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Resumen:

El presente trabajo describe una metodologia para la determinacion de especies de mercurio en tejido de peces
mediante Cromatografia de Gases utilizando como deteccion la Espectrometria de Emisién Optica con Plasma
Inducido por Microondas (GC-MIP-OES) utilizando un surfatron como cavidad resonante. Las especies de
mercurio fueron extraidas cuantitativamente por lixiviacion con ultrasonido utilizando una mezcla acido-tolueno.
Los limites de deteccion obtenidos fueron de 5 y 9 pg para metilmercurio (MeHg) y etilmercurio (EtHg),
respectivamente. Los cromatogramas fueron obtenidos en 1,5 min. Las concentraciones de MeHg con GC-MIP-
OES fueron similares a las obtenidas para mercurio organico mediante el método de reduccion selectiva y analisis
por espectrometria de absorcioén atémica con vapor frio (CV-AAS).

Palabras clave: Especies organomercuriales; analisis de especiacion; tejido de peces; Cromatografia capilar de
gases, Espectrometria de emision con plasmas de microondas, cavidad resonante de surfatron

Abstract

This paper describes a novel approach for analysis of mercury speciation in fish using gas chromatography coupled
with microwave-induced plasma optical emission spectrometry (GC-MIP-OES) in surfatron resonant cavity. Sample
treatment was based on quantitative leaching of mercury species from fish tissue with ultrasound-assisted acid-
toluene extraction. The extracted mercury species analyzed with GC-MIP-OES attained detection limits of 5 and 9
pg for methylmercury (MeHg) and ethylmercury (EtHg), respectively. A complete chromatogram could be
completed in 1.5 min. MeHg values obtained with GC-MIP-OES were matched with organic mercury values
obtained with selective reduction cold vapour- atomic absorption spectrometry (CV-AAS).

Keywords: Organomercurial compounds; speciation analysis; fish tissue; capillary gas chromatography;
microwave-induced plasma emission spectrometry; surfatron resonance cavity.

Introduction

Mercury from the environment is one of the most toxic
elements for humans. Organomercury compounds present
greater toxicity than inorganic ones. Methylmercury
(MeHg) is the most toxic substance in aquatic ecosystems,
because of bioaccumulation and biomagnification in the
aquatic food chain? Dietary intake of contaminated fish
and seafood is the main route to Hg exposure in human
populations. It has been reported that the relative contents
of MeHg in fish muscle tissue may reach up to 100% of its
total Hg®®. MeHg from fish consumption is considered a
dominant source of mercury exposure in no

occupationally-exposed populations. Blood and urine
mercury concentrations were positively correlated with
fish consumption®*®. On the other hand, studies performed
on environmental and human samples from places where
mining activities had ceased approximately 15-20 years
before revealed Hg concentrations in fish and humans
similar to those measured during the Gold Rush.

