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Studying the efficiency of the multiple biofilters in the reduction of pollutants 
from wastewater
Khalid Falih Hassan*, Ahmed Aidan Al-Hussieny, Elaff safa Al Deen Hassan, Ruah Abd Almunim

Abstract: The Microorganisms: yeast Sporobolomyces yunnanensis, Rhodotorula mucilaginosa and Kluyveromyces 
marxianusin growth of 184× 106 ± 15 cell\ml, and bacteria Pseudomonas aeruginosa and Bacillus cereus in the growth of 
9 – 15× 108 ± 5 cell\ml, and algae Chlorella vulgaris in the growth of 45 × 105 ± 5 cell\ ml were selected as a bio filter to 
reduce organic and nonorganic pollutants from wastewater by COD, TOC, TN and TP concentrations of 455, 151, 9.5 and 
31 ppm in treatment period 4, 6 and 18 hr. and pH of 7-8 in 25 Co as a Batch culture system. The yeasts showed ability to 
reduce COD concentration by 50-64% in 18 hr. treatment period, and the bacteria showed the ability to reduce COD, TOC, 
TN and TP concentrations by 59-69%, 57-66%, 53-63% and 40-55% in 18 hr. treatment period. At the same time, algae 
showed efficiency in reducing TN and TP by 81, 82%. The selective microorganisms showed high efficiency as a biofilter to 
reduce pollutants concentrations from wastewater in three serial steps by a treatment period of 6 hr in each step with a high 
ability to reduce COD, TOC, TN , and TP concentrations by 83, 91, 100, and 100% in 18 hr. treatment period. Ultimately, 
this study demonstrated the high efficiency of the multiple biofilters consisting of bacteria, yeasts, and algae in reducing the 
concentration of pollutants in sewage wastewater.
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Introduction
Industrial, agricultural and residential wastewater is one 

of the main sources of pollution of water bodies after being 
discharged into rivers without adequate treatment or partial 
treatment. These wastes contain various organic materials 
and pathogens that lead to a decrease in the status of natu-
ral waters and to the alteration of the balance of the aquatic 
environment. They also lead to pollution, as the characte-
ristics and composition of the biodegradability of a pollutant 
are affected by the type of resulting industry and the pre-
sence of other pollutants. Environmental conditions such as 
temperature, humidity and the degree of concentration of 
the pollutant affect the waters. Taking into account the abili-
ty of these organisms to consume nitrogen and phosphorus 
compounds and carbon and methane compounds1.

Wastewater treatment processes have evolved in re-
cent years and have been developed with highly efficient te-
chnologies to reduce pollutants, such as Biofilteration, Bios-
haft, and Moving Bed Biofilm Reactor (MBBR) technology, 
as international companies and research centers compete 
to find low-cost and high-efficiency methods for treating in-
dustrial and domestic wastewater and recycling this water 
for agricultural, industrial and other uses. The bio-filter te-
chnology is one of the efficient techniques for reducing po-
llutant concentrations from wastewater. These techniques 
depend on the metabolic activity of microorganisms to redu-
ce the organic and inorganic pollutants in wastewater and 
select a group of efficient species in biological treatments 
according to the type of pollutants2. Also, (3) in their study 
showed that biofilters are highly effective in the biodegrada-

tion of organic and inorganic pollutants in wastewater. This 
effect depends on the type of pollutant and the microorga-
nisms used as biofilters and the ability of these organisms to 
coexist within specific conditions in the waste sample, and 
the exploitation of pollutants as a source of energy liberation 
for its permanence and reproduction.

Bacteria are among the efficient microorganisms in the 
biological treatment of wastewater, as they can secrete a 
wide range of decomposing enzymes that break down orga-
nic and hydrocarbon materials and convert them into more 
explicit materials and adsorb many heavy elements on their 
cell wall; in addition to their spread throughout the water 
body and their rapid growth. Bacillus, Pseudomonas, and 
some Micrococcus strains are highly efficient in breaking 
down dissolved organic matter by their decomposing enzy-
mes3, and (4); in their study, it was proved that the ability of 
Chromatium and Bacillus bacteria to consume sulfates sig-
nificantly in addition to nitrate and nitrite from polluted water 
and reduce their concentrations significantly. (5) their study 
showed the ability of bacteria to reduce the concentration 
level of phosphates, nitrates, and nitrites from polluted wa-
ter and convert them into food granules stored inside their 
cells.

