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1. INTRODUCTION

The biogeochemical cycling of mercury, the invesfiign of biotic and abiotic
processes facilitating mercury cycling in the eorment, the toxicity of mercury species are
the most important subjects of the medical and btical researches.

There is a growing interest in mercury speciatiorsamples of human food products
due to various levels of toxicity of the differastiemical forms of mercury. Organic mercury
compounds, of which methylmercury is the most comnawe of special concern because of
their enhanced toxicity. The route of human expesarmethylmercury is mainly through the
diet especially via fish and shellfish that bioaoeilate this compound.

There are several terms to describe the mercuakentof which the most commonly
used for chemical contaminants are the Provisidioérable Weekly Intake (PTWI) in the
UK/EU and the Reference Dose (RfD) in the USA. Ehare differences in the precise
definitions of these terms, absolute safety carbwtguaranteed, these safety guidelines
represent an intake where there is essentiallyisiq as far as can be judged from the
available scientific evidence.

Although there are numerous studies published is gbbject, there is not uniform
scientific opinion about the methylmercury exposuaad the danger of consuming harmful
levels of methylmercury from fish. Due to the pastcurred poisonings European
Commission regulated the limit for total mercurytamt in all fish and in other foodstuff.

The real challenge of the mercury speciation isvity low mercury content of the
samples. Therefore very sensitive and selectivdyt@cel techniques are needed to be
developed that meet these requirements. At the danee the development of analytical
systems is less predominate in mercury speciatiii.the cold vapour atomic absorption
spectrometry and atomic fluorescence spectromet¢ryh@ most commonly used methods due
to their relatively low cost and high sensitivitydaselectivity.

Numerous analytical methods have been describethen literature to measure
mercury species in biological samples. Althoughdhere non-chromatography speciatiation
techniques most of the methods consist on home-goleenations between an appropriate
separation technique (gas or liquid chromatogramhgctrophoresis) and a selective and
sensitive detector. Gas chromatography is the mvadtly employed technique to separate
different mercury species present in the sample tué#s easy use and uncomplicated
hyphenation with appropriate detectors. Since tlmeenaximum four mercury species are
present in real life samples, the separation dfdltmmpounds can be carried out simply.

4



Zsuzsanna JOKAI SZATURA — Challenges in mercury speiga

As organomercury compounds are usually presentomis ispecies in the matrix
sample or extract, these species are needed torberted into more volatile ones. More
commonly used methods to derivatise organomercamgpounds are alkylation by sodium
tetraalkylborate or phenylation by sodium tetrapiieorate, due to their use in agueous phase
and their realization is uncomplicated.

The key step of the pre-treatment of the sampte Iferate and isolate the required
compounds from the matrix using a correct and ieficmethod. The extraction of mercury
species from a complex matrix is limited by incoetpl extraction, species transformation,
sample contamination or analyte losses that cardmuced during sample treatment.

For these reasons the efficiency and adaptabilityhe diverse improved procedures are
highly disputed points of this subject.

Hyphenated techniques used for the determinati@h@mical forms of elements are
based on successive steps which may vary from meegure to another and these methods
have their own particular source of error. Nowadtes speciation analyses are performed
routinely in many laboratories to control the gtyabf the environment, food and health. It is
now widely recognised that the lack of quality cohtof analyses performed in routine
industrial and research laboratories creates steangomic losses due to the possible misuse
of inaccurate data (e.g. in decision on the managémf the quality of environment, food
and health) and consequent burdens (e.g. actiorscaloubts of the public on government
decisions).

The analysts should use an analytical procedur@ ooutine basis only after it has been
validated for the range of concentrations and mmadriby using relevant reference materials
and certified reference materials. In the abserfcthese materials, there are some other
strategies that can be adopted by the analysthie\as improve and/or maintain quality of a
method. Some of these are the different qualityesys (accreditation), application of control
charts, participation in interlaboratory studiesxt¢enal quality control measures), or

uncertainty evaluation of the improved methods.
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2. OBJECTIVES

The facilities of mercury speciation through deypshent, study and quality assurance

of two irrespective analytical methods were invgated in this PhD work. The objectives of

the study can be defined as follows:

Development of a fast and cost-efficient analyticedthod for the determination of

methylmercury in different foodstuff.

— Investigation of less time consuming and mordcigfit sample preparation
treatments.

— Optimization of phenylation reaction and inveatign of volatility of phenylated
compounds.

— Investigation of the kinetics of SPME.

— Optimization of dilution, investigation of thefe€t of methanol and potassium in
case of “low-content” samples.

Evaluation of uncertainty statement of the improwezthod.

Participation ininternational interlaboratory studies in order tmirol the quality of

this method.

