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Quality in medical laboratories

Laboratory testing and services are an integral part of
modern medical practice and have an important role in the
provision of health care. Laboratory medicine confronts
the same challenges of quality, cost, and access as the lar-
ger health care system. Although laboratory testing ac-
counts only small part of annual health care costs the influ-
ence of laboratory medicine on the quality and cost of
health care is much greater because laboratory test results
influence the majority of patient care decisions and in utili-
zation and reimbursement.

Medical laboratory accreditation

The concept of laboratory accreditation is defined by
ISO/IEC as a formal recognition and authorization that
a laboratory is competent to carry out specific tests or spe-
cific types of tests. Accreditation usually depends on
a successful laboratory assessment and is followed by ap-
propriate surveillance by an independent body. The ac-
creditation of medical laboratories has become a subject of
widespread interest in recent years. It was originally done
according to ISO 17025 but nowadays is gradually chan-
ging to ISO/EN/15189 (ref.'?). Internationally recognized
standard ISO/EN/15189:2007 is acknowledged as a cor-
nerstone of accreditation of medical laboratories and it is
accepted by nearly all Accreditation Bodies all over the
world. Accreditation awarded is based on the assessments
of laboratories conducted by assessors selected and trained
by Accreditation Bodies. Assessors selected from medical
laboratory professionals and trained by Accreditation Bo-
dies play the key role in assessment process of medical
laboratories seeking accreditation. These assessors should
be preferably drawn from the field of laboratory medicine
ensuring that medical laboratory professionals are signifi-
cant part of the assessment team.

Accreditation scope development

The scope of accreditation of clinical laboratories is
the formal and precise statement of the activities which the
laboratories are accredited for. Historically, clinical bio-
chemistry laboratory accreditation has been based on
a fixed scope of accreditation which defines the detailed
list of testing methods, describing the measurement princi-
ple and procedures used for the tests, range of measure-
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ments, tested matrices and/ or materials and the scope pa-
rameters. Although the extension to scope can be made at
any time throughout the assessment cycle the fixed scope
of accreditation in clinical biochemistry and immuno-
chemistry might be considered as rather rigid and restric-
tive particularly when running “open” analytical systems.
Despite the laboratory competence in general has already
been demonstrated it does not allow medical laboratories
to react quickly to changing requirements in health care
sector and to obtain formal acceptance of the necessary
modifications from the accreditation body in time. Recom-
mendations resulting from a comprehensive discussion
within the EA WG Healthcare — Laboratory Medicine, set
out some principles for the definition of fixed or flexible
accreditation scopes. Accordingly, for medical laboratories
the ‘flexible’ scope of accreditation is preferred. The la-
boratory shall maintain a list of all individual examinations
which form part of its accreditation. This approach is fully
in line with overall EA principles on flexible scopes as
published in EA-2/15 (ref.*).

Premises of flexible accreditation

Laboratories accredited to flexible scope may be al-
lowed to undertake certain tests and to report the results as
accredited, even though they may not be explicitly stated
on their accreditation schedule. This may involve (a) intro-
duction of the similar or amended tests in accordance with
a generic tests that are already covered by accreditation,
(b) the modification of existing methods to broaden their
applicability (e.g. to deal with new materials or matrices
tested and/ or properties measured), (c) the inclusion of
newly revised or technically equivalent standard methods,
procedures or instrumental applications, and/ or (d) up-
dated versions of test kits or their standard applications
without having to report to the Accreditation Body in ad-
vance, provided that these tests, their modifications and up-
dated versions of new methods and tests kits do not incor-
porate new measurement principles that are not covered by
the original description of the scope.

The flexible scope of accreditation makes it possible
to react faster with specific desires. With flexibility of
accreditation scope, more responsibility is transferred to
the medical laboratory. Planning, performing, documen-
ting, and evaluating results and procedures include addi-
tional requirements, focused particularly on precisely de-
fined systems of validation of the methods. Flexibilization
of the scope allows laboratories which have shown appro-
priate technical competence to introduce new methods or
tests, and/ or to modifying existing methods within its
scope of accreditation, without having to undergo a new
on site assessment. However, the flexibility does not go
beyond a given analytical technique. Extension of an ana-
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lytical technique or switching to another one requires
a formal application for extension by Accreditation Body.

Prerequisites of flexible accreditation

There are some basic prerequisites for the flexible
scope of accreditation: (i) first premise is a higher qualifi-
cation of laboratory staff with an appropriate professional
experience; (ii) second premise is a precise description of
laboratory processes and procedures; (iii) third premise is
awell developed management of quality system; (iv)
fourth premise is an extended scope of methods validation
process. It is highlighted that flexible accreditation is ra-
ther about qualified personnel than about the technical
sophistication of the laboratory. For application and ma-
nagement of a flexible scope, the laboratory shall comply
with specific requirements on validation. Precisely defined
procedures for the validation of methods, together with
performance and acceptance criteria, are the key points for
flexible scope of accreditation. In contrast to fixed scope
accreditation, flexible scope accreditation shows diffe-
rences between sectors, between accreditation bodies, and
between the professional assessors as well. The expression
of the scope of accreditation for the fixed and the flexible
accreditation vary from country to country and from sector
to sector depending on the tradition in the respective sector
and country. However, accreditation bodies in Europe
adopt concept of flexible scope very warily rather than
promote it. In the field of clinical chemistry and immuno-
chemistry the concept of flexible scopes is still used rarely
and only few medical laboratories in EU applied for it.

Discussion

The term "standard method" refers to a base measure-
ment technology or analytical method. The term "non-
standard method" includes both standard methods that
have been modified to meet a particular site’s needs and
techniques and methods that are truly different from stan-
dard methods in their base technology. Field-associated
methods such as immunoassay test kits are often consi-
dered non-standard by regulators because they are not
traditional fixed laboratory methods. Whether a method is
"standard" or "non-standard" is irrelevant as long as the
data produced contributes in a cost-effective manner to the
decisions that need to be made. There is often assumed
that the term "standard" implies a level of data quality that
is higher than that obtained by "non-standard" methods.
Although it may be true that standard techniques have
more name recognition, wider acceptance, and well-
documented analytical performance, it is not necessarily
true that a standard technique will yield higher analytical
quality data than a non-standard technique for a specific
application.

Introduction of revised standard methods or proce-
dures, e.g. modifications of instrumental applications for
open biochemical and immunochemical analyzers open
a debate on how much can you tweak or change a method
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or procedure and still have it be the same method or proce-
dure. Modification is the act of making something diffe-
rent or the act of revising or altering. What is an
'adjustment’ or 'modification' to methods, when revalida-
tion is needed, is not articulated straightaway. When is it
an adjustment and when is it a new procedure? If it's a new
procedure you have to revalidate. The question arises
when is “an adjustment a modification”? Generally, modi-
fications could be allowable to such an extent when system
suitability criteria demonstrate in validation study that the
final procedure fits to purpose.

Conclusion

One must handle the flexible scope with flexibility. It
is not useful to create rigid rules for formal harmonisation
of the way the accreditation scope is expressed. However,
the objective of this review is to focus attention of medical
laboratories seeking accreditation on guiding and regula-
ting requirements that medical laboratories shall meet to
justify when fix upon appropriate scope of accreditation.
EA and its stakeholders must develop the concept of flexi-
ble scope to make it better understood and more harmo-
nised throughout the laboratory and accreditation commu-
nities’. All parties in concern, medical laboratories, natio-
nal accreditation bodies and regulators would keep in mind
the international context as led by ILAC and IAF to ensure
flexible scope implementation with clear interpretation and
internationally recognized readability rather than local
interpretation of it.
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1. Uvod

V souvislosti s fascinujicim rozvojem modernich
a separanich a spektrometrickych metod a jejich aplikaci
v klinické analyze doSlo k vyraznému utlumu pouZzivani
modernich elektroanalytickych metod v této mimoifadné
vyznamné oblasti. Cilem tohoto pfispévku je zdlraznéni
soucasnych moznosti zejména voltametrie a amperometrie
v oblasti klinické analyzy a na konkrétnich ptikladech
ukazat, ze v fadé¢ pfipadi mohou byt uzite¢nou, ekonomic-
ky vyhodnou, uzivatelsky pfivétivou a z hlediska potieb-
nych analytickych parametrii plnohodnotnou alternativou
k prevladajicim separacnim a spektrometrickym metodam.

2. Kontrola obsahu farmaceutickych preparati

Zde lze vyuzit skuteCnosti, ze vétSina pridavnych
latek je elektrochemicky inaktivnich, takze 1ze pomérné
selektivné stanovit elektrochemicky aktivni 1éCiva a to
i v roztocich jejichz turbidita komplikuje ¢i zcela znemoz-
nuje spektrofotometrické stanoveni. Pozadavky na citlivost
nejsou zpravidla v téchto pripadech nijak extrémni a dobu
analyzy lze vyrazné zkratit pouZitim pritokové injekéni
analyzy s elektrochemickou detekci. Pro stanoveni elektro-
chemicky redukovatelnych latek jsou nejvhodnéjsi rtuto-
vé' & amalgamové® elektrody &i borem dopované diaman-
tové filmové elektrody’, které Ize pouzit i ke stanoveni
elektrochemicky oxidovatelnych latek spolu s riznymi
modifikacemi uhlikovych pastovych elektrod*.

3. Stanoveni lé¢iv a jejich metaboliti v télnich
tekutinach

Zde je v posledni dob€ pozornost soustfedéna na moc,
vzhledem k rostoucim obtizim pfti ziskavani vzorkl krve.
Vyse uvedené elektrody jsou opét snadno pouzitelné ke
stanoveni katodicky redukovatelnych ¢i anodicky oxidova-
telnych latek, avSak zpravidla je nutné pfedradit prfedbeéz-
nou separaci a prekoncentraci, dnes nejcastéji pomoci ex-
trakce tuhou fézi, k dosaZeni pozadované citlivosti a selek-
tivity. 'V pfipadé metabolitli se Castéji pouzivaji metody
zaloZzené na anodické oxidaci, nebot’ vétSina metaboliti
aromatickych ¢i heterocyklickych 1é¢iv obsahuje OH sku-
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pinu na aromatickém systému, ktera je snadno elektroche-
micky oxidovatelna.

4. Stanoveni biomarkeru expozice, onemocnéni
¢i 1écby

I zde lze v nékterych ptipadech pouzit s ispéchem
moderni voltametrické ¢i amperometrické metody, jak
bude demonstrovano na piipadu stanoveni hydroxypyrenu
v moci pomoci borem dopované diamantové filmové elek-
trody’. Diskutovana bude i moZnost voltametrického ¢&i
amperometrického stanoveni markerti nadorovych one-
mocnéni ¢i orientacni elektrochemické testy na pritomnost
1é¢iv pouzivanych v psychiatrii v mo¢i.

5. Vsadkova a pritokova elektroanalyticka
stanoveni

V klinické analyze pfistupujeme k méfeni v pritoko-
vych systémech v podstaté ze dvou divodd. Tim prvnim je
snaha po zkrdceni doby stanoveni, kterd néds vede
k pouzivani prutokové injekéni analyzy s elektrochemic-
kou detekci. Druhym divodem je snaha po zvySeni selekti-
vity stanoveni, kterd vede k pouZzivani vysokoucinné kapa-
linové chromatografie s elektrochemickou detekei. V této
¢asti budou zejména diskutovany typy elektrochemickych
detektord  pouzitelnych pii  prutokovych méfenich
v klinické analyze.

6. Elektrochemické biosenzory

Modifikace povrchu elektrody vhodnou latkou se
schopnosti selektivné rozpoznat sledovany analyt vede ke
konstrukci ,,chytrych senzorti“ pouzitelnych k rychlé
alevné detekci urcitych analyti. Pfikladem mohou byt
DNA biosenzory detekujici latky poSkozujici DNA, senzo-
ry modifikované riznymi ,,molekularnimi kalisky®, povr-
chove aktivnimi latkami, semipermeabilnimi filmy atp.
Diskutovany budou moznosti a omezeni v této oblasti, kde
hlavnim problémem ziistdva dostate¢nd robustnost téchto
elektrod a reprodukovatelnost jejich ptipravy, kterd zatim
brani jejich §irsi rutinni aplikaci.

7. Nové elektrodové materialy v klinické
analyze

V této ¢asti budou diskutovany divody vedouci elek-
troanalytické chemiky k hledani novych elektrodovych

v
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problémil s pasivaci pracovni elektrody) a ptiklady per-
spektivnich  netradiénich  elektrodovych  materiald
(amalgamové, pastové, filmové a borem dopované dia-
mantové filmové elektrody) u nichz jiz byla ovétena jejich
pouzitelnost ke stanoveni 1é€iv, jejich metabolitli, biomar-
kerti expozice a dalSich analytl relevantnich pro klinickou
analyzu. Pozornost bude vé€novana i sitotiskovym elektro-
dam na jedno pouziti.

8. Vyuziti supramolekuldrnich interakci
v Kklinické elektroanalyze

Zde bude definovan pojem supramolekularni elektro-
chemie a diskutovany moznosti vyuZiti supramolekulér-
nich interakei v elektroanalytické chemii, ke zvySeni citli-
vosti €i selektivity modernich elektroanalytickych metod
a k feSeni nékterych problému v oblasti klinické analyzy.
Logickou inspiraci v této oblasti je stale astéjsi vyuzivani
supramolekularnich interakci v separa¢nich metodach.

9. Zavér

Zavérem budou stru¢né shrnuty vyhody i nevyhody
diskutovanych elektroanalytickych metod a ptistupt, jejich
moznosti a omezeni a perspektivy jejich dalSiho rozvoje
v oblasti klinické analyzy. Zminén bude i stale rostouci
vyznam monitorovani 1é¢iv a jejich metabolitli v Zivotnim
prostiedi.
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Elektroanalytické metody sa zvdcSa pouzivaju na
charakterizaciu a stanovenie elektrochemicky aktivnych
latok ako st tazké kovy, niektoré nekovy a pocetné kom-
plexné a organické zluceniny. V préci st uvedené principy
a postupy chronopotenciometrického stanovenia niekto-
rych elektrochemicky malo aktivnych alebo neaktivnych
latok ako st fosfore¢nany, hlinik a bromi¢nany.

FosforeCnany su elektrochemicky neaktivne a preto
ich nemozno priamo elektrochemicky stanovit. Mozno
vSak vyuzit tvorbu heteropolykyselin s molybdénanom,
ktoré st vdaka pritomnosti Mo(VI) uz elektrochemicky
aktivne a daju sa redukovat’ a spétne oxidovat’. Stanovenie
pozostava z troch krokov, najprv sa pridavkom roztoku
molybdénanu v silne kyslom prostredi vytvori heteropoly-
kyselina, kyselina molybdatofosforecna, ktora sa v péroch
uhlikovej elektrody elektrochemicky zredukuje na
,-molybdénovi modri* a potom sa tato zIicenina konStant-
nym pradom spétne oxiduje. Z chronopotenciometrickej
odozvy posledného kroku mozno pomocou kalibracnej
zavislosti urcit’ koncentraciu fosforecnanov vo vzorke.
Hlavnou vyhodou oproti fotometrickej metody je moznost
analyzovat’ aj zakalené a farebné roztoky.

Elektrochemické stanovenie hlinika vzhladom na
jeho prili§ zaporny oxidacno-redukény potencial je mozné
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iba nepriamo, napriklad s vyuZitim adsorpcie komplexov
hlinika na ortutovu, poortutovanu alebo bizmutovu elek-
trédu s naslednou elektrochemickou redukciou alebo oxi-
daciou adsorbovaného komplexu, presnejSie povedané
organického ligandu v komplexe. Dalsia, nami testovana
moznost, je vyuzit tvorbu komplexov hlinika
a trojmocného Zeleza s fluoridovymi aniénmi, kde hlinité
iony vytvaraju stabilnejSie komplexy ako zelezité. Poten-
cial elektrochemickej redukcie Fe(Ill) na Fe(Il) zavisi od
pritomnosti fluoridovych idénov, ich klesajucou koncentra-
ciou sa posuva k pozitivnejSim potencidlom a naopak.
Stanovenie hlinika je zalozené na tom, Ze po pridani vzor-
ky do roztoku s fluoridovymi iénmi a Fe(IIl) pripadné
hlinité i6ny viazu Cast’ fluoridovych ionov, ¢im sa imerne
zvySuje koncentracia volnych zelezitych idnov atym aj
signal redukcie Fe(III) na Fe(Il).

Bromic¢nany mozno sice v kyslom prostredi elektro-
chemicky redukovat’, avsak len pri potencialoch, kde uz
prebicha aj elektrochemickd redukcia vodikovych ionov,
¢o znacne zvySuje signal pozadia. Je vyhodnejSie preto
bromi¢nany v kyslom prostredi pomocou bromidov alebo
jodidov najprv chemicky zredukovat na brom alebo jod,
ktoré potom mozno elektrochemicky redukovat a stanovit
pri ovela priaznivejSich potencidloch. Latky so silnymi
oxidaénymi vlastnostami samozrejme rusia, pretoze tiez
oxidujl bromidy a jodidy. Ked’Ze sa bromi¢nany stanovujl
najméd v dezinfikovanych vodach, ktoré obsahuju znacné
mnozstva dezinfekénych prostriedkov aich vedlajsich pro-
duktov, treba tieto latky pred meranim najprv odstranit’. Naj-
viac sa osvedcila ich selektivna redukcia pridavkom Fe(II).

Prdaca bola financovana Vedeckou
agenturou VEGA (projekt ¢. 1/0149/12).
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Analyza biomolekul, ako nukleové kyseliny ¢i protei-
ny, sa ukazala byt vel'mi d6lezita najmé pre oblast’ medi-
cinskej diagnostiky. V poslednych rokoch sa ale kvoli
svojmu vyrazne vy$$iemu kombinatorickému potencialu
ukazali byt zaujimavejsie molekuly sacharidov. Odhaduje
sa, ze priblizne 50-90 % l'udskych proteinov je glykozylo-
vanych, a zmeny v glykozylacii prisluSného proteinu st
Casto dosledkom uréitého ochorenia, dokonca aj vel'mi
skorého 3tadia'. Skupina latok (proteinov) schopnych vel-
mi Specificky interagovat’ s ur¢itou sacharidickou Strukti-
rou (dokonca $pecificky s jednym sacharidom, ¢i uz viaza-
nym alebo volnym), sa nazyva lektiny (starS$i nazov je
aglutininy pre svoju schopnost’ zhlukovat' cukry). Prave
tato skupina proteinov je ¢im d’alej tym CastejSie vyuziva-
na v oblasti glykomiky a glykoproteomiky ako biorozpo-
navacie elementy, ato pri konstrukcii biosenzorov
a biogipov najmi pre biomedicinske aplikacie’™. Kedze
vézobny par lektin-glykoprotein nevytvéara redoxny par, na
detekciu glykoproteinov sa obycCajne nevyuzivaji bezné
elektrochemické metody, ako voltampérometria. Elektro-
chemicka impedancna spektroskopia predstavuje citliva
metoédu na detekciu zmien odporu vrstvy na povrchu fyzi-
kélneho prevodnika so zvySujicou sa hribkou vrstvy’.
Vyuziva sa pri konstrukcii nielen lektinovych biosenzorov,
ale aj imunosenzorov a genosenzorov’. Prudky rozvoj
nastal v oblasti tzv. ,label-free metdd, ale aj metdd so
znacenim (lektinova ,,microarray*).

Biosenzory poskytuji moznost’ jednoduchej, rychlej
a efektivnej pripravy vysokocitlivych zariadeni na detek-
ciu vel'mi nizkych koncentricii analytu aj v komplexnych
(biologickych) vzorkach. Medzi najcastejSie vyuZzivané
patria najmé elektrochemické biosenzory, aj ked’ existuje
prirodzene viac typov vyuzivajlcich lektiny ako bioselek-
tory (optické, kalorimetrické, piezoelektrické, magnetickeé,
akustické, mikromechanické). Pre vicSiu citlivost sa
mnozstvo prac zaobera v sucasnosti aplikdciou nano(bio)
technolégii do oblasti bioanalytickych senzorov. Rdézne
nanomateridly vykazujice unikatne vlastnosti oproti mak-
roskopickym materidlom z rovnakych prvkov slizia na
modifikaciu povrchov elektrochemickych prevodnikov pre
zlepSenie vlastnosti z nich pripravovanych biosenzorov,
najmé citlivosti. Okrem aplikdcie nanomateridlov, vel'mi
jednoduchy, lacny a efektivny spdsob modifikacie po-
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vrchov v nanoskéle je vytvorenie tzv. samo-usporiadanych
vrstiev (self-assembled monolayers, SAM) na povrchu
najmé zlatych elektréd, umoZiujicich kontrolu hustoty
a v urCitych pripadoch aj orienticie bioselektora na po-
vrchu prevodnika. Najcitlivej$im krokom pri priprave bio-
senzorov je blokovanie povrchu voci nespecifickym inter-
akcidm z biologickych vzoriek. Za tymto ucelom je pre
kazdi metodu a povrch potrebné osobitne preverit' dany
blokovaci roztok. Pre oblast’ glykomiky patria medzi naj-
CastejSie pouzivané rézne komercéne dostupné blokovacie
roztoky (bez obsahu sacharidov), albumin z hovédzieho
séra, alebo jednoduché mensie molekuly, ako napr. poly
(vinyl alkohol) (PVA). NajcastejSie veliCiny sluziace na
vyhodnotenie analytického signalu pri lektinovych biosen-
zoroch su impedancia, kapacitancia (elektrochemické bio-
senzory), index lomu (povrchova plazmoénova rezonancia),
pripadne pri metédach vyuZzivajucich znacenie fluorescen-
cia (lektinova microarray), alebo zmeny v absorbancii
vzoriek (ELLA, vyuzivajlca chrenovou peroxiddzou zna-
¢ené lektiny). Citlivost, ktora sa dosahuje pri meraniach
vyuzivajucich elektrochemicky detekény koncept, sa po-
hybuje na femtomolarnej Grovni, priCom v sicasnosti je
mozné pomerne presne odlisit hodnotu nespecifického
signalu od Specifického — troveil neSpecifického signélu sa
bezne pohybuje pod 20-30 % oproti $pecifickému’*.

Prispevok bol vytvoreny realizdaciou projektu Centrum
pre Materialy, vrstvy a systémy pre Aplikdacie a Chemlcké
procesy v extréemNych podmienkAch — Etapa II, na zdkla-
de podpory operacného programu Vyskum a vyvoj finan-
covaného z Eurdopskeho fondu regiondlneho rozvoja.
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V stcasnosti sa spomedzi technik kapilarnej elektro-
forézy (CE) najcastejSie pouziva kapilarna zonova elektro-
foréza (CZE), najmi v hydrodynamicky otvorenych sepa-
racnych systémoch v kapilarach s vnlitornym priemerom
50-75 pm. Hlavné obmedzenia tohto pristupu sa tykaju (a)
koncentracnych limitov detekcie (cLOD), (b) koncentrac-
nych pomerov analytov a matricovych zloziek vo vzorke
a (c) rozlisenia latok v mnohozlozkovych vzorkach. Hyd-
rodynamicky uzatvoreny systém s potlatenym elektroos-
motickym tokom umoziiuje pouzivat' kapilary s vacsim
vnutornym priemerom (300 pm), ¢o ma priaznivy vplyv
napr. na znizenie cLOD. VSeobecne, moznosti jednokolo-
novej technologie v separacii latok obsiahnutych v mnoho-
zlozkovych zmesiach z dovodu zvySeného rizika prekryvu
pikov st obmedzené ato tak v hydrodynamicky otvore-
nych ako aj zatvorenych separacénych systémoch. Technika
spajania kolon je vhodnym nastrojom na zniZenie rizika
prekryvu pikov tak pri kombinacii chromatografickych
ako aj roznych elektroforetickych technik. V oblasti kapi-
larnych elektroforetickych technik najefektivnejsie sa da
vyuzit’ systém spajanych kolon on-line kombinaciou izota-
choforézy s kapilarnou zéonovou elektroforézou (ITP-CZE)
v hydrodynamicky uzatvorenych separacnych systémoch.
Ak ITP krok slizi najmd ako koncentracna a davkovacia
technika pre CZE, tak ITP-CZE pri separacii mnohozloz-
kovych zmesi latok mé z hl'adiska rozliSenia pikov v CZE
stupni prakticky rovnaké obmedzenia ako jednokolonova
CZE. Tento rezim ITP-CZE je vyuzitelny na zniZenie
cLOD pri separacii latok s priblizne rovnakou koncentra-
ciou. S vyuZitim ¢istiaceho efektu ITP je ITP-CZE vyuzi-
telny aj pre vzorky, v ktorych makrozlozky maju vyrazne
vy$siu koncentraciu (aZ niekol’ko poriadkov) ako analyty.
Znizenie satura¢ného faktora (pomer pikovej kapacity
a poctu separovanych latok) v CZE stupni znizZuje riziko
prekryvu pikov. Obmedzenie poctu latok separovanych
v CZE stupni je mozné pri dvojkolonovej ITP-CZE do-
siahnut’ (a) vol'bou vodiaceho a zakoncujiiceho i6nu pre
elektrolytovy systém v ITP stupni, ktoré definuji maly
pohyblivostny interval pre izotachoforeticki migraciu
latok, (b) vytvorenim pohyblivostnych subintervalov po-
mocou ITP z6n vhodnych latok (diskrétnych spacerov),
ktoré rozdelia analyty zo vzorky na skupiny migrujuce
priestorovo oddelene v hraniciach tychto ITP zon. Elektro-
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foreticky prenos len jednej z tychto skupin do CZE stupna
zabezpeCi znizenie poctu latok v CZE voci celkovému
poctu latok vo vzorke.

Distribucia analytov do jednotlivych skupin je zavisla
od efektivnej pohyblivosti tak analytov, ako aj pouZitych
diskrétnych spacerov v zmysle kritérii pre ,,spike® rezim.
KedZe skupiny analytov st od seba oddelené, hoci analyty
v ramci jednej skupiny nie st separované, mdzeme pova-
zovat’ ITP v takomto rezime za prvi dimenziu dvojdimen-
zionalneho separacného systému. Prenos vybranej hranic-
nej vrstvy do CZE stupiia s minimalnou dizkou zén ohra-
nicujucich spacerov, ako aj odvedenie zostavajlcej Casti
ITP migracnej konfiguricie, je riadeny a odvodeny od
signalu detektora ITP kolony. Pri tomto pristupe analyty
z ostatnych rozhrani nie st pritomné v CZE stupni, teda
nulifikicia separacie z prvého stupna je eliminovana.
V naslednych pokusoch sa do CZE stupia prenasaju vzdy
iné hrani¢né vrstvy (iné skupiny analytov), ktoré sa nacha-
dzaju medzi inou dvojicou spacerov. Takymto spdsobom
sa ziska subor merani, ktory charakterizuje analyzovanu
vzorku ako celok a mozeme ho oznacit’ ako 2D ITP(DS)
CZE.

VAcsi pocet merani s jednou vzorkou je z ¢asového
hladiska ndrocné, preto automatizacia celého procesu je
nevyhnutnym predpokladom zabezpecenia efektivity pre
analyzu vicSieho poCtu vzoriek. Automatizovany elektro-
foreticky analyzator so separacnou jednotkou usporiada-
nou pre techniku spéjania kolon vyvinuty na Katedre ana-
lytickej chémie, Prirodovedeckej fakulty UK v Bratislave
spiia tieto poziadavky. Ako mnohozlozkové vzorky boli
pouzité modelové zmesi organickych zlicenin, absorbuju-
ce UV Ziarenie alebo vzorky 'udského mocu. Experimenty
jednoznacne preukazali, ze rézne rezimy ITP-CZE su
vhodné na separaciu multikomponentnych vzoriek.

Elektroforetické techniky su vyuzitené aj na Gpravu
mnohozlozkovych vzoriek pre d’alSie analytické metody,
napr. na preparativne Ucely. Z hladiska mnozstva latok,
ktoré sa daju izolovat’ je spomedzi CE technik najefektiv-
nejsia izotachoforéza. Pouzitim kapilar s velkym vnutor-
nym priemerom (1-1,5 mm) v hydrodynamicky uzavretom
separaénom systéme a pomocou preparativneho ventilu sa
da uskutocnit’ diskontinualna frakcionacia, ktora znacne
zjednodusi matricu, koncentruje analyt a umoziuje ziskat
dostato¢né mnozstvo vzorky pre finalnu metddu alebo pre
iné ako analytické tiéely. Bolo preukazané, Zze preparativna
ITP je uZzito¢nd na Upravu vzoriek bohatych na vysokomo-
lekulové latky, napr. proteiny alebo huminové kyseliny.

Tato prdaca vznikla za financnej podpory projektu
VEGA 1/1149/12 a projektu “Dobudovanie centra
excelentnosti metod a procesov zelenej chémie” ITMS:
26240120025 na zdklade podpory OPVaV financovaného
z Eurdpskeho fondu regiondlneho rozvoja.
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Jako mnohé dalsi obory, i farmaceuticky primysl je
uzce spojen s analytickou chemii: vyroba, biologicka ¢in-
nost, distribuce v organismu a mnohé dal$i procesy souvi-
sejici s lé¢ivy jsou kontrolovany rliznymi analytickymi
metodami. Pro kazdou aplikaci je nutné zvolit vhodnou
analytickou techniku a jeji parametry s ohledem na pod-
minky stanoveni, pozadované vysledky a naklady. Elektro-
chemické metody patfi mezi techniky citlivé a pomérné
selektivni; ob& vlastnosti se zvyrazni, pouzije-li se jich
v kombinaci s chromatografickymi technikami. Vynikaji
nizkymi néklady, jsou proto vhodné pro velkoplo$na sle-
dovani, jejich zavedeni ov§em vyZzaduje dostatecné odbor-
né zkuSenosti. Rozhodujici pro tspéch elektroanalytické
metody je volba vhodné pracovni elektrody, pficemz
v posledni dobé jsou v této oblasti s uspéchem vyuzivany
uhlikové pastové elektrody (CPE). V jednotlivych kapito-
lach ptispévku budou shrnuty zékladni informace o t&chto
elektrodach, nastinény chemické struktury latek vhodné
pro analyzu na téchto elektrodach a na ptikladech jednotli-
vych metod stanoveni riznych 1é¢iv budou ukazany vyho-
dy a vlastnosti CPE.

Uhlikové pastové elektrody

Uhlikové pastové elektrody (CPE) vznikly jako vysle-
dek snahy o pfipravu elektrody s obnovitelnym povrchem
a soucasné pouzitelné pro anodické oxidace. Pivodné se
mélo jednat o suspenzi uhlikového prasku vykapavajici
kapilarou, obdobné jako jsou feSeny rtutové elektrody.
Nakonec se nicméné ukazalo, ze zajimavejsi vlastnosti ma
hustsi, pastovitd smés, jejiz povrch se obnovuje mechanic-
kym otfenim'.

CPE je tedy tvofend smési uhliku, pastovaci kapaliny
a pripadné dalSich latek a tato hmota je naplnéna do elek-
trodového téla vhodného tvaru, které umoziuje snadnou
obnovu povrchu. Tato struktura zajistuje elektrodam né-
které zajimavé elektrochemické vlastnosti, jako je nizky
proud pozadi a Siroké potencidlové okno, a chemické
vlastnosti, napiiklad pfispévek nepolarni pastovaci kapali-
ny k vlastnostem povrchu elektrody. Cenou za tyto vyhody
jsou 1 nékteré nevyhody, zejména niz§i stabilita
v pfitomnosti organickych rozpoustédel a omezena pouzi-
telnost v katodické oblasti z divodu obtizné odstranitel-
nosti kysliku z pastového materialu®.
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DalSim specifickym pozitivem pastovych elektrod je
moznost modifikace zakladniho slozeni pasty, bud’ pouZi-
tim specialnich druhd pastovaci kapaliny ¢i uhliku, jako
jsou uhlikové nanotrubicky , rizné grafenové struktury,
nebo pfimisenim dalSich vhodnych komponent do materia-
lu pasty. Uloha téchto zmén je v zasadé troji: modifikace
elektrody mohou umoznit akumulaci analytu a tim zvétSit
citlivost stanoveni, mohou piisobit jako katalyzator usnad-
fyjici elektrochemickou reakci, nebo konecné zprostied-
kovani elektrochemické reakce vhodnymi mediatory”.

CPE jsou obvykle pouzivany v kombinaci se vsadko-
vymi voltametrickymi technikami, jako je cyklicka volta-
metrie (CV) a diferencni pulsni voltametrie (DPV). Pri
vhodné volbé pasty vSak lze tuto elektrodu pouzit jako
pracovni elektrodu pii amperometrické detekci v kombina-
ci s HPLC ¢&i jinymi pritokovymi metodami®.

Oxidovatelna léciva

Vzhledem ke zminénym vlastnostem CPE, respektive
jejich obtizné pouzitelnosti v oblasti katodickych potencia-
14, je jejich hlavni vyznam pfi stanoveni anodicky oxido-
vatelnych latek. T¢Zist€ této skupiny tvofi zejména slouce-
niny obsahujici ve své struktufe amino skupinu nebo hyd-
roxy skupinu na aromatickém systému, kam kromé fady
1éCiv patii velka skupina jejich metabolitd. Mechanismus
elektrochemické reakce téchto latek je znan€ kompliko-
vany, vyrazné zavisly na struktufe a pozici dalSich funkc-
nich skupin, nicméné obecné byva mnohostupniovy a jeho
vyslednym produktem jsou casto polymerni struktury. Zde
se potom s vyhodou uplatni obnovitelny povrch uhliko-
vych pastovych elektrod, protoze reakéni produkty pasivu-
ji povrch elektrod a tim snizuji opakovatelnost méfeni bez
Cisténi elektrody. Zvlastnim pfipadem jsou v tomto ohledu
katecholy a hydrochinony, ve kterych uspotradani fenolo-
vych skupin umoziuje velmi snadnou oxidaci za vzniku
benzochinontl a chinonii.

Hure jsou oxidovatelné sekundarni a terciarni aminy.
I v tomto pfipad¢€ jsou produkty reakci zavislé na celkové
struktufe molekuly, nejcastéj$i ale byva vznik aldehydu
a priméarniho ¢i sekunddrniho aminu. Dal$im oxidovatel-
nym mistem molekul 1éCiv jsou nékteré heterocyklické
struktury, jako je indol ¢i purin. Zvlastni skupinu tvoii
thioly, oxidovatelné za vzniku disulfidické vazby mezi
dvéma molekulami analytu’.

Zminéné vyuzitelné zakladni struktury jsou mezi
1éCivy relativné bézné a vyskytuji se ve vétsin¢ riznych
kategoriich 1éCiv. V né&kterych piipadech jsou soucésti
charakteristické molekulové kostry, jako je tomu v pripadé
katecholové struktury u katecholaminidl a sympatomimetik,
aromatické aminy bézné u sulfonamidii ¢i hydrochinonové
struktury u mnoha protirakovinnych 1é¢iv®. Elektrochemic-
ky aktivni skupiny mohou také byt do 1é¢iv zavedeny nebo
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zménény v prubehu jejich metabolické transformace.
Stanoveni sulfamethizolu

Jak jiz bylo feCeno, je nutné pro rtizné analytické
aplikace zvolit rizné instrumentalni techniky. Ptikladem
tohoto rozdilu mtze byt pouziti techniky DPV pro stano-
veni analytu ve farmaceutickych formulacich a techniky
HPLC s elektrochemickou detekci pro stanoveni v biolo-
gickych vzorcich. Tato volba vyuziva relativni vyhody
ruznych zplsobl pouziti pro ziskani maximalni efektivity
méfeni. DPV je méné citlivd, ale je rychla, levna a nena-
ro¢na. Je mén¢ selektivni, proto se zpravidla nehodi k ana-
lyze komplexnich smési, na druhou stranu je vSak tolerant-
ni k pfitomnosti pevnych castic a latek nepodléhajicich
elektrodové reakci. Proto je vhodna pro analyzu jedno-
dussich smési s vy$sim obsahem analytu, jako jsou 1éCivé
ptipravky, kde t€Zi ze snadné piipravy vzorku a Casové
a experimentalni nenaro¢nosti. Stanoveni v komplexni
matrici télnich tekutin ¢i tkdni naproti tomu vyzaduje zata-
zeni separacniho kroku; elektrochemicka detekce v kombi-
naci s HPLC propujéuje metod¢€ jak potiebnou selektivitu,
tak citlivost, ovSem za cenu vé&t§i ¢asové i instrumentalni
narocnosti metody.

