
Chern. Anal. (Warsaw), 45, 325 (2000) REVIEW

Sample Preparation Procedures for Total Mercury
Determination in Materials of Natural Origin

by Elibieta Wieteska and Anna Zi61ek

Military University ofTechnology
Department ofEngineering, Chemistry and Technical Physics,

2S. Kaliskiego Str., .00-908 Warsaw, Poland

Key words: mercury determination, chemical sample pretreatment, cold vapor atomic
.-.- .

absorption spectrometry, review

The interest in mercury determination in materials ofnatural origin is closely connected
with the toxicity of this element as well as its organic and inorganic compounds. •The
main difficulties in the analy~is ofdiverse samples result from high volatility ofmercury
itselfandits compounds; however some ofthem are very stable. Hence the stage at which
the analyte is being quantitatively transferred to a solution in anappropriate form without
loss is very important. There are many papers devoted to the research into this problem.
This paper presents the methods recommended by various authors and the main problems
of chemical pretreatment ofnatural materials for the purpose ofmercury determination
are discussed. An account ofthe influence ofdifferent components ofan analytical sam­
ple solution on the results of mercury determination by cold vapor atomic absorption
spectrometry is given.

Zainteresowanie metodami oznaczania rtt(ci w materialach naturalnych zwi~zane jest z
silnie toksycznymi wlasciwosciami tego pierwiastka, jak rowniez jego zwi~zkoworga­
nicznych i nieorganicznych. Szczegolne trudnosci, w pr~cesieanalizy r6znego rodzaju
pr6bek, spowodowane s~ duz~ lotnosci~ samej rtt(ci oraz jej zwi~zk6w, przy czym
niekt6re· z nichodznaczaj~ sit( znaczn~ trwalosci~. St~d istotny jest etap ilosciowego
przeprowadzania analitu do roztworu w odpowiedniej .formie· i przy pelnym zabez­
pieczeniu przed stratami. Ukazuje sit( wiele publikacji poswit(conych badaniom tego
problemu. W niniejszej pracyprzedstawiono proponowane w literaturze metody oraz
przeprowadzono dyskusjt( najwazniejszych aspekt6w wstt(pnej obrobki chemicznej
pr6bek materialow naturalnych, w procesie oznaczania sladowych zawartosci rtt(ci.



326 E. Wieteska and A. Zi61ek

Om6wiono wplyw r6znych skladnik6w, obecnych w roztworze pr6bki, na wyniki
oznaczen rt«ci technik'l zimnych par atomowej spektrometrii absorpcyjnej.

The analytical procedures connected with the determination oftraces ofmercury
are rather specific, resulting from the properties of this element. Mercury, a metal
with high vapor pressure at normal conditions, distinguishes itselfby high chemical
activity and an ability to be incorporated in a great number of different compounds,
which show diverse chemical and physical properties and dissimilar environmental
and biological behaviour.

In the environment, mercury can exist in the elemental state Hg(O), as inorganic
ions Hg(I) and Hg(II), as well as in the form oforganometallic compounds. The last
named substances are formed directly in nature by some biological agents (bacteria,
phytoplankton and the like). It is well known that mercury ions show a tendency to
form complex compounds both with organic and inorganic ligands (humic acids,
chloride ions and other) [1-3]. The ability of mercury(II) ions and organomercury
cations to react with sulfhydryl (-SH) groups is accountable for the bioaccumulation
ofmercury and its toxicity towards living organisms resulting in irreversible genetic
changes. Mercury toxicity depends on the form of compound in which this element
enters an organism. Organomercury compounds with a short alkyl chain (lnethyl- or
ethylmercury) are the most toxic ones. The stability ofthese compounds in a biologi­
cal environment and their good solubility in lipids contributes to the easiness of
which they migrate within an organism anq to their ability to accumulate in a tissue
[4-9].

Mercury is present in all parts ofthe environment to which it is released from nat­
ural resources, creating geochemical background. Its presence in the environment is
also a resultofhuman activity since this element and its compounds are used in indus­
try and agriculture [2,3,5,1 0]. The possibility to contaminate the environment above
the allowable limits, as a result ofhuman activity, necessitates monitoring ofthe con­
centration of mercury and its compounds in all parts of the environlnent. Due to
chemical and physical properties of this element and its compounds, as well as their
low concentration levels at which they are already burden to the environment, the
analysis of different biological and environmental samples to determine mercury
concentration is a complicated task requiring knowledge, experience and familiarity
with the specifics of mercury analysis.

