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Abstract  

   Nanochemistry is a significant area which involves the synthesis, design, and 

manipulation of particle structures with dimensions ranging from 1 to 100 

nanometres. It is now one of the major concerns of pharmaceutical and biological 

researchers. The current study discusses recent advances in the use of silver 

nanoparticles (AgNPs) as a selective sensor for qualitative and colorimetric 

quantitative detection of mercury ions.   The synthesis of significant noble metal 

AgNPs is described as a novel, low-cost, quick, and simple method for detecting 

mercury ions. Due to the seriousness of mercury toxicity to our cells, AgNPs may be 

successfully employed for the detection of ecologically harmful mercury ions in a 

wide variety of aqueous practical samples using a colorimetric approach. As a result, 

as provided in this review with extensive details regarding this analytical approach, 

it might be utilized to monitor mercury ions via AgNPs in a variety of practical 

samples.  
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الزئبق: مقالة اتدقائق الفضة النانوية كمجس انتقائي لأيون  
 

  سفانه احمد فرحان

العخاق-بغجادوحجة ابحاث البهليسخ, كلية العلهم ,الجامعة السدتشرخية,     
 

 الخلاصة 
السقال عن التقجم الحي تم إحخازه مؤخخًا في دراسة الكذفهفات الكسية و الشهعية لايهنات الدئبق تطخق ي       

أىسية كبيخة في مجال التطهر باستخجام دقائق الفزة الشانهية كسجذ انتقائي. حيث تعتبخ كيسياء الشانه ذات 
نانهمتخ. في الهقت  111-1البحثي الحجيث من خلال ترشيع ترسيم وكحلك معالجة بشية الجقائق بأبعاد من 

الحاضخ ، يعج ىحا أحج اىم  اىتسامات الباحثين في مجالات مشيا السشتجات الريجلانية والطبية الحيهية وغيخىا 
 .الكثيخ

لقج بين السقال اىسية السعادن الشبيلة واستخجاميا كأسلهب ججيج مشخفض التكلفة وسخيع التحزيخ اضافة        
دقائق الفزة الشانهية  لكذف عن أيهنات الدئبق. ومن السثيخ للاىتسام ، انو  بالامكان استخجاماالى سيهلة 

ت التجخيبية في الاوساط السائية بطخيقة في مجسهعة واسعة من العيشا للكذف عن أيهنات الدئبق الخطخة بيئيًا,
القياس اللهني. وبالتالي فقج بيشت السقالة التفاصيل التي يسكن من خلاليا استخجام ىحه الطخق التحليلية للكذف 

 .دقائق الفزة الشانهية في مجسهعة من العيشات التجخيبية استخجام أيهنات الدئبق عبخ

ISSN: 0067-2904 

 



Farhan                                                      Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2774-2782 

               

2775 

Introduction 

   Nanotechnology is a relatively new discipline of science and technology that involves the 

creation, refinement, and application of nanostructures [1]. It involved the creation, 

characterization, and/or manipulation of components with a length of around 1-100 nm in one 

of their dimensions. The chemical and physical characteristics of the resultant materials alter 

substantially from macro scale components when particle size is reduced [2]. Nanoparticles 

(NPs) have been studied in a variety of sectors in recent years, including healthcare, the 

environment, chemical production, cosmetics, electronics, chemical manufacture, water 

management, catalysts, mechanics, optics, and sensors [3]. Biological, physical, and chemical 

approaches are now used to synthesize NPs [4].  

  The two most common methods for producing metal nanoparticles (MNPs) are top down 

and bottom up. The first (top down) strategy is well-known in the fields of physics and 

engineering, where NPs are created from bulk components, whereas the second (bottom up) 

approach attempts to prepare NPs from metal component solutions. The bottom-up technique 

is more popular in chemistry [5]. NP has played a key role in the creation of nano-biosensors 

[6]. MNPs have unique properties and applicability in a wide range of industries; these 

characteristics are related to Surface Plasmon Resonance (SPR) [7]. As a result of the 

interaction between NPs and the analyte, which alters the strength and/or location of the 

absorption spectrum and is usually perceived as a color change seen by the naked eye, they 

are qualified to operate as colorimetric sensing for mercury ions (II) [8]. 

