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This paper reviews the speciation and determination of mercury by various analytical techniques such as atomic absorption
spectrometry, voltammetry, inductively coupled plasma techniques, spectrophotometry, spectrofluorometry, high performance
liquid chromatography, and gas chromatography. Approximately 126 research papers on the speciation and determination of
mercury by various analytical techniques published in international journals since 2013 are reviewed.

1. Introduction

Mercury, which is also known as quick silver, is only the
metal (Figure 1) in the modern periodic table that exists in
liquid form at room temperature. The sources of mercury
in the environment include the natural processes, such as
breakdown of minerals in rocks and volcanic activities. The
anthropogenic sources are not limited to mining and the
burning of fossil fuels. Regarding the toxicity of mercury and
its different species,methylmercury poisoning affects the ner-
vous system of humans and damages the brain and kidneys
[1]. Most of the mercury emitted into the environment is
converted tomethylmercury, which spreads to the food chain
due to the bioaccumulation nature of methylmercury [2].
Owing to the toxicity nature and bioaccumulation nature of
mercury, most studies in this area have focused on the deter-
mination ofmercury and its species in various environmental
and biological samples.

Marumoto and Imai [3] reported the determination of
dissolved gaseous mercury in the seawater of Minamata
Bay of Japan. This study also estimated the exchange of
mercury across the air-sea interface. Panichev and Panicheva
[4] reported the determination of the total mercury content
in fish and sea products by thermal decomposition atomic
absorption spectrometry. Fernández-Mart́ınez et al. [5] eval-
uated different digestion systems for the determination of

mercury with CV-AFS (cold-vapor atomic fluorescence spec-
trometer) in seaweeds. Pinedo-Hernández et al. [6] examined
the speciation and bioavailability of mercury in sediments
that had been impacted by gold mining in Colombia.

This paper presented the recent developments in this
topic after a previous review published in 2013 [2]. The
present study reviews the recent developments in the spe-
ciation and determination studies of mercury reported and
published since 2013. For this purpose, approximately 136
research papers published were reviewed. All the analytical
parameters such as limit of detection, linearity range, and
interference study reported by the reviewed papers are
presented in Tables 1–4 [7–133]. This extensive collection
of literature and the analytical parameters of the reviewed
papers established the recent developments in the determi-
nation and speciation studies of mercury using a range of
analytical techniques.

2. Discussion

The toxicity and bioaccumulation nature of mercury has
prompted extensive studies to determine the concentrations
of mercury species in different environmental and biological
samples. This paper reviewed a large number of studies on
the determination and speciation of toxic metals including
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Figure 1: Elemental mercury.

mercury. The reviews regarding the determination of mer-
cury published since 2013 are discussed hereunder.

Suvarapu et al. [2] reviewed research papers published
between 2010 and 2011 regarding the speciation and deter-
mination of mercury using a variety of analytical tech-
niques. They concluded that most researchers prefer cold-
vapor atomic absorption spectrometry (CV-AAS) and atomic
absorption spectrofluorometry (CV-AFS) for the speciation
and determination studies of mercury in various environ-
mental samples. Suvarapu et al. [134] also reviewed research
papers published in 2012 regarding the determination ofmer-
cury in various environmental samples. El-Shahawi and Al-
Saidi [135] reviewed the dispersive liquid-liquidmicroextrac-
tion (DLLME) method for the speciation and determination
of metal ions including mercury. This review concluded that
the method of DLLME has the advantages of simplicity,
speed, and low cost for the determination of metal ions using
various analytical techniques. Ferreira et al. [136] reviewed
the use of reflux systems for the sample preparation in
the determination of elements, such as arsenic, antimony,
cadmium, lead, and mercury. This study concluded that the
use of the reflux systems is very rare in the determination
of elements, such as Hg. Gao et al. [137] reviewed the
application of chemical vapor generation method for the
determination of metal ions, such as mercury and cadmium
with ICP-MS. Sańchez et al. [138] reviewed the determination
of trace elements including mercury present in petroleum
products using ICP techniques.This study concluded that the
electrothermal vaporization and laser ablation methods were
promising for the analysis of petroleum for trace elements.
Mart́ın-Yerga et al. [139] reviewed the determination of mer-
cury using electrochemical methods. This study discussed
the advantages and disadvantages of the use of different
electrodes in the determination ofmercury. Chang et al. [140]
reviewed the detection of heavy metals, such as cadmium,
lead, and mercury in water samples using graphene based
sensors. This study concluded that it is a very challenging
task to detect heavy metals in water in real time due to
the interference of large chemical and biological species in
water. Yu andWang [141] reviewed the determination ofmetal
ions including mercury by atomic spectrometry by applying
flow-based sample pretreatment methods. They concluded
that the ICP-AES, AAS, AFS, and ICP-MS are the major
detection techniques for trace metal analysis. Yin et al. [142]
reviewed the speciation analysis of mercury, arsenic, and
selenium using a range of analytical techniques. Gao and

