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Abstract

Domestic wastewater, originating from household activities, commonly contains numerous pathogens
that can lead to waterborne diseases. Therefore, ensuring effective disinfection during wastewater treat-
ment is essential for protecting public health. However, conventional disinfection approaches such as
chlorination, UV treatment, and ozone application have many drawbacks. Silver nanoparticles (AgNPs)
are a promising alternative disinfectant for wastewater treatment. In general, AgNPs can be synthesized
by physical, chemical, and biological methods. The use of biosynthetic AgNPs is eco-friendly and cost-
effective. This study investigates the synthesis of AgNPs using the cell-free extract of three actinomycete
strains, including Streptomyces sp. (βB1) and two Actinomycetales bacterium (βC1 and βA15). The con-
firmation of AgNPs formation was conducted through UV-visible spectroscopy, X-ray diffraction (XRD),
and transmission electron microscopy (TEM). Domestic wastewater samples from various sewage treat-
ment plants were treated with minimum inhibitory concentration (MIC) of AgNPs and then analyzed for
various physicochemical variables and microbial groups. Compared to control the treated samples char-
acteristics complied with standards for discharging liquid wastes and the reduction in microbial groups
exceeded 99%. Different AgNPs concentrations and exposure times were investigated to minimize both
time and concentration of AgNPs while maintaining disinfection activity. Treatment with 15 µg/ml con-
centration of AgNPs biosynthesized by βB1 was found efficient to disinfect domestic wastewater. The
efficiency of the designated concentration versus UV and chlorination was compared. Although chlori-
nation and UV eliminate all the targeted groups, a comparable disinfection capability of the tested AgNPs
was proved. In conclusion, the investigated AgNPs hold significant promise as a cost-effective and envi-
ronmentally friendly disinfection solution, particularly in domestic wastewater treatment. Additionally,
biosynthesized AgNPs can be comparable to common disinfection techniques such as chlorination or UV
irradiation with less drawbacks.
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1. Introduction:

Household activities generate domestic wastew-
ater, which is typically highly concentrated in nu-
trients and organic materials, along with the ma-
jority of pathogens [1, 2]. Wastewater treatment
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technologies help safeguard the environment and
public health [3]. Pollution and eutrophication re-
sult from the release of wastewater that has been
improperly treated. Furthermore, water-borne ill-
nesses may spread as a result of untreated wastew-
ater [4, 5]. The three main stages of wastewa-
ter treatment are primary, secondary, and tertiary
treatment. Providing high-quality water for human
consumption and other applications is the main
goal of tertiary treatment [6, 7].

∗a
Amira A Ouda , Heba S Taher , Hesham M Abdulla

Botany and Microbiology Department, Faculty of Science, Suez Canal University, 41522, Ismailia, Egypt
a

In Compared to Traditional Agents, Use of Biosynthesised Silver
Nanoparticles as Disinfection Agent for Domestic Wastewater Treatment

Received: 4 May 2024, Revised:15 June 2024

10.21608/AELS.2024.287167.1054

Advances in Environmental and Life Sciences 6(1) (2024) 10- 21

∗a,a

Accepted: 16 June 2024, Published: 1 October 2024



Disinfection is a vital step in wastewater treat-
ment for safeguarding human health by eliminat-
ing pathogenic and harmful microorganisms. Ul-
traviolet (UV), chlorine, chlorine dioxide, chlo-
ramine and ozone are common disinfection tech-
niques [8, 9]. Chlorination is the most widely used
method for disinfecting effluents from wastewater
and/or drinking water treatment plants [10]. There
are more than 7,000 municipal UV disinfection in-
stallations in the world, and small household UV
disinfection systems are also available [11]. How-
ever, there are drawbacks associated with these
techniques: chlorination leads to the production of
carcinogenic disinfection by-products (DBPs), UV
lacks residual disinfection, and ozone is costly with
high energy requirements [10, 11]. Searching for
new disinfection agents to overcome these draw-
backs is an issue of several research. AgNPs is a
promising alternative disinfectant for wastewater
treatment.

With benefits over bulk materials due to the
special features of materials at the nanoscale,
nanotechnology is a fast-developing field [14].
Nanoparticles’ unique chemical, physical, and
biological properties make them essential in a
variety of fields, including water, health, and en-
ergy [13, 14]. Silver NPs are unique among them
because of their remarkable physicochemical char-
acteristics which make it recommended in wastew-
ater treatment [17]. Since ancient Babylonian and
Greek times, silver has been used for its antibacte-
rial properties, which improve the effectiveness of
drinking-water filtering systems [16, 17].

The production of AgNPs typically falls into
two main categories: bottom-up and top-down
approaches [18, 19]. Generally, these nanoparti-
cles can be synthesized using physical, chemical,
or biological methods [20, 21]. Biosynthesized
nanoparticles offer advantages such as environ-
mentally friendly manufacturing processes and
cost-effectiveness. Additionally, the components
of plants and microbes serve as capping and sta-
bilizing agents, eliminating the need for extra
stabilizers [22, 23]. Mohanpuria et al,. [24], offer
a comprehensive examination of biosynthesized
nanoparticles, emphasizing the benefits of afford-
ability, scalability, and environmental sustain-

ability, their work highlights the potential uses of
biosynthesized nanoparticles in medicine, energy,
and electronics, including solar cells, drug delivery,
sensors, displays, and cancer treatment.