Different analytical techniques are used for mercury·determination: atomic ab­
sorption spectrometry with electrothermal atomization (ET AAS) [11,12], nuclear
magnetic resonance (NMR) [13], gas chromatography with capillary columns (CG­
GC) [14,15], atomic fluorescence spectrometry (AFS) [16], inductively coupled
plasma atomic emission spectrometry (ICP-AES) [17], inductively coupled plasma
mass spectrolnetry (ICP-MS) [18,19] and cold vapor atomic absorption spectrometry
(CV AAS) [20-22] and CV AFS [23-25]. Each ofthese methods has its own specifics
and creates different problems but for most of them chemical pretreatment of a sam­
ple is necessary.
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This paper reviews the most frequently used mineralization methods ofdifferent
natural materials. An attempt was made to show what factors are responsible for the
effectiveness ofdifferentmethods. Some problems, which can appear during the ana­
lytical process of mercury determination using CV AAS, will also be presented.CV
AAS is characterized by high sensitivity, selectivity,. simplicity and relatively low
costs and is the most frequently used method for mercurydeterlnination in various
materials. Some factors influencing the reliability ofthe results and the ways to avoid
interferences will also be.discussed. This paper can be helpful in finding the·appro­
priate method for the sample preparation and total mercury determination in materi­
als.of natural origin.

THE METHODS OF CHEMICAL PRETREATMENT

For the quantitative transfer ofmercury from materials ofnatural origin into a so­
lution, .wet mineralization with the use of oxid~zingagents iscomlTIonlyused. High
volatility ofmercuryitself and its compounds excludes the USe ofdry mineralization.
One exception is combustion ofa sample, especially coal sample, in a closed vessel
and in the oxygen atlnosphere [26].

The process ofwet mineralization is carried out both in open as well as in closed
pressurized devices conventionally heated or using microwave energy. As a Inineral­
ization Inedium can be used different oxidizing agents as well as their mixtures.
Usually acids like RN03, H2S04,HCI or their mixtures ofdiverse componentratios
are applied. Sometimes the oxidation is supported by additional oxidizing agents
suchas: H20 2, KZS20 g, KMn04 and KZCrZ07 or weakened by the use ofdiluted acids.

The selection of appropriate oxidizing agents ·and conditions of mineralization
process can be of great importance for obtaining reliable results of total mercury de­
termination in samples of natural. origin.

Nitric acid medium

The main and the mostcommonly used agent for oxidizing oforganic matrices is
nitric acid. This agent is used on its own or in the mixture with other oxidizers. In the
case of the analysis of traces or ultra-traces of mercury when sample contamination
can be a hazard it is important to lhnit the number and amount ofreagents used during
pretreatment. That is why itis necessary to know whether the use of sole nitric acid
will guarantee a quantitative transfer ofInercury present in samples ofnatural materi­
als into solution as mercury(II) ions and preparation of an analytical solution free
from components interfering with instrumental measurements. And if it is possible,
what conditions have to be fulfilled. The research into this problem was conducted
several times but the results are equivocal.
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Nitric acid, one and only, seemed to be effective enough for the mineralization
performed in a closed, pressurized devices using microwave energy. This type of
mineralization was used with success by J~drzejczaket ale [27] to determine mercury
in plant and food samples ofplant origin. ·The authors claim that the proper selection
ofmineralization parameters guarantee a complete decomposition of organic matrix
without any loss ofthe analyte. The mineralization with the use ofmicrowave energy
and nitric acid only was also effective enough for the determination of total mercury
in bone samples [28]. A complete mineralization ofdifferent reference standard ma­
terials (plant, animal tissue and sediments-samples) using dilute (3+2 v/v) nitric acid
waS achieved by Ombaba [29] in a high-pressure microwave device. Tahan et ale [30]
obtained the results being in good agreement with the certified value after mineraliz­
ing oftuna fish tissue samples (NIST RM 50) in a closed systeln using microwave en­
ergy. Guhnini et al. [31] proved that nitric acid is sufficiently effective for the
mineralization of sediments in a closed microwave system. The authors gave no no­
tice of any interferences during mercury determination by CV AAS for the samples
prepared using the described method.