Obeé tyto techniky byly vyuzity pro stanoveni sulfona-
midového antibiotika sulfamethizolu (obr. 1). Pro DPV
bylo zvoleno prostiedi o pH 7; pfi analyze vzorku tablet
byly tablety rozpustény a roztok ziedén pufrem. Mez de-
tekce dosahla hodnoty 1,3-10° mol 1"'. Optimalni podmin-
ky pro HPLC-ED byly: kolona LiChroCART 125-4, Li-
Chrospher RP18 5 mm, mobilni faze desetkrat zfedény
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Obr. 1. Koncentracni zavislosti sulfamethizolu, ziskané pomo-
ci HPLC-ED (A) a DPV (B). (A) kolona LiChroCART 125-4,
LiChrospher RP18 5 um, mobilni faze desetkrat zfedény BR pufr
pH 3: methanol (70:30, V/V), detekéni potencial 1,3 V, ¢ =4.107;
6-107; 8:107; 1-10°% 2:10°% 4-10°%; 6:10°%; 8-:10%; 1-10™° mol 1'";
(B) zékladni elektrolyt BR pufr pH 7, ¢ =4-107; 6-10°°; 8-10°°;
1107 2:107% 4-107°%; 6:10%;, 8:107%; 1-10™* mol I'!
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Brittontiv-Robinsontiv (BR) pufr pH 3: methanol (70:30,
V/V), pritokova rychlost 1 mlmin™, detekéni potencial
1,3 V. V piipadé této metody mez detekce ¢inila 2,4-10
mol I"'. Modelové vzorky moéi byly pred analyzou pieéis-

tény a zakoncentrovany extrakci na tuhé fazi'.

Stanoveni triclosanu

Hlavni myslenkou pfi vyvoji CPE byla moznost ob-
novitelnosti povrchu elektrody, odstranujici vliv historie
elektrody na vysledky méfeni. Jeden z prikladd, vyuzivaji-
ci tuto vyhodu, je metoda stanoveni antibakterialniho ¢ini-
dla triclosanu pomoci DPV. Stanoveni je provadéno v BR
pufru pH 11, pfi¢emz bylo ovéfeno, Ze do obsahu 50 %
methanolu v roztoku nemé obsah methanolu vliv na vysku
ani polohu piku. Pfi ovéfeni opakovatelnosti méfeni bylo
zjiSténo, ze se elektroda velmi silné pasivuje; béhem pat-
nécti nasledujicich méfeni klesne odezva elektrody prak-
ticky k nule (obr. 2A). Pfi otirani elektrody je signal stabil-
ni s RSD 2,7 % (n=10) (obr. 2B). Autofi, vyuzivajici ke
stanoveni této latky jiné druhy elektrod, museli pred kaz-
dym meéfenim povrch elektrody obnovovat mnohem prac-
n&j3im ledténim . Vyvinutd metoda je pouzitelnd pro sta-
noveni triclosanu’ s mezi stanovitelnosti 5-10" mol 1.
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Obr. 2. Opakované voltamogramy triclosanu (¢ = 1-10~° mol I'")
provadéné bez otirani (A) a s otiranim (B) elektrody mezi
méfenimi. Méteno v BR pufru pH 11

Stanoveni doxorubicinu

V piipadé malo polarnich analytd mize byt citlivost
stanoveni zvySena akumulaci na pracovni elektrod€; vzhle-
dem k pfitomnosti nepolarni pastovaci kapaliny se tu
uplatiiuje  extrakce analytu do materidlu elektrody.
V priznivych piipadech je mozné timto postupem zvysit
odezvu az ojeden fad adosdhnout velmi nizkych mezi
detekce. To byl i ptipad stanoveni protinddorového 1é¢iva
doxorubicinu, probihajiciho v prostfedi BR pufru pH 7.
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Obr. 3. DP voltamogramy doxorubicinu v prostiedi BR pufru
pH 7 po piedchozi akumulaci 120 s, potencial akumulace 0 mV;
c=0(1); 2107 (2); 4107 (3); 6:107 (4); 8107 (5); 10-107° (6)

mol I'!

Dvouminutovou akumulaci, pfedfazenou pfed zaznamem
DP voltamogramu, se podafilo dosahnout meze detekce
2:10”mol I"* (obr. 3)"°.

Stanoveni epinefrinu

V tomto ptipad¢ byla zkoumana moZnost zvysit vol-
tametrickou odezvu katecholaminu epinefrinu vyuzitim
elektrokatalytickych vlastnosti uhlikovych nanotrubicek.
V sérii uhlikovych past se stoupajicim podilem uhlikovych
nanotrubicek se nékolikanasobné zvétSila vySka piku
epinefrinu ve slabé kyselém prostiedi pfi obsahu jed-
nosténnych uhlikovych nanotrubi¢ek (SWCNT) ptesahuji-
cim 50 %. Pouziti pastové elektrody vytvoiené pouze ze
SWCNT se ukazalo jako nevhodné vzhledem ke stoupaji-
cimu Sumu a driftu zékladni linie. Jako optimalni podmin-
ky pro stanoveni bylo zvoleno prostiedi BR pufru pH 6
aelektroda slozena z grafitového prasku a SWCNT
vpoméru 1:1. Spolu se stoupajici odezvou u modifi-
kovanych elektrod se snizovala dosaZitelna mez detekce'';
za optimélnich podminek dosahla hodnoty 2:10" mol I"'.
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Tato prace byla financné podporovand Ministerstvem
Skolstvi, mladeze a télovychovy CR (projekt MSM
0021620857), Karlovou Univerzitou v Praze (projekt SVV
2012-263204) a Grantovou agenturou CR (projekt
P206/12/G151).
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Abstract

Molecularly imprinted polymer (MIP) and non-
imprinted polymer (NIP) on the base of methacrylic acid
prepared by a bulk polymerization were used as stationary
phases for the HPLC analysis. The thermodynamic pro-
cesses were carried out to investigate the temperature ef-
fects during sorption processes morpholinoethyl esters of
alkoxy-substituted phenylcarbamic acid (MEP), diperodon
and quercetin in methanol, acetonitrile and toluene
(porogen) as mobile phases. The template was chosen
from the set of homologous of MEP — 2-(morpholin-4-yl)
ethyl (2-methoxyphenyl)carbamate. Thermodynamic pa-
rameters were measured over the temperature range of
20-60 °C. There were determined van’t Hoff plots — de-
pendences between logarithms of the retention factors (In
k) and the inverse value of the temperature (1/T). Contrary
to expectations, the driving force for the affinity of the
target molecules for both of polymers was enthalpic term
(with an average of 54 %, 82 % and 84 % contribution of
enthalpic term for MeOH, ACN and toluene, respectively
on the MIP and 53 %, 57 % and 65 % for MeOH, ACN
and toluene, respectively on the NIP).

Introduction

Presently, the molecularly imprinting technique
(MIT) is one of the most developing methods for sample
preparation due to its usefulness in a wide range of appli-
cations. The large interest of molecularly imprinted poly-
mers (MIPs) has progressed mainly in chemistry and bio-
logy. These synthetic materials are extensively applied due
to their excellent selectivity, sensitivity, highly mechanical
strength, pH stability, durability to heat, pressure and ag-
gressive chemicals (such concentrate bases, acids or or-
ganic solvents). Additionally, MIPs synthesis is simple,
cheap and brings a wide spectrum of target molecules and
monomers which can be used to their preparation' .

MIPs are synthetic, highly cross-linked polymers
prepared by the polymerization of functional and cross-
linking monomers in the presence of a specific analyte,
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named template. The most common method to prepare
MIPs is the non-covalent protocol®’. This approach is
based on physical interaction of the print molecule and the
functional monomer through hydrogen, hydrophobic, elec-
trostatic bonding or dispersion interactions with an excess
of a cross-linking monomer™®. Removal of the template
leaves “memory sites”, complementary to the correspon-
ding molecule in size and shape. These binding sites may
recognize only one structure or group of structures on
which was designed.

MIPs have an application as sorbents, stationary pha-
ses, synthetic receptors and enzymes or drug delivery sys-
tems in liquid chromatography (LC), solid-phase extrac-
tion (SPE), solid-phase microextraction (SPME), capillary
electrophoresis (CE), capillary electrochromatography
(CEC) or in chemical sensors. They are using to the sepa-
ration, extraction, catalysis or adsorption of drugs, biomo-
lecules and metals from different complex matrices® '>.

To understand the interactions occurring between the
target molecule and the MIP, the thermodynamic studies
are needed. The measured thermodynamic quantities using
structurally related compounds can be useful to gain some
insight into the retention and separation mechanisms on
the MIPs. The magnitude of retention of a substance on
stationary phases is measured under isocratic conditions by
the retention factors, 4; and the distribution of the solute
between the mobile and stationary phases is determined by
the standard free energy change, AG,°. Combination of
these two parameters yielded commonly used to investi-
gate retention mechanisms in chromatography — a van’t
Hoff analysis. If chromatographic retention is modelled as
a partitioning process between two phases, the temperature
dependence of retention should be modelled by the van’t
Hoff equation'* '’

AS® (0
R

—AH’
RT

Ink =

+

+Ing

where £ is retention factor for the solute, AH® is the stand-
ard partial molar enthalpy of transfer, AS° is the standard
partial molar entropy of transfer, R is the gas constant, T is
the absolute temperature and In¢ is the phase ratio (the
volume of the stationary phase, Vs, divided by the volume
of the stationary phase, V).

In the present work the retention of potential local
anaesthetics morpholinoethyl esters of alkoxy-
substituted phenylcarbamic acid (MEP), local anaesthetic
— diperodon, flavonoid — quercetin in methanol, acetoni-
trile and toluene (porogen) as mobile phases were investi-
gated on MIP- and the NIP-based columns. Calculated
values of entropic and enthalpic terms should explain
types of binding mechanisms which are taking place du-
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ring the sorption processes on the tested polymers. Thanks
to HPLC analysis of target molecules the investigation of
mentioned interactions was possible.

Experimental
Chemicals and columns

MEP were prepared at Department of Pharmaceutical
Chemistry (Faculty of Pharmacy, Comenius University in
Bratislava, Slovakia), diperodon (analytical standard) and
quercetin (HPLC grade) were purchased from Sigma-
Aldrich (Steinheim, Germany). Structures of all analytes
used in this study are shown in Fig. 1. Methanol and ace-
tonitrile (gradient grade) were obtained from J.T. Baker
(Deventer, Netherlands), toluene (p.a.) was ordered in
ANALYTIKA spol. s.r.o. (Prague, Czech Republic), acetic
acid (p.a.) (HAc) and acetone (p.a.) were purchased from
MIKROCHEM (Pezinok, Slovakia), methacrylic acid
(MAA), ethylene glycol dimethacrylate (EDMA) and azo-
bisisobutyronitrile (AIBN) for synthesis were obtained
from MERCK (Darmstadt, Germany), piston columns
ECO™Y, 125 x 5mm were delivered from KronLab
(Dinslaken, Germany), GraceSmart RP18 column, 5 um,
150 x 4.6 mm (Maryland, USA).

Polymers preparation

The MIP was prepared by a bulk polymerization
method according to the Zhang et al. method'®. MAA as a
functional monomer (1.8 mmol), toluene as a porogen
(3.0 ml) in presence of 2-(morpholin-4-yl)ethyl (2-metho-
xyphenyl)carbamate (M-1) (0.3 mmol) as a template were
mixed together in a glass tube. Then EDMA as a cross-
linker monomer (9.0 mmol) and AIBN (20 mg) as an initi-
ator were added. The polymerization of the MIP was al-
lowed to proceed in a water bath at 60 °C for 24 h. In the
next, the prepared polymer was grounded and passed
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through 40 um sieve, to receive smaller particles than 40 um.
Fine particles were removed by flotation in acetone. The
Soxhlet extraction of the dried particles (24 h, 100 ml
MeOH/HAc (9:1), v/v) was used in order to purify the
MIP from the template. The NIP was prepared in the same
manner like the MIP but without presence of the template
in the polymerization mixture. Because of keeping the
same conditions of the polymerization process, the identi-
cal steps in the preparation of the control polymer (NIP)
were used.

Columns preparation

Piston columns were filled with definite amount of
the MIP or the NIP (200 mg). They were washed with
methanol for 24 h to elute all remaining residues. The flow
rate of the mobile phase was gradually growing up to pre-
cise pack of particles of the polymers. The sorbent in the
column was pressed by the pistons as long as the re-
sistance was felt.

Apparatus

An Agilent Technologies 1260 Infinity system
(Waldbronn, Germany), consisting of a pump with a de-
gasser, a diode-array detector (DAD), a 20 pL injector and
an Agilent Technologies Chemstation were used. In the
case of toluene the fractions were collected. Analyses were
carried out on piston columns ECO™ S in temperature
range of 20-60 °C. The mobile phases were methanol (for
methanolic solutions of compounds under study), acetoni-
trile (for acetonitrile solutions) and toluene (for toluene
solutions) at a flow rate of 0.2 mL min". For the determi-
nation of the compounds under study in toluene fractions,
C18 column at flow rate 0.5 mL min"' with methanol as
a mobile phase was used. Diode array detection was used
in the range of 200400 nm and the chromatograms were
acquired at wavelengths of 235, 254 and 360 nm.

/g
HN (¢]

G

c)

Fig. 1. Structures of analytes used in the study a) morpholinoethyl esters of alkoxysubstituted phenylcarbamic acid, b) quercetin,

c¢) diperodon
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Chromatographic experiments

Solutions of MEP, quercetin and diperodon in metha-
nol, M-1, M-2, M-3, quercetin and diperodon in acetoni-
trile (M-4, M-5 and M-6 were not soluble in acetonitrile)
and MEP in toluene (quercetin and diperodon were not
soluble) were prepared. Analytes in methanol and acetoni-
trile were directly detected by DAD. If toluene was used as
a mobile phase, the fractions from the piston columns were
collected, evaporated to dryness, dissolved in methanol
and analyzed using C18 column. The concentration of all
solutions was 5 pg/mL. Prior to the each analysis, the pis-
ton columns were conditioned with solution of methanol
with addition of HAc (9:1) (v/v) (6 mL), methanol (6 mL)
and then the mobile phase (6 mL). The same procedure
was used for the NIP.

Table I
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Results and discussion

The thermodynamic study, used in this work, was
done in order to explore the retention of analytes tested on
the molecularly imprinted polymer. Retention thermody-
namics were assessed for eight solutes: M-1 to M-6 ana-
lytes, quercetin and diperodon, in three mobile phases:
toluene (porogen), acetonitrile and methanol and with each
of the two stationary phases — MIP and NIP. Since a linear
relationship In k; = f{1/T) was observed for all studied
compounds (measured at temperatures range 20 to 60 °C),
the van’t Hoff equation could be used to determine corre-
sponding thermodynamic terms calculated at 293 K, listed
in Table I.

In order to calculate thermodynamic quantities and to
understand the specific sorption on the MIP, the van’t Hoff
plots were constructed. Calculated data show that the

The values of thermodynamic terms of linear regression (In k; = f(1/7) ), the values of thermodynamic terms in % and cor-

relation coefficients (1)

MIP NIP
Analyte ~AH, . ~AH; - AS% Fing AS% ing r 7AH%T . ~AH; - AS% Fing AS% inp r
% % % %
Solvent MeOH
M-1 10.99+0.19  55.68 -8.73+0.14  44.32 0.990 7.45+0.11 5272 -6.66+0.13 47.28 0.991
M-2 7.66 +1.42 5442 -6.04+1.11 45.58 0.937 6.97 £0.87 5191 -6.26+0.69  48.09 0.996
M-3 12.15+2.34  52.81 -10.06 = 47.19 0.989 8.20+0.25 5256 -7.35+024 4744 0.993
0.98
M-4 11.38 £1.09 5492  -9.63+1.46 45.08 0.988 9.49+0.19 52.55 -8.62+0.16 47.45 0.998
M-5 10.36 £ 1.07 5423  -8.50+0.98 45.77 0.968 8.28 £0.17 52.94 -7.39+0.17 47.06 0.998
M-6 13.58+1.63 5343 -11.46 + 46.57 0.981 7.61+0.62 5278 -6.775+£0.58  47.22 0.996
1.28
Diperodon 13.79+£0.17  55.18 -11.22+ 44.32 0.993 10.34£0.61 5490 -8.36+0.65 45.10 0.995
0.17
Quercetin ~ 7.86 = 0.38 51.18 -7.49+0.33 48.82 0.914 8.86 +0.39 5290 -7.96+036  47.10 0.995
ACN
M-1 3.75+0.05 9454  -0.22+0.04 5.46 0.998 11.68+040 57.70 -8.56+0.38  42.30 0.999
M-2 4.06+0.25 87.96 -0.56+0.23 12.04 0.998 9.40 +0.08 59.77 -6.34+0.07  40.23 0.991
M-3 4.01+0.13 88.81 -0.50+0.10 11.19 0.998 10.27+1.00 5880 -7.25+1.23 41.20 0.990
Diperodon  4.36+0.14 83.47 -0.87+0.11 16.53 0.999 9.27 £ 0.65 5292  -6.16+£0.60 40.08 0.992
Quercetin  14.88+031 5586  -11.70 + 4414 0.989 14.16+0.87 5523  -11.64+ 4477 0.996
0.30 0.84
Toluene
M-1 5.60 +£0.38 84.85 -0.99+0.18 15.15 0.994 11.37+1.58  63.04 -7.11+0.15 36.96 0.985
M-2 5.85+0.38 82.19 -1.25+0.15 17.81 0.992 11.92+£2.08 6127 -7.66+1.38 38.73 0.988
M-3 5.64 £0.79 83.71 -1.05+0.09 16.29 0.990 11.88£2.32 6141 -7.62+1.53 38.59 0.983
M-4 5.57+0.70 85.84 -0.95+0.12 14.16 0.991 10.47 £2.01 64.70 -6.18+1.16 35.30 0.985
M-5 5.85+£0.90 8591 -0.95+0.15 14.09 0.993 11.92+246  66.86 -6.01 +0.68 33.14 0.991
M-6 5.64 +0.89 83.84 -1.04+0.20 16.16 0.991 11.88+222 71.78 -477+098 2822 0.989

*Calculate at T=293 K
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transfer of the analytes from the mobile phase to the sur-
face of the MIP and the NIP is enthalpically favoured. The
predominance of the contribution (in %, Table I) of the
energy term was greater in toluene and acetonitrile on the
MIP. The smaller contribution of enthalpic term in metha-
nol was compensated by the higher contribution of the
entropic term. However, in all cases the entropic term was
less favourable. In the case of the NIP, the values of both
terms were similar in acetonitrile and methanol mobile
phases.

The dominance of enthalpic term implies more signi-
ficant energetic interactions between the target molecules
and the surface of the MIP and the NIP than steric interac-
tions based on the designed cavities (entropic term). Our
results on the temperature dependence of the retention of
studied compounds and predominance of the energy driven
distribution do not support the MIP-theory.

Conclusions

This article presents a work aiming at thermodynami-
cally interpreting the specific sorption and molecular
recognition by the MIP and the NIP. Investigated polymers
based on methacrylic acid were synthesized by a bulk
polymerization. The effect of temperature on the thermo-
dynamic distribution of solute molecules for a series of
structurally related and not-related compounds were inter-
preted using van’t Hoff plots generated from the chroma-
tographic data. MEP, quercetin and diperodon were used
to calculate the enthalpic and the entropic terms. Contrary
to expectations, the entropic term was not a driving force
for the sorption of the investigated analytes on the MIP. If
methanol was used as a mobile phase the entropic term
was more important than in toluene and ACN mobile pha-
ses, reaching 46 % and 47 % contribution for the MIP and
the NIP, respectively.

Our study may provide useful information to the
knowledge of the mechanisms of the sorption processes on
the MIP and the NIP. Thanks to thermodynamic studies,
we were able to specify which term of the van’t Hoff equa-
tion was responsible for the processes occurring on their
surface. The study of the temperature effect helps to esti-
mate the interaction behaviour on the MIP and the NIP,
and is the key to understanding the mechanism governing
the chromatographic processes.
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JEDNODUCHA RESENIi PRO OBTIiZNE HPLC SEPARACE

JINDRISKA DOLINOVA

LABICOM, s.r.o., Rokycanova 18, 779 00 Olomouc, Ceskd
republika
Jjindriska.dolinova@labicom.cz

Separace v kapalinové chromatografii je vysledkem
mnoha typt interakci analytt se stacionarni fazi ptip. sloz-
kami mobilni faze. Vybér vhodné stacionarni fize vy-
znamn¢ ovlivni jak moznosti separace analytl, tak tvar
a symetrii ziskanych chromatografickych pikt, ale i de-
tekéni limity analytl. Vybér vhodné stacionarni faze ma
pfimy dopad na ¢asovou i ekonomickou naroc¢nost analyz.

Cilem pfispévku je seznameni s neobvyklymi typy

stacionarnich fazi v kapalinové chromatografii
a s praktickymi ukazkami aplika¢ni podpory. Bude zamé-
fen na kolony jejichZ stacionarni faze je tvofena:
silikagelem typu C,
silikagelem typu B s modifikaci alkylovym fetézcem
s iontovou skupinou,
neobvyklou modifikaci silikagelu typu B odktadecylo-
vymi a poropylfenylovymi fetézci.
Bézné pouzivany silikagel typu B je zakonceny hyd-
roxylovymi skupinami. Aktivita téchto skupin je pti sepa-
racich v reverznim usporadani cilen¢ potlacovana pomoci
tzv. endcapingu, ktery muze byt realizovan riznymi zpu-
soby. Presto na povrchu upraveného silikagelu mohou
zustavat zbytkové silanolové skupiny, které na sebe mo-
hou vazat molekuly vody, coz pak ovliviiuje separacni
ucinnost staciondrni faze. Naproti tomu, silikagel typu C,
jehloz struktura je zakoncena vodikovymi atomy, zcela
eliminuje tyto nedostatky'.

Silikagel typu C je diky pevné vazb&é mezi uhlikem
a vodikem stabilni i pfi nizkych hodnotach pH a je teplot-
né odolny. Na kolonach s timto typem sorbentu probiha
ustalovani rovnovahy velmi rychle. Separace lze provadét
ve vSech typech moddi — v reverznim, normalnim i pfi
100% vodné mobilni fazi, pfiCemz zména typu moédu na
koloné¢ nema vliv na jeji zivotnost. Silikagel typu C se

2 ° 9
—0—Si—OH —0-%0—Si—H

2 o 9
—0-—5i—ON —0—S—0—S$i—H

s 0 0
—0—3—OH —0-$i—0—Si—H

Obr. 1. Struktura silikagelu typu B a silikagelu typu C
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Obr. 2. Silikagel typu B s modifikaci alkylovym Fetézcem
a iontovou skupinou (stacionarni faze Primesep)

vyrabi v nékolika modifikacich (C18, C8, cholesterol,
fenyl). Zvlastnim pfipadem z této fady sorbentll je patento-
vana stacionarni fdze Diamond Hydride, urcena pro sepa-
race velmi polarnich latek. Vysokd symetrie chromatogra-
fickych pikt ziskanych pii separacich na této koloné je
vystizné demonstrovéana pfi analyzach polarnich metaboli-
th, aminokyselin, organickych kyselin, nukleotidovych
bazi nebo polarnich I1é¢iv.

Silikagel modifikovany alkylovym fetézcem, ktery
obsahuje ionizovatelnou funkéni skupinu, je dal$im typem
sorbentu rozsifujicim moznosti separaci smési nepolarnich
a polarnich analytd zejména polarnich analytl
s ionizovatelnou funkéni skupinou®. Pfi separaci analytd
na téchto typech stacionarnich lazi lze vyuzit jak hydrofo-
bnich vlastnosti struktury analytu, tak iontové-vyménnych
interakci mezi  ionizovatelnou  skupinou  analytu
a stacionarni faze. Moznosti separaci na téchto kolonach
jsou nazorn¢ demostrovany v mnoha aplikacich jako jsou
napf. separace organickych kyselin, aminokyselin, polar-
nich 1é¢iv nebo anorganickych iontt atd.

Jedinecnou stacionarni fazi je silikagel modifikovany
oktadecylovymi a propylfenylovymi fetézci, kde probiha
separace na zakladé hydrofébnich a - interakci’. Kombi-
nace uvedenych interakci umoznuje separaci flavonoidu,
rlizné substituovanych aromatickych sloucenin, perfluoro-
vanych surfaktantd ¢i riznych typt 1éCiv.
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MONITORING REZIDUI PESTICIDOV V POTRAVINACH NA SLOVENSKU

JARMILA DURCANSKA

Statny veterindrny a potravinovy iistav Bratislava, Bota-
nickd 15, 842 52 Bratislava, Slovensko
durcanska@svuba.sk

Rezidua pripravkov na ochranu rastlin su zo strany
verejnosti  citlivou a podrobne sledovanou témou.
Z prieskumu , ktory vykonaval Europsky urad pre bezpec-
nost’ potravin (EFSA) v ramci Eurdpskej tnie v roku 2010
vyplynulo, Ze rezidué pesticidov a iné chemické kontami-
nanty su z pohl'adu konzumenta ,,najobavanejSou” hrozbou
poskodenia zdravia, ktoré vyplyva z konzumacie potravy
(EFSAY). Kontrolu potravin rastlinného aj Zivo¢isneho
povodu vykonavaji na Slovensku inspektori Statnej veteri-
narnej a potravinovej spravy SR (SVPS SR) a analyzy sa
vykonavaji na Statnom veterindrnom a potravinovom
tistave v Bratislave (SVPU).

Kontrola, limity a vykon skuSok podlichaju réznym
eurépskym smerniciam a nariadeniam, z ktorych najdole-
zitejSie a najrozsiahlejSie je Nariadenie EPaR ¢. 396/2005
o maximalnych hladinach rezidui pesticidov v/na potravi-
nach alebo krmivach rastlinného alebo Zivoc¢isneho povo-

Toto nariadenie, ktoré definuje predmetné komodity, ma-
ximalne rezidualne limity a sposob posudzovania nalezov,
zjednotilo mnoho predchadzajicich smernic, ktoré vzdy
museli byt zapracované do néarodnej legislativy a tym sa
predlzovalo obdobie, kedy mohli vstipit do platnosti.
Zjednotilo aj dovtedajsie tzv.” narodné® limity, ¢im bol
postaveny jednotny pristup k vysledkom v rdmci celej EU.

Kontrolu rezidui pesticidov zastresuje SVPS SR, ale
podiel’a sa na nej viacero instittcii, ako vidno na obr. 1.

SVPU Bratislava je v ramci Slovenska poverené vy-
kondvanim analyz rezidui pesticidov rastlinného
a Ciastocne zivocisneho povodu a na tato ¢innost’ ma vset-
ky 4 narodné referencné laboratoria, ktoré sa tykaju oblas-
ti rezidui pesticidov. Na vySetrenia sa pouziva technika
plynovej  akvapalinovej chromatografie v spojeni
s konven¢nymi i hmotnostnymi detektormi. V ramci viace-
rych multirezidualnych aj single rezidualnych metdd sa na
naSom ustave aktualne sleduje okolo 300 rezidui priprav-
kov na ochranu rastlin a ich metabolitov.

Vzorky na vySetrenie sa odoberaji na zaklade vypra-
covaného viacrocného kontrolného programu Slovenskej
republiky, ktory zahffia niekol'ko podoblasti — narodny
program, eurdpsky program, kontrolu importu z tretich

du a o zmene a doplneni smernice Rady 91/414/EHS>. krajin arieSenie staZnosti spotrebitelov. Prehlad
Ministerstvo Ministerstvo
T T T T T T T L) . ) ,
! Vyskumny ustav | podohospodarstva a zdravotnictva SR
| potravinarsky rozvojavidieka SR
1
b e e e '
h 4 ¥
»  Statna veterinarna Utad verejného
® apotravinovasprava [* zdravotnictva SR
SR
I ¥
St?}m}’ Regionalna Regionalny urad
veteun_amy > veterinarna verejneho
a potravinovy a potravinova sprava zdravotnictva SR
ustav Bratislava -

Obr. 1. Schéma kontroly rezidui pesticidov v SR
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i Bez rezidui pesticidoy
B 3 ndlezom rezidui pesticidov pod MEL
8 nalezom rezidui pesticidovnad MRL

Obr. 2. Percentualne zastupenie vysledkov vzoriek, vySetrenych v r. 2011

a percentualne zastupenie vzoriek vySetrenych v roku 2011
st zndzornené na obr. 2.

Pokial’ namerané hodnoty prekrocia legislativny limit,
nalezy sa zasielajui na postudenie rizika na Vyskumny tstav
potravinarsky. Samozrejme, ze takéto vzorky su stiahnuté
z trhu.

Vysledky  kazdoroéného merania sa  zhrnuté
v Nérodnej sprave o vySetrovani rezidui pesticidov, ktora
je uverejnena na web stranke SVPS SR a stidasne su zasie-
lané do EFSA, ktora je poverena vypracovanim celoeurdp-
skej spravy. Vsetky merania Clenskych Statov sucasne
slizia ako podklady na dalSie prehodnocovanie rizika
apripadné Upravy maximalnych rezidualnych limitov
aumoznuju odhadniit’ zataZenie obyvatel'stva Eurdpy
reziduami pesticidov.
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PREZENTACIA VYSLEDKOV MONITORINGU REZIDUI PESTICIDOV V DETSKEJ
A DOJCENSKEJ VYZIVE METODOU LC/MS/MS V ROKU 2011

ZUZANA FABEROVA* a EMILIA
SEVCIKOVA

Urad verejného zdravotnictva SR, Trnavskd cesta 52,
845 05 Bratislava, Slovensko
zuzana.faberova@uvzsr.sk

Néarodné referencné centrum (NRC) pre rezidud pesti-
cidov Uradu verejného zdravotnictva Slovenskej republiky
vyvija azavadza nové analytické metddy pre stanovenie
pesticidov s hlavnym zretelom na dojcenskll vyzivu. NRC
kontroluje pesticidy v detskej a dojéenskej vyzive podla
viacro¢ného planu Uradnej kontroly potravin a poziadaviek
smernic 2006/125/EC a 2006/141/EC a monitoruje pestici-
dy v detskej a dojcenskej vyzive podla nariadenia komisie
(ES) ¢. 1274/2011 tykajaceho sa koordinovaného viacroc-
ného kontrolného programu spolocenstva na roky 2011,
2012, 2013.

Analyzy sa vykonévajl vo vSetkych druhoch vzoriek
dojcenskej vyzivy na baze mlieka, ovocia, zeleniny
a ceredlii odoberanych z distribuc¢nej siete alebo lekarni

sl64

vramci SR. Pri stanoveni pesticidov v dojcenskej vyzive
je dolezité poznat ich chemické a fyzikalne vlastnosti, ako
je napriklad rozpustnost’, polarita a prchavost. Velky
vplyv na analyzu pesticidov ma aj zloZenie matrice, hlavne
obsah vody, tuku, farbiv a karotenoidov vo vzorke, ktorad
moze rusit’ stanovenie jednotlivych pesticidov.

Analytické techniky na stanovenie pesticidov zévisia
od druhu pesticidu. Vysoko t¢inna kvapalinova chromato-
grafia v spojeni s tandemovou hmotnostno-
spektrometrickou detekciou je jednou z ¢asto pouzivanych
metdd, ktord sa vyuziva na stanovenie pesticidov. V roku
2011 bolo touto technikou zavedenych a zvalidovanych 88
pesticidov vratane ich degradacnych produktov. 81 pestici-
dov bolo stanovenych multi-rezidualnou metédou QUE-
CHERS. Pesticidy, ktoré sa nedali stanovit’ touto metodou,
boli stanovené ,,single" rezidudlnymi metodami (SRM).
K takymto pesticidom patri fentin, haloxyfop, PTU, me-
pikvat, chlormekvat a glyfosat. V roku 2011 bolo analyzo-
vanych 40 vzoriek na obsah réznych druhov pesticidov,
z ¢oho bolo 22 vzoriek suSenych, 15 ovocnych a 3 mliec-
ne. Ani jedna z nameranych hodnoét neprekrocila hodnotu
MRL.
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DETERMINATION AND IDENTIFICATION OF POLYPHENOLIC COMPOUNDS

BY LC-MS (IT)

MIROSLAV FISERA* and PAVEL
VALASEK

Tomas Bata Univerzity in Zlin, Faculty of Technology,
T. G. Maryk sq. 272, 76272 Zlin, Czech Republic
fisera@ft.uth.cz

Introduction

In recent years, many papers have paid attention to
the bioactive compounds, particularly to the antioxidant
activity of polyphenolic compounds in food and bevera-
ges, due to their positive effect on human body. As con-
sumers have become more conscious of the health benefits
of phenolic compounds and their antioxidant activities via
the conventional media, the beverage industries have re-
cognized new marketing opportunities for their products.
Therefore, the phenolic compounds and their antioxidant
capacity in foods and beverages become an important
quality parameter, especially in niche markets concerned
with health benefits. Wine is a widely consumed beverage
in the world, with thousands of years of tradition. It is an
excellent source of various classes of polyphenols. The
phenolic compounds are responsible for the sensory cha-
racteristics, particularly color, astringency, bitterness and
aroma'”.

Similarly beer is a complex low-alcoholic beverage
with refreshing frothy taste. It has been a popular beverage
for thousands of years. Brewers often declare brewing as
the oldest biotechnological process (from world’s first
civilization, Sumerians, in Mesopotamia — 4000 BC). Beer
was not bitter and was rather flat in ancient times since
hop was not used in beer production until around the
eighth century’. Phenolic compounds in red wine exhibit
a board spectrum of beneficial pharmacological properties,
believed to be related to their antioxidative properties.
Anti-atherogenic, anti-tumour, anti-ulcer, and anti-
inflammatory activities have all been demonstrated by the
consumption of red wine and red wine phenolic com-
pounds*”. As a material for winemaking, the phenolic
compounds of wine grape are one of the most important
aspects determining wine quality. A large number of pub-
lished papers have focused on the essential contributions
of phenolic compounds profiles to wine quality and senso-
ry properties'.

The phenolic profiles in wine depend on the phenolic
compounds present in the grapes, the extraction parame-
ters, winemaking technologies as well as fermentation
temperature, yeast strain, processing enzymes, cap ma-
nagement, and alcohol concentration'®'”. On the other
hand, phenolic compounds of grapes are affected by many
factors such as agrotechnical processes, genetic variation,
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and maturity, climatic and geographical conditions" .

Other factors that influence the extent of phenolic extrac-
tion are the molecular weight, size and type of phenolic
molecules, the surface area, the concentration gradient,
other temperature treatments including grape and must
freezing and thermo-vinification, and factors that affect
cell permeability, such as pectolytic enzyme selection'®.
Also, the environmental condition (temperature, annual
precipitation levels, altitude and geochemical characteris-
tics) can affect the vine grapes maturation and consequent-
ly the concentration of their phenolic compounds.

Nowadays beer is made from barley (malt), hops,
water and yeast thus it is rich in nutrients (including carbo-
hydrates, amino acids, minerals, and vitamins), but also
provides a variety of non-nutrient components including
polyphenols. Hops are added as a flavoring ingredient and
stabilizer, and give beer its unique aroma and refreshing
bitterness.

