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sedimentation in wastewater 
Khalid Falih Hassan* and Saba Hussein Obeid 

 

ABSTRACT: Fungi  Aspergillus, Penicillium and Trichoderma suspension spores were used as Biocoagulants  to sediment  suspended solid in 

wastewater for its negative impact in wastewater treatment units. Suspension spores 173-182× 10 P

2
P spore\ml, 152-163× 10 P

4
P spore\ml and 122-

133× 10 P

6
P spore\ml were used to reduce turbidity in concentration of 167 NTU and pH 7.8 in batch system and 15, 30, 45 and 60 min period 

treatment. Results showed that fungi suspension spores by 122-133× 10 P

6
P spore\ml have high ability to reduce turbidity concentration and 

approach of alum in 84%. This study is the first record for using fungi suspension spores as Biocoagulants . 

Keywords: Biocoagulants , Fungi , spore suspension  

——————————      —————————— 
 

INTRODUCTION : 

oagulation is aggregation of small particles 

suspended in the water with each other due to 

different  electrical charge and forming the large particles 

that can be removed easily  during  the  Sedimentation  or 

Filtration process[1]. As  it has been the adoption on  

physical and chemical processes  for sedimentation of the 

particles suspended  in the water column with small 

volumes.  It has been  found a very small particles, it do 

not be removed by using physical and chemical methods 

in coagulation processes , which is less than 10 microns in 

size  and  which cause clogging of filters and form a 

favorable environment for the growth of microorganisms , 

thereby causing negative effects on public health and  

economic damage [2] .  

As well as, the coagulants of chemical   industrial polymer  

were used in water treatments, such as derivatives of 

polyacrylamide which have  effects toxic , carcinogenic 

and dangerous on  human health, as well as the aluminum 

element which is the main component of  poly aluminum 

chloride causes Alzheimer's disease and a serious 

neurological diseases[3]. Biocoagulation , which is efficient 

technologically and environment-friendly  precipitates  

suspended particles from the waste water and has a high-

capacity to decrease  the concentrations of some pollutants 

. In their study [4]  Mycobacterium phlei were used as 

biocoagulant ,  where this  microorganism  produces the 

extracellular superficial polymeric materials    in certain 

conditions , it has a high-capacity on  linking  the solid 

particles  with each other and  cause their  sedimentation.  

The study of [5] proved the use of microorganisms as 

biocoagulant  , which  linked with the particles suspended 

leading to change the shape and size of these particles and 

caused their sedimentation . The study of [6] showed that 

Saccharomyces cerevisiae and Yarrowia lipolytica have the 
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ability to reduce the concentrations of each of the metals of  

zinc sulfide and lead sulfide.  

In the study of [7] , it was proved that the seeds of plants   

Moringa peregrina fiori and  Moringa oliferalam have wide 

applications for removing turbidity  of pollutants water 

because  they  contain active compounds . The current 

study aims to prove the efficiency of using spore 

suspension  for fungi Aspergillus, Penicillium and 

Trichoderma as biocoagulant  to precipitate the  particles 

suspended in wastewater and compare them with alum. 

MATERIAL AND METHODS  : 

1- Collection of wastewater samples: Samples of waste 

water were collected from the preliminary stage 

sedimentation of Russtamyiah Treatment  Plant  

(wastewater treatment station in Baghdad  ) by using 

sterile glass bottles  for isolating of fungi   . Other samples 

were collected from waste water  by plastic bottles(5 Liter) 

and transferred to the laboratory  , then  they were 

sterilized by autoclave at 1210 C and 1.5 bar for using in 

experimentations . 

2- Alum solution : Alum solution was prepared at 

concentration of 10 ppm. 

3- Isolation , cultivation and diagnosis of fungi : 

Aspergillus niger  , Trichoderma harizanum and Penicillium 

requeferts were isolated from wastewater and they were 

cultivated according to [8].  Malt extract agar(MEA) was 

prepared and chloramphenicol antibiotic was added  

(prepared previously by dissolving 250 gm from antibiotic 

to 250 ml of D.W ) . One milliliter of sample was put in 

sterile glass  plates (9 cm)  and then  MEA was added   in 

plates  that contain the samples . Plates were incubated in 

25P

o
P C for 48 hour. Microscopic slides were prepared after 

growth of the fungal colonies  for diagnosis of fungal 

species by depending on the taxonomy key  [9]. 

4- Suspension spores: Ten ml of distilled water were 

added in each plates which are containing  the pure  

isolates of  A. niger , T. harizanum and P. requeferts . 

Thereafter,  five ml of distilled water were took from each 

plate  and transferred to sterile glass bottles containing 95 

ml  of sterile saline solution for per fungus then shook 

completely  . Spores were calculated and used the dilution 

method  to obtain the required number of spores [10]. 

