stored at room temperature (25 oC) [ 7].   
 
It has been reported in recently published works [5] that the novel myco-coagulant from Lentinus 
squarrosulus could be a potential replacement for chemical coagulants [8]. Therefore, this study was 
done to see how well the lab-scale settling column worked to get rid of turbidity from kaolin suspension 
and river water using a new myco-coagulant. The sedimentation process was investigated by using the 
myco-coagulant in a lab-scale cylindrical settling column to calculate particle settling velocity. The 
effect of myco-coagulant dose on the performance of settling during the column experiments was 
determined. 
 
Materials and Methods 
 
Sample Collection 
River water samples were collected from three different locations of the Pusu River at IIUM Gombak 
campus, Malaysia. One sample was collected from each location and mixed to make a composite 
sample (Figure 1). The samples were stored in a closed container and kept in a chiller at 4 ºC for 
subsequent use. 
 
Equipment and Instruments 
During the research experiment, well-equipped laboratories were used where all equipment and 
machines were in good condition. The equipment employed includes an autoclave, orbital shaker, 
laminar air flow chamber, laboratory incubator, chiller, freeze dryer (LABCONCO), portable 
turbidimeter 2100Q HACH, vacuum pump, measuring balance, pH meter, cylindrical settling column, 
constructed lab scale channel. 
 
Microorganism and Growth Conditions 
The Lentinus squarrosulus was isolated from Pusu River water and sediment. A strain was maintained 
at room temperature (28±2 ºC). It was subcultured on 3.9% (w/v) of potato dextrose agar (PDA) plates 
once every month and stored in the chiller (at 4 ºC) until further usage. 
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(a) River water    (b) Lentinus squarrosulus in agar plate 
 
Figure 1. Composite river water sample from where the fungus was extracted 

 
 
Myco-Coagulant Preparation 
The screening medium [0.1% malt extract (w/v)] was mixed with 1 L of distilled water to prepare the 
liquid broth. The initial pH of the broth was adjusted to 7.0 ± 0.1 using hydrochloric acid (HCl) or 
sodium hydroxide (NaOH). The medium was then inoculated with 3% (v/v) fungal mycelial inoculum 
after being autoclaved at 121 °C for 15 minutes to sterilize it. The liquid culture was then incubated for 
6 days at 30 ± 2 ºC with 150 rpm of agitation in a rotary shaker. Supernatants were collected as the 
main myco-coagulant. 
 
Settling Characteristics  
 
Particle Size Analysis 
Particle size distribution was determined utilizing a Mastersizer 1000-laser diffraction particle size 
analyser (USA). The detected sizes ranged from 0.1 to 1 μm. The samples of control and treated 
kaolin suspension and river water were tested for particle size determination. 
 
Settling Column  
An experimental set-up was used with a transparent glass cylinder settling column. The height of the 
column was 150 cm height with a 9.5 cm diameter and a working volume of 11 L. The setup is shown 
in Figure 2. Initial turbidity of kaolin suspension was recorded at 600 ± 10 NTU, pH at 7.0 and river 
water at 500 ± 10 NTU and the pH value was recorded at 7.5 ± 0.2. Each Jar contained 0.5 L kaolin 
suspension and river water was added with 1% (v/v) myco-coagulant. To study the effect of the control 
(without any myco-coagulant), 1% (v/v) of nutrient broth was used instead of the coagulant. The 
mixture was then rapidly stirred at 250 rpm for 7 min and slowly stirred for 22 min, which was 
determined based on an optimization exercise to determine the optimum process parameters for the 
Jar Test to remove the maximum amount of turbidity from the kaolin water. After that, the flocculated 
mixture was poured into the glass cylinder settling column for experimenting.  
 
Samples were collected from six sampling points in the column at a 5-minute interval and measured for 
residual turbidity by using the portable turbidimeter. The untreated (control) and treated kaolin 
suspension and river water were tested separately in the settling column. The turbidity removal 
percentage was calculated according to Equation 1.  
 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (%) =

𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑖𝑖𝑅𝑅𝑅𝑅 𝑛𝑛𝑢𝑢𝑢𝑢𝑢𝑢𝑖𝑖𝑢𝑢𝑖𝑖𝑛𝑛𝑢𝑢 − 𝑓𝑓𝑖𝑖𝑛𝑛𝑅𝑅𝑅𝑅 𝑛𝑛𝑢𝑢𝑢𝑢𝑢𝑢𝑖𝑖𝑢𝑢𝑖𝑖𝑛𝑛𝑢𝑢
𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑖𝑖𝑅𝑅𝑅𝑅 𝑛𝑛𝑢𝑢𝑢𝑢𝑢𝑢𝑖𝑖𝑢𝑢𝑖𝑖𝑛𝑛𝑢𝑢

 
 (1) 
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(a) Empty   (b) With water sample 
 

Figure 2. Settling column used for studying settling characteristics 
 
 
The overflow rate and detention time for targeted removal percentages were calculated by using the 

          equation as follows:  
 

𝑉𝑉0 =  
ℎ
𝑛𝑛  × 1440 

𝑅𝑅𝑖𝑖𝑛𝑛
𝑢𝑢           (2) 

 
where, V0 is the overflow rate m/day, h is the depth of column; and t is the detention time.  
 