Beer has been an important food item in the daily
diet, and people attributed therapeutic effects to beer. Re-
cently, a renewal interest has been focused on beer, a com-
mon beverage rich in polyphenols with a moderate antioxi-
dant activity. Beer polyphenols have been mostly investi-
gated in the light of their potential antioxidant activity
claimed to enhance beer flavor and stability or even human
health'”.

Flavor stability, one of the important characteristics in
beer, is challenging brewers, and is one of the most im-
portant factors in determining the shelf-life of packaged
beer. The flavor stability of beer primarily depends on the
oxygen content in the packaged beer. However, the indi-
vidual stages of beer production such as malting, mashing,
brewing and packaging can influence the flavor stability.
Prolonging shelf-life by delaying flavor staling is one of
the greatest challenges facing the brewer today. In recent
years, significant efforts have been made to avoid the oxy-
gen pick-up during brewing process, the level of total
packaged oxygen might be as low as 0.1 mg L™, but oxi-
dative staling of beer is still noticeable. Minimizing the
formation and activity of reactive oxygen species (O-2,
HOOe, H,0, and HO¢) in beer and wort, must be the first
step for improving beer flavor stability. Antioxidants re-
duce the rate of oxidation reactions. Therefore, attention is
now increasingly shifting towards increasing the antioxi-
dant activity of beer itself'®.

There are many endogenous antioxidants such as
polyphenols, Maillard reaction products, and sulphite pre-
sent in beer. Among these antioxidants, polyphenols are of
particular interest to brewers because they play a key role
in the brewing process by delaying, retarding, or preven-
ting oxidation processes. The majority of polyphenols of
beer are derived from malt (70-80 %), whereas about
20-30 % is derived from hops'®. Further, polymerization
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of phenolics and formation of polyphenols, and their
chemical changes can occur during wort boiling and possi-
bly during fermentation and storage of beer. Polyphenolic
constituents of beer represent a large structural variety and
belong to the classes of simple phenols, benzoic and cin-
namic acid derivatives, coumarins, catechins, di-, tri- and
oligomeric proanthocyanidins, (prenylated) chalcones and
flavonoids, all of which have been reported to possess
antioxidant and antiradical properties as well as other bio-
logical effects. Several studies have demonstrated the high
in vitro total antioxidant capacity of beers®, and subse-
quent investigation has shown that these antioxidant com-
ponents are indeed bioavailable.

Many papers dealing with phenolic compounds of
wine and grapes and their total antioxidant capacity have
been published. However, little attention has been paid to
comparison on phenolic compounds of wine grapes from
different origin in Moravian wine, as well as on compari-
son of phenolic contents and antioxidant activities of phe-
nolic compounds. Flavonoids, phenolic acids, flavonols
and resveratrol and other groups of compounds could be
key agents of the antioxidant action on the human metabo-
lism pathway, the reason why we wanted to qualify the
wines from a nutritional point of view.

There have been several studies on the antioxidant
activity and polyphenols content in beer”'. However, these
studies focused on the relationship between antioxidant
activity and total polyphenols content, limited data are
available on phenolics profiles (total and individual poly-
phenols contents) and their contribution to antioxidant
activity for beers. Moreover, it is difficult to compare data
within the literature due to the lack of agreement on the
appropriate method for analyzing polyphenols and antioxi-
dant activity evaluation. As a consequence, information in
the literature on the levels and species of polyphenols is
not enough and also contradictory. Beer is a complex mix-
ture of natural compounds, activities and mechanisms of
antioxidants present in beer would largely depend on the
composition and conditions of the test system. Different
antioxidant activity evaluation methods based on different
reaction mechanisms might give various evaluation re-
sults?. In addition the inhibitory and/or synergetic effects
can influence the total antioxidant activity of such compli-
cated mixtures of polyphenolic compounds.

Aims of this study were to determine the total content
of phenolics, to identify and quantify individual phenolic
compounds and to determine the total antioxidant activity
in wine samples collected from four different geographical
regions of Austria and Czech Republic. Next aim of this
study was to detect, in a full scale industrial process, the
polyphenols in all worts and beers, their fate during the
main brewing procedures and to compare the six kinds of
“Czech brews” and their corresponding 28 worts and 17
beers from famous brewery of South Moravia in Czech
Republic from the point of view determination of total
polyphenols content, evaluation and comparison of the
different kinds of “Czech brews” and their corresponding
intermediates of brewing technology for their DPPH= radi-
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cal scavenging activity and FRAP reducing power.

Materials and methods
Instrumentation

For measurement of antioxidant activity was used
diode array spectrometer Biochrom Libra S6 (Biochrom
Ltd, Cambridge, UK). For HPLC analysis was used Ulti-
Mate® 3000 HPLC system consisted of UltiMate 3000 RS
pump, UltiMate 3000 RS autosampler, UltiMate 3000 RS
column compartment and UltiMate 3000 RS diode array
detector (Varian Inc., Santa Clara, CA, USA). Chromato-
graphic separation was carried out on Supelcosil LC-18-
DB column (250 x 4.6 mm, 5 um, Supelco, USA) at 30 °C
by gradient elution with a mobile phase containing solvent
A (5% v/v aqueous acetonitrile acidified with 0.35 mL
trifluoroacetic acide (TFAA) and solvent B (50% v/v
aqueous acetonitrile acidified with 0.25 mL TFAA). Run
time was 30 min and the flow rate was 0.5 mL min '. For
HPLC-MS analysis was used combination of HPLC sys-
tem described above with Bruker Daltonics AmaZon X
HCT (High Capacity Trap) MS system with 3D ion trap
technology.

Chemicals

Folin-Ciocalteau reagent, gallic acid, 2,4,6-tris-(-2-
pyridyl)-s-triazine (TPTZ) and 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) were obtained from Sigma-Aldrich
(Steinheim, Germany). A standard solution of DPPH ¢ =
0.20 mol L™ was prepared in methanol. Working DPPH
solution was prepared at ¢ = 100 pmol L™ containing ace-
tate buffer of pH 4.3 in the ratio 1:2 (DPPH:buffer). Tan-
nin was obtained from Merck KGaA (Darmstadt, Germa-
ny). Phenolic reference standards including gallic acid,
catechin, vanillic acid, caffeic acid, p-coumaric acid, feru-
lic acid, sinapic acid, rutin, cinnamic acid, quercetin and
resveratrol were purchased from Aldrich (Zwijndrecht,
Belgium). Lab-Scan acetonitrile (ACN) was obtained from
POCH A.S. (Gliwice, Poland). Other chemicals and rea-
gents were purchased from Penta, Chrudim and/or Lache-
ma, Brno, (both Czech Republic). All solutions were pre-
pared with deionised (DI) water (Aquaosmotic, Tisnov,
Czech Republic).

Methods

Folin-Ciocalteau method

The TPC was determined according to the Folin-
Ciocalteau method”. Briefly, 0.025 mL of sample was
mixed with 1 mL of 10-fold diluted Folin-Ciocalteau rea-
gent and allowed to stand for 3 min. Then 5 mL of 200 g L™
sodium carbonate (Na,CO;) was added and final volume
was made up to 50 mL with DI water. Each sample was
measured spectrophotometrically at 765 nm after 30 min
of standing against blank. Five-point calibration was strict-
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ly linear (R2 > 0.9999) in the concentration range 0-250
mg L' tannin as the standard. The determined values were
expressed as tannin equivalents (TE, mg L™"). All samples
were analyzed as triplicates. Highly repeatable results for
standards and samples were obtained.
DPPH radical scavenging activity™* >

A mixture of undiluted sample (0.1 mL) with 10 mL
working DPPH solution was measured immediately at
515 nm against a methanol blank (AC(0)). The mixture
was then incubated at room temperature and dark for
30 minutes and it has been again measured spectrophoto-
metrically at 515 nm (AA(t)). The gallic acid (GA) cali-
bration curve was plotted as a function of the percentage
of DPPH radical scavenging activity. The measurement
was compared to the standard calibration curve, and the
free radical scavenging activities were expressed as milli-
moles of gallic acid equivalents (GAE) per millilitre of
sample (umol/ml). The calibration curve was strictly linear
(A =855.59 ¢ — 16.015, R2 = 0.9980, where A is absorb-
ance value, c is concentration of gallic acid in standard solu-
tions) in the concentration interval 0.02-0.08 pmol mL™
gallic acid. The umolmL™ inhibition of DPPH radical
caused by a wine samples were determined according to
the following formula: (AC(0) — AA(t))/AC(0) x 100,
where AC(0) is the absorbance of the sample at = 0 min
and AA(t) is the absorbance of sample at # = 30 min). All
samples were analyzed as triplicates.

Ferric ion reducing antioxidant power (FRAP)

The reducing activity of the samples was determined
by FRAP method®. A 0.1 pmol L™ standard solution of
gallic acid (GA) was prepared in H,O. The oxidant in the
FRAP assay was prepared by mixing 5 mL of 10 mmol L'
2,4,6-tripyridyl-s-triazine (TPTZ) in water, 50 mL of ace-
tate buffer pH 3.6, and 5 mL of FeCl;.H,0 (20 mmol L’l).
Sample (0.025 mL) was added to 4 mL reagent and ab-
sorbance was measured spectrophotometrically at 593 nm
(A Omin). Then sample solution has been allowed to stand
at room temperature and in dark for 10 min and measured
again at 593 nm (A10 min). The difference of absorbances
(AA = A 10 min — A 0 min) of the reaction mixture was
calculated and related to AA of a Fe(Il) standard solution.
The difference in absorbance AA was linearly proportional
to the concentration of antioxidant and indicated increased
reducing power. The measurement was compared to
a calibration curve of prepared gallic acid solution, and
then final results expressed as micromoles of gallic acid
equivalents (GAE) per millilitre of the sample (umol mL™".
The calibration curve was strictly linear (A = 1.0800 ¢ +
0.0072, R2 = 0.9999, where A is absorbance value, c is
concentration of gallic acid in standard solutions) in the
concentration interval 0.02—0.1 pmol mL™" gallic acid. All
samples were analyzed as triplicates.

HPLC/MS analysis of phenolic composition
The individual phenolic compounds were quantified
using a HPLC method using gradient elution with the mo-
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bile phase containing solvent A (5% v/v aqueous ACN
acidified with 0.35 mL trifluoroacetic acide (TFAA) and
solvent B (50% v/v aqueous ACN acidified with 0.25 mL
TFAA). The UV detector was set at 205, 210, 275 and
375 nm. Wine sample was filtered using 0.45 pm pore size
Nylon membrane filter 13 mm (FFNN1345-100, Gronus,
UK ) using filter devices (Millipore, Bedford, MA, USA)
before injecting. Injection volume was 20 pL. Individual
phenolic compounds were identified by comparing reten-
tion times and UV-VIS spectra of the corresponding stand-
ard compounds and data were quantified using the corre-
sponding calibration curves of the individual standard
compound.

For identification and final confirmation of some
compounds was used MS system amazon X, which repre-
senting one from the latest developments in ion trap tech-
nology. With greatly enhanced sensitivity, MS/MS speed
and ,,Zero-Delay Alternating polarity switching, the ama-
zon X is very suitable for the analysis of complex samples
when more in depth and detailed analysis of molecular
structure is needed. This instrument supported by spectral
MS" libraries is very effective mass spectrometer for MS/
MS based multi-compound screening.

Discussion

In this study, total 32 wine samples including 16
white and 16 red wines, which were made from grapes of
Griiner Veltliner and Zweigelt varieties, were selected for
determination of total phenolics contents (TPC) and total
antioxidant activity (TAA). Griiner Veltliner is a variety of
white wine grape grown primarily in Austria and in Czech
Republic. Zweigelt is a red wine grape variety that is the
most widely-grown in Austria nowadays.

Polyphenols play critical roles both in flavor stability
and colloidal stability of beer too. They are also generally
considered as one of very important sources of antioxi-
dants in beer, brewing materials and brewing intermedi-
ates, such as malts, sweet wort, hop and hop products,
hopped wort and young beer’**’. “Czech brews” pro-
cessed by different technology and their all worts and
beers were studied by the Folin-Ciocalteau assay in order
to evaluate the influence of different wort separation and
brewing technology on the phenolics contents.

The total antioxidant activities were measured and
compared with their reducing power (by FRAP method)
and free radical scavenging activities (DPPH=* method).
The results indicate that differences in the total sum of
FRAP between worts and beers are higher than in the total
sum of DPPH= values. The results obtained by FRAP
method had some discrepancies compared with those of
the DPPH* method. In the present study, the different ob-
servations from two methods for evaluating antioxidant
activity of beer might be due to different mechanisms of
reaction. Moreover, antioxidant properties of single com-
pounds within a group could vary remarkably, so that the
same levels of antioxidants were not necessarily corre-
sponding to the same antioxidant responses.
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Fig. 1. Total phenolic content in all samples A-F from various stages during the brewing process (give the method used, experi-

mental conditions etc.)

SGVI SGV2 8GV3 SGV4 PGV PGV2 PGV3

The different variations of red and white wine sam-
ples were tested for total content of phenolic compounds in
four sets of analyses. The total phenolics contents varied
from 218 to 328 mg L™, averaging 263 mg 1'for the four

Fig. 2. Total antioxidant activities in white wine samples determined by the DPPH and FRAP methods (GAE mmol L™)
Total contents of phenolics
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Fig. 3. Total antioxidant activities in red wine samples determined by the DPPH and FRAP methods (GAE mmol L™)

of total phenolics; the same as SGV-3 and SZW-3. Proba-
bly, the high content of phenolics content of grape samples
depends on growing part of vineyard, shelter place from
wind, intensity of sunlight radiation as well as shaded or
non shaded clusters and other factors.

The summary of the total polyphenols content of
worts and beers is presented in Fig. 1. Six kinds of “Czech
brews” (labelled as A — F) and their corresponding 28
worts and 17 beers exhibited considerable differences in
their total polyphenols content values, varying from 33 to
233 mg FAE/1 for all worts and from 147 to 246 mg FAE/I
for all beers studied. The highest TPC (246 mg L") was
determined in Comenius14° (Brew C), and the lowest TPC
(147) was evaluated in Patriot 11° (Brew A), which are in
agreement with regional mark “Czech beer” studied by
other authors®® (165-201 mg L™).

Conclusions

According to the results, following main practical
significant summaries can be postulated i.) the geogra-
phical origin, average annual temperature, annual levels of
precipitation and pedology influenced to total content of
phenolics and total antioxidant activity/total antioxidant
capacity and the concentration of phenolic compounds
could be a marker for possible identification of wines geo-
graphical origin. In addition the total contents of phenolic
compounds significantly correlated with antioxidant activi-
ty and contents of individual phenolic compounds and
gallic acid was the most abundant compound; tannic acid,
caffeic acid, quercetin and rutin activities were intermedi-
ate and ferulic acid and resveratrol showed the lowest in-
fluence to the free radical-scavenging activity.
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This work provides also new knowledge on beer
polyphenols which have both important technological and
physiological properties. In conclusion, the present study
determined phenolics profiles (both total and individual
polyphenols contents) and antioxidant activities of six
kinds of “Czech brews” and their corresponding 28 worts
and 17 beers at various stages during the brewing process.

Further research could select critical points in a tech-
nological process in which the losses of polyphenolics are
most critical and to explain influence of polyphenolics on
the several stages of the brewing process and the overall
beer stability e.g. formation of haze, colour, taste, filtra-
tion, foam maintenance, physico-chemical stability and
shelf-life of beer. Further, this study will enhance the theo-
retical and practical knowledge in the field of beer produ-
cers and food chemistry.

On the results obtained from current study, further
work on optimizing brewing processes will be the im-
provement of beer’s flavor stability through raising selec-
tively certain polyphenols.
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Uvod

Ve vyspélych zemich roste pozornost vénovana kon-
trole 1é¢iv ¢i jejich metabolitd v pfipravcich ¢i v télnich
tekutinach. Mezi metody pouzitelné k témto ucelim beze-
sporu patfi i moderni voltametrické metody'. Vyvoj t&chto
metod pro stanoveni submikromolarnich a nanomolérnich
koncentraci riznych typtu biologicky aktivnich organic-
kych sloucenin je realizovdn zejména prostfednictvim
novych typi pracovnich elektrod, které rozhodujici mérou
ovliviiuji celkové parametry voltametrické metody.

V této souvislosti je vénovana znacnd pozornost hle-
dani novych typd elektrodovych materiald, které se vyzna-
¢uji $irSim rozsahem dostupnych potenciali, niz§im zbyt-
kovym proudem a Sumem, pouzitelnosti v §ir§im spektru
rozpoustédel a zakladnich elektrolytl, vétsi odolnosti vici
pasivaci, vysSi rychlosti elektrodovych reakci a tudiz
i vyssi reverzibilitou elektrodovych déju, vetsi mechanic-
kou robustnosti, umoziujici jejich kompatibilitu
s pratokovymi méfenimi a pfipadné i nizsi toxicitou. Po-
sledni pozadavek do jisté miry souvisi s rostouci merkuro-
fobii v nékterych zemich, ktera komplikuje pouzivani kla-
sickych rtutovych elektrod, a které i 85 let po jejich zave-
deni do analytické chemie patii stale k nejspolehlivéj$im
a nejcitlivéj$im senzortim.

Aplikace amalgamovych elektrod

Pti stanoveni elektrochemicky redukovatelnych latek
pfedstavuji moznou alternativu ke rtutovym elektroddm
netoxické rtutové amalgamové elektrody, jejichz hlavni
vyhodou je kromé& snadné obnovitelnosti povrchu i Siroky
potencialovy rozsah v katodické oblasti’. Snadné p¥iprava
té&chto elektrod spolu sjejich pfiznivymi analytickymi
charakteristikami vytvari pfedpoklad pro jejich Siroké vyu-
Ziti pro voltametrické stanoveni riznych typd polutanti.
Tuhé stiibrné amalgamové elektrody lze pripravovat ve
tfech variantach, bud’ jako lesténé, modifikované rtutovym
meniskem a nebo jako modifikované rtutovym filmem.
Pro rutinni analyzy se jevi jako nejvhodnéjsi modifikace
rtutovym meniskem. Vedle tuhych amalgamovych elek-
trod se jsou pro neckteré aplikace vyhodné elektrody
z pastovych amalgama’, které se svymi vlastnostmi vyrov-
naji pevaym amalgamim, ale umoziiuji snazsi mechanic-
kou obnovitelnost povrchu ¢i pripravu jednorazovych sen-
zoru.
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Jednou z elektrochemicky aktivnich skupin 1é¢iv jsou
latky odvozené od N-nitrosomocovin, které¢ se vyuzivaji
pfi 1é¢bé mozkovych a jinych nadori. Elektroanalyza téch-
to latek je zaloZena na elektrochemické redukci N-nitroso
skupiny, jak bylo v minulosti prokdzano pro rtutové elek-
trody®. V modelové studii byla ukézana moznost stanoveni
carmustinu (BCNU) a lomustinu (CCNU), které patii
v klinické praxi mezi stale pouzivané N-nitrosomocoviny.
K voltametrickému stanoveni latek byla pouzita metoda
DC voltametrie a diferen¢ni pulzni voltametrie na rtuto-
vym meniskem modifikované stfibrné amalgamové elek-
trod&’. Jednostupiiova redukce obou latek umoziiuje stano-
vit oba analyty s mezi stanovitelnosti na Grovni v rozmezi
2—6 umol I"". Dale byla pro stanoveni modelovych analytd
ovéfena moznost pouzit indikacni stfibrnou tuhou amalga-
movou elektrodu v ampérometrické detekéni cele ve wall-
jet usporadani pro prutokovou injekéni analyzu.

Modifikace uhlikovym inkoustem

Tuhé amalgamové elektrody mohou byt také snadno
modifikovany  uhlikovymi  inkousty  pfipravenymi
z uhlikovych praskt smichanych s polystyrenem rozpuste-
nym v 1,2-dichlorethanu®. Takto pfipravena uhlikova fil-
mova elektroda umoznuje méfeni az do anodické Casti
potencialového okna, kde je signal nemodifikované stribr-
né amalgamové elektrody prekryt rozpousténim rtuti.
Snadné odstranitelnost téchto filma je vyhodna pro jejich
vyménu pii pasivaci povrchu elektrody a umoziiuje také
snadny pfechod zpét na nemodifikovanou tuhou amalga-
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Obr. 1. Stanoveni paracenamolu (2-10 pmol I'') v modelovém
vzorku moci pomoci uhlikovym filmem modifikované tuhé
stiibrné amalgamové elektrody v prostfedi Brittonova-
Robinsonova pufru pH 4
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movou elektrodu.

Typickym prikladem elektrochemicky aktivniho anal-
getika je paracetamol (N-acetyl-p-aminofenol nebo Aceta-
minophen), ktery patfi k nejbéznéjsim volné prodejnym
I¢kim (Paralen atd.). Diky modifikaci tuhé amalgamové
elektrody uhlikovym filmem Ize sledovat elektrochemic-
kou oxidaci hydroxyskupiny na aromatické jadie’. Tato
reakce byla vyuzita pro voltametrické stanoveni paraceta-
molu jak l1écich tak v moci pacienti. VySe uvedena metoda
je dostateéné selektivni k tomu, aby dokézala odlisit také
paracetamol od 4-aminofenolu, ktery je primarnim degra-
daénim produktem Paracetamolu. Diky tomu lze sledovat
kvalitu a stalost pfipravki obsahujici paracetamol.

Zavér

Stiibrna amalgamova elektroda je senzorem, ktery je
vhodny pro stanoveni elektrochemicky aktivnich 1éCiv,
muze byt v fadé ptipadd pouzit jako plnohodnotna nahrada
klasickych rtutovych elektrod a jejich modifikace zejména
uhlikovymi filmy umoznuje rozsifit jejich pouziti i nad
rdmec pracovniho potencidlového okna rtutovych elek-
trod. Proto se jevi amalgamové elektrody jako vhodné pro
pouziti v klinické analyze, kde mohou v mnoha ptfipadech
uspésné nahradit elektrody rtutové.
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Uvod

Huminové latky (HL) st prirodné latky makromole-
kulového charakteru s komplexnou 3-dimenzionalnou
Struktirou. Patria medzi najvyznamnejSie zlozky pddnej
organickej hmoty, ktord z hladiska globalneho Zivotného
prostredia predstavuje doleziti zasobaren uhlika pre uhli-
kovy cyklus. Vo vSeobecnosti st HL amorfné, polydis-
perzné makromolekuly kyslého charakteru so zltym az
¢iernym sfarbenim, ich relativna moélovd hmotnost’ pohy-
buje v rozsahu od niekolkych stoviek az po niekolko
stotisic'. Napriek tomu, Ze huminové latky su dlhodobo
predmetom Stadii a nasli réznorodé, Siroké vyuzitie, eSte
stale nie si komplexne vo vSetkych detailoch spoznané.
Tato skutocnost’ je dosledkom ich chemickej, Struktirnej
a fyzikalnej polydisperzity, ktord sa prejavuje vo velkej
neurcitosti analytického signalu takmer vo vSetkych analy-
tickych metddach, ktoré sa zaoberaji vyskumom a charak-
terizaciou HL z makromolekulového pohladu. Vyrazny
analyticky signdl je ziskavany o HL iba pri zjednodusuju-
com pohl'ade zameranom napr. na ich elementarne che-
mické zlozenie. Struktirna nejednoznaénost a vlastnosti
HL maju za nasledok vel'mi r6znorodé prejavy v spravani
sa za roznych podmienok (napr. silnd schopnost’ tvorby
molekulovych agregatov a ich nahly rozpad, tvorba supra-
molekulovych truktar a podobne)?.

Vyznamné uplatnenie v charakterizacii a analyze
huminovych latok nasli separacné metdody. Medzi hlavné
oblasti ich vyuzitia patria izolacia a frakcionacia HL pred
dalsimi experimentami (napr. charakterizdcia ziskanych
frakeii spektralnymi metédami) alebo ziskanie informacii
o ich $truktare a vlastnostiach™. Spomedzi chromatogra-
Covacia chromatografia (SEC), pouZivana predovsSetkym
na stanovenie relativnej molovej hmotnosti HL, alebo na
frakciondciu vzoriek na zéklade rozmerov molekul. Meto-
da SEC umoziiuje dosiahnut’ relativne spravne a presné
stanovenie distribucie molovej hmotnosti aj vzhl'adom
skutocnost’, ze rozmer molekul je Gmernd ich relativnej
molovej hmotnosti, avSak zavisi aj od d’alSich inych fakto-
rov, ktoré mozu vyrazne ovplyvnit’ elu¢né spavanie sa HL
v chromatografickom systéme, ako napr. koncentracia HL
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vo vzorke, pH a tieZ i6nov4 sila pritomnych soli v roztoku
mobilnej fazy*”.

Reverzno-fazova vysokotcinné kvapalinovd chroma-
tografia (RP-HPLC) sa Casto pouziva na stanovenie celko-
vého obsahu HL v réznych emvironmentalnych vzorkach,
najmd v prirodnych vodach. Cielom tychto prac su obvyk-
le stanovenie ddleZitych parametrov z hl'adiska Zivotného
prostredia, ako mnozstvo celkového alebo rozpusteného
organicky uhlika (TOC, DOC)?. Pri pouziti RP-HPLC na
analyzu HL vo vSeobecnosti plati, Ze klasické RP — systé-
my s pouzitim linedrnej gradientovej elucie neumoznuji
ucinnu frakcionaciu HL a ziskané chromatografické zazna-
my poskytuji iba obmedzené mnozstvo pouzitenych in-
formacii o povahe a Struktire analyzovanych latok. Na-
opak, pouzitie skokovej gradientovej elucie umozni HL
separovat do niekol’kych dobre definovanych frakcii
v zavislosti od po&tu nastavenych krokov®.

Kombinaciu dvoch alebo viac chromatografickych
metod (on-line alebo off-line) zaloZzenych na rozli¢nych
separaénych principoch vyuzivali autori doposial’ iba
v zriedkavych pripadoch na analyzu HL. Shalliker a kol.
vo svojej praci’ opisali vyuzitie spojenia SEC a RP-HPLC
metddy na analyzu a charakterizaciu huminovych latok
izolovanych z tzv. Bayerovych roztokov (vznikaji pri
procese vyroby hlinika, kde vysoky obsah huminovych
latok je neziaduci). HL separovali pomocou SEC metddy
do niekol’kych frakcii a vybrané frakcie d’alej analyzovali
RP-HPLC metodou v spojeni s hmotnostnou spektromet-
riou (MS), ktora umoznila aj identifikovat’ niektoré kom-
ponenty nachddzajiice sa v SEC frakcidch HL. Opacnu
kombinaciu'®, spojenie RP-HPLC s vyuzitim skokovej
gradientovej elicie a SEC zvolili autori na charakteriziciu
huminovych kyselin (HK) izolovanych z pédnych zdrojov
a na porovnanie ich chromatografického spravania sa
s komeréne dostupnymi HK v prostredi N,N-di-
metylformamidu (DMF) ako organického modifikatora
mobilnej fazy.

Z uvedeného vyplyva, Ze je stale potrebné vyvijat’
nové separacné metddy a techniky na analyzu a charakteri-
zaciu tzv. envirobiomakromolekil aj vzhl'adom na stipa-
jucu tendenciu ich vyuzitia v rdéznych odvetviach hospo-
darstva. K rieSeniu podobnych, zloZitych problémov moze
napomdct’ aplikacia novych postupov, ktoré poukazujt
najmi na moznosti vyuzitia kombinécie spéjania dvoch
alebo viacerych chromatografickych alebo inych separac-
nych metdd pracujicich na odlisnych principoch (napr.
spojeniec SEC — HPLC, RP-HPLC — SEC, ITP — CZE —
HPLC a pod.)”'" a taktiez vyuzitie neobvyklych, doteraz
menej Casto pouzivanych postupov v chromatografickych
metddach (skokova gradientova eliicia, vol'ba netradi¢ného
organického modifikatora mobilnej fazy — DMF a pod.)
(cit.*'*"%). Praca sa zobera moznostami analyzy a charak-
terizacie vzoriek huminovych kyselin r6zneho pévodu off-
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line kombinaciou dvoch chromatografickych metoéd, RP-
HPLC a SEC.

Experimentalna ¢ast’

Vsetky chromatografické experimenty sme uskutoéni-
li pouzitim chromatografického systému LaChrom Merck
— Hitachi (Merck, Darmstadt, Nemecko), ktory sa skladal
z nasledujticich modulov: zo §tvorkandlovej pumpy
L-7100 on-line spojenym s vakuovym odplynova-
¢om L-7612, z automatického davkovaca L-7200, z kolo-
nového termostatu L-7300, v ktorom bola umiestnena
chromatograficka kolona, zo spektrofotometrického detek-
tora s radom diéd (DAD) L-7450A, z flourimetrického
detektora (FLD) L-7480. Komunikaciu medzi zariadenim
a riadiacim softvérom HSM verzia 4.1 bola zabezpecena
fazovym rozhranim D-7000.

V prvom separac¢nom stupni sme rozdelili skiimané
vzorky HL do niekol’kych dobre definovanych frakcii me-
todu RP — HPLC. Na separdciu vzoriek sme pouZili analy-
ticka kolonu LiChrospher ODS WP 300 RP-18 (250 x 4
mm) s priemernymi rozmermi pérov 30 nm (Merck, Dar-
mstadt, Nemecko), ktora bola spojenda s predkolénou
LiChrospher ODS WP 300 RP-18 (4 x 4 mm) (Merck,
Darmstadt, Nemecko). Na samotnu frakcionaciu sme vyu-
Zivali techniku skokovej gradientove;j elucie, kde hlavnou
organickou zlozkou mobilnej fazy (MF) bol N,N-
dimetylformamid (DMF), ktory uZ v minulosti bol ¢asto
pouzivany pri izolacii HL z podnych vzoriek, vzhI'adom na
jeho vyborné solvatacné vlastnosti, silni schopnost’ tvorby

Fluorescence
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vodikovych mostikov a nizku prchavost'®. Pozadované
zlozenie MF sme dosiahli mieSanim dvoch zakladnych
roztokov, DMF a tlmivého roztoku o pH 3,00 (pripraveny
rozpustenim  NaH,PO,.2 H,O koncentratnii  uroven
5 mmol dm*, pH sme si upravili na hodnotu 3,00 postup-
nym pridavanim roztoku H;PO, o koncentracii 5 mmol dm *)
v zavislosti od Gasu®. Jednotlivé frakcie sme zbierali v Ga-
sovych intervaloch odvodenych z odozvy FLD detektora
(Aex. =470 nm, Aem. = 530 nm), ¢o predstavovalo pribliz-
ne 500 pl eluatu z oblasti maxima pikov. Frakcie ziskané
tymto spésobom sme pouzili na d’alsie analyzy v druhom
separaénom stupni. Termostat bol vyhriaty na teplotu 35,0
+ 0,1 °C, prietok MF bol nastaveny na 1 ml min™" a pre
ucely ziskania RP-HPLC frakcii HL sme davkovali do
chromatografického systému 100 pl vzorky.

Druhy separacny stupeii pozostaval zo SEC analyzy
RP-HPLC frakcii HL. Pouzili sme kovovi kolénu s roz-
mermi (250 x 2,2 mm), plnent gélom Spheron HEMA 100
(Tessek Praha, CR) s priemernymi rozmermi &astic gélu
<25 pm. Pri tejto metdode sme ako mobilnt fazu pouzili
zmes DMF a tlmivého roztoku (NaH,PO,.2 H,O,
5 mmol dm™, pH 3,00) v pomere 99/1 (v/v). Pouzivali sme
rovnaky spOsob detekcie a nastavenie teploty termostatu
ako v pripade RP-HPLC experimentov. Davkovany objem
frakcii bol v rozmedzi 20-100 ul pri prietoku MF
0,2 ml min"".

V praci sme pouzili 3 typy vzoriek huminovych latok,
komer¢ne dostupny Standard huminovych kyselin od firmy
Sigma — Aldrich (HK Aldrich) (Sigma — Aldrich, St. Lou-
is, ML, USA) a pracovné Standardy huminovych kyselin

[n ]ty wonuazay

Fluorescence

FRetention tinne [min]

Obr. 1. Multichromatogram vzorky HK DS I, ziskany aplikidciou metéd RP-HPLC (vertikilne umiestneny zdznam) a SEC
(horizontilne umiestneny zaznam). Obidva chromatografické zaznamy vzorky HA DS 1 (3,02 mg ml™) sme ziskali pouzitim FLD de-
tekcie (Aex. =470 nm, Aem. = 530 nm) pri davkovani 100 pl vzorky v pripade RP-HPLC a 20 pul zo zachytenych frakcii (SEC)
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izolované z pddy (okolie Dunajskej Stredy, Calcaric Fluvi-
soil, 1. horizont (HK DS I a HK DS J)), podla frakcionac-
nej schémy, ktory bol vyvinuty modifikaciou schémy do-
porudenej spoloénotou THSS'™'®. Vietky tri vzorky boli
pripravené na koncentraénej trovni asi 3 mgml ' denne
rozpustenim navazeného mnozstva HK v timovom roztoku
mobilnej fazy a pridanim malého mnoZstva roztoku NaOH
(5 mmol dm™).

Vysledky a diskusia

V prvom separacnom stupni sme aplikovali RP-
HPLC metddu, ktora ndm umoznila charakterizaciu vzo-
riek HL porovnanim ich chromatografickych profilov zis-
kanych dvomi typmi detektorov (DAD, FLD) v tandemo-
vom zapojeni a separaciu vzoriek do frakcii, ktoré boli
zbierané v oblasti maxim pikov na zaklade odozvy FLD
detektora. Zo ziskanych chromatografickych zdznamov
vyplyva, Ze dosledkom printitenych nahlych zmien kon-
centracie mobilnej fazy podla priebehu aplikovanej gra-
dientovej eltcie sa nam jednotlivé vzorky podarilo rozde-
lit do 11-tich pomerne dobre definovanych frakcii (obr. 1,
vertikalne umiestneny zaznam). Porovnanim RP-HPLC
profilov skiimanych vzoriek HL mdZeme konStatovat’, ze
jednotlivé vzorky poskytujii chromatogrami s rozdielnymi
charakteristickymi értami>'®, &o svedéi o rozdielnom zlo-
zeni jednotlivych vzoriek. Podobné rozdiely v chromato-
grafickych profiloch dokumentuji aj chromatogramy zis-
kané spektrofotometrickou detekciou, ¢i uz porovnanim
konturovych map sledovanych v rozmedzi vinovych dizok
270 az 800 nm alebo jednotlivych chromatogramov pri
konkrétnej vybranej vinovej dizke (280 nm, 420 nm). Zis-
kané frakcie sme v d’alsom separacnom stupni, v off-line
rezime analzyovali metédou SEC.

Pre druhy separaény stupeii sme si zvolili chromato-
graficki metddu, ktora pracuje na zaklade rozdielnych
separaénych principov ako v prvom stupni pouzivana RP-
HPLC. Vybrali sme rozmerovo vylucovaciu chromatogra-
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Obr. 2. Kalibracia pouZitej stacionirnej fazy Spheron HEMA
100 pouzitim polystyrénovych Standardov s nominalnymi
hodnotami relativnych molovych hmotnosti 900, 2600, 4000,
10000, 37000, 97000, 1200000

fiu (SEC), ktora umoznuje pomerne presne a spravne urcit
distribuciu relativnej molovej hmotnosti jednotlivych vzo-
riek HL'"'"'7 a tiez ich frakcii ziskanych metodou RP-
HPLC. Ako stacionarnu fazu sme pouzili gél Spheron HE-
MA 100 s velkost'ou Castic < 25 um, ktorym sme naplnili
kolonu s rozmermi 250 x 2,2 mm. Gély Spheron HEMA
sa vyznacuju mimoriadnou mechanickou odolnostou, kto-
ra umoznuje ich pouzitie pri kvapalinovej chromatografii
pri pomerne vysokych tlakoch, bez rizika deforméacie ¢i
rozpadnutia Gastic, upchania kolény a roztrhnutiu stipca
gélu.

