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Abstract
The quick and high-accuracy location of heavy metals is one of the principal prerequisites for reducing the environmental 
pollution. Therefore, the rapid and precise detection of heavy metals has become a primary problem for scientists worldwide. 
Among the different heavy metals, arsenic, cadmium, lead, mercury, and chromium (Cr) are highly toxic. Silver nanopar-
ticles (AgNPs) have been created for the detection of heavy metals. The use of nanomaterials is promoted because of their 
solid adsorption, high electron energy, and biocompatibility, which are appropriate for heavy-metal sensor applications. 
This review focused on synthesis AgNPs by biological, chemical, and physical methods and their capability for detection of 
heavy metals by colorimetric methods included the practical and basic assessment of toxic heavy metals, and they are easily 
implemented on location, use simple instruments, and provide simple analysis results. In this review, we have provided the 
promising possibilities with new prospects and challenges for high efficiency and stability of AgNPs as a multi-sensor of 
heavy-metal ions with high-sensitive detection in tainted water bodies.
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Introduction

The innovation in the use of nanoscience and nanomateri-
als in various field applications, including energy, optoelec-
tronics, biomedicine, and biotechnology, has been reported 
(Zannotti et al. 2020). Nanotechnology is a part of such 
innovation, and it is applied in nanosized synthesis method-
ology. This rapidly developing and innovative technology 
has received interest over the last decade due to its historical 
backdrop of wide applications. Nanotechnology is a multi-
disciplinary field with first uncovered. Characterization by 
nanotechnology is being prepared for control of nanoscale 
objects, where “nano” means one billionth of an actual unit. 
However, no settlement has been achieved regarding the 
meaning of nanotechnology (Kakakhel et al. 2021).

Nanoparticles (NPs) are natural substances used in nano-
technology (Magaye and Zhao 2012). The two types of NP 
sources can be inorganic or organic. AgNPs are inorganic 
NPs (Maaz 2018) with sizes in the 1–100 nm range. Inves-
tigations of AgNPs have focused on their unique physical, 
chemical, and biological properties. Their prevalence is 
mainly attributed to their form, composition, crystallinity, 
and structure of AgNPs, which is contrast with its mass 
structure (Syafiuddin et al. 2017), (Wang et al. 2015).

Metal NPs can be synthesized by chemical or physical 
methods. In general, bottom-up and top-down approaches, 
such as chemical reduction, have been used for the prep-
aration of metallic NPs. The advantages of chemical and 
physical methods include their easy execution, large quantity 
production, and well-controlled particle interspacing; how-
ever, they also have disadvantages, such as the remarkably 
high cost, including those for the equipment and operation, 
and high energy consumption (Lin et al. 2021). Materials 
that are used for the synthesis of AgNPs using this chemi-
cal method are very toxic and hazardous in nature (Panja 
et al. 2021). Electrochemical methods are very intriguing 
because of their high performance in obtaining particles, 
which they attain by utilizing quick and direct techniques 
and controlling the molecular size effectively. Through 

Editorial responsibility: Ta Yeong Wu.

 *	 D. Tahir 
	 dtahir@fmipa.unhas.ac.id

1	 Department of Physics, Hasanuddin University, 
Makassar 90245, Indonesia

2	 Research Center for Physics, Indonesia Institute of Sciences, 
Puspiptek, Banten 15314, Indonesia

http://orcid.org/0000-0002-8241-3604
http://crossmark.crossref.org/dialog/?doi=10.1007/s13762-022-04745-0&domain=pdf


	 International Journal of Environmental Science and Technology

1 3

these procedures, particles are not limited to the size and 
shape of a few compositions. In addition, such methods are 
eco-accommodating, that is, they steer away from the use 
of reducer specialists, which are occasionally toxic. The 
biological method is simple, environmentally friendly, and 
commercial, uses a single step method, and does not require 
elevated temperature, pressure, force, and harmful chemicals 
(Panja et al. 2021).

Over the period of years, various conventional analytical 
methods have been established for the detection of heavy 
metals at very low and ultra-low level employing different 
techniques such as liquid chromatography, UV–Vis spec-
troscopy, X-ray fluorescence spectroscopy (XFS), capillary 
electrophoresis (CE), microprobes (MP), anodic stripping 
voltammetry (ASV), atomic absorption spectroscopy (AAS), 
inductively coupled plasma mass spectroscopy (ICP-MS), 
and inductively coupled plasma optical emission spectros-
copy (ICP-OES) (Yu et al.2022). However, these analyti-
cal tools suffer from several limitations including sample 
preparation, cleanup, pre-concentration processes, expensive 
instruments, and professional personnel on the other hand, 
facile, inexpensive, and easy implementation for the metal 
detection such as electrochemical colorimetric and fluores-
cence detection (Buledi et al. 2020) (Aragay et al. 2011).

In recent years, nanomaterial-based sensors have shown 
great potential in detection of heavy metals due to their 
high surface reactivity, large surface area, strong adsorption 
capacity, and high catalytic efficiency. Various nanomate-
rials like metal and metal oxide nanoparticles, polymeric 
nanomaterials, silicon, and carbon based nanomaterials have 
been used to design special nanosensors for the detection of 
toxic heavy metals. The enhanced sensitivity and selectivity 
of nanosensor is initiated by their large surface-to-volume 
ratio, high reactivity, size-dependent properties, and high 
degree of functionalization (Borah et al. 2015). For surface 
state, covalent functionalization, organic ligand, and nano-
composite formation have large contribution to improve 
response selectivity and sensitivity in heavy-metal detection. 
The nanomaterials involved in chemical sensors have greatly 
enhanced their reproducibility and detection limit for selec-
tive determination of heavy metal (Kaur et al.2015) (Buledi 
et al. 2020). Generally, electronic and optical properties of 
nanomaterials are highly considered to increase selectivity 
and sensitivity.

In addition, nanomaterials used in sensor fields have 
many advantages, such as ultra-high specific surface areas, 
easy functionalization, abundant active sites, and tunable 
electronic structure. Therefore, they are promising build-
ing blocks for constructing various sensors with excellent 
performances. The various types of sensors are including 
electrochemical sensors, fluorometric sensors, colorimetric 
sensors, electrochemiluminescence (ECL) sensors, photo-
electrochemical sensors, and field effect transistor (FET) 

sensors (Gan et al. 2018). In this review, many scientists 
globally were reported for colorimetric sensor silver (Ag)-
based nanomaterials due to solid limited surface plasmon 
resonance absorption and interparticle distance, which 
affect to the optical properties. The colorimetric detection 
method has numerous advantages including efficient time 
and speed detection, high affectability, cost-viability, and 
user friendly. The surface state of NPs plays a essential role 
in the improvement of sensitivity of colorimetric sensors for 
heavy-metal particles. For example, AgNPs functionalized 
surface with small natural ligands to form bio-macromole-
cules was demonstrated specific colorimetric detection of 
various heavy-metal particles (Wang et al. 2015).

One of the main causes of our environment’s rapid degra-
dation is the overexploitation of natural resources for heavy 
metals. Pb2+, Cr3+, Hg2+, As3+, and Cu2+ are the major 
heavy metals that have harmed the environment in recent 
years. As a result, numerous efforts have been exerted to 
quantify and detect heavy metals conventionally and ana-
lytically. However, advanced technologies are continuously 
being demanded for the detection of heavy metals in a user-
friendly and sensitive manner, which resulted in the develop-
ment of nano-based technology. Analytical devices, which 
are very sensitive, selective, and capable of working quickly, 
have become more effective due to the use of nanotechnol-
ogy (Shrivastava et al. 2022).

Metals are naturally present in the earth's crust, but their 
composition and concentrations vary. Heavy metals pose a 
serious threat to the environment and human health. The 
rapid rise in heavy metals in the environment over the past 
ten years is attributable to the rise in mining and industrial 
activities. Metals can also be released from rocks by weath-
ering, erosion, rainwater, soil, and other natural processes, 
which can significantly increase the release of toxic metals 
(Buledi et al. 2020). Mercury has deleterious effects on the 
human kidney, brain, and central nervous system. This ele-
ment is volatile and predominantly exists as Hg2+ in water. 
The Hg2+ ion is highly toxic at low concentrations and can 
accumulate in ecosystems, in particular apex predators, 
causing several disorders and diseases. Meanwhile, lead 
(Pb) pollution has been associated with neurodevelopmen-
tal effects, and cadmium (Cd) is classified as a carcinogen. 
Arsenic intake causes dermal lesions, skin cancers, bladder, 
and lung cancers (Mensah et al. 2021, Li et al. 2013).

Mensah et  al. (2021) reported efforts exerted for the 
improvement of the environment affected by heavy metals 
in water. Different inorganic NPs, including metals, metal 
oxides, and metal sulfides NPs, have been applied success-
fully as nanoadsorbents for the treatment of water with high 
contaminations of heavy metals, that is, at concentrations 
greater than 100 mg L−1, achieving high adsorption capaci-
ties up to 3449 mg g−1. The synthesis method, selectiv-
ity, stability, regeneration and reusability, and adsorbent 
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separation from solutions are critical parameters that deter-
mine the quality of inorganic nanoadsorbents. Surface-
functionalized nanoadsorbents possess high selectivity and 
capacity for heavy-metal removal from water at very low 
adsorbent dosages of less than 2 g L−1, which make them 
better than conventional adsorbents in terms of environmen-
tal remediation.

Thus, we underscore the uses of AgNPs in sensors of 
heavy metals (Fig. 1), such as Pb2+, copper (Cu2+), manga-
nese (Mn2+), and mercury (Hg2+). In this review, we specifi-
cally addressed the previously reported AgNPs for heavy-
metal sensors with recent updates.

Materials and methods

 AgNP synthesis methods

Synthesis of AgNPs using bottom‑up approaches

As mentioned above, numerous types of silver nanostruc-
tures with distinctive properties have been used in various 
sensor applications, especially those regarding heavy metals 
(Lee and Jun 2019). The union of NPs has been utilized in 

three distinct methodologies, including physical, chemical, 
and biological strategies. The physical and chemical synthe-
sis methods, which point toward controlling the actual prop-
erties of particles, are presently utilized to create metal NPs.

The synthesis methods of metal NPs are mainly divided 
into top-down and bottom–-up approaches (see Fig.  2) 
(Kalishwaralal et  al. 2010). Method “top-down” is the 
mechanical crushing of mass metals with the resulting 
adjustment of the utilized colloidal NPs (Tao et al. 2006). 
Top-down approaches disincorporate bulk materials to gen-
erate the required nanostructures. These include physical 
and chemical synthesis methods. The physical synthesis of 
AgNP includes the evaporation–condensation approach and 
laser ablation technique. Both approaches can be used to 
synthesize large quantities of AgNPs with high purity and 
without the use of chemicals that release toxic substances 
and jeopardize the human health and environment. However, 
agglomeration is often a great challenge because capping 
agents are not used. In addition, both approaches consume 
high power and require relatively long synthesis duration 
with complex equipment, over all increase their operating 
cost (Lee and Jun 2019). The laser wavelength, time span 
of laser pulses, laser influence, ablation time duration, and 
effectual liquid medium with or without the surfactant are 

Fig. 1   Schematic representation 
of AgNP applications for heavy-
metal sensors
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the major parameters that influence the synthesized particles 
when using the laser ablation method (Shyam et al. 2020).

The AgNP synthesis is mainly achieved through chemical 
methods. Sodium borohydride, hydrazine hydrate, sodium 
citrate, and lithium aluminum hydride are the most com-
monly used reducing agents. Silver atoms (Ago) are formed 
due to the reduction of Ag+containing complexes, which 
may lead to the cluster formation due to agglomeration. Col-
loidal Ag particles emerge from these clusters. To avoid such 
issue, scientists use protective or capping agents (Shyam 
et al. 2020).

Different chemical and physical techniques, e.g., elec-
trochemical strategy (Singaravelan and Bangaru Sudarsan 
Alwar 2015), phytochemical method (Narchin et al. 2018), 
and laser ablation (Ma 2019), have been utilized to combine 
AgNPs. The area of green synthesis has been investigated to 
use fundamental phytochemicals, such as amides, aldehydes, 
alkaloids, flavonoids, phenols, ketones, carboxylic acids, and 
ascorbic acids (Buledi et al. 2020).