Several techniques have been proposed for mercury
speciation in biological and environmental samples. In
general, coupled-analysis techniques are applied for
speciation. Gas chromatography (GC) is preferred for
volatile or easily formed volatile derivative species. Thus,
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GC is the most popular separation technique for mercury
and organomercury compound speciation, while detection
is carried out by atomic spectrometric, such as atomic
absorption spectrometry (AAS), atomic fluorescence
spectrometry (AFS), electrothermal atomization atomic
absorption spectrometry (ETAAS), mass spectrometry
(MS), inductively-coupled plasma mass spectrometry
(ICP-MS), inductively-coupled plasma atomic emission
spectrometry (ICP-OES), and microwave-induced plasma
atomic emission spectrometry (MIP-OES)'*"*. GC-MIP-
OES is a viable alternative for mercury speciation. The
fundamental aspects of microwave-induced plasmas
(MIPs) and their physical properties and applications are
reviewed by Rosenkranz'® and Broekaert™. Several types
of plasma cavities have been coupled with GC. The most
commonly used for this purpose are the Beenakker cavity
as a laboratory assembled system coupling technique'”**
or the commercial atomic emission detector” ™. After
evaluating the application of commercial GC-MIP-OES
instrumentation, Sanz et al.?® concluded that the relatively
low price of required instrumentation, commercial
availability of hyphenation between chromatograph and
detector, and simplicity of sample preparation, confirm the
suitability of this technique for routine mercury speciation
analysis. The Evenson-type cavity>*>* has also been used
with good results. However, surfatron-type cavity coupled
with GC has only been used for halogenated compound
determination®. Siemens® made a comparative study of
Beenakker and Surfatron cavities, and found similar
detection limits. Rosenkranz and Bettmer™ discussed the
advantages of surfatron over the Beenakker cavity. Mainly
they emphasized that the surfatron is easier to tune and to
operate than the TMy;, cavity. We obtained a very low
limit of detection (LOD) in total mercury determination by
MIP-OES in surfatron resonant cavity with cold vapour
generation®. Use of MIP in surfatron cavity for mercury
speciation analysis appears, is still unreported. Given the
low LOD found by us in total Hg determination by MIP
with surfatron cavity®®, it seemed important to study its
potential as a detector for mercury speciation analysis.

Our research intended to develop a simple and rapid
method for methylmercury and ethylmercury speciation in
fish tissue samples involving organomercurial compound
extraction with ultrasound-assisted organic solvents and
later capillary gas GC-MIP-OES in surfatron resonant
cavity as the detection technique. Instrumental variables
and conditions for mercury speciation were optimized.

2. Experimental

2.1. Reagents

All reagents used were of analytical-reagent grade unless
otherwise started. Methylmercury chloride (MeHgCl

99.8%) and chloride acid (HCI) were purchased from
Merck (Darmstadt Germany), ethylmercury chloride
(EtHgCl) from Alfa Aestar (Ward Hill, MA, USA), and
chloroform and benzene from Fisher Scientific Co. (USA).
Toluene and dichloromethane were obtained from Riedel-
deHaen (Seelze, Germany) and tetrahydrofuran; from
Baker Analyzed (Phillipsburg, NJ, USA). Stock solutions
of 1000 mg 1" (as MeHg" and EtHg") were prepared
dissolving the appropriate amounts of reagent in toluene.
Working standard solutions were prepared daily diluting
stock in toluene. A 1% solution of mercury chloride in
toluene was used as the column conditioning solution.
Helium (99.9999%) (BOC GAS, Venezuela) was used as
carrier gas. Stannous chloride (2% w/v) used as a reducing
agent was prepared by dissolving the appropriate mass of
stannous chloride dehydrate (SnCl,) (Merck, Darmstadt,
Germany) in 2M HCI. Sodium borohydride (NaBH,) from
Riedel-deHaen (Seelze, Germany) 0.5% w/v was prepared
fresh daily by dissolving the solid in 0.2% NaOH solution.
Inorganic mercury (Hg*") stock standard solution (100 mg
1) was prepared from mercury chloride (HgCl,), (Merck,
Darmstadt Germany). For the sample digestion procedures,
10 M potassium hydroxide (KOH) and 10% w/v sodium
chloride (NaCl) Baker Analyzed (Phillipsburg, NJ, USA)
were prepared.

2.2. Instrumentation

A Hewlett-Packard 5730A gas chromatograph (GC)
(Hewlett-Packard, Wilmington, DE, USA) was coupled to
helium microwave-induced plasma (MIP). Instrument
configuration is schematically illustrated in Fig. 1 and
optimal working conditions are shown in Table 1. The
microwave plasma was generated in a laboratory-built
Surfatron cavity described earlier’**®. The Surfatron is fed
by an Electromedical Supplies (Oxfordshire England)
model Microtron 200 Mark III (0-200 W, 2450+24 MHz)
microwave generator. Helium gas is used to induce and
support the discharge. A Brook model 5878 (USA)
flowmeter was used for plasma gas flow rate controlled.
The chromatographer was provided with two non-polar
capillary columns (HP-1, 12mX0.25mmX250um, and
HP-5, 30mX0.25mmX250um, USA) and helium was
used as carrier gas.

