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Arsenic (As) contamination in one of the most serious water quality concern due to its 
toxic effects and worldwide availability. To avoid its poisoning effects, especially in the 
form of As(V), it is important to develop new techniques for its treatment. The current 
study was conducted to investigate the As(V) removal from aqueous systems using silver 
(Ag) nanoparticles (NPs). The Ag NPs were synthesized through a simple method by 
using Vernonia Anthelmintica (L.)  plant extract and characterized by using UV-visible 
spectroscopy, Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), 
Energy dispersive X-ray (EDX) spectroscopy and Scanning electron microscopy (SEM). 
The removal of As(V) was tested with respect to time, optimum dose, effect of light and 
pH, treatment with ultra-sonication and continuous flow process. The results showed that 
Ag NPs can effectively remove As(V) from aqueous systems in the presence of sunlight 
(100%), ultra-sonication process (100%), neutral pH (100%), and continuous flow 
(71.6%). While the same NPs could not show effective removal of As(V) with respect to 
low dose (15%), darkness (38.9%), low pH of 3.4 (21.4%) and high pH of 11 (11.1%). 
Using Ag NPs can reduce As(V) to the permissible limits set by World health organization 
(WHO). Moreover, the Ag NPs work efficiently in sunlight and in the neutral pH range, 
therefore adjustment of pH is not required to activate these NPs. 
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1. Introduction 
 
Water pollution is a major environmental concern because of rapid population and 

industrial activities and has potential to cause many problems to human health and environment [1, 
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2]. In the last few decades, heavy metals (HMs) have been appeared as the most problematic water 
pollutants. The occurrence of these HMs and their impacts on human health and environment have 
been largely studied and scrutinized [3, 4, 5].  

Among these HMs, the arsenic (As) is found to cause toxic health effects due to its 
occurrence in fresh water sources. Some of the major anthropogenic sources of As are mining 
wastes, agricultural wastes, refineries, sewage sludge, ceramic manufacturing factories, and fly ash 
due to burning of coal that increases As amount in both underground as well as surface running 
water [6, 7, 8]. The natural sources of As contains the weathering of rocks, erosion from soil and 
rocks and volcanic eruptions also increases As concentration [9, 10]. 

As exists in nature in more than 200 minerals forms. Among these, approximately 60% are 
present in the form of arsenates, 20% as sulpho-salts and sulphides, and 20% as arsenite, silicates, 
arsenide, oxides, and elemental As [11, 12, 13]. The presence of As in fresh water also occur 
because of its natural presence in bedrock beneath the earth [14, 15, 16]. In fresh water, As is 
present as inorganic arsenate and arsenite and dimethyl and methyl compounds of arsenic [17, 18, 
19]. In water As(V) may pose a major threats to human health especially in countries like 
Afghanistan, Bangladesh, Pakistan, China and India. As(V) has the capability to cause health 
problems to human like, organ damage, skin alteration and cause lung, kidney and bladder cancer 
as well as hyperkeratosis, endocrine disruptors, appetite loss, muscular weakness, etc [20, 21]. For 
As, the WHO has set a limit of 10 μg/L [1, 22].  

In developing countries, the rapid risk of As(V) carcinogenicity has caught the research 
attention on its removal. Numerous methods have been used to treat As(V) such as oxidation, 
adsorption, ion-exchange and co-precipitation [23, 24, 25]. 

All these methods have their own advantages and shortcomings. Recently, NPs in 
environmental remediation have gained increased attention to treat pollutants from water 
resources. NPs have unique properties such as large surface area, small size, can be easily 
separated, have more active sites and high reactivity that makes this technology attractive to 
remove As(V) from aqueous systems [26, 27]. Using NPs is a new method to remove HMs from 
water resources [28, 29, 30]. 

To remove As(V), different types of NPs have been used like iron oxide (Fe₂O₃), cupric 
oxide (CuO), zinc oxide (ZnO) and so many others NPs [31, 32]. Currently, the applications of Ag 
NPs are attracting the attention of researchers around the world. Ag NPs are nonhazardous and 
show much stability. Ag NPs efficiently remove the HMs in the pH range from 5.8 to 7.8 and thus 
gaining increased attention recently [33, 34 ,35].  

In this study, Ag NPs were investigated for the As(V) removal. The study was mainly 
based on studying the optimum dose of NPs required, kinetic rate and pH and light effect on As(V) 
removal. The main objectives of this study were to develop an ecofriendly and cost-effective 
method for the removal of As(V) from aqueous systems. The outcomes of the current study are 
useful towards the development of new materials for in-situ decontamination of As(V) from an 
aqueous solutions. The remaining part of the paper proceeds as Materials and Methods (section 2), 
Results and Discussion (section 3), Conclusions and way forward (section 4). 

 
 
2. Materials and methods 
 
2.1. Chemicals and reagents 
The silver nitrate (AgNO3) was purchased from (E. Merck. D-6100 Darmstadt, F.R. 

Germany). Nutrient agar for bacterial culture and Mueller–Hinton broth were obtained from 
(Merck, Pakistan). Plant extracts, fungal strains, petri plates, agar medium, silver NPs, incubator, 
micropipettes, screw cap test tubes, autoclave, magnetic stirrer, standard antifungal drugs, 
dimethyl sulfoxide (DMSO), potato dextrose agar (SDA) and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) were used in this study. 