Synthesis of AgNPs using top‑down approaches

Figure 2 shows top-down methods, NPs are normally syn-
thesized by evaporation and condensation and breakdown 
of bulk materials into fine particles via size reduction 

using various lithographic techniques, e.g., grinding and 
milling (Khan et al. 2018a, b). This group includes the 
green synthesis method, which uses microorganisms or 
plants extracts. An intelligent strategy should be scaled 
up and climate friendly, combine great scope, and not 
require the use of toxic synthetic compounds. The green 
synthesis of NPs may be a granular perspective where the 
most response observed is drop. Biogenic incorporation is 
beneficial because of its natural reduction effect and the 
use of multiple physicochemical manufacturing methods. 
The unintentional production of large NPs free of impuri-
ties, size, and morphology has been reported by Gupta and 
Chauhan (2017).

In this regulatory race for AgNPs, the green biomimetic 
synthesis of plant-mediated AgNPs is considered the best 
innovation for the rapid manufacture of AgNPs, effectively 
meeting the extreme needs and interests of today’s market 
and drives a decline in the business or aging of substances 
harmful to the environment, human well-being, and climate. 
Water hyacinth plant leaf extract was used for the colori-
metric sensing of heavy metals (Zannotti et al. 2020); green 
synthesis was utilized to separate heavy metals from khat 
(Catha edulis) plant and effective in the detection of Hg2+ 
particles (Wang et al. 2015).

In addition, green synthesis principles put forward the 
need to evolve environmentally technologies for the fabri-
cation of nanomaterials. The biosynthesis of NPs, which 
is the combination of nanotechnology and biotechnol-
ogy, has gained interest. Abundant reactants and starting 
materials used in chemical method reactions are toxic and 
potentially hazardous. Biomimetic approaches have been 
developed due to the increasing environmental concerns 
over harmful chemical methods. Green methods principles 
forced researchers to develop strategies involving biological 
methods where enzymes, microorganisms, and plant extract 
play a vital role in NPs formation. The biologically synthe-
sized NPs exhibit tremendous interdisciplinary applications 
(Shyam et al. 2020).

NPs are created physically and chemically within a sig-
nificant time frame. However, late advancements showed 
the primary job of microorganisms and biological systems 
occurring with metal NPs (Fig. 3).

As depicted in Fig. 3 and more detail can be seen in 
Table 1, metallic NPs can be obtained from cell or cell-free 
extracts of a variety of biological resources. The evaluation 
of NP preparation against green synthesis principles (see 
Table 1), such as the selection of a solvent medium, eco-
friendly reducing agent, and nontoxic material for NPs sta-
bilization, is the most important consideration. Plant extract 
reduces metal ions within a shorter period than microbial 
NPs, making plant-based NPs more stable and monodis-
persed. Microbial synthesis is one of the methods used for 
nanomaterial production (Kumar et al. 2020).

Nanoparticles

Buttom-Up
Approaches 

- Supercritical fluid
synthesis 

- Spinning 
- Use of templates
- Plasma or flame 
spraying synthesis
- Green synthesis

- Sol process and sol gel 
process

- Laser pyrolysis
- Atomic or molecular 

condensation 

Top - Down
Approaches 

- Mechanical miling
- Etching (chemical)
- Electro-explosion 
(thermal/chemical)

- Sputtering (kinetic)
- Laser ablation (thermal)

Fig. 2   Schematic illustration of two different routes in AgNP synthe-
sis
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Fig. 3   Various types of green synthesis sources utilized for the arrangement of AgNPs

Table 1   Section green synthesis 
of AgNP detection of heavy 
metals

Metal NPs Sources Sources type Heavy 
metal 
detection

References

AgNPs Fruits Watermelon (Citrullus lanatus) Hg (II) (Firdaus et al. 2021)
Kokum fruit extract Hg2+ (Sangaonkar et al. 2020)
Durenta erecta (D. erecta) Cr6+ (Ismail et al. 2018)

Flowers Mango (Mangifera indica) As3+ (Kolya et al. 2020)
Moringa oleifera Cr (II) (Bindhu et al. 2020)

Roots Bistorta amplexicaulis Hg2+

Pb2+
(Ahmed et al. 2020)

Leaves Hyacinth Hg2+ (Oluwafemi et al. 2019)
Acacia chundra Hg2+ (Anto Judy et al. 2021)
Lantana camara Hg2+

Cu2+

Pb2+

Mn2+

(Aritonang et al. 2021)

AgNPs Bacteria Staphylococcus sciuri Cd (Abdelsattar et al. 2022)
Fungi E. coli Fe3+ (Princy et al. 2022)
Algae Porphyra yezoensis Cu2+ (Xu et al. 2019)
Strach polyvinylpyrrolidone Hg (II) (Al-Onazi and Abdel-Lateef 2022)
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Results and discussion

Applications of AgNP in heavy‑metal sensors

The chemical symbol of silver, Ag, comes from the Latin 
word “argentum,” which means “shiner” in proto-Indo-
European. Silver is white, belongs to the noble element 
family, and has an atomic number of 47. AgNPs are an 
ideal candidate for a wide range of applications, includ-
ing nanomedicine, nanobiotechnology, nanosensors, and 
electronic devices, due to their outstanding physicochemi-
cal properties and capability to exhibit surface plasmon 
resonance (SPR). Given their outstanding properties and 
low cost of preparation, AgNPs attracted considerable 
attention in the field of sensor technology from an envi-
ronmental standpoint (Hyder et al. 2022). Heavy metals 
are delegated ecological toxins because they cause harm-
ful impacts on living organic entities, including creatures, 
people, and plants. These metals persevere in the environ-
ment because they cannot be obliterated nor corrupted. 
The contamination by risky heavy-metal-based particles 
has been an expanding issue. Metal materials cause dif-
ferent medical conditions, such as those observed in the 
hematopoietic, gastrointestinal, kidney, and sensory sys-
tems (Duffus 2002).

Multiple detection technologies for the detection 
of heavy metals have been developed. Several analyti-
cal methods, including atomic absorption spectroscopy 
(AAS) (Tinas et al. 2018), have been used to monitor trace 
amounts of heavy metals in the environment. These meth-
ods include electrochemistry and atoms (Dali et al. 2018), 
voltammetry stripping (Luo et al. 2017), and ultraviolet-
visible and fluorescence spectrometry (Zhao et al. 2017). 
These methods provide correct and accurate results, but 
they require a long operation time, skilled staff, expensive 
instruments, and proper handling. Therefore, a straight-
forward and delicate colorimetric method that effectively 
detects the target material by observing the change in color 
can be used to definitively address these issues (Zhai et al. 
2019). Such a method can also be used in organic pesti-
cides (Tang and Sun 2018) and biomolecules (Hyder et al. 
2021). Given that metal NPs have a large surface area, 
excellent optical properties, and high molar absorptivity 
and can be customized with a variety of stabilizing and 
capping agents, many metal NPs, including gold, silver, 
and copper can be used extensively for this purpose (Hyder 
et al. 2022).

These days, our current circumstance is the progressive 
manifestation of substantial metal poisons because of cur-
rent farming practices and fast industrialization (Jumina 
et al. 2020). Regulatory authorities will decide essential 
standards for the safe consumption of these heavy metals. 

Table 2 provides a list of different global and national 
regulatory authorities who determine and regulate these 
standards for the safe consumption of drinking water. The 
list also highlights the difference in threshold limits due 
to geographical variation and consumption limits of dif-
ferent populations in terms of drinking water (Shrivastava 
et al. 2022).

Given their great catalytic potential and reactivity, strong 
adsorption potential, and large surface area, nanomaterial-
based colorimetric sensors have presented considerable 
promise in the detection of heavy metals in recent years. 
Various nanomaterials, specifically metal NPs, have been 
employed to construct distinctive types of colorimetric sen-
sors for sensing of heavy metals. The improved selectivity 
and sensitivity of colorimetric nanosensors originates from 
their high degree of functionalization, great volume-to-
surface ratio, size-dependent features, and high reactivity 
(Rasheed et al. 2022).

AgNPs’ localized surface plasmon resonance (LSPR) 
properties contributed significantly to the field of colori-
metric sensing as shown in Fig. 4. Although the stability of 
metal NPs is a major obstacle to their use in colorimetric 
heavy-metal sensing, different capping and stabilizing agents 
have been used to functionalize the metal surface of metal 
NPs. These capping agents prevent NPs from aggregating 
and increase their activity (Hyder et al. 2022).

Sensing of Mercury (Hg)

Mercury is a hazardous toxic material that can pollute the 
environment and is one of the most dangerous heavy-metal 
particles in metallic, inorganic, and natural forms (Wang 
et al. 2015). It is a common contaminant emitted from coal, 
gold mining companies, and volcanic emissions. Therefore, 
proficient procedures must be developed to enable the rapid 
observations of mercury in liquid frameworks (Yu and Tseng 
2008). Hg2+ is very stable and quickly accumulates in water 
bodies. It can be released to the surface and groundwater 
due to various industrial or natural activities, such as fossil 
fuels (especially from thermoelectric power plants), vol-
canic emissions, and agriculture (Abou El-Nour et al. 2010; 
Sharma et al. 2009). Water-soluble Hg2+ particles are one of 
the most stable and typical inorganic mercury compounds. 
In shallow conditions, this element can cause complicated 
issues in the regenerative, gastrointestinal, and cardiovascu-
lar systems (Şahin et al. 2020).

Hg2+ is harmful and can cause unfavorable impacts on 
human wel-lbeing and climate. Thus, numerous effective 
logical methodologies, including fluorescence spectrome-
try, have been created to enhance Hg2+ sensing. Colorimet-
ric tests, electrochemical investigation, mass spectrometry 
(MS), and nuclear ingestion spectrometry. Although these 
strategies are sensitive and selective, they still have a few 
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restrictions, such as being time-consuming and requiring 
the use of modern sample treatment, complex and costly 
instrumentation, or inapplicability in situ investigation. 
Accordingly, the advancement of a substitute productive, 
straightforward, and rapid insightful strategy for sensitive 
and selective recognition of Hg2+ is attracting the atten-
tion of researchers (Hao et al. 2020). Synthesis nanoparti-
cles are shown to be used to develop new color sensors to 
detect Hg2+ ions selectively and easily in different media 
(Ullah et al. 2022).

AgNPs have drawn incredible attention for Hg sensor 
enhancement mainly because of their sensitivity, which 
affects micro-level Hg2+ concentration fixation changes. 
This conduct is related to the redox science of Hg2+ and 
Ag surface and the delicate science among metals and 
sulfur-containing capping agents used for AgNPs. In the 
two cases, the presence of Hg produces significant changes 
in the absorbance intensity and peak position of AgNPs. 
Surface influence plays the most important part in the sta-
bilization and reactivity of AgNPs. Hence, ligand surface 

Table 2   Maximum permissible limits of various heavy metals according to different regulatory authorities

FSSAI food safety and standards authority of India; WHO world health organization; CODEX codex alimentarius commission, a body under 
Joint FAO/WHO food standards program in Rome; EU European union; USFDA United State food and drug administration; EPA environmental 
protection agency

Heavy Metal WHO (mg L−1) EPA (mg L−1) FSSAI (mg 
L−1)

CODEX 
(mg L−1)

EU (mg L−1) FDA (mg L−1) Associated 
Health Risk

Reference

Hg 0.001 0.002 0.001 0.001 – – Tremors (Mukherjee et al. 
2021), (Shriv-
astava et al. 
2022)

Insomnia and 
memory loss

Kidneys
Cd 0.003 0.005 0.003 0.003 0.005 0.005 Nausea, vomit-

ing, and diar-
rhea

Muscle cramps
Salivation
Liver injury

As 0.01 0.01 0.05 0.01 0.01 0.01 Encephalopathy
Thickening of 

the skin
Diarrhea and 

heart disease
Pb 0.01 0.015 0.01 0.01 0.01 0.005 Anemia and 

seizures
Behavioral 

problems
Intellectual dis-

ability
Cr 0.05 0.1 0.05 – 0.05 0.100 Depression

Anxiety and 
schizophrenia

Kidney and 
liver diseases

Cu 2 1.3 1.5 – 2.00 1.000 Vomiting
Hematemesis,
Hypotension
Melena (black 

“tarry” feces)
Ni 0.07 0.04 1.5 – 0.02 0.1 Chronic bron-

chitis
Reduced lung 

function
Allergy



	 International Journal of Environmental Science and Technology

1 3

chemistry is used to tune their sensing properties (Zannotti 
et al. 2020).