Nitric acid alone was use as an oxidizing agent when the mineralization is being
performed in closed, Teflon digestion bomb heated in a conventional way. This
lnethod was used by Welz et ale [12,32] for the mineralization ofmarine biological tis­
sues for subsequent mercury determination by ET AAS or CV AAS. The mineraliza­
tion was carried out at 160°C or 140°C. The authors claim that the method used does
not assure a complete destruction ofan organic matrix but makes it possible to quanti­
tatively transfer mercury to a solution. No interferences during the analyte determi­
nation were found. In a medium of sole nitric acid at 170°C, using a pressurized
container, the decomposition ofhair samples was performed [33]. In a teflon bomb at
140°C soil samples [34] as well as samples ofsediments, in a closed quartz container
[31] were mineralized. The authors ofthe latter paper did not found considerable dif­
ferences in the results ofmercury determination when samples were Inineralizedus­
ing microwave energy and when samples where mineralized using a conventional
heating.

The analysis of the above mentioned _paper enables us to conclude that when a
mineralization process is performed in closed, pressurized devices heated by micro­
waves or in a conventional way nitric acid alone is effective enough as an oxidizing
agent and can be used, with success, for preparing various samples ofnatural origin
for mercury determination. However some researchers demonstrate the necessity for
using more complicated oxidizing media to mineralize samples ofnatural materials.
It is therefore interesting to find out in which cases it is necessary to increase the oxi­
dizing potential of the medium by using additional reagents.

The use of two oxidizing agents

When a sample of natural origin is mineralized using two oxidizing agents, in
most cases, the principal one is nitric acid. However the authors of the papers men-
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tioned below claim that to achieve complete decomposition of samples investigated
by them it was necessary to use an additional oxidizing agent. It has to be pointed out
that the need to use two oxidizing agents suggest those who conducted a mineraliza­
tion in closed systems as well as those who used open containers.

Tahanet at. [30]whoamong others succ..essfullyused sole nitric acid for the min­
etalization of lyophilized tuna fish samples (NIST RM 50)· with microwave energy
found out that the mineralization of the same material. using nitric acid. but. in a
high-pressure reactor heated by convection at 130°C does not result in fulldecom­
position ofthe organic matrix and does not ensure quantitative determination ofmercury.
To achieve a complete destruction of organic substances, which cause interferences
during the process ofmercury determination, it was necessary to use chloric(VII) acid
as an additional oxidizer. Two oxidizing agents: nitric acid and hydrogen peroxide
were also used by Samanta et al. [35] while performing mineralization· of various
standard reference materials in a closed Teflon device.

Woller et at. [36] used with success extractive separation ofmercury from sedi­
ment samples, .. including .standard reference materials (PACS-1, NRCC,·IAEA~356,
S19), with nitric acid and hydrogen peroxide in an open microwave system. The au­
thors claim that the correct determination of mercury depended on the amount of a
sample when the sameconditions.were used for all salnples.

The effectiveness oftwo-component mixtures ofnitric acid and hydrogen perox­
ide as well as mixtures ofnitric andsulfuric acid in an oxidation process ofan 9rganic
lnatrix ofbiological samples were also investigated by Adeloju et at. [37]. The results
of their investigation are more interesting because of the fact that the mineralization
was performed in, an open systeln at low temperature· (90°C), using a conventional
heating. The authors obtained results, which were in agreement with certified con-'
centration of mercury. in biological samples (fish, horse's kidney,' bovine liver) and
were able to recover all inorganic mercury and mercury incorporated in organic com­
pounds.

Also Landi et al. [38] performed the mineralization of plant samples in an open
system using a mixture.·of potassium dichromate. and·sulfuricacid as oxidizing
agents. The process was performed under re'flux at 170°C. It is interesting that the au­
thors desist froln using nitric acid for the mineralization of samples avoiding. the
formation of nitrogen oxides, which appear when nitric acid is used.

The use of three oxidizing agents

In some .cases even the use of two oxidizing agents was not sufficient to achieve
full mineralization ofan organic matrix. Golimowskiet at. [39] performed the miner­
alization of fish samples in a Teflon bomb in the presence ofsuch oxidizing agents as
mixture of nitric and chloric(VII) acids or mixture of nitric and sulfuric acids at
120°C. Howeverto achieve full oxidation oforganic interferants they additionallyir­
radiated the samples with ultraviolet light in the presence ofhydrogen peroxide. It has
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to be stressed that mercury was being determined by an anodic stripping voltammet­
ric technique (ASV). This technique requires a complete oxidation of all organic
components ofa matrix bec'l:use the dissolved organic compounds strongly influence
the results ofvoltammetric measurements.