Actinomycetes have the natural capacity for
growth in a variety of conditions, which is advanta-
geous for large-scale manufacturing, making their
use in biosynthesis of AgNPS is cost-effective and
sustainable. Actinomycetes are a valuable resource
for the extracellular or intracellular synthesis of
nanomaterials, making them an environmentally
acceptable method of producing nanomateri-
als. Actinomycete-facilitated synthesis has the
advantage of having protein, which significantly
increases the synthesis of nanoparticles and makes
scaling up the process easier. Another advantage is
that, unlike other procedures that need meticulous
instruments for thorough extraction from their
sources, actinomycetes are easily extracted by fil-
tration. Since actinomycetes don’t need expensive
equipment, they are consequently significantly
more economical [27].

Incorporating these environmentally friendly
and cost-effective approaches into wastewater
treatment aligns with the Sustainable Develop-
ment Goals (SDGs), specifically SDG 6, which aims
to ensure the availability and sustainable manage-
ment of water and sanitation for all. By advancing
these green technologies, we are moving towards
more sustainable and responsible consumption
and production patterns, supporting SDG 12. This
integration will address the current environmental
challenges and ensure healthier ecosystems and
communities. This study aims to biosynthesize
AgNPs using actinomycetes, apply them for disin-
fecting domestic wastewater, and compare their
effectiveness with other disinfection techniques in
wastewater treatment.

2. Materials and method:

2.1. Biosynthesis of AgNPs:

Silver NPs were biosynthesized using cell free ex-
tract (CFE) of three different actinomycete strains,
Actinomycetales bacterium MZ067956, MZ067957
(βC1, βA15), and Streptomyces sp. MZ067955
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(βB1). The strains were obtained from Actino-
mycetes Laboratory, Botany and Microbiology De-
partment, Faculty of Science, Suez Canal, where
their ability to synthesize AgNPs was proved [28].
The strains were grown in starch casein broth,
their biomass was harvested by centrifugation and
washed twice with distilled water. One-gram wet
weight of the harvested biomass was soaked in 50
ml distilled water overnight with shaking at 120
rpm, then the mixture was centrifuged to get rid
of cell remnants and obtain the CFE. Silver nitrate
(Merck – Germany) solution was mixed with the
CFE in a 1:1 ratio for final concentration 1 mM at
room temperature in light with shaking at 120 rpm
for 24 hours. Biosynthesis of AgNPs was monitored
by developing a brown color. The biosynthesized
AgNPs were purified by cooling centrifugation at
15000 rpm for 90 min to get rid of Ag+and then re-
suspended in deionized water.

2.2. Characterization of the biosynthesized AgNPs:

The change in color from colorless to dark brown
gives a visual confirmation of the formation of Ag-
NPs. UV–visible spectroscopy, X-ray diffraction
and High-Resolution Transmission Electron Mi-
croscopy are the most common techniques used
in the confirmation and characterization of Ag-
NPs [25, 26]. UV-Vis spectroscopy measurement
was carried out on T60 spectrophotometer (PG
Instruments-China) in Actinomycetes Laboratory,
Botany and Microbiology Department, Faculty of
Science, Suez Canal University. The XRD analysis
was carried out using X-ray Diffractometer D8 Dis-
covery (Bruker-Germany) in Egyptian Nanotech-
nology Center, Cairo University, while HR-TEM
(Jeol JEM 2100, Japan) was in Electron microscope
center (EMC), Faculty of agriculture, Mansura Uni-
versity.

2.3. Collection of Domestic Wastewater from
Sewage Treatment Plants

Wastewater samples were collected from four
different sewage treatment plants along Suez Canal
region (Figure 1), namely Abu Khalifah, El-Kasasin,
Sarabium, and Fayed. The outlet wastewater sam-
ples were collected before the chlorination stage.

Figure 1: Location map of the selected sewage treatment
plants.

2.4. Treatment of Wastewater Using the Biosynthe-
sized AgNPs

The MIC (minimum inhibitory concentration)
and the MBC (minimal bactericidal concentration)
of AgNPs synthesized using the three actinomycete
strains against Escherichia coli (ATCC25922) were
provided from Actinomycetes Lab (Table 1). Since
the lowest MBC was recorded for AgNPs biosynthe-
sized using Streptomyces βB1, it was selected for
disinfection of wastewater samples collected from
the four sewage treatment plants. The disinfection
was performed in 250 ml sterile conical flask, 100
ml of each water sample was treated by AgNPs and
were kept on shaker overnight. Another 100 ml of
water samples were accomplished as a control. The
experiment was conducted in duplicate.

Table 1: MIC and MBC of AgNPs biosynthesized using the
three actinomycete strains.

MIC
(µg/ml)

MBC
(µg/ml)

Streptomyces βB1 15 30
Actinomycetales
βA15

25 40

Actinomycetales
βC1

15 40
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2.5. Physicochemical analyses and microbial anal-
yses of the treated wastewater samples

2.5.1. Physicochemical analyses:

Physicochemical parameters for control and
treated water samples included color using a col-
orimetric device (HANNA– HI93727 – Hungary),
Electric Conductivity (EC), pH and Redox Potential
using (Adwa – AD800 - Hungary), Turbidity using
digital turbidimeter device (Orbeco-Hellige – 965-
10 – USA), Biological Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD). All methods
were according to the Standard methods of APHA
23r d Ed. [29].