Methyl mercury (CH3Hg+) is another form of Hg that 
bioaccumulates in inorganic tissues, poisoning the food 
chain (Mensah et al. 2021). Hg readily methylates to form 
the extremely toxic CH3Hg+ (Liu et al. 2022). CH3Hg+, as 
the most toxic species of Hg, accounts for 95% of organic 
Hg and is of particular concern due to its bio amplification 
factors (106 − 107) in aquatic organisms via the food chain. 
Among Hg species, Hg2+ is only lower than CH3Hg+ in tox-
icity and can be converted into CH3Hg+ under anaerobic 
conditions in biological systems. Hence, different Hg species 
must be determined in addition to the total Hg to evaluate its 
toxicity in the environment (Zheng et al. 2018).

Consequently, surface ligands produce various properties 
and limitations of NPs, which will aggregate or disaggregate 
and cooperate with components and particles present in their 
environment. Surface ligands influence the detection against 
metal particles, such as the altered selectivity and sensitivity 
of Hg2+. Thus far, a limited number of studies reported the 
colorimetric identification of Hg2+ particles utilizing green 
synthesized unmodified AgNPs in liquid media. Numer-
ous biomaterials from various plants, fruits, and leaves are 
utilized for the photoinduced green synthesis of AgNPs. A 
biomaterial was added as a stabilizing agent and applied in 
Hg2+ detection (Prosposito et al. 2019). Citrus extracts from 
gum kondagogu, which are frequently used to decrease/set-
tle the level of AgNPs, were applied as a direct colorimetric 

Fig. 4   Colorimetric sensing of heavy metal by AgNPs (Hyder et al. 2021; Kalam et al. 2018)
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sensor for the sensitive discovery of Hg2+ (Rastogi et al. 
2014).

Sensing of Manganese (Mn)

Manganese is one of the significant resources, with more 
than 90% being used in the steel industry. China is the larg-
est electrolytic metal Mn maker, producing approximately 
1.40 million tons every year and representing over 97.0, pay-
ing little heed to the worldwide supply. In 2018, 49 electro-
lytic Mn metal ventures were recorded in China, with a limit 
of 2.26 million tons. Mn is one of the necessary minor com-
ponents in the body, with functions involved in bone trans-
formation phenomena, lipids, amino alkanoic corrosion, and 
carbohydrate metabolism. The average intake of Mn is in 
the range of 2 and 9 mg/day (for a mean 70 kg individual). 
Ordinarily, the brain contains a small amount of Mn, and 
the insufficiency and excess amount of Mn fundamentally 
influence its capacity (Nie et al. 2017).

Nonetheless, exaggerated exposure to Mn may cause 
manganese. An inebriated individual may suffer from 
depression, disposition swings, enthusiastic practices, and 
psychosis. Consequently, several optical methods for Mn2+ 
detection have been reported: AAS, inductively coupled 
plasma–atomic emission spectroscopy (ICP–AES), and 
ICP–MS. However, the significant parts of them require 
refined hardware and modern strategies, making them time-
consuming and inconvenient to use. In this regard, the sensi-
tive, selective, and straightforward detection procedure for 
detection of Mn2+ remains fundamental (Hu et al. 2014).

A few scientific methods for the detection of Mn2+ have 
been reported: ICP spectroscopy, AAS, and ICP–AES. Nev-
ertheless, these methods need complex systematic processes 
and expensive equipment, making them inconvenient and 
time-consuming (Zhou et al. 2012). Colorimetric methods, 
which include unprecedented effects on the applications for 
metal ions, have drawn attention.

To date, different colorimetric sensors have been used for 
functional metal NPs. AgNPs are incredibly appealing due to 
their optical, electrical, and synthesis properties, especially 
in the field of location with detection. In addition, they will 
occasionally be perceived with unaided eyes for certain pur-
poses. A fundamental disadvantage of the abovementioned 
methods is their sensitivity; accordingly, the sensitivity of 
a colorimetric sensor for detection can be developed (Hu 
et al. 2014).

Sensing of Lead (Pb)

The heavy-metal pollution in the air, soil, and water is a 
significant issue and a developing danger for the humankind 
and the environment. The sources of heavy-metal contami-
nation in the environment are petroleum, paper, plastic, coal, 

and color enterprises. Certain metals, including Pb, Cu, Hg, 
and Cd particles, show toxicity in trace amounts. Pb is the 
second most toxic substance because of its wide use. Pb has 
been applied as an additional substance in fossil fuel, paint 
shades, electric stockpiling batteries, building development, 
projectiles, shot patch, and pipes (Cheon and Park 2016).

Pb2+ is an exceptionally toxic heavy-metal ion that can 
cause genuine environmental and medical issues but is uni-
versally used in industries. Broad investigations have dem-
onstrated that people, particularly youngsters, can experi-
ence extremely durable neurological harm and brokenness 
when displaying low blood levels of Pb. Until this point, no 
protected limit for Pb exposure has been recognized. In the 
brain, Pb-instigated harm in the prefrontal cerebral mantle, 
hippocampus, and cerebellum can cause the spread of neu-
rologic problems. At the atomic level, Pb ions meddle with 
the administrative activity of calcium in cellular processes 
and disturb an assortment of intracellular biological activi-
ties (Noh et al. 2015).

The WHO suggested the value of 0.01 mg·L−1 as the most 
significant restriction of Pb2+ in drinking water. Low-level 
Pb exposure can cause neurological, conceptive, cardiovas-
cular, and formative problems, kidney harm, muscle loss 
of motion, cognitive decline, and anemia (Cheon and Park 
2016). Pb2+ is a risky metal material and a prominent eco-
sphere modern pollutant. It has been pronounced as such 
because of the basic peril it imposes, particularly in non-
industrial nations worldwide. Human bones and delicate 
tissues can accumulate Pb2+, which results in human organ 
debilitations; at an excessive level, such a condition will 
cause the body to terminate. Thus, the quantity of such poi-
sonous metal particles in liquid conditions must be deter-
mined. Such a step is likewise essential in most applications, 
such as natural observation, control of normalized water 
quality, and reuse of water contaminated with Pb2+ (Khan 
et al. 2018a, b).

In this way, effortless strategies for the monitoring of Pb2+ 
levels in the environment are gaining significance. A sensi-
tive method for the regular and adequate estimation of the 
Pb2+ concentration is critical in environmental assessment. 
Up to this point, the spread of scientific methods, including 
AAS, ICP − MS, fluorescence, and electrochemical methods, 
has accounted for the determination of Pb2+ particles. How-
ever, most of these procedures require complex instrumenta-
tion and general prepared settings. Henceforth, the advance-
ment of a precise, quick, and helpful analytical method for 
the detection of Pb2+ remains a challenge for physicists (Noh 
et al. 2015).

Sensing of Copper (Cu)

Many heavy metals in the environment, climate, and living 
systems affect directly or indirectly the biota and humankind. 
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Cu is the third fundamental metal that causes changes in 
human bodies. However, the over-administration of Cu can 
harm the liver and kidney, expand imperative symptoms 
and respiratory rates, and damage the focal systema nervo-
sum. Although Cu is a significant element, its concentration 
affects the physical body. Its bioaccumulation causes oxida-
tive pressure and neurodegenerative infections. Thus, the 
WHO suggests that a close to 2 mg L−1 Cu concentration be 
permitted in beverages (Flores et al. 2017).

Cu2+ is a cation causing sizable fundamental changes 
in far-reaching industrial applications, such as in biologi-
cal fields. Cu2+ additionally acts as a reactant cofactor in 
numerous metalloenzymes, including superoxide dismutase 
and tyrosinase. The insufficiency of Cu2+ may cause a few 
perilous illnesses. A high measure of Cu2+ inside the body 
can cause extreme conditions, such as gastrointestinal con-
fusion to liver or kidney harm. Consequently, the specific 
detection of Cu2+ is an environmental and biological con-
cern (Iftekhar et al. 2021).

Several developed methods have been broadly applied for 
the detection of Cu2+ particles; these methods include elec-
trochemical sensing (Flores et al. 2017), ICP–AES (Shoaee 
et al. 2012), and fluorescence analysis (Zhang et al. 2014). 
Fluorescence analysis has drawn expanding consideration 
because of its simplicity, minimal expense, high sensitivity, 
and selectivity. Moreover, these methods are inconceivably 
requesting and sensitive and include high working expenses, 
time-consuming pretreatment cycles, and considerable prep-
aration for test sample analysis (Iftekhar et al. 2021). There-
fore, fluorescent sensors for detecting Cu2+ have caught the 
interest of researchers. Together with fluorescent probes, 
NPs have raised an extensive scientific interest because they 
need to be generally applied inside the detection field for 
most analyses (Xu et al. 2019).

Sensing of Chromium (Cr)

Chromium is one of the essentially bountiful components 
usually present in earth, in the outside layer of rocks, soils, 
silt, and plants. In nature, the chromite metal [FeCr2O4] has 
two oxidation states: the trivalent (Cr3+) and hexavalent 
(Cr6+) forms. The oxidation states vary in terms of their 
accessibility and harmfulness. Between Cr (VI) and Cr (III), 
the essential one is more poisonous considering its high sol-
vency and portability in natural frameworks. Cr is expansive 
because of the applications in arranged enterprises, such as 
materials, color, calfskin, substance assembly, and metal 
finishing (Sharif et al. 2015).

Cr provides a quick result on physiological capacities and 
helps deal with the conventional digestion of different food 
sources, such as starch, protein, nucleic acids, and fat, and a 
critical ultra-follow supplement in the eating routine of peo-
ple and creatures (Chamaraja et al. 2021). Low-level Cr3+ is 

significant for ordinary physiological function. In this man-
ner, a conspicuous part participates in lipid, protein, macro-
molecule, and glucose resistance digestion in humans. High 
convergences of Cr inside the body reach the DNA and break 
down tissue cells. Notwithstanding Cr’s hazardous nature, 
different modern exercises consistently add Cr species to the 
environment, causing Cr contamination (Sharif et al. 2015).

Cr6+ is a solid oxidizer that has a relationship with infec-
tions and the Cr content in human tissues and organs. Thus, 
it has been associated with certain medical problems, includ-
ing persistent gastroenteritis, dermatitis, cancer, and septum 
perforation (Yokota et al. 2019). Cr ions are generally used 
in various economic applications, such as chrome plating, 
shade creation, calfskin tanning, passing on, landfill filter-
ing, and impeccable handling. Cr6+ ions are prevalent in the 
environment and may be detected in normal water because 
of their vast scope of use in different industries (Kanagaraj 
et al. 2017).

Different novel nanotechnology-based colorimetric tests, 
including those dependent on label-free AgNPs (Elavarasi 
et al. 2014) and AgNPs capped with tartaric acid (Shrivas 
et al. 2019), have been conducted for the detection of Cr6+ 
particles. However, scientific methods utilizing changed NPs 
have shown restricted selectivity and sensitivity in the detec-
tion of Cr6+ ions. For more detail about type of heavy metal 
detection, limit of detection (LOD) based on functionalizing 
agent, linear range, and particle size from various reference 
clearly can be seen in Table 3. The particle size of NPs was 
usually determines using transmission electron microscope 
(TEM) or scanning electron microscope (SEM), and crys-
tallite size by quantitatively analysis of X-ray diffraction 
(XRD) spectra (Ilyas et al. 2019), (Ilyas et al. 2021), (Tahir 
et al. 2021).

Challenges and future prospects

Over the past few decades, heavy-metal toxicity has become 
a serious threat to humans and the environment. Heavy met-
als are evident entities that have the potential to cause several 
dangerous health risks due to their long half-life, potential 
accumulation in various parts of the body, and non-biodeg-
radability (Abdelsattar et al. 2022). Sensor-based methods 
for the detection of heavy/toxic metals have been developed.

AgNPs have emerged as promising nanotools for the 
detection of heavy metals. Their solidness, similarity to 
liquid media, simple surface functionalization, and scaling 
down has favored their application in detection and recogni-
tion, in contrast to the utilized traditional method. AgNPs 
give a formative stage to attainable and practical examina-
tion by conquering the typical procedures that incorporate 
extended conventions and refined instrumentation.