Bacteria are divided into several classes according 
to their metabolism and breakdown abilities: (1) hydrolytic 
bacteria that secrete a group of enzymes that break down 
polysaccharides, fats, and proteins and convert them into 
organic acids, amino acids, and other simpler compounds, 
and (2) fermentative bacteria that work on converting the-
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se compounds into alcohol and fatty acids. Consequently, 
acetogenic bacteria convert it into acetate and hydrogen, 
then degradable bacteria break down these compounds 
and convert them into carbon dioxide and water6.

Yeasts are among the efficient microorganisms in the 
biodegradation of organic pollutants in wastewater; as (7) 
showed in their study, the efficiency of Candida and Rhodo-
torula yeasts in reducing pollutant concentrations and using 
this yeast within a biofilter with an efficiency of more than 
40% in reducing pollutants. As well as (8) demonstrated the 
efficiency of some species of black yeast isolated from do-
mestic sewage wastewater in breaking down organic pollu-
tants because they possess an effective and highly efficient 
enzymatic system to break down a wide range of hydrocar-
bons, aromatic and aliphatic substances.

The current study aims to use the yeast Sporobolomy-
ces yunnanensis, Rhodotorula mucilaginosa and Kluyve-
romyces marxianus, Bacillus cereus, Pseudomonas aerugi-
nosa bacteria and Chlorella Vulgaris as biofilters for multiple 
and sequentially to reduce the concentrations of organic 
and inorganic pollutants from wastewater.

Materials and methods 

Collection and preparation of samples
Wastewater samples were collected from the secon-

dary sedimentation stage of the Al-Rustumiyah wastewater 
treatment plant using polyethylene plastic bottles (5 liters) 
and transferred to the laboratory. Other wastewater sam-
ples were collected using sterile glass bottles (100ml) to 
isolate and identify bacteria and yeasts.

Isolation, culturing, and identification of yeasts
Yeasts were isolated from sewage water. Potato dex-

trose agar (PDA) medium was prepared with the addition of 
the antibiotic chloramphenicol prepared by dissolving 250 
mg of chloramphenicol in 250 ml of distilled water,  one ml 
of the sample placed in sterile glass plates, and adding the 
sterilized solid media then was shaken well, and the plates 
were incubated at  27 °C for 48 hr. A smear was taken from 
each colony using a sterile loop and transferred to a new 
sterile plate containing PDA media by streak plate method 
and incubated at  27 °C for  48 hr, after which the resulting 
yeasts were diagnosed by conducting biochemical tests 
and based on the key of taxonomy9, Sporobolomyces yun-
nanensis, Rhodotorula mucilaginosa and Kluyveromyces 
marxianus were diagnosed.

Isolation and identification of bacteria
One milliliter of sewage was taken from a sewage water 

sample and planted by spreading a nutrient medium on the 
plates. The plates were incubated at 37 °C for 24 hours. 
A smear from each bacterial colony was transferred to the 
diagnostic media (differential and selective) to differentiate 
between different bacterial species and obtain pure bacte-
rial colonies, and biochemical tests were used to diagnose 
the bacteria. Bacillus cereus was isolated and identified ac-
cording to (10), and a pure isolate of Pseudomonas aerugi-
nosa was used, diagnosed by VITEK 2 compact system in 
the Bacteriological Laboratory/Water Research Center.

Algae culturing and diagnosis
Suitable biomass for Chlorella vulgaris cells was obtai-

ned within liquid cultures based on (11) through the avai-
lability of nutrients in sufficient quantities and the use of 
culturing with the continuous movement to eliminate local 
environments at a temperature of (25 ± 2 C) and a light in-
tensity of (250 microeinstein /m2 / s), green algae were diag-
nosed by preparing slides and examining them at a power 
of 400 X using a compound light microscope (12) and (13).