 
2.2. Collection and preservation 
Fresh specimen of aerial parts of V. Anthelmentica (L.) at their leafy stage were collected 

from Surkh-Rod hills, (34.4064° N, 70.3599° E), Surkh-Rod district, Nangarhar, Afghanistan. The 
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identification of plant sample was done by a Taxonomist and plant voucher sample (MM 2022) 
were prepared and stored in Herbarium Department of Botany, University of Peshawar, Pakistan.  

 
2.3. Preparation of plant extract 
For the preparation of extract aerial parts of V. Anthelmintica (L.) were grinded by using 

an electric grinder to 60 mesh diameter powders. Powders sample of 500 g was soaked in 250 ml 
methanol (70%) for almost fifteen 48 hours. Then, V. Anthelmintica (L.) extract was passed over 
Whatman filter paper grade No. 42 for two times and evaporated at 50 °C in a rotatory evaporator 
to dilute the plant extracts. The obtained plant extracts were then kept at 3-4 °C before its usage. 
The standard drug and V. Anthelmintica (L.) plant extracts were dissolved in DMSO at the amount 
of 15 mg/ml and 1mg/ml for antimicrobial, Antifungal and Antioxidant activities respectively. The 
dissolved V. Anthelmintica (L.) plant extract was diluted with deionized water [36, 37]. 

 
2.4. Preparation of AgNO3 solution 
[38] was followed to prepare the AgNO3 solution. In initial stage the glass wares were 

cleaned by aqua regia and then washed thoroughly by deionized water. AgNO3 (1mM) solution 
was synthesized by mixing 0.0169 g of AgNO3 in deionized water and diluted up to 100 ml in a 
volumetric flask (150 ml).  

 
2.5. Preparation of plant extract solution 
The extract solution was prepared by dissolving 0.5 g of V. Anthelmintica (L.)  extract in 

distilled water and then diluting up to 100 ml in a volumetric flask [39]. 
    
2.6. Synthesis of Ag NPs 
The V. Anthelmintica (L.) plant extracts solution was mixed with a 1mM diluted solution 

of AgNO3 in various proportions by volume such as 1:2, 1:4, 1:6 and 1:8.  Then the reaction 
mixture was reserved under continuous magnetic stirring for a period of 4 hours, until the color of 
solution was altered from pale black to dark brown. This change in the color of aqueous solution 
confirms the first indication of synthesis of Ag NPs [40]. 

 
2.7. Surface characterization of Ag NPs 
The prepared biosynthetic Ag NPs were analyzed via using UV-visible spectrophotometer. 

The optical property of these NPs was studied ranged within 200–600 nm through UV-Vis 
spectroscopy (UV-1800, Shimadzu). The crystalline structure of Ag NPs was examined using 
XRD analysis (Shimadzu-6000) and scanning of Ag NPs was carried out for 1.5h (10°-70°) while 
the functional voltage was 50 kv with power of 40 mA Cu-Ka radiation. The FT-IR spectrum was 
analyzed and recorded with KBr pellet technique with consistent scanning   and ranged   within 
400-3000 cm-1 (IRAffinity-1, Shimadzu). SEM combined with EDX were used to scan the 
morphology, size as well as the elemental composition of biosynthesized Ag NPs (Hitachi’s-
4500).  

    
2.8. Analysis  
As(V) was analyzed using AAS-HH (Perkin Elmer, Germany), taking 50 mL volume at 

193.7 nm (wavelength) with argon as carrier gas. Each analysis was performed in duplicates. The 
variation in concentrations was shown using standard deviation. GraphPad Prism (GraphPad 
Software, Inc., San Diego, CA, USA) and Origin Pro 2018 (Origin-Lab) were used for data 
analysis and preparation of graphs. 

 
 
3. Results and discussion 
 
3.1. Biosynthesis and optimization of Ag NPs 
This study mainly focused on the biosynthesis of Ag NPs by using a biosynthetic process 

and to find its removal efficiency for As(V) from aqueous solutions. The biosynthesis of Ag NPs 
was achieved using V. Anthalmentica (L.) aerial part extracts as reducing and capping agent. The 
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aerial extract of V. Anthalmentica (L.) and AgNO3 solution was mixed with different ratios such as 
1:2, 1:4, 1:6 and 1:8 and placed on a magnetic stirr until color changed from pale black to dark 
brown color that shows the initialization of Ag NPs formation see in (Fig. 1(a)). This change in the 
color of aqueous solution is due to the SPR. The electromagnetic rays (EMR) falling on the surface 
of the metal ion get penetrated deep more than the 60 nm. The electron on the surface of the metal 
are the most significant and their oscillation are called SPR. The biomolecules present in aerial 
extract of V. Anthalmentica (L.) covered over the surface of silver cation (Ag+) and reduce its size 
to convert it into bioactive metal (Ag0).  

The synthesized Ag NPs gave the peak in the range of 400-500 nm as given in (Fig. 1(b)). 
Optimization of Ag NPs were carried out to check the particular amount of NPs synthesis that 
gives maximum absorbance peak. Hence the different ratios such as 1:2, 1:4, 1:6 and 1:8. All of 
these ratios give absorbance band ranged from 400-500 nm for Ag NPs, however, 1:2 give sharp 
peak with maximum absorbance see in (Fig. 1(b)). 

