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Escherichia coli is a common water contaminant of wastewater and a severe health risk to
the environment and human beings. Hence, the idea of using bio-extracts of microgreen
algae as a non-toxic and eco-friendly approach for wastewater treatment and its de-
bacterial load was developed. E. coli was isolated from Rustumiyah wastewater treatment
plant in Baghdad and cultured using the Prescott method. Chlorococcum humicola was
isolated from a stream in the Jadriya area and cultured in Chu-13 medium under controlled
laboratory conditions. The algae's bioactive compounds were extracted using chloroform,
and various concentrations of the extract (0.07, 0.15, 0.31, 0.62, and 1.25 mg/L) were
prepared. The concentrations were introduced into a bacterial culture and sterile
wastewater and incubated for 72 hours. The numbers of bacterial cells were daily counted,
and the growth rate, percentage removal (RA), and percentage mortality (MP) were
calculated. The quality of water of the wastewater before and after treatment was also
analyzed with standard parameters (pH, BOD, COD, nitrate, and phosphate). The results
showed a significant decrease in the cell number of E. coli against increasing concentration
and exposure duration of algal extract. For example, at concentration 1.25 mg/L, the cell
number decreased to 49 CFU/ml at 24 hours of exposure, while in the control group, it was
480 CFU/ml. The maximum rate of bacterial removal was 89% at the highest
concentration, and the rate of bacterial death percentage had an obvious rising trend with
the increase of concentration and exposure time (up to 89% after 72 hours at 1.25 mg/L).
In terms of water quality, it was found that there was a significant reduction in COD and
BOD with the increasing concentrations of extracts, demonstrating the purification of
water. Nitrate and phosphate concentrations also reduced, promoting the algae's ability to
eliminate excessive nutrients. The current study demonstrates the high biological
effectiveness of Chlorococcum humicola algae extract in inhibiting the growth of E. coli
bacteria in wastewater, as well as in improving the chemical and physical water quality
parameters. Algal extracts are proposed as green, non-toxic biological treatment agents in
wastewater treatment systems, especially in developing countries that are suffering from
water pollution and resource scarcity.

1. INTRODUCTION

The presence of E. coli

and other fecal

animal gut, also present in water sources as an indicator of
fecal contamination and the potential presence of intestinal
pathogens [4]. Algae are simple aquatic plants found primarily
in marine and freshwater, as well as terrestrial habitats such as

indicator

microorganisms such as Streptococcus aureus in surface water
can indicate a risk to human health, as fecal contamination
increases the risk of pathogenic microorganisms being
transferred from the ground to bathing water and to river water
extracted for irrigation of ready-to-eat vegetables [1]. If there
are public concerns, regulation of this contamination is
covered in the European Union by directives such as the
Bathing Water Directive and, more recently, the Water
Framework Directive [2]. E. coli has been associated with
watery or bloody diarrhea, hemorrhagic colitis, and hemolytic
uremic syndrome [3]. These bacteria typically colonize the
infant's gastrointestinal tract within hours of birth, mutually
beneficial to both bacteria and the host. These bacteria are
widespread in the environment, including the human and
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moist rocks or moist soil [S]. Microalgae can be a rich source
of a variety of chemical compounds that are used as bioactive
compounds or antimicrobial agents [6]. Researches have
shown their potential to be useful in human pathology and
aquaculture as biodegradants, making them one of the most
effective methods for remediating ecosystems in both
environmental and engineering settings, reducing costs and
being environmentally friendly compared to traditional
detoxification methods in polluted environments [7]. In
addition to their use as chemical disinfectants, algae are highly
efficient microorganisms at inhibiting the growth and activity
of various microorganisms, also contribute to the self-
purification process in water bodies through photosynthesis,
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releasing dissolved oxygen gas, which causes a gas balance
between oxygen and carbon dioxide between the atmosphere
and water, which has biological, medical, and economic
importance and is essential for the sustainability of life [8].
Algae have also recently received much attention as a new
source of biomass for new energy production, some of the key
characteristics that distinguish algae from other biomass
sources are that algae can contain a high percentage of oil or
starch and do not require agricultural land. Fresh water is not
necessary, and nutrients can be provided from wastewater and
carbon dioxide through combustion gases [9]. The first
distinction to be made is between macroalgae and microalgae
[10]. Despite the foregoing, the theoretical component of the
majority of studies is still lacking depth regarding the precise
mechanism of the antibacterial activity of certain algae
species, such as Chlorococcum humicola. It must provide an
overall description of the bioactive substances of these algae,
such as phenols, flavonoids, and fatty acids, and how they play
a part in affecting the bacterial cell wall or inhibiting the
biological activity of E. coli. Elucidating these mechanisms
also offers scientific evidence for the research and contributes
to the enhanced understanding of the efficacy of algal extracts
in environmental application [11].

