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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 to methylmercury, 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 of mercury 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. Ferndndez-Martinez 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-Herndndez 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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F1GURE 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 of mer-
cury in various environmental samples. El-Shahawi and Al-
Saidi [135] reviewed the dispersive liquid-liquid microextrac-
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. Sanchez 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.
Martin-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 of mercury. 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 and Wang [141] reviewed the determination of metal
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
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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. Pelcova et al.
[147] reported the simultaneous determination of mercury
species by LC-AFS with a low detection limit of 13-38 ng L ™".
Chen et al. [148] reported a colorimetric method for the
determination of mercury ions based on gold nanoparticles
and thiocyanuric acid. Fernandez et al. [149] reported gold
nanostructured screen-printed carbon electrodes for the
determination of mercury using dispersive liquid-liquid
microextraction. Ferndndez-Martinez 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-Ti0, 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 by many 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 of mercury. 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
of mercury in ambient air and atmospheric particulate matter
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(26, 48, 52, 66, 119, 126]. Various measurement techniques
that can be available for the determination of mercury 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 of mercury 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 ions which validates the methods.

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 the mercury 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 electroanalytical methods,
the validity of the methods depends on various factors such as
type of electrode, preconcentration, and supporting materials
[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 of mercury by a range of
analytical techniques. Our previous study [2] also described
the challenges in the methodology for mercury determina-
tion. This review showed that most 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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