5- Calculations :   
A- The spores of fungi were enumerated  in 1 ml of 

suspension by Hemocytometer (counting chamber) [11] 

according to the equation :  

The number of spores (spore /ml) = the number of spore in 

4 squares × 4×  10  

B- The rate of reduction =( Initial  concentration – Final 

concentration )x 100  

6- The experiment: One liter of each samples of the 

sterile wastewater were placed in glass cylinder (capacity 

of one liter). Alum was added at concentration of 10 ppm 

for one sample in volume 10 ml \ Liter which is the ideal 

dose for sedimentation according to [3] to compare it with 

the spore suspension. The spore suspension of  A. niger , T. 

harizanum and P. requeferts  (173x 10 P

2
P -133x 10 P

6
P spore\ml  ) 

were  separately added to sample of wastewater . The 

concentrations of turbidity were measured before and 

after the treatment for periods 15, 30,45 and 60 min by 

using  Turbidity meter[12] . Sample of wastewater was 

used without any addition as the control.  

 

RESULTS AND DISSCUTION :  
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Table (1) shows the reduction of turbidity 

concentrations from waste water by using alum 

solution and  suspension spores  of P. requeferts , A. 

niger and T. harizanum for periods 15,30,45 and 60 min 

with the number of spores ranged 173-182×102 

spore\ml . The concentration of turbidity in  water 

waste before treatment was 176 NTU . The 

concentration of turbidity decreased to 120.95, 66.7 

and 25 NTU after 15, 30, 45 and 60 min respectively, 

after treatment by alum at concentration of 10 ppm 

with volume 10 ml / L to precipitate the particles 

suspended. While , the concentration of turbidity was 

decreased to 144, 129.5, 110.6 and 85.7 NTU after 

treatment by  suspension spores of  T. harizanum ( 177 

× 102 spore / ml ) in the same periods of  treatment . 

The concentration of  turbidity was  145.3, 132.2, 112.4 

and 80 NTU for periods of treatment 15,30, 45 and 60 

min respectively, when  suspension spores of  A. niger  

was used with the  number of spores  (  173 × 102 

spore / ml)  . Whilst the  concentration of  turbidity 

declined  to 140.6, 125.3, 104.8 and 78.5 NTU in the 

same treatment periods  during the treatment by 

suspension spores of  P. requeferts ( 182 × 102 spore / 

ml). 

 

 

 

 

 

 

Table (1) shows the reduction of turbidity 
concentrations from waste water( turbidity =  176 NTU) 

by using alum solution and suspension spores  of P. 
requeferts , A. niger and T. harizanum with the number 

of spores 173-182× 10P

2
P spore\ml 

 

Table (2) shows the reduction of turbidity concentrations 

from waste water by using alum solution and the 

suspension spores of P. requeferts , A. niger and T. 

harizanum for periods 15,30,45 and 60 min with the 

number of spores ranged 152-169 x 10 P

4 
Pspore\ml . The 

concentration of turbidity decreased to 150.4, 100.8, 88.8 

and   40.5  NTU after the  treatment by suspension spores 

of T. harizanum (155 x 10 P

4 
Pspore\ml) in the same periods of  

treatment respectively . The concentration of turbidity 

became 152, 98.7, 85 and  41.3  NTU by using suspension 

spore of  A. niger  (  163 × 10 P

4
P spore / ml)  for periods of 

treatment 15.30, 45 and 60 min respectively . Whilst the  

concentration of  turbidity  decreased  to 151.8, 102, 85.7 

and  42.4 NTU in the same treatment periods by  treating 

suspension spores  of  P. requeferts ( 152 × 10P

4
P spore / ml). 

Coagulant  The 
concentration 
of coagulant  

The concentration of turbidity after 
treatment NTU 

15 
min  

30 
min 

45 
min 

60 
min 

Control  174 
 

169.2 
 

158 
 

142.6 
 

Alum  10 ppm  120 
 

95 
 

66.7 
 

25 
 

Suspension 
spores for 
Trichoderma 
harizanum 

177×10P

2 
 spore\ ml  

144 
 

129.5 
 

110.6 
 

85.7 
 

Suspension 
spores for 
Aspergillus 
niger 

173×10P

2
P  

spore\ ml 
145.3 

 
132.2 

 
112.4 

 
80 
 

Suspension 
spores for 
Penicillium 
requeferts   

182×10P

2
P  

spore\ ml 
140.6 

 
125.3 

 
104.8 

 
78.5 
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Table (2) shows the reduction of turbidity concentrations 
from waste water( turbidity =  176 NTU) by using alum 

solution and suspension spores  of P. requeferts , A. niger 
and T. harizanum with the number of spores 152-163× 10P

4
P 

spore\ml 

Coagulant  The 
concentrat
ion of 
coagulant  

The concentration of turbidity 
after treatment NTU 

15 
min  

30 
min 

45 
min 

60 
min 

Control  174 
 

169.2 
 

158 
 

142.
6 
 

Alum  10 ppm  120 
 

95 
 

66.7 
 

25 
 

Suspension 
spores for 
Trichoderma 
harizanum 

155×10P

4
P 

spore\ ml  
150.4 

 
100.8 

 
88.8 

 
40.5 

 

Suspension 
spores for 
Aspergillus 
niger 

163×10P

4
P 

spore\ ml 
152 
 

98.7 
 

85 
 

41.3 
 

Suspension 
spores for  
Penicillium 
requeferts   

152×10P

4
P 

spore\ ml 
51.81 
 

102 
 

85.7 
 

42.4 
 

 