2.5.2. Microbial analysis:

Total viable bacteria (TVB), total yeast, fecal
streptococci (FS), total coliform (TC) and fecal co-
liform (FC) were the microbial group which were
isolated from the control and the treated wastew-
ater samples. The different microbial groups
were isolated in the most suitable medium and
most suitable incubation conditions for each ac-
cording to the Standard methods of APHA 23r d

Ed. [29]. TVB medium was Nutrient agar (Dehy-
drated Himedia, India), incubation was at 37oC.
Medium used for Yeast isolation was Sabouraud
Agar medium (Lab M, England) and was supple-
mented with chloramphenicol (0.125 g/l, prepared
in ethanol), incubation was at 28oC. Total and Fae-
cal Coliform Medium was Endobase agar (Lab M,
England). For 1000 ml medium 4 ml of 10% Basic
Fuchsin were added. Incubation was at 37oC for
total coliform and 44.5oC for fecal coliform. While
for fecal streptococci, Membrane Enterococcus
Agar (Lab M, England) was used, incubation was at
44.5oC. All media were sterilized by autoclaving at
15 psi for 15 minutes. Ten ml of each sample were
mixed with 90 ml sterilized saline solution (0.9%
NaCl) as standard diluents and shaked for 5 min.
The diluents used with different dilution factors.
Diluted samples were cultured by using pour plate
technique on the appropriate medium. For devel-
oping colonies, the plates were incubated inversely
at desired temperature for each group. Each set
of experiments was carried out in duplicate and
reduction percentage of each microbial group was

calculated as follow:

Reducti on % = count a f ter exper i ment

Ini t i al count
×100

2.6. Disinfection of Wastewater Using AgNPs Syn-
thesized by the Three Strains:

The outlet wastewater samples from Sarabium
sewage treatment plant were collected and were
immediately transferred to the laboratory in an ice
box. 50 ml of wastewater sample were added to
flasks then the MBC of AgNPs biosynthesized by
each strain as shown in (Table 1) were introduced
into the flasks with shaking overnight along with
control water sample without AgNPs. In this exper-
iment total and faecal coliform were targeted, the
bactericidal effect was designated as the absence of
colonies on agar plate. The experiments were con-
ducted in duplicate. The most efficient AgNPs was
used in the following investigations.

2.7. Disinfection of Wastewater Using Different
Concentrations of the Most Efficient AgNPs:

Lower concentrations and shortening the expo-
sure time may reduce the cost on a larger scale.
Consequently, another experiment was performed
to test various concentrations of the most efficient
AgNPs. Five concentrations around the MIC of
each strain were tested; the highest concentration
tested was the MBC. The designed concentrations
were introduced into flasks containing the sam-
ples and were kept on shaker, other flasks con-
taining the samples without AgNPs were prepared
for control. A subsample was withdrawn from the
flasks after 1, 3, 5 hours and after overnight shaking
then plated on endobase agar to count total and fe-
cal coliform as mentioned before, the experiments
were conducted in duplicate.

2.8. Disinfection Capabilities of The Biosynthesized
AgNPs in Compared to Other Techniques (UV
and Chlorination :

In this comparison experiment, disinfection
was performed using the most efficient AgNPs
while concentration and exposure time were de-
termined in the previous experiment. For chlori-
nation, wastewater samples were collected from
the treatment plant after chlorination stage (dose:
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5 mg/l). UV-treatment was carried out using UV-
transilluminator by filling the wastewater sample
in a transparent plastic bag and then was exposed
to UV radiation for one hour (Figure 2). In this ex-
periment TVB, yeast, TC, FC and FS were targeted.

Figure 2: UV Treatment

2.9. Statistical analysis:

The obtained data were collected and handled
using Microsoft Excel. Differences between control
and treatment groups were performed by ANOVA
test using Minitab 17 program.

3. Results and discussion:

3.1. Biosynthesis of AgNPs:

After adding CFE of each strain separately to
AgNO3 (1 mM) for 24 hours, the color of the solu-
tion changed to dark brown. The change in color
from colourless to dark brown give a visual confir-
mation of AgNPs formation (Figure 3). The change
in color was due to the formation of elemental sil-
ver (Ag0) from the reduction of Ag+ ions which
cause excitation of surface Plasmon vibration typi-
cal for AgNPs [28, 29, 32]. Many researchers have
examined the ability of actinomycetes, particu-
larly Streptomyces, to synthesize AgNPs [26, 28].
The manufacture of AgNPs utilizing Streptomyces
using cell biomass [33], supernatant of cell cul-
ture [25, 30, 32, 33] or cell free extract [26], as
adopted in the current study.

3.2. Characterization of the formation of AgNPs:

3.2.1. Ultraviolet-Visible (UV/Vis Spectroscopy:

UV–visible spectroscopy is most commonly used
technique for characterization of noble nanopar-
ticles which confirm the formation of nanoparti-
cles and their stability. The wavelength in the range

Figure 3: Biosynthesized AgNPs showing color change of sil-
ver solution into brown.

of 200– 700 nm is generally used for characteriza-
tion of nanoparticles in size range of 2–100 nm.
The strong surface plasma absorption band in the
range of 390–470 nm is used in characterization
of AgNPs [26, 36]. Silver NPs biosynthesized by
the 3 strains showed peaks between 400 – 460 nm
which confirm the formation of AgNPs (Figure 4).
Several studies used UV- Vis scanning to monitor
AgNPs and showed peaks in the same visible re-
gion [32–35]. The highest absorbance (lmax) was
420, 426 nm and 461 nm of AgNPs biosynthesized
βB1, βA15 and βC1, respectively. Taher et al. [33]
biosynthesized AgNPs with surface plasmon ab-
sorption band with a maximum of 434 nm in the
visible region, while Sambangi and Gopalakrish-
nan [32] biosynthesized AgNPs with l max at 420
nm.

