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Nanoparticle synthesis is one of the most innovative areas of the 21st century in which the implication of
the experimental biogenesis process is significant. We report biogenesis of silver nanoparticles (AgNPs)
using cinchona bark extract in which cinchona bark extract acts as a reducing agent and stabilizing agent
and does not require additional reducing and stabilizing agent. The cinchona-silver nanoparticles (C-
AgNPs) were monodispersed with a size of 3–4 nm, stable, highly selective, and used for non-cross-
linking detection of aqueous Al3+ ion colorimetrically. C-AgNPs provide a good limit of detection (LOD)
of 0.01 ppm for Al3+ that is well below the detection limit set by USEPA (50 ppm) and WHO
(0.199 ppm) and is based on the deep yellow to brown color tuning of the C-AgNPs based detection sys-
tem. The synthesis of C-AgNPs was optimized in terms of pH, concentration of extract, and the effect of
temperature. Morphology and the size of AgNPs were characterized by HRTEM and DLS analysis. Thus,
without an additional noxious agent and any labeling agent that is required for cross-linking, a simple,
fast, and selective colorimetric method is proposed for ultrasensitive detection of health hazardous alu-
minum ions. Moreover, this non-toxic, biocompatible plant extract allows the successful detection of Al3+

ions in real water samples.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nanoscience is one of the most recent developing field and finds
applications in various modern technologies such as hydrogen
storage, photocatalysis, green energy devices (Nozik, 2010), sen-
sors, biomedical implants (Bhuvaneswari et al., 2021; Serrano
et al., 2009), and photovoltaics (Colmenares et al., 2009). Although
the most common method used to prepare nanostructures is
chemical synthesis (Al-Hartomy et al., 2013; Dhillon et al., 2017a,
2017b), that needs expensive instruments, and chemicals. There-
fore, economically viable, and bio-compatible nanoparticles steer
toward green chemistry. Surface modification in the synthesis of
NPs is significant for controlling the size of NPs, either by increas-
ing colloidal stability or by adding functionality to the NPs. Col-
loidal stability is maintained by steric and electrostatic forces
required for maintaining repulsive force necessary for preventing
aggregation of NPs in aqueous solution(Olenin, 2019; Vergara-
Barberán et al., 2017). However, these cross-linking colorimetric
detections have been employed by many researchers for the appli-
cation of identification, specific labeling agents (aptamer, peptides,
and oligonucleotides) due to the need for a time-consuming and
tedious process. Thus, these may be replaced by non–cross-
linking detection, which has been investigated for the detection
of DNA targets (Dhillon et al., 2018). With this, we use the non-
cross-linking approach, which is being applied with rapid and
selective detection of metal ions. Biomed synthesis of nanostruc-
tures satisfies the entire requirements, especially waste, reducing
the use of reducing chemical hazards, thus preventing pollution
(Al-Enizi et al., 2020). Moreover, the dual role of biomass as a
reducing and stabilizing agent minimizes the complexity of the
synthesis procedure11. Many of the heavy metal ions are toxic even
in trace amounts; their sensing and quantification are urgent
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issues to be addressed. Much attention has been focused on alu-
minum (Al3+) sensing as it is not a biologically essential element.
An increased amount of Al3+ in the human body causes damage
to the nervous system, loss of memory, listlessness, and Alzhei-
mer’s disease (Shaw and Tomljenovic, 2013). Al3+ is also responsi-
ble for intoxication in hemodialysis patients (Sorenson et al.,
1974). This increased amount is toxic for growing plants and water
animals (Sorenson et al., 1974).