Application of the method for the determination roércury and methylmercury in

typical fish-containing food samples commercialaitable in Hungary.

— Analysis of the three most highly consumed anolgub marine fish species.

— Analysis of individual wrapped marine fish protkicurrently available in a local
supermarket.

— Analysis of two freshwater fish species.

Application and quality control of an irrespectiaealytical method by making mass

balance.

Investigation of the stability and species-specifiiegradation behaviour of

methylmercury and ethylmercury under microwavediaton in alkaline media and

under ultrasonic irradiation in acid solution.
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3. MATERIALS AND METHODS

3.1 Sample preparation
In the case of alkaline digestion-SPME-GC-AFS métl250 mg of lyophilised
sample using 5 ml of 18 % NaOH in methanol was stk After the digested solution

was diluted varied depending on the MeHg contenthef sample, 1 ml of the diluted
solution was pipetted to 10 ml of 1 M, pH=5 acetauéfer and 1 ml of 1 % NaBRhvas
added. Finally during vigorous stirring headspaP®§& extraction was carried out. After
extraction the fiber was introduced into the heaitddt port of the GC for thermal
desorption.

In the case of acid digestion-solvent extractiorH@E method200 mg of previously

defatted sample using 5 ml of 6 M hydrochloric aewds digested. The liberated
compounds were extracted first with toluene anch tivéh cysteine. The derivatization
reaction was carried out after acidification andiag 1 ml of CuS@ solution and 0.2 ml
of 1% NaBPh solution, finally 1 ml of hexane. After agitatitine phases were separated

and the organic phase analysed.

3.2. Reagents and standards

The following reagents and standards were usedgluhe work: deionized water,
KOH, NaOH, methanol, NaBRhsodium-acetate, hexane, toluene, acetone, cgstein
CuSQ, NacCl, hydrochloric acid, sulphuric acid, nitricid, MeHgClI, EtHgCIl, HgGland
BCR-CRM-464, TORT-2, BCR-710 and DORM-2 certifiedarence materials.

3.3. Instrumentation

The following instruments were applied : freezghaly system, drying box, household
coffee-grinder, ultrasonic bath, microwave digestigystem, magnetic stirring plate,
centrifuge, manual SPME device equipped with aduskca fiber coated with a 1Q0m
film of PDMS, GC-AFS and GC-MS hyphenated system®8-1, HP-1 and HP-5

capillary columns, finally AMA 254 direct mercuryalyzer.

3.4 Samples
Typical marine fish-containing food samples conuialy available in Hungary and

freshwater fish samples were analysed in the frainmey studies.
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4. RESULTS

4.1 Development of alkaline sample digestion-SPME-Gpyrolysis-AFS method

Alkaline sample preparation-phenylation derivaimatSPME-GC-pyrolysis-AFS
system was developed for determination of mercpecies in food samples during my
studies.

Development of the alkaline digestion treatment &mel aqueous phase phenylation
derivatization were optimised during the methode Hinetics of SPME, the effect of

methanol and potassium and the thermal desorpharacteristic of the components from
the SPME fiber in the heated inlet port of the G€ravinvestigated. Additionally the

volatility of phenylated compounds were investigatnd the separation with GC was
optimised.

Three different CRMs were used for validation msgs.

4.2 The uncertainty evaluation of method

The uncertainty statement of the improved method weaaluated and presented
according to the principles of ISO/GUM in the caug my PhD studies. The aim of this
work was to define the critical steps of this metihterms of reproducibility.

As a result of these experiments it can be condutat the alkaline digestion and the
calibration are the most critical steps regardiegroducibility of measurements. The
phenylation detrivatization, the SPME and the vaurand mass measurement during

sample preparation are less dominant processsmdlpect.

4.3 Participation in interlaboratory studies for quality control of method

Using the improved method | participated in twcemiational interlaboratory studies
coordinated by the Joint Research Centre-Institide Reference Materials and
Measurements (IRMM) of the European Commission. fidsilts confirmed that using
my improved method, reliable measurements of higktrefogical quality can be

performed.
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4.4 Measurement of seafood and freshwater fish saigs

Freshwater fish samples and marine fish-contairfmgd products commercially
available in Hungary were analysed. The first phthe samples involved the three most
commonly consumed marine fish species, herring mego from Poland, sardines
imported from Thailand and hake imported from Ariygan The second set of samples —
containing individual wrapped marine fish produetswas arbitrarily selected from local
supermarkets. Finally two freshwater fish speaasp and catfish were analysed.