3.2.2. X-ray diffraction (XRD :

The XRD pattern of the biosynthesized AgNPs
samples were illustrated in (Figure 5). The XRD
pattern showed the Bragg’s diffraction peaks of Ag-
NPs at 38.16◦, 45.04◦, and 64.75◦, respectively, cor-
responding to (111), (200), and (220) planes of the
face-centred cubic lattice, similar to AgNPs in other
studies [28, 30, 37].
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Figure 4: UV-Vis scan of biosynthesized AgNPs by (a) βB1, (b)
βC1 and (c) βA15.

Figure 5: XRD patterns of biosynthesized AgNPs by (a) βB1,
(b) βC1 and (c) βA15.

3.2.3. High-Resolution Transmission Electron Mi-
croscopy (HR-TEM

The size of AgNPs is determined by measur-
ing the diameter of the particles on TEM images.
The TEM images had shown in (Figure 6) that the
biosynthesized AgNPs biosynthesized by βB1 are
well dispersed, spherical in shape and range in
size from 6 to 25 nm, which have the same shape
but a different size when compared to experiments
conducted by researchers [26, 28, 35]. While the
biosynthesized AgNPs biosynthesized by βC1 and
βA15 are not well dispersed and have spherical to
irregular shape and their sizes ranged from 7 to 21

nm and from 5 to 24 nm, respectively. The nucle-
ation properties of nanoparticles are significantly
influenced by the degree of dispersion. The higher
size and the poorer the dispersion the more aggre-
gation occurs in the nanoparticles [38]. Based on
their characteristics, the AgNPs biosynthesized by
βB1 are thought to be better to those produced by
βC1 and βA15 because they were the smallest and
well dispersed.

Figure 6: TEM images of AgNPs biosynthesized by (a)βB1, (b)
βC1 and (c) βA15.

3.3. Treatment of Wastewater Using βB1-
Biosynthesized AgNPs

3.3.1. Physicochemical analysis:

In order to verify the treatment efficiency of Ag-
NPs for differently characterized wastewater sam-
ples, AgNPs with the lowest MBC were selected
and treatment was performed with MBC. Wastew-
ater samples were collected from different sewage
treatment plants along Suez Canal region. Physic-
ochemical parameters included pH, Redox poten-
tial, Conductivity, Color, Turbidity, BOD, and COD
were measured to the control and samples treated
with 30 µg/ ml of AgNPs synthesized by βB1. The
result shown in (Table 2), after treatment with Ag-
NPs, redox potential was reduced while pH, colour
and turbidity were increased. All the changes in
the physicochemical parameters complied with to
standards and requirements for discharging liquid
waste into aquatic environments based on Prime
Minister’s Decree No. 964 of 2015, except of the
color and turbidity due to AgNPs suspension in
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wastewater samples. p value was < 0.05 which in-
dicate the significant effect of AgNPs in wastewater
samples in compare to the control.

The discharge of AgNPs into the environment
can indeed pose various risks [39]. The degrees
of AgNPs toxicity vary depending on the overall
amount of exposure, and the biological community
that exists in the environment determines the high-
est levels of toxicity in each taxon [40]. Direct expo-
sure to AgNPs can have biological impacts on mi-
croorganisms, plants, and soil invertebrates as well
as decrease activity, abundance, and variety of soil
microorganisms. It can also cause silver accumula-
tion in plants and animals [41].

In addition to the risks of discharging, the di-
rect application of AgNPs in water has some lim-
itations. They frequently form aggregating clus-
ters which reduce their effectiveness, and it is dif-
ficult to separate them from treated water [42–44].
To overcome direct application problems, AgNPs
should be fixed on support materials either porous
or nonporous materials such as sand, ceramic fil-
ter, polyurethane foam, zeolite, paper, fiberglass,
activated carbon, polyurethane, hydrogels and chi-
tosan [42–44].

Differences were assessed by ANOVA test with p
value < 0.05 which indicate the significant effect of
AgNPs in wastewater samples in compared to the
control

Biological oxygen demand and chemical oxygen
demand are important parameters, are measured
to indicate the organic pollution in the wastewa-
ter, COD is a dominant parameter in comparison to
BOD [45]. The increasing BOD and COD levels are
harmful to aquatic life because they cause a drop in
DO, which makes it impossible for living things to
survive [46]. Figure 7 showed that treatment with
AgNPs caused a significant (p value < 0.05) reduc-
tion in the BOD and COD levels which was con-
sistent with other studies done by Qian et al,. [45],
Thamilselvi and Radha 2018 [47] and Najafpoor et
al,. [48].

3.3.2. Microbiological analysis:

Microbiological analyses of TC, FC, FS, TVB and
yeasts were also conducted after the AgNPs treat-
ment, the reduction% in their count is shown in

Figure 7: (a) Biological Oxygen Demand (BOD) and (a) Chem-
ical Oxygen Demand (COD) of wastewater samples collected
from four sewage treatment plants after treatment withAg-
NPs synthesized by βB1 compared to their control. Bar is
the standard deviation and the differences were assessed by
ANOVA test with p value <0.05.

(Figure 8). The reduction% of all tested microbio-
logical group was more than 99 %. The represen-
tative isolation plates in (Figure 9) show the dis-
tinguished reduction in all groups after treatment.
The biosynthesized AgNPs which produced by βB1
are more efficient in the disinfection of wastewater
than AgNPs studied by Qian et al., [45], who treated
raw household wastewater with 80 mg/l of AgNPs
biosynthesized by leaf extract of Phyllanthus niruri
and found that the AgNPs only cause about 67% re-
duction in coliforms.