Huang [143] reviewed the determination of mercury(II) ions
by voltammetry and concluded that stripping voltammetry is
still an active field of research regarding the determination of
mercury. Duarte et al. [144] reviewed disposable sensors and
electrochemical sensors for the environmental monitoring of
Pb, Cd, and Hg. They recommended the recycling of materi-
als used in sensors for future studies. Recently, Ferreira et al.
[145] reviewed the analytical strategies of sample preparation
for the determination of mercury in food matrices.

In recent days, few research papers were published
about the determination and analysis of mercury species
in various environmental and biological samples and some
of them are discussed hereunder. Lima et al. [146] reported
an efficient method for the determination of mercury
in inorganic fertilizers by using CV-AAS combined with
microwave-induced plasma spectrometry. Pelcová et al.
[147] reported the simultaneous determination of mercury
species by LC-AFS with a low detection limit of 13–38 ng L−1.
Chen et al. [148] reported a colorimetric method for the
determination of mercury ions based on gold nanoparticles
and thiocyanuric acid. Fernández et al. [149] reported gold
nanostructured screen-printed carbon electrodes for the
determination of mercury using dispersive liquid-liquid
microextraction. Fernández-Mart́ınez et al. [5] evaluated
the different digestion systems for determination of mercury
in seaweeds using CV-AFS. Silva et al. [150] determined
the trace amounts of mercury in alcohol vinegar samples
collected from Salvador, Bahia of Brazil. Jarujamrus et al.
[151] reported a colorimetric method using unmodified silver
nanoparticles for the determination of mercury in water
samples. A highly selective method for the determination
of mercury using a glassy carbon electrode modified with
nano-TiO

2

and multiwalled carbon nanotubes in river and
industrial wastewater was reported by Mao et al. [152].

As mentioned in our previous review [2], spectrometric
techniques are used widely bymany researchers for the deter-
mination of mercury over the world. Regarding the determi-
nation of mercury with various analytical instruments in the
papers reviewed,more than 55% of the researchers used spec-
trometric instruments, such as atomic absorption spectrome-
try (AAS), inductively coupled plasma techniques (ICP-OES,
AES, and MS), and atomic fluorescence spectrometer (AFS)
(Table 1). ICP-MS technique has an advantage of low detec-
tion limits and wide range of linearity in the determination
of mercury [153]. Around 20% of the researchers chose the
spectrophotometer and spectrofluorometer (Table 2) for the
determination and speciation ofmercury. Approximately 10%
of researchers in the papers reviewed used electrochemical
instruments for the determination and speciation studies
of mercury (Table 3). Only a few authors chose the HPLC,
GC, and other techniques (Table 4) but they coupled these
instruments with AAS or other instruments. Regarding the
analysis of the environmental biological samples for mercury
and its species, most researchers analyzed various water sam-
ples (drinking, seawater, wastewater, river, and lake waters)
followed by food samples (mostly fish), human hair, and
ambient air. Only a few authors determined the concentration
ofmercury in ambient air and atmospheric particulatematter
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[26, 48, 52, 66, 119, 126]. Various measurement techniques
that can be available for the determination ofmercury species
in ambient air were reviewed by Pandey et al. [154]. This
study also concluded that most of the researchers preferred
CV-AAS and CV-AFS technique for the measurement of
different mercury species in ambient air. In comparison of
methods, acid digestion and thermal method, for the analysis
of mercury in ambient air acid digestion, is better than
thermal method. By the thermal methods the values can be
obtained 30% lower than the acid digestion method [155].