Chemical tests
The chemical factors (the chemical oxygen requirement 

(COD), total organic carbon (TOC), total phosphorous (TP), 
and total nitrogen (TN)) were measured before and after 
treatment according to (14).

Counting of bacterial cells number
Cell numbers of Pseudomonas aeruginosa and Bacillus 

cereus were calculated by preparing McFarland 0.5 solution 
according to (15).

Counting of yeast and algae cells number
The numbers of yeast and algae cells were calculated 

in 1 ml of broth using the Hemocytometer (Neubauer coun-
ting chamber)16 and depending on the equation:

Number (cells/ml) = Number of cells in 4 squares x 4 
x 10

The multiple biofilters
Three isolates of yeast Sporobolomyces yunnanensis, 

Rhodotorula mucilaginosa and Kluyveromyces marxianus 
were used as a mixture of the first stage of the biofilter to 
reduce the concentration of pollutants from sewage was-
tewater in pH 5-6 and covering the bottles with foil alumi-
num to prevent the light. Bacillus cereus and Pseudomonas 
aeruginosa were used in the second stage as a mixture in 
pH conditions 7-8, and Chlorella vulgariswas used in the 
last stage of the biofilter in pH 7-8.

Experiments
Yeasts Sporobolomyces yunnanensis, Rhodotorula mu-

cilaginosa and Kluyveromyces marxianus were used with a 
growth density of 184 x 106 ± 15 cells/ml, while Bacillus and 
Pseudomonas were used at a growth density ranging 9-15 
x 108 ± 5 cells/ml and Chlorella vulgaris at a growth density 
of 45 x 105 ± 5 cells/ml to reduce pollutant concentration in 
a sample of sewage water in terms factors the chemical re-
quirements for oxygen (COD), total organic carbon (TOC), 
total phosphorous (TP), and total nitrogen (TN)  using of the 
glass cylinders, which are contained a sterile wastewater 
sample (1 liter) each separately, and 20 ml of the broth of 
the selected microorganisms were added for each cylinder 
with the period treatment of 4, 6 and 18 hrs.; also it was 
used a wastewater sample without any addition as the con-
trol. The factors COD, TOC, TN, and TP were measured 
before and after treatment and for each cylinder to know 
the efficiency of these selected microorganisms in the treat-
ment processes.

The selected microorganisms were used as multiple 
biofilters using graduated glass cylinders containing a steri-
le sewage wastewater sample ( 1 L), and 20 ml of broth for 
each yeast were added to them at a treatment period of 6 
hrs. The treated samples were taken and filtered with filter 
paper (0.45 µ)  and added 20 ml of each bacteria to them at 
a treatment period of 6 hrs. The samples were filtered and 
20 ml of broth algae were added at a treatment period of 6 
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hrs. The factors COD, TOC, TN, and TP were measured 
before and after the treatment, and a wastewater sample 
was used as a control.

Calculations
The percentage of concentration reduction % = initial 

concentration- final concentration / initial concentration x 
100.

Results and discussion

Efficiency of yeasts Sporobolomyces yunnanensis, 
Rhodotorula mucilaginosa and Kluyveromyces 
marxianus in reducing pollutants concentration from 
sewage wastewater

Table (1) shows the reduction of pollutant concentra-
tion from sewage wastewater for the control in terms of the 
factors COD, TOC, TP, and TN at a treatment period of 4, 
6, and 18 hrs., the concentration of the factors before treat-
ment was 455, 151, 9.5 and 31 ppm. The concentration of 
the factors became 454, 151, 9.2 and 29, respectively, after 
4 hrs. After 6 hrs. of the treatment period, the concentration 
of the factors became 452, 144, 8.7 and 29.5 ppm, respecti-
vely, and after 18 hrs. The concentration of the factors COD, 
TOC, TP, and TN became 440, 128, 8.5 and 26 ppm with 
a reduction percentage of 3, 15, 10 and 16%, respectively. 