Figure 8: Reduction% in different microbial groups, total vi-
able bacteria (TVB), yeast, fecal streptococci (FS), total (TC)
and fecal (FC) coliforms in wastewater samples afterAgNPs
treament.

These results confirmed the antimicrobial prop-
erties of AgNPs as it exhibited a broad antibacte-
rial action against wide range Gram-negative and
Gram-positive bacteria [49]. The mechanism of an-
timicrobial effect of AgNPs is due to three main
mechanisms: first, AgNPs can directly damage the
bacterial membrane by altering respiration and
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Table 2: Physicochemical characteristics of wastewater samples collected from four sewage treatment plants after treatment
with AgNPs synthesized by βB1 compared to their control. Data are presented as mean ± standard deviation.

Abu Khalifah El-Kasasin Fayed Sarabium
Control Treated Con-

trol
Treated Control Treated Control Treated

pH 7.6±0.1 6.9±0.1 7.7±0.1 7.2±0.1 7.9±0.1 6.7±0.1 7.5±0.1 6.8±0.1
Redox Potential
(mV)

-
19.3±0.1

9.7±0.1 -
40±0.1

-
9.7±0.1

-
48.6±0.1

7.3±0.1 -
13.6±0.1

6.5±0.1

Conductivity
(µS/cm)

363±3 181±4 417±4 299±1 1070±6 1368±2 1050±5 1706±4

Color (PCU) 250±1 110±1 350±1 150±1 200±1 170±1 270±1 130±1
Turbidity (NTU) 11±0.4 2.1±0.2 8.2±0.3 23.5±0.5 15.7±0.6 4±0.2 13±0.5 10±0.3

Differenceswere assessed by ANOVA test with p value < 0.05 which indicate the significanteffect of AgNPs in wastewater sam-
ples in compared to the control

permeability, leading to leakage of cytoplasmic
content such as lipopolysaccharides, membrane
proteins and intracellular biomolecules. Second
mechanism is AgNPs may be responsible for the
generation of reactive oxygen species (ROS) which
cause oxidative stress. Third mechanism is Ag-
NPs become source of free form of silver ions can
cause interference with proper generation of ATP
(Adenosine triphosphate) and DNA (Deoxyribonu-
cleic acid) molecules [50].

3.4. Disinfection of Wastewater Using AgNPs Syn-
thesized by the Three Strains:

In order to minimize the concentration of AgNPs
while maintaining disinfection activity, the antimi-
crobial activities against total coliform of the three
AgNPs with concentration 30 µg/ml for βB1 and
40 µg/ml for both βA15 and βC1 were tested. It
was found that AgNPs by βC1 was the less active as
shown in (Table 3), (Figure 10), the reduction% of
AgNPs by βC1 is 98% in TC and 97.5% in FC while
the reduction% of the two other AgNPs by βB1 and
βA15 is 99.5% in TC and 100% FC.

3.5. Disinfection of Wastewater Using Different
Concentrations of the Most Efficient AgNPs

Disinfection activity of different concentrations
of AgNPs from βB1 and βA15 was tested in order
to test disinfection capabilities various concentra-
tions of AgNPs synthesized by βB1 and βA15 with

Figure 9: Representative isolation plates of total vaible bacte-
ria (a), yeasts (b), coliforms (c) and fecal streptococci (d) from
wastewater samples control (left) and after AgNPs treament
(right).
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Table 3: Total (TC) and fecal (FC) coliform counts measured
in CFU/ml (mean ± standard deviation) in wastewater sam-
ples before and after treatment with MBC concentration of
AgNPs synthesized by βB1, βC1 and βA15.

AgNPs
MBC
(µg/
ml)

TC FC
Before After Before After

CFU/ml
βB1 30

5300±250
2

2000±190
0

βA15 40 2 0
βC1 40 100 50

Figure 10: Reduction% in total (TC) and fecal (FC) coliforms
in wastewater samples treated with MBC concentration of
AgNPs synthesized by βB1, βC1 and βA15.

different contact time. The lowest efficient con-
centration of AgNPs to disinfect wastewater at the
shortest time was targeted. All the concentrations
tested reduced TC and FC counts in the first hour
of treatment (Table 4 and 5). Most of concen-
trations tested of AgNPs synthesized by βB1 com-
pletely eliminate FC in the first hour of treatment.
Only the highest concentrations of AgNPs synthe-
sized by βA15 eliminated FC and after 3 hours of
treatment (Table 5). Hence, using 15 µg/ml of Ag-
NPs synthesized by βB1 for one hour was consid-
ered sufficient to disinfect the tested wastewater.

Total coliform bacteria or in particular E. coli is
considered indicator microorganism have used to
assessment the quality of wastewater [51] [52]. In
this study the lowest dose can kill coliform bacte-
ria was 15 µg/ml of AgNPs produced by βB1, while
Buszewski et al., [30] found that the lower dose Ag-
NPs synthesized by Streptacidiphilus durhamen-
sis can kill E. coli was 50 µg/ml, and Pallavi et
al., [34] reported that 128 µg/ml of AgNPs biosyn-
thesized by Streptomyces hirsutus is the MBC of

E. coli. One hour treatment with 15 µg/ml Ag-
NPs biosynthesized by βB1 was sufficient to elimi-
nate coliforms. Raja et al., [53], needed 6 h to get
zero count in sewage water after treatment with
100 µg/ml of AgNPs produced by the leaf extract of
Prosopis juliflor.