   Using of "eco-friendly" nanotechnology in order to develop selective and sensitive detection 

techniques of analytical and biological approaches has become gradually remarkable [9, 10], 

especially, sensors that are used in colorimetric methods have a distinct advantage because of 

their high selectivity, simplicity and rapidity [11, 12]. 

Advantages and disadvantages AgNPs  

   The silver metal was subjected to cutting-edge engineering techniques in order to create 

ultrafine particles with a length scale of nanometres (nm). AgNPs have piqued interest as 

promising therapeutic agents due to their unique characteristics and biocompatibility [13-16]. 

Table 1 shows that AgNPs have numerous advantages and few downsides [17-19].  

 

Table 1- Main advantages and disadvantages of AgNPs 

Main advantages of AgNPs Main disadvantages of AgNPs 

 The possibility of high-scale production of 

AgNPs. 
 Less drug loading capacity. 

 Easily to synthesized via different methods. 

 Dispersion of AgNPs includes some amount of 

water. 

 Used as biosensor materials and in drug delivery 

 

 AgNPs can be freeze-dried, so lyophilized 

powder can be obtained. 

 AgNPs possess long-term stability. 

 

 Synthesis methods for AgNPs 

   The production of AgNPs may be accomplished using a variety of chemical, physical, and 

biological approaches [20-22], as shown in Table 2. 
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Table 2-Synthesis methods (chemical, physical and biological) for AgNPs  

Types of approaches Techniques 

 

 

 

 

 

Chemical methods 

 The chemical reduction 

 The Micro-emulsion technology 

 The UV initiated photo-reduction 

 Photoinduced reduction 

 Electro-chemical 

 The Irradiation , include: 

 Microwave assisted synthesis 

 Radiolysis 

 -ray irradiation 

 Using polysaccharides and some polymers 

 The Tollens technique 

 The Pyrolysis technique 

 

 

Physical methods 

 

 electrochemical cell technique 

 Arc-discharge technique 

 laser ablation 

 Evaporation-condensation method 

biological methods  Using bacteria, fungi, yeast, algae, as well as plants 

 

 Chemical and physical synthesis techniques for AgNPs have various drawbacks, such as 

being dangerous and expensive. To address these issues, green biosynthesis of NPs has 

sparked a lot of attention in recent years since it is an environmentally benign, low-cost 

method that can be used in a variety of applications. Many researchers in this sector are 

concerned about this crucial method [22-25]. 

Mercury and environmental pollutants 

  Another notable aspect of nanotechnology, which is still in its early stages, is the ability to 

prevent environmental harm as well as safeguard individual health against various dangerous 

chemicals and ions [26]. 

  Mercury (Hg) is a metal having an oxidation state of "zero," Mercury (0), that may be found 

in a liquid metal form or as a vapour. Mercury (I) is found as inorganic salts when the 

oxidation state equals "one." The mercuric state, Mercury (II), is found as inorganic salts or 

organometallic complexes when the oxidation state is equal to "two." Because of its capacity 

to travel freely and quickly through and across our live cell membranes, dimethylmercury, Hg 

(CH3)2, is the most deadly molecule among these groupings [10].  

  The mercury ion, Hg (II), is prevalent and widely dispersed in our environment, and it is one 

of the most common contaminants used in agriculture, industry, and medicine. Hg (II) is also 

non-essential and extremely damaging to human systems. If it is discovered in our drinking 

water, even in trace amounts, it accumulates mostly in the kidneys and may cause lasting 

harm to cardiac cells and the neurological system [26-28]. Mercury poisoning is defined as 

levels in the blood that are between 30–40 ng/mL for pregnant women and 100 ng/mL for 

adults. 

  In view of this, mercury could be known as a persistent pollutant, because it does not break 

down in the environment. The human consuming fish and shellfish is the significant way of 

mercury exposure, because of accumulation of methyl-mercury over the food web [10].  

  As a result, increased emphasis must be placed on the selective detection of extremely 

minute amounts of mercuric ions in various biological fields and wastewater; moreover, all 

contaminated components must be analyzed in order to monitor mercuric levels. Drinking 

water must also have fewer than 2 parts per billion (ppb) of mercury ions, as required by the 
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World Health Organization (WHO) and the Environmental Protection Agency (EPA) [29, 

30]. 