 

 
 

Fig. 1. (a). Flasks containing samples of (a) silver nitrate, (b) V. Anthalmentica, (c) Ag NPs.   
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Fig. 1(b). Absorbance at different ratio of silver and extract solution 
 
 
3.2. UV-visible analysis 
The primary color of aqueous extract was observed light black and altered to dark brown 

color which confirms the initial biosynthesis of Ag NPs by mixing V. anthelmintica (L.) aerial part 
extract with AgNO3 solution. The change in color occurred due to SPR phenomena of 
biosynthesized Ag NPs [41]. During the experimental phase the change in color slowly increased, 
thus Ag+ ions totally reduced to steady dark brown color. The biosynthesis of Ag NPs by using V. 
anthelmintica (L.) plant extract was confirmed due to SPR which presented UV-visible absorbance 
peak at 420 nm as shown in the (Fig. 2). Likewise, [42] stated that Seripheidium quettense extract 
showed Ag NPs attained UV-Visible absorbance peak at 428 nm by adding 4 mM of AgNO3. [43] 
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reported the biosynthesis of Ag NPs with Couroupita guianensis flower petal extracts showed UV-
visible absorbance peak at 418-424 nm which was the initial confirmation of Ag ion in solution. 
[44] also reported the biological synthesis of Ag NPs by using Azadirachta indica leaf extract and 
UV-visible absorbance peak was observed at 420 nm. From the above-mentioned studies, we have 
confirmed that UV-visible spectroscopy of Ag NPs of V. Anthelmintica (L.)  plant extract is 
similar to the reported studies showing SPR peak at 420 nm as given in (Fig. 2). 

 
 

 
 

Fig. 2. UV-visible spectra of biosynthesized Ag NPs.  
 

 
3.3. XRD analysis 
During this study the XRD was mainly done to analyze the crystalline structure and size of 

the biosynthesized Ag NPs. The XRD patterns of Ag NPs synthesized by the aerial part of V. 
Anthelmintica (L.) as shown in (Fig. 3), after the complete reduction of Ag+ to Ag0. A number of 
Bragg reflections are present, which can be indexed on the basis of crystalline structure of 
synthesized Ag0. The diffraction peaks at 2θ = 37.95 (111), 41.12 (200), 64.30 (220), 76.85 (311) 
obtained are identical with those reported for standards silver metal (Ag0) (Jancy et al., 2012). 
Thus, the XRD patterns confirmed the crystalline nature of Ag NPs. The Ag NPs of aerial part 
extract of V. Anthelmintica (L.) show high intensity at 37.95 (111). The average particles size of 
these NPs was also measured through Debye-Scherrer equation by checking the width of the (111) 
Bragg reflection which was about 20 nm in size given in (Table 1).  

 
 

Table 1. Debye-Scherrer equation done to sum the crystalline size of Ag NPs. 
 

S.No 2𝜃𝜃 (degree) FWHM 𝛽𝛽 =Y(radians)×2× 𝜋𝜋/360 Crystalline size (nm) 

1 37.95 1.6560 0.00912 21 

2 41.12 0.9155 0.00722 19  

3 64.30 
 

1.8121 
 

0.00804 
 

20  

4 76.85 1.6547 0.00845 21  

 
 
The biological activities mostly depend on the size and concentration of Ag NPs [45]. 

Similar results were reported earlier for synthesized AgNPs by using leave extract of Ocimum 
tenuiflorum (AgNP1) and Catharanthus roseus (AgNP2). AgNP1 showed three distinct diffraction 
peaks at 27.1°, 32.2° and 46.2°, which may be assigned to the (226), (264) and (200) reflection 
planes of the cubic face-centered silver. While AgNP2 four peaks are observed at 2θ values of 
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27.1°, 32°, 39.2°, 44.8°, which may be indexed to the reflection planes of silver (226), (264), (111) 
and (200) respectively [46]. The results of XRD of Ag NPs of V. Anthelmintica (L.) in this study 
are reported similar to the previous studies. 

 
 

 
 

Fig. 3. XRD analysis of Ag NPs with 1mM AgNO3. 
 
 
3.4. SEM analysis 
The surface morphology and size of these biosynthesized Ag NPs was observed through 

scanning electron microscopy. SEM images of the biosynthesized Ag NPs using V. anthelmintica 
(L.) plant extract were observed as spherical in shape and their average size was calculated to be 
21 nm as shown in (Fig. 4). Same shape and structure of these biosynthesized Ag NPs using 
Cassia Auriculatasem possessed strong antimicrobial activates against the drug resistant S. aureus 
and Citrobacter [47]. The EDX analysis shows the presence of Ag and several organic compounds 
that comprise the Ag sums like chlorine (Cl), fluorine (F), carbon (C) oxygen (O) and silicon (Si) 
see in (Fig. 5).  

The EDX peak of Ag NPs showed almost 60% yield of Ag. Relatively strong and sharp 
signals were observed at 2-3 keV which show the crystalline structure of   the synthesized Ag NPs. 
However, some weak peaks are observed at 3-4 keV with Ag due to the emission of X-ray from 
phenolic and alcohol compounds [48]. The bioactive particles contain some inorganic composition 
bands shows the impurities in Ag NPs [49]. 

