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Abstract: Lead (Pb) is one of the highly persistent and major toxic health hazards listed by various
health organizations. A stable, specific, and simple sensor which can rapidly detect Pb in drinking
water is required urgently. To this end, we have prepared stable and uniformly sized colloidal silver
nanoparticles (AgNPs) using citric acid for the color-based sensing of Pb in water samples. The syn-
thesized AgNPs are characterized by UV-vis spectroscopy, DLS-Zeta, and TEM to access their opti-
cal and morphological properties. The cit-AgNPs have shown a great affinity/selectivity towards Pb
over Cd, Mn, Cr, Fe, Co, Pb, Hg, Zn, and Ti ions. Thus, based on the interaction of cit-AgNPs and
Pb, a colorimetric sensor for selective, specific, and expeditious detection of Pb ions has been devel-
oped.
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1. Introduction

Metals are an important component of dietary intake and play a major role in the
metabolism and functioning of the human body [1]. Metals such as zinc (Zn), copper (Cu),
and manganese (Mn) serve as essential minerals which are a part of biochemical path-
ways, whereas metals such as mercury (Hg), lead (Pb), and arsenic (As) are non-essential,
and can be lethal even if trace amounts are ingested by living organisms [2].

Pb has is of the most devastating metals that can lead to several health risks. In hu-
mans, it can cause increases in blood pressure, neuropathy, fatigue, fertility disorders,
and, in severe cases, encephalopathy or even death [3]. Considering such outcomes, the
WHO has enlisted Pb as one of the toxic metal pollutants [4]. The interference of such
toxic heavy metals can be avoided if sensed in a timely manner.

Nanomaterials, especially nanoparticles (NPs), can serve as an indicator for the pres-
ence of heavy metals in food and water samples [5]. The unique optical properties and
characteristic surface plasmon resonance (SPR) signals of NPs provide an edge over using
classical analytical techniques (such as atomic absorption, ICP-MS) for being feasible,
rapid, and cost effective [6].

Among different NPs, silver nanoparticles (AgNPs) are one of the promising candi-
dates suitable for the color-based detection, because of efficient electronic, physical, and
chemical properties [7]. The colloidal solution of spherical AgNPs is of yellow color, ex-
hibiting characteristic SPR signal at 350-400 nm [8]. In this study, the SPR properties of
stable citrate-AgNPs (cit-AgNPs) were utilized for the specific qualitative sensing of Pb
ions.
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2. Materials

Silver nitrate (AgNQOs) was purchased from MP Biomedicals (P) Ltd, India. Triso-
dium citrate (TSC), sodium borohydride (NaBHa4), sodium ascorbate, lead chloride
(PbCl2), zinc chloride (ZnCl), ferrous chloride (FeClz), chromium chloride (CrClz), man-
ganese chloride (MnCl2), cobalt chloride (CoCl), titanium oxide (TiOz), mercury chloride
(HgCl2), and cadmium chloride (CdClz) were purchased from Sigma-Aldrich, USA. All
the purchased chemicals were of analytical grade. All the aqueous solutions were pre-
pared using Milli-Q (MQ) water with18 MQ).cm resistivity.

3. Method

The citrate-AgNPs were prepared by a chemical reduction method [9]. Briefly, 10 mM
AgNOs was dropwise added to an ice-cold solution containing 1 mM NaBHs and 0.30 mM
TSC. The solution was stirred continuously until it turned yellow. The synthesized nano-
particles were washed and redispersed in Milli-Q (MQ) water for further use.

4. Results and Discussion

The synthesis of cit-AgNPs was completed when the colloidal solution turned yellow
(Figure 1). The synthesis of cit-AgNPs was further confirmed by the appearance of char-
acteristic SPR signal for AgNPs at 398 nm [8] (Figure 1). The cit-AgNPs particles were
stable and exhibited —24 eV zeta potential due the presence of negatively charged citrate
group as the capping agent (Figure 2). TEM imaging revealed the uniform distribution of
cit-AgNPs, with 20 nm average size (Figure 3).

An interaction of different metal ions (10 ppm each) with cit-AgNPs was performed.
An equal volume of metal salt solution was individually mixed with AgNPs solution. Out
of the tested metal ions (e.g., Cd, Mn, Cr, Fe, Co, Pb, Hg, Zn, and Ti), only Pb ions were
capable of turning the cit-AgNPs solution from yellow to colorless (Figure 4). The specific
sensing of Pb was also performed spectroscopically by UV-vis spectroscopy. The solution
containing Pb loses its stability and aggregates the AgNPs and, correspondingly, there is
a clear change observed in the UV-Vis spectrum (Figure 5).
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Figure 1. The AgNPs synthesized by chemical reduction (inset). The characteristic SPR signal (398
nm) of citrate-AgNPs as obtained in UV-Vis.
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Figure 2. Size and zeta potential of cit-AgNPs, as measured using dynamic light scattering (DLS).