Tinggi et al. [40] investigated the effectiveness ofnitric acid and various oxidiz­
ing mixtures for the decomposition of marine biological materials in a microwave
oven. The digestion was carried out using only 50% (180W) ofmicrowave power.. In
this conditions the use ofsole nitric acid, mixture ofHN03 and H20 2, as well as, a mix­
ture ofHN03 and H2S04did not result in complete destruction of an organic matrix.
The results of mercury determination were too low and different for the different de­
composition methods. Total digestion ofsamples and the correct results ofmerc~ryde­
termination were achieved only when athree-component mixture HN03/H2S04/H202
or RN03 IH2S04/HCI were used.

The necessity to use a mixture ofthree oxidizing agents HN03/H2S04/H202 was
.confirmed also by Lambleet al. [41]. They performed digestion in an open micro­
wave system using microwave energy with power of20 W. Performing the optimiza­
tion of the digestion procedure for a reference standard material DORM--2 (Dogfish
muscle) they found that the results of the analysis depend not only on the kind and
number ofoxidizing agents but also on such parameters as the power of microwaves
ana digestion time. Similar conclusions can be drawn out from the·research carried
out by Mohd et al. [42].

More complexed oxidizing mixtures

The information presented above leads to a conclusion that the necessity to use
more complicated oxidizing mixtures arises from the conditions at which the process
is to be carried out. The temperature seems to be the most important factor.. The lower
is the temperature of mineralization, the higher should be the oxidizing potential of
the system andthis requiresthe use ofmulticomponen,t oxidizing mixtures. This con­
clusion was confirmed by the results ofMc Mullin et ale [43]. They mineralized hair
samples at lowtemperature (50-110°C) in an open system under reflux using a multi­
stage l?rocedure. Full mineralization ofthe organic matrix, without mercury loss,was
achieved only when four oxidizing agents were used: HN03, HCI04, H2S04, and
H20 2.

Low temperature and multicomponent oxidizing mixtures were also used to di­
gest water samples. However, the composition of the mixtures is different from the
one previously described. This differen·ce is probably caused by the kind ofa matrix
and a chemical form in which mercury is present in this material. The most commonly
.used oxidizing agent in this case is potassium manganate(VII) (KMn04). Sometimes
it is repla.ced by potassium peroxydisulfate(VI) (K2S20 g) or, what is more common,
these reagents are used together in with an acid mixture [44-48]. The effectiveness of
this composition is justification for its use. In the presence ofHN03 and H2S04rp.an­
ganate(VII) oxidizes sulfides andK2S20'g oxidizes organic components ofthe sample
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[49]. Moreover the results·ofa comparative research conducted by Baxter et al. [22]
show that the Use of a mixture of acids in connection with other. oxidizing agents
(HN03 +H2S04+KMn04 +K2S20S) at low temperature of50°C [50,51]gives better
results than the use ofRN03 only in a pressure method (200 kPa 120°C) [52]. The re­
sults of Uchino et al. [44] and· Hannaetal. [45] confirmed the efficiency of
multicomponentmixtures containing, oesidesacids, additional oxidizing agents in
digesting water samples at lOOoe. In the case ofwater samples analysis for mercury
determination, high temperature and pressure is not necessary. The use ofadditional
oxidizing agents makes effective digestion at mild conditions possible without poten­
tial risk ofm~rcury loss [53].

In summary, the effectiveness of a digestion process'of samples ofnatural origin
for the subsequentmercury determination depends on many different factors. They
~re: the oxidizing potential ofthe system, process conditions, a kind ofmaterial and a
sample amount. .The close connection among these factors isthe reason why for ob­
taining desired results it is necessary to match the oxidizing potential of the medium
to the conditionofdigestion process, kind ofanalyzed material and saIllpleamQunt.
In the case ofmost samples ofnatural materials the use ofhigh pressure devices and
1n~ximalmicrowaveenergy,giving the possibility to reach high digestion tempera­
turesinshorttime,leadsto total destruction ofan organic matrix by sole nitric acid.
'This digestion method does not require the use ofadditional· oxidizing agents for the
quantitative transfer ofmercury into a solution and to remove the sample components
causing interferences. Similar results can be obtained in pressure Teflon bombs
heatedin a conventionalway [54]. Using this device it is possibletoincreasediges­
tion temperature to 170-180°C. At this temperature nitric acid is efficient enough to
digest almost an entire organic matrix and transfer mercury toa solution as mer­
cury(II).