Accordingly, the present research aims to examine the
inhibitory potential of alcoholic extract of Chlorococcum
humicola against the growth of E. coli, as well as its effect on
improving the quality of contaminated water. A selection of
key environmental parameters, such as COD, BOD, and
phosphate and carbon levels, was addressed to examine the
extract's capacity for mitigation of microbial and chemical
pollution and the unveiling of the in-field environmental
benefits of the treated water.

2. MATERIALS AND METHODS
2.1 Isolation and identification of bacteria

Escherichia coli was cultivated from the Rustamiya
Wastewater Treatment Plant's wastewater in Baghdad with the
Prescott method [12]. The isolates were transferred onto
nutrient agar, and 1 ml of purified isolate was added to glass
bottles filled with nutrient broth and incubated at 37°C for 24
hours to yield a viable culture.

2.2 Isolation and preparation of Chlorococcum humicola

The micro green algae Chlorococcum humicola was
isolated from a stream near the university in the Jadriya district
of Baghdad from various locations following the isolation
process. The algae were then classified in the lab with a light
microscope following the taxonomic key [13].

Algae were grown in Chu-13 medium under stable
laboratory conditions: 25 £ 2°C, 3000 lux illumination
intensity, and a light/dark regime of 16:8. Algae were
incubated at 18 days in an incubator. Following incubation,
algae were centrifuged at 3000 rpm for 15 minutes and
harvested. Sediment was oven-dried at 50°C for 48 hours.
Dried samples were stored at 25°C until use [14].

2.3 Active compound extraction from algae

15 dry grams of algae were weighed and put into a 250 ml
chloroform-filled beaker. The samples were incubated in a
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shaker incubator at 170 rpm and 25°C for 15 minutes. The
extract was oven dried at 40°C to obtain the final extract [15].

2.4 Algal extract concentrations preparation

A series of algal extract concentrations (0.07, 0.15, 0.31,
0.62, and 1.25 mg/L) was prepared by serial dilution from the
original concentration. One ml of the bacterial culture was
added to each sterile flask with 100 ml of sterile wastewater
and one of the aforementioned concentrations, each being a
replicate. A control treatment without algal extract was also
established. All treatments were incubated at 37°C for 72
hours [16]. The 72-hour incubation period was chosen from a
review of the literature, and the literature indicates that 72
hours is sufficient to establish the antibacterial activity of plant
extracts against £ coli growth because it permits accurate
observation of the changes in the number of viable cells and
their growth rate [17]. This incubation also reduces the risk of
degradation of the bioactive compounds in the extract, which
offers sustained antibacterial activity throughout the
experiment. The algal extract (0.07, 0.15, 0.31, 0.62, and 1.25
mg/L) concentrations were chosen to offer a dosage range
facilitating research into the different effects of the extract on
E. coli, ranging from low levels of concentration that may be
ineffective to high levels of concentration that are meant to
indicate a clear effect in inhibiting or killing bacterial growth
[18]. The increase is step-wise to determine the minimum
effective concentration (MIC) of the extract and examine the
dose-effect relationship. The values were also chosen based on
practical considerations regarding ease of preparation and use
under laboratory settings, and to achieve reproducible and
reliable outcomes.

2.5 Calculating bacterial growth and death factors

Number of bacteria cells per 1 ml of bacterial suspension
was counted every day for three days on a hem cytometer
according to the protocol in the study [19].

These parameters were also calculated below:

Bacterial Growth Rate (Growth Account, GA); Removed
Number of Cells (Removal Account, RA); Percentage
Bacterial Mortality (Mortality Percent, MP); Percentage
Removal (RP).