In the analysis ofmercury species in various environmen-
tal samples, selectivity and range of linearity of the method
also play a major role due to the presence of multielements
in the real samples. Based on the present study, most of
the spectrophotometric, spectrofluorometric, and electroan-
alytical methods were discussed regarding the interfering
ion studies and linearity range of the method. These studies
will give a clear picture about the determination of mercury
species in presence of other ionswhich validates themethods.

Regarding the merits of the different methods for spe-
ciation and analysis of mercury, the usage of nonchromato-
graphic methods has an advantage in terms of speed of anal-
ysis, inexpensiveness, and convenience to find themercury in
various environmental samples. But for the complete specia-
tion studies of mercury in biological and environmental sam-
ples chromatographic methods are useful [156]. The validity
of analytical methods can be enhanced with the analysis of
the certified reference materials along with the real samples.
In recent years, the researchers mostly preferred GC coupled
with AFS or ICP-MS for the determination and speciation of
mercury in natural waters [157]. In electroanalyticalmethods,
the validity of themethods depends on various factors such as
type of electrode, preconcentration, and supportingmaterials
[139] and these methods are cost-effective, selective, and
sensitive [143].

3. Conclusions

The present study revealed the recent developments in the
determination and speciation studies ofmercury by a range of
analytical techniques. Our previous study [2] also described
the challenges in the methodology for mercury determina-
tion.This review showed thatmost researchers focused on the
determination of Hg(II) rather than speciation studies. On
the other hand, the speciation studies [23, 24, 29, 36, 37, 44,
47, 50, 54, 58, 68, 69, 76, 118] accurately revealed the toxicity
of mercury rather than the total mercury or single species
determinations. In the papers reviewed, most researchers
were aware of the interfering ions in the determination of
mercury and its different forms. In the analytical method,
a study of interfering ions is very important because it can
predict the selectivity of the method. In future studies, it will
be important to focus on speciation studies of mercury rather
than a determination of the total mercury.
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Sahuquillo, J. F. López-Sánchez, and M. M. da Silva, “Method
development for the simultaneous determination of methylm-
ercury and inorganicmercury in seafood,” FoodControl, vol. 46,
pp. 351–359, 2014.

[59] S. M. Vieira, R. de Almeida, I. B. B. Holanda et al., “Total and
methyl-mercury in hair and milk of mothers living in the city
of Porto Velho and in villages along the Rio Madeira, Amazon,
Brazil,” International Journal of Hygiene and Environmental
Health, vol. 216, no. 6, pp. 682–689, 2013.

[60] K. Hsu, C. Lee, W. Tseng, Y. Chao, and Y. Huang, “Selective
and eco-friendly method for determination of mercury(II) ions
in aqueous samples using an on-line AuNPs-PDMS composite
microfluidic device/ICP-MS system,” Talanta, vol. 128, pp. 408–
413, 2014.

[61] J. S. Barin, B. Tischer, R. S. Picoloto et al., “Determination of
toxic elements in tricyclic active pharmaceutical ingredients
by ICP-MS: a critical study of digestion methods,” Journal of
Analytical Atomic Spectrometry, vol. 29, no. 2, pp. 352–358, 2014.

[62] M.Hadavifar,N. Bahramifar,H. Younesi, andQ. Li, “Adsorption
of mercury ions from synthetic and real wastewater aqueous
solution by functionalized multi-walled carbon nanotube with
both amino and thiolated groups,” Chemical Engineering Jour-
nal, vol. 237, pp. 217–228, 2014.

[63] E. Najafi, F. Aboufazeli, H. R. L. Z. Zhad, O. Sadeghi, and
V. Amani, “A novel magnetic ion imprinted nano-polymer
for selective separation and determination of low levels of
mercury(II) ions in fish samples,” Food Chemistry, vol. 141, no.
4, pp. 4040–4045, 2013.

[64] J. Hellings, S. B. Adeloju, and T. V. Verheyen, “Rapid determina-
tion of ultra-trace concentrations of mercury in plants and soils
by cold vapour inductively coupled plasma-optical emission
spectrometry,”Microchemical Journal, vol. 111, pp. 62–66, 2013.