Na kalibraciu stacionarnej fdzy sme pouzili rad do-
stupnych standardov makromolekulovych latok a polymé-
rov (globularne proteiny, polystyrénove Standardy, dextra-
ny a pod.) o znamej relativnej molovej hmotnosti. Spome-
dzi skiimanych kalibracnych Standardov pre naSe potreby
najlepSie vyhoveli polystyrénové Standardy (PS) najmi
preto, lebo svoje absorpcné maximum maji pri 270 nm
a svojimi vlastnostami najviac spifiajii poziadavky vyply-
vajlice zo zlozenia nami navrhnutého separacného systé-
mu. Zo ziskanych retencnych udajov sme zostrojili kalib-
rac¢nu zavislost’ (obr. 2), ktord znazoriiuje zavislost’ logarit-
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=
. "
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"o &
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Obr. 3. Grafické znazornenie 2D zidznamov Pearsonovho korela¢ného koeficientu, ktory vyjadruje stupein porovnatelnosti po
aplikacii kombinacie metéd SEC a RP-HPLC pre vzorky HK Aldrich (A), HK DS I (B) a HK DS J (C)
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Tabulka I
Vypocitané Statistické parametre charakterizujice stupen porovnatelnosti po aplikacii kombinacie metod SEC a RP-HPLC
pre vzorky HK Aldrich (A), HK DS I (B) a HK DS J (C)

Pearson Product Moment Correlation — Ungrouped Data

(A) HK Aldrich (B)HK DS 1 (C)HK DS1J
Statistics Variable X  Variable Y  Variable X  Variable Y  Variable X Variable Y
Mean 24.9564 3.9786 23.0528 4.0732 22.7423 4.1212
Biased Variance 160.6704 1.1830 169.5655 0.9355 160.6985 1.2126
Biased Standard Deviation 12.6756 1.0877 13.0217 0.9672 12.6767 1.1012
Covariance 0.3867 —0.2683 —1.1062
Correlation 0.0268 —0.0204 -0.0762
Determination 0.0007 0.0004 0.0058
T-Test 0.1198 —0.0981 -0.3744
p-value (2 sided) 0.9058 0.9223 0.7114
p-value (1 sided) 0.4529 0.4613 0.3557
Degrees of Freedom 20 23 24
Number of Observations 22 25 26
Level of Significance (p) for a Two-Tailed Test
df (n-2): 0.1 0.05 0.02 0.01
Critical values 0.582 0.666 0.750 0.798
mu molovej hmotnosti (log MW) jednotlivych PS §tandar- cou dostupného Statistického programu'® sme vypoditali
dov od ich retenéného Casu (tr), ktort sme potom pouzili Pearsonove korelaéné koeficienty (,,Pearson Product Mo-
na stanovenie distribtcie relativnych molovych hmotnosti ment Correlation*) a d’alie Statistické parametre, ktoré
pre jednotlivé vzorky huminovych latok a ich RP-HPLC charakterizuju stupen porovnatelnosti nameranych dat,
frakeii'®'". ktoré pre skimané vzorky dosiahli nasledovné hodnoty:

RP-HPLC frakcie vzoriek sme pomocou SEC rozse- HK Aldrich 0,0268, HK DS 1 -0.0201 a HK DS J -0,0762.
parovali spravidla na dve vicSie subfrakcie, z ktorych prva
cluovala v oblasti vyluCovacej medze pouzitej stacionarnej

fazy a ,,de facto” bola vylucena zo separacie, teda ich rela- Z.aver

tivna molova hmotnost’ bola vacsia ako 100 000. Druha

éubfrakcia Polfryla. p.rak'ticky cely PT%COVHY rf).zsah kol‘én}./, Praca sa zobera moznostami analyzy a charakteriza-
¢o znamend, Ze v jej zone eluovali latky so Sirokou distri- cie vzoriek huminovych latok off-line kombinéaciou dvoch
buciou relativnej molovej hmotnosti, pricom maximum chromatografickych metod, RP-HPLC a SEC. V prvom
zOny padalo do oblasti, kde eluovali Standardy s relativnou separatnom stupni pouzitdi RP-HPLC metéda s technikou
molovou hmotnostou 0k010’ 10 090- \4 niektqrygh pripa-’ skokovej gradientovej elicie umoznila separaciu jednotli-
doch sa na chromatografickych .zaznamoch PbJ§V11 aj treti vych vzoriek HL do 11 dobre definovanych frakcii, ktoré
pik, ktory sa nachadzal v oblasti zodpovedajucej eluéné¢ho boli v druhom separacom stupni charakterizované metodu
¢asu Standardu s relativnou molovou hmotnost'ou priblizne SEC, ktord pracuje na zéklade odliSnych separacnych prin-
30000. o ) cipov ako RP-HPLC.

Pouziti kombinaciu dvoch chromatografickych me- Po porovnani vypocitanych hodnét Pearsonovych
tOd.RP'.HPLC a SEC. sSme ho@nf)nh aj z hl a'dvlska dosiah- korelaénych koeficientov pre vSetky tri skimané vzorky
nutia miery ortogonality separacie. Na tento ucel sme pou- huminovych kyselin a ich frakcii ziskané kombinaciou
zili matematickt metddu, ktora porovnava troven korela- metod RP-HPLC a SEC mézeme konstatovat’, ze hodnoty
cie dat ziskanych obidvomi chromatografickymi metédami poukazuji na velmi nizku aroven korelacie a pouZity se-

113

zostrojenim grafickej zavislosti. Na os ,,x* sme vyniesli para¢ny systém sa sprava ako ortogonalny
hodnoty retenénych casov ziskané z prvej chromatografic-

kej dimenzie (RP-HPLC) na os ,,y* retentné ¢asy v hodno- Praca vznikla za podpory grantu VEGA 1/1349/12.
tdich maxim pikov z druhej chromatografickej dimenzie

(SEC) pre vSetky tri skimané vzorky HL (obr. 3). Pomo-
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ELEKTROCHEMICKA DETEKCE S COULOMETRICKOU UCINNOSTI V HPLC —

VCERA, DNES A ZITRA

ALES HORNA

RADANAL, Okruzni 613,53003 Pardubice
horna@radanal.cz

Elektrochemicka detekce s coulometrickou ucin-
nosti je piikladem vysoce citlivé a selektivni detekce
v HPLC. Na rozdil od spektralnich detektord, elektroche-
micky detektor k detekci latky vyuziva elektrochemickou
reakci, tedy prenos elektronti (oxidace a redukce). Elektro-
chemicka reakce predstavuje pfeménu chemické a elektric-
ké energie. Podle definice je elektricky proud pohybem
elektrond a tudiz v elektrochemii miizeme rozezndvat dva
rozdilné typy procesti. Vznik elektrického proudu
v disledku pfenosu elektronu chemickou reakei a vyuziti
elektrického proudu pro chemické zmény.

V HPLC mutzeme také na tento elektrochemicky de-
tektor pohlizet jako postkolonovy chemicky reaktor, ktery
meéni chemické vlastnosti analytu. Prakticky to znamena,
7ze na chromatografické koloné separuji jiné chemické
individuum nez jaké detekuji. Postkolonovou derivatizaci
provadime pro zlepSeni detekénich vlastnosti latky.
V kazdém pripadé pro Gspesnou praci s elektrochemickym
detektorem je nutnd urCitd znalost chemie Ci jest¢ 1épe
chéapani chemie.

Na citlivost odezvy elektrochemického detektoru maji
vliv parametry mobilni faze jako je jeji chemické slozeni,
pH ,rychlost pritoku tak na druhé strané i kvalita povrchu
elektrody a velikost vlozeného potencialu. Kdyz pouziva-
me elektrochemicky detektor ve spojeni s chromato-
grafickou kolonou, musime soucasné respektovat podmin-
ky, které vyzaduje vedle detekce i separace na koloné.
Elektrochemicka reakce na povrchu elektrody, nad kterym
se pohybuje kapalna fize, je fizena tfemi kroky, z nichz
kazdy miaze byt rychlost ur¢ujicim. Prvnim krokem je to
difuze analytu k povrchu elektrody. Pak nasleduje ptfenos
elektronu mezi analytem a povrchem elektrody. Tietim
krokem je opét transport reakénich produktii od povrchu
elektrody.

V pribéhu oxidacni reakce uvolnéné elektrony vytva-
teji proud, ktery je zesilen a sledovan jako signal detekto-
ru. Elektrochemické detektory v HPLC se déli na ampero-
metrické a coulochemické. Uéinnost vyuziti analytu pro
detekci u amperometrickych detektort, kde je rychlost
urCyjicim krokem difuze, se pohybuje mezi 5-10 %.
V ptipade coulochemické detekce, kde je konverze redox
reakce stoprocentni, mame co Cinit s ,,absolutni‘ metodou,
kde z ptenesen¢ho naboje na elektrodu mizeme spocitat
pomoci  Faradayova  zdkona  mnozstvi  analytu
v odpovidajicim chromatografickém piku. ZvySeni rych-
losti pritoku mobilni faze (analytu) se v chromato-
grafickém zdznamu projevi nartistem vysky piku, pficemz
plocha piku zlistava konstantni pro Siroky rozsah pritoku.
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Coulochemické detektory byly plivodné vyvinuty pro
sledovani neurotransmiterti v lidském mozku. Diky vyni-
kajici citlivosti a robustnosti se tyto detektory pouZzivaji
prakticky vyhradné na klinickych pracovistich jako speci-
alni analyzatory pro stanoveni katecholamind a metanefri-
nl v plazmé. Pole sériové fazenych pracovnich elektrod
s coulometrickou U€innosti detekce 1ze vyuzit pro identifi-
kaci elektroaktivnich latek na zékladé jejich elektroche-
mické charakteristiky. Toho se vyuzivd ve farmaceutic-
kych, potravinafskych a mnoha vyzkumnych pracovistich,
kde se tento typ CoulArray detekce uplatiiuje s vyuzitim
HPLC gradientové eluce pro analyzu slozitych smési elek-
troaktivnich latek v pfirodnich extraktech, kontrole léciv
a zivotniho prosttredi.

Dnes je velkou aplikacni oblasti pro HPLC
s elektrochemickou detekci analyza potravin. Antioxidanty
v potravinach jsou obecné pfijimany odbornou vetejnosti
jako zdravi prospésné latky. V souvislosti s nabidkou zdra-
vych potravin a dopliki stravy se velka pozornost vénuje
pojmim souvisejicim s antioxidacni aktivitou a antioxi-
dacni kapacitou. Naopak velmi mala pozornost se vénuje
studiu produktd, které vznikaji oxidaci antioxidantl. Pro
studium reduk¢nich reakci antioxidanti 1ze s vyhodou
pouzit elektrochemicky detektor s pracovni elektrodou
tvofenou nanoporéznim grafitem. V tomto usporadani
reakce probihaji na styku pevné a kapalné faze. Zdrojem
elektrond je povrch pevné faze. Elektrochemicky detektor
ve spojeni s hmotnostnim detektorem umoziiuje sledovat
oxidaéné redukéni produkty antioxidanti ve fazi jejich
vzniku bez ruSivého prispévku oxidacniho ¢inidla a dalSich
reagujicich latek v matrici.

Z pohledu do budoucnosti se jevi perspektivni oblasti
elektrochemické detekce zejména aplikace ve spojeni
s hmotnostni spektrometrii. VyuZiti elektrochemie a hmot-
nostni spektrometrie ve spojeni LC/EC/MS byl jiz véno-
van prvni mezindrodni workshop na Univerzité
v Miinsteru v zafi roku 2011. Predikce metabolismu poten-
cidlnich 1é¢iv v lidském téle je jednou z hlavnich vyzev
farmaceutického vyzkumu. Hlavni cestou, jak jsou che-
mické latky z t€la eliminovany, je enzymatickd biotrans-
formace. Ta je velmi Casto iniciovana oxidacnimi reakce-
mi svyuzitim skupiny enzyml cytochromu P450.
S rostoucim  poctem novych potencidlnich  1é¢iv
v poslednich letech roste i vyznam rychlych testovacich
metod jako zdroje spolehlivych informaci o biotransforma-
ci latek o rGzné chemické struktufe. To ma obrovsky vy-
znam pii posuzovani mozné hepatotoxicity nové navrho-
vanych chemickych struktur vyvijenych 1é¢iv. Elektroche-
mické cely lze vyuzit pro syntézu reakénich intermediatl
v prostfedi mobilni faze a jejich zachyt v nasledné reakci
s glutationem nebo jinymi vhodnymi biomakromolekula-
mi. Opacné toho lze vyuzit i pro sledovani modifikace
proteinli. Pomoci elektrochemické detekce lze podobné
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studovat biotransformace probihajici v Zivotnim prostredi
a spektrum takto sledovanych latek rozsitit vedle léciv
1 0 pesticidy a dalsi do zivotniho prostfedi unikajici chemi-
kalie. Vyuziti LC/EC/MS pro charakterizaci oxidacnich
produkti Roscovitinu je viibec prvni praci tohoto druhu
unas'.

Tato prdace vznikla diky financni podpore projektu
Nové konstrukce a vyuziti nanobiosenzorii a nanosenzorii
v mediciné (NANOSEMED), KAN208130801.
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USE OF DERIVATIZED CYCLOFRUCTANS AS CHIRAL SELECTORS IN HPLC
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Continued discoveries of significant differences in
effectiveness and toxicity of individual enantiomers in
biological systems has maintained the importance of chiral
separations. Cyclofructans are a small group of macrocy-
clic oligosaccharides, which consist of six or more -
linked D-fructofuranose units and represent a new class of
chiral selectors for HPLC enantiosepartions. Their names
are usually abbreviated as CF6, CF7, CFS8, etc. CF6 con-
sists of an 18-crown-6 ether core and six fructofuranose
units are arranged in spiral fashion, either inward or out-
ward around the crown ether skeleton. CF6 shows a clear
“front/back” regionalization of hydrophilic and hydropho-
bic groups. Derivatization of a native chiral selector with
aliphatic or aromatic functional groups can improve its
chiral recognition capabilities. Derivatized — cyclofructan
bonded chiral stationary phases produced effective enanti-
omeric separations for a variety of compounds' ™.

Chiral potential local anaesthetic drug — derivatives
of phenylcarbamic acid and potential B-blockers of aryl-
oxyaminopropanol type were used for HPLC study of re-
tention and enantioseparation on the RN-CF6 (R-
naphtylethyl-carbamate CF6 chiral selector bonded on
silica gel) and DMP-CF7 (dimethylphenyl-carbamate CF7
chiral selector bonded on silica gel) chiral stationary phas-
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es in polar organic separation mode. The results were com-
pared with macrocyclic antibiotic and B-cyclodextrin chi-
ral stationary phases. The mobile phase composed of
methanol/  acetonitrile/ acetic  acid/ triethylamine
(20/80/0.3/0.2 v/v/v/v) was utilized as the starting condi-
tions for all tested chiral stationary phases.

The study was oriented on the testing of influence
of mobile phase composition, influence of analyte solvent
nature, and influence of column temperature on retention
and enantioseparation of target analytes. Based on the
results obtained the correlation between the structures of
the analytes and their retention and resolution values was
studied to understanding the interaction types participating
in the separation mechanism. The nature of analyte solvent
significantly influenced the retention and shape of elution
peaks. The most considerable effect was observed in the
case of alcohols (methanol, ethanol, propanol) as analyte
solvent. Also the separation of different forms of studied
racemic compounds on chiral stationary phases was
achieved. The effect was observed mainly on cyclofructan
chiral stationary phases. This probably indicated the for-
mation of solvatation complexes between the solvent mol-
ecule and analyte which follows to change of retention
properties of formatted complexes. The thermodynamic
study for derivatives of aryloxyaminopropanol indicated
that the resolution values of complexes not significantly
decreased in the temperature interval from 0 °C to 50 °C.
The ratio of peak shapes of associates of studied deriva-
tives depended on the temperature.

This study was financially supported by the Grant
Agency VEGA of Slovak Republic (grant no. 1/0164/11).
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SYSTEMS BIOLOGY FROM THE POINT OF VIEW OF ANALYTICAL CHEMISTRY
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Systems biology is an emergent field that aims at
system-level understanding of biological systems. Under-
standing of structure of the system, such as gene regulato-
ry and biochemical networks, as well as physical structures
(i), understanding of dynamics of the system, both quanti-
tative and qualitative analysis as well as construction of
theory/model with powerful prediction capability (i), un-
derstanding of control methods of the system (iii), and
understanding of design methods of the system (iv), are
key milestones to judge how much we understand the sys-
tem'. Functional genomics such as transcriptomics and
proteomics can simultaneously determine massive gene or
protein expression changes following drug treatment or
other intervention. However, these changes can't be cou-
pled directly to changes in biological function. As a result,
metabolomics and its many pseudonyms (metabonomics,
metabolic profiling, etc.) have exploded onto the scientific
scene in the past several years’. Metabolomics is a key
technology for systems biology. Metabolomics (or
metabonomics) has been labeled one of the new "omics",
joining genomics, transcriptomics, and proteomics as
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a science employed toward the understanding of global
systems biology”. Metabolomics has its roots in early me-
tabolite profiling studies but is now a rapidly expanding
area of scientific research in its own right. The analysis of
the metabolome is particularly challenging due to the di-
verse chemical nature of metabolites. Metabolites are the
result of the interaction of the system's genome with its
environment and are not merely the end product of gene
expression but also form part of the regulatory system in
an integrated manner”.

For metabolomics, gas and liquid chromatography
coupled to mass spectrometry are well suited for coping
with high sample numbers in reliable measurement times
with respect to both technical accuracy and the identifica-
tion and quantitation of small-molecular-weight metabo-
lites. This potential is a prerequisite for the analysis of
dynamic systems".

In this paper, recent developments of analytical tech-
niques used in metabolomics will be discussed and selec-
tion of the major applications of metabolomics relevant to
pharmaceutical, clinical and environmental area utilizing
advanced chromatographic equipment will be shown.
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In the last decade, endocrine disrupting chemicals
(EDCs) attracted increasing attention in the scientific com-
munity, regulation and public interests groups. Endocrine
disrupting chemicals (EDCs) are of global concern due to
their widespread occurrence, persistence, bioaccumulation
and potential adverse effects on human health and ecosys-
tem functioning. By definition, an endocrine disrupter is
an exogenous substance or mixture that alters function(s)
of the endocrine system and, consequently, causes adverse
health effects in an intact organism, or its progeny, or
(sub)populations'. It is important to distinguish this from a
potential endocrine disrupter, which is an exogenous sub-
stance or mixture that possesses properties that might be
expected to lead to endocrine disruption in an intact organ-
ism, or its progeny, or (sub)populations'. EDCs can modu-
late both the endocrine and immune systems resulting in
alteration of homeostasis, reproduction, development and
behaviour’. These compounds may be man-made, e.g.
industrial chemicals, crop protection chemicals, or they
may be natural like the phytoestrogens’. The ubiquitous
presence with trace level concentrations and wide diversity
are the most important reported characteristics of EDCs".
As EDCs may cause detrimental effect at very low concen-
trations and in addition, they are usually present as mix-
tures in the environment, they may pose potential risk to
ecosystem and human health®.

Analysing the EDCs at low concentration levels re-
quires multistep sample preparation including cleaning and
preconcentration of the resulting extract. As EDCs repre-
sent structurally diverse classes of substances, plentiful
analytical methods could be applied for the identification
and quantification of these compounds™®. Recently, meth-
ods based on biosensors have also been used’. The most
efficient approach to EDCs residues analysis involves the
use of chromatographic methods®. Analytical techniques as
gas chromatography (GC) and liquid chromatography
(LC) combined with mass spectrometry (MS) or tandem
MS are the techniques most frequently used and can reach
satisfactory selectivity and sensitivity analyzing EDCs in
complex food matrices and matrices of environmental
origin. Capillary GC coupled to MS detection has devel-
oped into a primary technique for identification and quan-
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tification of many EDCs using small bench-top instru-
ments with sophisticated data systems’. Electron ionization
is the ionization technique of the first choice. In cases re-
quiring enhanced sensitivity and selectivity the negative/
positive chemical ionization is employed'® .

As a special approach to gas chromatographic separa-
tions, fast GC technique meets the present day demands on
faster and cost-effective analysis. Nowadays, fast GC can
be performed on commercial gas chromatographs, which
are equipped with high-speed injection systems, electronic
gas pressure control, rapid oven heating/cooling and fast
detection' ",

Advances in LC-MS interfacing, namely introduction
of electrospray (ESI) and atmospheric pressure chemical
ionization (APCI) have enabled sensitivity and reliability
that are suitable for routine determinations of EDCs, par-
ticularly for more polar compounds that would require
derivatization for GC-MS. LC-MS can reduce clean-up
requirements over HPLC-UV (high performance liquid
chromatography with ultraviolet detection), although care
must be taken with matrix effects on ESI responses that
may affect quantitation’.

The detection, identification and determination of
substances in food and environmental samples that are
able to disrupt the endocrine system of living organisms
will be a relevant research direction also in the next years.
Despite the tremendous developments and improvements
in the analytical instrumentation, for most of substances
there is continuous need to employ the extraction and pre-
concentration steps. For EDCs residues analysis ultrasensi-
tive analytical methods are required and there is still the
need to improve the performance and ruggedness of anal-
yses and there is continuous attempt to develop the method
for determination of multiresidues covering wider range of
physical-chemical properties of compounds.

This work was supported by the Scientific Grant
Agency of the Slovak Republic (VEGA project No.
1/0647/11).
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Uvod

Huminové latky (HL) — prirodné makromolekulové
alebo supramolekulové latky zaujimavym objektom vy-
skumu mnohych vednych odborov, medzi nimi aj analytic-
kej chémie. Predmetom zaujmu su nielen ako analyty, ale
aj ako interferenty zna¢ného poctu réznych typov chemic-
kych analyz. Ich pritomnost’ vo vzorkach moze zapricinit
problémy nielen v klasickych oblastiach stopovej analyzy
pesticidov v pdde, v sedimentoch a vo vode, ale problémo-
vo sa prejavuju aj v niektorych novych oblastiach — stopo-
vej analyzy antibiotik vo vodach, v sedimentoch
a v hlavne v podach, ktoré st zurodnované kalmi z Cistiar-
ni splaskovych a odpadovych vod, v kriminalistickej ana-
lyze, v archeometrii a v mnohych d’alSich oblastiach.

Teoreticka cast’

HL ako makromolekulové alebo supramolekulové
polyelektrolyty s anionovym charakterom dlhodobo sposo-
buju velké problémy pri analyze DNA'™ a jej fragmentov
metédami vyuZivajlicimi na zmnoZenie DNA fragmentov
polymerazova retazovu reakciu (PCR) a koncové metody
denaturacnej kvapalinovej chromatografie alebo elektrofo-
rézy. Problémy sposobujii huminové latky aj v spojitosti
s genetickym mikrobiologickym vyskumom podnych mik-
roorganizmov vzorkovanych z ulozisk alebo ciernych
skladok toxickych odpadov (anilin®). Takyto vyskum je
zamerany na vytipovanie a nasledné ziskanie novych mik-
roorganizmov na remediaciu zloziek Zivotného prostredia
biologickymi a biotechnologickymi prostriedkami. V si-
vislosti s genetickym vyskumom l'udskej DNA predstavu-
jo huminové latky stle uplne nevyrieSeny problém’ aj
v oblastiach forenznej analyzy, paleobioldgie a archeo-
logie. HL vadia pri izolacii nedenaturovanej DNA a jej
fragmentov z kosti najdenych v pdde alebo v sedi-
mentoch®. Problém vplyvu HL na PCR je neustale aktudl-
ny pre nové navrhy a rieenia'®''. Je tomu tak aj napriek
tomu, Ze rieSenie tohto problému uZz niektoré firmy ponu-
kaju v podobe chromatografickych koloniek na extrakciu
tuhou fazou alebo inych formatov plnenych blizSie nespe-
cifikovanymi chromatografickymi sorbentami'?. Viaceré
z produktov podla vyrobcov poskytuji moznosti odstrane-
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nia takych inhibitorov PCR, ako st okrem HL aj taniny
a melanin, avSak zlozenie chromatografickych materialov
nie je z komerénych zdrojov dostupné. ZloZzitost’ problé-
mov chemickej analyzy stopovych koncentracii idbnogén-
nych latok (napriklad pesticidov, antibiotik, nukleovych
kyselin) v realnych vzorkach (pddy, sedimenty, povrchové
vody)" si vyzaduje dosahovat zloZitosti problému adek-
vatnu selektivitu upravy vzorky, separacie a detekcie,
a zaroven vysoké obohacovacie a koncentracné koeficien-
ty. To je prakticky nemozné bez zlozitych analytickych
postupov, nakladnej modernej inStrumentacie a doslednej
kontroly kvality analyz. Zaroven sa predpoklada a je legis-
lativne urcené vypracovavanie analytickych metdd a po-
stupov, ktoré su robustné, validované a univerzalne apliko-
vatelné. Systém kontroly kvality vSak vSeobecne trpi ne-
dostatkom vhodnych $tandardnych referencnych materia-
lov (napr. HL) potrebnych na validaciu existujucich i no-
vych analytickych metdd a ich kombinacii'®. To sa tyka
hlavne systematického vyhodnocovania vplyvu potencial-
nych interferentov v environmentalnych matriciach a hod-
notenia selektivity metddy pomocou frakcii HL — humino-
vych kyselin (HK) a fulvokyselin (FK)".

Diskusia

Diskusia problematiky kombinovania separac¢nych
technik vyuzivajucich kvapalné prostredie

Problém mnohozlozkovej analyzy latok v zloZzitych
matriciach, medzi ktoré nesporne patria environmentalne
a biologické matrice znacne ovplyvnil vytvorenie teorie
separacie'*'® a tieZ vyvoj instrumentacie a novych sepa-
racnych technik do takej miery, Ze sa hovori o separacnej
vede. Zo stadia vyskumu sa do rutinnej praxe dostali elek-
troseparaéné (ES) metédy — kapilarna izotachoforéza'’
(cITP), kapilarna zonova elektroforéza'® (CZE), izoelek-
tricka fokusacia (IEF) a micelarna elektrokineticka chro-
matografia (MEKC)'" V oblasti ¢ipovych aplikacii sa vy-
skum zameriava na zvysenie spolahlivosti in§trumentacie
a zabezpecenie vyrobnej reprodukovatelnosti jednorazo-
vych alebo jednoucelovych cipov. Extrémna zlozitost’
problémov analyzy stopovych koncentracii idnogénnych
latok v prirodzenych matriciach (vode, pdde, sedimentoch,
lignite, raseline, humifikovanych odpadoch) za vyrazného
interferen¢ného G¢inku HL sposobuje, ze pre ich Gspesné
rieSenie je potrebné spajat’ spolu dokonca aj techniky
s privlastkom vysokouc¢inné. Popri on-line spojeniach se-
paracnych, detekénych a identifikaénych metdd, napriklad
LC-DAD?*?!, HPLC-MS?*® a dalsich, sa stile intenzivne
skimaju moznosti vzajomného prepojenia separacnych
metdd navzdjom do podoby takzvanej komprehenzivnej
techniky’ (http://www.natur.cuni.cz/chemie/analchem/
veda-a-vyzkum/albertov-comprehensive-days-2011).
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Vznikaji tak 2D separa¢né techniky, napriklad HPLC-
HPLC* alebo 2D elektromigraéné techniky napr. ITP-
CZE™ a iné. Pri systematickej zmene selektivity pocas
separa¢ného procesu moézeme dosiahnut’ prakticky neohra-
niené separatné moznosti, ktoré sa vyzaduji hlavne
z pohladu komplexnosti §truktir a prejavov HL, pokial
vSak nie sme obmedzeni ndrokmi na kratke trvanie
analyzy®*®. Z pohladu separaénej selektivity systému je
zaujimava Freemanova koncepcia separaéného modu®.
Vyhody postupného pouzitia réznych mdédov (mode sequ-
encing) je mozné vyjadrit i matematicky. Podla
Giddingsa®® moéZe postupnost nezavislych (nekore-
lujacich) modov, z ktorych kazdy ma definovanu pikova
kapacitu, vykazovat’ v pripade nekorelujucich separacnych
mechanizmov znasobeny efekt. Mieru nekorelovanosti
retenénych udajov, alebo inych kvalitativnych parametrov
kombinovanych metéd mozno vyjadrit’ napriklad pomocou
Pearsonovho korela¢ného koeficientu alebo pomocou Spe-
armanovho korelaéného koeficientu®'*2. Svoju koncepciu
neskor Giddings este d’alej rozsiril a zov§eobecnil. Na tato
tému publikoval vel'mi podnetny a aj v sucasnosti aktualny
¢lanok®?, v ktorom diskutuje rozsah, premenlivost, U¢in-
nost’ a obmedzenia tzv. 2D (dvojdimenzionalnych) separa-
cii, pri¢om poukazuje na vzt'ahy a moznosti dvojrozmer-
nych metéd a im zodpovedajtcich jednorozmernych me-
tod. Podl'a neho diskrétna 2D separdcia vyuziva vacsi se-
paracny priestor ako 1D separacia, v ktorom kazda zlozka
vzorky mé presne dané svoje koordinaty. Kontinudlna 2D
separacia si naproti tomu vyzaduje sicasnu pritomnost’
oboch separacnych mechanizmov, pricom pohyb separo-
vanych zloziek si mézeme predstavit’ ako trajektorie bo-
dov v 2D priestore. Z uvedeného je zrejmé, Ze trajektorie
namiesto diskrétnych bodov z predchadzajiceho pripadu
zaberaju viacej z potencidlne vyuZitelnej separacnej plo-
chy a tak obmedzuju vyuzitel'ny separacny 2D priestor.

Najvacsiu separacni Gcinnost’ je mozné teda dosiah-
nut diskrétnou kombinaciou selektivnych metdd, ¢o je
v stilade so zavermi prace’. Pre vyber efektivnych kombi-
nacii separa¢nych metéd Giddings navrhuje uprednostiio-
vat’ vol'bu vysokoucinnych, selektivnych a kompatibilnych
separaénych procesov.

Je zrejmé, ze najprospesnejSie pri analyze suboru
ionovych a id6nogénnych latok v environmentalnych vzor-
kéach a ich potencialnych interferentov — huminovych ky-
selin a fulvokyselin®***, bude také spojenie va&sieho poétu
nezavislych merani, ktoré su realizované pomocou roz-
nych analytickych technik a metod, ktoré su vzajomne
prepojené pomocou vhodného rozhrania (interface). Cim
pocetnejsi je stibor latok pritomnych vo vzorke, tym 0Géin-
nejSiu techniku alebo kombinaciu technik potrebujeme.
Tato poziadavka je vyraznejSia v pripade HL, ktoré nepos-
kytuju analytické signaly s vyraznymi a diskrétnymi Crta-
mi, ale skor ich je potrebné charakterizovat’ distribu¢nymi
funkciami. Z toho istého dovodu, teda vyskytu HL v zlozi-
tych zmesiach vel'mi podobnych molektl a ich asocidtov,
obycajne HL pokryvaju vel’ky separacny priestor a zvySuju
pravdepodobnost’ interakcie analytu s HL koextrahovany-
mi z tuhej alebo kvapalnej vzorky.
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Definovanie kritérii pre vol'bu metéd vhodnych na
kombinovanie v analytickych schémach na analyzu
i6nogénnych analytov popri huminovych latkach

Pri uplatiiovani kritérii vo vybere vhodnych kombino-
vatel'nych metdd je potrebné riesit’ hlavne problémy ucin-
nosti, selektivity a vzdjomnej kompatibility tychto metod,
ako aj ich kompatibility s charakterom analytickej vzorky.
Kompatibilitu ako vzdjomni zlucitelnost’ a tolerovanie sa
kombinovanych metdd z pohladu vhodnosti separacnych
prostredi a opera¢nych podmienok posudzujeme podla
toho, ¢i st tieto dve metody kombinované sekvencne, ale-
bo simultanne. Pri sekvenénom usporiadani kompatibilita
d’alej zavisi na tom, ¢i pouzivame spojenie on-line, alebo
off-line. Najvicsie poziadavky na kompatibilitu su pri
simultannom spojeni, pretoze tu prebichaji oba procesy
naraz v rovnakych podmienkach. Off-line spojenie umoz-
fuje jednoducho vé€lenit prispdsobovaci krok a preto je
velmi rozSirené v T'ubovolnych analytickych schémach
a je tiez l'ahko reprodukovatelné mnohymi pracoviskami.
Svojimi principmi a separa¢nymi mechanizmami s kva-
palinova chromatografia a elektroseparacné metody (CZE,
CITP, MEKC) odlisné, ¢o nas opraviuje predpokladat’, ze
efektivne spojenie HPLC a cITP umozZni relativne jedno-
duchymi prostriedkami a asovo nenaro¢ne rieSit’ mnohé
problémy analyzy latok v takych prirodzenych matriciach
ako st pdda, sedimenty a ich roznorodé extrakty obsahuju-
ce v rdznej miere popri analytoch aj huminové latky.

Svojimi principmi a separaénymi mechanizmami su
kvapalinovd chromatografia a elektroseparacné metddy
(ZE, 1TP, MEKC) odlisné, takze ze efektivne spojenie
kvapalinovej chromatografie a elektrosepardcii umoZni
rieSit mnohé problémy analyzy idénogénnych latok aj
v pddnych matriciach, kde je predpoklad interferencii nie-
len anorganickych konstituentov pddy, ale hlavne idnogén-
nych polyelektrolytov — huminovych latok.

Z hladiska kompatibility separac¢nych prostredi HPLC
aj ES vyuzivaju vodné a zmesové rozpustadla v kombina-
cii s vhodnymi timivymi elektrolytmi. Pre spojenie s ES je,
podl'a naSej mienky, najvhodnejsie poradie LC metdd:
kvapalinova chromatografia na reverznych fazach
(hydrofobny efekt), relativne nizka koncentracia ope-
racnych elektrolytov (pH tlmiacich roztokov, idonovo-
parovacich aditiv a podobne),
gélova permeacna chromatografia (delenie podl'a vel-
kosti molekul), relativvne nizka koncentracia operac-
nych elektrolytov ( pH tlmiacich roztokov, indiferent-
nych soli pre definovanie i6nove;j sily),
afinitnd chromatografia (stérické efekty a chemisor-
pcia), v niektorych pripadoch je pre desorpciu potreb-
na relativne vysSia koncentracia Specifickych iono-
vych latok a soli,
ionomenicova chromatografia (chemisorpcia), klasic-
k& IEC pracuje s vysokymi koncentraciami soli a ex-
trémnymi hodnotami pH, iénova chromatografia IC je
kompatibilnejSia, separacny mechanizmus je vSak
zalozeny na nabojovych interakciach,
rozdelovacia chromatografia, praca v s vodou nemie-
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SateInych rozpusStadlovych zmesiach alebo v nevod-
nych prostrediach predstavuje obmedzenie pri on-line
technikach,

adsorpcna chromatografia, praca v nevodnych prostre-
diach predstavuje obmedzenie pri on-line technikach.
Pri off-line spojeni je mozné vyuzit' aj adsorpént
chromatografiu (normalne fazy) a vsetky predchéadzajice
mody s nepolarnymi rozpustadlami. Obmedzenia z hl'adi-
ska niektorych ES metod (CZE, ITP) si v podstate
uréované*? nutnostou pouzit’ prostredie ionizujice vzorku,
ale popri tom obsahujtce len taku koncentraciu balastnych
i6nov, ktora neznizuje (nerusi) separa¢na kapacitu v pou-
zitom systéme, zaroven vSak umoziiuje delenie a nezne-
mozhuje detekciu pouzitymi detektormi. Z tohto pohladu
je ucelné zamerat’ sa aj na vyvoj chromatografickych me-
tod na odsolovanie vzoriek pddnych extraktov pred ich
analyzou ITP, CZE alebo ITP-CZE.