Table (2) shows the reduction of pollutants concentra-
tion from wastewater in terms of factors COD, TOC, TP, and 
TN using Sporobolomyces yunnanensis yeast for a treat-
ment period of 4, 6, and 18 hours, as the concentration of 
factors before treatment was 455, 151, 9.5 and 31 ppm, 
respectively. Consequently, after 4 hrs. of the treatment pe-
riod, the concentrations became 451, 138, 9.2, and 29 ppm, 
respectively, and then after 6 hrs. of the treatment period, 
the concentration of factors became 377, 128, 9.2, and 28.7 
ppm, respectively. While, the concentrations of factors be-
came 225, 92, 7.4 and 26 ppm after 18 hrs. The reduction 
percentage was also 50.5, 39, 22 and 16%, respectively.

Table (3) shows the reduction of pollutants concentra-
tion from wastewater in terms of factors COD, TOC, TP, 
and TN using Rhodotorula mucilaginosa yeast at a treat-
ment period of 4, 6, and 18 hrs., as the concentrations of 
factors before treatment were 455, 151, 9.5, and 31 ppm, 
respectively. The concentration became 455, 140, 9.5, and 
31 ppm, respectively, after 4 hrs. of treatment also after 6 
hrs. of treatment, the concentrations became 365, 126, 8.7, 
and 29 ppm, respectively, while the concentrations of COD, 
TOC, TP and TN became 210, 82, 6.6 and 22.5 after 18 hrs. 
of treatment with the reduction percentage of 54, 46, 30.5 
and 27%, respectively.

Table (4) shows the reduction of pollutant concentra-
tions from wastewater in terms of the factors COD, TOC, 
TP, and TN using Kluyveromyces marxianus yeast for a 
treatment period of 4, 6, and 18 hrs. The concentrations 
of the factors before treatment were 455, 151, 9.5 and 31 
ppm, respectively. The concentrations became 450, 148, 9, 
and 30 ppm, respectively, after 4 hrs. of treatment. Howe-
ver, the concentrations of factors became 360, 122, 6.4, and 
30 ppm, respectively, after 6 hrs. of treatment. Whilst, the 
concentrations became 162, 35, 4.6, and 25 ppm after 18 
hrs. With the reduction percentage of 64, 77, 32, and 19%, 
respectively.

The current study showed the high efficiency of the se-
lected yeasts in reducing the concentration of the chemical 
oxygen requirement of sewage wastewater with a rate ran-
ging from 50-64% compared to the control during a treat-
ment period of 18 hrs. The results illustrated the high ability 
of the yeast Kluyveromyces marxianus to reduce the con-
centration of pollutants from the wastewater in terms of the 
factors COD, TOC, TP, and TN compared to the control. The 
results matched with the study (14) where they showed the 
ability of the yeast Kluyveromyces marxianus on the pro-
duction of a group of effective enzymes in biodegradation 
processes such as β-galactosidase, inulinase, β-polyga-
lacturunases, and a group of peroxidase enzymes, and the 
current study agreed with (15) as they showed the ability of 
Rhodotorula mucilaginosa to break down the complicated 

Studying the efficiency of the multiple biofilters in the reduction of pollutants from wastewater

Table 1. Reducing the concentration of pollutants from wastewater for the control in terms of COD, TOC, TP, and TN at a 
treatment period of 4, 6, and 18 hrs.

Table 2. Reducing the concentration of pollutants from wastewater in terms of factors COD, TOC, TP, and TN using Spo-
robolomyces yunnanensis yeast for a treatment period of 4, 6, and 18 hours.
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organic compounds associated with heavy metals in the 
contaminated water due to its effective enzymatic system. A 
study (16) proved that the use of yeasts in wastewater treat-
ment processes has an influential role in the biodegradation 
of organic waste. At the same time, its efficiency is less in 
the process of reducing the concentrations of nitrogen and 
phosphorous compounds due to its nutrition system and 
the effectiveness of its enzymes in fermentation.This was 
proven by the current study results, as the percentage of 
reduction in the concentration of nitrogen and phosphorous 
compounds did not exceed 12-32%.