However, when the digestion process is carried out in a closed pressure devices
using microwave energy of low power or heated in a conventional way toa tempera­
ture lower than necessary for the destruction oforganic matrix by sole nitric acid, itis
necessary to use additional oxidizing agents. In this case to obtain acceptableres.ults
of mercury determination it is important to optimize the process parameters such as
time<and temperature, which depend on the kind of analyzed material and. sample
amount. Many authors [21, 35, 55-57] give preference to the digestion inclosed ves­
sels. This digestion mode prevents from theloss ofmercury and·also fro.ll?- the loss of
oxidizing agents. It also prevents the sample from being contaminatedpythecompo­
nents of laboratory atmosphere.

The use ofopen systems for the digestion ofnatural materialsincreases the risk of
mercury loss. How much ofmercury is lost depends on the oxidizing strength oftlie
medium and the temperature. Suitably high oxidizing pote~tialofthe medium is nec­
essary not onlyfor the oxidationoforganicmatrix but also, what is equallyimportant,
to preserve mercury atthe second oxidation leveL The deficit ofoxidizing agents in
comparison. to the stoichiometric amounts, can create conditions promoting the re-
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duction ofmercury(II) to elemental mercury and can lead to the loss ofthe latter as a
consequence of its evaporation from the reaction medium. To avoid this undesired
phenomenon it is necessary to use an excess of oxidizing agents and use proper pro­
tection against their loss and the loss ofmercury in open systems. Despitesomerisks,
digestion in open systems heated by microwaves or by convection leads to correct re­
sults ofmercury determination in materials ofnatural origin. In these conditions the
use ofnitric acid only is not sufficient to obtain total destruction ofan organic matrix.
The oxidizing potential ofnitric acid in the conditions ofdigestion process at normal
pressure is too low for the oxidation of some of the components of natural salnples
[58]. The increase ofnitric acid excess and lengthening of the heating time did not
lead to better results. Full digestion and quantitative transfer of mercury, as mer­
cury(II), into solution is only possible when additional oxidizing agents are used.

The analysts making a decision on the selection of oxidizing agents has to be
aware of both advantages and the risks, which are connected, with the use of these
agents.

The introduction of sulfuric acid and chloric(VII) acid to the reaction mixture
causes the increase of the oxidation potential of the system and makes it possible to
reach higher digestion temperatures. However, a significant increase in temperature,
especially when an open system is used, can lead to loss of mercury.. Moreover, the
use of sulfuric acid, even in a mixture with nitric acid, can cause carbonization of
some organic matrices [59, 60]. Hence when sulfuric acid is to be used it is necessary
to dilute the reaction mixture with water [38]. On the other hand the reaction of or­
ganic substances with chloric(VII) acid can be very exothermic and leads to an un­
controlled increase in temperature, sometimes even to ignition ofa sample, especially
in the case ofbigger samples containing a great deal oforganic material. That is why
chloric(VII) acid should be used only in the second stage when most of the organic
matrix was digested by nitric acid.

The role ofhydrochloric acid, which is used during sample chemical pretreatment
as an auxiliary reagent, is worth noticing. This acid can on one side play the role ofan
agent stabilizing mercury(II) ions forming a stable chloride complex [HgCI4]-2 [61],
on the other hand together with nitric acid it formes a mixture capable of destroying
organic as well as inorganic sample components. Nevertheless the use ofhydrochlo­
ric acid in a mixture with nitric acid and sulfuric acid results in the appearance ofun­
desirable phenomena, which are descriebed more closely farther on.

When analyzing natural sample to determine mercury there is no need to use hy­
drofluoric acid in the sample digestion process. Mercury has a large ionic radius and
do not form natural compounds with silicon [62].

In the digestion process of samples of natural origin hydrogen peroxide is used
very frequently. The oxidizing potential of this reagent is not high enough to digest
materials rich with organic components [59] and that is why it can be used as an addi­
tional oxidizing agent. Its effectiveness depends on the time point at which it is intro­
duced to the reaction mixture. Better results can be obtained when hydrogen peroxide
is used during the second stage when part ofthe organic matrix was oxidized with ni-
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tric acid [36,41]. Since this reagent is thermally unstable it sh{)uld be added in small
amounts to the reaction mixture what can cause some technical problems during the
digestion process.