The eluted mercury species were transferred to the detector
through an interface. Fig. 2 shows a drawing of the
interface used, which includes a quartz T tube. The
interface was kept at 215°C with a heating resistance to
avoid product condensation. The end of the analytical
column was inserted into the T, horizontally to the plasma
tube, up to 2 mm short of the start of plasma, while helium
gas was introduced through the lower vertical extreme.
Plasma was observed axially using a Jarrel-Ash model 82-
000 (U.S.A.) spectrometer. Data acquisition was
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Figure 1. Diagram of the CG-MIP-OES system

performed using the EZChrom Chromatography Data
System version 6.8 Scientific Software, Inc. (USA). A
Hewlett-Packard model HP-6890 gas chromatograph-mass
spectrometer (GC-MS) and a Mass Selective Detector
5973 with a HP-5 column were used for preliminary
studies to examine separation of methyl- and ethyl
mercury. Working conditions for this separation were as
follows: injection volume, 0.2 pl; mode of injection, split
(1/100); temperature at point of injection, 210°C; He
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column flow, 1 ml/min; the program temperature used,
150°C (5 min). A Perkin-Elmer flow injection mercury
system (FIMS) Model 100 (Uberlingen, Germany),
equipped with a flow injection analysis system (FIAS) was
used for all total and inorganic determinations’’. Two
ultrasonic bath systems were used for sample preparation:
A Cole Palmer model 8894 (U.S.A.) and an Eppendorf
(Hamburg, Germany), model 580.
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Figure 2. GC-MIP-OES interface



62

Table 1. Working conditions (GC-MIP-OES)
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Gas Chromatography

Microwave-Induced Plasma-Optical Emission Spectroscopy

Column HP-5MS

Carrier gas: Helium

Carrier gas flow: 1.4 ml min™'
Split ratio: 2/10

Injection port temperature: 250°C
Oven Temperature: 250°C
Injection volume: 0.4 pl

Wavelength: 253.65 nm

Helium flow at cavity: 50 ml min™'
Plasma power: 85 W

Incident power: <1%

2.3 Analytical procedure

2.3.1 Procedure A (for speciation analysis by GC-MIP-
OES)

Sample extraction was performed with a procedure similar
to that described by the Association of Official Analytical
Chemistry (AOAC)*®. About 0.5 g of the fish tissue
previously homogenised, was accurately weighed in a vial
and 0.4 ml of 6 M HCl and 1.6 ml of toluene were added.
The mixture was crushed with a glass rod and 0.2 ml of 6
M HCIl was added. The slurry was sonicated in an
ultrasonic bath at 60°C until the organic and aqueous
layers were separated (30 minutes). The organic phase was
finally removed and kept at 5°C until analysis. Four tenth
microliters of organic extract were injected into the
injection port of the chromatograph on split mode and
analyzed by GC-MIP OES under the experimental
conditions shown in Table 1. Blanks were prepared in
parallel.

2.3.2 Procedure B (for selective determination of
inorganic and total mercury by CVAAS)

This method was optimized in a previous study*®*’, about

1 g of the fish tissue was accurately weighed in a digestion

tube, and 5 ml of 10 M KOH and 2 ml of 10% (w/v) NaCl
were added. The centrifuge tube was then stoppered and
was heating at 60°C in one ultrasonic bath during 30 min.
Them H,O was added until a weight of 10 g., finally
centrifuged at 3000 rpm for 10 min. After, the supernatant
was transferred into a vial. An aliquot of 1 ml was
transferred into a centrifuge tube, and 1 ml of 10% (w/v)
NaCl and 5 ml of 7.2 M HNO; were added. Them H,O was
added until a weight of 10 g., finally centrifuged at 3000
rpm for 10 min. and the supernatant was taken for to
determination of the inorganic mercury by CV-AAS using
SnCl, as reducing agent. For total mercury determination
the samples following, the same procedure described plus
0.5 ml of 1% w/v K,Cr,0O; was added with the acid. For
the total mercury determination by CV-AAS, NaBH, was
used as reducing agents. Blanks were prepared in parallel.

