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Abstract 

Purpose:  Biosynthesis of nanoparticles is an eco-friendly process and considered one of the most significant aspects 
of nanotechnology. Silver nanoparticles (Ag NPs) have a better bactericidal activity due to its high surface area to 
volume ratio. In this paper, Streptomyces sp. U13 (KP109813) was used to biosynthesize silver nanoparticles (Ag NPs) to 
construct wastewater disinfection filter.

Methods:  The biosynthesized nanosilver and a commercially available ink nanosilver were characterized, and their 
wastewater disinfection efficiency was compared. The nanometrological characteristics of both nanosilver such as 
structure, shape, and size were investigated using the X-ray diffraction (XRD), Fourier transform-infrared spectroscopy 
(FTIR), high-resolution transmission electron microscope (HR-TEM), and UV-visible spectroscopy.

Result:  The results revealed that the biosynthesized and ink Ag NPs were well dispersed and had a spherical shape, 
with sizes ranged from 5 to 37 nm and from 2 to 26 nm, respectively. To examine the disinfection capabilities, Ag 
NPs were loaded on two substrates, foam and limestone gravel, and packed into a glass column receiving domestic 
wastewater. Results showed that Ag NPs attached to limestone gravel eliminate 100% of the coliform bacteria better 
than foam. Comparing to control columns (without silver), only 50 and 10% reduction of the total coliform in gravel 
and foam column were achieved, respectively.

Conclusion:  This work concluded that the type of substrate controls the amount of Ag NPs loaded on it and thus 
controls the disinfection process. No significant difference between biosynthesized and ink nanosilver in wastewater 
disinfection was observed. Using limestone gravel filter loaded with 200 mg/l Ag NPs with contact time of 150 min 
achieves a complete eradication of coliform bacteria.

Keywords:  Silver nanoparticles, Nanometrological measurements, Streptomyces, Characteristics, Wastewater 
disinfection, Coliform
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Introduction
Nanotechnology is an emerging and fast-growing tech-
nology. Currently, there are a huge number of nano-
technology-based products on market. Nanomaterial 

is known as a natural, incidental, or manufactured 
material having particles, in an unbound state or as an 
aggregate or as an agglomerate, and where one or more 
of the external dimensions are in the size range 1–100 
nm (Bondarenko et al. 2013). The use of nanomaterials is 
expanded in a wide range of applications such as energy, 
health, and the environment.

Among all manufactured nanomaterials, nano-sized 
silver is the most widely used in different applica-
tions. Silver nanoparticles (Ag NPs) possess unique 
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physicochemical properties (Elechiguerra et  al. 2005) 
that open a wide range of applications, one of which is 
water purification (Bielefeldt et al. 2009). It is mainly used 
to remove three major pollutants including, pesticides, 
heavy metals, and microorganisms (Que et al. 2018). Ag 
NPs are known as excellent antimicrobial agents; they 
could be used as alternative disinfectants in water treat-
ment systems (Elechiguerra et al. 2005; Sayed et al. 2018).

A variety of synthesis processes have been reported for 
nanoparticles preparation and characterization. Physi-
cal methods are costly, and chemical methods are mostly 
toxic (Parisa et  al. 2015). Biological methods via plants 
and microorganisms are promising green alternative 
(Jannathul and Lalitha 2015; Benakashania et  al. 2016; 
Erico et al. 2016; Bakhtiari-Sardari et al. 2020).

Actinomycetes are gram-positive filamentous bacte-
ria with high GC content. It is used in nanotechnology 
because of its unique capability to produce various bio-
active component and high protein content to produce 
nanoparticles both intracellularly and extracellularly 
(Gahlawat and Choudhury 2019). Several studies proved 
that Streptomyces could synthesize Ag NPs by direct con-
tact with mycelial mass (Tsibakhashvili et al. 2011), cell-
free metabolites (Vidhyashree et al. 2015; Al-Dhabi et al. 
2019; Bakhtiari-Sardari et  al. 2020), or partially purified 
metabolite (Abou-Dobara et al. 2017).