Some problems can also appear ",henpotassium manganate(VII) is being used
for the digestion purposes. Potassium manganate(VII) in the presence ofsome or~

ganic substances, even in an acidmedium, is reduced to manganese(IV) oxide, which
is a solid [63,64]. The formed precipitate can hinder complete oxidation ofan organic
matrix and diminish the effectivenessofmineralizationprocess andthat iswhy potas~

sium manganate(VII) can be used only when a sample does not contain a great deal of
organic substances.

It is advantage to use potassium dichromate. Although it has a lower oxidizingpo­
tential, itispossible to avoid problems connected with the use ofsuch oxidizing
a~entsaspotassium rnanganate(VII) orhydrogen peroxide. When the reactio~ is car­
ried out in the presence ofsulfuric>acid, without otherwise cOmmonly usednitricacid,
itispossible to avoidinterferencefrom nitrogen oxides in the process ofmercury de~

termi~ationby CVAAS.However,the analysts have tokeepinmind the risks con­
nected with the us.e ofsulfuric. acid,whichwere described earlier.

The introduction of additional oxidants canleadto. a~ increasein a br~nk value
what is especiallyundesirable when the concentration ofmercury is .at the ultra~trace
level. In a situation like this it is necessary to limit the. number of reagents and use
more drastic digestion conditionsor make use ofspecial procedures to purify the re~

agents in order to obtain the analytical blank at an acceptable level.
Themethods for s~mple preparation, described above,ar~related to thet?tal mer~

cury determination. However more and more frequently to evaluate the threat from
mercury presence in an enviromnentaspeciationanalysisis perf0rmedwifh the pur­
posetodeterminethe concentration ofseparate mercury forms. To achieve this goal it
is necessary to isolate,from the investigated material, different forms ofananalyte in
an unchanged form, scrupulously separate them from the matrix components causing
interferences, avoiding lossesandlor contamination. Because ofthis, the speciation
analysis requires othersample pretreatment methods and is connected",ithother than
described analytical problems. On account ofthe complexity ofthe speciation analy­
sis and diversity ofthe methods used and their multistage character, a detailedpresen­
tation ofthese methods and their wider description is beyond the scope ofthi8 paper.

THE ANALYTICAL PROBLEMS CONNECTED WITH MERCURY
DETERMINATION BY CV AAS

The process of mercury determination by CV AAS consists in the reduction of
mercury(II) ions to elemental mercury using one oftwo reducing agents: tin(II) chlo­
ride or sodium tetrahydroborate, and Ineasuring the absorbance ofthe produced mer­
cury vapors. This method is not free from some analytical problems despite its



334 E. Wieteska and A. Zi6lek

simplicity. The results can be influenced by some components ofthe sample solution
originating from the matrix of the investigated material or introduced during the
chemical pretreatment. Organic and inorganic components,of the analyzed sample
such as: water vapors, halide ions (especially iodide ions), noble metals, ,selenium
and tellurium as well as amino acids or complexing agents present in the sample solu­
tioncan b'e the cause of interferences during the measurement. These factors sup­
press the analytical signal as a result oftheir reaction with the analyte orstrengthen it
as a result of intrinsic absorbance of an interferant [65-72].

The scope ofthe interference caused by organic components ofthe sample matrix
depends on the effectiveness ofthe mineralization process. The selection ofan appro­
priate mineralization method for a particular sample allows for complete elimination
of this type of influence.