In the future, the research of nanocomposites and multi-
functional NPs for heavy-metal sensors in the environment 
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Table 3   Performance of AgNPs with various functionalizing agents as a sensor for the detection of heavy metals using certain characteristics 
and synthesis methods

Metal Functionalizing agent Particle size 
(nm)

Linear range LOD Synthesize 
method

Analysis 
method

Reference

Hg2+ Unmodified Ag NPs – 25 × 10−9–500 × 10−9 M 17 × 10−9 M – Colorimetric Wang et al. 
(2010)

Unmodified Ag NPs – 10–10 × 10−6 M 2.2 × 10−6 M Green syn-
thesis

Colorimetric Farhadi et al. 
(2012)

Dendrimer-stabilized Ag 
NPs

12.1 0.01–10 ppm – Chemical Colorimetric Yuan et al. 
(2013)

Citrate-Ag NPs 65.23 – 90.9 × 10−12 M Chemical SERS Ren et al. 
(2012)

Small gel-Ag NPs 5.0 0.50–800 × 10−9 M 0.125 × 10−9 M – Colorimetric Sun et al. 
(2014)

4-mercaptopyridine-Ag NPs – 1–100 × 10−9 M 0.34 × 10−9 M Physical Vibrational 
spectro-
scopic

Chen et al. 
(2014)

Cysteine-Ag NPs – – 1 × 10−12 M Chemical SERS Wang et al. 
(2010)

Polymethacrylic acid-Ag 
NPs

20 10 × 10−9–20 × 10−9 M  < 10 × 10−9 M Hydrother-
mal

Colorimetric Liu et al. 
(2013)

L-Tyrosine-Ag NPs 13 1–300 × 10−9 M 53 × 10−9 M Green syn-
thesis

Colorimetric Annadhasan 
et al. (2014)

Neem leaf extracts Ag NPs 20 0–140 × 10−6 M  < 1 × 10−6 M Green syn-
thesis

Colorimetric Karthiga and 
Anthony 
(2013)

Unmodified Au–Ag NPs – 0.1–1.0 × 10−6 M 5.0 × 10−9 M Chemical Colorimetric Li et al. (2014)
Gln-His-Ag NPs  ~ 10 1.0–500 × 10−6 M 0.9 × 10−6 M Chemical Colorimetric Buduru et al. 

(2017)
Citrate/L-cysteine AgNPs 2 – 3.0 × 10−6 

(0.6 ppm)
Chemical – Prosposito 

et al. (2019)
Gelatin /AgNPs 23 0.14–0.5 mg L−1 64.9 nM Chemical Colorimetric Zannotti et al. 

(2020)
Unmodified AgNPs 8.6 1.25 pM–125 nM 25 nM Chemical 

(drop cast-
ing)

Colorimetric Jeevika and 
Shankaran 
(2014)

Durio zibethinus /AgNPs 97.37 10–50 nm 0–33 µM Green syn-
thesis

Colorimetric Sengan et al. 
(2018)

AgNPs/ MBO  ~ 20 0–835 ppt 9.2 pM Chemical Colorimetric Bhattacharjee 
et al. (2018)

AgNPs/ MBI  ~ 20 0–2760 ppt 46 pM Chemical Colorimetric Bhattacharjee 
et al. (2018)

AgNPs/ MBT  ~ 20 0–3294 ppt 92 pM Chemical Colorimetric Bhattacharjee 
et al. (2018)

AgNPs/ 2-aminopyrimidine-
4,6-diol

18 10–50 µM 0.35 µM Chemical Colorimetric Prasad et al. 
(2018)

AgNPs/ starch 15.4 ± 3.9 4.5–2500 nM 4.5–2500 nM Physical Colorimetric Vasileva et al. 
(2017)
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Table 3   (continued)

Metal Functionalizing agent Particle size 
(nm)

Linear range LOD Synthesize 
method

Analysis 
method

Reference

Pb2+ PVA/ AgNPs – 0.2–1.4 ppm 0.1609 mg L−1 Green syn-
thesis

Colorimetric Taufiq et al. 
(2021)

1-(2-mercaptoethyl)-1,3,5-
triazinane-2,4,6-trione 
AgNPs

10 0.1–0.6 μg mL − 1 0.06 µg mL−1 Chemical Colorimetric Noh et al. 
(2015)

Green synthesized-AgNPs 20 0.5–25 µM 0.1 µM Green syn-
thesis

Colorimetric Khan et al. 
(2018a, b)

Paper-AgNPs/PVA 22.5 241 nM–4.8 μM 96 nM Green syn-
thesis

Colorimetric Shrivas et al. 
(2019)

Gluc-Ag NPs – 9.57 ± 2 nm 0.203 × 10−6 M Chemical Colorimetric Choudhury 
and Misra 
(2018)

(AgNPs/ dithizone) 14 0.5–10 µg/L 0.64 µg/L Chemical Colorimetric Roto et al. 
(2019)

AgNPs/ 3,4-dihydroxy-
L-phenylalanine

20 65–125 µM 81 µM Green syn-
thesis

Colorimetric Cheon and 
Park (2016)

AgNPs/ L-Tyrosine 17 ± 2 16–100 nM 16 nM Green syn-
thesis

Colorimetric Annadhasan 
et al. (2014)

AgNPs/ 
1-(2-mercaptoethyl)-1,3,5-
triazinane-2,4,6-trione

10 1.2–7.3 µM 96.5 nM Physical Colorimetric Noh et al. 
(2015)

AgNPs/ Gluconate 9.57 ± 2 0.5–2.0 µM 0.203 × 10−6 M Chemical Colorimetric Choudhury 
and Misra 
(2018)

Mn2+ (TMB)-(PEI)/AgNPs – 20 nM to 1 µM 1 nM and 
200 nM

Chemical Colorimetric Zhang et al. 
(2022)

4-MBA-MA-AgNPs – 5 × 10−7 mol/L to 
1 × 10−5 mol/L

50 nM Chemical Colorimetric Zhou et al. 
(2012)

Clove-AgNPs 25 0.4–2.0 µM 0.2 μM Chemical Colorimetric Joshi et al. 
(2016)

P3 O5

10
–AgNPs – 0.05–20 μM 0.1 μM Chemical Colorimetric Gao et al. 

(2013)
Na4P2O2-HPMC-AgNPs 15 11.8 to 12.7 μM 0.5 μM Chemical Colorimetric Wu et al. 

(2015)
CA-AgNPs  ~ 1 0–0.8 µM 5 nM Chemical Colorimetric Qi et al. (2017)
NTTTA-AgNPs 11 0.05–10 μM 0.5 μM Chemical Colorimetric Wei et al. 

(2018)
AgNPs/ L-Tyrosine 8.2 ± 2 16–500 nM 16 nM Green syn-

thesis
Colorimetric Annadhasan 

et al. (2014)
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will be real-time directed toward the location of numerous 
analytes during a solitary go with improved affectability 
and handiness. Furthermore, nanochips are being pushed 
for improvement, wherein NPs are immobilized into tiny 
chip-like materials and utilized for detector applications. 
This venture may open new vistas for the creation of a “lab 
to chip” strategy for the sensitive detection of metal ions in 
tainted water bodies. Third, the origination of a novel inno-
vation that licenses possible recognition and evaluation of 
metal particles in defiled samples will help in screening and 
limit environmental toxicity, subsequently providing pro-
tection to humans and government assistance. A consensus 
among physicists, scientists, and researchers will help in the 
assembly and commercialization of these entertainers, which 
may work with the usage of various tests in the laboratory 
and field for metal identification.

Conclusion

This paper investigated the synthesis and functionalization 
of AgNPs, which can be used as a sensor for heavy metals 
(Cu2+, Hg2+, Cr2+, Pb2+, Mn2+, and As2+), using different 
synthesis methods (chemical, physical, and biological). In 
conclusion, endeavors were explored to create nanomaterial-
based sensors for the detection of heavy metals for further 
development of the sensitivity, selectivity, and execution of 
gadgets. Better affectability and selectivity in the detection 
of heavy metals are accomplished when using nanomaterials 
as sensors. Physical and chemical methods have the advan-
tage of high surface-to-volume ratio of high-functionality 
nanomaterials used in the detection of heavy metals. On the 
other hand, biological method-based sensors from steady, 
economical, biocompatible, and nontoxic inorganic reagents 

Table 3   (continued)

Metal Functionalizing agent Particle size 
(nm)

Linear range LOD Synthesize 
method

Analysis 
method

Reference

Cu2+ 4-MBA AgNPs ∼10 1 × 10−7–1 × 10−4 M 2.5 × 10−8 M Chemical Colorimetric Zuo et al. 
(2011)

PADs AgNPs 10 7.8–62.8 mM 7.8 nM Physical Colorimetric Ratnarathorn 
et al. (2012)

AgNPs / gelatin hydrogels – 1 × 10−8–1 × 10−4 M 1 × 10−7 M Chemical Colorimetric Jeevika and 
Shankaran 
(2014)

Trehalose –AgNPs 0.23 1.92 nM 0.817–5.66 μM Chemical – Maruthupandi 
and Vasi-
malai (2021)

Cdots–AgNPs 33.8 ± 3.4 0.005–1 μM 4.81 nM Physical Colorimetric Wei et al. 
(2019)

Flow-batch/Ag NPs/ 
Na2S2O3/Cu2+

25 ± 5 0.5–35 μg/L 0.24 μg/L Chemical Colorimetric Peng et al. 
(2017)

R-PE-AgNPs 8 0 μM to 100.0 μM 0.0190 μM Green syn-
thesis

Colorimetric Xu et al. 
(2019)

(DNA-Ag NCs) 2 5.0–125.0 (μM) 0.500 μM Chemical Colorimetric Liu et al. 
(2012)

AgNps 2-aminothiopheny 5.5 0.0005–50.0 (μM) 0.0005 μM Physical Fluorescent Tharmaraj and 
Pitchumani 
(2013)

Chitosan-capped AgNPs 20 3.33–40.0 (μM) 0.0103 μM Chemical Colorimetric Zuo et al. 
(2011)

DSP-AuNPs / AgNPs – 1.0–1000 nM 0.48 nM Chemical Electrochem-
ical

Cui et al. 
(2014)

AgNPs/ casein-peptide 20 ± 2 0.08–1.44 µM 0.16 µM Physical Colorimetric Ghodake et al. 
(2018)

AgNPs/ 3,4-dihydroxy-
L-phenylalanine

20 65–125 µM 94 µM Green syn-
thesis

Colorimetric Cheon and 
Park (2016)

AgNPs/ Riboflavin 20 5–100 µM 1.12 nM Green syn-
thesis

Colorimetric Basiri et al. 
(2017)
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offer the best results due to their high limit of detection, low 
cost, and accessible applications. For advances and develop-
ments in detection of heavy-metal ions using these nanosen-
sors were poses incredible improvement challenges.

Author contributions  All authors contributed to the study conception 
and design. Literature search, data collection and analysis were per-
formed by F.S., M.S., B.A., D.T. The first draft of the manuscript was 
written by F.S., and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript. 
Conceptualization idea, review and editing, supervision was contrib-
uted by D.T.

Funding  The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability  All data generated or analyzed during this study are 
included in this published article.

Declarations 

Conflict of interest  The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Consent for publication  All authors mutually agree that the manuscript 
can be submitted to International Journal of Environmental Science 
and Technology.