2.3.3 Fish samples

Five samples of fish from Bolivar State, in southern
Venezuela were analyzed. The samples were transported to
the laboratory in an ice compartment. The samples were
homogenised, frozen and kept at -20°C until use.
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Figure 3. Chromatogram of 200 mg 1" of species MeHg and EtHg obtained by GC-MS
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3. Results and discussion
3.1 Preliminary studies

The  chromatograph-mass  spectrometer  (GC-MS)
technique was used for determining retention times of
MeHg and EtHg. Retention times values obtained were
1.65 and 2.05 minutes for MeHg and EtHg, respectively.
The chromatogram obtained displaying a good separation
of MeHg and EtHg is shown in Fig. 3.

3.2. Study of the instrumental parameters of the GC-MIP-
OES system

Generator power was optimized to the level it gave the
best emission signal, and the top peak area obtained was at
85 W. Similarly, several solvents were tried to choose the
least disturbing for plasma operating conditions. Toluene

1.0
0.9 —
wit  Warm
0.8 —
........ With Out Warm
0.7 = Toluene
06 | Toluene

Intensity Emission (arbitrary units)

MeHg

turned out to be the most adequate. In addition, mercury
species show a high solubility in that solvent and it is the
most frequently used.

Interface heating, as shown in Fig. 4, generated an increase
in the chromatographic peak areas and a drop off in their
retention times. Temperatures between 200 and 220°C
were evaluated and the best signal was found at 215°C.
Below that temperature, the chromatographic peak widens,
probably due to mercury species condensation during
interface transfer, which is most evident when heating is
not applied. The temperature of 215°C was chosen for the
next essays. Fig. 5 shows chromatograms of a fish sample,
the blank and standards of MeHg and EtHg in toluene
using the best experimental conditions found in this work.
A good separation was achieved for MeHg and EtHg.
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Figure 4. Chromatogram for 0.4 ul of a standard of 40 pg 1" of MeHg and 160 pg I'' of EtHg in toluene
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Figure 5. Chromatograms 0.4 pl of fish sample, blank and standard of 0.4 pg ml" MeHg and 1 pg ml™" EtHg chloride in toluene.
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3.3 Analytical figures of merit

Table 2 shows characteristics of calibration curves. Clearly
both curves exhibit an R close to 1, implying a good
linear correlation between signal and concentration for
both species.

Table 2. Characteristics of calibration curves.

Table 3. Limits of detection and limits of quantification for MeHg and
EtHg

Organic species LOD LoD LOQ

ganie s (hg/L) (pg) (ug/)
MeHg 53 5 75
EtHg 178 9 322

Concentration

: ; 2
Compounds  Equation of straight R Interval ug 1
MeHg Y =19,604X+1694,3 0,9913 70-510

EtHg Y =6,9833X+3108.5 0,9952 200 - 630

Limits of detection (LOD) and limits of determination
calculated as three times and ten times, respectively, the
standard deviation of ten blank measurements are shown in
Table 3, where the LOD value of MeHg is lower than that
of EtHg, which was predictable as the method was more
sensitive for MeHg, as indicated by the calibration curve
slopes for both species. Slope value for MeHg is
approximately three times that of EtHg (Table 2).

LOD: limit of detection; LOQ: limit of quantification

LODs obtained by derivatization are found to be of the
same order than those reported using the Beenakker cavity
as the laboratory coupling technique (Table 4). As seen in
Table 4, the best LODs reported were obtained with the
commercial coupling.