Pri kvapalinovej chromatografii je druhou zlozkou
separaéného systému staciondrna faza, ktora nesmie
ovplyviovat’ ES systém. To znamend, Ze musime pouzivat’
stacionarne fazy, ktoré:
sa nerozkladaju za produkcie idnovych, alebo inak
ruSiacich latok (hydrolyza, bakteridlny rozklad, ter-
micky rozklad a pod.),
zabezpeCuju spolu s mobilnou fazou kvantitativny
vytazok delenych latok (nesmu nevratne zadrziavat
analyt, menit' jeho zloZenie katalyzou, rozkladom
a pod.).

V HPLC uz z podstaty jej principu pracujeme so sor-
bentami majicimi vel’ky povrch (stovky m*g™), ktory je
navySe nehomogénny. V kapilarnej ITP alebo CZE su
z tohto hl'adiska podmienky definované ovela lepSie. Pra-
cujeme vo vol'nom roztoku a pritom je pomer plochy sepa-
racného priestoru ku jeho objemu maly. Znamen4 to, ze
potencidlne sorbované stopové zlozky vzorky moézeme
vytlacat’ z povrchu separa¢ného priestoru uz malymi kon-
centraciami vhodnej latky bez toho, aby sme vyrazne
ovplyvnili (na rozdiel od HPLC) selektivitu delenia. Roz-
ny stupen kompatibility vykazuju aj iné¢ ¢asti chromatogra-
fického systému, (davkovacie zariadenie, spojovacie ele-
menty, detektory, prenosové zariadenie, interface pri on-
line spojeni). Z tohto pohl'adu je najkritickejsi vyber detek-
torov, ktoré musia byt nedestruktivne, resp. nereakcné, ak
chceme detegovat’ a identifikovat’ povodnu latku a nie jej
derivat alebo degradaény produkt. Tato poziadavka sa
stava tym naliechavejSou, ¢im menSie latkové mnozstvo,
resp. koncentraciu vzorky pri spojeni metod musime ana-
lyzovat'. Otazky moznosti vzajomného prepojenia kvapali-
novej chromatografie a cITP uz boli diskutované aj
v pracach’**® 7 predchadzajucej Casti vyplyva, ze
vzhl'adom na odlisné fyzikalno-chemické principy je kom-
prehenzivne spojenie HPLC-HPLC?” a HPLC s ES met6-
dami pri analyze i6nogénnych latok pritomnych na stopo-
vych koncentraénych trovniach v zlozitych prirodzenych
matriciach obsahujicich HL celkom perspektivne®*.
Navrhnutym spojenim bude mozné, okrem uz uvedeného,
zlep$it’ medze ddkazu a medze stanovenia mnohych analy-
tov pri podstatnom zrychleni analyz*. Tieto predpoklady
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sa nam, vzhladom na pokroky vo velmi rychlej HPLC
vyuzivajucej monolitové®® a nepolarne mikro-Gasticové
kratke kolony zdajli redlne. V oboch skupindch metod vSak
moézu, na zéklade nasich poznatkov*>****#6 3 poznatkov
inych autorov***74%*2 " vyznamne a roznorodo vplyvat
na analyzu Sirokej skupiny xenobiotik vo vode, pdde
a sedimentoch prave HL. Tento problém si vyzaduje na
rieSenie vyuzivat velmi réznorodé pristupy a nastroje,
napriklad systematické Stidium zmien asociacnych az
agregacnych stavov molekal (makromolekul) HL do sup-
ramolekulovych Struktir a ich asociaciu s analytmi prave
v pocas vytvarania a optimalizovania metod extrakcie HL
z pddy, vody a sedimentov; metdd Upravy vzorky pred jej
analyzou komprehenzivnymi kombinovanymi metédami
analyzy v kvapalnom prostredi pomocou novych metdd
napriklad dynamického rozptylu laserového ziarenia kom-
binovaného s DAD a 3D-FLD, s kvapalinovou chromato-
grafiou a elektroforézou v kapilarach a na Cipe.

Zaver

Vyskum HL a ich interferenéného pdsobenia je vel'mi
narocny, ale aj slubny. Vytvara popudy na iny spdsob
uvazovania o sucasnych problémoch chemickej analyzy
a podnety na vyskum separacnej a detekcnej selektivity aj
za podmienok jeho aplikovania na nie presne a niekedy aj
nie spravne charakterizované HL. Je zrejmé, Ze pokrok
v diskutovanej oblasti je Gizko spojeny s naSou schopnos-
tou kombinovat’ existujliice poznatky a analytické metody
do novych kombinécii, ¢asto pracujucich za extrémnych
opera¢nych podmienok, ako je to naznafené napriklad
v poslednych pracach autorského kolektivu®** venova-
nych niektorym teoretickym a praktickym aspektom sepa-
racie HL kombinovanymi metédami HPLC. Niektoré d’al-
Sie prace st uvedené aj v tomto zborniku

Tato praca bola financne podporend projektami VEGA
1/1349/12 a APVV-0597-07 v ramci cinnosti Centra exce-
lentnosti VVCE-0070-07.
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Introduction

Persistent organic compounds (POPs) such as poly-
chlorinated dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs) and polychlorinated biphenyls
(PCBs) which form during heat and metallurgical process-
es may be a significant source of increased exposure of
people residing in the vicinity of polluting plants due to
long-term consumption of the contaminated animal food'~.

The main PCDD/F and PCB exposure route for lactat-
ing cattle grazing is ingestion of the vegetation or soil on
the pastures which are contaminated directly by deposition
of airborne PCDD/Fs and PCBs from polluting plants"3‘4.
PCDDs/Fs/PCBs transfer and accumulate from cattle in
the milk and together with dairy products is considered as
one of the main contributors to POP human uptake®. In-
creased concentrations in raw milk produced in the vicini-
ty of the potential POP emission sources were observed by
many authors'**”. Also in the Slovak Republic the waste
and municipal incinerators as well as the metallurgical
industry seem to be important emission sources with high
influence on the soil, feed and food chain PCDD/F and
PCB contamination. Congener-specific analyses of seven-
teen PCDD/F and twelve PCB congeners in cow, sheep,
and goat milk gathered near polluting plants and from
background area were performed in this study. The ob-
tained data about PCDD/F and PCB levels in raw milk
collected from cattle that are contaminated only via eating
vegetation and soil during grazing are good indicators of
environmental quality of rural areas in Slovakia.

Material and methods
Sample collection

The milk survey included samples collected in the
vicinity of four areas with potential PCDD/F emission
sources and one background (control) area without known
atmospheric pollution source (Fig. 1).

Cow, goat and sheep raw milk samples were gathered
during 2006-2007. 29 cow and goat milk samples originat-
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ed directly from small family farms (SFF), 16 cow and 14
sheep milk samples were acquired from animals raised at
bigger farms (BF). The cows and goats from small farms
were usually kept in fenced backyards, grazed and fed
with local feed. The animals from bigger farms were usu-
ally grazed on pastures and received also the supplemen-
tary fodder. The milk samples were kept frozen (—20 °C)
until they were processed.

HRGC/HRMS analysis

An HP 6890 Plus GC (Hewlett-Packard, Palo Alto,
CA, USA) coupled to a MAT 95XP (ThermoFinnigan,
Bremen, Germeny) and a Trace GC Ultra coupled to
a DFS (Thermo, Bremen, Germany) operating at a 10-%
valley resolution of 10000 in the selected ion monitoring
mode was used for analysis of seventeen 2,3,7,8-
substituted PCDDs/PCDFs, four non-ortho and eight
mono-ortho PCBs. PCDDs/Fs and non-ortho PCBs were
separated on an Rtx®-Dioxin2 column (60 m, 0.25 mm
i.d., 0.25 pum film thickness) and a DB-5 MS column (60
m, 0.25 mm i.d., 0.25 um film thickness) was used for
mono-ortho PCBs separation. Qualitative and quantitative
analyses were carried out by the USEPA 1613 and 1668
isotope dilution methods. Each analytical batch a method
blank and in-house reference material (sunflower oil
spiked with native PCDD/Fs and dI-PCBs) included.

All measurements were carried out in accredited la-
boratory (ISO/IEC 17 025) which successfully participated
in interlaboratory studies (Interlaboratory Comparison on
Dioxins in Food in human milk, 2006; Proficiency test on
determination of PCDD/Fs and PCBs in milk fat, 2010)%°.

cz

. KROMPACHY
i [ ] ®
e, STARNA

-
KOSICE ™~~~

Fig. 1. Samplig sites: Krompachy (metallurgical plant recycling
of copper scrap); Kosice (municipal waste incinerator and iron-
ore sintering in a metallurgical plant); Nemecka (hazardous waste
incinerators); Sala (chemical factory, hazardous waste incinera-
tor); Starina (control area)
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Results and discussion

The summarized results of PCDDs, PCDFs, non-
ortho and mono-ortho PCBs by type of analyzed raw milk
samples are given in Table I. Because milk samples were
collected during years 2006-2007, the toxic equivalent
factors (TEFs) valid till the end of December 2011 (ref.')
were used for the calculation of toxic equivalents (TEQs).
For comparison, also TEQ values calculated using TEFs
valid from January 2012 (ref.'") are quoted_in the Table 1.
The TEF value for 1,2,3,4,8-PeCDF decreased from 0.05
to 0.03 and for 2,3,4,7,8-PeCDF from 0.5 to 0.3. For each
octachlorinated congener the new TEF value was set to
0.0003. With regard to dI-PCBs, from January 2012 the
TEF values were decreased for PCB-81 as well as for each
mono-ortho PCB congener to 0.00003, and for PCB-169 to
0.03 (ref.'?). From the Table 1 it is evident that using the
new TEFs, the PCDD_TEQ values are not changed for all

Table I
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type of milk, TEQ values for non-ortho PCBs are slightly
higher, and TEQ values for PCDFs and mono-ortho-PCBs
are significantly lower in comparison with TEQs calcula-
ted using TEFs valid till December 2011.

When some congener was present in the analyzed
sample at a concentration lower than its limit of detection
(LOD), the LOD was used for TEQ calculation. As can be
seen from the Table I, considerably higher median total
WHO49sTEQ PCDD/PCDF/dI-PCB values were found for
two types of milk samples acquired from small family
breeders in comparison with milk samples collected from
bigger farms. The difference in median TEQ value be-
tween milk from small family farms and bigger farm was
more than four times higher. The measurements also
showed only minimal differences in total WHO;4sTEQ
medians for cow and ship milk from bigger farms. Our
results also revealed that the mean and median
WHO90sTEQ PCDF values were moderately higher than

Summary of concentrations of PCDDs, PCDFs, non-ortho PCBs, mono-ortho PCBs and sum of PCDD/Fs+dl-PCBs in all
collected raw milk samples from small family farms (SFF) and bigger farms (BF)

Milk N  Compound pg WHO,9osTEQ g’1 fat® pg WHO,sTEQ g’1 fat®
Mean Median Min-Max Mean Median Min-Max
Cow (SFF) 15 PCDDs 0.64 0.38 0.03-2.74 0.64 0.58 0.03-2.74
PCDFs 1.53 1.28 0.26-4.06 1.05 0.85 0.17-2.85
non-ortho PCBs 4.34 4.41 0.47-8.73 4.46 4.41 0.48-9.39
mono-ortho PCBs 0.59 0.51 0.10-1.20 0.15 0.08 0.02-0.67
PCDD/Fs/dl-PCBs 7.11 6.42 0.85-16.0 6.30 6.11 0.71-15.0
Cow (BF) 16 PCDDs 0.44 0.17 0.03-3.03 0.44 0.17 0.03-3.03
PCDFs 0.90 0.40 0.21-5.37 0.63 0.27 0.14-3.89
non-ortho PCBs 1.43 0.67 0.26-6.84 1.5 0.70 0.27-7.13
mono-ortho PCBs 0.19 0.13 0.05-0.48 0.04 0.03 0.01-0.11
PCDD/Fs/dl-PCBs 2.96 1.42 0.59-14.3 2.61 1.20 0.48-13.0
Sheep (BF) 14 PCDDs 0.84 0.15 0.25-4.95 0.84 0.15 0.02—4.95
PCDFs 1.11 0.31 0.15-5.71 0.77 0.23 0.11-3.99
non-ortho PCBs 1.90 1.05 0.29-8.63 2.06 1.12 0.31-9.26
mono-ortho PCBs 0.16 0.15 0.04-0.31 0.02 0.02 0.01-0.04
PCDD/Fs/dl-PCBs 4.01 1.63 0.61-19.6 3.70 1.50 0.54-18.2
Goat (SFF) 14 PCDDs 1.21 0.42 0.06-9.20 1.23 0.42 0.06-9.20
PCDFs 2.12 0.91 0.16-10.6 1.50 0.63 0.13-7.74
non-ortho PCBs 5.66 3.32 0.45-19.7 5.93 3.48 0.47-20.5
mono-ortho PCBs 0.58 0.27 0.08-2.30 0.11 0.05 0.02-0.44
PCDD/Fs/dl-PCBs 9.57 5.42 0.77-32.6 8.65 4.81 0.78-30.1

 TEFs valid till December 31, 2011, ® TEFs valid from January 1, 2012
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Fig. 2. PCDD/Fs, dI-PCBs and PCDD/Fs/dl-PCBs in milk samples by studied areas

WHO49sTEQ PCDD values in all type of milk samples.
With respect to PCBs, significantly higher WHO99sTEQ
values were observed for non-ortho PCBs in comparison
with mono-ortho PCBs.

The most toxic congener 2,3,7,8-TCDD was detected
in thirty from fifty nine raw milk samples. 1,2,3,6,7,8-
HxCDD, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HXxCDF and
2,3,4,6,7,8-HxCDF congeners were positively detected in
more than 90% of all the samples and 1,2,3,7,8,9-HxCDF
congener was present above the LOD only in two goat
milk samples. Other PCDD/F congeners were detected in
10 to 65% of the samples. Regarding the congener profile
the highest concentration and also the contribution to the
WHO,40sTEQ PCDD/Fs showed 2,3,4,7,8-PeCDF conge-
ner (35-84%). Dioxin-like PCB congeners except PCB-81
and PCB-123 were detected in all the samples. Congener
PCB-81 was not detected in four samples and PCB-123
was not quantified due to coeluting impurities in one of
them. The mono-ortho substituted congeners, PCB-118
and PCB-156 were determined at the highest concentra-
tions, followed by PCB-105 and PCB-167. The major con-
tributors to the total WHO9osTEQ dI-PCBs in our study
were PCB-126 and PCB-156.

In Fig. 1 the graphical comparison of PCDD/F, dl-
PCB and total PCDD/F/dI-PCB concentrations expressed
as WHO99sTEQ by areas and by type of milk are present-
ed. The total TEQ values in milk samples from small
farms in areas with expected increased environmental con-
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tamination (Krompachy, KoSice, Nemeckd) were signifi-
cantly higher than in the control area. No difference in
TEQ value was observed for goat milk from area Sal'a and
control area.

With regard to cow and ship milk from bigger farms
several times higher total TEQ values showed the samples
from Krompachy and KoSice, moderately higher from
Nemecké and slightly lower for cow milk from area Sala
in comparison with control area without known local POP
source (long-range transport only).

The maximal limit for PCDD/Fs/dlI-PCBs in milk
valid till December 2011 in EU countries was 6 pg g
fat'2. The high proportion of samples above the maximal
limit of PCDD/Fs/dI-PCBs showed raw cow (8 from 15)
and goat milks (7 from 14) collected from small family
farmers.

Milk from animals originated from these small breed-
ers was not placed on the market and was ordinarily con-
sumed by the farmer’s family only, without official con-
trol. Regular milk consummation which exceeds the maxi-
mal limit of PCDD/Fs/dl-PCBs may cause intake consider-
ably exceeding the tolerable intake (14 pg TEQ/week/kg
body weight or 70 pg TEQ/month/kg body weight).

We found surprising levels above maximal limits (2—4
times higher) also in cow and ship milk from bigger farm
situated in Krompachy area where metallurgical plant re-
cycling copper scrap is located. It is needed to emphasise
that all of the analysed milk samples were gathered in the
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areas with supposed PCDD/F source. For consumer’s
health protection, milk must not exceed the value of 3 pg
TEQ.g ' fat till December 2011 for PCDD/Fs (ref.'?). The
action limit (AL) for raw milk is 2 pg TEQ.g"' fat for
PCDD/Fs and the same AL is also for dI-PCBs (ref.").
The results in this study showed that the PCDD/F action
threshold was exceeded in fourteen milk samples and in
twenty three milk samples for dI-PCBs.

Our measurements revealed that dI-PCBs contributed
to the total TEQ with higher proportion than PCDD/Fs. It
is caused by increased environmental contamination of
Slovakia by PCBs due to their past production and inten-
sive usage in our country. Also for this reason, the TEQ dI-
PCB levels in milk samples of Slovakia are in general
higher in comparison with other European countries.

The PCDD/F levels in united group of cow milk from
Slovakia are higher than in milk from Spain'*, Turkey'
and France'®, and moderately lower than those published
by Abad et al.'” for milk from Italy. Ingelido et al.'® detect-
ed in cow milk samples in farms under impact from incin-
erators lower levels than in our study for milk from factory
farms in areas with assumed environmental pollution. Re-
garding TEQ levels in ship milk, our results are higher
than those published for milk from Italy'®.

This study was aimed on the impact of selected
PCDD/F and PCB sources on environmental contamina-
tion and the transfer of these pollutants into cow, ship and
goat milk. The main exposure route of cows, sheeps and
goats to PCDD/Fs and PCBs is generally through grass.
Our results unambiguously point out that many of ana-
lyzed raw milk samples from chiefly small breeders ex-
ceeded ML EU legislation for PCDD/Fs/dl-PCBs. The
highest levels were observed in milk samples from area
Krompachy. This contributes to the presumption that me-
tallurgical industry (production of secondary copper) situ-
ated close this area could be one of the most important
sources of PCDD/F contamination of feed and food chain
and also is the significant source of exposure of general
population residing in this area. In addition, the local do-
mestic combustion of fossil fuels used to heat family hous-
es may also substantially contribute to the total PCDD/Fs/
PCBs emissions in villages of this area mainly in winter
months.

This work was supported by the Slovak Research and
Development Agency under the contract No. APVV-21-
004205. The authors would like to thank Mrs. Jarmila
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MEDICINSKE LABORATORIA A SYSTEMY MANAZERSTVA KVALITY

KATARINA JURIKOVA

Slovenska narodna akreditacna sluzba, Karloveska 63,
840 00 Bratislava 4, Slovensko
katarina.jurikova@snas.gov.sk

V stcasnosti je na Slovensku akreditovanych 26 me-
dicinskych laboratorii (ML), ktoré si zaviedli systém ma-
nazérstva volitel'ne podl'a dvoch medzinarodnych noriem:
ISO/IEC 17025: 2005 a ISO 15189: 2007. Aj ked pre
medicinske laboratoria je Specifickejsia ISO 15189: 2007,
obidve normy maji v zmysle medzinarodnych dohdd rov-
nocenné postavenie a si rovnako uzndvané multilateralny-
mi dohodami.

Zavedenie systému manazérstva kladie poziadavky na
manazment aj na odbornt ¢innost’ pracoviska. V pripade,
ak laboratdrium nie je samostatny pravny subjekt, iniciati-
va a ¢innost’ manazmentu laboratéria musi mat’ oporu
a podporu manazmentu organizacie, ktorej je sucast'ou. Ak
tomu tak nie je, plnenie viacerych poziadaviek na manaz-
ment sa stava formalnou zalezitost'ou, v niektorych pripa-
doch vedie k pasivite manazmentu laboratéria a zostava
viac-menej otdzkou $tastia, ak manazment organizacie pri
riadeni ¢innosti medicinskeho laboratéria berie do ivahy
ekonomické aj kvalitativne kritéria vyvazene. Napriek
tomu, Ze zavedenie a udrZiavanie systému manaZzérstva
kvality (SMK) znamena dost’ vel’ka ¢asova zataz, manaz-
ment ML musi informovat’ a zapojit vSetkych relevant-
nych pracovnikov, informovat’ ich o svojich ciel'och, poli-
tike astratégii a  konkretizovat  zodpovednosti
a pravomoci jednotlivych funkcii. Ide o déleziti poziadav-
ku apredpoklad na to, aby cely systém bol funkény
a efektivny.

V8etka dokumentdcia pouZivand v laboratdriu
z externych zdrojov aj interne vytvorena sa stava riadenou
a musi mat’ nalezitosti, ktoré si v akreditacnych normach
jednoznacne uvedené. Okrem originalnych navodov
amanualov sa mozu v laboratériu pouzivat’ aj skratené
postupy a /alebo navody, ktoré vSak musia byt preskiima-
né a schvalené. Tato poziadavka sa tyka aj roznych navo-
dov apostupov, ktoré nieckedy byvaji umiestnené
v laboratoériach na stenich napr. pri zariadeniach. Ak ML
uzatvara zmluvy, tieto musia byt pred ich podpisanim
preskimané a ML o ich preskiimani musi mat zdznam.
Laboratérium musi mat’ vypracovant politiku a postupy na
preskimavanie, musia sa viest zdznamy o pripadnych
zmenach dohodnutych podmienok aich opdtovnom pre-
skimani, musi sa preskiimavat’ aj praca zaddvana subdo-
dodavatel'sky alebo spolupracujucemu laboratoriu.

Patologické, histopatologické a pribuzné laboratoria
maji mat’ rutinne zavedent prax pre ziskavanie druhého
nazoru. V tejto suvislosti maju mat’ spracovany postup na
hodnotenie a  vyber spolupracujicich laboratérii
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a konzultantov, maju mat’ dohodnuté podmienky spolu-
prace a viest' zdznamy o preskiimaniach dohodnutych pod-
mienok spolupréce.

K néstrojom na zlepSovanie kvality ML patri aj pre-
ventivna c¢innost, ktord mé& byt nielen planovana
a zdokumentovand, ale aj monitorovana a kontrolovana
sposobom, ktory preukazuje G¢innost’ vykonanych preven-
tivnych Cinnosti. Laboratdria vykonavaji internu kontrolu
kvality a zacCastiuju sa aj externého hodnotenia kvality, ale
stava sa, ze na zaklade zaznamenanych tdajov neanalyzu-
ju trendy a rizika a nevykonavaji napravné opatrenia.

ML ma mat’ vypracovany plan ¢innosti, ktory obsahu-
je vsetky postupy a nastroje aplikované v laboratoriu na
zlepSenie, medzi ktoré patria napr. aj indikatory kvality.
Relativne dlhé obdobie sa ocakavalo, Ze ich pre ML urci
regulator. Ich definovanie vSak zostalo na rozhodnuti ma-
nazmentu ML, ktory ich musi pravidelne hodnotit’
a flexibilne prispdsobovat’ tak, aby bolo mozné konstato-
vat’ trvalé zlepSovanie Cinnosti ML.

Pokial’ ide o pracovnikov, ISO 15189 pozaduje, aby
riaditel’ alebo jeho zéstupca definoval Standardy vykonov
a zabezpelil ich nasledné monitorovanie; aby laborato-
rium malo dostatok kvalifikovanych pracovnikov
s vhodnym a dokumentovanym vzdelanim, praxou a sku-
senost’ami. Laboratérium musi mat’ vypracovany priebez-
ny  vzdeldvaci  program s konkrétnymi  Udajmi
o planovanych vzdelavacich ¢innostiach, ktory je dostupny
pre pracovnikov na vSetkych trovniach.

Medicinske laboratorium aj v pripade, ze nevykonava
odbery vzoriek, je zodpovedné zasledovanie Casu
a podmienok transportu vzoriek. V zdujme vlastnej ochra-
ny ML musi mat’ zdznamy preukazujice, kedy bola vzorka
odobrana — datum a ¢as odberu, aj zdznamy dokazujuce,
kedy (datum a ¢as) bola vzorka prijatd do laboratoria. Ak
ma laboratérium viaceré zberné miesta, a vySetrenia sa
vykondvaju v centrdlnom laboratoriu, zo zdznamov sa
musi dat’ jednoznacne zistit’, kedy boli vzorky na zbernych
miestach prijat¢ a pripadne spracované akedy boli
v laboratdriu vySetrené. Ak ide o vzorky citlivé na teplotu,
laboratérium musi pri prijme sledovat’ a zaznamenavat
teplotu transportu. Na tto ¢innost’ je postacujlce, ak sa
pouzivaju pracovné meradld. Usporiadanie priestorov
a podmienky prostredia laboratoria musia byt vhodné pre
vykondvanu Cinnost’, ale musi sa pamaétat’ aj na to, ze ma
byt pohodIné a bezpecné aj pre pracovnikov.

Poziadavku, aby laboratérium malo spracovany zoz-
nam svojich vySetrovacich postupov obsahujlici aj pozia-
davky na primarne vzorky, laboratoria plnia publikovanim
v laboratdrnej prirucke a/alebo na svojej webovej stranke.
Vsetky pouzivané vySetrovacie postupy musia byt’ valido-
vané. Laboratérium musi mat’ k dispozicii validacné cha-
rakteristiky zvolené podla ucelu pouzitia vySetrenia
a musi vediet’ preukazat’, Ze pred tym, ako sa zacal postup
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rutinne pouZivat, bol preskiimany a potvrdilo sa, Ze dosa-
huje deklarované validacné parametre a postup pouziva
spravne. VSetky postupy sa pravidelne, najmenej raz rocne
maju preskimavat’ s vyhotovenim zaznamu o preskumani
a zavere. Pravidelne sa musi kontrolovat’ aj vhodnost’ bio-
logickych referencnych intervalov. Podnetom ma byt napr.
zmena vySetrovacieho postupu, zmena zariadenia, zmena
postupu pred vySetrenim.

Oznamovanie vysledkov na Vysledkovych listoch ma
spiiiat’ poziadavky uvedené v normach: okrem vysledkov,
v SI jednotkach alebo v nadvéznych jednotkach — ak je
relevantné, laboratéria moézu uvadzat aj poznamky
a komentare, ako aj interpretaciu vysledkov, priom ma
byt jasne uvedené, Ze ide o interpretaciu a ak ma laborato-
rium zavedny systém manazérstva kvality podl'a ISO/IEC
17025, interpretacie musia byt zrete'ne oznacené. Na vy-
sledkovom liste musi byt uvedené aj meno, funkcia
a podpis schval'ujicej osoby alebo aj identifikacia osoby,
ktora schval'uje uvolnenie Spravy (ISO 15189).

Okrem vsetkych normami pozadovanych informacii
v pripade akreditovaného pracoviska Vysledkovy list musi
obsahovat’ informaciu o tomto statuse: akredita¢nt znacku,
ktora ma predpisané nalezitosti a podmienky pouzivania
publikované v MSA 02. Vysledkovy list mdze obsahovat’
iba slovny odkaz na akreditaciu.
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Aj ked kapitola Etika v laboratérnej medicine je
oznacena ako informativna priloha normy ISO 15189 a to
z dovodu, Ze nejde o plnenie akreditacnych poziadaviek,
vSetci pracovnici medicinskeho laboratdria su viazani etic-
kym kodexom svojej profesie. Zakladnym principom zdra-
votnickej etiky ma byt dobra a nediskriminativna starostli-
vost' o pacienta. Podobne vzhladom na skutoCnost, Ze
laboratorny informacny systém (LIS) je pouZzivany ako
vel'mi dolezity pracovny néstroj, norma ISO 15189 obsa-
huje aj Odporti¢ania na ochranu LIS ako informativnu
prilohu.

Na zaver je vhodné uviest, ze posudzovanie zhody
tretou nezéavislou stranou, ktorou je narodny akreditany
organ, na Slovensku SNAS, je v stcasnosti podporené
platnou legislativou. Ide o Nariadenie EP a Rady 765/2008
ako aj o zakon 505/2010 Z.z. O akreditacii. V nedavnej
sucasnosti bol publikovany dokument EA 2/13, na zaklade
ktorého zatala EU pouzivat’ kooperaciu s eurdpskou akre-
ditaciou v regulovanej oblasti. Takto nasmerovanému
trendu hodnotenia a posudzovania kvality sa nevyhnu ani
medicinske laboratoria na Slovensku.
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ODHAD NEISTOTY VYSLEDKOV MERANIA VYPLYVAJUCI Z ODBERU VZORKY

JOSEF KALAS

Jjosef.kalas.post@gmail.com

O skuto¢nosti, Ze odber vzoriek ma na vysledky me-
rani znacny vplyv, Casto o vela vyznamnejsi ako pouzita
analyticka metdda, nikto asi nepochybuje. Trochu zlozitej-
$im problémom vsak zrejme bolo a je kvantitativne vyjad-
renie odhadu neistoty vyplyvajicej z odberu vzorky. Na
odber vzoriek roznych komodit existuje znaéné mnozstvo
Standardizovanych alebo legislativne predpisanych postu-
pov a vzorkovacich planov. Zial,, tieto postupy sa nezaobe-
raji neistotami. O tie sa zaujimaji a s nimi pracuji ini
Pudia, vacsinou zamerani na laboratornu &innost. Dal§im
problémom bolo, Zze az do roku 2007 nebol k dispozicii
ziaden navod alebo pokyn, ako tieto neistoty realne stano-
vit. Az vtomto roku vydal EURACHEM v spolupraci
s EUROLAB, CITAC, Nordtest a UK RSC Analytical
Methods Committee dokument ,,Neistota merania vyply-
vajuca z odberu vzoriek. Pokyny na metody a pristupy*'.
Tento pomerne rozsiahly dokument je urceny Specialistom,
ktori sa zaoberaju problematikou vzorkovania alebo od-
hadmi neist6t merania vo vztahu k vzorkovanému objektu
(,,sampling target®). Je zamerany na stanovenie neistoty
tykajlicej sa zmesnej vzorky (“composite sample”) ovplyv-
nenej vSetkymi krokmi odberu, Upravy a pripravy vzorky.
Uvadza dva hlavné pristupy:

a) empiricky — na zéklade opakovaného odberu vzoriek,

b) modelovy — na zaklade identifikacie a sumacie kazdé-
ho kroku od vlastného odberu cez upravu vzorky az
po pripravu nej vzorky a analyzu.

Oba pristupy sa povazuju za rovnocenné a mézu sa
vzéjomne dopliiat. Okrem vykladu ako stanovit' neistoty,
sa tento document zaobera relativne dokladne aj termino-
logiou, validaciou vzorkovania, zabezpeCenim kontroly
kvality vzorkovania, porovnanim odberu vzoriek aich
analyz z hl'adiska finan¢nych nakladov, volbou najucel-
nejSieho pristupu ku vzorkovaniu a analyze (fitness for
purpose) a v prilohach uvadza aj nazorné rieSenia stanove-
nia neistdt v Siestich prikladoch z praxe.

Nasledne bolo vydanych niekol'ko d’alsich dokumen-
tov zameranych na tuto problematiku, z ktorych

Tabulka I

k najzaujimavejsim patria technické spravy EUROLAB? ,

NORDEN?®, AMC*, ako aj EURACHEM>®.

Zavedenie odhadov neist6t vysledkov merania vyply-
vajucich z odberu vzoriek do realnej praxe vsak zrejme
prinesie aj niektoré otdzky a mozno aj problémové situa-
cie. Napriklad, v akom vztahu bude preberanie davky
alebo dodavky Statistickou prebierkou tovaru meranim
podla ISO 3951, kde sa s neistotami merania neuvazuje, k
pripadne stanovenej neistote vysledku merania sposobenej
odberom? Pri zavedeni rozsirenia neistot vysledkov mera-
nia o vplyv odberu vzoriek bude zrejme potrebné zamys-
liet’ sa aj nad jednotnym a jednozna¢nym vyhodnocovanim
prekrocenia limitov a prislusne poucit’ zainteresované stra-
ny. Bude zrejme potrebné doriesit’ aj niektoré d’alSie prob-
1émy stvisiace napriklad s akreditaciou:

— ak bude akreditované skusobné laboratorium preberat’
vzorky od akreditovaného inSpekéného organu
(akreditacia vzorkovania) alebo neakreditovaného
organu — akym spoésobom bude mozné preberat’ stano-
vené neistoty vzorkovania?

— ako uvadzat’ celkova neistotu merania (vyplyvajicu
z odberu ako aj z Gpravy vzorky a analyzy), ak je ska-
Sobné laboratérium akreditované iba na skusSanie?

—  kto zabezpeci $kolenia na jednotnt aplikaciu pokynov
EURACHEM?

Dalsou komplikiciou je skutoénost, Ze v ostatnom
case doslo vo svete k urcitému posunu v definiciach met-
rologickych terminov v oblasti merania, ¢o sa prejavilo
napriklad v 3. vydani Medzinarodného metrologického
slovnika — Zakladné a vSeobecné koncepcie a suvisiace
pojmy (VIM 3)". Reakcie na tato skutoénost je mozné
n4jst v odbornych terminologickych materidloch napr.
AMC?, EURACHEM’, v metrologickej terminolégii vyda-
nej SEKK, spol. s r.o., a EURACHEM CR' a v STN 01
0115:2011. Tabul'ka I dokumentuje, Ze tento posun sa nie
je vzdy rovnako prekladd do ndrodnych jazykov, ¢o vedie
k rozdielnej Ceskej a slovenskej terminologii v tejto oblasti.

Na zéklade uvedeného bude pravdepodobne potrebné
vazne sa zamysliet’ nad:

— uzitonostou jednozna¢nych a jednotnych prekladov
metrologickej terminoldgie v Cestine a slovencine,

— vhodnym usmernenim akreditovanych subjektov pri

Vybrané ,.citlivé” terminy, ktorymi sa liSia Ceskd a slovenskd terminologia

VIM 3

EURACHEM CR

STN 01 0115:2011

Measurement trueness
Measurement accuracy
Measurement precision

Measurement bias

Pravdivost méfeni
Piesnost méfeni
Preciznost méfeni

Vychyleni méfeni

Pravdivost’ merania
Spravnost’ merania
Presnost’ merania

chyba termin
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vyuzivani a oznamovani neistét vysledkov merania
vyplyvajucich z odberu vzoriek,

zvézenim jednotného postupu pri pouzivani neistot
vysledkov merani rozsirenych o vplyv odberu vzoriek
pri posudzovani redlnych vzorkovanych objektov.

LITERATURA

1.

EURACHEM/CITAC: Measurement uncertainty ari-
sing from sampling. A guide to methods and approa-
ches, EURACHEM/CITAC, 2007.
www.eurachem.org.

EUROLAB Technical Report No. 1: Measurement
uncertainty revisited. Alternative approaches to un-
certainty evaluation, EUROLAB, 2007.

NORDEN - Nordic Innovation Centre — NT Techni-
cal report TR604: Uncertainty from sampling —
a nordtest handbook for sampling planners on sam-
pling quality assurance and uncertainty estimation
based wupon the FEurachem international guide
., Estimation of measurement uncertainty arising from
sampling”, approved 2007 — 06.

s195

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

10.

Lectures

AMC Technical briefs: Measurement uncertainty
arising from sampling: the new EURACHEM guide,
AMCTB No. 31, 31 July 2008.

Vilimec J.: Nejistota vzorkovani jako soucdast nejistoty
meéreni, Zpravodaj EURACHEM CR, ¢&islo 43, anor
2009.

Kotinek P.: Odhad nejistoty méreni vyplyvajici
z odbéru vzorku, Zpravodaj EURACHEM CR, &islo
38, cerven 2007.

International Vocabulary of Basic and General Terms
in Metrology (VIM), 3rd ed., Bureau International des
Poids et Mesures, Geneva, 2008. www.bipm.org/en/
publications/guides/vim.html.

AMC Technical briefs: Terminology — the key to un-
derstanding analytical science, Part 2: Sampling and
sample preparation. AMCTB No. 19, 19 March 2005.
Bernat P., Kohout P., Plzak Z., Vencelides Z., Vilimec
J.: Terminologie vzorkovani, Metodicky list 4, EURA-
CHEM CR, 2010.