References

Abdelsattar AS, Gouda SM, Hassan YY, Farouk WM, Makky S, Nasr 
A, Hakim TA, El-Shibiny A (2022) In vitro bacteriophage-medi-
ated synthesis of silver nanoparticles for antibacterial applica-
tions and heavy metal detection. Mater Lett 318:132184. https://​
doi.​org/​10.​1016/j.​matlet.​2022.​132184

Abou El-Nour KMM, Eftaiha A, Al-Warthan A, Ammar RAA (2010) 
Synthesis and applications of silver nanoparticles. Arab J Chem 
3(3):135–140. https://​doi.​org/​10.​1016/j.​arabjc.​2010.​04.​008

Ahmed F, Kabir H, Xiong H (2020) Dual colorimetric sensor for Hg2+/
Pb2+ and an efficient catalyst based on silver nanoparticles medi-
ating by the root extract of Bistorta amplexicaulis. Front Chem 
8:591958. https://​doi.​org/​10.​3389/​fchem.​2020.​591958

Al-Onazi WA, Abdel-Lateef MA (2022) Catalytic oxidation of O-phe-
nylenediamine by silver nanoparticles for resonance Rayleigh 
scattering detection of mercury (II) in water samples. Spectro-
chim Acta A Mol Biomol Spectrosc 264:120258. https://​doi.​org/​
10.​1016/j.​saa.​2021.​120258

Annadhasan M, Muthukumarasamyvel T, Sankar Babu VR, Rajendiran 
N (2014) Green synthesized silver and gold nanoparticles for col-
orimetric detection of Hg2+, Pb2+, and Mn2+ in aqueous medium. 
ACS Sustain Chem Eng 2(4):887–896. https://​doi.​org/​10.​1021/​
sc400​500z

Anto Judy D, Sheeba Sherlin Y, Arasu MV, Al-Dhabi NA, Choi KC, 
Bindhu MR (2021) Environmental photochemistry in Solanum 
trilobatum mediated plasmonic nanoparticles as a probe for the 
detection of Cd2+ ions in water. Environ Res 202:111918. https://​
doi.​org/​10.​1016/j.​envres.​2021.​111918

Aragay G, Pons J, Merkoçi A (2011) Enhanced electrochemical detec-
tion of heavy metals at heated graphite nanoparticle-based 
screen-printed electrodes. J Mater Chem 21(12):4326. https://​
doi.​org/​10.​1039/​C0JM0​3751F

Aritonang HF, Kojong T, Koleangan H, Wuntu AE (2021) Green syn-
thesis of silver nanoparticles using Lantana camara fresh leaf 
extract for qualitative detection of Hg2+, Cu2+, Pb2+, and Mn2+ 
in aqueous solution. Indones J Chem 21(4):990–1002. https://​
doi.​org/​10.​22146/​ijc.​64902

Basiri S, Mehdinia A, Jabbari A (2017) Biologically green synthesized 
silver nanoparticles as a facile and rapid label-free colorimetric 
probe for determination of Cu2+ in water samples. Spectrochim 
Acta A Mol Biomol Spectrosc 171:297–304. https://​doi.​org/​10.​
1016/j.​saa.​2016.​08.​032

Bhattacharjee Y, Chatterjee D, Chakraborty A (2018) Mercaptoben-
zoheterocyclic compounds functionalized silver nanoparticle, an 
ultrasensitive colorimetric probe for Hg(II) detection in water 
with picomolar precision: a correlation between sensitivity and 
binding affinity. Sens Actuators B Chem 255:210–216. https://​
doi.​org/​10.​1016/j.​snb.​2017.​08.​066

Bindhu MR, Umadevi M, Esmail GA, Al-Dhabi NA, Arasu MV (2020) 
Green synthesis and characterization of silver nanoparticles from 
Moringa oleifera flower and assessment of antimicrobial and 
sensing properties. J Photochem Photobiol B Biol 205:111836. 
https://​doi.​org/​10.​1016/j.​jphot​obiol.​2020.​111836

Borah SBD, Bora T, Baruah S, Dutta J (2015) Heavy metal ion sens-
ing in water using surface plasmon resonance of metallic nano-
structures. Groundw Sustain Dev 1(1–2):1–11. https://​doi.​org/​
10.​1016/j.​gsd.​2015.​12.​004

Buduru P, Reddy BCSR, Naidu NVS (2017) Functionalization of silver 
nanoparticles with glutamine and histidine for simple and selec-
tive detection of Hg2+ ion in water samples. Sens Actuators B 
Chem 244:972–982. https://​doi.​org/​10.​1016/j.​snb.​2017.​01.​041

Buledi JA, Amin S, Haider SI, Bhanger MI, Solangi AR (2020) A 
review on detection of heavy metals from aqueous media using 
nanomaterial-based sensors. Environ Sci Pollut Res 28:58994–
59002. https://​doi.​org/​10.​1007/​s11356-​020-​07865-7

Chamaraja NA, Mahesh B, Praveen Kumar CB (2021) Colorimetric 
detection of chromium (VI) using peroxidase mimetic IONPS 
with 4-Aminoantipyrene and 3-Aminophenol as a chromogen. 
Environ Nanotechnol Monit Manag 16:100471. https://​doi.​org/​
10.​1016/j.​enmm.​2021.​100471

Chen L, Qi N, Wang X, Chen L, You H, Li J (2014) Ultrasensitive 
surface-enhanced Raman scattering nanosensor for mercury ion 
detection based on functionalized silver nanoparticles. RSC Adv 
4(29):15055–15060. https://​doi.​org/​10.​1039/​c3ra4​7492e

Cheon J, Park W (2016) Green synthesis of silver nanoparticles stabi-
lized with mussel-inspired protein and colorimetric sensing of 
lead(II) and copper(II) Ions. Int J Mol Sci 17(12):2006. https://​
doi.​org/​10.​3390/​ijms1​71220​06

Choudhury R, Misra TK (2018) Gluconate stabilized silver nanopar-
ticles as a colorimetric sensor for Pb2+. Colloids Surf A Phys-
icochem Eng Asp 545:179–187. https://​doi.​org/​10.​1016/j.​colsu​
rfa.​2018.​02.​051

Cui L, Wu J, Li J, Ge Y, Ju H (2014) Electrochemical detection of Cu2+ 
through Ag nanoparticle assembly regulated by copper-catalyzed 
oxidation of cysteamine. Biosens Bioelectron 55:272–277. 
https://​doi.​org/​10.​1016/j.​bios.​2013.​11.​081

Dali M, Zinoubi K, Chrouda A, Abderrahmane S, Cherrad S, Jaffrezic-
Renault N (2018) A biosensor based on fungal soil biomass for 
electrochemical detection of lead (II) and cadmium (II) by dif-
ferential pulse anodic stripping voltammetry. J Electroanal Chem 
813:9–19. https://​doi.​org/​10.​1016/j.​jelec​hem.​2018.​02.​009

Duffus JH (2002) “Heavy metals” a meaningless term? (IUPAC techni-
cal report). Pure Appl Chem 74(5):793–807. https://​doi.​org/​10.​
1351/​pac20​02740​50793

Elavarasi M, Rajeshwari A, Alex SA, Nanda Kumar D, Chandrasekaran 
N, Mukherjee A (2014) Simple colorimetric sensor for Cr(iii) 
and Cr(vi) speciation using silver nanoparticles as a probe. Anal 
Methods 6(14):5161. https://​doi.​org/​10.​1039/​c4ay0​0877d

https://doi.org/10.1016/j.matlet.2022.132184
https://doi.org/10.1016/j.matlet.2022.132184
https://doi.org/10.1016/j.arabjc.2010.04.008
https://doi.org/10.3389/fchem.2020.591958
https://doi.org/10.1016/j.saa.2021.120258
https://doi.org/10.1016/j.saa.2021.120258
https://doi.org/10.1021/sc400500z
https://doi.org/10.1021/sc400500z
https://doi.org/10.1016/j.envres.2021.111918
https://doi.org/10.1016/j.envres.2021.111918
https://doi.org/10.1039/C0JM03751F
https://doi.org/10.1039/C0JM03751F
https://doi.org/10.22146/ijc.64902
https://doi.org/10.22146/ijc.64902
https://doi.org/10.1016/j.saa.2016.08.032
https://doi.org/10.1016/j.saa.2016.08.032
https://doi.org/10.1016/j.snb.2017.08.066
https://doi.org/10.1016/j.snb.2017.08.066
https://doi.org/10.1016/j.jphotobiol.2020.111836
https://doi.org/10.1016/j.gsd.2015.12.004
https://doi.org/10.1016/j.gsd.2015.12.004
https://doi.org/10.1016/j.snb.2017.01.041
https://doi.org/10.1007/s11356-020-07865-7
https://doi.org/10.1016/j.enmm.2021.100471
https://doi.org/10.1016/j.enmm.2021.100471
https://doi.org/10.1039/c3ra47492e
https://doi.org/10.3390/ijms17122006
https://doi.org/10.3390/ijms17122006
https://doi.org/10.1016/j.colsurfa.2018.02.051
https://doi.org/10.1016/j.colsurfa.2018.02.051
https://doi.org/10.1016/j.bios.2013.11.081
https://doi.org/10.1016/j.jelechem.2018.02.009
https://doi.org/10.1351/pac200274050793
https://doi.org/10.1351/pac200274050793
https://doi.org/10.1039/c4ay00877d


International Journal of Environmental Science and Technology	

1 3

Farhadi K, Forough M, Molaei R, Hajizadeh S, Rafipour A (2012) 
Highly selective Hg2+ colorimetric sensor using green synthe-
sized and unmodified silver nanoparticles. Sens Actuators B 
Chem 161(1):880–885. https://​doi.​org/​10.​1016/j.​snb.​2011.​11.​
052

Firdaus ML, Apriyoanda H, Elvinawati E, Rahmidar L, Astuti AP, 
Swistoro E, Sundaryono A (2021) Green route of silver nanopar-
ticles synthesis using watermelon (Citrullus lanatus) fruit extract 
for mercury ions detection. J Phys Conf Ser 1731:012020. https://​
doi.​org/​10.​1088/​1742-​6596/​1731/1/​012020

Flores E, Pizarro J, Godoy F, Segura R, Gómez A, Agurto N, Sepúlveda 
P (2017) An electrochemical sensor for the determination of 
Cu (II) using a modified electrode with ferrocenyl crown ether 
compound by square wave anodic stripping voltammetry. Sens 
Actuators B Chem 251:433–439. https://​doi.​org/​10.​1016/j.​snb.​
2017.​05.​058

Gan X, Zhao H, Schirhagl R, Quan X (2018) Two-dimensional nano-
material based sensors for heavy metal ions. Microchim Acta 
185(10):478. https://​doi.​org/​10.​1007/​s00604-​018-​3005-1

Gao YX, Xin JW, Shen ZY, Pan W, Li X, Wu AG (2013) A new rapid 
colorimetric detection method of Mn2+ based on tripolyphos-
phate modified silver nanoparticles. Sens Actuators B Chem 
181:288–293. https://​doi.​org/​10.​1016/j.​snb.​2013.​01.​079

Ghodake GS, Shinde SK, Saratale RG, Kadam AA, Saratale GD, Syed 
A, Ameen F, Kim DY (2018) Colorimetric detection of Cu2+ 
based on the formation of peptide–copper complexes on silver 
nanoparticle surfaces. Beilstein J Nanotechnol 9:1414–1422. 
https://​doi.​org/​10.​3762/​bjnano.​9.​134

Gupta D, Chauhan P (2017) Green synthesis of silver nanoparticles 
involving extract of plants of different taxonomic groups. J 
Nanomed Res 5(2):00110. https://​doi.​org/​10.​15406/​jnmr.​2017.​
05.​00110

Hao B, Bu X, Wu J, Ding Y, Zhang L, Zhao B, Tian Y (2020) Deter-
mination of Hg2+ in water based on acriflavine functionalized 
AgNPs by SERS. Microchem J 155:104736. https://​doi.​org/​10.​
1016/j.​microc.​2020.​104736

Hu R, Zhang L, Li H (2014) A highly sensitive and selective colori-
metric sensor for the detection of Mn2+ based on supramolecu-
lar silver nanoparticle clusters. New J Chem 38(6):2237–2240. 
https://​doi.​org/​10.​1039/​c3nj0​1593a

Hyder A, Memon SS, Memon S, Sirajuddin Memon ZA, Rajpar DB, 
Shaikh SG, Buledi AJ (2021) A highly discerning p-tetranitro-
calix[4]arene (p-TNC4) functionalized copper nanoparticles: a 
smart electrochemical sensor for the selective determination of 
diphenhydramine drug. Microchem J 163:105908. https://​doi.​
org/​10.​1016/j.​microc.​2020.​105908

Hyder A, Buledi JA, Nawaz M, Rajpar DB, Shah ZUH, Orooji Y, 
Yola ML, Karimi-Maleh H, Lin H, Solangi AR (2022) Identifi-
cation of heavy metal ions from aqueous environment through 
gold, silver and copper nanoparticles: An excellent colorimetric 
approach. Environ Res 205:112475. https://​doi.​org/​10.​1016/j.​
envres.​2021.​112475

