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environmental researchers due to its toxicity. In recent 

years, many authors determined the concentration of mer-

cury and its different forms in the environment, such as 

soil, water, atmosphere and biota, with various analytical 

techniques, such as atomic absorption spectrometry, spec-

trophotometry, voltammetry, inductively coupled plasma 

mass spectrometry, inductively coupled plasma atomic 

emission spectrometry, spectrofluorometry and chroma-

tography. The objective of this paper is to summarize the 

recent understanding of the available techniques for the 

analysis and speciation of mercury in environmental and 

biological samples reported worldwide during 2010 – 2011. 

We tabulated all the analytical parameters of about 129 

research papers published in reputable international jour-

nals during 2010 – 2011 about mercury determination and 

speciation studies.  
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   Introduction 
 In our modern periodic table of elements, mercury, also 

known as quicksilver, is the only metal that exists in 

the liquid state under normal temperature and pressure 

conditions. Mercury is mostly obtained from its sulfide 

ore, i.e., cinnabar. It is used in thermometers, fluores-

cent lamps, some electrical switches and as electrodes. 

Mercury exists in three forms, i.e., elemental mercury and 

inorganic and organic forms. Elemental mercury is mostly 

used in thermometers and some electric switches. Inor-

ganic mercury [Hg(II)] is more soluble in water and more 

reactive. Organic forms of mercury include compounds 

like methylmercury, dimethylmercury and phenylmer-

cury. Among organic forms of mercury, methylmercury 

is the most commonly existing in the environment. The 

sources of mercury are classified into two types: natural 

and anthropogenic sources. Natural sources of mercury 

include volcanoes and forest fires. Regarding anthropo-

genic sources, incineration of municipal and medical 

wastes and emissions from coal-using power plants 

contribute a major role to high levels of mercury in the 

environment. The major sources of mercury in aquatic 

environments include atmospheric deposition, erosion, 

urban discharges, agricultural materials, mining and 

combustion and industrial discharges (Wang et al.  2004 ). 

Metallic and inorganic mercury compounds enter into the 

atmosphere from mining ore deposits, burning of coal and 

waste from the manufacturing plants. It can enter into the 

water or soil from natural deposits, disposal of wastes and 

volcanic activity. Microorganisms like bacteria can form 

methylmercury in water and soil. Mostly, the methylmer-

cury builds up in the tissues of fish; larger and older fishes 

may have high levels of methylmercury (ATSDR  1999 ). 

Mercury emissions from various sources in the environ-

ment are converted into methylmercury, which are bioac-

cumulated in the food chain. The topmost predators in the 

food chain have higher concentrations of methylmercury 

than the animals in the lower part of the food chain. 

 There are several ways by which humans are exposed 

to mercury including eating fish with methylmercury and 

breathing mercury vapors in air from the burnings of mer-

cury-containing fuels and incinerators. The most tragic 

incident in history regarding mercury poisoning was 

observed in 1956 at Minamata Bay in Japan. The disease, 

named Minamata disease, induced symptoms such as 

numbness in the hands and feet, damage to hearing and 

speech, and even leads to death ( http://en.wikipedia.

org/wiki/Minamata_disease ). Because of the toxicity 

of mercury, European countries like Norway, Sweden 

and Denmark banned its use in recent years [ http://

en.wikipedia.org/wiki/Mercury_(element)] . 

 At the United Nations Organization meeting of 

world environmental ministers held in Kenya during 

February 2009, more than 140 countries  worldwide 

agreed to reduce global mercury emissions by 2013 

( http://www.mpe-magazine.com/legal-brief/global-
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mercury-treaty-gets-go-ahead ). Production of switches and 

relays containing mercury was banned in China from the 

year 2010 (Cheng and Hu  2012 ). Many international agen-

cies made standards for the presence of mercury in differ-

ent sources to avoid its adverse effects on human health. 

The high toxicity of mercury attracted many researchers 

to investigate its concentration in various environmental 

matrices. Park et al.  (2010)  reported the determination of 

mercury and methylmercury in freshwater fish in South 

Korea. The determination of mercury in mushrooms was 

reported by Jarzynska and Falandysz  (2011) . The oral bio-

accessibility and health risk of mercury and other metals 

in urban street dusts of Nanjing, a mega city in China, 

was investigated by Hu et al.  (2011) . Much importance was 

given in recent years to the determination and speciation 

of mercury by researchers worldwide. This compelled us to 

review the recent trends in mercury determination. 