3.6. Disinfection Capabilities of The Biosynthesized
AgNPs in Compared to Other Techniques (UV
and Chlorination :

Figure (11) shows reduction% of different micro-
bial groups in wastewater samples treated with 15
µg/ml of AgNPs synthesized by βB1 after one hour
exposure compared to chlorination and UV at the
same exposure time. Although chlorination and
UV eliminate all the targeted groups, a compara-
ble disinfection capability of the tested AgNPs is
shown. Using AgNPs, FC and FS were eliminated
and the reduction% of remaining groups exceed
99%. There were non-significant differences be-
tween AgNPs and the other disinfection techniques
whereas the p value was 0.203.

Figure 11: Reduction% in different microbial groups rep-
resenting the disinfection efficiency of AgNPs compared to
chlorination and UV.

The exposure of the wastewater sample for an
hour to the UV light cause 100 % reduction in all
the target microbial group. Due to the absorption
of UV irradiation prompts the formation of DNA
photoproducts like cyclobutane pyrimidine dimers
and pyrimidine 6–4 pyrimidone photoproducts,
which obstruct transcription and replication lead-
ing to mutagenesis and cell death [54]. Although
UV light have high disinfection ability, but the use
of UV light has some drawback such as: low dosage

18A. A. Ouda et al./ Advances in Environmental and Life Sciences 6(1)(2024) 10-21



Table 4: Total coliform counts measured in CFU/ml (mean ± standard deviation) in control and samples treated with various
concentrations (µg/ml) of AgNPs synthesized by βB1 and βA15 at different time intervals.

Time
(hrs)

Control
CFU/ml

βB1 βA15
µg/ml

5 10 15 22.5 30 15 20 25 32.5 40
CFU/ml

1 6500±25090 19 1 4 2 24 21 14 14 9
3 6900±30011 22 1 7 2 26 35 12 9 5
5 7500±190 5 9 0 1 0 2 2 14 3 4

Table 5: Fecal coliform counts measured in CFU/ml (mean ± standard deviation) in control and samples treated with various
concentrations (µg/ml) of AgNPs synthesized by βB1 and βA15 at different time intervals.

Time
(hrs)

Control
CFU/ml

βB1 βA15
µg/ml

5 10 15 22.5 30 15 20 25 32.5 40
CFU/ml

1 1400±150 2 0 0 1 0 2 1 1 1 0
3 1600±120 0 1 0 0 0 1 1 1 0 0
5 2000±210 3 0 0 0 0 2 0 0 1 0

may not effectively inactivate some viruses, spores,
and cysts. Organisms can sometimes repair and re-
verse the destructive effects of UV through repair
mechanism, turbidity, and total suspended solids
(TSS) in the wastewater can render UV disinfection
ineffective [55].

Chlorine has strong bactericidal effects such as
penetrating cell wall and alters specific functions of
proteins. Chlorine’s main mechanism is to change
the biological structure of bacterial enzymes that
play important roles in bacterial nutrition, thereby
inhibiting their growth and development [10]. Cer-
tain extremely resistant waterborne organisms
have shown resistance to chlorination, making
higher disinfectant dosages necessary which in-
creases the formation of DBPs [8]. Egypt is cur-
rently discouraging the use of chlorine in wastew-
ater management, with the growing awareness
of the effects of chlorinated organics in sewage
effluent on receiving waters and the tendency
toward switching wastewater disinfection to the
most promising disinfectant alternatives [11]. The
AgNPs consider a suitable alternative disinfectant
as it has good disinfection ability in comparison to

UV and chlorination as well as it is cost-effective
and ecofriendly.

4. Conclusion:

Utilizing the cellular free extract (CFE) of actino-
mycetes to biosynthesize AgNPs presents an envi-
ronmentally friendly and economically viable syn-
thesis method. Owing to the antimicrobial activity
of AgNPs, these nanoparticles can effectively dis-
infect wastewater at low concentrations, offering
comparable efficacy to conventional techniques
such as UV and chlorination which have numerous
drawbacks.

References

[1] R. Boiocchi, Q. Zhang, M. Gao, Y. Liu, Modeling and
optimization of an upflow anaerobic sludge blanket
(UASB) system treating blackwaters, J. Environ. Chem.
Eng 10 (3) (2022) 107614–107614.

[2] A. A. Werkneh, S. B. Gebru, Development of ecological
sanitation approaches for integrated recovery of biogas,
nutrients and clean water from domestic wastewater,
Resour. Environ. Sustain 11 (2022) 100095–100095.

A. A. Ouda et al./ Advances in Environmental and Life Sciences 6(1)(2024) 10-2119



[3] A. H. Sabeen, Z. Z. Noor, N. Ngadi, S. Almuraisy, A. B.
Raheem, Quantification of environmental impacts of
domestic wastewater treatment using life cycle assess-
ment: A review, J. Clean. Prod 190 (2018) 221–233.

[4] L. D. Justin, D. O. Olukanni, K. O. Babaremu, Perfor-
mance assessment of local aquatic macrophytes for do-
mestic wastewater treatment in Nigerian communities:
A review, Heliyon 8 (8) (2022) 10093–10093.

[5] A. V. O. Akowanou, H. E. J. Deguenon, K. C. Balogoun,
M. M. A. Daouda, M. P. Aina, The combined effect
of three floating macrophytes in domestic wastewater
treatment, Sci. African 20 (2023) 1630–1630.

[6] O. S. Djandja, L. X. Yin, Z. C. Wang, P. G. Duan, From
wastewater treatment to resources recovery through hy-
drothermal treatments of municipal sewage sludge: A
critical review, Process Saf. Environ. Prot 151 (2021) 101–
127.