  Many researchers have developed and explored a selective/sensitive approach for detecting 

mercury ions (II) in aquatic environments without the need for expensive apparatus [31-34]. 

The use of AgNPs to detect mercury ions is demonstrated in this review (II). Even though it is 

an incredibly important requirement for detecting a specific analyte, the reversibility 

experiment for sensing mercury ions (II) utilizing AgNPs has remained unexplored till now 

[31]. 

Mercury detection analytical techniques  

  Multiple analytical techniques have been used to detect mercury levels in various 

environmental analytes; several of these techniques require a complex test pre-treatment 

procedure, skilled technicians, are expensive, time-consuming, and exhausting processes, 

while others are low-cost with rapid detection and simple analytical methods, which have 

advantages and remain a challenge to analytical chemists, as shown in Table 3. 

 

Table 3-Different analytical techniques for detection of mercury concentrations 

Expensive Analytical techniques Low-cost Analytical techniques 

 Cold vapor atomic fluorescence (CV-AFS) 

[34] 
 Silver nanoparticles (AgNPs)[12] 

 Inductively coupled plasma mass 

spectrometry (ICP-MS)[35] 
 Gold nanoparticles (AuNPs)[47] 

 Direct mercury analyzer (DMA) [36]  Carbon nanoparticles (CNPs) [48] 

 Ion chromatography (IC) [37]  Silver nanoprisms (AgNPRs) [49] 

 High performance liquid chromatography  

(HPLC) [38] 
 

 Atomic fluorescence spectrometry (AFS) 

[39] 
 

 Fluorescence sensor [40]  

 Conjugated polymers [41]  

 Ratiometric[42]  

 Oligonucleotides[43]  

 Proteins[44]  

 Bioluminescent bacterial sensors[45]  

 Electrochemical sensing[46]  

        

   Some analytical methods that detect analytes by changing color have the potential to be easily 

implemented in the field of quantitative and qualitative analysis via colorimetric detection or 

naked-eye detection. Because of the higher attenuation coefficients and the inter-particle 

distance-dependent optical feature, colorimetric approaches employing AgNPs have shown to be 

promising methods for monitoring mercury detection in elevated polluted settings [47, 50]. 

Because of its distinctive properties, such as particular optical characteristics in the visible 

spectrum, AgNPs have sparked a lot of interest in the field of colorimetric sensors. AgNPs, in 

particular, are particularly advantageous due to their inexpensive cost and a 100-fold increase in 

SPR of the absorption band compared to AuNPs of the same size [51, 52]. 

     Recently, the main possible way had been proposed and indicated a decreased absorbance 

and SPR shift due to interaction between AgNPs and mercury ions (II) [53]. According to first 

proposed mechanism, surface coating of Hg° ions are takes place on AgNPs, which produce a 

decreasing in the absorbance and made a small shift in SPR, while the other mechanism 

confirm the production of amalgam between both AgNPs and Hg ions. The second 

mechanism seems more acceptable than its predecessor as the differences in electro-chemical 

potentials between mercury ions (II) equal =0.85 V, and AgNPs equal=0.8 V, are  much 

smaller to makes mercury ions (II)  and AgNPs having the ability to chemical interaction 
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through the so-called under-potential deposition (UPD), which leads to  formation of 

amalgam[53, 54], . 

  In addition, the structure and particle arrangement, as well as the interaction of Ag° as NPs 

with mercury ions (II), are all factors that contribute to the color transformation phenomenon. 

In a reduction-oxidation process, Ag° and mercury ions (II) interact in a stoichiometric ratio 

of 2:1 to form Hg° and Ag+, as opposed to bulky scale. Nonetheless, at the nanoscale (less 

than 32 nm, with a ratio of Ag: Hg of 1:1.25), Ag° was not oxidized straight to solution, but 

mercury ions (II) were reduced from solution (water) onto the surface of AgNPs to form solid 

amalgams Ag-Hg [55]. Furthermore, the water molecules might be activated, on the surface 

of AgNPs, to work as a reducing agent for mercury ions (II) to produce too small quantity of 

Hg° that may lead to the production of Ag-Hg amalgam [56].  