Efficiency of Bacillus and Pseudomonas bacteria 
in reducing pollutants concentration from sewage 
wastewater

Table (5) shows the reduction of pollutants concentra-
tion from wastewater in terms of the factors COD, TOC, TP, 
and TN using Bacillus cereus at a treatment period of 4, 
6, and 18 hours, as the concentrations of the factors befo-
re treatment, were 455, 151, 9.5 and 31 ppm, respectively. 
While the concentrations became 450, 147, 8.5, and 29 
ppm, respectively after 4 hrs. of treatment, however after 6 
hrs. of treatment, the concentration of COD, TOC, TP, and 
TN factors became 325, 130, 7.8, and 21 ppm, respectively, 
and after 18 hrs of treatment, the concentrations became 
185, 65, 3.5 and 16.5 ppm with a reduction rate of 59, 57, 
63 and 46%, respectively.

Table (6) shows the reduction of pollutants concentra-
tion from wastewater in terms of factors COD, TOC, TP, and 
TN using Pseudomonas aeruginosa for a treatment period 
of 4, 6, and 18 hrs., as the concentrations of factors befo-
re treatment were 455, 151, 9.5, and 31 ppm, respectively. 
After 4 hours of treatment, they became 435, 150, 9.5, and 
28.7 ppm, respectively; however, the concentrations beca-
me 320, 122, 6.6 and 18 ppm after 6 hours of treatment. At 
the same time, the concentrations after 18 hrs. of treatment 
became 140, 52, 4.5, and 14 ppm with a reduction rate of 
69, 66, 53, and 55%, respectively.

The results of the current study illustrated the high effi-
ciency of the selected bacteria in reducing the concentration 

of pollutants from the sewage wastewater during the treat-
ment period of 18 hours compared to the control, as the 
reduction percentage of the concentration of the chemical 
oxygen requirement for Bacillus and Pseudomonas was 59-
69%, the total organic carbon was 57-66%, as well as for 
total nitrogen was 53-63%, and total phosphorous was 40-
55% compared to the control. So, the results matched with 
study (18), where they demonstrated the ability of Bacillus 
to secrete several enzymes that destroy organic and hydro-
carbon compounds with high efficiency and use in treating 
water contaminated with oil derivatives. Also, the results of 
the current study are in agreement with the study (19); it 
was showed the efficiency of microorganisms in the biode-
gradation of organic pollutants, as they demonstrated the 
ability of Bacillus bacteria to produce a group of peroxida-
se enzymes that decompose and destroy organic materials 
and aliphatic and aromatic compounds with high efficiency. 
The results of the current study also coincided with study 
(20), as they showed in their study the high enzymatic effi-
ciency of Pseudomonas bacteria in destroying many orga-
nic compounds and hydrocarbon pollutants, including the 
cytochrome group and the biphenyl dioxygenase group, 
which have a wide range and high efficiency in the biode-
gradation of organic pollutants and benzene compounds. 
The current study's results also agreed with (21) as they 
showed in their study the ability of bacteria Pseudomonas 
produces a wide range of enzymes that break down hydro-
carbons and benzene compounds and their ability to biode-
grade these compounds with high efficiency.

Efficiency of Chlorella vulgaris in reducing pollutants 
concentrations from sewage wastewater

Table (7) shows the reduction of pollutants concentra-
tion from wastewater in terms of the factors COD, TOC, TP, 
and TN using Chlorella vulgaris for a treatment period of 4, 
6, and 18 hrs., as the concentrations of factors before treat-
ment, were 455, 151, 9.5 and 31 ppm, respectively, howe-
ver, the concentrations became 410, 148, 8, and 29 ppm, 
after 4 hrs. of treatment. While after 6 hrs. of treatment, the 
concentrations of the factors became 388, 133, 5.2, and 20 

Table 3. Reducing the concentration of pollutants from wastewater in terms of factors COD, TOC, TP and TN using yeast 
Rhodotorula mucilaginosa for a treatment period of 4, 6 and 18 hours.

Table 4. Reducing the concentration of pollutants from wastewater in terms of factors COD, TOC, TP and TN using Klu-
yveromyces marxianus yeast for a treatment period of 4, 6 and 18 hours.
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ppm, respectively, and after 18 hrs. of treatment, the con-
centration of the factors COD, TOC, TP, and TN became 
270, 95, 1.8 and 5.6 ppm with the reduction rate of 40, 37, 
81 and 82%, respectively. 