[65] L. R. Drennan-Harris, S. Wongwilawan, and J. F. Tyson, “Trace
determination of total mercury in rice by conventional induc-
tively coupled plasma mass spectrometry,” Journal of Analytical
Atomic Spectrometry, vol. 28, no. 2, pp. 259–265, 2013.

[66] M. M. Lynam, B. Klaue, G. J. Keeler, and J. D. Blum, “Using
thermal analysis coupled to isotope dilution cold vapor ICP-MS
in the quantification of atmospheric particulate phasemercury,”



Journal of Analytical Methods in Chemistry 15

Journal of Analytical Atomic Spectrometry, vol. 28, no. 11, pp.
1788–1795, 2013.
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Guérin, “Distribution and relationships of As, Cd, Pb and Hg
in freshwater fish from five French fishing areas,” Chemosphere,
vol. 90, no. 6, pp. 1900–1910, 2013.

[74] R. Liu, M. Xu, Z. Shi, J. Zhang, Y. Gao, and L. Yang, “Determi-
nation of total mercury in biological tissue by isotope dilution
ICPMS afterUVphotochemical vapor generation,”Talanta, vol.
117, pp. 371–375, 2013.

[75] C. H. Lamborg, G. Swarr, K. Hughen et al., “Determination of
low-level mercury in coralline aragonite by calcination-isotope
dilution-inductively coupled plasma-mass spectrometry and
its application to Diploria specimens from Castle Harbour,
Bermuda,” Geochimica et Cosmochimica Acta, vol. 109, pp. 27–
37, 2013.

[76] X. Chen, C. Han, H. Cheng, J. Liu, Z. Xu, and X. Yin,
“Determination of mercurial species in fish by inductively
coupled plasma mass spectrometry with anion exchange chro-
matographic separation,” Analytica Chimica Acta, vol. 796, pp.
7–13, 2013.

[77] M.-L. Lin and S.-J. Jiang, “Determination of As, Cd, Hg and
Pb in herbs using slurry sampling electrothermal vaporisation
inductively coupled plasma mass spectrometry,” Food Chem-
istry, vol. 141, no. 3, pp. 2158–2162, 2013.

[78] T. D. S. Pierre, R. C. C. Rocha, and C. B. Duyck, “Determi-
nation of Hg in water associate to crude oil production by
electrothermal vaporization inductively coupled plasma mass
spectrometry,”Microchemical Journal, vol. 109, pp. 41–45, 2013.

[79] K. Julshamn, A. Duinker, B. M. Nilsen et al., “A baseline study
of levels of mercury, arsenic, cadmium and lead in Northeast

Arctic cod (Gadus morhua) from different parts of the Barents
Sea,”Marine Pollution Bulletin, vol. 67, no. 1-2, pp. 187–195, 2013.

[80] X. Ding, L. Qu, R. Yang, Y. Zhou, and J. Li, “A highly selective
and simple fluorescent sensor for mercury (II) ion detection
based on cysteamine-capped CdTe quantum dots synthesized
by the refluxmethod,” Luminescence, vol. 30, no. 4, pp. 465–471,
2015.

[81] Z. Mohammadpour, A. Safavi, and M. Shamsipur, “A new label
free colorimetric chemosensor for detection of mercury ion
with tunable dynamic range using carbon nanodots as enzyme
mimics,” Chemical Engineering Journal, vol. 255, pp. 1–7, 2014.

[82] R. M. Tripathi, R. K. Gupta, P. Singh et al., “Ultra-sensitive
detection of mercury(II) ions in water sample using gold
nanoparticles synthesized by Trichoderma harzianum and their
mechanistic approach,” Sensors and Actuators B: Chemical, vol.
204, pp. 637–646, 2014.

[83] K. Deepa, Y. P. Raj, and Y. Lingappa, “Spectrophotomet-
ric determination of mercury in environmental samples
using 5-methylthiophene-2-carboxaldehyde ehtylenediamine
(MTCED),”Der Pharma Chemica, vol. 6, no. 3, pp. 48–55, 2014.