  The existence of oxidation-reduction chemistry combining AgNPs (Ag°) and mercury ions 

(II) to form AgHg mixture by NPs etching, as well as high sensitivity of AgNPs localized 

SPR, as well as cost-effective manufacture, are all factors to consider. Furthermore, UVVis 

spectrophotometric measurement, which deals with particular optical characteristics with 

localized SPR in the visible spectrum (350–800 nm), has been employed to monitor AgNPs 

conveniently [30]. Some researchers believe AgNPs have a spherical form, with a blue-shift 

in absorbance caused by a color change from yellow to colorless [57]. In another work, non-

spherical AgNPs were employed to create a blue hue [58]. Firdaus et al. [10] suggest the 

colorimetric detection of mercury ions (II) by a redaction-oxidation process (upper one) and 

AgNPs aggregation (lower one) that occurs after a long period of storage without mercury 

ions (II) in the mixture, as illustrated in Figure 1. 

 

 
Figure 1-Proposed mechanism shows of mercury ions (II) colorimetric detection using 

AgNPs through redox reaction (higher one) and AgNP aggregation (lower one) [10]. 

 

Interfering ions' effect   
The targeted analyte with highly selective detection in presence of another similar ion is an 

essential characteristic of a sensor behavior to use in analytical fields and it's a major aspect 

for a colorimetric sensor [51, 59]. Some researchers synthesized AgNPs using starch as 

stabilizing agent to form a yellowish color and gradually became colorless with elevating of 

mercury ions (II)[60]. Many investigations [60-62] have shown that AgNPs have a high 
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selectivity for mercury ions (II) and no interferences with cations or anions. However, 

numerous researchers have demonstrated the selectivity of AgNPs against various cations 

such as transition metals, alkalis, and alkali earths; however, only a few have mentioned the 

conjugate anion type, with the exception of one report that mentions acetate, chloride, and 

sulfate as counter ions for cations selectivity testing [56]. Thus, it was easy to characterize 

mercury ions (II) from the other metal ions using naked-eye assay. 

 

 

Conclusion 

   Nanotechnology is expected to play a significant role in the development of analytical fields 

for the identification of various environmental contaminants. As a result, we demonstrated 

and reviewed the latest literature on mercury ions detection through AgNPs: a new low-cost, 

quick technology that may be done with the naked eye. The presence of Hg(II) ions in 

combination with other ions will re-oxidize Ag(0) of AgNPs to generate Ag(I) ions, changing 

the hue of AgNPs to colorless in linear fashion as the amount of Hg(II) increases. 

   When more modern technology is not readily accessible, the sophisticated technique's 

robust detection process can be used as a useful test for qualitative and quantitative mercury 

detection in water, biological, and other environmental samples. It's worth noting that AgNPs 

can be used to selectively detect mercury (a sensor) in the presence of other metal ions.  

Acknowledgements: 

   The author would express their gratitude to Mustansiriyah University 

(www.uomustansiriyah.edu.iq), Baghdad-Iraq, for their support on this work. 

Conflicts of interest 

There is no conflict of interest regarding the publication of this paper to declare 

 

References: 
[1] M.S.Akhtar, J. Panwar and Y.S. Yun, "Biogenic synthesis of metallic nanoparticles by plant 

extracts,"ACS Sustainable Chem. Eng., vol. 1, pp. 591-602,2013. 

[2] V. D. Timothy, "Applications of Nanotechnology in Food Packaging and Food Safety: Barrier 

Materials, Antimicrobials and Sensors,"J. Colloid and Interface Sci., vol. 363, pp. 1-24, 2011. 

[3] S. Z. Mousavi, S. Nafisi and H.I. Maibach,"Fullerene nanoparticle in dermatological and 

cosmetic applications," Nanomedicine, vol. 13, pp.  1071-1087, 2017. 

[4] D. Zhang, B. Gökce and S. Barcikowski, "Laser synthesis and processing of colloids: 

fundamentals and applications," Chem. Rev.,vol. 117, pp. 3990-4103, 2017. 

[5] F. Zarlaida and M. Adlim, "Gold and silver nanoparticles and indicator dyes as active agents in 

colorimetric spot and strip tests for mercury (II) ions: a review,"Microchim Acta, vol. 184, pp. 

45-58, 2017. 

[6] A. Yakoh, C. Pinyorospathum, W. Siangproh and O. Chailapakul, "Biomedical Probes Based on 

Inorganic Nanoparticles for Electrochemical and Optical Spectroscopy Applications," 

Sensors(Basel), vol. 15, no. 9, pp. 21427-77, 2015. 