Metrologicka terminologie v klinické a analyticke
laboratori, SEKK, spol. s r.0., a EURACHEM CR,
2009.



Chem. Listy 106, s196—s198 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

VODA OVPLYVNILA MOJE CHROMATOGRAFICKE STANOVENIE?!

PETRA KOTIANOVA* a ZUZANA
CEJPKOVA

Merck, spol. s r.o., Na Hrebenech 11, 1718/10, 140 00 Pra-
ha 4, Ceska republika
petra.kotianova@merckgroup.com

Uvod

HPLC je jednou z najbeznejSie pouzivanych analytic-
kych metdd sucasnosti. Uplatnenie tejto metody je velmi
rozsiahle. Stretneme sa s fiou vo farmacii, potravinarstve,
environmentalnej, forenznej, klinickej analyze, vo vy-
skume na akademickych pracoviskach atd’. Pre plné vyuZzi-
tie vyhod HPLC a od nej odvodenych technik ako LC-MS
a UHPLC je nevyhnutné mat’ k dispozicii rozpustadla
a ¢inidla, ktoré spifiajii najvyssie standardy kvality.

Mobilnou fazou pri HPLC na reverznych fazach je
zmes vody (100% voda, voda s pridavkom modifikétora,
alebo pufor) a organické rozpustadlo. K dispozicii st via-
ceré typy alebo stupne Cistoty rozpustadiel balenych vo
flasiach pre HPLC, LC-MS, UHPLC-MS. Kvalita jednot-
livych vyrobkov sa tazko porovnava na zaklade certifika-
tov o analyze, pretoze kazdy vyrobca sleduje iba vybrané
parametre. Metodika a inStrumentacia na stanovenie toho
ktorého parametra moéze byt rdozna. NavySe niektoré para-
metre dolezité pre dany typ analyzy nemusia byt vobec
sledované. V pripade vody pre chromatografické ucely to
byva napr. obsah TOC.

Spolahlivym zdrojom vody je ultradista voda
z G¢inného purifikaéného systému. Moderné laboratorne
zariadenia maju v podstate modularny charakter, a tak si
mozno zvolit' kombinaciu purifikacnych krokov pre ziska-
nie vody s vyhovujlicou kvalitou pre dany analyticky ucel.
Okrem mnozstva moznosti purifikacnych krokov od pred-
Cistenia, cez purifikaciu, po kone¢né docistenie na filtroch
si je mozné pri zariadeniach Merck Millipore zvolit’ také
usporiadanie, ktoré nebude zaberat' inak vyuzitelny prie-
stor na laboratérnom stole. Vyhodou pripravy vody priamo
v laboratoriu je jej Cerstvost’ a on-line kontrola dolezitych
parametrov ultracistej vody opustajucej purifikacné zaria-
denie.

Kontaminanty vody a sp6soby ich odstranenia

Voda méze byt kontaminovana:
a) i6onmi,
b) organickymi latkami,
¢) tuhymi Casticami,
d) koloidmi,
¢) baktériami,
f) rozpustenymi plynmi.

Pritomnost’ kontaminantov mdze spdsobovat’ upchatie
fritiek, zanasanie porov kolony, akumulaciu organickych
latok na kolone, atym dochadza k zniZeniu separacnej
ucinnosti kolony, zvyseniu zakladnej linie, pritomnosti neo-
¢akédvanych pikov. Moze prijst’ k ovplyvneniu LOD, LOQ),
ovplyvneniu signalu detektora a v dosledku toho aj k ne-
spravnemu vyhodnoteniu chromatografického zaznamu.

Metddy na odstranenie kontaminantov zahfnajt: jed-
noducht a viacnasobnu destilaciu, deionizaciu na ionome-
niCoch, elektrodeionizaciu, reverzni osmozu, foto-
oxidaciu, zachytavanie necistét na aktivnom uhli, ¢i d’al-
Sich Specialnych filtroch. Kazda z tychto technologii tipra-
vy vody je inak U¢innd pre odstranenie vymenovanych
druhov kontaminantov, apreto purifikacné systémy Merck
Millipore vyuzivaju kombinéciu viacerych principov pre ziska-
nie ultracistej vody (voda typu 1) z pitnej vodovodnej vody.

Parametre vody pre chomatografiu

O kvalite vody pre analytické Gcely pojedndva norma
STN EN ISO 3696': Kvalita vody na analytické ucely.
Specifikacia a skuSobné metdody (ISO 3696:1987), podla

Tabulka I
Parametre kvality vody — 1. stupeil kvality podl'a STN EN
ISO 3696 (cit.") a Merck Millipore

STN EN ISO 3696

Parameter 1. stupeii
kvality

hodnota pH (25 °C) nemeria sa

konduktivita, mS/m (25 °C), max. 0,01

oxidovatel'né latky, kyslik (O) mg/L, nemeria sa

max.

absorbancia pri 254 nm v kyvete s op- 0,001

tickou dlzkou 1 cm, absorbancia, max.

odparok pri 110 °C, mg/kg, max. nemeria sa

oxid kremicity, mg/L, max. 0,01

Merck Millipore

Kontaminant typ 1

rezistivita, MQ.cm * > 18

TOC, ppb <10

pyrogény, Eu/mL < 0,003

Castice > 0,2 um <1

kremik, ppb <10

baktérie, cfu/mL <1

* rezistivita 18 MQ.cm odpoveda konduktivite 0,055 pS/
cm, t.j. 0,0055 mS/m



Chem. Listy 106, s196—s198 (2012)

ktorej rozoznavame tri stupne kvality vody. Pre chromato-
grafické ucely je vhodna voda 1. stupna kvality (najvyssi
stupen Cistoty), ktora ma byt bez rozpustenych alebo kolo-
idnych anorganickych a organickych necistot a vyhovuje
prisnym analytickym poziadavkam. Ziskava sa d’alSou
upravou vody 2. stupna kvality.

Stupne kvality laboratornej vody st definované pri-
slusnymi legislativnymi a profesnymi autoritami, a teda
celosvetovo sa mozeme stretnut’ sroéznymi definiciami
Cistoty vody, kritériami a metédami na jej posudzovanie.
Merck Millipore posudzuje kvalitu vody na zaklade pri-
tomnosti sledovanych kontaminantov. Rozdel'uje kvalitu
vody do troch skupin stym, Ze najvyssi stupeil Cistoty
oznacuje ako typ 1. Porovnanie pozadovanych parametrov
podl'a STN EN ISO 3696 a Merck Millipore pre najvyssi
stupen kvality/Cistoty vody st uvedené v tab. 1.

Zariadenie vhodné na pripravu ultracdistej vody
pre HPLC

Z vyssie uvedeného je zrejmé, Ze iba pouzitim via-
cerych krokov purifikdcie a kombinaciou viacerych tech-
nologii je mozné ziskat’ z pitnej vody ako vstupnej surovi-
ny ultra¢ista vodu, vodu typu 1, vhodnu pre chromatogra-
fické ucely. V prvom kroku, preduprave, dochadza
k odstraneniu 95-99 % kontaminantov pdévodne pritom-
nych vo vode. V naslednom cistiacom kroku st odstranené
zvysky kontaminantov. Jednotlivé techniky upravy vody
musia byt’ v tychto krokoch zoradené v optimalnom pora-
di, aby bola zabezpecena vyroba vody najvyssej Cistoty.

Voda typu 1 by sa mala pouzivat’ vzdy Cerstva, aby
bolo zarucené, ze parametre sa od odberu ultracistej vody
z purifikaéného zariadenia po jej pouzitie nezmenia. Pri-
klad usporiadania systému Merck Millipore uréeného na
vyrobu ultradistej vody pre chromatografické ucely?, ktoré
reSpektuje tato zasadu je na obr. 1. K preduprave dochadza

r
|
| Predcisténi
I .

Elix technologie - voda typ 2
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v zariadeni Elix®, ktoré vyuziva filtraciu, reverzni osmo-
zu, elektrodeionizaciu a foto-oxidaciu na pripravu vody
typu 2 zpitnej vodovodnej vody. Voda je zbierana
v zasobniku, odkial' v momente potreby vody odchadza na
Cistiaci krok. Voda skladovana v zasobniku v uréitych
intervaloch medzi odbermi recirkuluje aby sa obmedzili
mozné nepriaznivé vplyvy pri jej dlhodobejsom skladova-
ni v zasobniku. Cistiaci krok v zariadeni Milli-Q® pozosta-
va z deionizacie, foto-oxidacie, precisteni na aktivnom uhli
a zaverecnej filtracie.

Moznosti usporiadania systému je niekolko. Spomi-
nané usporiadanie dvoch zariadeni za sebou ma pre uziva-
tel'a vyhodu aj v tom, Ze spéaja zariadenie na vyrobu vody
nizsej kvality, pouzivanii napr. na umyvanie skla, alebo

Obr. 2. Jedna z moZnosti priestorového usporiadania purifi-
katného systému Milli-Q® Integral

lonex + aktivni uhli

| |

| |

| |

g ! B H |

| | |

! | Méreni |

[ i rezistivity |

; | \ I |

| L 5 ] l
| Momtor ‘ T

Ultradista v.

UV 254,
%

0,2 um

Milli-Q - voda typ 1

Obr. 1. Schéma zariadenia na pripravu ultracistej vody vhodnej pre HPLC
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pripravu pufrov (vyZaduje sa typ 2) so zariadenim na vyro-
bu ultracistej vody pre chromatografické tcely. Pri dosta-
tocnom objeme zisobnika a kapacite zariadeni je teda
mozné pokryt’ potrebu na vodu pre vsetky ucely laborato-
ria. V pripade, Ze mé uZzivatel k dispozicii zariadenie na
vyrobu vody typu 3 alebo 2, umoziuje jeho rozsirenie na
vyrobu vody pre chromatografické ucely. V sucasnosti st
dostupné aj zariadenia, ktoré spajaji tieto dve do jedného.
V roku 2008 bol uvedeny na trh systém Milli-Q" Integral’.
Kapacita vyroby vody typu 1, resp. 2 (podl'a miesta odbe-
ru) je u jednotlivych modelov 70, 120, 240, alebo az 320
L, pri produkcii ultraéistej vody prietokom od 0,05 do 2 L/
min. Samotné zariadenie a aj zasobnik mozu byt’ pod labo-
ratornym stolom, ¢i uchytené na stene. Takto moze byt
tento moderny purifikaény systém umiestneny aj
v mensich laboratoriach, kde nezabera priestor na pracov-
nom stole (obr. 2).

Zaver

Kvalita rozpustadiel je jednym z kritickych paramet-
rov pri HPLC, nakolko ovplyviluje analytické stanovenie.
Jednou zo zloziek mobilnej fazy pri RP-HPLC je voda,
ktort je potrebné pouzivat' rovnako ako ktorékol'vek iné
rozpustadlo v prislusnej kvalite, zbaveni kontaminantov.
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Pri UHPLC a LC-MS sa otazka kvality vody ako rozpus-
tadla stava eSte vyznamnejSou. Vodu vyhovujicej kvality
pre chromatografické ucely mozno pripravit U¢innym
purifikanym zariadenim priamo v laboratériu. Vyhodou
je moznost’ vybrat’ si systém, ktory produkuje vodu najlep-
Sie vyhovujicu konkrétnym poziadavkam, moznost’ kon-
troly dolezitych parametrov, Cerstvost’ pripraveného roz-
pustadla. Na jednej stane existuji systémy, ktoré
z predupravenej vody (typ 2, 3) vyrabaju ultracista vodu
(typ 1). Na druhej strane zariadenia ako Milli-Q® Integral,
ktoré dokazu z pitnej vodovodnej vody vyrobit' ultraisti
vodu a zaroven variabilitou usporiadania reSpektovat na-
roéné poziadavky uZzivatela na priestorové usporiadanie
laboratéria.
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Stanoveni aktivity enzyml je vyznamnym zdrojem
informaci pro zékladni i aplikovany vyzkum v oboru bio-
chemie a molekularni biologie. Diky tomu, Ze i malé zmé-
ny v aktivit¢ enzym mohou vést k vaZznym poruchdm
metabolismu, ristu nebo reprodukce, ma stanoveni aktivi-
ty enzymu velky vyznam také v medicin€. Spolehlivé me-
tody stanoveni enzymové aktivity mohou byt nasledné
vyuzity ke v€asné diagndze fady zavaznych onemocnéni,
jako jsou rakovina moc¢ového méchyie' a slinivky bfidni%,
nebo Gaucherova choroba’.

Pro stanoveni enzymové aktivity se v praxi nejcastéji
pouziva absorpéni nebo fluorescencni spektrometrie ve
viditelné a UV oblasti spektra. Pro tyto metody existuji
komercni Ctecky schopné zpracovat az 1536 vzorkd
v jednom bé¢hu. Spektrometricky pfistup je vyhodny hlav-
n¢ diky své jednoduchosti a rychlosti. Na druhé strané je
takto moZné stanovovat pouze aktivitu enzymd, jejichz
substraty a produkty se vyrazné lisi svymi spektrometric-
kymi vlastnostmi, tak aby bylo moZné ob¢ latky v reakcni
smési od sebe odlisit. Pokud je vsak, jako je tomu v této
praci, substratem oligomer a enzym jej Stépi na monome-
ry, jsou rozdily v absorpci i fluorescenci mezi obéma lat-
kami minimalni. V takovém pfipad€ existuji dvé mozna

feSeni. Jednim z nich je vyuzZiti, takzvaného chromo- nebo
fluorogenniho substratu, tedy latky, ktera je podobna sub-
stratu, jeden z produkti jejiho Sté€peni vSak absorbuje zate-
ni nebo fluoreskuje. Nevyhodou tohoto postupu je fakt, ze
pracuje s nepfirozenym substratem a aktivita enzymu vici
nému se muze liSit od aktivity vici substratu pfirozenému.
Pokud chceme mit jistotu, kterou poskytuje prace se sku-
teCnym prirodnim substratem, musime sahnout po jiné
analytické metod€. V takovém piipadé se jako vyhodné
jevi separacni metody, které jsou schopny rozlisit latky
ina zakladé jemnych rozdild v jejich struktufe, polarité,
velikosti apod. Ze separacnich metod se pro stanoveni
enzymové aktivity nejvice osvédcila kapilarni elektroforé-
za, predevsim diky jeji rychlosti, ale také diky velké flexi-
bilité. Existuji dvé =zakladni provedeni ,online*
a ,,offline***. P¥i praci v rezimu offline probiha enzymova
reakce v mikrozkumavce nebo vialce v objemu nékolika
desitek  mikrolitri.  Davkovani amiseni enzymu
a substratu, stejné tak jako ¢asovani reakce, pfitom provadi
operator. Prace v elektroforetické kapilare, ktera na rozdil
od chromatografické kolony neni naplnéna stacionarni
fazi, umoznuje zavedeni odd€lenych zon substratu
a enzymu, jejich promiseni, provedeni enzymové reakce
a separaci produkt pfimo uvniti' kapilary a to zcela auto-
maticky. To je principem online modu. Takovato automa-
tizace celého procesu pfindsi kromé& zvySeni vykonu také
vyhody omezeni rizika ztraty nebo zneciSténi vzorku
a zvySeni reprodukovatelnosti.

Tato prace predstavuje aplikaci kapilarni elektroforé-
zy pro stanoveni enzymové aktivity B-N-acetylhexos-
aminidasy vuéi N,N',N‘‘triacetylchitotriose a N,N*-
diacetylchitobiose jako substratu. Trimerni chitotriosa je
enzymem Stépena na dimerni chitobiosu, ktera je dale sté-
pena na konecny produkt, monomer N-acetylglukosamin.

12
chitotriosa

81 chitobiosa GIcNAc
©
< 4

*
Y ——
11 12 13 14 15
¢as [min]

Obr. 1. Separace V,N‘,N‘“triacetylchitotriosy, N,N‘diacetylchitobiosy a N-acetylglukosaminu (GlcNAc). 25 mM tetraboritan sodny,

pH 10,0; 12 kV; 25 °C; kifemenna kapilara 75 pm ID, 65,0/56,5 cm
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Obr. 2. Sledovani pribéhu Stépeni N,N‘,N‘-triacetylchitotriosy B-/V-acetylhexosaminidasou prostfednictvim opakovanych nast¥i-

ki reakéni smési v pétiminutovych intervalech

V této praci je prezentovan vyvoj a optimalizace metody
pro soucasné elektroforetické stanoveni vSech tii latek.
Samotna separace pracuje se zakladnim elektrolytem obsa-
hujicim boritanovy anion. Ten vytvéii zdporn€ nabité este-
ry se sacharidovymi analyty a umoznuje tak jejich separa-
ci, kterd je uk4zana na obr. 1.

Pti praci v offline uspofadani byla enzymova reakce
provadéna ve vialce v objemu 40 pl. Naslednd separace
trvala 15 minut. Tato pomérné dlouha doba trvani analyzy
byla zkridcena opakovanymi nastfiky vzorku do bézici
analyzy, coz umoznilo provést 10 analyz béhem jedné
hodiny a zcela automaticky sledovat prubeh reakce analy-
zou vzorku reakéni smési odebiranych v pétiminutovych
intervalech. Takové sledovani reakce je ukazano na obr. 2.

Stanoveni enzymové aktivity v online uspofadani lze
provadét neékolika zplisoby. Jsou-li zndmy elektroforetické
pohyblivosti enzymu i substratu, je mozné vypocitat napéti
a dobu, po kterou musi byt vlozeno, aby doslo k piekryti
oddélené nadavkovanych zén substratu a enzymu. Necha
se probéhnout reakce a opétovnym vlozenim napéti se od
sebe odseparuji vznikly produkt, zbyly substrat a enzym.
Ve vétsine piipadi vSak elektroforetické pohyblivosti zkou-
manych latek nezname. Proto se vyuZivaji tzv. ,,at-inlet” me-
tody®, pfi nichz se zony substratu a enzymu nadavkuji
bezprostifedné za sebou a reakce probiha pouze v prostoru,
kde se zony prekryji difuzi. Novinkou v této oblasti je
pfistup nazvany ,,Transverse Diffusion of Laminar Flow
Profiles®, zkracené TDLFP’. Tato technika je zaloZena na
pfedpokladu, Ze z6ny naddvkované dostatecné velkym
tlakem mayji parabolicky profil a jejich promiseni prostied-
nictvim diflize napfi¢ kapilarou je mnohem rychlejsi, nez
difize podélna. Na zakladé téchto predpokladd je mozné
nalézt potadi a délku dadvkovanych zon, které umozni zis-
kat dobife promichanou reakéni smés se znaimymi koncen-
tracemi reaktantd. S vyuzitim tohoto modelu byla vyvinuta
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online metoda stanoveni aktivity [(-N-acetylhexos-
aminidasy. Vyhodou TDLFP pfistupu je, Ze reakce mize
probihat v zon¢ obsahujici citratovy pufr o pH 4,5, zatimco
néaslednd separace probihd, stejn€ jako v piipadé offline
metody, v boratovém pufru o pH 10,0. Dalsi vyhodou je
minimalni spotfeba enzymu i substratu diky tomu, Ze pro
jedno méfeni se pouzije pouze nekolik desitek nanolitri
roztokil obou latek.

Prace vznikla za financni podpory Univerzity Karlovy

v Praze (projekt ¢. SVV 2012-265201), GAUK (projekt
710) a Ministerstva Skolstvi, mladeze a télovychovy
(projekt MSM0021620857).
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Kapilarni z6énova elektroforéza je Siroce vyuZivanou
elektromigraéni metodou vhodnou k analyze latek nesou-
cich naboj'. Mezi nejéastéji studované analyty patii anor-
ganické kationty a anionty, dale napt. aminokyseliny, pro-
teiny ¢i enzymy. Hlavni vyhodou kapilarni zénové elektro-
forézy je vysoka ucinnost separace latek i v pomérné slozi-
tych matricich, mala spotieba jak analyzovaného vzorku,
tak separa¢niho pufru a v neposledni fadé moznost spojeni
s hmotnostnim spektrometrem. Ackoli mezi vhodné analy-
ty patii itada 1éCiv a ucinnych latek, ve farmaceutickém
prumyslu je stile dominantni separa¢ni metodou vysoko-
ucinna kapalinova chromatografie.

Magnetickd rezonance se v poslednich letech stala
absolutné béznou diagnostickou metodou pouzivanou ke
zobrazovani mé&kkych tkani®. K dosazeni lepsiho zobrazeni
je pacientovi pred vlastnim vySetfenim podana kontrastni
latka zaloZena vétSinou na slouceniné gadolinia. Pro pou-
ziti v klinické praxi musi byt tento pro ¢lovéka znacné
toxicky kov aplikovan ve formé vysoce stabilniho kom-
plexu. Nejcasté&ji pouzivanymi ligandy pro ptipravu kon-
trastnich latek jsou polyamino polykarboxylaty, které diky
svému polydentatnimu charakteru tvoii extrémné stabilni
komplexy s nizkym rizikem uvolnéni toxického kovu.
Tyto ligandy 1ze rozdélit do dvou zékladnich skupin. Prvni
skupinou jsou slouceniny s otevienym fetézcem odvoze-
nym od struktury DTPA (kyselina diethylenetriaminpenta-
octova, obr. 1), jejichz pouziti je vSak v souc¢asné dobé na
ligandy na bazi DOTA (kyselina 1,4,7,10-tetraaza-
cyklododekan-1,4,7,10-tetraoctova, obr. 2). Poslednim
trendem ve vyvoji kontrastnich latek je piiprava tzv. cile-
nych kontrastnich latek®. Takové kontrastni latky maji na
komplexujici ligand navazanu jesté skupinu, ktera se se-
lektivné vaze na urcity typ tkané (napf. nador, kosti atd.).
Tim je ovlivnéna biodistribuce kontrastni latky v téle a je
mozné pouzit vyrazné mensi mnozstvi kontrastni latky pro
dosazeni stejného kontrastu.
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Obr. 1. Struktura DTPA
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Obr. 2. Struktura DOTA

Obecnym problémem pripravy makrocyklickych kon-
trastnich latek pro zobrazovani magnetickou rezonanci je
jejich pomérné slozita, casto nékolikastupnova syntéza
s pomérné nizkymi vytézky. To je mimo jiné zptisobeno
i obtiznym ¢isténim jednotlivych reakénich meziprodukti.
Vedle Z4dané latky totiz nelze zabranit vzniku vedlejSich
produktt s velmi podobnymi vlastnostmi. Bé€zné pouziva-
né metody organické analyzy (tenkovrstva chromatografie,
nuklearni magneticka rezonance atd.) ¢asto nejsou schop-
ny poskytnout jasnou odpovéd na otazku kolik a jakych
produkti je v danou chvili pfitomno v reakéni smési.
V minulosti sice byla publikovdana metoda vyuzivajici
vysokoucinnou kapalinovou chromatografii k separaci
ligandi vhodnych pro pfipravu kontrastnich latek, kvali
iontovému charakteru studovanych latek vsak bylo tfeba
pouzit malo béznou staciondrni fazi a pro rutinni analyzy
neni piilis vhodna®.

V ramci této prace byla vyvinuta a zoptimalizovana
metoda vyuzivajici kapilarni zénovou elektroforézu pro
sledovani pribéhu klicovych krokii syntézy novych cile-
nych kontrastnich latek pro magnetickou rezonanci. Nami
vyvinutou metodou je mozné nejen identifikovat, ale také
kvantifikovat jednotlivé reakéni meziprodukty a produkty
béhem méné nez 15 minut. Metoda byla otestovana na
redlnych reak¢nich smésich a upravena tak, aby nevyzado-
vala zadnou piedipravu vzorku. Ziskand data je mozné
pouzit k dalSi optimalizaci pfipravy kontrastnich latek
a predevSsim ke zvySeni vytézkd jednotlivych reakénich
krokd.

Tato prdce vznikla za podpory Grantové agentury
Univerzity Karlovy (projekt SVV 2012-265201 a UNCE
2012/44) a Ministerstva Skolstvi, mladeze a télovychovy
CR (projekty MSM 0021620857).
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Abstrakt

Cyanotoxiny predstavuji zdravotné riziko pre kupaji-
cich sa rekreantov a konzumentov pitnej vody produkova-
nej zpovrchovych zdrojov. Urad verejného zdravotnic-
tva Slovenskej republiky v rdmci projektu Cyanobakté-
rie sleduje obsah cyanotoxinov v prirodnych kupalis-
kach a vo vodarenskych nadrziach so zvySenym vyskytom
cyanobaktérii metddou vysokoucinnej kvapalinovej chro-
matografie a metodou ELISA testov. Obsah toxinov bol
merany v troch vodéarenskych nadrziach a v desiatich pri-
rodnych kupaliskach.

Uvod

Vseobecne znamym prejavom eutrofizacie je pravi-
delny masovy rozvoj vodného kvetu sinic'. Niektoré druhy
sinic (cyanobaktérii) su schopné produkovat’ toxické latky
cyanotoxiny, ktoré mozu byt nebezpecné pre l'udské zdra-
vie (hepatotoxiny, neurotoxiny, dermatotoxiny)®. Dokéazal
sa vplyv cyanotoxinov na vznik rakoviny koze, pecene, na
oslabenie imunitného systému. Tieto G¢inky hrozia najmi
pri piti vody sobsahom cyanotoxinov’. Medzi najviac
sledované cyanotoxiny patria mikrocystiny, patriace do
skupiny cyklickych peptidov. Doteraz bolo uréenych viac
ako 80 mikrocystinov zenvironmentalnych vzoriek
a laboratornych kultar sinic*. Cylindrospermopsin (CYN)
je alkaloidny toxin, p6évodne identifikovany v tropicke;j
cyanobaktérii Cylindrospermopsis raciborskii. Produko-
vany je idruhmi sinic beZznymi v naSich podmienkach.
Vyznacuje sa cytotoxickymi G¢inkami prevazne na bunky
pecene a Padvin®.

Mikrocystin LR patri medzi najCastejSie a najviac
toxické mikrocystiny. WHO odporuca limit 1,0 pg I pre
mikrocystin LR v pitnej vode’. Tento ukazovatel’ bol zara-
deny do rozsireného rozboru pitnej vody produkovanej
z povrchovych zdrojov podla novelizovaného nariadenia
vlady SR ¢&. 496/2010 Z.z., ktorym sa meni a dopliia naria-
denia vlady SR ¢&. 354/2006 Z.z.°. Kontrolu vykonava vy-
robca pitnej vody v pitnych vodach upravovanych
z povrchovych zdrojov v obdobi vyskytu cyanobaktérii
v poctoch > 20 000 buniek/ml v mieste najvacsieho vysky-
tu na povrchovom zdroji®.
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V ramci projektu Uradu verejného zdravotnictva Cya-
nobaktérie bol v rokoch 2008 az 2011 sledovany obsah
cyanotoxinov v lokalitach so zvySenym vyskytom cyano-
baktérii. Jednalo sa o vodarenské nadrze — Hrinova, Kle-
novec, Malinec, a prirodné kupaliskd — RuZind, Teply vrch
— ORMET, Sastin — Straze, Malé Levare, banské jazero
Pocuvadlo, Ruzind, Jazero v Kosiciach, Liptovskd Mara,
Senec — Slnecné jazera, Zlaté piesky a Nitrianske Rudno.

Metody stanovenia

Smernica WHO' popisuje postup extrakcie mikro-
cystinov zo vzoriek vod na pevnej faze, postupy stanove-
nia cyanotoxinov metédami HPLC, LC/MS/MS, CG/MS
aElisa testami. Aplikany list firmy Dionex® popisuje
postup analyzy mikrocystinov metédou HPLC na chroma-
tografickej kolone Acclaim. V $pecializovanom laborato-
riu kvapalinovej chromatografie Uradu verejného zdravot-
nictva SR sa stanovuje obsah mikrocystinov LR, RR, LA,
YR, LW aLF a cylindrospermopsinu metédou vysokou-
¢innej kvapalinovej chromatografie a metdédou ELISA
testov. V pripade cylindrospermopsinu bola na potvrdenie
pritomnosti analytu v redlnej vzorke pouzita metoda LC/
MS/MS.

Priprava vzoriek

Vzorky vod boli umiestnené do ultrazvukového vod-
ného kuapela z dévodu rozbitia buniek sinic a uvolnenia
toxinov z popraskanych buniek do vody. Nasledne boli
vzorky spracované zakoncentrovanim analytov z jedného
litra vody s pouzitim SPE koloniek. Nasorbované analyty
boli vymyté z koloniek rozpustadlom a zahustené na ro-
tacnej vakuovej odparke do poslednej kvapky. Odparok
bol rozpusteny v presnom objeme (1,0 ml) rozptstadla
a takto pripraveny roztok bol pouzity pre HPLC analyzu.
Biomasa sinicového kvetu bola spracovana lyofilizaciou,
¢o predstavuje vymrazenie a nasledné vysusenie vzorky.
Susina — lyofilizat bol po rozpusteni trikrat homogenizova-
ny najprv na laboratérnom, potom na ultrazvukovom ho-
mogenizatore. Po homogenizacii bola skiimavka s rozto-
kom centrifugovand, supernatant prefiltrovany na napich
do kvapalinového chromatografu.

Chromatograficka analyza

Toxiny boli stanovované metdédou vysokoucinnej
kvapalinovej chromatografie (HPLC) na reverznej faze
Cig. Na delenie sa pouzila gradientova elucia. Detekcia sa
uskutogila v UV oblasti pri vinovej dizke 239 nm pre mik-
rocystiny a 262 nm pre cylindrospermopsin. Na analyzu sa
pouzil kvapalinovy chromatograf fy DIONEX s diode-
array detektorom s menitelnou vlnovou dizkou v rozmedzi
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190-600 nm.
Podmienky chromatografickej analyzy
kolona: reverzna faza C,g firmy VARIAN, 250 x 4,60 mm,
5 um
mobilna faza: A — acetonitril s 0,05 % obsahom TFA
(kyselina trifluéroctova) (v : v)
B — redestilovana voda s 0,05 % obsahom

TFA (v:v)
prietok: 1,0 ml min™'
teplota kolony: 20 °C
objem nastreku: 100 ml
trvanie analyzy: 40 min

Ako kalibracna metdda bola pouzitd metdoda externé-
ho $tandardu v kalibracnom rozsahu pre mikrocystiny od
0,10 do 2,0 mg1™" apre cylindrospermopsin od 0,50 do
10 mg I". Identifikdcia bola vykonand na zaklade retend-
ného casu Standardov a porovnanim charakteristického
spektra Standardu v UV oblasti so spektrom analyzovane;j
latky vo vzorke.

Analyza cylindrospermopsinu metédou LC/MS/MS
Obsah CYN bol overeny metédou kvapalinovej chromato-
grafie s hmotnostnou detekciou. Na analyzu sa pouzil
Triple-Quad LC/MS/MS VARIAN. Matersky ion CYN
o molekulovej hmotnosti 416,4(M+H+) bol rozstiepeny
na dcérske iony 176,3 a 194,1.
Podmienky chromatografickej analyzy:
koloéna: reverzna faza C,g firmy SUPELCO, 100 x 2,1 mm,
3 um
mobilna faza: A — acetonitril s 0,05 % obsahom TFA
(kyselina trifluéroctova) (v : v)

B — redestilovana voda s 0,05 % obsahom
TFA (v:v)
prietok: 0,2 ml min"'
teplota nastreku vzorky: 300 °C
teplota kolony: 20 °C
objem nastreku: 10 pl

Tabulka I
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trvanie analyzy: 30 min
ELISA test

Pri ELISA testoch st vyuzivané Specifické protilatky
proti cyanotoxinom a naslednd fotometrickd detekcia fa-
rebnych produktov enzymatickej reakcie. Na priamu ana-
Iyzu vzoriek vod boli pouzité ELISA testy firmy Abraxis,
USA s rozsahom merania pre mikrocystiny 0,16-2,5 pg 1™
apre CYN 0,05-2,0 ug 1.

Vysledky

V ramci Ulohy sa validovala metdda vysokoucinnej
kvapalinovej chromatografie s diode-array detektorom na
stanovenie cyanotoxinov vo vode a v biomase sinic s na-
sledovnymi validaénymi parametrami:

Limit kvantifikacie (LOQ) pre vody — pre zakoncetro-
vanie vzorky z 1000 ml na kone¢ny objem 1,0 ml je hod-
nota LOQ pre mikrocystiny 0,10 pg 1, pre cylindrosper-
mopsin 0,50 pg 1.

Limit kvantifikdcie (LOQ) pre biomasu sinic — pre
navazku vzorky 100 mg a konecného objemu po
zakoncentrovani 2,0 ml je hodnota LOQ pre mikrocystiny
2,0 ug g, cylindrospermopsin 10 ng g '

Linearita — korelacny koeficient R > 0,995.
Opakovatel'nost’ — smerodajna odchylka <5 %.
Reprodukovatel'nost’ — smerodajna odchylka < 10 %.
Spravnost’ — vyt'aznost’ procesu upravy vzorky + 20 %.

Uspesnost’ pri ucasti na medzilaboratornych porovna-
vacich testoch organizovanych SZU Praha.

V redlnych vzorkéch sa vysledky pohybovali od nede-
tegovaného obsahu po maximalne namerané hodnoty uve-
dené v tabulke I a II.

Cylindrospermopsin  (CYN) bol potvrdeny len
v jednej vzorke z biomasy sinic z rekreacnej vodnej nadrze

Maximalne hodnoty obsahu mikrocystinov (MCST) v lyofilizate sinicovych vodnych kvetov a vo vodéach v sledovanych
lokalitach. Vysledky boli namerané v ¢asovom intervale rokov 2008-2011

Lokalita Hrinova Klenovec  Malinec Ruzina Teply Sastin- Lipt.
vrch Straze Mara

Obsah MCST v lyofilizate, pg g ' 12,8 - 74 506 41 1626 927

Obsah MCST vo vode, pg I ND ND ND 4,9 0,63 0,15 73

Tabulka II

Maximalne hodnoty obsahu mikrocystinov (MCST) v lyofilizate sinicovych vodnych kvetov a vo vodach v sledovanych
lokalitach. Vysledky boli namerané v ¢asovom intervale rokov 2008-2011

Lokalita Pocavadlo Ruzina Jazerov  Zlaté piesky Senec- Nitrianske
Kosiciach Slnecné Rudno
jazera
Obsah MCST v lyofilizate, ug g ' 3222 415 132 33 - 38
Obsah MCST vo vode, pg I 39 ND 5,0 ND ND 0,58
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Obr. 1. Chromatogram $tandardu mikrocystinov 1,0 mg I”'
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Obr. 2. LC/MS/MS analyza $tandardu cylindrospermopsinu 100 pg I a vzorky z rekrea¢nej vodnej nadrie

Nitrianske Rudno. Analyza tohto ukazovatel'a v redlnych
vzorkach je zlozitejSia z dovodu vel’kého mnozstva interfe-
rujucich latok pritomnych vo vzorkach, vysledok bol ove-
reny metodou LC/MS/MS.

Zaver

Validaciou bola overend vhodnost vysokoucinnej
kvapalinovej chromatografie na stanovnie mikrocystinov
v biomase sinicového vodného kvetu a vo vodach. Stano-
venie obsahu mikrocystinov ELISA testami poskytuje
informaciu o sumarnom obsahu, nie je mozna identifikacia
jednotlivych mikrocystinov. Vyhodou ELISA testov je
stanovenie toxinov vo vzorkach vod bez nutnosti zakon-
centrovavania.

Najvyssi obsah mikrocystinov bol zaznamenany
v banskom jazere Poctvadlo (tab. I). Takyto vysoky obsah
bol stanoveny v jazere v roku 2008, v d’alSich rokoch sa

nenamerali také vysoké koncentracie. Cylindrospermopsin
(CYN) sa vyskytol v roku 2009 v lokalite Nitrianske Rud-
no. HPLC analyza bola potvrdend metédou LC/MS/MS
(obr. 2) a stanoveny bol obsah 157 pg g CYN. Vyhodou
LC/MS/MS metody je jej vysoka citlivost, vzorky vod je
mozné merat’ priamo bez zakoncentrovavania. Vo vzor-
kach vod z vodarenskych nadrzi po Gprave nebol namera-
ny obsah mikrocystinov ani cylindrospermopsinu.