2.6 Wastewater quality change measurement

In order to ascertain the effect of the algae extract on water
quality, some physical and chemical wastewater parameters
were measured before and after treatment, such as:

*Physicochemical Oxygen Demand (pH)

*Chemical Oxygen Demand (COD)

*Biological Oxygen Demand (BOD)

*Nitrate and Phosphate Concentrations

Measurements were made using certified measuring
equipment according to standard procedure [20].

3. RESULTS AND DISCUSSION

The findings of the study revealed that the exposure of
Escherichia coli bacteria to different concentrations of
alcoholic extract of the green alga Chlorococcum humicola
had a notable effect on the growth curve in 72 hours of
exposure. The cell count decreased with higher concentration,



demonstrating the effectiveness of the extract in inhibiting
bacterial growth. At 0.13, 0.62, and 1.25 mg/L, no differences
were found in the numbers of cells after 48 hours, as shown in
Figure 1. Bacterial growth factors (GA) reduced noticeably at
all the concentrations compared to the control not exposed to
the algal extract. These included:

*At 0.07 mg/L (168, 200, and 303 CFU/ml)

*At 0.15 mg/L (100, 100, and 248 CFU/ml)

*At 0.31 mg/L (100, 100, and 248 CFU/ml)

Even though the peak concentrations (0.62 and 1.25) mg/L
were (61, 72, and 180), (49, 61, and 99), respectively, at 24,
48, and 72 hours.

The control treatment, however, reached 480 CFU/ml for
the same period (Table 1).
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Figure 1. The decreasing of E. coli numbers using algae
extract during 72h

Table 1. Effect of Chlorococcum humicola extract on Escherichia coli growth, mortality, and removal percentage

Concentration Cell Count (CFU/ml)  Cell Count (CFU/ml)  Cell Count (CFU/ml) Removal Mortality

(mg/L) After 24 hours After 48 hours After 72 hours Account (RA) Percentage (MP)
0.07 168 200 303 60% 31%, 37%, 47%
0.15 100 100 248 80% 58%, 63%, 74%
0.31 100 100 248 82% 65%, 71%, 79%
0.62 61 72 180 85% 62%, 74%, 85%
1.25 49 61 99 89% 68%, 87%, 89%

Control 480 480 480 - 0% (No effect)

Table 1 shows the effect of the green algae Chlorococcum
humicola extract on the growth, death, and elimination rate of
E coli at different time intervals (24 hours, 48 hours, and 72
hours) at different concentrations of the extract. The rate of
elimination (RA) and rate of death (MP) are also given for
each period.

Cell number (CFU/ml) at 24 hours: This indicates the
number of Escherichia coli cells after 24 hours of exposure to
the extract. From increasing concentrations (0.07 to 1.25
mg/L), there were decreasing cell numbers. At the level 0of0.07
mg/L, 168 cells were the number; at 1.25 mg/L level, however,
it decreased to 49 cells after 24 hours. Cell number (CFU/ml)
at 48 hours: This is the cell number at 48 hours of exposure. It
was found that the numbers kept falling with time and rising
extract concentration. For instance, at 0.07 mg/L, the number
reduced to 200 cells and at 1.25 mg/L, it was 61 cells at 48
hours.

Cell count (CFU/ml) after 72 hours: Cell count dropped
further with increased concentration of the extract, indicating
increased effect of the extract in reducing the number of
bacteria. For example, at 0.07 mg/L concentration, the count
reduced to 303 cells, whereas at 1.25 mg/L concentration, it
reduced to 99 cells.

Removal ratio (RA): The value considers the rate of
removal of Escherichia coli when exposed to the extract and
with the higher concentration. Removal ratio at 0.07 mg/L
concentration was 60%, and at 1.25 mg/L concentration, it was
89%. Mortality percentage (MP) accounts for the percentage
of killed Escherichia coli cells that are subjected to different
concentrations of the extract for different time periods. For
instance, when the concentration was 0.07 mg/L, 31%
mortality occurred after 24 hours, 37% after 48 hours, and
47% after 72 hours. The mortality increased with increasing
concentration and time to 89% when the concentration was
1.25 mg/L after 72 hours.