[7] D. V.Talapin, J.S. Lee, M. V.  Kovalenko and E. V. Shevchenko,"Prospects of colloidal 

nanocrystals for electronic and optoelectronic applications,"Chemical Reviews, vol. 110, no.1, 

pp. 389-458, 2010. 

[8] Y. L. Hung, T. M. Hsiung, Y. Y. Chen, Y. F. Huang, and C. C. Huang," Colorimetric detection of 

heavymetal ions using labelfree gold nanoparticles and alkanethiols," TheJournal of Physical 

Chemistry C, vol. 114, no. 39, pp. ,16329-16334, 2010 . 

[9] K. Vahabi and S. K. Dorcheh," Biosynthesis of Silver Nano-Particles by Trichoderma and Its 

Medical Applications," Biotechnology and Biology of Trichoderma, Elsevier,Amsterdam, pp 

393-404, 2014. 

[10] M. L. Firdaus, I. Fitriani, S. Wyantuti, Y.W. Hartati, R. Khaydarov, J. A. McAlister, H. Obata, 

and T. Gamo," Colorimetric Detection of Mercury (II) Ion in Aqueous Solution Using Silver 

Nanoparticles," Anal Sci., vol. 33, no. 7, 831-837, 2017. 



Farhan                                                      Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2774-2782 

               

2780 

[11] D. Karthiga and S. P. Anthony," Selective colorimetric sensing of toxic metal cations by green 

synthesized silver nanoparticles over a wide pH range," RSCAdv., vol. 3, pp. 16765-16774, 2013. 

[12] M. A. Ahmed, A. M. N. Jassim and S. A. H. AL-Ameri," Selective Colorimetric Mercury Ions 

Sensing in Different Samples Using Silver Nanoparticles Prepared from Ginger Extract," Plant 

Archives, vol. 20, no. 2, pp. 5505-5515, 2020 . 

[13] S. Iravani, H. Korbekandi, S. V. Mirmohammadi and B. Zolfaghari," Synthesis of silver 

nanoparticles: chemical, physical and biological methods," Res Pharm Sci, vol. 9, pp. 385-406, 

2014. 

[14] V.V. Kumar, S. Anbarasan, L. R. Christena, N.S. Subramanian and S.P. Anthony," 

Biofunctionalized silver nanoparticles for selective colorimetric sensing of toxicmetal ions and 

antimicrobial studies," Spectrochim. Acta Part A, vol. 129, pp. 35-42, 2014. 

[15] A. Alam, A. Ravindran, P. Chandran and S. S. Khan," Highly selective colorimetric detection 

and estimation of Hg2+at nano-molar concentration by silver nanoparticles in the presence of 

glutathione," Spectrochim. Acta Part A, vol. 137, pp. 503-508, 2015. 

[16] B. Syed, N. Bisht, P. S. Bhat, N. R. Karthik, ,  A. Prasad,  B. L. Dhananjaya, , S. Satish, , H. 

Prasad and M. N. N. Prasad," Phytogenic synthesis of nanoparticles from Rhizophora mangle and 

their bactericidal potential with DNA damage activity," Nano-Struct. Nano-Objects, vol. , no. 10, 

pp. 112-115, 2017. 

[17] J. A. Buledi, S. Amin, S. I. Haider, M. I. Bhanger and A. R. Solangi," A review on detection of 

heavy metals from aqueous media using nanomaterial-based sensors," Environ Sci Pollut Res, 

vol. 2020,pp.1-9, 2020. 

[18] P. Prosposito, L. Burratti and I. Venditti," Silver Nanoparticles as Colorimetric Sensors for 

Water Pollutants," Chemosensors, vol. 8, no. 26, pp. 1-29, 2020. 

[19] K. Alaqad and T. A. Saleh," Gold and silver nanoparticles: Synthesis methods, characterization 

routes and applications toward drugs," Journal of Environmental and Analytical Toxicology, vol. 

6, no. 4, pp. 1-10, 2016.  

[20] S. Zhang, Y. Tang and B. Vlahovic," A Review on Preparation and Applications of Silver-

Containing Nanofibers," Nanoscale Research Letters, vol. 11, no. 80, pp. 1-8, 2016.  