 
 

 
 

Fig. 4. SEM analysis of biosynthesized Ag NPs 
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3.5. EDX analysis 
The result obtained from the EDX analysis give an indication regarding the elements of 

the NPs. The EDX sample of Ag NPs shows a strong signal of Ag atoms confirmed that Ag NPs 
contain pure Ag at the 2.5 KeV due to SPR as shown in (Fig. 5). The presence of Cl and Si 
elements in EDX spectrum due to plant extracts. The presence of C, O and F along with Ag signal 
suggest that the surface of Ag NPs was covered with biomolecules see in (Fig. 5). The EDX 
analysis result demonstrated that the Ag NPs are successfully synthesized using aerial part extract 
of V. Anthelmintica (L.) in this study. Same results were reported earlier for Ag NPs like [50] Ag 
NPs were synthesized using Azadirachta indica leaves and triphala extract and EDX spectrum 
presented a strong signal of Ag at 2.8 KeV. [51] used aqueous Abutilon indicum leaf extract for 
biosynthesis of Ag NPs and EDX analysis presented strong signal of Ag at 2.7 KeV. [52] used 
Canna indica for green synthesis of Ag NPs and EDX spectrum displayed a strong signal of Ag at 
3 KeV. 

 

 
 

Fig. 5. EDX analysis of biosynthesized Ag NPs 
 
 
3.6. FT-IR analysis 
To find the functional group responsible for the biosynthesis of Ag NPs the FT-IR analysis 

was carried out. The mediated spectra of V. anthelmintica (L.)  extract Ag NPs presented 
absorption peak at 3295.50, 3275.12, 2894.14, 2898.08, 2351.12, 2355.11, 1640.22, 1643.32, 
768.56 and 424.35 cm-1 see in (Fig. 6).  The peak at 3295.50 cm-1 was occurred due to C–H 
stretching in alkanes, however, the peak observed at 2894.14 cm-1 due to C-C stretching of 
aromatics, the peak observed at 3275.12, cm-1 due to stretching of (O=) PO–H in phosphonic acid. 
Bands at 2898.08 cm-1 shows C-F stretching of carboxylic acids and thus steady the NPs whenever 
proteins act   as   capping agents [53, 54, 55].   

Peak at 2355.11cm-1 occurred due to C-N stretching of amine, band at 1640.22 cm-1 shows 
C-H stretching of alkanes, band at 1643.32 cm-1 represent C-H stretching of aromatics or due to 
alkanes, band at 424.35 cm-1 due to C-Br stretching of alkyl halides, the functional groups reported 
here are responsible for the capping agent for bio-reduction of Ag NPs synthesis [56]. Biosynthesis 
of Ag NPs by utilizing plant extracts, performed individually the role of stabilizing and capping 
agent [57]. 
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Fig. 6. (a) FT-IR spectra of plant extract and (b) FT-IR spectra of Ag NPs.  
 
 

3.7. Optimum Ag NPs dose for As(V) removal 
As(V) removal efficiency of the Ag NPs were revealed and improved by taking many 

doses of Ag NPs in different combinations. The outcomes show that, As(V) removal was 
significant at (Ag:NPs) ratio of 1:5 i.e. with a total removal efficiency of 100% after 7.5 h of the 
Ag NPs addition see in (Figure 7). With regards to kinetics, linear fit of the trends showed the rate 
of reduction was highest at the ratio of 1:5 as 5.8 mg/L/h while that with 1:10 was 10.2 mg/L/h. 
This showed that the removal followed a pseudo first-order reaction rate with the decrease of 
reactants concentration reliant on As(V) concentration in the system.  

A relevant study was carried out by [58] aimed at determining the optimum doses of NPs 
of 10, 50 and 100 mg/L on the removal of (AsIII) & (AsV) from wastewater at three different 
amounts of (100, 500 and 1000μg/L) were tested. According to that study the removal of As was 
enhanced when the NPs dose was increased from 10 to 100 mg/L. Another study conducted by 
[59] showed the elimination of As at different time intervals, with acetate functionalized ZnO NPs, 
and it was revealed that As elimination was fast in the start, with almost >99.9%. According to this 
study, Ag NPs can remove As(V) efficiently by increasing the dose up to possible limits. 

 
 

 
 

Fig. 7. Removal of As(V) with optimum dose (1 and 10 mg/L) of Ag NPs. 
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3.8. Effect of light on As(V) removal 
Light is a significant factor to determine the quality of the synthesized material developed 

for the removal of As(V) from aqueous systems. Thus, the effect of light was examined to realize 
the performance and effectiveness of Ag NPs under several intensities of light. The effect of light 
on As(V) removal was conducted in sunlight, tungsten light and dark conditions. For this purpose, 
we have used 20 mg/L of As(V) concentration into three different volumetric flasks with 50 mL 
volume and added 10 mg/L of Ag NPs and kept these volumetric flasks in sunlight, tungsten light 
and in dark conditions for 2 h each.  

The 20 mg/L of As(V) amount was reduced to 2.45, 5.63 and 10.22 mg/L respectively 
with addition of 10 mg/L of Ag NPs in the presence of sunlight, tungsten light and dark 
respectively. After 3 h reaction, the As(V) amount was reported 2.29 and 9.16 mg/L under 
tungsten light and dark conditions respectively and completely removed under the sunlight. 
Results of the current study revealed that 100% removal of As(V) was achieved in the presence of 
sunlight, 85% removal in tungsten light and 39% removal in dark condition.  

 
 

 
 

Fig. 8. Effect of light on removal efficiency of As(V) with 10 mg/L of Ag NPs 
 
 
3.9. Effect of pH on As(V) removal 
The effect of pH on As(V) removal from aqueous systems using Ag NPs were studied. For 

this purpose, As(V) was treated at different pH values i.e. neutral pH, lower and higher pH. To 
lower the pH value of solution 0.001 N HCl was added to the solution, while to higher the pH 
value 0.001 N NaOH was added. For this experiment five different volumetric flasks of 250 mL 
were taken and 10 mg/L As(V) concentration was taken in all five flasks while the Ag NPs amount 
of 10 mg/L was added to all these flasks. Solution 1 pH value was kept neutral i.e. 7.0-7.2, and 
thus Ag NPs showed good efficiency for As(V) removal. After 2 h reaction, the solutions were 
analyzed and As(V) was reduced from 10 mg/L to 0 mg/L.  