The multiple pressures of climate change, population 
growth, industrialization, and urbanization have led to 
the declining availability of freshwater resources (Sun 
et  al. 2016). According to the World Health Organiza-
tion (WHO), more than 1.5 million children die each 
year due to bad sanitation (WHO (World Health Organ-
ization) 2015). Wastewater discharges in water resources 
are the major source of pathogens. Safe management 
of wastewater can yield multiple benefits; in this con-
text, there is a real requirement for more efficient and 
powerful technologies for the treatment of wastewater 
(Ferroudj et  al. 2013). Chlorination is extensively used 
for disinfecting sewage effluents, but by-products such 
as toxic organic halogen could be produced (Chu et  al. 
2016). Ozone requires the use of complicated equip-
ment, while bacterial regrowth is possible after UV irra-
diation (Wang et al. 2015).

The ideal disinfectant should possess a broad antimi-
crobial spectrum within a short time, no generation of 
harmful by-products, low-energy cost, easy operation 
and easy to store, must not be corrosive, and capable 
of safe disposal. Silver in the form of nanoparticles that 
release silver ions more effectively has a better bacteri-
cidal activity due to its high surface area to volume ratio 
(Duran et  al. 2010). Researchers deposited Ag NPs on 
different solid materials for wastewater treatment like 
sand (Mahmood et  al. 1993), zeolite (Matsumura et  al. 

2003), fibreglass (Nangmenyi et  al. 2009), silica micro-
beads (Quang et al. 2011), cotton, wool, and nylon fab-
rics (Pasricha et  al. 2012), resin beads (Mthombenia 
et al. 2012), activated carbon (Altintig et al. 2016), foams 
(Altintig et al. 2016), and magnetic biochar/poly (dopa-
mine) composite (Li et al. 2019). These reports showed 
that the type of substrate controls the amount of Ag NPs 
that are loaded on it and thus controls the disinfection 
process. A technical committee in the field of nanotech-
nology (TC 299), established by the international organi-
zation for standardization (ISO), published standards 
and guides related to the specification of characteristics 
and relevant measurement methods for silver nanopar-
ticles that are intended for antibacterial applications in 
nanotechnology (ISO/TS 20660:2019).

The present study aims to the designing of a cost-effec-
tive wastewater disinfection filter that employed biosyn-
thesized silver nanoparticles using actinomycete strain 
and investigating their characteristics and disinfection 
performance compared to commercially available silver 
nanoparticles.

Materials and methods
Biosynthesis of Ag NPs
Six native actinomycete strains were isolated from sand-
stone rock collected from Um Bogma village, Sinai, Egypt 
(Abdulla et al. 2018), were screened for Ag NPs synthe-
sis. They have been recorded in GenBank with accession 
numbers; they are Actinobacterium U12 (KP109814), 
Streptomyces sp. U13 (KP109813), Streptomyces atrovi-
rens U19 (KP109811), Streptomyces sp. U30 (KP109810), 
Streptomyces humidus UA9 (KP109809), and Actino-
mycetales bacterium UA15 (KP109812). Phenotypically, 
the six strains produced aerial mycelium on ISP4 media 
with colours, olive, grey, and white; also, they varied in 
their substrate mycelium colour. Spore suspension of the 
tested strains was inoculated into starch casein broth and 
incubated at 28 °C under continuous agitation at 100 rpm 
for 3 days. The biomass was harvested by centrifugation 
and then rinsed twice with distilled water. The washed 
pellets were resuspended in sterile tap water. To deter-
mine the dry weight, an aliquot of the suspension was 
centrifuged and dried overnight at 60 °C to a constant 
weight. Twenty-five milligrams dry weight equivalent of 
each strain was washed twice with deionized water and 
resuspended in 100 ml of 25 mg Ag+/l (as Ag NO3); pH 
was adjusted to 7. This screening experiment for the bio-
synthesis of Ag NPs was carried out in duplicate at 28 °C 
overnight on 110 rpm shaking; development of brown 
colour was considered positive result. The suspensions 
were left to settle; formation of Ag NPs in biomass-free 
supernatant was confirmed by UV-Vis scan.
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Streptomyces sp. U13 (KP109813) was selected as the 
most active isolate. It was examined to synthesize Ag NPs 
at different Ag+ concentrations (25, 50, 75, and 100 mg/l) 
and different biomass weights (20, 40, 60, 80, and 100 mg 
dry weight equivalent) at pH 7 while incubated overnight 
at 28 °C. The best conditions were selected to biosynthe-
size Ag NPs to be characterized and used in the wastewa-
ter disinfection experiments compared to commercially 
available ink Ag NPs (Sayed et  al. 2018). The commer-
cially ink Ag NPs was from Metalon; it was well dispersed 
in aqueous that stabilized by capping agent to be suited 
to inkjet printing of electronic components. The stability 
and homogeneity of the Ag NPs ink were the reason of 
choice for comparison with the biosynthesized Ag NPs.