[7] D. Kang, X. Zhao, N. Wang, Y. Suo, J. Yuan, Y. Peng,
Redirecting carbon to recover VFA to facilitate biologi-
cal short-cut nitrogen removal in wastewater treatment:
A critical review, Water Res 238 (2023) 120015–120015.

[8] D. U. Ozsahin, B. Uzun, Application of Multi-Criteria
Decision Analysis in Environmental and Civil Engineer-
ing (2021).

[9] M. Foroughi, M. Khiadani, S. Kakhki, V. Kholghi,
K. Naderi, S. Yektay, Effect of ozonation-based disin-
fection methods on the removal of antibiotic resistant
bacteria and resistance genes (ARB/ARGs) in water and
wastewater treatment: a systematic review, Sci. Total
Environ 811 (2022) 151404–151404.

[10] S. M. Abdo, M. A. El-Liethy, H. S. Doma, G. E. E. Taweel,
G. H. Ali, Chlorine as an integrated approach for envi-
ronmental health and hygiene: A case study on evalu-
ation of the performance of waste stabilization ponds
located at 11 governorates in Egypt, Emerg. Contam 8
(2022) 243–253.

[11] A. Shahawy, S. El-Shatoury, S. Bayomi, D. El-Monayeri,
Wastewater Disinfection Using Artificial Ultraviolet
Rays Technology, Handb. Environ. Chem 75 (2019) 241–
312.

[12] M. Herraiz-Carboné, A review on disinfection technolo-
gies for controlling the antibiotic resistance spread, Sci.
Total Environ 797 (2021) 149150–149150.

[13] S. Latif, M. A. Alim, A. Rahman, Disinfection methods
for domestic rainwater harvesting systems: A scoping
review, J. Water Process Eng 46 (2021).

[14] P. D. Shankar, A review on the biosynthesis of metallic
nanoparticles (gold and silver) using bio-components
of microalgae: Formation mechanism and applications,
Enzyme Microb. Technol 95 (2016) 28–44.

[15] P. T. Sekoai, Application of nanoparticles in biofuels : An
overview 237 (2018) 380–397.

[16] S. A. Ahire, A. A. Bachhav, T. B. Pawar, B. S. Jagdale, A. V.
Patil, P. B. Koli, The Augmentation of nanotechnology
era: A concise review on fundamental concepts of nan-
otechnology and applications in material science and

technology, Results Chem 4 (2022) 100633–100633.
[17] N. Chouhan, Silver Nanoparticles: Synthesis, Character-

ization and Applications (2018).
[18] A. Regiel-Futyra, Bioinorganic antimicrobial strategies

in the resistance era, Coord. Chem. Rev 351 (2017) 76–
117.

[19] M. Malik, Biosynthesis of silver nanoparticles for
biomedical applications : A mini review, Inorg. Chem.
Commun 145 (2022).

[20] M. A. Kakakhel, Green synthesis of silver nanoparticles
and their shortcomings, animal blood a potential source
for silver nanoparticles: A review, J. Hazard. Mater. Adv
1 (2021) 100005–100005.

[21] R. Kumar, M. Kumar, G. Luthra, Fundamental ap-
proaches and applications of nanotechnology: A mini
review, Mater. Today Proc., no. xxxx (2023).

[22] M. A. Islam, M. V. Jacob, E. Antunes, A critical review on
silver nanoparticles: From synthesis and applications to
its mitigation through low-cost adsorption by biochar, J.
Environ. Manage 281 (2021) 111918–111918.

[23] Z. Zhao, P. Li, R. Xie, X. Cao, D. Su, Y. Shan, Biosynthesis
of silver nanoparticle composites based on hesperidin
and pectin and their synergistic antibacterial mecha-
nism, Int. J. Biol. Macromol 214 (2022) 220–229.

[24] A. Ahmed, Nature-inspired biogenic synthesis of silver
nanoparticles for antibacterial applications 27 (2023).

[25] D. Chowdhury, P. Sanket, R. Y. Bhunia, Surampalli, Sus-
tainability assessment of vermifiltration technology for
treating domestic sewage: A review, J. Water Process Eng
50 (2022) 103266–103266.

[26] N, F. Zonooz, M. Salouti, Extracellular biosynthesis of
silver nanoparticles using cell filtrate of Streptomyces
sp. ERI-3, Sci. Iran 18 (6) (2011) 1631–1635.

[27] N. S. Alsaiari, Plant and Microbial Approaches as Green
Methods for the Synthesis of Nanomaterials: Synthesis,
Applications, and Future Perspectives, Molecules 28 (1)
(2023).

[28] H. A. S. Ibrahim, H. Taher, R. Sayed, Physical factors
controlling silver nanoparticles biosynthesis using acti-
nomycetales bacterium βC1 : MZ067956 Physical Fac-
tors Controlling Silver Nanoparticles Biosynthesis Using
Actinomycetales Bacterium 060002 (2023).

[29] R. B. Baird, E. W. Rice, S. Posavac, Standard methods for
the examination of water and wastewater (2017) 1–23.

[30] B. Buszewski, Antimicrobial activity of biosilver
nanoparticles produced by a novel Streptacidiphilus
durhamensis strain, J. Microbiol. Immunol. Infect 51 (1)
(2018) 45–54.

[31] K. Punjabi, P. Choudhary, L. Samant, S. Mukherjee,
S. Vaidya, A. Chowdhary, Biosynthesis of Nanoparticles
: A Review 30 (2015) 219–226.