[84] Z. X. Wang and S. N. Ding, “One-pot green synthesis of high
quantumyield oxygen-doped, nitrogen-rich, photoluminescent
polymer carbon nanoribbons as an effective fluorescent sensing
platform for sensitive and selective detection of silver(I) and
mercury(II) ions,” Analytical Chemistry, vol. 86, no. 15, pp.
7436–7445, 2014.

[85] 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.

[86] Z. Chen, C. Zhang, Y. Tan et al., “Chitosan-functionalized gold
nanoparticles for colorimetric detection of mercury ions based
on chelation-induced aggregation,”Microchimica Acta, vol. 182,
no. 3-4, pp. 611–616, 2014.

[87] M.Wang, F.-Y. Yan, Y. Zou,N.Yang, L. Chen, andL.-G.Chen, “A
rhodamine derivative as selective fluorescent and colorimetric
chemosensor for mercury (II) in buffer solution, test strips
and living cells,” Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, vol. 123, pp. 216–223, 2014.

[88] A. R. Firooz,A.A. Ensafi, andZ.Hajyani, “Ahighly sensitive and
selective bulk optode based ondithiacyclooctadecane derivative
incorporating chromoionophore V for determination of ultra-
race amounts of Hg(II),” Sensors and Actuators B: Chemical, vol.
177, pp. 710–716, 2013.

[89] S. Mandal, A. Banerjee, S. Lohar et al., “Selective sensing of
Hg2+ using rhodamine-thiophene conjugate: red light emission
and visual detection of intracellular Hg2+ at nanomolar level,”
Journal of Hazardous Materials, vol. 261, pp. 198–205, 2013.

[90] L. N. Neupane and K.-H. Lee, “Selective and sensitive turn
on detection of Hg2+ in aqueous solution using a thioether-
appended dipeptide,” Tetrahedron Letters, vol. 54, no. 37, pp.
5007–5010, 2013.

[91] X. Qin, W. Lu, A. M. Asiri, A. O. Al-Youbi, and X. Sun,
“Microwave-assisted rapid green synthesis of photoluminescent
carbon nanodots from flour and their applications for sensitive
and selective detection of mercury(II) ions,” Sensors and Actu-
ators, B: Chemical, vol. 184, pp. 156–162, 2013.

[92] H.-F. Wang and S.-P. Wu, “Highly selective fluorescent sensors
for mercury(II) ions and their applications in living cell imag-
ing,” Tetrahedron, vol. 69, no. 8, pp. 1965–1969, 2013.

[93] A. S. Al-Kady and F. I. Abdelmonem, “Highly sensitive and
selective spectrophotometric detection of trace amounts of



16 Journal of Analytical Methods in Chemistry

Hg2+ in environmental and biological samples based on 2,4,7-
triamino-6-phenylpteridine,” Sensors and Actuators B: Chemi-
cal, vol. 182, pp. 87–94, 2013.

[94] Y. Li, H. Huang, Y. Li, and X. Su, “Highly sensitive fluo-
rescent sensor for mercury (II) ion based on layer-by-layer
self-assembled films fabricated with water-soluble fluorescent
conjugated polymer,” Sensors and Actuators B: Chemical, vol.
188, pp. 772–777, 2013.

[95] D. Huang, C. Niu, M. Ruan, X. Wang, G. Zeng, and C. Deng,
“Highly sensitive strategy for Hg2+ detection in environmental
water samples using long lifetime fluorescence quantum dots
and gold nanoparticles,” Environmental Science & Technology,
vol. 47, no. 9, pp. 4392–4398, 2013.

[96] W. Lu, X. Qin, A. M. Asiri, A. O. Al-Youbi, and X. Sun,
“Green synthesis of carbon nanodots as an effective fluorescent
probe for sensitive and selective detection of mercury(II) ions,”
Journal of Nanoparticle Research, vol. 15, pp. 1344–1350, 2013.

[97] J. Zhang, Y. Zhou, W. Hu, L. Zhang, Q. Huang, and T. Ma,
“Highly selective fluorescence enhancement chemosensor for
Hg2+ based on rhodamine and its application in living cells and
aqueousmedia,” Sensors andActuators, B: Chemical, vol. 183, pp.
290–296, 2013.