Ag NPs characterization
Different techniques were used to study the nanometro-
logical characteristics of the biosynthesized Ag NPs and 
commercially available ink Ag NPs. UV-Vis spectro-
photometer (Shimadzu, UV3101PC, Japan) was used 
to confirm the formation of Ag NPs in solution at room 
temperature. The absorbance spectra were recorded from 
300 to 700 nm with a 1-nm interval. The X-ray diffrac-
tion analysis (XRD) was carried out by diffractometer 
(D8 Advance, Bruker, Germany) with Cu-Kα (λ = 1.542 
Å) operated at 45 kV and 40 mA at room temperature. 
The analysis was performed in the wide-angle range from 
10 to 80° with step 0.02°. The chemical structure of Ag 
NPs was investigated by using a Fourier transform-infra-
red spectrometer (FT/IR-4100 type A, JASCO, Japan). 
The measurements were performed at the wavenumber 
range from 4000 to 450 cm−1 at a resolution of 0.96 cm−1. 
High-resolution transmission electron microscopy (HR-
TEM, JEOL JEM 2100, Japan) with an acceleration volt-
age of 200 kV was used to determine the size and shape 
of Ag NPs. The TEM sample was prepared by dropping 
the suspension of Ag NPs on a copper grid and allowed 
to dry at room temperature.

Wastewater disinfection experiments
Domestic wastewater samples were collected from the 
pre-chlorination stage from Sarabium wastewater treat-
ment plant in Ismailia, Egypt, and were used on the same 
day of sampling. Disinfection was evaluated by detection 
of total coliform bacteria; a subsample was taken before 
disinfection for the initial count. Total coliform was cul-
tured on Endobase medium (Lab M-England) after serial 
dilutions using pour plate technique followed by incu-
bation at 37 °C for 24 h. The diluent was saline and was 
used with a dilution factor of 10−3 and 10−4 for initial 
count and 10−1 and 10−2 for control columns samples. It 
is worth noting that cultivation of coliform was directly 
without dilutions from Ag NPs loaded columns.

Coating of silver nanoparticles on substrate
Two substrates, foam and limestone gravel, were selected 
to carry the biosynthesized Ag NPs. The two substrates 
were selected due to their high surface area, low cost and 
availability, and difference in nature. The foam is artificial, 
while the limestone is natural. Two-hundred forty grams 
of each substrate with a diameter (6–8 mm) was washed 
twice by distilled water with shaking for 30 min. Washed 
substrates were soaked in a suspension of Ag NPs (250 
ml) with a concentration of 400 mg/l on a shaker for 24 
h in the dark, and then, they were removed and kept in 
a dark clean place to dry. Each coated substrate (240 g) 
was used to fill a glass column (4-cm diameter, 23-cm 
height), and the columns were washed with distilled 
water twice to remove unbound particles. To ensure the 
binding of Ag NPs on examined substrates, the concen-
trations of remnant Ag NPs after coating and washing 
were measured using atomic absorption spectroscopy 
(PerkinElmer).

Column experiment
A total of 150 ml of domestic wastewater were poured 
into each packed column along with a control (column 
with substrates without Ag NPs); the columns were con-
ducted in duplicates. Samples were taken after 6 h to 
evaluate the disinfection capacity, and silver discharge 
was measured by atomic absorption spectroscopy.