Iftekhar S, Nazir F, Abbasi NM, Ahmad Khan A, Ahmed F (2021) 
Rumex hastatus mediated green synthesis of AgNPs: An efficient 
nanocatalyst and colorimetric probe for Cu2+. Colloids Surf A 
Physicochem Eng Asp 628:127356. https://​doi.​org/​10.​1016/j.​
colsu​rfa.​2021.​127356

Ilyas S, Heryanto H, Abdullah B, Tahir D (2019) X-ray diffraction 
analysis of nanocomposite Fe3O4/activated carbon by William-
son-Hall and size-strain plot methods. Nano Struct Nano Objects 
20:100396. https://​doi.​org/​10.​1016/j.​nanoso.​2019.​100396

Ilyas S, Heryanto H, Tahir D (2021) Correlation between structural 
and optical properties of CuO/carbon nanoparticle in supports 
the photocatalytic performance and attenuate the electromag-
netic wave. J Environ Chem Eng 9(1):104670. https://​doi.​org/​
10.​1016/j.​jece.​2020.​104670

Ismail M, Khan MI, Akhtar K, Khan MA, Asiri AM, Khan SB (2018) 
Biosynthesis of silver nanoparticles: a colorimetric optical 
sensor for detection of hexavalent chromium and ammonia 
in aqueous solution. Physica E Low Dimens Syst Nanostruct 
103:367–376. https://​doi.​org/​10.​1016/j.​physe.​2018.​06.​015

Jeevika A, Shankaran DR (2014) Visual colorimetric sensing of cop-
per ions based on reproducible gelatin functionalized silver 
nanoparticles and gelatin hydrogels. Colloids Surf A Physico-
chem Eng Asp 461:240–247. https://​doi.​org/​10.​1016/j.​colsu​
rfa.​2014.​08.​002

Joshi P, Nair M, Kumar D (2016) pH-controlled sensitive and selec-
tive detection of Cr(iii) and Mn(ii) by using clove (S. aromati-
cum) reduced and stabilized silver nanospheres. Anal Methods 
8(6):1359–1366. https://​doi.​org/​10.​1039/​c5ay0​3217b

Jumina Priastomo Y, Setiawan HR, Mutmainah Kurniawan YS, Ohto 
K (2020) Simultaneous removal of lead (II), chromium (III), and 
copper (II) heavy metal ions through an adsorption process using 
C-phenylcalix [4]pyrogallolarene material. J Environ Chem Eng 
8(4):103971. https://​doi.​org/​10.​1016/j.​jece.​2020.​103971

Kakakhel MA, Sajjad W, Wu F, Bibi N, Shah K, Yali Z, Wang W 
(2021) Green synthesis of silver nanoparticles and their short-
comings, animal blood a potential source for silver nanoparti-
cles: a review. J Hazard Mater Adv 1:100005. https://​doi.​org/​10.​
1016/j.​hazadv.​2021.​100005

Kalam A, Al-Sehemi AG, Alrumman S, Assiri M, Moustafa MFM, 
Yadav P, Pannipara M (2018) Colorimetric optical chemosensor 
of toxic metal ion (Hg2+) and biological activity using green syn-
thesized AgNPs. Green Chem Lett Rev 11(4):484–491. https://​
doi.​org/​10.​1080/​17518​253.​2018.​15384​31

Kalishwaralal K, Deepak V, Ram Kumar Pandian S, Kottaisamy M, 
BarathManiKanth S, Kartikeyan B, Gurunathan S (2010) Bio-
synthesis of silver and gold nanoparticles using Brevibacterium 
casei. Colloids Surf B 77(2):257–262. https://​doi.​org/​10.​1016/j.​
colsu​rfb.​2010.​02.​007

Kanagaraj R, Nam YS, Pai SJ, Han SS, Lee KB (2017) Highly selective 
and sensitive detection of Cr6+ ions using size-specific label-
free gold nanoparticles. Sens Actuators B Chem 251:683–691. 
https://​doi.​org/​10.​1016/j.​snb.​2017.​05.​089

Karthiga D, Anthony SP (2013) Selective colorimetric sensing of toxic 
metal cations by green synthesized silver nanoparticles over a 
wide pH range. RSC Adv 3(37):16765. https://​doi.​org/​10.​1039/​
c3ra4​2308e

Kaur B, Srivastava R, Satpati B (2015) Ultratrace detection of toxic 
heavy metal ions found in water bodies using hydroxyapatite 
supported nanocrystalline ZSM-5 modified electrodes. New J 
Chem 39(7):5137–5149. https://​doi.​org/​10.​1039/​C4NJ0​2369B

Khan NA, Niaz A, Zaman MI, Khan FA, Nisar-ul-Haq M, Tariq M 
(2018a) Sensitive and selective colorimetric detection of Pb2+ 
by silver nanoparticles synthesized from Aconitum violaceum 
plant leaf extract. Mater Res Bull 102:330–336. https://​doi.​org/​
10.​1016/j.​mater​resbu​ll.​2018.​02.​050

Khan Y, Qasimnasar M, Numan M, Ullah I, Shinwari ZK (2018b) Bio-
mimetic synthesis of silver nanoparticles for breast cancer thera-
peutics and its cechanism. Int J Nanotec Nanomed 3(1):2476–
2334. https://​doi.​org/​10.​1049/​iet-​nbt.​2016.​0222

Kolya H, Kuila T, Kim NH, Lee JH (2020) Colorimetric/naked eye 
detection of arsenic ions in aqueous medium by mango flower 
extract: a facile and novel approach. Appl Surf Sci 513:145760. 
https://​doi.​org/​10.​1016/j.​apsusc.​2020.​145760

Kumar H, Bhardwaj K, Kuča K, Kalia A, Nepovimova E, Verma 
R, Kumar D (2020) Flower-based green synthesis of metallic 
nanoparticles: applications beyond fragrance. Nanomaterials 
10(4):766. https://​doi.​org/​10.​3390/​nano1​00407​66

Lee SH, Jun BH (2019) Silver nanoparticles: synthesis and application 
for nanomedicine. Int J Mol Sci 20(4):865. https://​doi.​org/​10.​
3390/​ijms2​00408​65

https://doi.org/10.1016/j.snb.2011.11.052
https://doi.org/10.1016/j.snb.2011.11.052
https://doi.org/10.1088/1742-6596/1731/1/012020
https://doi.org/10.1088/1742-6596/1731/1/012020
https://doi.org/10.1016/j.snb.2017.05.058
https://doi.org/10.1016/j.snb.2017.05.058
https://doi.org/10.1007/s00604-018-3005-1
https://doi.org/10.1016/j.snb.2013.01.079
https://doi.org/10.3762/bjnano.9.134
https://doi.org/10.15406/jnmr.2017.05.00110
https://doi.org/10.15406/jnmr.2017.05.00110
https://doi.org/10.1016/j.microc.2020.104736
https://doi.org/10.1016/j.microc.2020.104736
https://doi.org/10.1039/c3nj01593a
https://doi.org/10.1016/j.microc.2020.105908
https://doi.org/10.1016/j.microc.2020.105908
https://doi.org/10.1016/j.envres.2021.112475
https://doi.org/10.1016/j.envres.2021.112475
https://doi.org/10.1016/j.colsurfa.2021.127356
https://doi.org/10.1016/j.colsurfa.2021.127356
https://doi.org/10.1016/j.nanoso.2019.100396
https://doi.org/10.1016/j.jece.2020.104670
https://doi.org/10.1016/j.jece.2020.104670
https://doi.org/10.1016/j.physe.2018.06.015
https://doi.org/10.1016/j.colsurfa.2014.08.002
https://doi.org/10.1016/j.colsurfa.2014.08.002
https://doi.org/10.1039/c5ay03217b
https://doi.org/10.1016/j.jece.2020.103971
https://doi.org/10.1016/j.hazadv.2021.100005
https://doi.org/10.1016/j.hazadv.2021.100005
https://doi.org/10.1080/17518253.2018.1538431
https://doi.org/10.1080/17518253.2018.1538431
https://doi.org/10.1016/j.colsurfb.2010.02.007
https://doi.org/10.1016/j.colsurfb.2010.02.007
https://doi.org/10.1016/j.snb.2017.05.089
https://doi.org/10.1039/c3ra42308e
https://doi.org/10.1039/c3ra42308e
https://doi.org/10.1039/C4NJ02369B
https://doi.org/10.1016/j.materresbull.2018.02.050
https://doi.org/10.1016/j.materresbull.2018.02.050
https://doi.org/10.1049/iet-nbt.2016.0222
https://doi.org/10.1016/j.apsusc.2020.145760
https://doi.org/10.3390/nano10040766
https://doi.org/10.3390/ijms20040865
https://doi.org/10.3390/ijms20040865


	 International Journal of Environmental Science and Technology

1 3

Li F, Wang J, Lai Y, Wu C, Sun S, He Y, Ma H (2013) Ultrasensitive 
and selective detection of copper (II) and mercury (II) ions 
by dye-coded silver nanoparticle-based SERS probes. Biosens 
Bioelectron 39(1):82–87. https://​doi.​org/​10.​1016/j.​bios.​2012.​
06.​050

Li L, Feng D, Fang X, Han X, Zhang Y (2014) Visual sensing 
of Hg2+ using unmodified Au@Ag core–shell nanopar-
ticles. J Nanostruc Chem 4:117. https://​doi.​org/​10.​1007/​
s40097-​014-​0117-y

Lin L, Pho HQ, Zong L, Li S, Pourali N, Rebrov E, Tran NN, Ostrikov 
K, Hessel V (2021) Microfluidic plasmas: novel technique for 
chemistry and chemical engineering. Chem Eng J 417:12935. 
https://​doi.​org/​10.​1016/j.​cej.​2021.​129355

Liu G, Feng DQ, Chen T, Li D, Zheng W (2012) DNA-templated for-
mation of silver nanoclusters as a novel light-scattering sensor 
for label-free copper ions detection. J Mater Chem 22(39):20885. 
https://​doi.​org/​10.​1039/​c2jm3​5236b

Liu J, Ren X, Meng X, Fang Z, Tang F (2013) Sensitive and selective 
detection of Hg2+ and Cu2+ ions by fluorescent Ag nanoclusters 
synthesized via a hydrothermal method. Nanoscale 5(20):10022. 
https://​doi.​org/​10.​1039/​c3nr0​3329e

Liu Y, Weerasooriya R, Chen X (2022) The metal-organic framework 
supported gold nanoparticles as a highly sensitive platform for 
electrochemical detection of methyl mercury species in the aque-
ous environment. J Hazard Mater 431:128608. https://​doi.​org/​10.​
1016/j.​jhazm​at.​2022.​128608

Luo X, Huang W, Shi Q, Xu W, Luan Y, Yang Y, Wang H, Yang 
W (2017) Electrochemical sensor based on lead ion-imprinted 
polymer particles for ultra-trace determination of lead ions in 
different real samples. RSC Adv 7(26):16033–16040. https://​doi.​
org/​10.​1039/​c6ra2​5791g

Yufei M (2019) Laser technology and its applications: laser ablation 
technique for synthesis of metal nanoparticle in liquid, Ch 4. 
InTech, Jakarta https://​doi.​org/​10.​5772/​intec​hopen.​80374

Khan M (2018) Silver nanoparticles—fabrication, characterization and 
applications: silver nanoparticles: synthesis, characterization and 
applications, Ch 2. InTech, Jakarta https://​doi.​org/​10.​5772/​intec​
hopen.​71247

Magaye R, Zhao J (2012) Recent progress in studies of metallic nickel 
and nickel-based nanoparticles’ genotoxicity and carcinogenicity. 
Environ Toxicol Pharmacol 34(3):644–650. https://​doi.​org/​10.​
1016/j.​etap.​2012.​08.​012

Maruthupandi M, Vasimalai N (2021) Nanomolar detection of 
L-cysteine and Cu2+ ions based on trehalose capped silver nano-
particles. Microchem J 161:105782. https://​doi.​org/​10.​1016/j.​
microc.​2020.​105782

Mensah MB, Lewis DJ, Boadi NO, Awudza JAM (2021) Heavy metal 
pollution and the role of inorganic nanomaterials in environmen-
tal remediation. R Soc Open Sci 8(10):201485. https://​doi.​org/​
10.​1098/​rsos.​201485