[98] L. Yan, Z. Chen, Z. Zhang, C. Qu, L. Chen, and D. Shen,
“Fluorescent sensing of mercury(II) based on formation of
catalytic gold nanoparticles,” Analyst, vol. 138, no. 15, pp. 4280–
4283, 2013.

[99] A. R. Firooz, A. A. Ensafi, K. Karimi, and H. Sharghi, “Devel-
opment of a specific and highly sensitive optical chemical
sensor for determination of Hg(II) based on a new synthesized
ionophore,” Materials Science and Engineering C, vol. 33, no. 7,
pp. 4167–4172, 2013.

[100] Q. Lin, Y.-P. Fu, P. Chen, T.-B. Wei, and Y.-M. Zhang, “Colori-
metric chemosensors designed to provide high sensitivity for
Hg2+ in aqueous solutions,” Dyes and Pigments, vol. 96, no. 1,
pp. 1–6, 2013.

[101] D. Tan, Y. He, X. Xing, Y. Zhao, H. Tang, and D. Pang, “Aptamer
functionalized gold nanoparticles based fluorescent probe for
the detection of mercury (II) ion in aqueous solution,” Talanta,
vol. 113, pp. 26–30, 2013.

[102] J. Liu, D. Wu, X. Yan, and Y. Guan, “Naked-eye sensor for rapid
determination of mercury ion,” Talanta, vol. 116, pp. 563–568,
2013.

[103] F. El Aroui, S. Lahrich, A. Farahi et al., “Palladium particles-
impregnated natural phosphate electrodes for electrochemical
determination of mercury in ambient water samples,” Electro-
analysis, vol. 26, pp. 1751–1760, 2014.

[104] A. Afkhami, S. Sayari, F. Soltani-Felehgari, and T. Madrakian,
“Ni
0.5

Zn
0.5

Fe
2

O
4

nanocomposite modified carbon paste elec-
trode for highly sensitive and selective simultaneous electro-
chemical determination of trace amounts of mercury (II) and
cadmium (II),” Journal of the Iranian Chemical Society, vol. 12,
no. 2, pp. 257–265, 2014.

[105] A. Chira, B. Bucur, M. P. Bucur, and G. L. Radu, “Electrode-
modifiedwith nanoparticles composed of 4,4󸀠-bipyridine-silver
coordination polymer for sensitive determination of Hg(II),
Cu(II) and Pb(II),” New Journal of Chemistry, vol. 38, no. 11, pp.
5641–5646, 2014.

[106] P. K. Aneesh, S. R. Nambiar, T. P. Rao, and A. Ajayaghosh,
“Electrochemical synthesis of a gold atomic cluster-chitosan
nanocomposite film modified gold electrode for ultra-trace
determination of mercury,” Physical Chemistry Chemical
Physics, vol. 16, no. 18, pp. 8529–8535, 2014.

[107] B. Silwana, C. van der Horst, E. Iwuoha, and V. Somerset,
“Amperometric determination of cadmium, lead, and mercury
metal ions using a novel polymer immobilised horseradish
peroxidase biosensor system,” Journal of Environmental Science
and Health Part A, vol. 49, no. 13, pp. 1501–1511, 2014.

[108] T. Shahar, N. Tal, andD.Mandler, “The synthesis and character-
ization of thiol-based aryl diazonium modified glassy carbon
electrode for the voltammetric determination of low levels of
Hg(II),” Journal of Solid State Electrochemistry, vol. 17, no. 6, pp.
1543–1552, 2013.

[109] H. Bagheri, A. Afkhami, H. Khoshsafar, M. Rezaei, and A.
Shirzadmehr, “Simultaneous electrochemical determination of
heavy metals using a triphenylphosphine/MWCNTs composite
carbon ionic liquid electrode,” Sensors and Actuators, B: Chem-
ical, vol. 186, pp. 451–460, 2013.

[110] R. K. Mahajan, A. Kamal, N. Kumar, V. Bhalla, and M.
Kumar, “Selective sensing of mercury(II) using PVC-based
membranes incorporating recently synthesized 1,3-alternate
thiacalix[4]crown ionophore,” Environmental Science and Pol-
lution Research, vol. 20, no. 5, pp. 3086–3097, 2013.