Table (3) shows the reduction of turbidity 

concentrations from waste water by using alum 

solution and  suspension spores of P. requeferts , A. 

niger and T. harizanum for periods 15,30,45 and 60 min 

with the number of spores ranged 122-133 x 10 P

6 

Pspore\ml . The concentration of turbidity decreased 

to 185, 182.3, 60.2 and  32.4 NTU after treatment by 

suspension spores of T. harizanum (125 x 10 P

6 

Pspore\ml) in the same periods of  treatment .The  

concentration of turbidity became 192, 187, 58 and 

28.5 NTU by using suspension spores of  A. niger  (  

133 × 10P

6
P spore / ml)  for periods of treatment 15.30, 45 

and 60 min respectively . Whilst, the  concentration of  

turbidity decreased  to  190.6, 180, 52.6 and  27.6 NTU 

in the same treatment periods  by  treating suspension 

spores of  P. requeferts ( 122 × 10 P

6
P spore / ml). 

Table (3) shows the reduction of turbidity 
concentrations from waste water( turbidity =  176 NTU) 

by using alum solution and suspension spore  of P. 
requeferts , A. niger and T. harizanum with the number 

of spores 122-133 × 10P

6
P spore\ml   

 

The results proved  the ability of suspension spores for 

fungi selected on reduction the concentration of turbidity 

with high efficiency compared with control and alum . The 

reduction rate of turbidity concentration for suspension 

spore of fungi was approached from the reduction rate by 

using alum .The results were concurred with[13] as they 

proved in their study the ability of Saccharomyces cerevisiae 

and Yarrowia lipolytica to  sedimentate of particles of 

sulphide less than 10 micron (particles galena and 

sphalerite) with high efficiency and these microorganisms 

used as bio coagulants. As well as the results were 

compatible with [14] in their study to reduce the 

concentration of pyrite and chalcopyrite as small particles 

with high efficiency by  using bacteria Acidithiobacillus 

ferrooxidans.  

Figures (1 ,2, 3) show direct proportionality between the 

ratio of reduction the concentration of turbidity from 

wastewater  after the 60 min and increase the number of 

Coagulant  The 
concentration 
of coagulant  

The concentration of turbidity 
after treatment NTU 

15 
min  

30 
min 

45 
min 

60 
min 

Control  174 
 

169.
2 
 

158 
 

142.6 
 

Alum  10 ppm  120 
 

95 
 

66.7 
 

25 
 

Suspension spores 
for Trichoderma 
harizanum 

125×10P

6
P spore\ 

ml  
185 
 

182.
3 
 

60.2 
 

32.4 
 

Suspension spores 
for Aspergillus 
niger 

133×10P

6
P spore\ 

ml 
192 
 

187 
 

58 
 

28.5 
 

Suspension spores 
for Penicillium 
requeferts   

122×10P

6
P spore\ 

ml 
190.6 

 
180 
 

52.6 
 

27.6 
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spores which were used as bio coagulants  , the ratio of 

reduction  was 51, 54 and 55% when suspension spore was 

used with the number of spore 177 × 102, 173 × 102 and 182 

× 102 Spore / ml  respectively  the reduction ratio increased  

to 77.77 and 76% with rising the number of spores   to 155 

× 410, 163 × 410 and 152 × 410 Spore  / ml, respectively. 

when  the number of spores in spore suspension were 

increased to 125 × 106, 133 × 106 and 122 × 106 Spore / ml  , 

the ratio of reducing concentration turbidity was increased 

to  81.84 and 84% respectively. 

 

Figure (1) The relationship between the ratio of reduction the 
concentration of turbidity from wastewater and the number of 

suspension spore for fungus Trichoderma harizanum 

 

Figure (2) The relationship between the ratio of reduction the 

concentration of turbidity from wastewater and the number of 
suspension spore for fungus Aspergillus niger 

 

Figure (3) The relationship between the ratio of reduction the 
concentration of turbidity from wastewater and the number of 

spore suspension for fungus Penicillium requeferts 

Therefore, the current results have proved increasing the 

number of spores lead to decline in the concentration of 

turbidity because the cell wall of fungal spore consist of 

two layers of fatty acid , layer of amino acid 

,polysaccharide and terminal group of ions hydroxyl and 

carboxyl  which are negatively charge ; thereby they  give 

negative charge to spores [15] .  These electrical properties 

are giving the ability  for spores  to  link with compounds  

that have opposite charge including heavy metal , cyclic 

compounds , free ions and other compounds within waste 

water [16] . The external appearance of coarse for fungal 

spores (Figure 4) gives the large surface area to link  small 

particles and compounds which give fungal spore  the 

ability to adsorb  small particles [17]. 
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Figure (4) The external appearance coarse for fungal 
spore[18] 

 

CONCLUSION : 

It was observed that suspension spore of  fungi were able 

to reduce the concentration of turbidity from wastewater . 

Results showed that fungi suspension spores by 122-133× 

10 P

6
P spore\ml have high ability to reduce turbidity 

concentration and approach of alum in 84%. 
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