Study reveals that these NPs works properly in this range and As(V) amount has been 
reduced from 10 mg/L to 1.26 mg/L after 2 h reaction. Solution with pH 3.4 showed that Ag NPs 
remove lesser amount of As(V) and almost reduced to 7.86 mg/L after 2 h. This is due to Ag 
conversion into AgCl2 in presence of HCL. As(V) solution with pH 9.8 was reduced to 4.76 mg/L 
after 2 h reaction. In this range of Ag NPs showed satisfactory performance but not efficient. At 
pH 11.2 the As(V) was again very low and 10 mg/L of As(V) was decreased to 8.89 mg/L after 2 
h. The effect of pH showed that that these NPs removed the As(V) at neutral pH, therefore no 
addition of acid or base is required for the removal purpose.  

[60] investigated that As removal enhanced with the increase of pH and showed 99.92% 
removal at pH 5.8 and 99.26% at pH 7.8 respectively. At pH 12, the removal of As suddenly 
dropped to 10% due to the conversion of Ag to Na2Ag (OH)4 with the addition of diluted NaOH, 
hence As(V) removal was low in basic medium.  
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Fig. 9. Effect of pH on As(V) removal using Ag NPs. 
 

 
3.10. Removal of As(V) in continuous flow with adsorbed Ag NPs 
The removal efficiency of As(V) from aqueous systems using Ag NPs with filtration 

process was also carried out. Whatman filter paper 42 was used for this purpose and the two same 
identical solutions of As(V) concentration (10 mg/L) were taken in to two different reactors. With 
one time passage through NPs adsorbed on Whatman filter paper 42, As(V) amount was reduced 
from 10 mg/L to 6.72 mg/L 33% efficiency, while in the second reactor with five times passage 
through same NPs adsorbed medium the amount of As(V) successfully decreased from 10 mg/L to 
2.84 mg/L with overall efficiency of 72%. The overall experiment continued for 30 minutes. The 
experiment showed that the Ag NPs were also effective in continuous flow setup and can be 
optimized with further tests.  

 

 
 

Fig. 10. Removal of As(V) in continuous-flow with adsorbed Ag NPs 
 

 
3.11. Effect of ultrasonication on As(V) removal 
This test was conducted under constant shaking of the batch reactors with sonication. The 

media were shaken continuously with a sonicator at a speed of 200 rounds per minute (RPM) for 
two h, and later the samples were analyzed through AAS-HH. The results show that the sonication 
process reduced the As(V) concentration to 2.67 mg/L i.e. within the permissible limit of WHO, 
while 10 mg/L of As(V) amount was reduced to zero see in (Figure 11). Results showed that 
sonication process highly effected the As(V) removal. 
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Fig. 11. Ultra-sonication effects on removal of As(V) using Ag NPs. 
 

 
4. Conclusions 
 
The effectiveness of Ag NPs was investigated for the removal of As(V) via adsorption 

from aqueous medium. Different experiments were carried out such as optimum dose, kinetics, 
effects of pH, ultra-sonication and light and performance in continuous flow. Ag NPs was found to 
effectively remove the As(V) from aqueous systems at Ag:As(V) ratio of less than 1:10. Moreover, 
the removal was efficient in sunlight and also at neutral pH. The removal was also effective in 
continuous flow with overall removal up to 72%. The results showed that using Ag NPs can 
reduce the As(V) up to the permissible limits set by WHO. Many other NPs such as cerium oxide, 
titanium oxide, magnetic ferric oxide and manganese oxide were reported in the literature for 
removal of HMs were also compared with the results of this study. The Ag NPs removed the 
As(V) in fewer amounts in less time as compared to the reported NPs.  

 
 
Acknowledgements 
 
This work was supported financially by Kabul University of Medical Sciences, Kabul, 

Afghanistan 
 
 
References 
 

[1] Ullah, S., Shams, D.F., Ur Rehman, S.A., Khattak, S.A., Noman, M., Rukh, G. Bibi, H., Ateeq, 
M., Bibi, N., Ali, L., Fazil, P., (2022) Digest Journal of Nanomaterials & Biostructures, 17(2), pp. 
443-455; https://doi.org/10.15251/DJNB.2022.172.443  
[2] Xie, P., Zahoor, F., Iqbal, S.S., Ullah, S., Noman, M., Din, Z.U. and Yang, W., 2022. 
Journal of Cleaner Production, p.131358; https://doi.org/10.1016/j.jclepro.2022.131358  
[3] Ghani, J., Nawab, J., Faiq, M.E., Ullah, S., Alam, A., Ahmad, I., Ali, S.W., Khan, S., Ahmad, 
I., Muhammad, A. and Rahman, S.A.U., 2022. Multi-geostatistical analyses of the spatial 
distribution and source apportionment of potentially toxic elements in urban children's park soils in 
Pakistan: A risk assessment study. Environmental Pollution, 311, p.119961; 
https://doi.org/10.1016/j.envpol.2022.119961 
[4] Nawab, J., Din, Z.U., Ahmad, R., Khan, S., Zafar, M.I., Faisal, S., Raziq, W., Khan, H.,       
Rahman, Z.U., Ali, A. and Khan, M.Q., 2021. Environmental Science and Pollution Research, 
28(39), pp.54986-55002; https://doi.org/10.1007/s11356-021-14783-9 
[5] Sabir, M., Baltrėnaitė-Gedienė, E., Ditta, A., Ullah, H., Kanwal, A., Ullah, S. and Faraj, T.K., 

https://doi.org/10.15251/DJNB.2022.172.443
https://doi.org/10.1016/j.jclepro.2022.131358
https://doi.org/10.1016/j.envpol.2022.119961
https://doi.org/10.1007/s11356-021-14783-9


