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ABSTRACT

Sample preparation is an important step in chemical analysis, from time and reagent consuming point of view and
from the probability of errors. In the present article, types of samples, problems associated with sample preparation,
and sample preparation for most used atomic spectroscopic techniques, FAAS GFAAS, ICP, and XRF have been
discussed.
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Analysis by atomic spectroscopic methods pracyicalivays necessitates a simple or more complexapagipn of
the sample. These steps of sample preparation earerajly the most critical part of analysis becatisy are
responsible for the most errors.[1-3]

In an analytical method sample preparation is fedld by a separation and detection procedDrdy a few direct
methods allow the introduction of the sample withauy preparation. In these cases the lack ofhieliealibration
is the major problem. On the other hand, samplg@aragion allows the separation and/or pre-conctotraof
analytes and makes possible the use of severahuatgion methods.

Sample preparations involve digestion, extractiod preparation of the analytes before the analgsisghis step is
time limiting, requiringca. 61% of the total time to perform the completelgsia, and is responsible for 30% of the
total analysis error. Nowadays, the goals to behed are the best results, in the shortest tim#) minimal
contamination, low reagent consumption and ger@ratf minimal residue or waste.[1]

In atomic spectroscopy the sample normally is foimndne of two forms: solid or liquid. The liquichase seems to
be the easiest form in which to handle the samplé,some requirement for filtration is required. wéwer, the

inherent lack of sensitivity of many spectroscaoggichniques and the need to carry out determinatibfswver and

lower levels means that invariably some form of-gmacentrations is required. If the sample is sobd form, the

normal requirement is to convert it into the liqda@m although it is possible to analyse solidsedily by using

atomic spectroscopy, but this is not the prefempproach.[1, 4] The principal objectives of sammleparation for

residue analysis are; dissolution of the analytea Buitable solvent, isolation of the analytesntérest from as
many interfering compounds as possible, and preemmation.

The selection of a sample preparation method igmiggnt upon: (1) the analyte(s), (2) the analytecentration
level(s), (3) the sample matrix, (4) the instruna¢mbeasurement technique, and (5) the required Isasige.

Contamination and L osses

The major problem in preparing samples for tracayes is the risk of contamination. Contaminatisrassociated
with several probable causes, i.e. the grade gfer#ta used, sample storage container, steps dftiigeor dilution
of the sample and their previous history, and humgarvention.
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Losses are a particularly significant problem iace analysis. Container surfaces, for example, pragent a
significantly large area on which the analyte caraldlsorbed. At higher levels such a small absbédstgewould have
little effect on the concentration but at traceeleva large proportion of the analyte may be stibjfrom the
solution.[5,6]

Samples

Samples analyzed may be divided into those whiehalteady in an aqueous solution (e.g. various msemples,
beverages, blood, serum, and urine.), in otheididorm (e.g. oils, fuels, and organic solvents.)iro solid form
(e.g. soils, sediments, plants, animal tissuesalsieand plastics.). Solid samples may containgh proportion of
organic matter (e.g. plants, animal tissues, aadtigk.) or have more inorganic composition (eofs ssediments,
and metals.). For routine analysis by atomic spsctypic techniques, which are all dedicated to watk aqueous
samples, the analysis of other liquids must be tdiapnd the solids are generally converted intolatisn by an
appropriate dissolution method.[2]

There are two large categories of analytical masricorganic and inorganic samples. The inorganmp$ss
incorporate soil, inorganic substance, sedimeraty @nd metal. The organic or carbon-based sampidadie
biological, polymeric, petrochemical and pharmaimalitsamples. Organic samples can be solubilized dny or
wet basis, and in an open or closed system. Thedbkoas guarantee the elimination of organic mdterid the
guantitative recovery of the analyte in the solufib]

In case of solid samples, many steps are requimetiliding sampling, sub-sampling, grinding, andsdlation. The
risk of contamination is higher than in the caséqfid samples. [6]

In the following, sample preparation for the mast¢d atomic spectroscopic techniques will be dismliss

Flame atomic absor ption spectrometry (FAAS)
Flame atomic absorption spectrometry (FAAS) is aumgaanalytical method, which is present in almasy
analytical laboratory as a working horse for eletabdeterminations of elemental metals. [7]

Aqueous samples can be generally introduced fdysisadirectly and without any prior treatment. Tewaly major
problem associated with working with solutions ligit collection and storage. Concerning atomic gpscopic
analysis itself, no particular precautions havédaaken. Non-aqueous samples can sometimes biraatly, but
this depends significantly on their viscosity. IAAS analysis, the viscosity should be similar tattbf water for
which most nebulizers are designed. Only some d@rgsamlvents, such as ethanol or methyl isobutybket are
often used for dilution of organic liquids, the madrawback, encountered with these techniqueheasdtlution
factor, which reduces the metal content per uritme.[6] Standards can be prepared in the purestlElements
in organic solvents usually give an FAAS analysisponse similar to that given by the same elenmeagueous
solution.

Solid samples are usually analyzed by dissolviegstimple to form a liquid solution that can beddtrced into the
flame or furnace. Dissolution can be accomplishgdrineral acid digestion (wet ashing), fusion ofid® with
molten salts and dissolution of the fusion beag, akhing of organic solids with acid dissolutiontbé residue,
combustion in oxygen bombs, and other proceduresntamerous to mention. The main disadvantage iof ac
dissolution is the risk of loss and contaminatiantigularly at ppm and ppb levels of analyte.