Therefore, a highly selective, sensitive, and on-site detection of
Al3+ is needed to avoid its hazardous effects. Several techniques
have been used to detect low levels of Al3+ ions in various samples.
For instance, atomic absorption spectrometry (AAS), fluorimetry,
inductively coupled plasma mass spectroscopy (ICP-MS), induc-
tively coupled plasma emission spectrometry (ICP-AES), fluores-
cent, and liquid chromatography-mass spectrometry (LC-MS) etc.
However, background signals, the requirement of professional
operators, longer assay time, and complicated synthesis proce-
dures limit their application. Nanoparticles show an extensive
application in the detection of heavy metal ions (Firdaus et al.,
2017; Li et al., 2010). Although very limited sensors have been
reported for the colorimetric detection of the Al3+ ion, most of
them were synthesized using chemical methods (Chen et al.,
2013; Xue et al., 2014). Ascorbic acid capped gold nanoparticles
(AA-AuNPs) were used for facile and simple colorimetric detection
of Al3+ in aqueous media (Kim et al., 2018). Au NPs have been used
for aluminum detection by functionalization with a capping of 4-
Benzoyl pyrazolone (Rastogi et al., 2017), casein peptide
(Abubaker et al., 2018), 5-Hydroxy indole-2-carboxylic acid (5H-
I2CA) (Shinde et al., 2017) etc. Although silver nanoparticles show
excellent detection properties and have been used to detect many
metal ions such as Fe2+ (Basiri et al., 2018), Pb2+ (Naushad, 2014),
Cd2+ Cu2+, Co2+, Pb2+ and Ni2+ (Modrzejewska-Sikorska and
Konował, 2020; Zafer et al., 2020), Cr3+(Gao et al., 2020), Hg2+

(Faghiri and Ghorbani, 2019) but very little explored for Al3+ detec-
tion. On the other hand, the-state-of-the-art biogenic nanoparticles
fulfill the ultimate needs of sensing the metal ions in the biological
system. We report a facile and biocompatible method for synthe-
sizing very small AgNPs with high monodispersity and exploring
their use as a highly selective and sensitive sensor for Al3+. Silver
nanoparticles were synthesized by green biomasses such as Ficus
benjamina leaves (Puente et al., 2019), Carica papaya (Achan
et al., 2011).

We used cinchona bark extract as a multifunctional agent to
synthesize and stabilize AgNPs and detect Al3+ ions. The cinchona
bark has long been used in the treatment of malaria and various
other medicinal activities (Vinod Kumar et al., 2014). Our proposed
method is easy to use because it does not require sophisticated lab-
oratory conditions, applies to room temperature, and works near
physical pH. The use of water as a medium in this method
enhances its usefulness in various water samples.
2. Materials and methods

Silver nitrate (AgNO3) from (Merck India) and metal salts cal-
cium chloride (CaCl2), ferrous chloride (FeCl2), ferric chloride
(FeCl3), barium chloride (BaCl2), zinc chloride (ZnCl2), cadmium
chloride (CdCl2), mercuric chloride (HgCl2), lead chloride (PbCl2),
copper sulphate pentahydrate (CuSO4�5H2O), manganese chloride
(MnCl2), chromium trichloride (CrCl3), aluminum chloride (AlCl3),
and NaOH procured from Sigma-Aldrich, and Merck, India were
used as received to test the selective colorimetric sensitivity of
the AgNPs probe to the metal ions Ca2+, Fe2+, Fe3+, Ba2+, Zn2+,
Cd2+, Hg2+, Pb2+, Cu2+, Mn2+, Cr3+, and Al3+. Stock and other aqueous
solutions were prepared to rule out any possible analytical mea-
surement interference using Millipore water. All the glassware
2

was thoroughly washed with freshly prepared aqua regia and thor-
oughly washed with Millipore water before use. The characteriza-
tion part described in supplementary as Text S-1, preparation of
cinchona extract elaborated as Text S-2 and preparation of C-
AgNPs as Text S-3.

2.1. Colorimetric selectivity test of C-AgNPs

The selectivity step was crucial in cutting down finally to one
specific heavy metal ion to which the developed C-AgNPs probe
was colorimetrically sensitive. Aqueous solutions of all metal ions
were prepared by dissolving their respective salts in Millipore
water and stored at room temperature. To scrutinize the recogni-
tion ability of C-AgNPs probe towards metal ions, 200 mL of the pre-
viously prepared metal ion solutions were added to the 500 mL of
C-AgNPs. The test solutions were allowed to stand for 25 min at
room temperature. UV–Vis spectra checked the changes in the
color of the test solution. This helped to achieve precise and
interference-free detection of Al3+ ions.

2.2. Quantitative analysis of Al3+ using C-AgNPs

To quantitatively deduce the LOD of C-AgNPs for Al3+, various
concentrations of Al3+ were prepared by serial dilution of stock
solution. From the prepared Al3+ solutions, 200 lL each was added
separately into 500 mL of AgNPs solution. The solutions were
checked for the color change, and after completion of the reaction,
the UV–Vis spectra of the solution were recorded.