1396 
 

 

2022. Bioaccumulation of Heavy Metals in a Soil–Plant System from an Open Dumpsite and the 
Associated Health Risks through Multiple Routes. Sustainability, 14(20), p.13223; 
https://doi.org/10.3390/su142013223  
[6] Hussain, T., Akhter, N., Nadeem, R., Rashid, U., Noreen, S., Anjum, S., Ullah, S., Hussain, 
H.R., Ashfaq, A., Perveen, S. and A Alharthi, F., 2022. Biogenic synthesis of date stones biochar-
based zirconium oxide nanocomposite for the removal of hexavalent chromium from aqueous 
solution. Applied Nanoscience, pp.1-14; https://doi.org/10.1007/s13204-022-02599-z  
[7] Smedley, P. and D. Kinniburgh, Applied geochemistry, 2002. 17(5): p. 517-568; 
https://doi.org/10.1016/S0883-2927(02)00018-5 
[8] Bednar, A.J., et al., Science of the Total Environment, 2003. 302(1-3): p. 237-245; 
https://doi.org/10.1016/S0048-9697(02)00322-4 
[9] Nico, P.S., et al., Environmental science & technology, 2004. 38(19): p. 5253-5260; 
https://doi.org/10.1021/es0351342 
[10] Baidya, K., et al., Journal of Ocular Pharmacology & Therapeutics, 2006. 22(3): p. 208-211; 
https://doi.org/10.1089/jop.2006.22.208 
[11] Noman, M., Haziq, M.A., Safi, B.U., Ullah, S., Rukh, G., Faiq, M.E., Ullah, Z., Bibi, S.D., 
Shaukat, S., Emiliya, H. and Rahim, Z., 2022. Lead (II) adsorption from aqueous systems using 
visible light activated cobalt doped zinc oxide nanoparticles. Digest Journal of Nanomaterials & 
Biostructures (DJNB), 17(3); https://doi.org/10.15251/DJNB.2022.173.839  
[12] Woolson, E.A. ed., 1975. Arsenical pesticides. American Chemical Society; 
https://doi.org/10.1021/bk-1975-0007 
[13] Matschullat, J., 2000. Science of the Total Environment, 249(1-3), pp.297-312; 
https://doi.org/10.1016/S0048-9697(99)00524-0 
[14] Welch, A.H. and Stollenwerk, K.G. eds., 2003. Arsenic in ground water: geochemistry and 
occurrence. Springer Science & Business Media; https://doi.org/10.1007/b101867 
[15] Smedley, P.L. and Kinniburgh, D.G., 2002. Applied geochemistry, 17(5), pp.517-568; 
https://doi.org/10.1016/S0883-2927(02)00018-5 
[16] Bednar, A.J., Garbarino, J.R., Ferrer, I., Rutherford, D.W., Wershaw, R.L., Ranville, J.F. and 
Wildeman, T.R., 2003. Science of the total environment, 302(1-3), pp.237-245; 
https://doi.org/10.1016/S0048-9697(02)00322-4 
[17] Nico, P.S., Fendorf, S.E., Lowney, Y.W., Holm, S.E. and Ruby, M.V., 2004. Environmental 
science & technology, 38(19), pp.5253-5260; https://doi.org/10.1021/es0351342 
[18] Baidya, K., Raj, A., Mondal, L., Bhaduri, G. and Todani, A., 2006. Journal of Ocular 
Pharmacology & Therapeutics, 22(3), pp.208-211; https://doi.org/10.1089/jop.2006.22.208 
[19] Mudhoo, A., Sharma, S.K., Garg, V.K. and Tseng, C.H., 2011. Critical Reviews in 
Environmental Science and Technology, 41(5), pp.435-519; 
https://doi.org/10.1080/10643380902945771 
[20] Reddy, K.J., McDonald, K.J. and King, H., 2013. Journal of colloid and interface science, 
397, pp.96-102; https://doi.org/10.1016/j.jcis.2013.01.041 
[21] Rahman, M.A. and Hasegawa, H., 2011. Chemosphere, 83(5), pp.633-646; 
https://doi.org/10.1016/j.chemosphere.2011.02.045 
[22] Abernathy, C.O., Thomas, D.J. and Calderon, R.L., 2003. The Journal of nutrition, 133(5), 
pp.1536S-1538S; https://doi.org/10.1093/jn/133.5.1536S 
[23] Saha, J.C., Dikshit, A.K., Bandyopadhyay, M. and Saha, K.C., 1999. Critical reviews in 
environmental science and technology, 29(3), pp.281-313; 
https://doi.org/10.1080/10643389991259227 
[24] Ng, K.S., Ujang, Z. and Le-Clech, P., 2004. Reviews in Environmental Science and 
Biotechnology, 3(1), pp.43-53; https://doi.org/10.1023/B:RESB.0000040054.28151.84 
[25] Garelick, H., Jones, H., Dybowska, A. and Valsami-Jones, E., 2009. Reviews of 
Environmental Contamination Volume 197, pp.17-60; https://doi.org/10.1007/978-0-387-79284-2 
[26] Ahn, J.S., 2012. Environmental geochemistry and health, 34(1), pp.43-54; 