Figure 3. The TEM image for the citrate-AgNPs.
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Figure 4. The color of colloidal cit-AgNPs in the presence of different metals, as compared to cit-
AgNPs as control (C).
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Figure 5. The UV-vis spectra for cit-AgNPs in the presence of different metal ions. Difference in
the color of cit-AgNPs in the presence of Pb (inset).

5. Conclusions

Lead (Pb) ions have been listed as one of the most toxic pollutants for the environ-
ment. Herein, we have prepared and used well-characterized AgNPs for the colorimetric
and spectroscopic sensing of Pb ions. The use of AgNPs helped in the quick detection of
Pb, which would be highly beneficial for point-of-care qualitative detection. The devel-
oped cit-AgNP displayed color change and shift in SPR signal after interaction with Pb.
Notably, these NPs did not show any color change in the presence of interfering heavy
metals, e.g., Cd, Mn, Cr, Fe, Co, Hg, and Zn.



Mater. Proc. 2021, 4, 61 5 of 5

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Acknowledgments: This research acknowledges the support from the Department of Science and
Technology, New Delhi, India, in the form of an INSPIRE Faculty Award (DST/IN-
SPIRE/04/2017/002953), and from the Science and Engineering Research Board (SERB), Government
of India under the Early Career Research (ECR) award (File No. ECR/2018/000748).

References

1. Virk, RK,; Shafique, M.; Vaid, K.; Verma, S.; Bansal, M.P.; Garg, M.L.; Mohanty, B.P. Tracing biodistribution of essential and
toxic elements in rat liver through PIXE. Nucl. Instrum. Methods Phys. Res. Sect. B Beam Interact. Mater. At. 2020, 477, 91-97.

2. Dai, X;; Wu, S;; Li, S. Progress on electrochemical sensors for the determination of heavy metal ions from contaminated water.
J. Chin. Adv. Mater. Soc. 2018, 6, 91-111.

3.  Kumar, A.; MMS, C.-P.; Chaturvedi, A.K,; Shabnam, A.A.; Subrahmanyam, G.; Mondal, R.; Gupta, D.K.; Malyan, S.K.; S Kumar,
S.; AKhan, S. Lead Toxicity: Health Hazards, Influence on Food Chain, and Sustainable Remediation Approaches. Int. . Environ.
Res. Public Health 2020, 17, 2179.

4. Organization, W.H. International Lead Poisoning Prevention Week 2019 Campaign Resource Package; World Health Organization:
Geneva, Switzerland, 2019.

5. Vaid, K;; Dhiman, J.; Sarawagi, N.; Kumar, V. Experimental and computational study on the selective interaction of functional-
ized gold nanoparticles with metal ions: Sensing prospects. Langmuir 2020, 36, 12319-12326.

6. Hou, H.; Zeinu, KM.; Gao, S.; Liu, B.; Yang, J.; Hu, J. Recent advances and perspective on design and synthesis of electrode
materials for electrochemical sensing of heavy metals. Energy Environ. Mater. 2018, 1, 113-131.

7. Sang, S.; Li, D.; Zhang, H.; Sun, Y,; Jian, A.; Zhang, Q.; Zhang, W. Facile synthesis of AgNPs on reduced graphene oxide for
highly sensitive simultaneous detection of heavy metal ions. RSC Adv. 2017, 7, 21618-21624.

8. Aadil, KR,; Pandey, N.; Mussatto, S.I.; Jha, H. Green synthesis of silver nanoparticles using acacia lignin, their cytotoxicity,
catalytic, metal ion sensing capability and antibacterial activity. J. Environ. Chem. Eng. 2019, 7, 103296.

9.  Preciado-Flores, S.; Wheeler, D.A.; Tran, T.M.; Tanaka, Z.; Jiang, C.; Barboza-Flores, M.; Qian, F.; Li, Y.; Chen, B.; Zhang, ].Z.

SERS spectroscopy and SERS imaging of Shewanella oneidensis using silver nanoparticles and nanowires. Chem. Commun. 2011,
47,4129-4131.