2.3. Application of the sensor

To confirm the practical applicability of synthesized detection
probe (C-AgNPs), pond water and drinking water samples were
collected from our campus and research laboratory (Banasthali
University, Jaipur, India) and used as such without filtration. The
collected samples were spiked with different concentrations of
Al3+ (0.2 ppm and 0.6 ppm) and analyzed by the procedure men-
tioned above.
3. Results and discussion

3.1. Formation of C-AgNPs

3.1.1. UV–Vis spectra and HRTEM images
The formation of AgNPs was confirmed by a change in color of

the solution from colorless to yellow as a straightforward approach
upon the addition of extract to it at room temperature. The UV–Vis
spectra of pure plant extract peaked at 279 nm (Fig. 1a) due to the
p-p⁄ transition. This peak disappeared in the UV–Vis spectra of
synthesized AgNPs at room temperature. A new sharp characteris-
tic peak was seen at 402 nm due to the excitation of gaseous elec-
trons from the highest occupied cluster orbital to the lowest
unoccupied orbital (Fig. 1b). The disappearance of the peak at
279 nm confirms the participation of easily excitable electrons in
reducing Ag+ to Ag0. C-AgNPs synthesized at 80 ℃ showed a red-
shift in peak position to 417 nm with a decrease in intensity
(Fig. 1c). A comparison of full-width half maximum (fwhm) values
was obtained for the particles synthesized at room temperature
(Fig. S 1a) and by heating method (Fig. S 1b). A smaller value of
fwhm suggests the synthesis of monodispersed particles, while a
higher value results due to particles’ polydispersity. Thus, a higher
value of fwhm (111 nm) for the particles synthesized by heating
supports poly-dispersed particles’ synthesis.

In comparison, the lower value of fwhm (97 nm) for the parti-
cles synthesized at room temperature supports monodispersed
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Fig. 1. UV–Vis spectra of cinchona bark extract (a), C-AgNPs at room temperature
(b), and at 80 �C (c).
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nanoparticles’ synthesis. These results were further confirmed by
the corresponding HRTEM images of C-AgNPs (Fig. 2a and b).
Moreover, the results show that the particles synthesized at room
temperature could be more useful for sensitive detection of metal
ions. The prepared AgNPs were stable up to a month at room tem-
perature, and their stability was confirmed by SPR spectra (Fig. S2).
3.1.2. FT-IR spectra
The active constituents in most plant extracts are polyphenols,

flavonoids, and alkaloids (Kacprzak, 2013). These active con-
stituents are well known for their antioxidant activity, which is
an indirect measure of their reducing power (2010). Consequently,
these active components can reduce and stabilize the
nanoparticles.

We utilized cinchona bark extract for the synthesis of nanopar-
ticles. Cinchona alkaloids are the major components of bark extract
(Kacprzak, 2013). The main alkaloids present in the extract are qui-
nine, cinchonidine, quinidine, and cinchonine. Many of their close
derivatives that share their basic skeleton with the difference in
their side chains have been found in the bark (Kacprzak, 2013).
Therefore, it is probable that these alkaloids impart reducing char-
acteristics to the bark extract, which is exploited in the present
work for the synthesis of C-AgNPs by the reduction of Ag+ to Ag0.
We performed FT-IR measurement of the cinchona bark extract
Fig. 2. TEM images of C-AgNPs synthesized a
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and C-AgNPs to confirm alkaloids’ presence and their involvement
in the reduction (Dictionary of Alkaloids, 2010).

The FT-IR spectra of the extract before the reduction of Ag+

show characteristic peaks at 3414 cm�1, 2924 cm�1, 1616 cm�1,
1318 cm�1, 1279 cm�1, and 1060 cm�1, which may be associated
with –OH, C � H, CH = CH2, aromatic and aliphatic CAN, respec-
tively (Fig. 3a). The data show the presence of alkaloids as the
major components in the extract. After the reduction of Ag+ to
Ag0, peaks at 3414 cm�1, 1616 cm�1, 1279 cm�1, and 1060 cm�1

disappeared while slight shift was observed in peaks at 1313 cm-

1to 1360 cm�1 (Fig. 3b). These changes in FT-IR spectra show the
involvement of alkaloids in the reduction process.