Column experiment with different conditions
Limestone gravel was chosen as a substrate to test dif-
ferent disinfection conditions. These conditions were 
disinfection mode, nanoparticles concentration, and 
nanosilver type (the biosynthesized compared to com-
mercially ink Ag NPs). Two modes were tested for the 
disinfection process, continuous flow mode, and static 
mode. In the continuous flow mode, the wastewater was 
run from a reservoir to the column with a flow rate of 2 
ml/min. In the static mode, the wastewater was retained 
in the column, and a sample was taken periodically every 
30 min. To evaluate different concentrations of the bio-
synthesized Ag NPs on the disinfection process, another 
set of columns was established using a concentration of 
200 mg/l Ag NPs to coat gravel under static mode.

The ink Ag NPs were chosen as a commonly used syn-
thetic Ag NPs to compare between the disinfection effi-
ciency of the biosynthesized Ag NPs and commercially 
available source. The biosynthesized Ag NPs and ink Ag 
NPs at concentration 200 mg/l were used to coat gravel 
and assembled the columns (Fig. 1) as mentioned above, 
and the disinfection process was evaluated using static 
mode.
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Results and discussion
Biosynthesis of Ag NPs
The formation of Ag NPs was observed visually by the 
change of solution colour from colourless to brown. 
Streptomyces sp. U13 showed a change in solution colour 
(Fig. 2), while in the rest strains only the biomass colour 
was changed to greyish brown with a slight change in 
colour of the solution. Extracellular formation of Ag NPs 
was confirmed by UV-Vis scan from 300 to 700 nm. The 
UV-visible spectra (Fig. 3) showed increased absorbance, 
and a peak was recorded at 434 nm only in the case of 
Streptomyces sp. U13. Several studies proved that several 
strains of Streptomyces synthesized Ag NPs (Vidhyashree 

et  al. 2015; Abou-Dobara et  al. 2017; Al-Dhabi et  al. 
2019; Bakhtiari-Sardari et al. 2020).

Streptomyces strains can synthesize Ag NPs intracel-
lularly and extracellularly. Although the biomass colour 
of the rest tested strains was changed indicating intra-
cellular biosynthesis, only the extracellular Ag NPs were 
characterized. Extraction of the intracellular Ag NPs 
needs the application of suitable detergents or ultrasonic 
treatment. Economically, extracellular synthesis of Ag 
NPs is preferred for large-scale production because it is 
cheap, simple, and can be easily purified. Streptomyces 
mechanisms for reducing AgNO3 into Ag NPs are not 
fully recognized. Ag NPs could be synthesized by direct 

Fig. 1  Gravel columns loaded with biosynthesized and commercially ink Ag NPs in comparison to control

Fig. 2  Biosynthesis of Ag NPs by Streptomyces sp. U13 actinomycete strain showing change of colour to brown
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contact with mycelial mass (Tsibakhashvili et  al. 2011), 
cell-free metabolites (Vidhyashree et al. 2015; Al-Dhabi 
et  al. 2019; Bakhtiari-Sardari et  al. 2020), or partially 
purified metabolite (Abou-Dobara et al. 2017).

UV-Vis scan results reflect differences in Ag NPs 
characterization as well as in quantity. The results 
showed that increasing Ag+ concentrations increased 
the quantity of the produced Ag NPs, as shown in Fig. 4 
a and c. The colour of the solutions became darker, and 
the absorbance increased in spectrophotometric scan-
ning. Using 100 mg Ag+/l (equivalent to 1 mM AgNO3), 
the highest Ag NPs concentration was obtained as 
shown in scan curve height (Fig. 4a). Dada et al. (2018) 
reported that the most appropriate and suitable con-
centration of AgNO3 is 1 mM as where better surface 
plasmon resonance was obtained. Wagi and Ahmed 
(2020) found that increases in Ag NPs due to AgNO3 
increase are not the case for every strain and vary from 
species to species.