Dissolution is still the most common approach ton@t absorption spectrometry (AAS) analysis of dsliSolid
particulates in air, gas and fluid streams candikected by filtration and analyzed by digesting fiiiter and the
collected particulates.[8]

There are many different techniques which couldubed in order to separate and pre-concentrate #tel mons
such as chromatography[9-11], solid phase extmafdtir18], cloud point extraction[19-23], and Co-
precipitation.[6,24-26]

Graphite furnaces atomic absor ption spectrometry (GFAAYS):
Electrothermal atomic absorption spectrometry, eislg with graphite furnaces, has developed inghst decades
to an unrivaled method for ultratrace analysesatféordable price.

The analytical advantages of GFAAS are that ited&in limits are about two orders of magnitudetdrethan
either FAAS or ICP-OES (inductively coupled plasmaptical emission spectroscopy) and that very kszathple
volumes can be analyzed. The entire analyticalge®¢s slow, but is completely automated in modestmuments.
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There are many different techniques used for sampmearation, especially those for FAAS are appliedor
GFAAS after taking in consideration the type andaamntration level of the analyte, type of samplgtrin
modifier, and instrumentation features.

There is a growing interest in the atomic spectpgcdetermination of elements directly in soligngdes, without
prior preparations to avoid the contamination antt/sses associated with this step. In additioexetlis no dilution
of the sample, which allows measurement of loweelk of analyte than dissolution procedures. Sséithpling
procedures are particularly convenient for GFAA&lgsis when only small amounts of sample are abkla
However, problems may arise because of unreprdésentub-sampling and enhanced interferences cardpaith
the analysis of solutions.[2]

For many reasons the precision obtained by solidpag is generally less than that obtained withuson
analysis. One reason is the availability of appeiprcalibration standards of similar compositionttie samples
analyzed. Another reason is that the interfereffifeets observed with solid sampling may be greatanpared to
those with dissolved samples whose matrix is siieglias a result of the mineralization, and finalample
introduction into the atomizer is less convenidaint with dissolved samples.[2]

Instead of dissolution of powdered samples or disew@lysis slurry sampling is used in which the enat is
suspended in a liquid diluent. The liquid dependghe nature of the sample. For good results, iteisessary to
produce a homogenous slurry. Therefore convertiegsemple into powder with small particle size @qfh) is
required.[27-31]

Inductively coupled plasma (I CP):

The inductively coupled plasma is the most commaskyd plasma. Sample preparation methods for |@Rsis of
trace metals can be found in many sources. Thelsantpduction for ICP applications requires teamples be in
a liquid form so as to be aspirated through a nebuland that suspended solids must be removedeawept
clogging of the nebulizer. Therefore, solid samigsh as soils and sludges must first be acid widds extract the
metals of interest from the solids, and the resgldigestate must be filtered, centrifuged or adldwo sit to remove
the suspended solids prior to analysis.

Drinking water with turbidity greater than 1INTU (maal turbidity unit) must also be acid digesteddaled by the
removal of suspended solids prior to analysis.[32]

Solid samples can be in the form of fine suspermsinm liquid (slurries). The slurries are introdddnto the plasma
using a V-type nebulizer. Alternatively, the finarficle can be produced by the ablation of solithvihe use of
either spark system for conductive samples orex fas any type of samples.[33]

X-ray fluorescence (XRF):

X-ray fluorescence (XRF) is a non-destructive atiedy technique. For detecting elements at traceléepg/g
(ppm), ng/g (ppb) or even pg/g (ppt) with XRF, getly special techniquess well as sample preparation methods
have to be used.[34]

For most laboratory XRF equipments, the energyhefdmitted X-ray is independent of the chemicatestd the
element; therefore, XRF is generally considerebet@n elemental analysis method.

XRF requires little sample preparation. Both salidl liquid samples can be analyzed. A standard Isaingtder of
an XRF instrument accommodates disks with a dian@td-3 cm and up to 1cm high. It can be in therfof

polished disks, pellets of pressed powders, liquitis films, and particulate material on a filtétery flat surfaces
are required for quantitative analysis. To obtadod) quantitative results, the sample must be hommgeand the
irradiated surface must be very smooth.[33]

X-ray fluorescence is useful for elements with atomumbers greater than 4, including metals andnatals. For
gualitative analysis, no sample preparation is irequand the method is generally nondestructive FX& used
extensively for quantitative determination of elentsein alloys and mineral samples, particularlyetE#ments with
high atomic weights.

The best solvents are,®, HNG; , hydrocarbons, and oxygenated carbon compouredsulse these compounds
contain only low atomic number elements. Solvenishsas HCI, BHSQ,, CS, and CC) are undesirable because
they contain elements with higher atomic humbdrsy tmay reabsorb the fluorescence from lower-Z elgmand
will also give characteristic lines for Cl or S.
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Organic solvents must not dissolve or react withftlm used to cover the sample. Solid samplesdaatbe cut and
polished to give a flat surface can be analyzeer gfblishing. Care must be taken not to contamittaesample
with the cutting tool or polishing compound. Foraexle, cutting a flat piece of polymer with a stestor blade
can result in iron being detected in the polymena.

Other solids should be converted to a powder, usibgll mill. The grinding tools must not contanméhe sample,
hence boron carbide is often used to contain amdi gamples. The sample powder may be pressedxadmith
lithium borate salt, borax, wax, or other suitabieder and formed into a briquette.[35]

CONCLUSION

There are many different techniques for sampleaajon for atomic spectroscopy techniques. Thecseh of the
sample preparation method depends mainly uponrthlgta concentration, matrix, instrument operationditions,
costs and the environmental considerations.
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