Reproducibility of the method was verified by calculating
mean deviation (S = 20), standard deviation (S = 25),
quotient of wvariation (%CV = 6.25) and confidence
interval at 95% (L.C. 95% = 379-417) for nine
determinations of the same sample with a = 0.025 and a
mean of 398 ng g of MeHg.

Table 4. Hyphenated techniques with element specific detection for mercury speciation.

Mercury compounds Cavity type Limit of detection Reference
CH;Hg" GC-MIP-AES Beenakker derivatization 0.8 pgofHg* 18
CH;CH,Hg" 12.7 pgof Hg *
CH;Hg" GC-MIP-AES Beenakker derivatization 0.4 pg of Hg (36)" 19
CH;Hg" GC-MIP-AES Beenakker 4.4 ng g of Hg (35y) 20
(CH;),Hg" CCT*-MIP-AES Beenakker derivatization 150 pg 3oy,) 21
CH;Hg' 24 pg (30)
H +2

g 32 pg (35y,)
CH;Hg" GC-MIP-AES (MIP/AED HP 5921A) 1.2 pg (SIN'=3) 22
CH;Hg" GC-MIP-AES (MIP/AED HP 5921A) 0.8 pg of Hg (S/N=3:1) 23
CH;Hg'Cl GC-MIP-AES (MIP/AED HP 5921A) derivatization 0.6 and 2.5 pg of Hg (35,,) 24
CH;Hg" derivatization SPMD°®-GC-MIP-AES (MIP/AED HP 5921A) 0.12 g I'' of Hg (3a) 26
CH;Hg" derivatization SPMD-GC-MIP-AES (MIP/AED HP 5921A) 0.1pgl! 27

derivatization

CH;Hg'" derivatization GC-MIP-AES (MIP/AED HP 2350) 3 pg (S/N=3) 28
(CH;),Hg" 0.5 pg
Hg" 15 pg
CH;Hg" derivatization GC-MIP-AES (MIP/AED HP 2350) 3 pg Boyp) 29
CH;Hg" GC-MIP-AES (MIP/AED Agilent Technologies G2350A) 640 pg (3cy) 30
CH;Hg" GC-MIP-AES Evenson 20 ng g' (26y) 32
CH;Hg" GC-MIP Evenson 0.5 pg 1" (20y) 33
CH;Hg" GC-MIP- OES Surfatron 5pg Our results
(CH3),Hg" 9 pg

“Detection limit as mass of analyte (as Hg) giving a peak height equal to the peak-to-peak baseline noise. "Standard deviation of the
background. “Capillary cold trap. ‘Signal/noise. °Solid-phase microextraction procedure.
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Table 5 shows a comparison of the organic mercury
content determined by CV-AAS with selective reduction
and the content of the species of MeHg determined by GC
MIP-OES with the surfatron cavity proposed. In four of
the five samples, the value of the concentration of MeHg
determined by the GC-MIP-OES in surfatron cavity
method statistically matched (95% confidence) the total
values organic mercury previously determined by CV-
AAS. These results were verified by a significance
contrast test between the means of total mercury and
MeHg for equal variances. These results demonstrate the
accuracy of the proposed method.

Table 5. Concentration organic Hg and MeHg by selective
reduction CV-AAS and GC-MIP-OES

CV-AAS GC-MIP-OES
Sample L % CV L % CV
Total Hg (ng g™) MeHg (ng g™)
Guri-8 688 £ 110 16 720 £ 50 7
Tuna fish 415+ 58 11 392 +£28 7
Guri-5 504 +20 4 427 £ 23 6
Guri-6 585 +31 7 578 £ 36 5
Castellon 1254 £ 122 11 1300 + 60 5

3.4 Application to fish samples

The method was applied to determine MeHg and EtHg
content in five samples of fish tissue from Bolivar State, in
southern Venezuela. Results, shown in Table 6, indicate
that concentrations of MeHg are within the same range as
reported by other researchers®®. It was impossible to
determine the concentration of EtHg in the samples, as this
species is under the limit of quantification. Results agree
with other researchers’ findings, who have reported that
95% of total mercury from samples of fish tissue is in the
form of MeHg">*"%