, More complicated problem are the interferences originating from inorganic sam­
ple components. The potential interferants in the process of mercury determination
byCVAAS are ions of those eleln~nts which, together with mercury, undergo reduc­
tion to the elemental form or form unstable hydrides during this process. In this form
interfer~nts can react with mercury vapors, eliminating mercury from the measuring
process, by adsorption on a surface (Pt, Pd), formation ofamalgams (eu, Ag, ALJ}or
chemical compounds (Se, Te) [67]. The scope of these' interferences depends on the
kind and conc,entration of interferants as well as the methodological details for mer­
cury determination such as: the kind ofa system, kind ofa reducing agent, the use of
preconcentration etc. [65,68-72]. Basically the researchers agree that the use ofeach
oftwo most frequently used reducers (SnCI2, NaBH4), from the point of view ofthe
interferences, is both advantageous and disadvantageous. When SnCl2 is a reducing
agent the interferences caused by heavy metals are less frequent. Whereas NaBH4 on
one hand causes an increase in interferences, connected with the presence ofcopper,
and significant interferences ,from elements forming hydrides, on the other hand it
limits the interferences from iodide and selenium ions [65,69]., These effects proba­
bly result from the different ability ofreducers to transform an interferant into an ac­
tive·, elemental' form, which is responsible for the interferences during. mercury
determination (what was mentioned earlier). The conclusion resulting fromthis is
that the proper selection ofa reducing agent, taking into account the composition ofa
sample matrix, can reduce the disturbing actions from inorganic components.

It is worth noticing, however, that the selection ofa reducing agent is linked with
the m,ercury concentration in the investigated samples. The use of sodium boron hy­
dride increases the level of an analytical blank .and this is a reason why this reducing
agent should not be use for mercury determination when the concentration ofmercury
is below '10 ng 1-1. In this case the use of tin(ll) chloride is preferable [22].

The influence offoreign components on the results ofmercury determination can
be 'eliminated to a great extent by separating the analyte from the inve~tigated solu­
tion forming an ,amalgam with gold or platinum. The "absorbance ofmercury is mea­
sured,after its thermal desorption from the amalgam. This manipulation allows the
simultaneous concentration ofmercury [21,30,73,74]. The, use oftwo stage amalgam
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forming procedure makes possible to avoid interferences caused by water vapor and
organic compounds [75]. According to more recent approach mercury is being con­
centrated directly in an absorptioIlcelLThis' proceduremakespossible tolowerthe
detectionlimH down to the ppt level andto determine absolute contentofmercury at
the level of 0.1 ng. The method consists in cOlnbiningvapor generation techniques
with their deposition in graphite furnace cuvettes. Forthis purpose Au-coated graph­
ite furnace cuvettes [76,78], or Pt-lined graphite tubes [79] can be used. Mercury de­
termination is performed using ETAAS method.

Thereliabilityofthe analytical results also depends on thequalityofthe reagents
used during chemical pretreatment of the. analyzed samples as •~ellas the interfer­
ences from the substances produced during the mineralization process.

The sensitivity ofmercury determination byCVAAS can alsostrongly depend on
the kind and concentration ofacidspresent in the standard solutions as well as in the
satllple solutions [37,61,80-83] .• Thisprob1eIl1 incr~ases in ifi1Portance whe~during
themineralization process different acids, which can be prese~tintheanalyticalsam­
p1einullknown amounts, are used. The results of the investigation intothis problem
[37,80,81Jshowedthat the analytical signal fr0fi1mercuryincreaseswith the increase
ofsulfuric acid concentrationina sample and decreases, although less strongly, with
the. increase ofnitric acid concentration. The changeintherati0 ofcomponents inthe
mixture ofHN03 +HCIO4 and IIN03+H7S04 is oflesserinlp()rtance. Hydroyhloric
acid stabilizes mercury(II) ions and atC()llcentration lower than 2% does not influ­
ence the absorbance signal fr0Ul mercury. The. resylts ofinvestigationsshow that to
obtain proper results of mercury determination by CyAASit is necessary that the
concentrationofacidsintheanalytical samples ofthe investigatedmaterialsis identi­
calwith the concentration ofthese acidsin the standard solutions, especially when a
mixture ofnitric and sulflIfic acids is used in the lllinerali~ationprocess.

Similar conclusions can be drawn out ofthe workof Bulskaet al.. [82],theau­
thorsalso found, that the character ofthe influence ofacids, preseI1t inthe sample so­
lution, onthe signal from mercury depends .on the kind.ofreducing agent, which was
used to generate mercuryvapors.\Vhenthe reducing agent wasSnCh,it wasob­
served thatthe analytical signal from mercury.wassuppressedwhenHN03 were pres­
entat concentration 3 mol r I. Similar effectswere ?btained when HCl or aqua regia
were present at the. concentration as small asO.Smol rl'The.useofNaBH4.aS~re­
ducer makes possible to obtain a signal which is independent ofthe kind and concen-
tration of an acid .used when its ••• concentrationis not higher than 4 mol. r l

. The
conclusion from this finding is that it is possible to determine mercury in a solution,
obtained as a result of digestion, without a strict control of acidity.