  Speciation and determination studies 
of mercury based on various analytical 
methods 

 Several authors reviewed the reported concentration of 

mercury and/or methylmercury in various environmental 

matrices with different analytical techniques. They are 

discussed briefly here. 

 Leermakers et al.  (2005)  discussed the sample prepa-

ration methods of mercury. They also reviewed the specia-

tion and detection of mercury in environmental samples 

by using various analytical techniques. Li et  al.  (2009)  

reviewed mercury pollution in Asian countries. They 

found that the most mercury pollution arose from chemi-

cal industries, mercury mining and gold mining in Asian 

countries. Sanchez -Rodas et al. (2010)  reviewed the speci-

ation studies of arsenic, selenium, antimony and mercury 

by using atomic fluorescence spectrometry (AFS). This 

review mainly focused on instrumental couplings of chro-

matographic and nonchromatographic separations with 

AFS detection. They concluded that the advantages of AFS 

over inductively coupled plasma (ICP) techniques are low 

acquisition and ease of operation. Dadfarnia and Shabani 

 (2010)  reviewed the developments in liquid-phase micro-

extraction for determination of trace-level concentrations 

of metals including mercury. In this review, the authors 

described various microextraction techniques such as 

single-drop microextraction, hollow-fiber liquid-phase 

microextraction, dispersive liquid-liquid microextrac-

tion and solidified floating organic drop microextraction 

for the determination of metals. Leopold et  al.  (2010)  

reviewed the determination and speciation of mercury, 

but it was limited only to natural waters including rivers, 

lakes, rain and groundwater. Pandey et al.  (2011)  reviewed 

measurement techniques for various forms of mercury 

(gaseous elemental mercury, reactive gaseous mercury 

and particle-bound mercury) in ambient air. Studies on 

speciation and analysis of mercury in environmental and 

biological samples by microwave-assisted extraction were 

reviewed by Reyes et  al.  (2011) . This review predicts the 

drawbacks of microwave-assisted extraction for mercury 

such as inability of simultaneous extraction of multiple 

samples, losing of volatile organomercury compounds 

and the samples to be extracted at atmospheric pressure 

and at/or below the boiling point of the solvents used for 

extraction. A recent study in China (Cheng and Hu  2012 ) 

reviewed the presence of mercury in municipal solid 

waste (MSW). According to this study, mercury in MSW is 

not receiving the required attention in China. This study 

recommends that source reduction is the best option to 

regulate mercury pollution in the environment. 

 Among all the analytical instruments, a survey of 

the literature clearly reveals that the majority of the 

researchers preferred various spectroscopic methods such 

as atomic absorption spectrometry (AAS), inductively 

coupled plasma atomic emission spectrometry (ICP-AES), 

inductively coupled plasma mass spectrometry (ICP-MS), 

spectrophotometry and spectrofluorometry. Further, 

among all the spectroscopic methods, most researchers 

worldwide were commonly using the cold vapor-AAS (CV-

AAS) and CV-AFS methods for mercury determination. A 

review (Clevenger et al.  1997 ) about trace determination of 

mercury in the 1990s also observed the same trend. 

 In the CV-AAS technique, first the samples were 

digested and oxidized to convert the different forms of 

mercury into their ions. These mercury ions were then 

reduced to the elemental state with 10% SnCl 
2
  · 2H 

2
 O in 

1  m  HCl and aerated from a solution in a closed system. 

The mercury vapor passes through a cell in which the 

absorbance is measured to determine the concentration 

of mercury. In the CV-AFS technique, very low levels of 

mercury can be detected by applying accurate and proper 

sample collection. In this method, oxidation and reduction 

into elemental form in the sample container takes place, 

and then the sample is collected on a gold trap. Mercury 

vapors that are produced in the desorption process are 

passed through a cell in which absorbance is measured 

by a fluorescence detector (Microbac Laboratory Services 

 2011 ). The analytical parameters measured by researchers 

in the determination of mercury reported worldwide by 

using spectroscopic instruments are presented in Table  1  . 

 The electrochemical instruments used by the research-

ers for the determination of mercury in various samples 
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were the anodic stripping voltammeter and potentiometer. 