[21] S. Iravani, H. Korbekandi, S. V. Mirmohammadi and I. Zolfaghari," Synthesis of silver 

nanoparticles: chemical, physical and biological methods," Res Pharm Sci., vol. 9, pp. 385-406, 

2014. 

[22] A. Ghasemi, N. Rabiee, S. Ahmadi, S. Hashemzadeh, F. Lolasi, M. Bozorgomid, A. Kalbasi, B. 

Nasseri, A. S. Dezfuli, A. R. Aref, M. Karimi and M. R. Hamblin,"Optical Assays Based on 

Colloidal Inorganic Nanoparticles," Analyst., vol. 143, no. 14, pp. 3249-3283, 2018 .  

[23] S. k. Ismail, M. A.  Khan, S.Ghosh, D. Roy, S. Pal, S. Homechuadhuri and M. A. Alam," A 

reversible biocompatible silver nanoconstracts for selective sensing of mercury ions combined 

with antimicrobial activity studies," Nano-Structures & Nano-Objects, vol. 17, pp.185-193, 2019.  

[24] A. H. Al-basheer and S. A. Al-wandawi," In vitro assessment of the antioxidant and antitumor 

potentials of biogenic silver nanoparticle," Iraqi Journal of Science, vol. 61, no. 6, pp. 1253-1264, 

2020. 

[25] S. N. Mazhir, I. A. M. Ali and H. I. Al-Ahmed," Utilizing cold plasma in preparing silver 

nanoparticle from Origanum Vulgare," Iraqi Journal of Science, vol. 60, no.11, pp. 2433-2442, 

2019. 

[26] N. Dave, M. Y. Chan, P. J. J. Huang, B.D Smith and J. Liu," Regenerable DNA functionalized 

hydrogels for ultrasensitive, instrument-free mercury (II) detection and removal in water," J. 

Amer. Chem. Soc., vol. 132, pp. 12668-12673, 2010. 

[27] K. M. Kim, Y. Nam, Y. Lee and K. Lee ," A Highly Sensitive and Selective Colorimetric 

Hg2+Ion Probe Using Gold Nanoparticles Functionalized with Polyethyleneimine," Journal of 

Analytical Methods in Chemistry," vol. 2018, ID 1206913, pp. 1-12, 2018. 

[28] M. Gibb and K. G. O’Leary," Mercury exposure and health impacts among individuals in the 

artisanal and small-scale gold mining community: a comprehensive review," Environmental 

Health Perspectives, vol. 122, no. 7, pp. 667-672, 2014. 

[29] J. Wang, X. Feng, C. W. N. Anderson, Y. Xingand L. Shang," Remediation of mercury 

contaminated sites–a review," J Hazard Mater, vol. 221-222: pp. 1-18, 2012. 



Farhan                                                      Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2774-2782 

               

2781 

[30] E. Alzahrani," Colorimetric Detection Based on Localized Surface Plasmon Resonance Optical 

Characteristics for Sensing of Mercury Using Green-Synthesized Silver Nanoparticles, Journal of 

Analytical Methods in Chemistry," vol. 2020, ID 6026312, pp.1-14, 2020. 

[31] E. M. Nolan and S.J. Lippard," Tools and tactics for the optical detection of mercuric ion," 

Chem. Rev., vol. 108, pp. 3443-3480, 2008. 

[32] Y. Ding, S. Wang, J. Li and L. Chen," Nanomaterial-based optical sensors for mercury ions," 

TRAC Trends Anal. Chem., vol. 82, pp. 175-190, 2016. 

[33] N. Busairi and A. Syahir," Recent Advances in Mercury Detection: Towards Enabling a 

Sensitive and Rapid Point-of-Check Measurement," J Toxicol Risk Assess, vol. 4, no.1, pp. 1-10, 

2018. 

[34] H. Bagheri and A. Gholami," Determination of very low levels of dissolved mercury(II) and 

methylmercury in river waters by continuous flow with on-line UV decomposition and cold-

vapor atomic fluorescence spectrometry after pre-concentration on a silica gel-2-

mercaptobenzimidazol sorbent," Talanta., vol. 55, no. 6, pp. 1141-1150, 2001. 