Increasing biomass weights is also affecting the syn-
thesis process by increasing the produced Ag NPs 
quantity (Fig.  4b), but when the biomass elevated to 
100 mg (dry weight equivalent), the produced Ag NPs 
became greyish and precipitated rapidly. The results 
showed that the best conditions for the synthesis of Ag 
NPs were 100 mg Ag+/l and 80 mg dry weight equiva-
lent. These conditions were selected to synthesize Ag 
NPs to be characterized and used in the wastewater 
disinfection experiments.

Ag NPs characterization
UV‑Vis spectroscopy
The absorption band in the visible region considers 
the main characteristic of silver nanoparticles. Optical 
absorption spectra of Ag NPs are dominated by surface 
plasmon band which shows red end or blue end shift 
depends on size, shape, and aggregation of the particles 
(Lufsyi et  al. 2015). Figure  5a showed that successfully 
biosynthesized silver nanoparticles, with light brown 
colour, had the surface plasmon absorption band with 
a maximum of 434 nm in the visible region. In Fig.  5b, 
abroad signal in the visible range with a maximum at 
about 414 nm was observed for commercially available 
synthesized silver nanoparticles (ink nanosilver) with 
dark brown colour due to the combined vibration of 
Ag NPs in resonance with the light wave (Dubey et  al. 
2010). The wideness of the absorption spectrum curves 
is a good evidence of the nanoparticle size, and the two 
observed absorption bands of Ag NPs indicate the pres-
ence of spherical or roughly spherical shape of particles 
(Guzmán et al. 2008).

X‑ray diffraction studies (XRD)
The XRD pattern of biologically and commercially avail-
able synthesized silver nanoparticles was recorded in 
the range between 20 and 80° (2θ), step of 0.04°, and 2 s 
per step. The samples for XRD analysis were prepared 
by using a pipette to put drops of Ag NPs solution on a 

Fig. 3  UV–Vis scan of extracellular Ag NPs formed by the six tested actinomycete strains. Only Streptomyces sp. U13 actinomycete strain showed the 
characteristic absorption band of Ag NPs
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glass slide to achieve uniformly thin films. The XRD pat-
tern of the biosynthesized Ag NPs sample was illustrated 
in Fig. 5c. The XRD pattern showed the Bragg’s diffraction 
peaks of Ag NPs at 38.16°, 45.04°, and 64.75°, respectively, 
corresponding to (111), (200), and (220) planes of the 
face-centred cubic lattice. The other peak at 32.78° may 
be appeared due to crystallization of bioorganic phase 
(Sathiya and Akilandeswari 2014; Selvi et al. 2016). These 
results are in good agreement with those reported in the 
previous literature (Phanjom and Ahmed 2015; Vasudeva 
et al. 2018). Figure 5d shows that the commercially avail-
able synthesized Ag NPs (ink nanosilver) are found to be 
amorphous. These results are in line with previous reports 
(Harajyoti and Ahmed 2011; Sayed et al. 2018).

Fourier transform‑infrared spectroscopy analysis (FTIR)
FTIR analysis was performed for biosynthesized and 
commercially available Ag NPs. The biosynthesized 
Ag NPs shows absorption peaks at 3449.06, 2092.39, 

1637.27, 1460.81, 1259.29, and 1161.9 as indicated by 
transmittance% in Fig.  5e. The functional groups corre-
sponding to these absorption peaks are O–H stretching, 
C=O stretching, C=O stretching of amide groups of pro-
teins, amino and amino-methyl stretching groups of pro-
tein, C–O–C stretching, and C–O stretch (Phanjom and 
Ahmed 2015; Vasudeva et al. 2018). The sharp absorption 
beak at 1637.27 cm−1 indicates that proteins are inter-
acting with biosynthesized Ag NPs without affecting 
their secondary structure during reaction with Ag+ ions 
or after binding with Ag NPs (Fayaz et al. 2010). The IR 
spectroscopic analysis confirms the presence of proteins 
acting as capping agent to prevent agglomeration of nan-
oparticles and provide stability to the medium (Sathya-
vathi et al. 2010).