[32] P. Sambangi, S. Gopalakrishnan, Biocatalysis and Agri-
cultural Biotechnology Streptomyces -mediated syn-
thesis of silver nanoparticles for enhanced growth ,
yield , and grain nutrients in chickpea, Biocatal. Agric.
Biotechnol 47 (2022) 102567–102567.

20A. A. Ouda et al./ Advances in Environmental and Life Sciences 6(1)(2024) 10-21



[33] H. S. Taher, R. Sayed, A. Loutfi, H. Abdulla, Construc-
tion of a domestic wastewater disinfection filter from
biosynthesized and commercial nanosilver : a compar-
ative study, Ann. Microbiol (2022).

[34] S. S. Pallavi, H. Ahmed, A. Bepari, S. Kalimulla,
S. Nayaka, Saudi Journal of Biological Sciences Green
synthesis of Silver nanoparticles using Streptomyces
hirsutus strain SNPGA-8 and their characterization , an-
timicrobial activity , and anticancer activity against hu-
man lung carcinoma cell line A549, ” Saudi J. Biol. Sci
29 (1) (2022) 228–238.

[35] I. M. A. El-Enain, Biosynthesized silver nanoparticles (
AgNPs ) from isolated actinomycetes strains and their
impact on the black cutworm , Agrotis ipsilon,” Pestic,
Biochem. Physiol 194 (2023) 105492–105492.

[36] K. Jyoti, A. Singh, Green synthesis of nanostructured sil-
ver particles and their catalytic application in dye degra-
dation, J. Genet. Eng. Biotechnol 14 (2) (2016) 311–317.

[37] D. Manikprabhu, K. Lingappa, Synthesis of silver
nanoparticles using the Streptomyces coelicolor klmp33
pigment : An antimicrobial agent against extended-
spectrum beta-lactamase ( ESBL ) producing Es-
cherichia coli, Mater. Sci. Eng. C 45 (2014) 434–437.

[38] T. Hupfeld, How colloidal surface additivation of
polyamide 12 powders with well-dispersed silver
nanoparticles influences the crystallization already at
low 0.01 vol%, Addit. Manuf 36 (2020).

[39] T. Esakkimuthu, Application of Nanoparticles in
Wastewater Treatment (2014) 141–151.

[40] G. Palani, Silver Nanoparticles for Waste Water Manage-
ment, Molecules 28 (8) (2023).

[41] P. Courtois, Ecotoxicology of silver nanoparticles and
their derivatives introduced in soil with or without
sewage sludge: A review of effects on microorganisms,
Environ. Pollut 253 (2019) 578–598.

[42] M. Farhana, V. Meera, Synthesis of Nanosilver Coated
Sand Using Plant Extracts, Procedia Technol 24 (2016)
188–195.

[43] L. Gao, Applied Surface Science Preparation, character-
ization and antibacterial activity of silver nanoparticle
/ graphene oxide / diatomite composite Ag / GO 484
(2019) 628–636.

[44] J. Li, Bacterial dynamics and functions driven by
biomass wastes to promote rural toilet blackwater ab-
sorption and recycling in an ectopic fermentation sys-
tem, Chemosphere 316 (2022) 137804–137804.

[45] L. Qian, Synthesis, identification of possible reductants
and the mechanism of synthesis of silver nanoparticles
for their beneficial effects on human health and his en-
vironment, Inorg. Chem. Commun 156 (2023) 111111–
111111.

[46] A. Nishat, Wastewater treatment: A short assessment on
available techniques, Alexandria Eng. J 76 (2023) 505–
516.

[47] V. Thamilselvi, K. V. Radha, Silver nanoparticle loaded
silica adsorbent for wastewater treatment (2017).

[48] A. Najafpoor, Effect of magnetic nanoparticles and
silver-loaded magnetic nanoparticles on advanced
wastewater treatment and disinfection, J. Mol. Liq 303
(2020) 112640–112640.

[49] L. Ge, Q. Li, M. Wang, J. Ouyang, X. Li, M. M. Xing,
Nanosilver particles in medical applications : synthesis,
performance , and toxicity (2014) 2399–2407.

[50] A. Kumar, S. Sundaram, K. Kumar, Environmental
Technology & Innovation An overview of silver nano-
particles as promising materials for water disinfection,
Environ. Technol. Innov 23 (2021) 101721–101721.

[51] J. Foschi, G. F. Bianchi, A. Turolla, M. Antonelli, Disin-
fection efficiency prediction under dynamic conditions:
Application to peracetic acid disinfection of wastewater,
Water Res 222 (2022) 118879–118879.

[52] S. Kesar, M. S. Bhatti, Chlorination of secondary treated
wastewater with sodium hypochlorite (NaOCl): An ef-
fective single alternate to other disinfectants, Heliyon
8 (11) (2022) 11162–11162.

[53] K. Raja, A. Saravanakumar, R. Vijayakumar, Spec-
trochimica Acta Part A : Molecular and Biomolecular
Spectroscopy Efficient synthesis of silver nanoparticles
from Prosopis juliflora leaf extract and its antimicrobial
activity using sewage 97 (2012) 490–494.

[54] V. Yemmireddy, A. Adhikari, J. Moreira, Effect of ultravio-
let light treatment on microbiological safety and quality
of fresh produce: An overview, Front. Nutr 9 (4) 2022–
2022.

[55] M. Turtoi, Ultraviolet light potential for wastewater dis-
infection, Ann. Food Sci. Technol 14 (1) (2013) 1–12.

A. A. Ouda et al./ Advances in Environmental and Life Sciences 6(1)(2024) 10-2121