[35] H. W. Liu, S. J. Jiang and S. H. Liu," Determination of cadmium, mercury and lead in seawater 

by electrothermal vaporization isotope dilution inductively coupled plasma mass 

spectrometry,"Spectrochim. Acta Part B, vol. 54, pp. 1367-1375, 1999.  

[36] C. C. Windmoller, N. C. Silva, P. H. M. Andrade, L. A. Mendes and C. M. do Valle," Use of a 

direct mercury analyzer® for mercury speciation in different matrices without sample 

preparation,"Analytical Methods, vol. 9, pp. 2159-2167, 2017. 

[37] Q. Liu," Determination of mercury and methylmercury in seafood by ion chromatography using 

photo-induced chemical vapor generation atomic fluorescence spectrometric detection," 

Microchemical Journal, vol. 95, no. 2, pp. 255-258, 2010. 

[38] H. Cheng, C. Wu, L. Shen, J. Liu and Z. Xu," Online anion exchange column preconcentration 

and high performance liquid chromatographic separation with inductively coupled plasma mass 

spectrometry detection for mercury speciation analysis," Analytica Chimica Acta, vol. 828, pp. 9-

16, 2014 . 

[39] L. Rastogi, R. B. Sashidhar, D. Karunasagar and J. Arunachalam," Gum kondagogu 

reduced/stabilized silver nanoparticles as direct colorimetric sensor for the sensitive detection of 

Hg2+ in aqueous system," Talanta, vol. 118, pp. 111-117, 2014. 

[40] C. K. Chiang, C. C. Huang, C. W. Liu and H.T. Chang," Oligonucleotide-based fluorescence 

probe for sensitive and selective detection of mercury (II) in aqueous solution," Anal. Chem., vol. 

80, pp. 3716-3721, 2008.  

[41] X. Liu, Y. Tang, L.Wang, J. Zhang, S. Song, C. Fan and S. Wang," Optical detection of 

mercury (II) in aqueous solutions by using conjugated polymers and label-free oligonucleotides," 

Adv. Mater., vol. 19, pp. 1471-1474, 2007  

[42] F. Yarur, J. R. Macairan and R. Naccache," Ratiometric detection of heavy metal ions using 

fluorescent carbon dots," Environ. Sci. Nano , vol. 6, pp. 1121-1130, 2019.  

[43] Z. Lin, X. Li and B. H. Kraatz," Impedimetric immobilized DNA-based sensor for simultaneous 

detection of Pb2+, Ag+, and Hg2+," Anal. Chem., vol. 83, pp. 6896-6901, 2011.  

[44] C. Guo and J. Irudayaraj," Fluorescent Ag clusters via a proteindirected approach as a Hg (II) 

ion sensor," Anal. Chem., vol. 83, pp. 2883-2889, 2011 .  

[45] M. J. Durand, A. Hua, S. Jouanneau, M. Cregut and G. Thouand," Detection of metal and 

organometallic compounds with bioluminescent bacterial bioassays," Bioluminescence: 

Fundamentals and Applications in Biotechnology, vol. 3, pp. 77-99, 2015. 

[46] X. Zhu, B. Liu, H. Hou, Z. Huang, K. M. Zeinu, L. Huang, X. Q. Yuan, D. B. Guo, J.P. Hu     

and J. K. Yang," Alkaline intercalation of Ti3C2 MXene for simultaneous electrochemical 

detection of Cd(II), Pb(II), Cu(II) and Hg(II),"Electrochim. Acta, vol. 248, pp. 46-57, 2017.  

[47] H. Danlian , X.  Xigui, L. Cui, Q. Lei, Z. Chen, Y. Huan, Z. Guangming, L. Bisheng, D. Rui, L. 

Shiyu and   Z. Yujin," Colorimetric determination of mercury (II) using gold nanoparticles and 

double ligand exchange," Mikrochimica Acta, vol. 186. no. 31, p. 1-8, 2019. 

[48] Y. Guo, Z. Wang, H. Shao and X. Jiang," Hydrothermal synthesis of highly fluorescent carbon 

nanoparticles from sodium citrate and their use for the detection of mercury ions," Carbon, vol. 

52, pp. 583-589, 2013. 



Farhan                                                      Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2774-2782 

               

2782 

[49] N. Chen, Y. Zhang, H. Liu, X. Wu, Y. Li, L. Miao, Z. Shen and A. Wu," High-performance 

colorimetric detection of Hg2+ based on triangular silver nanoprisms," ACS Sensors, vol. 1, no. 