The result ofmercury determination by CV AAS can also be influenced by nitro­
gen oxides present in analytical samples. This problem was raised by Adeloju etal.
[80] who found out that the addition ofhydrochloric acid to the mixture ofnitric and
sulfuric acids. caused very strong interferences from nitrogen oxides leading to the
~isappearanceofthe analytical signal from mercury. The interferences caused by ni-
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trogen oxides can be especially important when samples ofnatural material are ana­
lyzed. These compounds form always during the mineralization ofan organic matrix
when nitric acid is used as an oxidizing agent. To a certain extent they remain in the
analytical sample solution and their removal requires the use ofspecial methods. The
interference by these compounds the authors explain as an oxidizing effect on the ions
ofreducing agents Sn(ll) concentration which becomes too low to guarantee quanti­
tative reduction ofmercury(ll) to the elemental state. The increase ofthe amount ofa
reducing agent can in this case be one of the means to remove this disturbing influ­
ence. Other methods to eliminate the mentioned interferant such as purging the SalTI­
pIe with argon after treating the salnple with ultrasounds [27], leaving the solution till
the next day and then the use ofa chemical reaction with urea and amidosulfonic acid
[80].

It is worth noticing that despite the common use ofnitric acid for the digestion of
samples ofnatural origin, the interferences caused by the presence ofnitrogen oxides
in the analytical samples are mentioned by few researchers. Those who mention
them, usually do not comment it. Analyzing many papers, we came to the conclusion
that the appearance of interferences from nitrogen oxide during mercury determina­
tion is closely connected with the concentration ofthis interferant in a measured sam­
ple. The contents ofnitrogen oxides in the analyzed solution depends on many factors
such as: the kind of analyzed material, amount of acids used in a digestion process,
amount ofa sample, digestion method, sample dilution etc.. As a result, in many cases
the concentration of nitrogen oxides at certain conditions can not be higher than a
maximum value above which the interferences are.observed. According to the inter­
pretation ofeffects proposed by Adeloju et al. [80] also the kind and concentration of
a reducer used, as well as the time between the end ofmineralization process and the
instrumental measurement can be of importance.

The results ofmercury determination by CV AAS in samples ofnatural origin de­
pend on the chemical form in which this element exists in the analytical salTIple. None
of the earlier mentioned reducing agents is able to quantitatively reduce mercury in­
corporated in organic compounds. Although some authors [83,84] suggest that the
use of sodium boron hydride in combination with copper makes possible, in some
cases, to determine total mercury without foregoing oxidation procedure, but it was
not confirmed by other authors [22,53,85]. Although sodium boron hydride is a stron­
ger reducing agents than tin(II) chloride it also does not reduce quantitatively all mer­
cury-containing organic compounds [22,53]. Thus for the quantitative determination
of total mercury in samples of natural origin, no matter what kind of reducing agent
was used, it is necessary to convert all mercury in to mercury(II).
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The direct determination ofmercury tracesin materials ofnatural origin is impos­
sible in most cases. To liberate mercury from a salnple and to convert itquantitatively
into a form compatible with the instrumental technique used, as well as to remove ma­
trix components interfering with the mercury analytical signal, it is necessary to sub­
ject the samples to .chemical pretreatment.

Various mineralization methods can be used for this purpose. In order to obtain
reliable results it is necessary to perform this process in a way perlniting a total de­
struction of organic matrix and decomposition of organomercury compounds and at
the same time preventing mercury losses. It is worth mentioning that the destruction
of mercury containing compounds and the conversion of mercury contained in sam­
pIes ofnatural origin into mercury(lI) not always requires extreme conditions. Even
when the Inineralization ofthe organic matrix is incomplete quantitative transfer of
mercury to solution as mercury(II) is possible. However, there can be problems with
interferences during the instrumental measurements caused by nonoxidized compo­
nents ofthe organic matrix. Thescope ofthis problem. depends on the rneas'}ringtech­
nique used. That is why choosing a method of chemical pretreatment the analyst has
to take into account the character and composition ofa sample as well as the proper­
ties ofthe analyte andspecifics ofthe instrumental technique. In any case the correct­
ness of the choice has to be checked using alternative mineralization methods and
standard reference materials.
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