Mukherjee S, Bhattacharyya S, Ghosh K, Pal S, Halder A, Naseri M, 
Mohammadniaei M, Sarkar S, Ghosh A, Sun Y, Bhattacharyya N 
(2021) Sensory development for heavy metal detection: a review 
on translation from conventional analysis to field-portable sen-
sor. Trends Food Sci Technol 109:674–689. https://​doi.​org/​10.​
1016/j.​tifs.​2021.​01.​062

Narchin F, Larijani K, Rustaiyan A, Nejad Ebrahimi S, Tafvizi F (2018) 
Phytochemical synthesis of silver nanoparticles by two tech-
niques using Saturaja rechengri Jamzad extract: identifying and 
comparing in vitro anti-proliferative activities. Adv Pharm Bull 
8(2):235–244. https://​doi.​org/​10.​15171/​apb.​2018.​028

Nie Q, Wang Y, Jia L, Liu B, Liu E, Hu X, Fan J (2017) Luminescence 
resonance energy transfer probes based on NaYF4:Yb, Er-Ag 
nanocompounds for sensitive detection of Mn2+ ions. J Alloys 
Compd 722:896–902. https://​doi.​org/​10.​1016/j.​jallc​om.​2017.​06.​
112

Noh KC, Nam YS, Lee HJ, Lee KB (2015) A colorimetric probe to 
determine Pb(2+) using functionalized silver nanoparticles. Ana-
lyst 140(24):8209–8216. https://​doi.​org/​10.​1039/​c5an0​1601k

Oluwafemi OS, Anyik JL, Zikalala NE, Sakho EHM (2019) Biosyn-
thesis of silver nanoparticles from water hyacinth plant leaves 
extract for colorimetric sensing of heavy metals. Nano Struct 
Nano Objects 20:100387. https://​doi.​org/​10.​1016/j.​nanoso.​2019.​
100387

Panja A, Mishra AK, Dash M, Pandey NK, Singh SK, Kumar B (2021) 
Silver nanoparticles—a review. Eurasian J Med Oncol 5(2):95–
102. https://​doi.​org/​10.​14744/​ejmo.​2021.​59602

Peng J, Liu G, Yuan D, Feng S, Zhou T (2017) A flow-batch manipu-
lated Ag NPs based SPR sensor for colorimetric detection of cop-
per ions (Cu2+) in water samples. Talanta 167:310–316. https://​
doi.​org/​10.​1016/j.​talan​ta.​2017.​02.​015

Prasad KS, Shruthi G, Shivamallu C (2018) Functionalized silver nano-
sensor for colorimetric detection of Hg2+ ions: facile synthesis 
and docking studies. Sensors 18(8):2698. https://​doi.​org/​10.​3390/​
s1808​2698

Princy SSJ, Sherin JFJ, Vijayakumar C, Hentry C, Bindhu MR, Alar-
jani KM, Alghamidi NS, Hussein DS (2022) Detection of heavy 
metals, SERS and antibacterial activity of polyvinylpyrolidone 
modified plasmonic nanoparticles. Env Res 210:112883. https://​
doi.​org/​10.​1016/j.​envres.​2022.​112883

Prosposito P, Burratti L, Bellingeri A, Protano G, Faleri C, Corsi I, 
Battocchio C, Iucci G, Tortora L, Secchi V, Francho S, Venditti 
I (2019) Bifunctionalized silver nanoparticles as Hg2+ plasmonic 
sensor in water: synthesis, characterizations, and ecosafety. 
Nanomaterials 9(10):1353. https://​doi.​org/​10.​3390/​nano9​101353

Qi YX, Qu ZB, Wang QX, Zhang M, Shi G (2017) Nanomolar sensi-
tive colorimetric assay for Mn2+ using cysteic acid-capped silver 
nanoparticles and theoretical investigation of its sensing mecha-
nism. Anal Chim Acta 980:65–71. https://​doi.​org/​10.​1016/j.​aca.​
2017.​05.​018

Rasheed T, Shafi S, Ali J, Sher F, Rizwan K, Khan S (2022) Recent 
advances in chemically and biologically synthesized nanostruc-
tures for colorimetric detection of heavy metal. J King Saud Univ 
Sci 34(2):101745. https://​doi.​org/​10.​1016/j.​jksus.​2021.​101745

Rastogi L, Sashidhar RB, Karunasagar D, Arunachalam J (2014) Gum 
kondagogu reduced/stabilized silver nanoparticles as direct col-
orimetric sensor for the sensitive detection of Hg2+ in aqueous 
system. Talanta 118:111–117. https://​doi.​org/​10.​1016/j.​talan​ta.​
2013.​10.​012

Ratnarathorn N, Chailapakul O, Henry CS, Dungchai W (2012) Sim-
ple silver nanoparticle colorimetric sensing for copper by paper-
based devices. Talanta 99:552–557. https://​doi.​org/​10.​1016/j.​
talan​ta.​2012.​06.​033

Ren W, Zhu C, Wang E (2012) Enhanced sensitivity of a direct SERS 
technique for Hg2+ detection based on the investigation of the 
interaction between silver nanoparticles and mercury ions. 
Nanoscale 4(19):5902–5909. https://​doi.​org/​10.​1039/​c2nr3​1410j

Roto R, Mellisani B, Kuncaka A, Mudasir M, Suratman A (2019) Col-
orimetric sensing of Pb2+ ion by using Ag nanoparticles in the 
presence of dithizone. Chemosensors 7(3):28. https://​doi.​org/​10.​
3390/​chemo​senso​rs703​0028

Şahin S, Caglayan MO, Üstundağ Z (2020) A review on nanostructure-
based mercury (II) detection and monitoring focusing on aptamer 
and oligonucleotide biosensors. Talanta 220:121437. https://​doi.​
org/​10.​1016/j.​talan​ta.​2020.​121437

Sangaonkar GM, Desai MP, Dongale TD, Pawar KD (2020) Selective 
interaction between phytomediated anionic silver nanoparticles 
and mercury leading to amalgam formation enables highly sensi-
tive, colorimetric and memristor-based detection of mercury. Sci 
Rep 10(1):2037. https://​doi.​org/​10.​1038/​s41598-​020-​58844-4

Sengan M, Veeramuthu D, Veerappan A (2018) Photosynthesis of sil-
ver nanoparticles using Durio zibethinus aqueous extract and its 

https://doi.org/10.1016/j.bios.2012.06.050
https://doi.org/10.1016/j.bios.2012.06.050
https://doi.org/10.1007/s40097-014-0117-y
https://doi.org/10.1007/s40097-014-0117-y
https://doi.org/10.1016/j.cej.2021.129355
https://doi.org/10.1039/c2jm35236b
https://doi.org/10.1039/c3nr03329e
https://doi.org/10.1016/j.jhazmat.2022.128608
https://doi.org/10.1016/j.jhazmat.2022.128608
https://doi.org/10.1039/c6ra25791g
https://doi.org/10.1039/c6ra25791g
https://doi.org/10.5772/intechopen.80374
https://doi.org/10.5772/intechopen.71247
https://doi.org/10.5772/intechopen.71247
https://doi.org/10.1016/j.etap.2012.08.012
https://doi.org/10.1016/j.etap.2012.08.012
https://doi.org/10.1016/j.microc.2020.105782
https://doi.org/10.1016/j.microc.2020.105782
https://doi.org/10.1098/rsos.201485
https://doi.org/10.1098/rsos.201485
https://doi.org/10.1016/j.tifs.2021.01.062
https://doi.org/10.1016/j.tifs.2021.01.062
https://doi.org/10.15171/apb.2018.028
https://doi.org/10.1016/j.jallcom.2017.06.112
https://doi.org/10.1016/j.jallcom.2017.06.112
https://doi.org/10.1039/c5an01601k
https://doi.org/10.1016/j.nanoso.2019.100387
https://doi.org/10.1016/j.nanoso.2019.100387
https://doi.org/10.14744/ejmo.2021.59602
https://doi.org/10.1016/j.talanta.2017.02.015
https://doi.org/10.1016/j.talanta.2017.02.015
https://doi.org/10.3390/s18082698
https://doi.org/10.3390/s18082698
https://doi.org/10.1016/j.envres.2022.112883
https://doi.org/10.1016/j.envres.2022.112883
https://doi.org/10.3390/nano9101353
https://doi.org/10.1016/j.aca.2017.05.018
https://doi.org/10.1016/j.aca.2017.05.018
https://doi.org/10.1016/j.jksus.2021.101745
https://doi.org/10.1016/j.talanta.2013.10.012
https://doi.org/10.1016/j.talanta.2013.10.012
https://doi.org/10.1016/j.talanta.2012.06.033
https://doi.org/10.1016/j.talanta.2012.06.033
https://doi.org/10.1039/c2nr31410j
https://doi.org/10.3390/chemosensors7030028
https://doi.org/10.3390/chemosensors7030028
https://doi.org/10.1016/j.talanta.2020.121437
https://doi.org/10.1016/j.talanta.2020.121437
https://doi.org/10.1038/s41598-020-58844-4


International Journal of Environmental Science and Technology	

1 3

application in catalytic reduction of nitroaromatics, degradation 
of hazardous dyes and selective colorimetric sensing of mercury 
ions. Mater Res Bull 100:386–393. https://​doi.​org/​10.​1016/j.​
mater​resbu​ll.​2017.​12.​038

Sharif T, Niaz A, Najeeb M, Zaman MI, Ihsan M (2015) Isonicotinic 
acid hydrazide-based silver nanoparticles as simple colorimet-
ric sensor for the detection of Cr3+. Sens Actuators B Chem 
216:402–408. https://​doi.​org/​10.​1016/j.​snb.​2015.​04.​043

Sharma VK, Yngard RA, Lin Y (2009) Silver nanoparticles: green 
synthesis and their antimicrobial activities. Adv Colloid Interface 
Sci 145(1–2):83–96. https://​doi.​org/​10.​1016/j.​cis.​2008.​09.​002

Shoaee H, Roshdi M, Khanlarzadeh N, Beiraghi A (2012) Simultane-
ous preconcentration of copper and mercury in water samples 
by cloud point extraction and their determination by inductively 
coupled plasma atomic emission spectrometry. Spectrochim Acta 
A Mol Biomol 98:70–75. https://​doi.​org/​10.​1016/j.​saa.​2012.​08.​
027

Shrivas K, Sahu B, Deb MK, Thakur SS, Sahu S, Kurrey R, Kant T, 
Patle TK, Jangde R (2019) Colorimetric and paper-based detec-
tion of lead using PVA capped silver nanoparticles: experimental 
and theoretical approach. Microchem J 150:104156. https://​doi.​
org/​10.​1016/j.​microc.​2019.​104156

Shrivastava P, Jain VK, Nagpal S (2022) Nanoparticle intervention 
for heavy metal detection: a review. Environ Nanotechnol Monit 
Manag 17:100667. https://​doi.​org/​10.​1016/j.​enmm.​2022.​100667

Shyam A, Chandran SS, George B, Sreelekha E (2020) Plant mediated 
synthesis of AgNPs and its applications: an overview. Inorg Nano 
Mater Chem 51(12):1646–1662. https://​doi.​org/​10.​1080/​24701​
556.​2020.​18522​54

Singaravelan R, Bangaru Sudarsan Alwar S (2015) Electrochemical 
synthesis, characterisation and phytogenic properties of silver 
nanoparticles. Appl Nanosci 5(8):983–991. https://​doi.​org/​10.​
1007/​s13204-​014-​0396-0

Sun Z, Zhang N, Si Y, Li S, Wen J, Zhu X, Wang H (2014) High-
throughput colorimetric assays for mercury(II) in blood and 
wastewater based on the mercury-stimulated catalytic activity 
of small silver nanoparticles in a temperature-switchable gelatin 
matrix. ChemComm 50(65):9196–9199. https://​doi.​org/​10.​1039/​
c4cc0​3851g

Syafiuddin A, Salmiati SMR, Beng Hong Kueh A, Hadibarata T, Nur 
H (2017) A review of silver nanoparticles: research trends, global 
consumption, synthesis, properties, and future challenges. J Chin 
Chem Soc 64(7):732–756. https://​doi.​org/​10.​1002/​jccs.​20170​
0067

Tahir D, Heryanto H, Ilyas S, Fahri AN, Rahmat R, Rahmi MH, 
Taryana Y, Sukaryo SG (2021) Excellent electromagnetic wave 
absorption of Co/Fe2O3 composites by additional activated car-
bon for tuning the optical and the magnetic properties. J Alloys 
Compd 864:158780. https://​doi.​org/​10.​1016/j.​jallc​om.​2021.​
158780