5, pp. 521-527, 2016 . 

[50] M. H. Jazayeri, T. Aghaie, A. Avan, A. Vatankhah and M. R. Z. Ghaffari," Colorimetric 

detection based on gold nano particles (GNPs): An easy, fast, inexpensive, low-cost and short 

time method in detection of analytes (protein, DNA, and ion)," Sensing and Bio-Sensing 

Research, vol. 20, pp. 1-8, 2018 . 

[51] F. Ahmed, H. Kabir and H. Xiong," Dual Colorimetric Sensor for Hg2+/Pb2+ and an Efficient 

Catalyst Based on Silver Nanoparticles Mediating by the Root Extract of Bistorta 

amplexicaulis,"Front. Chem., vol. 8, 591958.  

[52] S. K.Ismail, K. M. Ali and A. M. Akhtarul,"Selective detection of environmentally hazardous 

Hg2+ ion by bio-functionalized reusable silver nanoparticles,"AIP Conference Proceedings, 

2276, 020001, India, 2020.  

[53] S. Manivannan, Y. Seo, D. Kang and K. Kim," Colorimetric and optical Hg(II) ion sensor 

developed with conjugates of M13-bacteriophage and silver nanoparticles," New J 

Chem,vol.42,pp. 20007-20014, 2018. 

[54] G. M. Sangaonkar, M. P. Desai, T. D. Dongale  and K. D. Pawar," Selective interaction between 

phytomediated anionic silver nanoparticles and mercury leading to amalgam formation enables 

highly sensitive, colorimetric and memristor-based detection of mercury,"Scientific Reports,  vol. 

10, no.1,2037,pp. 1-12, 2020. 

[55]  K. V. Katok, R. L. D. Whitby, T. Fukuda, T. Maekawa, I. Bezverkhyy, S. V. Mikhalovsky and 

A. B. Cundy," Hyperstoichiometric interaction between silver and mercury at the nanoscale," 

Angew Chemie - Int Ed, vol. 51, pp.2632-2635, 2012. 

[56] K. Z. Kamali, A. Pandikumar, S. Jayabal, R. Ramaraj, H. N. Lim, B. H. Ong, C. S. D. Bien, Y. 

Y. Kee and N. M. Huang," Amalgamation based optical and colorimetric sensing of mercury (II) 

ions with silver@graphene oxide nanocomposite materials," Microchim Acta, vol. 183, pp. 369-

377, 2016 . 

[57] F. Tanvir, A. Yaqub, S.  Tanvir, R. An and W. A. Anderson," Colorimetric Detection of 

Mercury Ions in Water with Capped Silver Nanoprisms," Materials (Basel), vol. 12, no. 9, 1533, 

pp. 1-12, 2019. 

[58] E. Detsri," Novel colorimetric sensor for mercury (II) based on layer-by-layer assembly of 

unmodified silver triangular nanoplates," Chin. Chem. Lett., vol. 27, pp. 1635-1640, 2016. 

[59] V. Naresh and N. Lee," A Review on Biosensors and Recent Development of Nanostructured 

Materials-Enabled Biosensors," Sensors, vol. 21, no. 1109, pp. 1-35, 2021. 

[60] A. M. Noor, P. Rameshkumar, N. M. Huang and L. S. Wei," Visual and spectrophotometric 

determination of mercury (II) using silver nanoparticles modified with graphene oxide," 

Microchim Acta, vol. 183, pp. 597-603, 2016. 

[61] P. Vasileva, T. Alexandrova and I. Karadjova,"Application of Starch-Stabilized Silver 

Nanoparticles as a Colorimetric Sensor for Mercury (II) in 0.005 mol/L Nitric Acid,"Journal of 

chemistry, vol. 2017, ID 6897960, pp. 1-9, 2017.  

[62] E. Oliveira, C. Nunez, H. M. Santos J. Fernandez-Lodeiro, A. Fernandez-Lodeiro, J. L. Capelo 

and C. Lodeiro," Revisiting the use of gold and silver functionalised nanoparticles as colorimetric 

and fluorometric chemosensors for metal ions," Sensors Actuators B Chem, vol. 212, pp. 297-

328, 2015 . 