Accordingly, we propose a possible mechanism of reduced syn-
thesis of C-AgNPs (Scheme 1). In the basic medium –OH group
tends to lose its hydrogen as a proton, which was confirmed by a
decline in the medium’s pH as the reaction proceeds. In addition,
the high basicity of aliphatic N also supports the reduction process.
Likewise, the disappearance of the peak at 1616 cm�1 in the C-
AgNPs spectrum supports the vinyl group’s involvement in the
reduction process. After the reduction due to the high affinity of
Ag to N, it attaches to the surface of nanoparticles in such a way
that the negatively charged oxygen protrudes out in the solution
to provide electrostatic stability to the C-AgNPs.

3.2. Role of pH and cinchona bark extract concentration on the
synthesis of C-AgNPs

We have observed in our previous studies (Joshi et al., 2017)
that bioprocess parameters such as pH and plant extract concen-
tration play a vital role in the synthesis of nanoparticles. Here,
we studied the effect of pH and cinchona bark extract concentra-
tion on nanoparticles’ synthesis at room temperature.

3.2.1. Effect of volume of extract
To study the effect of volume of cinchona bark extract, the reac-

tion was conducted in the presence of various volumes ranging
from 50 lL to 2000 lL, and the formation of AgNPs was monitored
by UV–Vis spectrophotometer (Fig. 4). The results showed that at
minimum volume (50 lL), no peak was observed in the visible
region and on increasing the volume of extract from 250 lL to
1000 lL, a continuous increase in the intensity of peak was
observed along with a shift in peaks from 419 nm to 402 nm (blue
shift). After that, only a slight change in peak intensity was
observed on increasing volume from 1000 lL to 2000 mL, indicating
completion of the reaction. Accordingly, the colorless solution of
AgNO3 gradually changed to yellow with the volume of plant
extract, as shown in inset of Fig. 4. Therefore, 1000 lL was selected
as an optimized volume to synthesize C-AgNPs.
t room temperature (a) and at 80 �C (b).



Fig. 3. FT-IR spectra of cinchona extract (a), C-AgNPs (b), and C-AgNPs in the presence of Al3+ (c).

Scheme 1. Schematic representation of the synthesis of C-AgNPs and their aggregation in the presence of Al3+.
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3.2.2. Effect of pH
The reaction mixture’s pH was adjusted using 0.01 M NaOH,

after the addition of which, an instant change in color of the reac-
tion mixture was seen. Therefore, the formation of C-AgNPs was
monitored primarily by UV–Vis spectroscopy. We varied the
amount of NaOH to obtain pH from 5.0 to 11.0. At pH 9.0, a sharp
and intense band was seen at 402 nm. When the reaction mixture’s
pH was lower than 9.0, a continuous decrease in intensity was seen
with a red-shift of the peak. Finally, the peak disappeared at pH 5.0.
The red-shift of peak shows increased particle size with polydis-
persity. However, at pH 10 and 11, no notable change was
observed in peak position and peak intensity (Fig. 5). The corre-
sponding change in color of C-AgNPs is shown in inset of Fig. 5.
4

Thus, we optimized the pH of the reaction medium at 9.0 for fur-
ther studies.

Although cinchona bark extract itself works as both a reducing
and stabilizing agent at pH 9.0, this phenomenon did not work
when the pH of the reaction lowered from 9.0. This may be due
to pH-dependent redox nature of active components of bark
extract. The strong acidic or alkaline condition reduces the active
compounds’ capacity, which is completely deactivated, thus slow-
ing down the formation of AgNPs.

In most of the reports, nanoparticles’ photosynthetic protocols
were not efficient to produce nanoparticles with uniform shape
and size (Annadhasan et al., 2015). But, in our study, we success-
fully synthesized mainly spherical particles with a size range of



Fig. 4. UV–Vis spectra of AgNPs synthesized by various volumes (50–2000 mL) of
cinchona bark extract.

Fig. 5. UV–Vis spectra of C-AgNPs synthesized at different pH ranging from 5 to11.
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3–4 nm. Moreover, since we did not use any external stabilizing
agent, the synthesis of nanoparticles was not tedious and time-
consuming, making the method preferable to other reported
methods.
3.3. Selectivity of C-AgNPs