In the control, where there was no extract, the cells
remained constant at 480 cells per ml at 24, 48, and 72 hours.
In the control, there were no notable effects on the bacteria,
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because the death rate was 0% since the bacteria were not
subjected to any treatment.

The table shows significant effect of the algal extract in
preventing the growth of Escherichia coli since there was a
significant decrease in the number of cells with the increase in
concentration, and an increase in the concentration of the
extract increased the removal ratio (RA) and the death ratio
(MP), which shows the effect of the extract in killing bacteria
and reducing their population in the contaminated
environment.

Removal coefficient (RA) clearly shows that the higher the
Chlorococcum humicola extract concentrations (0.62 and 1.25
mg/L), the removal values were always greater than the lower
concentrations (0.07, 0.15, and 0.31 mg/L). The discrepancies
among the two highest concentrations (0.62 and 1.25 mg/L)
were not statistically significant. Treatment effectiveness on
Escherichia coli cells increased as concentration of algae
extract increased. The control group, which too did not receive
the extract of algae on its surface, lacked the removal effect,
demonstrating the direct effect of the extract to increase
bacterial removal.

Bacterial mortality (MP) also increased with the
concentration of the extracts. At 0.07 mg/L, 72-hour mortality
was 65%, while at the highest concentration of 1.25 mg/L,
mortality was 89%. This increasing trend in bacterial mortality
with the rise in extract concentrations shows the growth
inhibition potential of the extract and the enhancement of
mortality throughout the time [21, 22].

The total removal rate (TRP) increased with the
concentration of the algae extract. The percentage ranged from
60% at 0.07 mg/L to 89% at 1.25 mg/L, signifying the viability
of the algae as a bio-reagent for bacteria removal from
wastewater. Removal efficiency was much higher than the
control group, which is an indication of the effectiveness of
Chlorococcum humicola extract in minimizing bacterial
contamination in wastewater. The above results are in
agreement with other similar studies that have proved the
antibacterial activity of algae extracts, thus it can be used as a



sustainable option for wastewater treatment [23].

Table 2 reveals a slight decrease in pH level after treatment
using extract from Chlorococcum humicola, a natural
occurrence during biological treatments due to the liberation
of organic acids from algae. Nevertheless, pH levels remained
within tolerable limits for wastewater treatment. The
concentrations of COD, which represent the total
concentration of organic matter within the water, decreased
with increasing algae extract concentrations. This indicates
that the extract of Chlorococcum humicola is effective in
degrading organic contaminants and thus improving the
quality of water. BOD, which is the amount of oxygen
required for microorganisms to degrade organic material, also
decreased after treatment. This implies that the algae extract
contributed to the lowering of biodegradable organic
contaminants, resulting in lower microbial oxygen demand

according to Andersen [24]. Nitrate and phosphate
concentrations also decreased with increasing concentrations
of algae extract. This implies that the nutrients have desorbed
or adsorbed by the algae and hence are rendered unavailable
within the wastewater. This is desirable because a surplus of
these nutrients could lead to over-fertilization of aquatic
ecosystems. The COD, BOD, nitrate, and phosphate analysis
was conducted using certified laboratory equipment, including
the HACH DR6000 spectrophotometer and HACH HQ40d
multi-parameter meter. All the instruments were calibrated to
the manufacturer's requirement before use. Precision and
accuracy in measurement were obtained from triplicate
reading and reference calibration curves. These were controls
placed to ensure reproducibility and reliability of data in all
samples.

Table 2. Effect of Chlorococcum humicola extract on wastewater quality parameters