https://doi.org/10.3390/su142013223
https://doi.org/10.1007/s13204-022-02599-z
https://doi.org/10.1016/S0883-2927(02)00018-5
https://doi.org/10.1016/S0048-9697(02)00322-4
https://doi.org/10.1021/es0351342
https://doi.org/10.1089/jop.2006.22.208
https://doi.org/10.15251/DJNB.2022.173.839
https://doi.org/10.1021/bk-1975-0007
https://doi.org/10.1016/S0048-9697(99)00524-0
https://doi.org/10.1007/b101867
https://doi.org/10.1016/S0883-2927(02)00018-5
https://doi.org/10.1016/S0048-9697(02)00322-4
https://doi.org/10.1021/es0351342
https://doi.org/10.1089/jop.2006.22.208
https://doi.org/10.1080/10643380902945771
https://doi.org/10.1016/j.jcis.2013.01.041
https://doi.org/10.1016/j.chemosphere.2011.02.045
https://doi.org/10.1093/jn/133.5.1536S
https://doi.org/10.1080/10643389991259227
https://doi.org/10.1023/B:RESB.0000040054.28151.84


1397 
 

 

https://doi.org/10.1007/s10653-011-9411-5 
[27] Yoshizuka, K., Nishihama, S. and Sato, H., 2010. Environmental geochemistry and health, 
32(4), pp.297-302; https://doi.org/10.1007/s10653-010-9300-3 
[28] Shahid, M., Imran, M., Khalid, S., Murtaza, B., Niazi, N.K., Zhang, Y. and Hussain, I., 2020. 
Arsenic environmental contamination status in South Asia. In Arsenic in drinking water and food 
(pp. 13-39). Springer, Singapore; https://doi.org/10.1007/978-981-13-8587-2_2 
[29] Mandal, B.K. and Suzuki, K.T., 2002. Talanta, 58(1), pp.201-235; 
https://doi.org/10.1016/S0039-9140(02)00268-0 
[30] Samadzadeh Yazdi, M.R., Tavakoli Mohammadi, M.R. and Khodadadi, A., 2013. Predicting 
Arsenic Behavior in the Wastewater of Mouteh Gold Plant by Geochemical Modeling. Journal of 
Mining and Environment, 4(1), pp.57-65. 
[31] Lu, F. and Astruc, D., 2018. Coordination Chemistry Reviews, 356, pp.147-164; 
https://doi.org/10.1016/j.ccr.2017.11.003 
[32] Garelick, H., Jones, H., Dybowska, A. And Valsami-jones, e., 2009. Reviews of 
Environmental Contamination Volume 197, pp.17-60; https://doi.org/10.1007/978-0-387-79284-2 
[33] Husein, M.M. and Nassar, N.N., 2008. Current Nanoscience, 4(4), pp.370-380; 
https://doi.org/10.2174/157341308786306116 
[34] Deng, M., Wu, X., Zhu, A., Zhang, Q., Liu, Q., 2019. Journal of Environmental Management 
237, 63–74. 
[35] Calderón-Jiménez, B., Montoro Bustos, A.R., Pereira Reyes, R., Paniagua, S.A. and Vega-
Baudrit, J.R., 2022. Scientific reports, 12(1), pp.1-17.  
[36] Mandal, B.K. and Suzuki, KT., 2002. Talanta, 58(1), pp.201-235; 
https://doi.org/10.1016/S0039-9140(02)00268-0 
[37] Singh, R., Ullah, S., Rao, N., Singh, M., Patra, I., Darko, D.A., Issac, C., Esmaeilzadeh-
Salestani, K., Kanaoujiya, R. and Vijayan, V., 2022. Journal of Nanomaterials, 2022. 
https://doi.org/10.1155/2022/8731429 
[38] Aritonang, H.F., Koleangan, H. and Wuntu, A.D., 2019. International journal of 
microbiology, 2019. 
[39] Grassi, M., Kaykioglu, G., Belgiorno, V. And Lofrano, G., 2012. (pp. 15-37). Springer, 
Dordrecht; https://doi.org/10.1007/978-94-007-3916-1_2 
[40] Sharma, Y.C., Srivastava, V., Singh, V.K., Kaul, S.N. And Weng, C.H., 2009. Environmental 
technology, 30(6), pp.583-609; https://doi.org/10.1080/09593330902838080 
[41] Saha, S. And Sarkar, P., 2012. Journal of hazardous materials, 227, pp.68-78; 
https://doi.org/10.1016/j.jhazmat.2012.05.001 
[42] Reddy, K.J., Mcdonald, K.J. And King, H., 2013. Journal of colloid and interface science, 
397, pp.96-102; https://doi.org/10.1016/j.jcis.2013.01.041 
[43] Nair, M.G., Nirmala, M., Rekha, K. And Anukaliani, A., 2011. Materials letters, 65(12), 
pp.1797-1800; https://doi.org/10.1016/j.matlet.2011.03.079 
[44] Song, S., Lopez-Valdivieso, A., Hernandez-Campos, D.J., Peng, C., Monroy-Fernandez, 
M.G. And Razo-Soto, I., 2006. Water research, 40(2), pp.364-372; 
https://doi.org/10.1016/j.watres.2005.09.046 
[45] Babaee, Y., Mulligan, C.N. And Rahaman, M.S., 2018. Journal of chemical technology & 
biotechnology, 93(1), pp.63-71; https://doi.org/10.1002/jctb.5320 
[46] Singh, N., Singh, S.P., Gupta, V., Yadav, H.K., Ahuja, T. And Tripathy, S.S., 2013. 
Environmental progress & sustainable energy, 32(4), pp.1023-1029; 
https://doi.org/10.1002/ep.11698 
[47] Siddiqi, K.S., Ur Rahman, A. And Husen, A., 2018. Nanoscale research letters, 13(1), pp.1-
13; https://doi.org/10.1186/s11671-018-2532-3 
[48] Chen X, Burda C., Journal of American Chemical Society. 130(15), 5018 (2008); 
https://doi.org/10.1021/ja711023z 
[49] Naveed Ul Haq A, Nadhman A, Ullah I, Mustafa G, Yasinzai M, Khan I., Journal of 