LITERATURA

1. Ko¢i V., Burkhard J., Marsalek B.: Eutrofizace na
prelomu tisicileti, seminar Eutrofizace, Brno 2000.

2. Blahova L., Oravec M., Simek Z., Margalek B., Blaha
L.: Analytické moznosti stanoveni vyznamnych
,tradicnich® i ,,novych* cyanotoxinii, In: Zbornik z
konferencie Cyanobaktérie 48—50 (2008).

3. Horecka M.: Ulohy a poziadavky verejného zdravot-

s204



Chem. Listy 106, s202—s205 (2012)

nictva pri ochrane zdravia pred cyanobaktériami, In:
Zbornik z konferencie Sinice 2011 Bratislava, 1-3
(2011).

. Spoof L., Neffling M., Meriluoto J.: Toxicon 55, 954
(2010).

. WHO (1998): Guidelines for Drinking-water Quality.
Second edition, Volume 1 — Recommendations — Ad-
dendum: Organic Constituents: Cyanobacterial To-
xins: Microcystin-LR, World Health Organization,
Zeneva 1998.

. Nariadenie viady ¢. 496/2010 Z.z. z 8.12.2010, kto-
rym sa meni a dopliia nariadenie viddy Slovenskej
republiky ¢. 354/2006 Z.z., ktorym sa ustanovuju pozi-

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

s205

Lectures

adavky na vodu urcenii na ludski spotrebu a kontrolu
kvality vody urcenej na ludsku spotrebu.

. Ken-ichi Harada, Fumio Kondo and Linda Lawton:

Toxic Cyanobacteria in Water: A Guide to Their Pu-
blic Health Consequences, Monitoring and Ma-
nagement. Chapter 13. LABORATORY ANALYSIS
OF CYANOTOXINS, WHO 1999.

. Application Note 261: Sensitive Determination of

Microcystins in Drinking and Envinmental Waters,
Dionex.



Chem. Listy 106, s206 (2012)

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

CONCEPTS OF CONSTRUCTION AND DETECTION WITH DNA-BASED
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Deoxyribonucleic acid as well as other nucleic acids
and aptamers are utilized for about two decades as biore-
cognition elements at so called nucleic acids biosensors.
These biosensors represent analytical devices that integrate
nucleic acid as the biological recognition element and
a physicochemical transducer, for instance an electrode.
The typical bioanalytical selectivity is not referred to ana-
lyte(s), but to interactions of the surface attached nucleic
acids in general. In this relation, these biosensors could
characterize reactivity of nucleic acids in cells. Investiga-
tion of chemical interactions of nucleic acids is based on
their bioaffinity'. Electrochemical nucleic acid based bio-
sensors are rather popular and represent electrodes chemi-
cally modified by a nucleic acid film/layer. Optical, piezo-
electrotric, and impedimetric nucleic acid biosensors are
also widely developed and used. Thus, the DNA-based
biosensors represent today irreplaceable testing and warn-
ing (bio)analytical devices applied to the detection of nu-
cleic acid sequences with so-called genosensors, detection
of effects of risk chemicals and drugs, evaluation of DNA
damage by physical and chemical agents including the
detection of pro- and antioxidants® .

Detection modes used at electrochemical DNA-based
biosensors have been recently classified in an [UPAC
technical report’. They include intrinsic DNA redox and
tensametric responses, signals of redox indicators, labels
and others. Material of the electrode plays also an im-
portant role at the selection of detection mode. Estimation
of nature of DNA damage belongs to problems using the
biosensor based on a carbon electrode. For this purpose,
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we have suggested application of several voltammetric and
impedimetric modes®’. To ensure detection windows with
necessary sensitivity of the carbon paste-based screen-
printed electrode, an interface formed by carbon nanotubes
with large surface area and good electric conductivity can
be used. The sensors have been exploited both in batch and
flow-through cells. Damage to DNA by various chemical
and physical agents has been investigated and opening of
the helix structure, strand-breaks and total destruction of
the DNA layer have been detected using voltammetric
signals of guanine moiety, redox active DNA intercalators
and redox indicators present in solution. Biosensors with
Nafion, chitosan and other membranes against surface
active compounds have been prepared and applied to in-
vestigation of some food samples.

This work was supported by the Slovak Research and
Development Agency (Project SK-RO-0028-10), the Na-
tional Scholarship Programme of the Slovak Republic
(GZ) and by the Ministry of Education, Youth and Sports
of the Czech Republic (Project MSM 0021620857), the
Charles University in Prague (Project UNCE 2012/44)
and the Grant Agency of the Czech Republic (Project
P206/12/G151) (VV).
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Derivaty substituovanych esterov fenylkarbamovej
kyseliny su potenciadlne lieiva s lokalno-anestetickym,
antiarytmickym, antiinfektivnym, respektive algicidnym
ucinkom, ktoré st v sucasnosti v rozliénych Stadiach ich
vyvoja a vyskumu. Na naSich pracoviskdch sa Studuju
hlavne aspekty ich projekcie syntézy, izolacie, identifika-
cie, molekulové deskriptory, so zameranim na definovanie
najmd vztahu medzi ich chemickou $truktarou, fyzikalno-
chemickymi vlastnostami a ich biologickymi a farmakolo-
gickymi u¢inkami.

V ostatnom Case sa venuje hlavnd pozornost’ najméi
Stadiu ich stereochemickych aspektov, mechanizmu ich
separacie, vyberu stacionarnych faz v HPLC a kinetike
rozkladu v biologickom materidli. Chirdlne separacie
v sticasnosti predstavuju jednu z najdodlezitejSich analytic-
kych trendov. Vel'mi doleZité uplatnenie nasli tieto separa-
cie predovsetkym vo farmaceutickej chémii, kde je vel'mi
dolezité poznat’ ,.enantiomérnu cistotu* pripravovanych
lieciv, nakol’ko vo vécsine pripadov je biologicka aktivita
jednotlivych enantiomérov podstatne rozdielna. Interakcia
medzi biologicky aktivnymi latkami a proteinovymi recep-
tormi je vel'mi Casto stereoselektivna. Pri Studiu interak¢-
ného mechanizmu, ktory je dolezity pri separacii enantio-
mérov sa pouzili homologické rady derivatov piperidino
esterov alkoxyfenylkarbamovych Kkyselin a stacionarna
faza makrocyklické antibiotikum teikoplanin. Zmenou
hodnoty pH mobilnej fazy pridavkom dietylaminu sa moh-
li sledovat’ nabojové interakcie medzi stacionarnou fazou
a separovanymi enantiomérmi, nakol'ko sa menila diso-
ciatna rovnovaha. Vplyv tvorby vodikovych vézieb sa
skimal na zéklade zmeny zloZenia mobilnej fazy. Stérické
efekty sa zistovali zmenou dizky a polohy alkoxylového
retazca na benzénovom jadre v molekulach piperidino
esterov alkoxyfenylkarbdmovej kyseliny. Vplyv molekul
cukrov v Struktare teikoplaninu sa sledoval tym, Ze sa pou-
zila stacionarna faza teikoplaninu, ktora neobsahovala tieto
molekuly. Z vysledkov separécii enantiomérov mozno
urobit’ nasledujice zavery:

Hodnota pH mobilnej fazy ma podstatny vplyv na
hodnotu R;; enantiomérov.

ZlozZenie mobilnej fazy znacne ovplyviiovalo vysledky
separacie, najvyssie hodnoty R;; sa dosiahli pri pouziti
metanolu.
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Vplyv dizky alkoxylového retazca sa sledoval len
vtedy, ak sa nachadzal v polohe 2 na aromatickom
jadre, moZno predpokladat’ tienenie stereogénneho
centra, ¢o zhorSovalo separaciu.

Vplyv polohy alkoxylového ret'azca nebol rozhodujui-
ci pri polohach alkoxylového retazca v polohe 3 a4
na benzénovom jadre.

Molekuly cukru v Struktare teikoplaninu mali negativ-
ny vplyv na separdciu enentiomérov.

Po zisteni najvhodnejsich podmienok separacie enan-
tiomérov uvedenych latok sa sledovala kinetika rozkladu
jednotlivych  enantiomérov v biologickom  materiali.
V pripade rozdielnej kinetiky rozkladu jednotlivych enan-
tiomérov mozno predpokladat’ ich rozdielnu biologicku
aktivitu. Na stadium kinetiky rozkladu niektorych enantio-
mérov  derivatov  kyseliny  alkoxyfenylkarbamovej
v krali¢om krvnom sére sa pouzila kombindcia troch me-
tod: predkoncentracia enantiomérov pomocou malej kolo-
ny, analytickd separdcia racematu v RP systéme
a separacia enantiomérov v chiralnej kolone (Chirobiotic
TAG). Referen¢ny roztok racematu sa pridal do krali¢ieho
krvného séra, vzorka sa udrZiavala pri teplote 37 °C
a v urCitych ¢asovych intervaloch sa Cast’ vzorky analyzo-
vala. Z vysledkov analyz vyplyva:

Pri pouziti kréli¢ieho krvného séra skladovaného
1 rok v chladni¢ke sa enantioméry sledovanych latok
nerozkladali v priebehu 24 hodin.

Pri pouziti krali¢ieho krvného séra, ktoré sa odobralo
kralikom po nadavkovani atropinu sa zistil pomaly
rozklad sledovanych enantiomérov, ¢o dokumentuje
iny mechanizmus rozkladu.

Pri pouziti Cerstvého krali¢ieho krvného séra v prvych
dvoch hodinach bol rozklad rychlejsi, potom rychlost’
rozkladu enantiomérov klesala. Na zéklade ¢asového
priebehu rozkladu a korela¢ného koeficienta sa zistilo,
ze enzymaticka degradacia sa uskutocnuje podla reak-
cie 2. poriadku.

Na kinetiku rozkladu ma vplyv poloha alkoxysubsti-
tuenta v molekule derivatov kyseliny alkoxyfenylkarbamo-
vej. Zo Statistického vyhodnotenia (F test, o = 0,05) vyply-
va, ze hodnoty rychlostnych konstant rozkladu jednotli-
vych enantiomérov nie su $tatisticky vyznamne rozdielne.
Pocet atomov uhlika v alkoxysubstituente ma vplyv na
hodnoty rychlostnych konstant, najnizsia rychlost’ rozkla-
du sa zistila pri 2-hexyloxysubstituente. Medza stanovenia
derivatov kyseliny alkoxyfenylkarbdmovej v kralicom
krvnom sére bola 5,0 pg ml™.

Tato prdaca bola podporovana
¢.1/0164/11.

VEGA grantom
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IN VIVO KVANTITATIVNA ANALYZA METABOLITOV V MOZGU

LADISLAV BACIAK, SVATAVA
KASPAROVA A TIBOR LIPTAJ*

Chemickotechnologicka fakulta STU, Ustav analytickej
chémie, Radlinského 9, 812 37 Bratislava, Slovensko
tibor.liptaj @stuba.sk

Nuklearna magneticka rezonancia (NMR) sa oproti
inym metédam molekulovej spektroskopie vyznacuje ra-
dom Specifickych vlastnosti. Z hl'adiska jej in-vivo aplika-
cii su dolezité najmi jej neinvazivnost' a schopnost’ elek-
tromagnetického Ziarenia vyuzivaného v NMR prenikat
cez tkaniva (rddiofrekvenéné Ziarenie). Primarne vyuzitie
NMR v chémii je zamerané na identifikaciu a uréovanie
Struktary latok aje zalozené na bohatosti Struktirnych
informacii obsiahnutych v NMR spektrach. Bohatost’ in-
formacii vo vSeobecnosti v§ak implikuje zlozitost’ spektier
jednoduchych 1atok, ¢o sa eSte znasobuje v pripade vzoriek
zmesi. Napriek tomu sa NMR Coraz CastejSie vyuziva i ako
metdda kvantitativnej analyzy zmesi. Vyznamnou pred-
nostou NMR rovnaka citlivost’ stanovenia pre vSetky zloz-
ky zmesi, z ¢oho vyplyva jednoduché stanovenie relativne-
ho obsahu komponent zmesi na zdklade porovnania rela-
tivnej intenzit &iar v NMR spektrach. Dalou vyhodou
NMR je nenarocnost’ pripravy vzoriek pre NMR analyzu.
Ztoho vyplyva jej velkd univerzdlnost s moZnos-
tou kvantitativnej analyzy réznych typov vzoriek, o.i. aj

STEAM TE=2ms
By = 9.4 Tesla

vzoriek zijucich objektov a to od urovni mikroorganizmov,
cez tkaniva, organy az po experimentalne zvierata a l'udi.
Z hladiska technického usporiadania, mozno in-vivo NMR
experimenty rozdelit’ na:

a) experimenty v NMR kyvete (experimenty na malych
objektoch — mikroorganizmoch, bunkovych kultarach,
tkanivach, ..), kde NMR kyveta je pripravena ako
bioreaktor, ktory umoziuje kontinualnu vyzivu vzor-
ky. Experimenty sa obvykle uskutociiuju na
»klasickych® NMR spektrometroch s vertikdlnym
magnetom, a

experimenty na velkych objektoch (experimentalne
zvierata, l'udia) kedy cely objekt ( alebo jeho relevant-
na Cast’ ) je umiestnend v magnetickom poli NMR
spektrometra. Experimenty sa uskutociiuju obvykle na
spektrometri s horizontdlnym magnetom a spektro-
meter je vybaveny na NMR zobrazovanie (Magnetic
Resonance Imaging, MRI).

V tomto prispevku sa zameriavame na in-vivo NMR
experimenty na experimentalnych zvieratach. Specifickou
¢rtou tychto experimentov je, ze vyzaduju Specifikiciu
(lokalizaciu) miesta, z ktorého sa NMR spektra meraji.
Tato lokalizacia sa vykonava dvomi spdsobmi, a to vhod-
nym umiestnenym S$pecidlnej meracej cievky (Casto tzv.
povrchova cievka, ktora ma citlivost obmedzenu na prie-
stor, v blizkosti ktorého sa nachadza) alebo pomocou kom-
binacie gradientov magnetického pola a radiofrekvenc-

b)

4.5

4.0

3.5

3.0

2.5

1.0 pPpm

Obr. 1. a) MRI obraz mozgu potkana; obdizniky ozna¢uju vybranu ¢ast tkaniva, uréent na meranie NMR spektier. b) Simulova-
né NMR spektrum ziskané dekonvoliiciou experimentalneho spektra. ¢) Experimentalne in-vivo "H NMR spektrum z vybranej

tasti mozgu potkana'
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Obr. 2. In-vivo *'P NMR mozgu potkana namerané povrchovou cievkou, PCr — fosfokreatin, ATP — adenozintrifosfat, PME — fosfo-

monoestéry, PDE — fosfodiestéry, Pi — anorganicky fosfat

nych impulzov s vhodnou frekvenc¢nou charakteristikou.
V druhom pripade sa lokalizacia vykona za pomoci zobra-
zovacich metoéd NMR.

V in-vivo sa vyuzivaju sa viaceré metody NMR. Naj-
Zastejsie je to '"H NMR metoda, ktord umoziiuje ziskat
informaciu o koncentracii cca 20 nizkomolekulovych,
dobre  pohyblivych  metabolitov s koncentraciou
~1mmol I'" a vysSie, ktoré sa nachadzaju v cytosole bu-
niek, resp. medzibunkovych tekutinach. Velkym technic-
kym problémom pri in-vivo 'H NMR spektroskopii je po-
tlacenie intenzivneho signalu vody, ktorého koncentracia
niekol’ko tisickrat prevySuje koncentrdciu meranych meta-
bolitov. Kvantifikacia obsahu pozorovatelnych metaboli-
tov sa vykonédva dekonvoluciou experimentalneho spektra
na subspektra jednotlivych metabolitov tak, aby ich sucet
(simulované spektrum) sa C¢o najviac zhodoval
s experimentalnym spektrom.

Druhou najcastejSie vyuzivanou metddou v in-vivo
NMR spektroskopie jen *'P NMR, pomocou ktorej je moz-
no sledovat’ koncentracie metabolitov, ktoré hraji kI'icovl
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tlohu v energetickom metabolizme buniek”. Technicky st
in-vivo *'P NMR experimenty I'ahsie preveditelne ako 'H
NMR experimenty, citlivost metddy je vSak mensSia,
apreto obvykle je priestorové rozliSenie menSie ako
v pripade "H NMR spektroskopie.

Prednaska je venovana popisu zakladnych ¢ft vysSie
uvedenych metod a ich aplikacii na stidium metabolizmu
mozgu potkana.

Autori dakuju za podporu grantom VEGA 1/0272/10
a VEGA 1/0972/12.
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ANALYZA VYBRANYCH PRVKOV V POLYMETALICKYCH KONKRECIACH

METODOU AES-ICP A RFS
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a KATARINA UHRINOVA

Statny geologicky tistav Dionyza Stira, Geoanalytické
laboratoria, Markusovska cesta 1, 052 01 Spisska Novd
Ves, Slovensko

daniela.mackovych@geology.sk

Uvod

Polymetalické konkrécie su prirodné utvary, ktoré
vznikali v oceane dva az tri miliony rokov. Nachadzaju sa
na dne oceanu v hibke od 3tyroch do $iestich kilometrov.
Konkrécie obsahuju priblizne 30 % manganu, 1,2 % medi,
1,2 % niklu a 0,2 % kobaltu, 5,0 % Zeleza a iné pre prie-
mysel zaujimavé prvky. Maju rozny tvar a hmotnost. Vy-
skytuju sa vo forme guli¢iek, hrudiek, alebo tenkych lavic.
Podrla vysledkov prieskumu, na jednom $tvorcovom metri
morského dna je 10 az 40 kilogramov konkrécii. Velké
zasoby zelezo-manganovych konkrécii existuju aj v Indic-
kom oceane a v severnej Casti Atlantického oceanu.

Konkrécie objavila v mensich hibkach britska expedi-
cia plaviaca sa okolo sveta na lodi Challenger v rokoch
1872 az 1876. Vtedy este nikto netusil, ze raz budu vyz-
namnym potencidlnym zdrojom surovin. Prvykrat sa tazba
realizovala v Mexickom zalive v roku 1970, aj to len
z hibky 1000 m nasavanim. Najbohatsie pasmo je v prie-
store medzi Mexikom a Havajskymi ostrovmi'.

Experimentalna ¢ast’

To, ¢o je na polymetalickych konkréciach zaujimavé,
je ich zlozenie. Vzorky boli odobrané z oblasti medzi Me-

Obr. 1. Oblast’ vyskytu polymetalickych konkrécii v Tichom
oceane
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xikom a Havajskymi ostrovmi (obr. 1) adodala
ich organizécia Interoceanmetal (Pol'sko). Velkost' jednot-
livych vzoriek bola od 5 do 15 cm (obr. 2).

Uprava vzoriek

Vzorky pre stanovenie prvkov boli suSené pri teplote
do 40 °C, zdrobiiované drvenim vo valcovom mlyne na
zrnitost’ 1 az 2 mm a nasledne upravované na analyticka
zrnitost pod 0,06 mm bezoterovou homogenizaciou
v achatovom zariadeni.

Chemikalie

Zasobné Standardy a chemikalie boli zakupené od
firmy Merck, Ultra Scientific USA, Analytika CR. Voda
pouzivand na analyzu bola upravovana na ionomenici
(zariadenia RODEM 6 a Milipore).

Analytické metody a pristroje

Na stanovenie sledovanych prvkov boli aplikované
analytické metody: atomova emisna spektrometria
s indukéne viazanou plazmou (AES-ICP) — stanovenie B,
Ce, La, Dy, Er, Eu, Gd, Ho, Lu, Nd, Pr, Sm, Tb, Tm, Yb
a enegriovo disperzna rontgenfluorescenéna spektrometria
(RFS) — SiO,, ALLOs, Fe 03, TiO,, CaO, MgO, MnO,
P,0s, Na,0, K,0 ztavenych perdl a As, Ba, Cd, Cr, Cs,
Cu, Ga, Mo, Nb, Ni, Pb, Rb, Sb, Sn, Sr, Th, U, V, Y, Zn
aZr zlisovanej tablety. Strata zihanim (LOI) bola stano-
vena gravimetricky pri teplote 1050 °C.

Pre stanovenie prvkov metddou AES-ICP bol pouzity
rozklad vzoriek sintraciou s Na,O,. 1g vzorky sa sintroval
s 5 g Na,O, v niklovom tégliku pri teplote 490 °C £ 5 °C
cca 20 min. Slinok sa rozpustil v destilovanej vode

Obr. 2. VzorKky polymetalickych konkrécii
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Prvok Vlnova dizka [nm] Prvok Vlnova dizka [nm] Prvok Vlnova dizka [nm]
B 249,772 Eu 420,504 Pr 410,072
Ce 418,659 Gd 342,246 Sm 359,259
La 408,671 Ho 345,600 Tb 350,914
Dy 353,171 Lu 261,541 Tm 313,125
Er 369,265 Nd 406,108 Yb 328,937
Tabulka IT
Pracovné podmienky merania na RFS
Prvok Ciara Napiétie/Prad Tercik Prvok Ciara Napitie/Prad Tercik
[kV/mA] [kV/mA]
Al Ko 14,5/12 HOPG Ni Ko 40,5/7 B4,C
As Kq 40,5/7 B4,C P K, 14,5/12 HOPG
Ba Ky 53,5/5,6 Al,O5 Pb Lg 40,5/7 B4C
Ca Ko 14,5/12 HOPG Rb Ko 40,5/7 B4,C
Cd Kq 53,5/5,6 Al,O5 Sb Kq 53,5/5,6 ALOs
Cr Ky 30/10 Co Si K, 14,5/12 HOPG
Cs Ko 53,5/5,6 Al O; Sn Ko 53,5/5,6 AlLO;
Cu Kq 40,5/7 B,C Sr Kq 40,5/7 B,C
Fe K, 14,5/12 HOPG Th L, 40,5/7 B4,C
Ga Ko 40,5/7 B,C Ti Ko 14,5/12 HOPG
K K, 14,5/12 HOPG U Lg 53,5/5,6 ALOs
Mg K, 14,5/12 Al v Ky 30/10 Co
Mn Ko 14,5/12 HOPG Y Ko 40,5/7 B4,C
Mo K, 53,5/5,6 AL O; Zn K, 40,5/7 B,C
Na K, 14,5/12 Al Zr K, 40,5/7 B4C
Rozsah prvkov Na (11)-U (92)
Rtg lampa Pd s Be okienkom P,,,,=300 W
Rtg generator U=1-60 kV, I= 1-80 mA, P=do 3,5 kW
Detektor polovodicovy Si(Li) chladeny Ny(1),
RozliSenie 150 keV na &iare K, Mn
Rozptylové terciky Mo, Co, Al,0O3, B4C, Al, HOPG-krystal
Vyveva kapacita 5 m*h™'
Lis hydraulicky HERZOG HTP 40

Indukéné taviace zariadenie 1TZ-1

a roztok sa prefiltroval. Vo filtrate sa stanovil bor. Zrazeni-
na sa rozpustila v HCI1 (1+1) a vo filtrate sa stanovili prvky
La aCe. Prvky vzacnych zemin sa rozkladali rovnakym
sposobom s Na,O,, po rozpusteni v HCI sa k filtratu pridal
NH4OH a Ca*" a kyselina oxélovou. Zrazenina sa vyzihani
pri teplote 950 °C sa nésledne rozpustila s HCl (1+1).
Z roztoku sa stanovili prvky vzacnych zemin®. Na stanove-
nie koncentracii prvkov metédou AES-ICP bol pouzity
pristroj Varian model VISTA MPX. RuSivé vplyvy pri
stanoveni sledovanych prvkov boli minimalizované opti-

malizaciou podmienok merania a vol'bou analytickej Ciary
bez spektralnych ruSivych vplyvov. Fyzikalne rusivé vply-
vy spojené najmé s rozpraSovanim vzorky s vysokym ob-
sahom rozpustenych zloZiek a procesom transportu vzor-
ky, boli eliminované dodrzanim identického prostredia
v kalibra¢nych roztokoch a vzorkéch. V tab. I si uvedené
spektralne Ciary pre jednotlivé prvky.

Stanovenie prvkov metédou enegriovo disperznej
rontgenfluorescencnej spektrometrie (RFS) bol vykonany
dvomi spésobmi: z tavenej perly a z lisovanej tablety. Me-
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Vysledky analyzy vzoriek polymetalickych konkrécii — PMK 1, PMK 2 a referencného materialu NOD-P-1 metédou RFS

Prvok Jednotka PMK 1 + PMK 2 + NOD-P-1 + NOD-P-1 +
Namerana Certifiko-
hodnota vana
hodnota
Si02 % 12,37 0,15 36,76 0,46 13,9 0,17 13,93 0,034
Al203 % 4,46 0,11 11,77 0,17 4,85 0,12 4,8 0,092
Fe203 % 8,58 0,21 5,90 0,15 8,33 0,20 8,3 0,044
CaO % 2,43 0,06 1,37 0,07 3,10 0,07 3,1 0,016
MgO % 3,33 0,09 3,14 0,08 3,31 0,09 3.3 0,014
TiO2 % 0,37 0,02 0,24 0,02 0,50 0,03 0,5 0,003
MnO % 42,85 0,42 17,94 0,22 37,56 0,36 37,6 0,10
K20 % 1,16 0,03 3,17 0,08 1,19 0,03 1,2 0,014
Na20 % 3,1 0,11 4,3 0,16 2,20 0,08 2,2 0,006
P205 % 0,30 0,02 0,33 0,02 0,46 0,02 0,46 0,005
LOI % 15,88 0,40 11,73 0,29 19,8 0,05
v ng/s 518 26 417 21 564 28 570 10
Cr ng/s <300 <300
Ni ug/g 13080 196 2874 72 13350 200 13400 64
Cu pg/g 13204 330 4304 108 11540 288 11500 49
Zn ug/s 1541 77 407 20 1595 80 1600 6
Ga ng/g <50 <50
As ng/'g 70 3,5 22 2,2
Rb ng/g 20 2 55 5,5
Sr ng/g 702 21 585 29 670 18 680 3
Y ng/'g 80 4 60 95 5
Zr ng/g 317 16 188
Nb ng/g <20 <20
Mo ng/g 715 18 301 8 758 760 4
Cd pg/s 30 3 8 1,6
Sn ng/g <20 <20
Sb ng/'g 59 4 29 2
Cs ng/'g <20 <20
Ba ug/g 5903 177 18673 280 3337 100 3350 28
Pb ng/s 310 23 104 8 555 42 560 6
Th pg/s <20 <20
U ng/g <20 <20

ranie bolo vykonané na pristroji firmy Spectro model
SPECTRO X-LAB 2000. Pracovné podmienky s uvedené
v tabulke II. Pre kvantitativne stanovenie prvkov bola pou-
zitd metdda, v ktorej je na zostrojenie kalibracnych kriviek
pouzitych viac ako 50 réznych medzinarodnych certifiko-
vanych referen¢nych materialov v Sirokom koncentra¢énom
rozsahu pozostavajicich z granitov, dioritov, bazaltov,
oxidov prvkov, popoléekov, vapencov, sedimentov, odpa-
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dov a kalov, rdznych rad a inych geologickych materidlov.
Rusivé vplyvy boli eliminované vhodnym vyberom analy-
tickej Ciary, rozptylového tercika a korekénymi faktormi.
Postup pripravy lisovanej tablety: 5 g vysusenej
a zhomogenizovanej vzorky o zrnitosti < 0,06 mm sa
zmieSalo s 1 g vosku vo vibratnom miesaci a v hydrau-
lickom lise sa vylisovala tableta o priemere 40 mm silou
150 kN po dobu 10 sekind. Z takto pripravenej tablety sa
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Tabulka IV
Vysledky analyzy vzoriek polymetalickych konkrécii — PMK 1, PMK 2 a referenéného materialu NOD-P-1 metédou AES-
ICP
Prvok Jednotka  PMK 1 + PMK 2 + NOD-P-1 + NOD-P-1 +
Namerana Informacna
hodnota hodnota

B ng/g 90 5 67

Ce ng/s 332 15 156 8 280 13 290

La ng/g 89 4 50 2 106 5 104

Dy ug/g 22,1 1,1 13,4 0,6 27,6 1,3 27

Er pg/g 9,57 0,4 6,30 0,3 12,2 0,5 12

Eu ng/'g 6,38 0,3 3,58 0,2 7,2 0,3 7,5

Gd ug/g 24,2 1,2 14,9 0,7 28,0 1,2 28

Ho ng/'g 3,78 0,2 2,34 0,2 5,01 0,3

Lu ng/g 1,35 0,06 0,95 0,05 1,7 0,08 1,8

Nd ug/g 104 5 62,8 3 120 6 120

Pr ng/g 25,10 1,2 14,70 0,7 28,8 1,4

Sm ng/g 23,90 1,4 14,00 0,7 29,9 1,5 30

Tb ug/g 4,42 0,2 2,33 0,1 5,4 0,3

Tm pg/g 1,80 0,09 1,21 0,06 2,59 0,12

Yb ng/g 9,61 0,4 6,15 0,3 12,6 0,6 13

stanovili koncentracie prvkov As, Ba, Cd, Cr, Cs, Cu, Ga,
Mo, Nb, Ni, Pb, Rb, Sb, Sn, Sr, Th, U, V, Y, Zn a Zr. Do-
ba merania bola 500 s.

Postup pripravy tavenej perly: pre analyzu sa pouzili
vzorky o zrnitosti <0,06 mm, vyzihané pri 1000 °C. Vzor-
ky pre stanovenie obsahov hlavnych prvkov sa pripravili
tavenim s tetraboritanom litnym. Do PtAu téglika sa nava-
zilo 0,5 g vzorky a 7,0 g taviacej zmesi. Po premieSani sa
téglik so vzorkou vlozil do indukénej pece s teplotou
1100 °C po dobu 2,5-3 min. Do roztavenej vzorky sa pri-
dalo 10 mg jodu a kelimok sa zakryl Pt vieckom. Po 30
sekundach sa opét’ spustilo tavenie po dobu 1 min. Po vy-
chladnuti sa z kelimka vyklopila perla. Z takto pripravenej
perly boli stanovené oxidy prvkov SiO,, Al,Os;, Fe,0;,
TiO,, CaO, MgO, MnO, P,0s, Na,0, K,O. Doba merania
bola 300 s.

Vysledky a diskusia

Analyzovali sa dve vzorky polymetalickych konkrécii
z expedicie z roku 2009. Miesto odberu: PMK 1 — hibka
4,4 km, lokalita — 120 °W , 10 °30'N, PMK 2 — lokalita
119°33'W, 11 °N.

Na kontrolu analytickych vysledkov sa sicasne so
vzorkami analyzoval referencny material US Geological
Survey — Manganese Nodule, NOD-P-1. Material bol pri-
praveny zo vzoriek polymetalickych konkrécii odobranych
z Tichého ocedna z lokality 124 °28'W, 14 °50°N, hibka
4,3 km, ktory sa matricou podobal dodanym vzorkam.
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Vysledky analyz st uvedené v tab. II1.

U analyzovanej vzorky PMK 1 namerané obsahy
prvkov MnO = 42,85 % / Mn = 32,96 %, Cu = 1,32 %, Ni
= 1,31%, Fe,03 = 8,58 % / Fe = 6,12 % su v zhode
s priemernymi publikovanymi obsahmi (30 % Mn, 1,2 %
Cu, 1,2 % Ni, 5,0 % Fe). Vzorka PMK 2 je chudobnejsia
na polymetalické prvky, obsahuje vyssi obsah kremicita-
nov auhli¢itanov. Obsah vzicnych prvkov (REE)
v obidvoch vzorkach koreluje s obsahom Mn, Cu, Ni, Fe,
¢o nasvedCuje tomu, Ze REE sa spoluzrdzaju z vodného
prostredia spolu s polymetalickymi prvkami.

Zaver

Polymetalické konkrécie patria k vyznamnym a per-
spektivnym surovindm vo svete. Pretoze ide o prirodné
bohatstvo celého T'udstva, aj Slovensko ma narok na pri-
merany podiel z tychto zdrojov, ak sa za¢nu tazit. Medzi-
narodna organizacia pre morské dno rozdelila tamojSiu
Cast’ Tichého oceana medzi Staty a priemyselné konzorcia
a kazdému z nich pridelila 150 000 km?”. Jednym z poten-
cidlnych investorov sa stala spolo¢na organizacia Interoce-
anmetal, ktora vznikla v roku 1987 v Pol'sku. Dnes ma tato
organizacia Sest’ ¢lenov: Pol'sko, Rusko, Slovensko, Ceskt
republiku, Bulharsko a Kubu. Zaujimavé st tdaje o prog-
nézovych zdrojoch tychto polymetalickych konkrécii.
Zasoby sa odhaduju na 20 miliard ton. Tazba tychto suro-
vin je zatial’ velmi naro¢na a nakladna'.
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Abstract

A flow-injection system with electrochemical hydride
generation and atomic absorption detection for the deter-
mination of inorganic selenium is described. This tech-
nique has been developed in order to avoid the use sodium
tetrahydroborate, which is capable of introducing contami-
nation. A simple electrochemical flow-through cell with
powder carbon as cathodic material was used and opti-
mized. The influence of the generation current, concentra-
tion of the catholyte, carrier stream, flow rate of the sam-
ple and interferences by other metals on the generation of
hydrogen selenide were studied.

Introduction

The sodium tetrahydroborate (NaBH,4) — acid reduc-
tion technique has been widely used for hydride genera-
tion (HG) in atomic spectrometric analyses. However, this
technique has certain disadvantages. The NaBH, is capa-
ble of introducing contamination, is expensive and the

Sample

aqueous solution is unstable and has to be prepared
freshly each working day. In addition, the process is sensi-
tive to interferences from coexisting ions'™, and excessive
hydrogen gas can be evolved. Although, it is not a problem
in atomic absorption spectrometry (AAS), it would change
the impedance of the inductively coupled plasma (ICP)
and increase the reflected power; hence extra power
would be required to keep the plasma stable’, and in ex-
treme cases the plasma would be extinguished. Various
proposals have been made to overcome the interferences.
time-consuming matrix separation®, increasing the acidity
of the reaction medium’ and the addition of chemical mod-
ifiers such as KI, ethylenediaminetetraacetic acid (EDTA)
or other chelating agents have been described in the litera-
ture. All methods include the risk of contamination due to
the high concentrations of the agents used. Though the
mechanism is not entirely understood, it is assumed that
the interaction between the interfering ions and the redu-
cing agent NaBH, plays an important role in the mecha-
nism of interference.Thus far, only a few attempts have
been made to solve this problem employing alternative
reducing agents.

In the present work, a flow injection system with
a electrochemical flow-through cell has been developed
for electrochemical hydride generation of hydrogen sele-
nide. This system requires only a small sample volume and
is very easily automated. The electrochemical HG tech-
nique combined with AAS is a well established method for
achieving the required high sensitivity and low detection
limits.

Catholyte

I

B

Anolyte
<«

f\»
Vasanl

AAS

Waste

Argon

Fig. 1. Schematic diagram of the electrochemical HG system; P1, P2 — peristaltic pumps, C — electrochemical flow-through cell, S —

gas-liquid separator, AAS — atomic absorption spectrometry
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Experimental
Instrumentation

A Perkin-Elmer 5000 AAS was used, with an electri-
cally heated quartz tube atomizer. The experimental set-up
of the new electrochemical HG system is shown in Fig. 1.