FTIR spectrum of the commercially available Ag NPs 
(ink nanosilver) was presented in Fig.  5f. It shows that 
seven peaks located at 3470.28, 2096.24, 1639.2, 1436.71, 
1163.83, 1114.65, and 1039.44 cm−1are assigned for 

Fig. 4  Biosynthesis of Ag NPs by Streptomyces sp. U13. UV–Vis spectra at different Ag+ concentration (25, 50, 75 and 100 mg) (a) UV–Vis spectra 
at different biomass weights (20, 40, 60, 80 and 100 mg dry weight equivalent) (b) and image of colour change during biosynthesis process at 
different Ag+ mg/l concentration (c)
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O–H, C ≡ C, C=C, N–H, C–O, C–O, and C–N stretch 
vibration mode, respectively. The same results were 
reported in previous literature (Preetha et  al. 2013; 
Kumari et al. 2016).

High‑resolution transmission electron microscope (HR‑TEM)
ISO 21363:2020 (nanotechnologies — measurements 
of particle size and shape distributions by transmis-
sion electron microscope) has been published recently 

Fig. 5  Characteristics of silver nanoparticles. UV-Vis spectra of biosynthesized Ag NPs (a), UV-Vis spectra of commercially available Ag NPs (ink Ag 
NPs) (b), XRD pattern of biosynthesized Ag NPs (c), XRD spectra of ink Ag NPs (d), FTIR spectra of biosynthesized Ag NPs (e), FTIR spectra of ink Ag 
NPs (f), TEM image of biosynthesized Ag NPs (g), and TEM image of ink Ag NPs (h)
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by the international organization for standardization 
(ISO) to study the morphology of nanoparticles. The 
size and shape of the two samples of silver nanopar-
ticles were obtained by using the nanometrological 
technique HR-TEM. The samples were prepared by 
dropping the Ag NPs solution onto a micro copper 
grid. TEM images in Fig.  5g and h revealed that the 
biosynthesized Ag NPs and commercial Ag NPs (ink 
nanosilver) were well dispersed and had a spheri-
cal shape. The size of biosynthesized Ag NPs is rang-
ing from 5 to 37 nm with a mean diameter of 22.75 ± 
10.88 nm, and the size of ink Ag NPs is ranging from 2 
to 26 nm with a mean diameter of 16.523 ± 7.792 nm.

Wastewater disinfection experiments
It is worth noting that the used substrates have different 
binding capabilities to Ag NPs. The type of substrate con-
trols the amount of Ag NPs that are loaded on it and thus 
controls the disinfection process. The concentration of Ag 
NPs remaining after coating was measured using atomic 
absorption, and thus, the remaining percentage was cal-
culated. The remaining percentage was 8.8 and 21.2% after 
gravel and foam coating, respectively. Previous work by 
Pasricha et al. (2012) reported that cotton fabrics bind to 
Ag NPs more than wool and nylon. Reduction of total coli-
form count after column experiment using the two tested 
substrates loaded with and without Ag NPs is shown in 
Fig. 6a. The results revealed that after 6 h of exposure, the 
mean reduction percentage of the total coliform in con-
trol columns (without silver) was 50 and 10% in gravel and 
foam column, respectively. The mean reduction percent-
age of the total coliform count was 100% in the Ag NPs 
loaded gravel column, while 50% reduction was recorded 
in the Ag NPs foam column. Silver discharged from lime-
stone gravel column was less than 0.01 mg/l which is below 
the standards to be discharged into the aquatic environ-
ment (Egyptian standards for liquid wastes discharging, 

2015). This result may be due to that Ag NPs are stable and 
remain in zero-valent state (Pasricha et al. 2012).