Table 6. Results of speciation analysis of fish tissue samples by
GC-MIP-OES

Sample MeHg (ng g% % CV EtHg (ng g™)*
Guri-8 720 £ 50 7 <320

Tuna fish 392 +28 7 <320
Guri-5 427 +23 6 <320
Guri-6 578 £36 5 <320

Castellon 1300 + 60 5 <320

* Non detectable in a 0.5-g sample

4, Conclusions

The proposed method allows for direct separation and
determination of MeHg and EtHg, replacing the tedious
methods of species derivatization.

The limits of detection found for MeHg and EtHg were 5
and 9 pg, respectively.

With this procedure, once the sample treatment has been
performed, more than 60 samples may be analyzed every
day. It requires no large amount of sample for analysis.

Reproducibility of the method expressed as %RSD was
6%, which is acceptable with complex systems coupling
two techniques, and at the low concentrations shown in
biological samples.

Values of concentration of MeHg and organic Hg
determined by different techniques show no statistically
significant differences may be an indication of the
reliability of the proposed method.

Acknowledgments

Research has been financially supported by FONACIT
thorough projects G-2001000916 and LAB-1998003690.

References

1. Downs S.G., MacLeod C.L., Lester J.N. Mercury in
precipitation and its relation to bioaccumulation in fish: a
literature review. Water, Air Soil Poll., 108, 149-187
(1998).

2. H. Ulrik Riisgard, S. Hansen. Biomagnification of mercury
in a marine grazing food-chain: algal cells Phaecodactylum
tricornutum, mussels Mytilus edulis and flounders
Platichthys flesus studied by means of a stepwise-reduction.
CVAA. Method. Mar. Ecol. Prog. Ser., 62, 259-270
(1990).

3. Huckabee, JW., Elwood, J.W., Hildebrand, S.G.
Accumulation of mercury in freshwater biota. In: Nriagu,
J.O. (Ed.), “Biogeo-chemistry of Mercury in the
Environment”. Elsevier/North-Holland Biomedical Press,
New York, pp. 277-302. (1979).

4. Grieb, T.M., Driscoll, C.T., Gloss, S.P., Schoreld, C.L.,
Bowie, G.L., Porcella, D.B. Factors affecting mercury
accumulation in fish in the upper Michigan peninsula.
Environmental Toxicology and Chemistry, 9, 919-930
(1990).

5. P. Lansens, M. Leermakers and W. Baeyens. Determination
of methylmercury in fish by headspace-GC with
microwave-induced-plasma detection. Water, Air and Soil
Pollution. 56, 103—115 (1991).

6. Bloom, N.S. On the chemical form of mercury in edible fish
and marine invertebrate tissue. Canadian Journal of
Fisheries and Aquatic Sciences, 49, 1010-1017 (1999).



66

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dorfe Diaz, Miguel Murillo, Nereida Carrion, Manuel Rios / Avances en Quimica 3 (2), 59-67 (2008)

P. Houserova, V. Kuban, S. Kracmar, J. Sitko. Total
mercury and mercury species in birds and fish in an aquatic
ecosystem in the Czech Republic. Environmental
Pollution, 145, 185-194 (2007).

M.M. Storelli, A. Storelli, R. Giacominelli-Stuffler, G.O.
Marcotrigiano. Mercury speciation in the muscle of two
commercially important fish, hake (Merluccius merluccius)
and striped mullet (Mullus barbatus) from the
Mediterranean sea: estimated weekly intake. Food
Chemistry, 89, 295-300 (2005).

E. Barany, I. A. Bergdahl, L-E. Bratteby, T. Lundh, G.
Samuelson, S. Skerfving, A. Oskarsson. Mercury and
selenium in whole blood and serum in relation to fish
consumption and amalgam fillings in adolescents. J. Trace
Elem. Med. Biol, 17, 165-170 (2003).