[111] V. K. Gupta, B. Sethi, R. A. Sharma, S. Agarwal, and A.
Bharti, “Mercury selective potentiometric sensor based on low
rim functionalized thiacalix [4]-arene as a cationic receptor,”
Journal of Molecular Liquids, vol. 177, pp. 114–118, 2013.

[112] M. Behzad, M. Asgari, M. Shamsipur, and M. G. Maragheha,
“Impedimetric and stripping voltammetric detection of sub-
nanomolar amounts ofmercury at a gold nanoparticlemodified
glassy carbon electrode,” Journal of the Electrochemical Society,
vol. 160, no. 3, pp. B31–B36, 2013.

[113] E. Bernalte, C. M. Sánchez, and E. P. Gil, “High-throughput
mercury monitoring in indoor dust microsamples by bath
ultrasonic extraction and anodic stripping voltammetry on gold
nanoparticles-modified screen-printed electrodes,” Electroanal-
ysis, vol. 25, no. 1, pp. 289–294, 2013.

[114] N. Daud, N. A. Yusof, and S. M. M. Nor, “Electrochemi-
cal characteristic of biotinyl somatostatin-14/Nafion modified
gold electrode in development of sensor for determination of
Hg(II),” International Journal of Electrochemical Science, vol. 8,
no. 7, pp. 10086–10099, 2013.

[115] A. K. Hassan, “Chemical sensor for determination of mercury
in contaminated water,”Modern Chemistry & Applications, vol.
1, no. 4, pp. 1–4, 2013.

[116] D. S. Rajawat, A. Kardam, S. Srivastava, and S. P. Satsangee,
“Adsorptive stripping voltammetric technique for monitoring
of mercury ions in aqueous solution using nano cellulosic fibers
modified carbon paste electrode,” National Academy Science
Letters, vol. 36, no. 2, pp. 181–189, 2013.

[117] Z. Zhang, J. Yin, Z. Wu, and R. Yu, “Electrocatalytic assay of
mercury(II) ions using a bifunctional oligonucleotide signal
probe,” Analytica Chimica Acta, vol. 762, pp. 47–53, 2013.

[118] M. Rumayor, M. Diaz-Somoano, M. A. Lopez-Anton, and M.
R. Martinez-Tarazona, “Application of thermal desorption for
the identification of mercury species in solids derived from coal
utilization,” Chemosphere, vol. 119, pp. 459–465, 2015.

[119] P. Higueras, R. Oyarzun, J. Kotnik et al., “A compilation of field
surveys on gaseous elemental mercury (GEM) from contrast-
ing environmental settings in Europe, South America, South
Africa and China: separating fads from facts,” Environmental
Geochemistry and Health, vol. 36, pp. 713–734, 2013.

[120] L. Xu, H. Yin,W.Ma, H. Kuang, L.Wang, and C. Xu, “Ultrasen-
sitive SERS detection of mercury based on the assembled gold



Journal of Analytical Methods in Chemistry 17

nanochains,” Biosensors and Bioelectronics, vol. 67, pp. 472–476,
2015.

[121] Q. Zhou, A. Xing, and K. Zhao, “Simultaneous determina-
tion of nickel, cobalt and mercury ions in water samples by
solid phase extraction using multiwalled carbon nanotubes as
adsorbent after chelating with sodium diethyldithiocarbamate
prior to high performance liquid chromatography,” Journal of
Chromatography A, vol. 1360, pp. 76–81, 2014.

[122] M. Liu, Z. Wang, S. Zong et al., “SERS detection and removal
of mercury(II)/silver(I) using oligonucleotide-functionalized
core/shell magnetic silica sphere@Au nanoparticles,” ACS
AppliedMaterials & Interfaces, vol. 6, no. 10, pp. 7371–7379, 2014.

[123] M. Ehsanpour, M. Afkhami, R. Khoshnood, and K. J. Reich,
“Determination and maternal transfer of heavy metals (Cd,
Cu, Zn, Pb and Hg) in the Hawksbill sea turtle (Eretmochelys
imbricata) from a nesting colony of Qeshm Island, Iran,”
Bulletin of Environmental Contamination and Toxicology, vol.
92, no. 6, pp. 667–673, 2014.