https://doi.org/10.1007/s10653-011-9411-5
https://doi.org/10.1007/s10653-010-9300-3
https://doi.org/10.1007/978-981-13-8587-2_2
https://doi.org/10.1016/S0039-9140(02)00268-0
https://doi.org/10.1016/j.ccr.2017.11.003
https://doi.org/10.2174/157341308786306116
https://doi.org/10.1016/S0039-9140(02)00268-0
https://doi.org/10.1155/2022/8731429
https://doi.org/10.1007/978-94-007-3916-1_2
https://doi.org/10.1080/09593330902838080
https://doi.org/10.1016/j.jhazmat.2012.05.001
https://doi.org/10.1016/j.jcis.2013.01.041
https://doi.org/10.1016/j.matlet.2011.03.079
https://doi.org/10.1016/j.watres.2005.09.046
https://doi.org/10.1002/jctb.5320
https://doi.org/10.1002/ep.11698
https://doi.org/10.1186/s11671-018-2532-3
https://doi.org/10.1021/ja711023z


1398 
 

 

Nanomaterials. 2017, 14 (2017); https://doi.org/10.1155/2017/8510342 
[50] Nadhman A, Khan MI, Nazir S, Khan M, Shahnaz G, Raza A, et al., International Journal of 
Nanomedicine. 11, 2451 (2016); https://doi.org/10.2147/IJN.S105195 
[51] Abdal Dayem A, Hossain MK, Lee SB, Kim K, Saha SK, Yang G-M, et al. International 
Journal of Molecular Sciences. 18(1), 120 (2017); https://doi.org/10.3390/ijms18010120 
[52] Ullah, S., Noman, M., Ali, K.S., Siddique, M., Sahak, K., Hashmi, S.K., Emiliya, H. and 
Khan, F., 2021. IOSR Journal of Environmental Science, Toxicology and Food Technology, 
15(1), pp 04-14. https://doi.org/10.9790/2402-1501010414  
[53] Qina, Q., Zhoub, Q., Heb, L.L., Zhub, X.D., Fengb, W. and Wangb, J., 2022.. Digest Journal 
of Nanomaterials & Biostructures (DJNB), 17(1). https://doi.org/10.15251/DJNB.2022.171.65  
[54] Tang W, Li Q, Li C, Gao S, Shang JK (2011b) J Nanopart Res 13:2641-2651; 
https://doi.org/10.1007/s11051-010-0157-2 
[55] Maryam, A., Rasheed, M.N., Asghar, M., Fatima, K., Afzal, M., Iqbal, F., Rouf, S.A., 
Syväjärvif, M. and Zhu, B., 2021.. Digest Journal of Nanomaterials & Biostructures (DJNB), 
16(2).  
[56] Iqbal, G., Faisal, S., Khan, S., Shams, D. F. & Nadhman, A. 2019. Journal of Photochemistry 
and Photobiology B: Biology, 192, 141-146; https://doi.org/10.1016/j.jphotobiol.2019.01.021 
[57] Suna, Y., Xub, S., Zeng, J.Y., Yang, S.S., Zhao, Q.R., Yang, Y., Zhao, Q. and Wang, G.X., 
2021. Digest Journal of Nanomaterials and Biostructures, 16(1), pp.239246.  
[58] Goswami A, Raul PK, Purkait MK (2012) Chem Eng Res Des 90:1387-1396; 
https://doi.org/10.1016/j.cherd.2011.12.006 
[59] Gutierrez-Muñiz OE, García-Rosales G, Ordoñez-Regil E, Olguin MT, Cabral-Prieto A 
(2013) J Environ Manag 114:1-7; https://doi.org/10.1016/j.jenvman.2012.09.027 
[60] Ali, B., Tayyaba, S., Ashraf, M.W., Nawaz, M.W., Mushtaq, M.T., Akhlaq, M. and Wasim, 
M.F., 2020. Digest Journal of Nanomaterials & Biostructures (DJNB) 15(2) 
  
 
 

https://doi.org/10.1155/2017/8510342
https://doi.org/10.2147/IJN.S105195
https://doi.org/10.3390/ijms18010120
https://doi.org/10.9790/2402-1501010414
https://doi.org/10.15251/DJNB.2022.171.65
https://doi.org/10.1007/s11051-010-0157-2
https://doi.org/10.1016/j.jphotobiol.2019.01.021
https://doi.org/10.1016/j.cherd.2011.12.006
https://doi.org/10.1016/j.jenvman.2012.09.027