On the basis of the results it can be concluded titained methylmercury and
mercury levels in each sample were to some degssethan the prescribed limit values
found in the European Commission Regulation. Cansid the average Hungarian
consumption of these products, 3.1 kg of fish @meyal) a year per person, the risk of

methylmercury intoxication of an average consunmifigh consumption is negligible.

4.5 Acid digestion-solvent extraction-GC-MS method

During my studies the previously improved and datiéd method was investigated in
order to explore the errors of the technique. Isvieund that using ethylmercury as
internal standard the method was proved accurdtalisence of internal standard it was
not effective enough.

Consequentlyhe efficiency of all steps of this method wereiged by making mass
balance. On the basis of the results of the ex@aisnit was allocated that the accounted
popular acid leaching is not effective enough te éxtraction of methylmercury from
samples, the recovery from CRM samples are betweBD %. At the same time in the
course of other steps loss was not experienced.

After all the stability of the other organic spesiethylmercury was studied during this
method in order to explain the differences betwiberresults of measurements performed
with and without internal standard. In the expeniseethylmercury appeared to be less
tolerant towards acid leaching than methylmercuryt £an be concluded that the use of

ethylmercury as internal standard can result isefaiffects.



Zsuzsanna JOKAI SZATURA — Challenges in mercury speiga

4.6 Investigation of the stability and species-specifiadegradation behaviour of

methylmercury and ethylmercury

Preventing the original distribution of the targetalytes in a sample during storage
and preparation is still one of the most challeggproblems in mercury speciation
studies. Therefore the transformation, degradatiod interconversion phenomena of
inorganic and organomercury compounds have beeglyiavestigated.

The aim of this study was to highlight and chagdse the specific degradation
features of methylmercury and ethylmercury duriigaline digestion under microwave
irridation, in order to provide additional infornat that should be considered when
ethylmercury is employed as internal standard incomy speciation studies.

It was proved by my work that methylmercury anttyhercury yield different
degradation behaviours under microwave irradiatibne reason for this may be the
different strengths of the Hg-C bonds in methylmeycand ethylmercury. In these
experiments methylmercury appeared to be much naerant towards microwave
energy than ethylmercury in aqueous solution. Cquesetly individual species-specific
degradation studies should be carried out withie thethod validation protocol,
particularly for any methods that use differentyatkercury compounds as internal

standard.
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5. NEW SCIENTIFIC ACHIEVEMENTS

1. A fast and cost-efficient analytical method waseleged for the determination of
methylmercury in food samples. The improved metisdzhsed on alkaline sample
preparation followed by aqueous phase phenylatenvatization with NaBPh
and SPME, finally GC-AFS detection. Based on thsults of international
intercomparison studies the method is capable offopeing reliable
measurements of high metrological quality.

It can be established that using headspace SPMHEn#thod is selective for
methylmercury because of the less volatility ofhdipylmercury derived from

inorganic mercury.

2. It was first established that KOH should be repthby NaOH in the sample
preparation procedure in order to avoid the paaéptiecipitation reaction between
potassium and sodium tetraphenylborate. This prolgeedominates especially in

case of “low content” samples.

3. The uncertainty statement of above-mentioned mettexievaluated according to
the principles of ISO/GUM.
It can be concluded that the alkaline digestion tred calibration are the most
critical steps regarding reproducibility of measnemts. The phenylation
detrivatization, the SPME and the volume- and nmsasurement during sample

preparation are less dominant processes in thpgces

4, To carry out an estimation of average Hungarathylmercury exposures via
marine fish, fish-containing food and freshwateshficonsumption, several
commercially available marine products — the thmemst consumed fish species
in Hungary — and two freshwater fish species waaysed.

As a result it can be concluded that obtained nhetéscury and mercury levels in
each sample were to some degree less than theipesskmit values found in the
European Commission Regulation. Considering the raaee Hungarian
consumption of these products, 3.1 kg of fish @meyal) a year per person, the
risk of methylmercury intoxication of an averagensomer via fish consumption

is negligible.
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Based on the results of my research the acid dogesblvent extraction-GC-MS
method was proved not effective enough to determinmaethylmercury content in
food samples. Two different processes occurrintpe@tsame time, namely the not
effective digestion of the sample and the degradadif internal standard during

acid leaching, resulted accidentally in the presipaccurate results.

The stability and the degradation behaviour of yletiercury and ethylmercury
were investigated under microwave irradiation. #swproved that methylmercury
and ethylmercury vyield different degradation bebavs under microwave
irridation. In these experiments methylmercury awpd to be much more tolerant
towards microwave energy than ethylmercury in agaesolution. Consequently,
individual species-specific degradation studiesukhdoe carried out within the
method validation protocol, particularly for any tmeds that use different

alkylmercury compounds as internal standards.
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