M. Levy, S. Schwartz, M Dijak, J-P Weber, R Tardif, F.
Rouahe. Childhood urine mercury excretion: dental
amalgam and fish consumption as exposure factors.
Environmental Research, 94, 283-290 (2004).

W. Rodrigues Bastos, J. P. Oliveira Gomes, R. Cavalcante
Oliveira, R. Almeida, E. L. Nascimento, J. V. Elias
Bernardi, L. D. de Lacerda, E. G. da Silveira, W. C.
Mercury in the environment and riverside population in the
Madeira River Basin, Amazon, Brazil. Science of the Total
Environment, 368, 344— 351 (2006).

Baeyens. W. Speciation of mercury in different
compartments of the environment. Trends in Anal. Chem.,
11, 245-254 (1992).

W. L. Clevenger, B. W Smith, J.D. Winefordner. Trace
Determination of Mercury: A Review. Critical reviews in
analytical Chemistry, 27, 1-6 (1997).

J.E. Sanchez Uria, A. Sanz-Medel.
methylmercury speciation in environmental
Talanta, 47, 509-524 (1998).

Inorganic and
samples.

B. Rosenkranz, J. Bettmer. Microwave-induced plasma-
optical emission spectrometry fundamentals aspects and
application in metal speciation analysis. Trends in Anal.
Chem., 19, 138-156 (2000).

J.A.C. Broekaert, V. Siemens. Recents trends in atomic
spectrometry with microwave-induced plasma.
Spectrochim. Acta B 59, 1823-39(2004).

G.M. Greenway, N.W. Barnett. Optimisation of an
Atmospheric Pressure Helium Microwave-induced Plasma
Coupled With Capillary Gas Chromatography for the
Determination of Alkillead and Alkilmercury Compounds.
J. Anal. At. Spectrom., 4, 783 (1989).

E. Bulskal, D. Baxter, W. Frech, E. Bulskal, D. Baxter and
W. Frech. Capillary column gas chromatography for
mercury speciation. Anal. Chim. Acta, 249, 545 (1991).

H. Emterborg, N. Hadgu and Douglas C. Baxter. Quality
control of a recently developed analytical method for the
simultaneous determination of methylmercury and inorganic

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

mercury in environmental and biological samples. J. Anal.
At. Spectrom., 9, 297-302 (1994).

Qiang Tu, Jin Qian and Wolfgang Frec. Rapid
determination of methylmercury in biological materials by
GC-MIP-AES or GC- ICP-MS following simultaneous
ultrasonic- assisted in situ ethylation and solvent extraction.
J. Anal. At. Spectrom., 15, 1583-1588 (2000).

C. Dietz, Y. Madrid and C. Camara. Mercury speciation
using the capillary cold trap coupled with microwave-
induced plasma atomic emission spectroscopy. J. Anal. At.
Spectrom., 16, 1397-1402 (2001).

A. Carro-Diaz, R. A Lorenzo-Ferreira and Cela-Torrijos.
Speciation of organomercurials in biological and
environmental samples by gas chromatography with
microwave-induced plasma atomic emission detection. J.
Chromatography, A 683, 245-252 (1994).

M. Behlke Donais, P. Uden, M. Schantz, and S. Wise.
Development, validation, and application of a method for
quantification of organomercury species in biological
marine materials using gas chromatography-atomic
emission detection. Anal. Chem., 68, 3859-3866 (1996).

C. Gerbersmann, M. Heisterkamp, Freddy C. Adams and J.
Broekaert. Two methods for the speciation analysis of
mercury in fish involving microwave- assisted digestion and
gas chromatography atomic emission spectrometry.
Analytica Chimica Acta, 350, 273-285. (1997).

S. Mothers, R. Wennrich. Solid phase microextraction and
GC-MIP-AED for the speciation analysis of organomercury
compounds. J. High Resol. Chromat., 22, 181 (1999).