The synthesized C-AgNPs were well dispersed and displayed
characteristic yellow color with a strong SPR band at 402 nm.
We hypothesized that the C-AgNPs might be developed as an effi-
cient colorimetric sensor to detect toxic metal ions. To demon-
strate the sensor’s selectivity toward Al3+ ion, other
environmentally relevant metal ions like Ca2+, Fe2+, Fe3+, Ba2+,
Zn2+, Cd2+, Hg2+, Pb2+, Cu2+, Mn2+, Cr3+, and Al3+ were also examined
under optimized conditions. All the metal ions were added sepa-
rately into the C-AgNPs solution. On addition of Al3+ to the C-
AgNPs solution, an instant change in color from dark yellow to
brown was observed. This may be due to decreased distance
between nanoparticles on the interaction of Al3+ with active com-
ponents in bark extract. However, it was observed that other metal
ions induced no or a very slight change in the color of C-AgNPs
solution (Fig. 6a). Correspondingly the SPR peak at 402 nm shows
a decrease in intensity with a slight red-shift in the presence of
5

Al3+. This red-shift of the peak could be attributed to aggregation
of nanoparticles (Saion et al., 2013). UV–Vis spectra of C-AgNPs
in the presence of other metal ions were also obtained. The notice-
able decrease in intensity with red-shift is a unique feature for the
Al3+ containing AgNPs (Fig. 6b). The selectivity of C-AgNPs towards
various metal ions was further showed by plotting the absorption
of the C-AgNPs solution in the presence of each metal ion. The
selectivity of C-AgNPs for Al3+ was demonstrated by comparing
absorption difference (A0-A) with that of a solution containing
other metal ions as shown in Fig. 6c. A higher absorbance differ-
ence in absorbance indicates aggregated particles and a lower dif-
ference indicates well-dispersed particles (Irfan et al., 2020). A
much higher value of A0-A was seen for C-AgNPs in the presence
of Al3+ ions compared to that with other metal ions. Hence, AgNPs
synthesized by cinchona extract responded selectively for Al3+ ion
as indicated by a much higher increase in A0-A due to aggregation
of C-AgNPs.

For monitoring interference, a solution of metal ions was pre-
pared by mixing Al3+ with other metal ions. Prepared metal ion
solution was added to the C-AgNPs solution. Fig. 6d shows that
Al3+ mixed samples show a change in color of C-AgNPs from dark
yellow to brown. These results confirm that other metal ions did
not significantly interfere with the detection of Al3+ ions. Thus,
the colorimetric assay could now be narrowed down to Al3+ only,
ruling out all another metal ion tested for the selectivity.

3.4. Sensitivity of C-AgNPs

The performance of the developed Al3+ sensor is pH-dependent
because the pH of the solution influences the synthesis of nanopar-
ticles and affects the interaction between C-AgNPs and Al3+ ions.
Since the synthesis of C-AgNPs was not much affected by pH in
the range of 9.0 to 11.0, we tested the sensor’s sensitivity for Al3+

in this range. The value of A0-A was maximum at pH 9.0, as shown
in Fig. 7a and in Inset of 7a. This shows that at pH 9.0, bonds
between Al3+ and cinchona alkaloids formed more easily and
resulted in a change in color of the C-AgNPs solution. The color
of C-AgNPs changed as the function of Al3+ concentration, which
was monitored by UV–Vis spectroscopy. The color of the C-AgNPs
solution changed progressively from dark yellow to brown and
finally started to become transparent, as shown in Fig. 8a. A
decrease in intensity at 402 nm with a continuous red-shift was
seen with an increasing concentration of 0.01 ppm to 1 ppm
(Fig. 8b). The difference in absorption was measured in triplicates
for the quantitative detection of Al3+, as shown in Fig. 8c. A linear
correlation of the difference in absorption intensity increased lin-
early with increasing concentration of Al3+ in the range of
0.05 ppm to 1 ppm with an R2 value of 0.9908.

HRTEM and DLS studies were carried to support the results. The
aggregation of C-AgNPs in the presence of Al3+ was directly sup-
ported by HRTEM (Fig. 9a and c) and increased in hydrodynamic
diameter from 17 nm to 379 nm as shown by DLS analysis
(Fig. 9b and d). This difference in HRTEM and DLS results is because
DLS records higher values as light scattered from both core parti-
cles and the layer on the surface of nanoparticles, while in the
electron-microscopic analysis, only metallic particles core is mea-
sured. Zeta potential of the synthesized C-AgNPs was �19.9 mV,
which reduced to 13.9 mV on the addition of Al3+ (Fig. S3). The
change in zeta potential from negative to positive confirms the
interaction between negative charges present on the surface of
nanoparticles which cause non-cross-linking aggregation of C-
AgNPs.