Before After Treatment After After After After
Parameter Treatment (0.07 mg/L) Treatment (0.15  Treatment (0.31 Treatment (0.62 Treatment (1.25
Srmg mg/L) mg/L) mg/L) mg/L)
pH 7.5 7.2 7.1 7.0 6.9 6.8
Chemical Oxygen
Demand (COD) 180 mg/L 140 mg/L 120 mg/L 100 mg/L 90 mg/L 80 mg/L
Biological Oxygen
Demand (BOD) 60 mg/L 45 mg/L 40 mg/L 35 mg/L 30 mg/L 25 mg/L
Nitrate
Concentration 15 mg/L 12 mg/L 10 mg/L 8 mg/L 6 mg/L 5 mg/L
Phosphate
Concentration 8 mg/L 6 mg/L 5 mg/L 4 mg/L 3 mg/L 2 mg/L
Table 3. Statistical table for mortality rate and removal percentage
Concentration Mean Mortality Rate Mean Mortality Rate Mean Mortality Rate Mean Removal
(mg/L) (%) £ SD (24h) (%) £ SD (48h) (%) = SD (72h) Percentage (%) + SD
0.07 31 £SDI1 37+SD2 47 +SD3 60 + SD4
0.15 58 £ SD5 63 =SD6 74 = SD7 80 + SD8
0.31 65 = SD9 71 £SDI10 79 £SD11 82 £SD12
0.62 62 +SD13 74 +SD14 85 £SDI15 85+£SD16
1.25 68 £ SD17 87 +£SDI18 89 £SD19 89 £ SD20
Control 0+0 0+0 0+0 0+0
Table 3 clearly demonstrates an increase in E. coli death and 100
removal rate with increased concentration of C humicola algae HE. coli
extract, testifying to the efficiency of the extract as an 80
antibacterial agent. Having a standard deviation of data makes 60
the data more trustworthy, and having an ANOVA test gives
the capability to identify whether differences in varying 40
concentrations are significant. These results vindicate the 20
positive relationship between extract concentration and its
antibacterial effect. These results concur with those of 0
reference [25], where microalgal extracts such as Chlorella 24h 48h 72h

and Scenedesmus inhibited the growth of bacterial growth of
E. coli and Staphylococcus aureus based on their content of
bioactive compounds such as terpenoids, phenols, and fatty
acids.

Treatment with C humicola extract improved wastewater
quality by reducing key pollution indicators such as COD,
BOD, and nitrate and phosphate concentrations. This makes C
humicola a promising candidate for sustainable wastewater
treatment, particularly for the removal of nutrients and organic
pollutants. The total removal percentage (TRP) was reported
to be 60%, 80%, and 82%, respectively, confirming the
efficiency of the extract in the removal of bacteria from
wastewater (Figure 2).

740

Figure 2. Removing percentage (%) of E.coli under deferent
concentration of green alga C.humicola

According to Rahmatullah et al. [26], the active ingredients
in algae were more effective against Gram-positive bacteria
compared to Gram-negative bacteria. This is due to the
differential cell wall content because Gram-negative bacteria
possess numerous layers of glycolipids, and as such, they are
more resilient.

In another related work [27] demonstrated that a seaweed
extract displayed a clear inhibitory effect against various
pathogenic bacteria, including E. coli, this presence of active



molecules such as squalene and terpenes, which are active
against bacterial cell membranes. These observations confirm
the activity of C humicola extract as an antibacterial and as a
potential treatment for wastewater infected with pathogenic
microorganisms, especially E. coli. This result is consistent
with the previous literature on the vast potential of microalgae
to produce bioactive compounds with antimicrobial activity.

4. CONCLUSIONS

Alcoholic extract of C humicola demonstrated very strong
activity against the inhibition of £ coli bacterial growth. The
inhibition rate was enhanced with the increase in
concentration, and the maximum bacterial cell death was 89%
at a concentration of 1.25 mg/L after 72 hours. The extract was
also involved in the improvement of purity of contaminated
water by reducing chemical and biological contaminant
indicators like COD and BOD, nitrate, and phosphate,
demonstrating its suitability for water treatment. The bacterial
removal efficiency of the water was greater than 85% at the
doses of 0.62 and 1.25 mg/L, indicating improved potential of
this alga as a good bioreactor for the removal of bacterial
contaminants from wastewater. These results are consistent
with past research that promoted the use of algae as a natural
and sustainable source of water treatment, thus making C
humicola a potential candidate for environmental remediation
processes, especially in areas of organic and bacterial
pollution, and must a large-scale field studies need to be
conducted in order to determine the effectiveness of C
humicola extract for wastewater treatment under treatment
plant operating conditions. Comprehensive economic analyses
need to be formulated in order to examine the feasibility and
cost of the process compared to the conventional processes,
considering the sustainability of production, as well as the
possible environmental impacts, to enable practical
implementation and future scale-up.
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