The analytical parameters measured by the researchers in 

the determination of mercury by using electrochemical 

instruments are presented in Table  2  . On the basis of the 

literature survey, only approximately 5% of the research 

papers described the determination and speciation of 

mercury with the use of chromatographic instruments, 

such as gas chromatography (GC) and high-performance 

liquid chromatography (HPLC). The analytical parameters 

measured by researchers in the determination of mercury 

reported worldwide by using chromatographic instru-

ments are presented in Table  3  . 

 The present study reveals that approximately 81% of 

research papers described the determination of mercury 

by spectroscopic instruments followed by electrochemical 

instruments (approximately 14%) and chromatographic 

instruments (only 5%). 

 Regarding the analysis of samples, most of the 

researchers determined the concentration of mercury in 

different water samples or aqueous solutions. The deter-

mination of mercury in various water contents is gaining 

more importance particularly in drinking water because it 

affects the human health directly. The United States Envi-

ronmental Protection Agency (USEPA) also reviewed and 

approved some methods for the determination of mercury 

in drinking water. These are methods 200.8, 245.1, 245.2 

and 245.7. Among these methods, method 200.8 describes 

the determination of mercury in drinking water by using 

ICP-MS, which has a detection limit of 0.0002  mg l -1 . 

Method 245.1 describes mercury determination in drink-

ing water by using CV-AAS, and method 245.2 with auto-

mated CV technique (ACVT). Methods 245.1 and 245.2 have 

no method detection limits, but method 245.7 describes 

mercury determination by using CV-AFS, which has a very 

low method detection limit (0.0000018 mg l -1 ) among all 

the methods mentioned above (USEPA  2009 ). 

 In the determination of mercury, there are so many 

challenges to overcome. If solid samples are considered 

for mercury analysis, there is the problem of hetero-

genic distribution of mercury. The high volatile nature 

of mercury and its compounds causes the loss of some 

content during sampling. It is very important to minimize 

the contamination of mercury from other sources during 

sampling and from laboratory reagents (Crock  2005 ). The 

most challenging issue in the determination and spe-

ciation of mercury is choosing the analytical technique 

because of the need for a highly sensitive and selective 

technique due to the very low concentrations of mercury 

in samples. As a result, many researchers are still using 

CV-AAS and CV-AFS because of the low cost and high sen-

sitivity of these methods (Jokai Szatura  2007 ). Researchers 

must be aware of the quality of the data produced in the 

determination of mercury. The quality of the data can be 

enhanced by analyzing the related standard reference 

materials (SRMs) containing mercury. 

 Accurate determination of mercury concentration in 

various samples in the environment depends on many 

factors such as avoiding contamination during sampling 

and in the laboratory during analysis, choosing a highly 

selective and sensitive analytical technique and using 

SRMs for accuracy of the data.   

  Conclusion 
 A few historical tragic incidents of mercury poisoning, 

like the Minamata tragedy, make the determination and 

speciation of mercury an important task to environmen-

tal researchers worldwide. This study clearly predicts 

the importance of the determination and speciation of 

mercury in various environmental and biological samples 

due to the toxic nature of mercury and its different forms. 

Most of the researchers are aware of mercury contami-

nation in drinking water. Apart from the drinking water, 

mercury can also enter the food chain through fish. For 

this reason, many researchers are interested in the deter-

mination of mercury concentration in fishes. Some inter-

national agencies like the USEPA and the World Health 

Organization also established standards for the concen-

tration of mercury in water and fishes. Based on the lit-

erature survey, very few researchers measured the con-

centration of mercury in ambient air. It is very important 

to measure the ambient concentration of mercury because 

coal burning in thermal power stations is one of the major 

sources of mercury in the environment. A large number of 

papers were published about the determination of mercury 

in recent years. Most of the researchers performed total 

mercury studies instead of speciation studies. However, 

it is very important to determine methylmercury levels 

due to its toxicity. Regarding the analytical methods, most 

of the researchers used CV-AAS and CV-AFS for mercury 

determination. The determination and speciation studies 

of mercury in various environmental samples worldwide 

give useful information about mercury concentration that 

is needed for the implementation of the regulatory poli-

cies to decrease the mercury content in the environment. 

Another important factor is source prediction; by knowing 

the sources of mercury in the environment, it is easy to 

regulate its concentration in the environment.          

 Received January 11, 2013; accepted March 27, 2013; previously 

published online May 6, 2013 
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