Based on the above results, a possible sensing mechanism of
Al3+ has been proposed (Scheme 1). Al3+ is a hard acid, and it has
a strong attraction toward hard bases such as N and O (Chen
et al., 2015). Alkaloids present in the bark extract contain N and



Fig. 6. Photographs show the colorimetric response of C-AgNPs in the presence of various metal ions (a), UV–Vis spectra of C-AgNPs in the presence of different metal ions (b),
the corresponding difference in absorbance in the presence of metal ions; each data point is a mean of three measurements; the error bars show standard deviation (c), visual
change in color of C-AgNPs in the presence of a mixture of Al3+ with other metal ions (d).

Fig. 7. UV–Vis spectra show the effect of pH on the Al3+ sensing; inset bars also
represent the effect of pH on sensing of Al3+.
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O atoms. Thus, Al3+ can coordinate with N and hydroxyl O of alka-
loids. This coordination was further confirmed by the FT-IR spectra
(Fig. 3c). Two new peaks appeared at 667 cm�1 and 1020 cm�1,
showing the coordination of N and O to the Al3+. The coordination
results in non-crosslinking aggregation of C-AgNPs, which causes a
visual change in the color of nanoparticles.
3.5. Application of sensor in a real water sample

To show the applicability of our sensor in real water samples, a
recovery test was performed. The concentrations (0.2 ppm and
6

0.6 ppm) Al3+ were spiked in drinking and pond water. These sam-
ples were analyzed by using C-AgNPs and AAS. Results from the
determination of Al3+ ion from water sources are compiled in
Table 1. These results show that the proposed method shows good
recoveries in the range of 85–108.34%. The results are in accor-
dance with AAS results.

Therefore, this method could be successfully used for the deter-
mination of Al3+ in real water samples. The performance of the
reported colorimetric method was compared with that of several
other methods for detecting Al3+ (Table S1). Evidently, the present
method involves a simple green method for synthesizing AgNPs
and allows us to detect Al3+ conveniently with a LOD lower than
the limit set by USEPA and WHO. Therefore, the present method
provides a highly selective and sensitive probe for detecting Al3+

ions without any tedious procedure.

4. Conclusion

We successfully fabricated cinchona bark extract stabilized
AgNPs by a biocompatible method. The resulting colloidal
nanoparticles were used for the detection of Al3+ with a LOD of
0.01 ppm. High stability and sensitivity of the probe were obtained
at pH 9.0. Change in characteristic SPR band at 402 nm of C-AgNPs
in the presence of Al3+ ion was due to aggregation of C-AgNPs. The
aggregation of nanoparticles was confirmed by HRTEM and DLS
analysis. Zeta potential measurement confirms the interaction of
Al3+ with moiety present on the surface of AgNPs. The synthesized
C-AgNPs did not show any interference during detection of Al3+ in
the presence of other environmentally relevant metal ions. The
proposed method was successfully applied to the real water



Fig. 8. Optical images showing the visual change in color of C-AgNPs as the function of Al3+ concentration (a) UV–Vis spectra of C-AgNPs as the function of the concentration
of Al3+ (b), calibration plot of the difference in absorbance with various concentration of Al3+ showing the linearity of the probe in the range of 0.05–1 ppm (c).

Fig. 9. HRTEM images (a) and size distribution (b) of C-AgNPs in the presence of Al3+, the average diameter of C-AgNPs is 3–4 nm, HRTEM images (c) and size distribution (d)
of C-AgNPs in the absence of Al3+.
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Table 1
Concentrations of Al3+ spiked in drinking and pond water samples measured by C-
AgNPs and AAS.

Sample Added
amount
(ppm)

Found amount (ppm)
(mean ± E, n = 3)

Recovery
(%)

AAS

Drinking water 0.2 0.19 ± 0.01 95 ± 5 0.2
0.6 0.61 ± 0.02 105 ± 3.34 0.59

Pond water 0.2 0.18 ± 0.01 90 ± 5 0.2
0.6 0.59 ± 0.01 98.33 ± 1.67 0.6

P. Joshi, M. Nemiwal, A.A. Al-Kahtani et al. Journal of King Saud University – Science 33 (2021) 101527
samples analysis. The advantage of the present protocol is a syn-
thesis of mono-dispersed AgNPs with 3–4 nm size by a simple,
rapid, cost-effective, and moreover, a biocompatible method that
can be used for real water sample analysis.
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