[124] R.-Z.Wang,D.-L. Zhou,H.Huang,M.Zhang, J.-J. Feng, andA.-
J. Wang, “Water-soluble homo-oligonucleotide stabilized fluo-
rescent silver nanoclusters as fluorescent probes for mercury
ion,”Microchimica Acta, vol. 180, no. 13-14, pp. 1287–1293, 2013.

[125] P. R. Aranda, L. Colombo, E. Perino, I. E. De Vito, and
J. Raba, “Solid-phase preconcentration and determination of
mercury(II) using activated carbon in drinking water by X-ray
fluorescence spectrometry,” X-Ray Spectrometry, vol. 42, no. 2,
pp. 100–104, 2013.

[126] H. Jin and G. Liebezeit, “Tidal cycles of total particulate mer-
cury in the jade bay, lower saxonianwadden sea, southern north
sea,” Bulletin of Environmental Contamination and Toxicology,
vol. 90, no. 1, pp. 97–102, 2013.

[127] H. Kodamatani and T. Tomiyasu, “Selective determination
method for measurement of methylmercury and ethylmer-
cury in soil/sediment samples using high-performance liquid
chromatography-chemiluminescence detection coupled with
simple extraction technique,” Journal of Chromatography A, vol.
1288, pp. 155–159, 2013.

[128] T. Frentiu, A. I.Mihaltan,M. Senila et al., “Newmethod former-
cury determination in microwave digested soil samples based
on cold vapor capacitively coupled plasma microtorch optical
emission spectrometry: comparison with atomic fluorescence
spectrometry,” Microchemical Journal, vol. 110, pp. 545–552,
2013.

[129] W.-Y. Liu, S.-L. Shen, H.-Y. Li, J.-Y. Miao, and B.-X. Zhao,
“Fluorescence turn-on chemodosimeter for rapid detection of
mercury (II) ions in aqueous solution and blood frommicewith
toxicosis,” Analytica Chimica Acta, vol. 791, pp. 65–71, 2013.

[130] C. L. Miller, D. B. Watson, B. P. Lester, K. A. Lowe, E. M. Pierce,
and L. Liang, “Characterization of soils from an industrial
complex contaminatedwith elementalmercury,”Environmental
Research, vol. 125, pp. 20–29, 2013.

[131] J. J. Melendez-Perez and A. H. Fostier, “Assessment of direct
mercury analyzer to quantifymercury in soils and leaf samples,”
Journal of the Brazilian Chemical Society, vol. 24, no. 11, pp.
1880–1886, 2013.

[132] K. Duarte, C. I. L. Justino, A. C. Freitas, A. M. P. Gomes,
A. C. Duarte, and T. A. P. Rocha-Santos, “Disposable sensors
for environmental monitoring of lead, cadmium and mercury,”
TrAC Trends in Analytical Chemistry, vol. 64, pp. 183–190, 2015.

[133] I. Cheng, L. Zhang, P. Blanchard, J. Dalziel, and R. Tordon,
“Concentration-weighted trajectory approach to identifying
potential sources of speciated atmospheric mercury at an urban

coastal site inNova Scotia, Canada,”Atmospheric Chemistry and
Physics, vol. 13, no. 12, pp. 6031–6048, 2013.

[134] L. N. Suvarapu, Y. K. Seo, and S. O. Baek, “Determination of
mercury in various environmental samples,” Asian Journal of
Chemistry, vol. 25, no. 10, pp. 5599–5601, 2013.

[135] M. S. El-Shahawi and H. M. Al-Saidi, “Dispersive liquid-liquid
microextraction for chemical speciation and determination of
ultra-trace concentrations of metal ions,” Trends in Analytical
Chemistry, vol. 44, pp. 12–24, 2013.

[136] S. L. C. Ferreira, L. O. B. Silva, F. A. de Santana, M. M. S. Junior,
G.D.Matos, andW.N. L. dos Santos, “A review of reflux systems
using cold finger for sample preparation in the determination of
volatile elements,”Microchemical Journal, vol. 106, pp. 307–310,
2013.

[137] Y. Gao, R. Liu, and L. Yang, “Application of chemical vapor
generation in ICP-MS: a review,” Chinese Science Bulletin, vol.
58, no. 17, pp. 1980–1991, 2013.
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