R. Rodil, A. Carro, R. Lorenzo, M. Abuin and R. Cela.
Metilmercury determination in biological simples by
derivatization, solid- phase microextraction and gas
chromatography with microwave-induced plasma atomic
emission spectrometry. Journal of chromatography A,
963, 313-323 (2002).

S. Tutschku, M. Schantz and S. Wise. Determination of
methylmercury and butyltin compounds in marine biota and
sediments using microwave-assisted acid extraction, solid-
phase microextraction, and gas chromatography with
microwave-induced plasma atomic emission spectrometric
detection. Anal. Chem., 74, 4694-4701 (2002).

J. Sanz; A. de Diego; J. Raposo and J. Madariaga. Routine
analysis of mercury species using commercially available
instrumentation:  chemometric  optimisation of the
instrumental variables. Analytica Chimica Acta, 486(2),
255-267 (2003).

J. Sanz Landaluze, A. De Diego, J. Raposo and J.
Madariaga. Methylmercury determination in sediments and
fish tissues from the Nerbioi-Ibalzabal estuary (Basque
Country, Spain). Analytica Chimica Acta, 508, 107-117
(2004).

M. Zabaljauregui, A. Delgado, A. Usobiaga, O. Zuoaga, A.
de Diego, J.M. Madariaga. Fast method for routine



31.

32.

33.

34.

35.

36.

37.

38.

39.

Dorfe Diaz, Miguel Murillo, Nereida Carrion, Manuel Rios / Avances en Quimica 3 (2), 59-67 (2008)

simultaneous analysis of methylmercury and butyltins in
seafood. J. Chromatogr. A, 1148, 78 (2007).

H. E. L. Palmieri and L. V. Leonel. Determination of
methylmercury in fish tissue by gas chromatography with
microwave-induced plasma atomic emission spectrometry
after derivatization with sodium tetraphenylborate.
Fresenius Journal of Analytical Chemistry, 366(5), 466—
469 (2000).

P. Lansens and W. Baeyens. Improved of the
semiautomated headspace analysis method for the
determination of methylmercury in biological samples.
Analytica Chimica Acta, 228, 93-99 (1990).

P. Lansens, Carmela Casais Laifio, Carine Meuleman and
Willy Baeyens. Evaluation of gas chromatographic columns
for the determination of ethylmercury in aqueous head space
extracts from  biological samples. Journal of
Chromatography. 586, 329-340 (1991).

M. Caetano, R. Golding, E. Key. Factorial Analysis and
Response Surface of a Gas Chromatography Microwave-
induced Plasma System for the Determination of
Halogenated Compounds. J. Anal. Atom. Spectrom., 7,
1007-1011 (1992).

V. Siemens, T. Harju, T. Laitinen, K. Larjava, J. Broekaert.
Applicability of microwave induced plasma optical
emission spectrometry (MIP-OES) for continuos monitoring
of mercury in flue gases. Fresenius J. Anal. Chem., 351,
11 (1995).

M. Murillo, N. Carrion, J. Chirinos, A. Gammiero, E. Fasano.
Optimization of experimental parameters for the determination
of mercury by MIP/AES. Talanta, 54, 389-95 (2001).

Diaz Rodriguez, D. Contribuciéon al desarrollo de métodos
de analisis para la especiacion de compuestos mercuriales
en tejido de peces. Magister Thesis, Universidad Central de
Venezuela, Venezuela, 2005.

AOAC. Mercury (Methyl) in Fish and Shellfish: Rapid Gas
Chromatographic Method. Sec. 9.2.27, Method 988.11. In
Official Methods of Analysis of AOAC International. 16th
ed., P.A. Cumniff (Ed.), 24-25. AOAC International,
Gaithersburg, MD. (1995).

J. Ikingura, H. Akagi. Total mercury and methylmercury
levels in fish from hydroelectric reservoirs in Tanzania. The
Science of the total environment, 304, 355 (2003).

67