Results and Discussion 
 
Settling Characteristics 
This study was carried out to evaluate the settling performance of flocs of myco-coagulant-treated 
kaolin suspension and river water in a cylindrical settling column. The control experiments were 
conducted without coagulant. 

 
Sedimentation Parameters for Kaolin Suspension 
Sedimentation is one of the integral steps after the coagulation-flocculation process. The evaluation 
was done in terms of turbidity reduction from kaolin suspension in the lab scale column (Figure 2). The 
sedimentation ability i.e. settling rate manifested as turbidity removal percentage was measured by 
collecting samples at various time intervals along the 150 cm height of the settling column. The same 
volume of treated and untreated kaolin suspensions was used in the experiments. Figure 3 shows the 
iso-removal line for treated and untreated kaolin suspension. The result of the scale-up factor was 
calculated by detention time and overflow rate of 59.5 mins and 41.6 m/day respectively for 80% 
turbidity removal from treated kaolin suspension. The iso-removal line for treated kaolin showed the 
turbidity removal rate (40 to 90%) of different depth zones (between 0 to 1.5 m) of the settling column 
for the correspondence time (0 to 70 mins).  
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(a) treated kaolin suspension 
 

 
 

(b) untreated kaolin suspension as a control 
 

Figure 3. Iso-removal lines (in %) for turbidity removal 
 
 

The sedimentation performance was also determined for untreated kaolin suspension (control) to 
compare the settling ability between treated and untreated kaolin suspension. The iso-removal line for 
untreated kaolin suspension is shown in Figure 3 (b). For the control experiment, the scale-up factor for 
28% turbidity removal was achieved by the detention time and overflow rate of 105 mins and 24.05 
m/day, respectively. The results of the untreated kaolin suspension showed the highest removal of 
23% turbidity at 60 minutes while treated kaolin particles were removed by 80% at the same time. The 
comparison results indicate that the myco-coagulant produced by Lentinus squarrosulus could be 
applied effectively to reduce the colloidal particles. No evidence could be found in the literature, 
regarding the sedimentation rate in a settling column test by using myco-coagulant for water treatment. 
 
The flocculation mechanisms of bio-coagulants have been studied by several researchers. For 
instance, Aspergillus flavus produced protein and polysaccharide bio-coagulant [1] and Aspergillus 
parasiticus produced sugar and protein bio-coagulant [4] have shown good flocculation activity to 
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reduce turbidity for wastewater and river water treatment. In this case, the new myco-coagulant 
produced by Lentinus squarrosulus was able to entrap colloidal particles from the kaolin suspension 
resulting in the formation of a big floc during the coagulation-flocculation process which enhanced the 
sedimentation rate in the settling column. It is probably due to extracellular polymeric materials 
produced and released by the fungus. The myco-coagulant exhibited promising performance in settling 
kaolin particles in water without the addition of the cations. The new myco-coagulant can be 
considered a green bio-coagulant because of no generation of secondary pollution due to the presence 
of any chemical coagulant aid [ 8].  
 
In this part of the experiments, a settling column test was carried out to evaluate the performance of 
the sedimentation using the new myco-coagulant. Based on the settling column test results, a typical 
rectangular (length 25-40 m, depth 3.5 m, width 3-24 m) or circular (diameter 12-45 m and depth 4.5 
m) sedimentation basin can be used for water treatment. However, these dimensions may vary 
depending on the inflow of raw water into the treatment plant. 

 
Conclusions 
 
A novel bio-coagulant was produced from the liquid-state culture of a locally isolated fungus (Lentinus 
squarrosulus). The coagulant is named “myco-coagulant” due to its extraction from fungus. The 
sedimentation parameters of the coagulant in a settling column are reported in this work. Settling 
performance was investigated to reduce turbidity in kaolin suspension. The detention time of 59.5 mins 
and overflow rate of 41.6 m/day were required to reduce 80% turbidity in the kaolin-mixed turbid water. 
This study showed that myco-coagulants produced by L. squarrosulus were effective in the removal of 
turbidity from kaolin suspension. The settling column test data also can be used to design actual 
sedimentation basins. No such results, on the performance of bio-coagulant from fungus, are reported 
in the literature. As such, this work can be considered a pioneer in the field of the application of myco-
coagulant for settling column tests. However, there is are need for further research to develop a large-
scale sedimentation process by using the myco-coagulant for the reduction of turbidity in river water. 
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