Moustafa (2017) removes 98.5% of 41 × 105 CFU total 
coliform/100 ml after 24 h by foams that have been pre-
soaked in 1118.6 mg/l Ag NPs. In his experiment, foams 
removed 50% of 25 × 105 CFU/ml after 6 h only, which may 
be due to the lower loaded Ag NPs and contacting time. 
Pal et  al. (2022) coated Ag NPs on glass and polypropyl-
ene substrates; the efficiency against E. coli was 72.5% and 
83.75% for coated glass and polypropylene, respectively. 
Limestone gravel is a highly porous substrate and is used in 
wastewater treatment processes (Fahim et al. 2019; El-Sha-
hawy et al. 2020). Adsorption of bacteria to be disinfected 
depends on electrostatic attraction and charges of cell and 
particle surfaces (Stevik et al. 2004). Due to the higher effi-
ciency of limestone than foam in binding and disinfection, 
limestone was chosen to test different disinfection condi-
tions. As shown in Fig. 6b, the reduction percentage of the 
total coliform count was 100% after 6 h of using continuous 
flow mode or static mode. Continuous flow mode was per-
formed at 2 ml/min; Mthombenia et al. (2012) also found 
that 2 ml/min was the most efficient flow rate.

The efficiency of the disinfection system depends on 
different parameters; one of them is the concentration of 
the disinfectant. The increased concentration of Ag NPs 
ensures the complete disinfection process (Mpenyana-
Monyatsi et al. 2012; Moustafa 2017); on the other hand, 
it will certainly raise the cost and increase the discharged 
silver. Hence, using lower but efficient Ag NPs concentra-
tion to coat the substrate will reduce the cost. The results 
showed that after half an hour, the two tested concen-
trations (200 and 400 mg/l) eliminate about 50% of the 
initial total coliform count. With time passing, columns 
loaded with 400 mg/l concentration gradually reduce the 
count more than the one with 200 mg/l; however, both 
concentrations were eliminating the total coliform after 
150 min (Fig. 7). Standard deviations of all tested times 

Fig. 6  Reduction percentage of total coliform of wastewater using two different substrates loaded with Ag NPs in column experiment after 6 h 
compared to unloaded control (a).  Reduction percentage of total coliform of wastewater using two different disinfection modes of Ag NPs loaded 
limestone gravel column after 6 h  in comparison to unloaded control (b). Error bar indicates standard deviation
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Fig. 7  Time course of the disinfection process using two different concentrations of biosynthesized Ag NPs, 200 and 400 mg/l

Fig. 8  The efficiency of the biosynthesized Ag NPs compared to commercial Ag NPs (ink nanosilver) in the disinfection process (the loaded 
concentration of each was 200 mg/l)
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for both concentrations were from ±1 to ±3. Depend-
ing on this results, gravel columns loaded with 200 mg/l 
of the biosynthesized Ag NPs were considered the more 
efficient option in the disinfection process.

The efficiency of Ag NPs in a certain field depends on 
their characteristics. The biosynthesis process produced 
heterogeneous Ag NPs suspension in both shape and 
size. The commercial Ag NPs were more homogenous in 
shape and size. The efficiency of both biosynthesized and 
commercial Ag NPs was determined. Standard devia-
tions of all tested times for both Ag NPs were from ±1 
to ±3. After 90 min, there was no difference in reduction 
percentage, and both eliminate the total coliform bacteria 
after 150 min (Fig. 8).

Conclusions
In summary, a simple, non-toxic, and eco-friendly method 
was used to biosynthesis silver nanoparticles by Streptomy-
ces sp. U13 (KP109813). The nanometrological characteri-
zation of biosynthesized Ag NPs and commercial Ag NPs 
(ink nanosilver) was studied for using them in wastewater 
disinfection. Two types of substrates, foam and limestone 
gravel, were selected to carry silver nanoparticles due to 
their high surface area. The type of substrate controls the 
amount of Ag NPs that are loaded on it and thus controls 
the disinfection process. Limestone gravel is a highly porous 
substrate and possesses higher efficiency of Ag NPs binding 
than foam. The results revealed that there was no signifi-
cance between using biologically synthesized and commer-
cially available Ag NPs for reducing bacterial contamination 
in wastewater. The concentration of 200 mg/l Ag NPs for 
coat limestone gravel with a contact time of 150 min is 
required to eliminate the coliform bacteria from wastewater.
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