The current study results showed the ability of Chlore-
lla vulgaris to reduce the concentration of nitrogenous and 
phosphorous compounds from sewage wastewater with a 
reduction rate of 81 and 82% compared to the control.

The current results agreed with (22) in their study to redu-
ce the concentration of nitrogen and phosphorous nutrients 
from sewage wastewater, as they demonstrated the ability of 
Chlorella vulgaris to reduce total nitrogen concentrations by 
87% and total phosphorous by 98%  to benefit from them in 
growth and proliferation, as they are essential elements for 
algae growth. The current results agree with study (23). They 
clarified the essential and influential role of using this alga in 
wastewater treatment processes because of its high ability to 
reduce nitrogen and phosphorous nutrients concentrations 
and exploit them in growth and proliferation.

Efficiency of the multiple biofilters in reducing 
pollutants concentration from sewage wastewater

Table (8) shows the percentage of reducing the concen-
tration of pollutants from wastewater in terms of the factors 
COD, TOC, TP, and TN for the control treatment by using 
the multiple biofilters at a treatment period of 18 hrs., as 
the concentrations of the factors before treatment were 560, 
172, 25 and 42 ppm, respectively. As well as, after 18 hours 
of treatment, distributed in three stages (6 hrs. for each sta-

ge). The results showed an increase in COD concentration, 
which became 820 ppm, while the concentration of TOC, 
TP, and TN were 168, 13.5, and 39 ppm, with a reduction 
percentage of 2.10 and 7%, respectively.

Table (9) shows the reduction of pollutants concentra-
tion from wastewater in terms of the factors COD, TOC, TP, 
and TN using the multiple biofilters for a treatment period of 
18 hours, as the concentration of the factors before treat-
ment were 560, 172, 25 and 42 ppm, respectively. In ad-
dition, it was distributed into three phases (6 hrs. for each 
phase); after 18 hrs. of treatment, the concentration of the 
factors became 0, 15, 95, and 0 ppm with the reduction per-
centage of 83, 91, 100, and 100%, respectively.

The results of the current study showed the high ability 
of the biofilter used to reduce the concentrations of organic 
and inorganic pollutants from sewage wastewater and the 
high efficiency of the microorganisms used within this filter 
during 18 hrs. of the treatment period, also the nitrogen and 
phosphorous compounds were removed from the wastewa-
ter sample at a rate of 100%, as the results of the current 
study agreed with (3) in their study demonstrated the ability 
of biofilters to reduce the concentration of pollutants from 
wastewater if appropriate microorganisms were used which 
can biodegrade when the appropriate conditions were pro-
vided for the growth of these organisms, and the results 
of the current study matched with the study (25), as they 
proved the ability of the biofilter is eliminated of the total 
nitrogen from sewage waste by 100% and reduced organic 
pollutants in terms of total organic carbon measurement by 

Table 5. Reducing the concentration of pollutants from wastewater in terms of COD, TOC, TP, and TN using Bacillus 
cereus for a treatment period of 4, 6, and 18 hours.

Table 6. Reducing the concentration of pollutants from wastewater in terms of factors COD, TOC, TP, and TN using Pseu-
domonas aeruginosa for a treatment period of 4, 6 and 18 hours.

Table 7. Reducing the concentration of pollutants from wastewater in terms of factors COD, TOC, TP and TN using Chlo-
rella vulgaris for a treatment period of 4, 6 and 18 hours.

Studying the efficiency of the multiple biofilters in the reduction of pollutants from wastewater
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95%. The results also matched with (26) and (27), as they 
proved in their study that the efficiency of biofilters depends 
on the selection of the species of microorganisms used to 
treat industrial and domestic wastewater used as biological 
filters and appropriate conditions provide for the continuity 
of their activity. The reduction of pollutants concentration 
from wastewater is based on these microorganisms' meta-
bolism and degradation activity.

Conclusions
The current study demonstrated the high efficiency of 

the multiple biofilters consisting of bacteria, yeasts, and al-
gae in reducing the concentration of pollutants in sewage 
wastewater in terms of COD, TOC, TP, and TN with reduc-
tion rates of up to 100%.
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