Tang P, Sun G (2018) Highly sensitive colorimetric paper sensor for 
methyl isothiocyanate (MITC): using its toxicological reaction. 
Sens Actuators B Chem 261:178–187. https://​doi.​org/​10.​1016/j.​
snb.​2018.​01.​086

Tao A, Sinsermsuksakul P, Yang P (2006) Polyhedral silver 
nanocrystals with distinct scattering signatures. Angew Chem 
45(28):4597–4601. https://​doi.​org/​10.​1002/​anie.​20060​1277

Taufiq M, Eden WT, Sumarni W, Alauhdin M (2021) Colorimetric 
detection of metal ions using green-synthesized silver nanopar-
ticles. J Phys Conf Ser 1918:032002 https://​doi.​org/​10.​1088/​
1742-​6596/​1918/3/​032002

Tharmaraj V, Pitchumani K (2013) A highly selective ratiometric fluo-
rescent chemosensor for Cu(ii) based on dansyl-functionalized 
thiol stabilized silver nanoparticles. J Mater Chem B 1(14):1962–
1967. https://​doi.​org/​10.​1039/​c3tb0​0534h

Tinas H, Ozbek N, Akman S (2018) Determination of lead in flour 
samples directly by solid sampling high resolution continuum 
source graphite furnace atomic absorption spectrometry. Spec-
trochim Acta Part B at Spectrosc 140:73–75. https://​doi.​org/​10.​
1016/j.​sab.​2017.​12.​002

Ullah I, Ali I, Ullah S. Khan A. Imran M, Shah MR, Jun L et al. (2022) 
Synthesis of acyclovir stabilized silver nanoparticles for selective 
recognition of Hg2+ in different media. Int J Environ Sci Technol 
19:11279–11290 https://​doi.​org/​10.​1007/​s13762-​021-​03880-4

Vasileva P, Alexandrova T, Karadjova I (2017) Application of starch-
stabilized silver nanoparticles as a colorimetric sensor for mer-
cury (II) in 0.005 mol/L nitric acid. J Chem 2017:1–9. https://​
doi.​org/​10.​1155/​2017/​68979​60

Wang Y, Yang F, Yang X (2010) Colorimetric detection of mercury (II) 
ion using unmodified silver nanoparticles and mercury-specific 
oligonucleotides. ACS Appl Mater Interfaces 2(2):339–342. 
https://​doi.​org/​10.​1021/​am900​7243

Wang L, Zhang T, Li P, Huang W, Tang J, Wang P, Liu J, Yuan Q, 
Bai R, Li B, Zhang K, Zhao Y, Chen C (2015) Use of synchro-
tron radiation-analytical techniques to reveal chemical origin 
of silver-nanoparticle cytotoxicity. ACS Nano 9(6):6532–6547. 
https://​doi.​org/​10.​1021/​acsna​no.​5b024​83

Wei J, Chen J, Yue G, Hu L, Zhao D, Zhu J, Yang L, Huang D, Zhao P 
(2018) Development of a novel tridentate ligand for colorimetric 
detection of Mn2+ based on AgNPs. Spectrochim Acta A Mol 
Biomol Spectrosc 202:244–251. https://​doi.​org/​10.​1016/j.​saa.​
2018.​05.​033

Wei L, Chen Y, Lian Y, Huang M, Xiao L (2019) Dual mode fluo-
rometric/colormetric sensor for Cu2+ ions detection based on 
hybridized carbon dots and gold-silver core shell nanoparticles. 
Analyst 144:4250–4257. https://​doi.​org/​10.​1039/​C9AN0​0850K

Wu G, Dong C, Li Y, Wang Z, Gao Y, Shen Z, Wu A (2015) A novel 
AgNPs-based colorimetric sensor for rapid detection of Cu2+ or 
Mn2+ via pH control. RSC Adv 5(26):20595–20602. https://​doi.​
org/​10.​1039/​c5ra0​0001g

Xu Y, Hou Y, Wang Y, Wang Y, Li T, Song C, Wei N, Wang Q (2019) 
Sensitive and selective detection of Cu2+ ions based on fluo-
rescent Ag nanoparticles synthesized by R-phycoerythrin from 
marine algae Porphyra yezoensis. Ecotoxicol Environ Saf 
168:356–362. https://​doi.​org/​10.​1016/j.​ecoenv.​2018.​10.​102

Yokota Y, Manaka A, Tafu M, Kato T, Tomita K, Akazawa T (2019) 
Simple colorimetric analysis for determining hexavalent chro-
mium with high sensitivity via homogeneous liquid-liquid 
extraction. Bull Chem Soc Jpn 92(4):807–810. https://​doi.​org/​
10.​1246/​bcsj.​20180​351

Yu CJ, Tseng WL (2008) Colorimetric detection of mercury (II) in 
a high-salinity solution using gold nanoparticles capped with 
3-mercaptopropionate acid and adenosine monophosphate. Lang-
muir 24(21):12717–12722. https://​doi.​org/​10.​1021/​la802​105b

Yu L, Sun L, Zhang Q, Zhou Y, Zhang J, Yang B, Xu B, Xu Q (2022) 
Nanomaterials-based ion-imprinted electrochemical sensors for 
heavy metal ions detection: a review. Biosensors 12(12):1096. 
https://​doi.​org/​10.​3390/​bios1​21210​96

Yuan X, Wen S, Shen M, Shi X (2013) Dendrimer-stabilized silver 
nanoparticles enable efficient colorimetric sensing of mercury 
ions in aqueous solution. Anal Methods 5(20):5486. https://​doi.​
org/​10.​1039/​c3ay4​1331d

Zannotti M, Vicomandi V, Rossi A, Minicucci M, Ferraro S, Petetta 
L, Giovannetti R (2020) Tuning of hydrogen peroxide etching 
during the synthesis of silver nanoparticles. An application of 
triangular nanoplates as plasmon sensors for Hg2+ in aqueous 
solution. J Mol Liq 309:113238. https://​doi.​org/​10.​1016/j.​mol-
liq.​2020.​113238

Zhai H, Bai Y, Qin J, Feng F (2019) Colorimetric and ratiometric fluo-
rescence dual-mode sensing of glucose based on carbon quantum 

https://doi.org/10.1016/j.materresbull.2017.12.038
https://doi.org/10.1016/j.materresbull.2017.12.038
https://doi.org/10.1016/j.snb.2015.04.043
https://doi.org/10.1016/j.cis.2008.09.002
https://doi.org/10.1016/j.saa.2012.08.027
https://doi.org/10.1016/j.saa.2012.08.027
https://doi.org/10.1016/j.microc.2019.104156
https://doi.org/10.1016/j.microc.2019.104156
https://doi.org/10.1016/j.enmm.2022.100667
https://doi.org/10.1080/24701556.2020.1852254
https://doi.org/10.1080/24701556.2020.1852254
https://doi.org/10.1007/s13204-014-0396-0
https://doi.org/10.1007/s13204-014-0396-0
https://doi.org/10.1039/c4cc03851g
https://doi.org/10.1039/c4cc03851g
https://doi.org/10.1002/jccs.201700067
https://doi.org/10.1002/jccs.201700067
https://doi.org/10.1016/j.jallcom.2021.158780
https://doi.org/10.1016/j.jallcom.2021.158780
https://doi.org/10.1016/j.snb.2018.01.086
https://doi.org/10.1016/j.snb.2018.01.086
https://doi.org/10.1002/anie.200601277
https://doi.org/10.1088/1742-6596/1918/3/032002
https://doi.org/10.1088/1742-6596/1918/3/032002
https://doi.org/10.1039/c3tb00534h
https://doi.org/10.1016/j.sab.2017.12.002
https://doi.org/10.1016/j.sab.2017.12.002
https://doi.org/10.1007/s13762-021-03880-4
https://doi.org/10.1155/2017/6897960
https://doi.org/10.1155/2017/6897960
https://doi.org/10.1021/am9007243
https://doi.org/10.1021/acsnano.5b02483
https://doi.org/10.1016/j.saa.2018.05.033
https://doi.org/10.1016/j.saa.2018.05.033
https://doi.org/10.1039/C9AN00850K
https://doi.org/10.1039/c5ra00001g
https://doi.org/10.1039/c5ra00001g
https://doi.org/10.1016/j.ecoenv.2018.10.102
https://doi.org/10.1246/bcsj.20180351
https://doi.org/10.1246/bcsj.20180351
https://doi.org/10.1021/la802105b
https://doi.org/10.3390/bios12121096
https://doi.org/10.1039/c3ay41331d
https://doi.org/10.1039/c3ay41331d
https://doi.org/10.1016/j.molliq.2020.113238
https://doi.org/10.1016/j.molliq.2020.113238


	 International Journal of Environmental Science and Technology

1 3

dots and potential UV/fluorescence of O-diaminobenzene. Sen-
sors 19(3):674. https://​doi.​org/​10.​3390/​s1903​0674

Zhang N, Si Y, Sun Z, Chen L, Li R, Qiao Y, Wang H (2014) Rapid, 
selective, and ultrasensitive fluorimetric analysis of mercury and 
copper levels in blood using bimetallic gold–silver nanoclus-
ters with “silver effect”-enhanced red fluorescence. Anal Chem 
86(23):11714–11721. https://​doi.​org/​10.​1021/​ac503​102g

Zhang Z, Shang C, Zhao W, Cao Y, Han J, Hu C, Liu Y (2022) 
3,3′,5,5′-Tetramethylbenzidine and polyetherimide decorated 
silver nanoparticles for colorimetric Mn2+ ions detection in aque-
ous solution. Chem Pap 76:7253–7260. https://​doi.​org/​10.​1007/​
s11696-​022-​02384-w

Zhao Y, Xu X, Qiu L, Kang X, Wen L, Zhang B (2017) Metal–organic 
frameworks constructed from a new thiophene-functionalized 
dicarboxylate: luminescence sensing and pesticide removal. ACS 
Appl Mater Interfaces 9(17):15164–15175. https://​doi.​org/​10.​
1021/​acsami.​6b117​97

Zheng H, Hong J, Luo X, Li S, Wang M, Yang B, Wang M (2018) 
Combination of sequential cloud point extraction and hydride 

generation atomic fluorescence spectrometry for preconcentra-
tion and determination of inorganic and methyl mercury in water 
samples. Microchem J 145:806–812. https://​doi.​org/​10.​1016/j.​
microc.​2018.​11.​057

Zhou Y, Zhao H, Li C, He P, Peng W, Yuan L, Zeng L, He Y (2012) 
Colorimetric detection of Mn2+ using silver nanoparticles 
cofunctionalized with 4-mercaptobenzoic acid and melamine as 
a probe. Talanta 97:331–335. https://​doi.​org/​10.​1016/j.​talan​ta.​
2012.​04.​041

Zuo Y, Zhao HW, Huang CZ, Zhang Q (2011) Sensitive and selec-
tive detection of copper ions based on the aggregation of chi-
tosan-stablized silver nanoparticles. J Nanosci Nanotechnol 
11(6):5007–5011. https://​doi.​org/​10.​1166/​jnn.​2011.​4123

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.3390/s19030674
https://doi.org/10.1021/ac503102g
https://doi.org/10.1007/s11696-022-02384-w
https://doi.org/10.1007/s11696-022-02384-w
https://doi.org/10.1021/acsami.6b11797
https://doi.org/10.1021/acsami.6b11797
https://doi.org/10.1016/j.microc.2018.11.057
https://doi.org/10.1016/j.microc.2018.11.057
https://doi.org/10.1016/j.talanta.2012.04.041
https://doi.org/10.1016/j.talanta.2012.04.041
https://doi.org/10.1166/jnn.2011.4123

	Silver nanoparticles (AgNPs) synthesis methods as heavy-metal sensors: a review
	Abstract
	Introduction
	Materials and methods
	 AgNP synthesis methods
	Synthesis of AgNPs using bottom-up approaches
	Synthesis of AgNPs using top-down approaches


	Results and discussion
	Applications of AgNP in heavy-metal sensors
	Sensing of Mercury (Hg)
	Sensing of Manganese (Mn)
	Sensing of Lead (Pb)
	Sensing of Copper (Cu)
	Sensing of Chromium (Cr)
	Challenges and future prospects

	Conclusion
	References