The electrolyte is continuously conveyed by peristal-
tic pump.The sample solution is introduced into the loop
and transported to the electrochemical cell. A constant
current is applied to the electrolytic cell. The gaseous reac-
tion products; hydrides and hydrogen, formed at the
cathode, are flowed out of the cell with the carrier
stream of an argon and separated from the solution in
a gas-liquid separator. The hydrides are transported to an
electrically heated quartz tube with an argon and deter-
mined under operating conditions for hydride forming
elements by AAS.

The operating conditions of the system are shown in
Table I.

Reagents and standard solutions

All reagents used were of analytical-reagent grade or
higher. Stock solution of Se(IV) 1.0 g dm™ and other ele-
ments were obtained from Slovak Institute of Metrology
(SMU) Bratislava. Standard solutions have been prepared
daily by dilution of the stock solutions. Deionized distilled
water was obtained from a Barnstead NANOpure system.
High-purity HCI, H,SO,4 and sub-boiling distilled HNO;
(prepared in-house) were used for all analyses. Electrolytic
solutions of HCI, HNO; and H,SO, were used to test the
efficiency of Ec HG system.

Sample preparation
Add 2 ml of concentrated HNO; to 0.2 g of sample

and digest at a power of 8 for 10 min in the PMD micro-
wave-assisted digester. Evaporate the solution to dryness

Table I
Operating conditions for the FI-Ec-HG AAS system

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Parameter Se
Wavelenght 196.0 nm
Slit-width 2.0 nm
Lamp power 6 mA
Atomizer temperature 900 °C

Sample matrix HSO4 1.0 mol dm™
Anolyte H,SO, 1.0 mol dm™
Sample volume 1.0 ml
Sample flow rate 2.5 ml min™'
Electrolysis current 120 mA
Carrier gas flow rate 300 ml min™
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and dissolve the residue with the electrolyte solution.
Measurement: analyse 1 ml of the sample solution at the
optimum parameter set.

Procedure

The anolyte solution (1 mol dm > H,SO4) was pumped
and continuously recirculated at a flow rate of 5,2 ml min™
through the anode of the electrolytic flow cell. A small
volume, according to loop 1 ml, of the standard or sample
solution was filled into the loop and then injected with the
stream of the electrolyte to the cathode of the flow cell.
Hydrogen selenide was produced at the cathode by elec-
trolysis and HG took place. The reaction products were
passed to a gas-liquid separator; the hydride and other
gases then were transported by a stream of Ar into the
T-tube atomizer for AAS measurements. The operating
conditions of the system are shown in TableI, except
where indicated otherwise. Five parallel analyses were
performed and the average result for each of samples was
taken.

Results and discussion
Composition of the carrier-electrolytic solution

Acids (H,SO4, HCI, and HNO;) were tested as elec-
trolytes. It was found that 1 mol dm~ H,SO, gave highest
absorbance for Se while nitric acid suppressed the Se sig-
nal almost completely probably because of the oxidizing
properties. With HCI, the ClI, evolved would be a pollu-
tant. Hence H,SO, was chosen as the electrolyte. With this
acid smaller interferences from transition metals were
found. Higher acidity would also help to clean the elec-
trodes; 1 mol dm™> H,SO, was finally used as a compro-
mise concentration.

Electrolytic current

The absorbance signals increased in proportion to the
electrolytic current for Se up to —150 mA. In the present
work —120 mA was used for all the analyses. Greater cur-
rent than —150 mA could be use for higher sensitivity but
this might affect the lifetime of the cell.

Carrier stream flow rate

The absorbance signal increased slightly with the
carrier stream flow rate of argon and 300 ml min™' was
chosen.

Interferences in the determination of Se

Interferences from coexisting elements Li, Na, K, Mg,
Ca, Ba, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Hg, Sn, Pb, Sb, Bi
and As for Se have been studied in the present FI - Ec -
HG technique. Some results are shown in Fig.3. It can be
seen that the interferences are negligible for many ele-
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ments whereas the Cu, Sb, Bi interferences are severe.
However, interferences from some elements can be
masked by chelating agents. It was found that the interfe-
rence effects of some elements varied with the used ca-
thode material. Hence it is possible to use an appropriate
cathode to minimize interferences from certain elements.

Detection limits, characteristic concentrations
and precisions

All the values for aqueous solutions are shown in
Table II. The precision is expressed as reletive standard
deviation (RSD). It should be pointed out that the detec-
tion limit and characteristic concentration could be much
improved by changing the experimental set-up and opti-
mizing the operating conditions.

Analysis of real samples

Five samples of different waters, eucaliptus leaves,
vitamin E with Se were analysed by the proposed tech-
nique. Each result in Table III is the average value of five
parallel complete analyses of the sample. It can be seen
that the results obtained by the proposed method are satis-
factory.
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Conclusion

This work shows that the Ec HG technique is an inter-
esting alternative to chemical hydride generation with
NaBH, in determination of inorganic Se. With power car-
bon as cathode material the determination is selective to Se
(IV). This method has several advantages in comparison to
the common hydride generation by sodium tetrahydrobo-
rate: the determination of Se (IV) and total inorganic sele-
nium can take place in one reaction medium, it shows
a higher sensitivity and lower detection limits and in addi-
tion the unstable NaBH, solution can be avoided. The de-
tection limit based on the 3s criteria is 1,4 pgdm for Se
(IV). Linear working range for ECHG-AAS is 3-300 pg dm .
The optimised device parameters for electrochemical gen-
eration SeH, are: generation current —120 mA, flow rate of
Ar 300 cm’, catholyte 1,0 mol dm™ H,SO0,, anolyte 1,0
mol dm™ H,S0,, atomic temperature 900 °C. The results
of interferences Li, Na, K, Mg, Ca, Ba, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Cd, Hg, Sn, Pb, Sb, Bi and As have shown a de-
crease of signal for Se in every case except for Sn. EcCHG-
AAS has been applied for analysis of the real samples.

The authors appreciate the financial support of the
Slovak Grant Agency VEGA (project No 1/0419/12).

Table I
Detection limit, characteristic concentration and relative standard deviation
Element Detection limit (35) Linear working range RSD*

[ug dm™] [ug dm] [%]
Se 1.4 3-300 1.5
* n = 11; analyte concentration 50 pg dm™
Table III
Analyses of real samples (Se)
Sample Found Standard addition Standard addition  Difference

[ng dm™] [pg dm™] found [pgdm™]  [%]

Tap water <5.0 25.0 24.96 + 0.03 +0.16
Mineral water (Salvator) <5.0 25.0 25.10+0.12 -0.40
Surface water (Kuchajda see) <5.0 50.0 50.47 £0.72 -0.94
Sea water (Adriatic sea) <5.0 50.0 48.72 £0.22 +2.56
Waste water (Chlor alkali plant) <5.0 100.0 97.50 £ 0.22 +2.50
Eucaliptus leaves 226"+ 1.81 100.0 91.25+0.44 +8.75
Vitamin E 125+ 1.02 50.0 47.20+£0.32 +5.60

“value inng g’
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PRO VYJADROVANI NEJISTOTY MERENI (GUM:1995) PO SOUCASNOST
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Katedra analytické chemie, Prirodovédecka fakulta, Uni-
verzita Palackého v Olomouci, 17. Listopadu 12, 771 46
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V prvni poloviné 90.let minulého stoleti vstoupil
pojem nejistota méfeni do chemickych laboratofi. Prevaz-
na vétsina analytickych chemikd do té doby posuzovala
spolehlivost ¢i nespolehlivost svych vysledk riznymi
zpusoby, Casto podle zvyku dané instrumentalni metody ¢i
dle porozumeni statistice. Snad jen na okraj je tieba upo-
zornit, Ze analyticti chemici neobjevili v nejistoté nic no-
vého, ale zacali aplikovat to, co bylo v nékterych odvét-
vich pramyslu jiz pouzivano. Tento prispévek si klade za
cil struéné predstavit vyvoj konceptu nejistoty a jejiho
vyhodnoceni z pohledu analytické laboratofe a Ctenate
odkazat na patficnou literaturu, kde je mozné ziskat po-
drobné informace.

Do sirsiho podvédomi analytické vefejnosti nejistota
vstoupila diky nové technické normé pouzivané pro akre-
ditaci zkusebnich a kalibra¢nich laboratoti CSN EN ISO/
IEC 17025 (cit."). V kapitole vénujici se technickym poza-
davkim (5.4.6.2) je uvedeno, ze laboratofe musi mit
a pouzivat postupy pro odhad nejistoty méfeni. Odborna
vetejnost tedy zaCala hledat zpusoby odhadu nejistoty
méfeni. Zdkladnim a n€kolik let jedinym dostupnym doku-
mentem byl ISO Guide 98-3, takzvany GUM (Guide to the
expression of uncertainty in measurement)’. Jeho &esky
preklad byl vydan az v roce 2011 jako technicka normali-
zaéni informace (TNI 014109-3) (cit.*). Mimo jiné tyto
dokumenty piindSeji pro chemika uchopitelnou definici
nejistoty a poukazuji na rozdil v pojmu chyba (pojmu pou-
zivaného ve statistice) a nejistota. Tyto dokumenty také
uvadéji pristup k vyhodnoceni nejistoty méteni, ktery dne
nazyvame jako ,slozka po slozce* ¢i ,,zdola nahoru®.
K vyhodnoceni nejistoty se vyuZiva model méfeni a jsou
uvedeny dva zakladni zplsoby: vyhodnoceni standardni
nejistoty zptsobem A a vyhodnoceni standardni nejistoty
zpusobem B. Vyhodnoceni zpisobem A vychazi
z dostupnosti experimentalnich dat (opakovanych méfeni),
predpoklada u nich normalni rozdéleni a vybérovy odhad
smérodatné odchylky ztotoznuje se standardni nejistotou u.
Vyhodnoceni zptisobem B lze pouzit, nejsou-li ptimo do-
stupnd experimentdlni data, ale naopak jiné relevantni
udaje (napft. specifikace vyrobcee, tdaje z certifikatl, nejis-
toty pfipisované referencnim datiim ¢i dfive naméfena data
nebo zkuSenosti). Zde se zvoli ocekavany typ rozdéleni
pravdépodobnosti a snadnym vypoctem ziskame standard-
ni nejistotu. Déle jsou popsany zptisoby urceni kombino-
vané standardni nejistoty u,. pro nekorelovana i korelovana
data. Tento krok je v GUM popsan pon€¢kud komplikované
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s vyuzitim parcialnich derivaci a korela¢nich koeficientil
jednotlivych vstupnich veli¢in. Nékteré odborné spolec-
nosti pfipravily dokumenty vysvétlujici pouZiti téchto po-
stupti a doplnily je o celou fadu praktickych ptikladu.
Z celé fady odbornych spolecnosti se dale budeme podrob-
n&ji vénovat pouze spole¢nostem Eurachem a Eurolab.
Zavéretnym krokem vyhodnoceni nejistoty je vypocet
rozsitené nejistoty U, ktera se pak obvykle uvadi spolu
s vysledkem. Obecné pro velicinu Y se vysledek uvadi Y =
y = U. Naptiklad latkovou koncentraci kyseliny chlorovo-
dikové muzeme udat 0,102 + 0,0016 mol dm’3, pricemz
udaj za + je pravé rozsifena nejistota. Nekteré laboratote
zavedly udavani nejistoty relativné v procentech.

Jednu z prvnich pro chemické laboratofe praktickych
pfiruek na vyhodnocovani nejistot vydala vroce 1995
organizace Eurachem pod nazvem Quantifying Uncertain-
ty in Analytical Measurement. Tato pfirucka je stale do-
stupna na webovych strankach eurachem.org, ale v roce
2000 vyslo jeji revidované vydani a pro rok 2012 je pfipra-
vovano jiz 3. rozsitené vydani. Cesky preklad byl publiko-
van v roce 1996 organizaci Eurachem-CR v fadé piirucek
pro laboratofe jako Kvalimetrie 6 (cit.*). Tato piirucka
uvadi praktické ptistupy pro odhad nejistoty, jeji uvadéni a
jeji velmi cenénou C€asti byly praktické ptiklady vyhodno-
ceni nejistoty z bézné analytické praxe (acidobazicka titra-
ce, stanoveni Cd pomoci AAS, stanoveni organofosforo-
vych pesticidi pomoci GC a stanoveni obsahu masa). Pro
vypocet kombinované nejistoty slozitych modeld méfeni
prezentuje  zpisob  vypoltu popsany Kragtenem’
s vyuZitim béZzné¢ dostupného software Microsoft Excel.
Postupem casu se zacala objevovat cela fada rizné kvalit-
nich dokumentli a pokynii odbornych organizaci pro vy-
hodnocovani nejistoty. Organizace Eurolab v roce 2002
publikovala jako technickou zpravu 1/2002 dokument
vénovany vyhodnocovani nejistot zptisobem ,slozka po
slozce®™ s praktickymi pfiklady pro chemické a fyzikalni
laboratofe doplnénou o témét 90 doporuéenych citaci®.

Pouzivani a zejména ¢asov€ naro¢ného vyhodnocova-
ni nejistoty méfeni zptisobem ,,slozka po slozce* ptivedlo
odborné spolecnosti pomérné rychle k hledani jinych pii-
stupt k vyhodnocovani nejistoty. VSeobecné pfijimanym
dokumentem popisujicim praktické vyhodnoceni nejistoty
piistupem, ktery je oznacovan ,,shora dold* je pokyn Eura-
chem/CITAC Quantifying Uncertainty in Analytical Mea-
surement’ z roku 2000 (v dob& vzniku tohoto piispévku
platné vydani, v roce 2012 vstoupi v platnost vydani no-
vé). Cesky preklad je dostupny jako 11. dil fady prirucek
pro laboratofe Kvalimetrie®. Tento dokument predstavuje
odhad nejistoty s vyuzitim tdaji z vnitrolaboratorni vali-
dacni studie a provedeni odhadu nejistoty na zéklad¢ pred-
chozich daji z mezilaboratorniho vyvijeni metody. Dale
uvadi pfistupy k vyhodnocovani nejistot empirickych a ad
hoc metod. Pozitivné pfijimanou ¢asti pfirucky se opét
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staly praktické priklady. Vyuziti pfistupu ,,shora dolu*
laboratofim zna¢n¢ usnadiiuje praci. Neni zapotiebi prova-
dét Casove naro¢nou sérii dalSich experimentt, ale lze vyu-
Zit jiz jednou v laboratofi namétena data. Alternativni pfi-
stupy k vyhodnocovéni nejistot jsou pro chemiky pfijatel-
nym zpusobem zpracovany ve dvou technickych zpravach
Eurolabu 1/2006 a 1/2007. Oba dokumenty jsou pfistupné
i v &eském prekladu®'®. Dalsimi cennymi zdroji v oblasti
nejistot jsou materialy pristupné na webovych strankach
organizace Nordtest'"'? a Analytical Methods Committee
Royal Society of Chemitry'?.

Dalsi smér, kterym se ubiralo vyhodnocovani nejisto-
ty, spocival v pohledu na ziskani vysledku jako celku sa-
motné analyzy a vzorkovani. Tedy samostatnou a doposud
jesté v legislativé nezavedenou oblasti je nejistota odbéru
vzorkl. Otdzka odbéru vzorkl je snad i komplikovangjsi
nez otazka samotné chemické analyzy, protoze existuje
cela fada odbérovych technik, strategii na nepieberné
mnozstvi vzorki. Presto se v roce 2007 podafilo publiko-
vat prvni podrobngjsi prirucku'®, na které se podileli Eura-
chem, CITAC a také EUROLAB, Nordtest a UK RSC
Analytical Methods Committee. Cesky preklad publikoval
Eurachem-CR jako soudast své fady piiru¢ek Kvalimetrie
15 (cit."®). Dokument zevrubné popisuje empiricky a mo-
delovy pristup odbéru vzorkti a odhadu nejistoty v téchto
ptipadech. A stejné jako dalSi dokumenty Eurachem uvadi
nekolik praktickych piikladl (dusi¢nany v salatu péstova-
ném ve skleniku, olovo v kontaminované ornici, rozpuste-
né Zelezo v podzemni vodé¢, vitamin A v détské ovesné
ka$i, enzym v krmivu pro dribez a kadmium a fosfor
v zemédelské ornici). Soucasti ptirucky jsou i detailni sta-
tistické postupy pro zpracovéani jako jsou parametricka
a neparametrickd analyza rozptylu.

Naopak oblast legislativy zejména z Evropské unie
vedla  kdetailnimu  zpracovani  pouziti  nejistoty
k posuzovéni shody s limitnimi hodnotami. Jak postupovat
v pripadé€, Ze povolenou limitni hodnotu neptekrodil vysle-
dek, ale jeho nejistota ano ¢i naopak vysledek prekrocil
limitni mez, ale jeho nejistota jesté spada pod tuto mez?
Zplasoby vyhodnoceni uvadi jak dokument Eurachem/
CITAC!'® dostupny i v &eském piekladu'® tak i normativni
dokument ISO/IEC Guide 98-4 (cit.'”), ktery je viak pouze
v pracovni verzi. Uvedené dokumenty ptedstavuji relativ-
né jednoduché statistické postupy vyuzivajici hodnotu
standardni nejistoty v blizkosti limitni hodnoty a umoznuji
vypocitat oblasti pfijeti a zamitnuti — tedy zda vysledek
piekrocil ¢i nepiekrodil limitni hodnotu. Vyuziti nejistoty
méfeni pii posuzovani s limitni hodnotou se postupné roz-
Sifuje do fady oblasti po€inaje analyzou potravin.

V poslednich letech se zptisoby vyhodnocovani nejis-
toty méfeni dostavaji i do oblasti, které pro analytické
laboratofe nejsou az tak kliCové. Pracovni skupiny v ramci
organizaci Eurachem a CITAC dokoncuji na dokumentu,
ktery by popisoval i vyhodnoceni nejistoty v blizkosti me-
ze detekce ¢i statisticky sofistikované postupy pro vyhod-
noceni nejistoty u velkych souborti dat. Ke druhé oblasti
pfispélo vydani doplitku k Pokynu ISO/IEC 98-3, kde je
uvedeno pouziti simulacni metody Monte Carlo
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k propagaci nejistoty. Uvedeny Pokyn byl v ¢eském pre-
kladu v loniském roce vydan jako Technicka normalizaéni
informace'®.

Vyznamnou podporou konceptu vyhodnocovani ne-
jistoty méfeni oproti klasickému chybovému modelu pfi-
neslo 3. vydani Mezinarodniho metrologického slovniku
v roce 2007 jako ISO Guidu 99 (cit."”). Tento dokument
zavadi novou definici nejistoty, ta vSak neni v rozporu
s definici z dokumentu GUM a popisuje implementaci
nejistoty méfeni do novych oblasti a novych definici za-
kladnich metrologickych pojm.

Nejistota méfeni a jeji vyhodnoceni ma za sebou dét-
ska 1éta i obdobi dospivani a analytickou vetejnosti je za-
vedena do praxe a pouzivana. Vstup tohoto pojmu do od-
borné  vefejnosti v Ceské republice byl spojen
s nepochopenim a cCastokrat neopodstatnénou kritikou.
Z rigordzniho statistického pristupu méa vyhodnocovani jak
,»zdola nahoru® tak i ,,shora doli“ nékteré slabiny (napf.
pouzivani pouze aditivniho modelu méfeni), ty vsak ve
veétsing piipadi vyznamné neovlivni vyhodnoceni velikosti
nejistoty. Mnoho pocatecnich nedostatkil se za vice nez
15 let pouzivani nejistot v laboratofich podafilo ptekonat
a v poslednich letech cCeli nejistota dalsim vyzvam. Jednou
z nich je jeji pouzivani v klinickych laboratofich. Dal§im
momentalné aktualnim tématem je vyhodnocovani nejisto-
ty u kvalitativnich analyz.

Autor dékuje za financéni podporu MSMT CR v ramci

projektu LG 11010.
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The challenge set by metabolomic research is the
analysis of numerous small molecules and ends with struc-
tural assignments of individual metabolic components.
Due to the immense structural diversity of small molecules
and the inability to decipher spectral information effective-
ly, the structural work remains a huge bottleneck in chemi-
cal and biological sciences.

Widely used library search systems are designed to
identify compounds represented in the reference library. If
the unknown compound is not represented in the library,
the compound cannot be identified by this method. To
overcome this shortcoming, various accurate molecular
mass search techniques into structural databases are often
applied to derive at least a structural proposal of unknown
compound.

A novel integrated mass spectrometric approach
which takes advantage of the structural continuum and
conservation of eukaryotic metabolism will be presented.
Comprehensive empirical data collections in addition to
a fragment search technique and precursor-ion fingerprin-
ting method (PIF) are integrated into this approach.
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In biological compartments, endogenous metabolites
resulting from sequential transformation reactions repre-
sent a chemical continuum of predetermined structural
space, ideally fitting the PIF concept where the success
rate of ion identification depends on previously elucidated
substructural moieties. Furthermore, metabolic constitu-
ents are generally conserved across species and thus share
similar structural scaffolds, allowing the sampling of
a variety of known and commercially accessible eukaryo-
tic metabolites and establishment of an initial library of ion
fingerprints (substructures) which are organism indepen-
dent, but highly specific to molecular space emerged
through natural evolutionary processes. Synergic effects
regarding structural continuum and conservation of euka-
ryotic metabolism and the presented integrated approach
will be demonstrated on dopamine and N-acetyldopamine
biotransformation as part of the tyrosine metabolism path-
way (human) and puparial cuticle sclerotization in Dro-
sophila melanogaster. The relationship between biochemi-
cal pathways and mass spectrometric fragmentation path-
ways will be shown for phenylalanine biotransformation.
An example of complete structure assembly from deter-
mined substructures will be given.
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Chemometrické skiimanie dat, najmid mnohorozmerna
analyza dat a umelé neurénové siete, sa v su¢asnosti pou-
ziva na vysetrenie vzajomnych vztahov v rozsiahlej sérii
dat, ktoré su vysledkom experimentalnych merani a pozo-
rovani rozli¢ného druhu. Délezitou ulohou chemometric-
kych technik je zhodnotenie vztahov medzi zvolenou cie-
lovou premennou a experimentalne zmeranymi deskriptor-
mi skimanych objektov. Cielom tejto prace je ukazat
aplikacie viacerych zobrazovacich a klasifikaénych che-
mometrickych technik v medicine.

Nadorové markery su produkty patologicky zmene-
nych tkaniv, najmd nadorového povodu. Pomahaji spres-
nit'" klinické Stadium, biologicky charakter malignity
amaji vyznam pri monitorovani G¢innosti chemoterapie.
Dosial’ nebol charakterizovany marker, ktory by bol $peci-
fickym pre dany typ nadoru, ani pre rakovinu vseobecne.
Najucinnejsi a v§eobecne uznavany pozitivny test na rako-
vinu pl'ic je zaloZeny na histologickom vySetreni prislus-
nej vzorky tkaniva. Tento spdsob je vSak pomerne invaziv-
ny apredovSetkym zaberd dlhy ¢as. Naopak, pouzivanie
nadorovych markerov je menej invazivne a trva ovela
kratSiu dobu. V naliehavych pripadoch mdze teda zabranit’
strate Casu potrebného na lekarske oSetrenie.

Da sa ocakavat’, ze vhodnou kombinaciou viacerych
markerov mozno predikénua silu nadorovych markerov
znacne zvySsit, a to pouZitim metdéd mnohorozmernej ana-
lyzy dat. Kombinaciou viacerych nadorovych markerov,
ako aj inych dolezitych idajov moZno zvysit mieru Speci-
fickosti, resp. mieru citlivosti. V tejto praci sme demon-
Strovali vyuZitie metdd mnohorozmernej analyzy dat na
analyzu tumorovych markerov vyznamnych v diagnostike
a pri sledovani priebehu nddorového ochorenia pluc’ .

Glykovany hemoglobin (HbA,.) je frekventovane
vyuzivanym dlhodobym ukazovatelom koncentracie glu-
koézy v organizme, ked’ze jeho hodnoty vyjadruju stav za
obdobie 6-8 tyzdiiov. Jeho stanovenie je dolezité pri dia-
gnostike trvalej hyperglykémie, pri priebeznej kontrole
liecby diabetes mellitus (cukrovky) a porovnavani réznych
lie¢ebnych postupov®?. HbA,. vznikd neenzymatickou
adiciou glukézy na vol'né aminoskupiny bielkovinovych
retazcov hemoglobinu. V sucasnosti existuje viac ako
30 sposobov stanovenia glykovaného hemoglobinu, ktoré
poskytuju odlisné vysledky” .
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Na porovnanie dvoch metdd stanovenia HbA,, vyuzi-
vajucich rozdielne referenéné systémy boli pouzité regres-
né metddy, ktoré na rozdiel od beZnej metddy najmenSich
Stvorcov (OLS) uvazuji ndhodnu chybu v oboch porovna-
vanych metoédach, a to Demingovu regresiu, Passingovu-
Bablokovu regresiu a ortogonalnu regresiu®.

Hypertenzia je nielen ochorenim dospelych, ale ako
sa ukazalo v poslednych rokoch, Coraz CastejSie sa s fou
stretavame u deti. Ochorenie prebicha latentne a vyustuje
do poskodenia a nasledne zlyhania délezitych organov. Je
znamych vela rizikovych faktorov, ktoré prispievaju
k vzniku hypertenzie. VSak pravym rizikom pre jej vznik
je ich koincidencia.

Diagnostikovanie hypertenzie u deti je vel'mi zlozité.
Vyzaduje si to dlhodobejsie monitorovanie krvného tlaku
a biochemickych parametrov, ktoré by lekara nasmerovali
k ur€eniu diagndzy. S diagnostikou sa zacina okolo troch
rokov. Cim je dieta mladsie tym je viac pravdepodobnej-
Sie, Ze hypertenzia vznikd na podklade iného ochorenia.
Na hodnotenie hypertenzie udeti sme vyuzili metddy
mnohorozmernej analyzy dat. Vystupom je komplexna
informacia, ktora dokaze poskytnit ucelenejsi vysledok
ako hodnotenie jedného parametra.

Autori dakujii za podporu grantu VEGA 1/0233/12.
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Soucasny vyvoj diagnostickych a 1é¢ebnych metod
v mediciné zahrnuje ¢im dal vice pouziti objektl
v rozmérech mikrometri nebo nanometrd. Pfikladem mutze
byt vyuziti mikroc¢asticové a nanocasticové imunodiagnos-
tiky umoziujici témét homogenni imunoanalyzu (napf. ve
srovnani s klasickou ELISA technikou)', vyuZiti nano&as-
tic jako kontrastni latky pro MRI diagnostiku® nebo vyuziti
mikro- a nanoagregatd pro cilené doruceni IéCiv
v organismu’. Ve viech téchto ptipadech je velice diilezité
dikladné charakterizovat mikro- a nanoobjekty jak z po-
hledu jejich chemického slozeni a struktury, tak z hlediska
jejich koloidniho chovéni a toxicity. Mezi jeden z velice
obtiznych ukolu se fadi pravé studium koloidniho chovéani,
protoze v tomto pfipad€ je nutné analyzovat mikro- a na-
nobjekty v prostfedi s vysokou iontovou silou a obsahuji-
cim celou fadu dalsich latek (v prostfedi organismu). Pro
tento ukol se jevi jako velice vyhodné pouzit kapilarni
elektroforézu, kterd umoziuje nejen praci v takovém pro-
stiedi, ale navic velice dobfe reflektuje koloidni chovani
té&chto vétsich objekta’.

V ramci tohoto prispévku budou diskutovany moz-
nosti pouziti kapilarni elektroforézy pro charakterizaci Ctyf
typt mikro- a nanoobjekti: (/) mikroorganismt a bungk’,
(i) fluorescen¢nich nanoéastic (kvantovych tecek)®, (iii)
magnetickych nano&astic’, a (iv) syntetickych liposoma®.
Vsechny tyto objekty se v kapilarni elektroforéze chovaji
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podobnych zplisobem a je mozno je charakterizovat riizny-
mi metodami (kapilarni zénovou elektroforézou, izoelek-
trickou fokusaci apod.) pfedevsim podle ucelu této charak-
terizace. Prikladem muze byt charakterizace uhlikovych
kvantovych tecek pro aplikaci fluorescencniho znaceni
bun¢k pomoci techniky micelarni elektrokinetické chroma-
tografie, kdy bylo cilem pfedev§im popsat uniformitu dis-
perze syntetizovanych ¢astic jak co do naboje, tak co do
hydrofobicity®. Naopak v ptipadé bunék mize byt zase
cilem analyza agregatd a jejich izoelektrického bodu pro
charakterizaci jejich interakce napiiklad s 16&ivy”.

Obecné lze tvrdit, ze kapilarni elektroforéza je Gcin-
nym nastrojem pro charakterizaci mikroobjektli a nanoob-
jektd a v této oblasti vyzkumu se ukazuje jako neocenitel-
ny nastroj pro dalsi obory od materialové chemie po medi-
cinu.

Prace byla podporena projekty Ministerstva Skolstvi,
mladeze a télovychovy (projekt Operacniho programu
Vyzkum a vyvoj pro inovace CZ.1.05/2.1.00/03.0058
a projekt Operacniho programu Vzdélavani pro konkuren-
ceschopnost CZ.1.07/2.3.00/20.0018).
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Summary

Complex analysis of the influence of growing and
technological processing conditions on selected properties
of group of commercial samples of Slovak and Hungarian
wheat, spelt and rye flours prepared following organically
and conventional production practices was performed.
Solid flour samples were analyzed to ash and dry matter
content as well as to minerals and trace elements content.
Extracts of flours in 50% ethanol were treated by EPR and
UV-VIS spectroscopy to determine the total polyphenols
and flavonoids content as well as some other characteris-
tics of antioxidant properties, including ABTS™
and ‘DPPH tests. Multivariate statistical analysis was sub-
sequently applied on the whole dataset of experimental
characteristics in order to assess the influence of way of
production (organic vs. conventional) and technological
processing (grinding) on sample properties. Besides that,
the possibility of flours differentiation according to the
previously mentioned characteristics as well as their origin
was tested. By means of canonical discrimination analysis,
flour samples were with > 95% correctness discriminated
according to their country of origin. Taking into account
the way of production, organically grown samples were
with ~ 92% discrimination score differentiated from that
produced by conventional production practices. Classifica-
tion of samples according to the way of technological pro-
cessing (grinding) reached ~ 96% and according to varietal
composition, 100% correct classification. As the most
significant experimental characteristics for the purposes of
flour samples differentiation, minerals and trace elements
content, as well as flavonoids content and radical-
scavenging activity of extracts were recognized. The pre-
diction ability of the statistical models was in all cases >
92%, in case of varietal composition, even 100%.

Introduction

Besides the traditional role of cereals as a source of
nutrients, in the recent years, their growing utilization in so
called “functional foods” has been noticed, utilizing either
whole cereals or some their components. The conventional
definition of functional foods is that it is a food where
a new ingredient (or more of an existing ingredient) has
been added and the new so-prepared product has a new
function, frequently related e.g., to health-promotion or
disease prevention. Functional foods must have the charac-
ter of foods and their positive impact will be reflected al-
ready in the consumption quantity corresponding to nor-
mal food. They are not pills or other form of medication or
supplements'. One type of cereals with high potential in
functional foods preparation represents spelt (7riticum
spelta, L.) — a hexaploid species of wheat, being in the past
an important staple in parts of Europe. Nowadays, it has
again found a growing importance in market as a health
food or a component of health beneficial foods, due to its
agronomic, compositional and medical characteristics.
This cereal has similar chemical composition as common
wheat but its content of nutritionally important compounds
is higher. According to some previously published analyti-
cal data, it contains about 57.9 % carbohydrates (excluding
9.2 % fibre), 17.0 % protein and 3.0 % fat, as well as die-
tary minerals and vitamins®. Due to its moderate amount of
gluten, it is suitable for baking purposes. Spelt is most fre-
quently available in several forms (products) e.g., as coarse
pale bread, biscuits, crackers or as spelt pasta. Besides that,
grain of spelt is used in brewing industry and/or as feeding®™.
Comparison of some characteristics of wheat, spelt and rye
whole meal flours is presented in Table I (ref.*").

For the preparation of functional foods containing
cereals or its components, it is necessary to consider sever-
al factors. Although the content of the main components in
the grain changes within the respective variety only statis-
tically, significant effect on the chemical composition of
grain could have soil composition, climatic and agro-
technical conditions, and last but not least, the technologi-

Table I
Comparison of selected averaged characteristics of wheat,
spelt and rye whole meal flours

Parameter Wheat®  Spelt’ Rye®
Proteins (g/100g) 11.55 12.8 11.27
Saccharides (g/100g) 71.03 62 71.76
Dietary fiber (g/100g) 9.1 11.4 133
Minerals (as ash, g/100g) 1.62 1.8 1.72

Riboflavin (mg/100g) 0.11 0.15 0.14




Chem. Listy 106, s225-s230 (2012)

cal procedures/processes used in subsequent post-
harvesting treatment®. All these factors can significantly
affect the properties of grains/flours and the content of
potentially interesting constituents, predetermining thus
their use in functional foods production. In this context,
procedures for the isolation of individual components of
interest from cereal are of great importance, as well.
Therefore, it is necessary to deal in details with the prob-
lems of the isolation of functional components from flour
and aspects of their stability. Besides that, it is also im-
portant to deal with the effects of isolation/extraction con-
ditions on the content of functional components (e.g.,
polyphenols, flavonoids, organic acids).

This contribution, as a part of a complex study, fo-
cused on potential of some cereals to serve as functional
foods components themselves, or after their additivation /
doping by mixing with some other components of natural
origin with known antioxidant potential and health benefi-
cial effects (e.g., anthocyanins, flour or medical herbs ex-
tracts). As an input information for further processing, the
influence of the origin & growing condition (organic vs.
conventional farming practices), technological processing
(degree of grinding) as well as varietal composition on
selected properties of group of 24 commercial wheat, spelt
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and rye commercial flour samples of Slovak and Hungari-
an origin was performed. The basic characteristics of solid
samples, i.e., dry matter and ash content, but also minerals
and trace elements content was evaluated. Besides that,
antioxidant properties of flours extracts were assessed by
means of UV-VIS and EPR spectroscopy, involving sever-
al assays. Amino acids profile was determined by HPLC-
MS system. Results obtained were correlated via simple
correlations with total polyphenols and flavonoids content.
Besides that, the multivariate statistical analysis was used
to evaluate the influence of origin, varietal composition,
way of production and technological processing on sample
properties. In addition, the possibilities of some flour prop-
erties (ash, dry matter content) prediction from spectral
characteristics, was tested.

Experimental

Samples

For the purposes of this study, 24 commercial sam-
ples of Slovak and Hungarian organic and conventional
smooth, semi-smooth, rough and whole meal wheat, spelt
and rye flours were selected. Detailed description of sam-
ples is given in Table II.

Table II
Basic characteristics of the samples of Slovak and Hungarian organic (O) and conventional (C) flours under study
ID Sample Country of Way of ID Sample Country of Way of
characterisation origin* production™®* characterisation origin* production™®*
F1 Wheat, whole meal, SK O F13 Rye, whole meal, SK C
smooth smooth
F2 Wheat, whole meal HU (0] F14 Spelt, whole meal, SK (@)
smooth
F3 Wheat, whole meal, HU (@) F15 Spelt, whole meal HU (@)
stone mill
F4 Wheat, smooth HU O F16 Spelt, whole meal, HU (0]
stone mill
F5 Wheat, whole meal, SK C F17 Spelt, smooth HU O
smooth
Fo6 Wheat, semi-smooth SK C F18 Spelt, whole meal, SK C
smooth
F7 Wheat, rough SK C F19 Spelt, smooth SK O
F8 Wheat, smooth SK C F20 Spelt, whole meal, SK (@)
rough
F9 Rye, whole meal, SK (@) F21 Spelt, smooth HU (@)
smooth
F10 Rye, whole meal HU O F22 Spelt, whole meal HU O
F11 Rye, whole meal, HU (0) F23 Spelt, whole meal HU (0)
stone mill
F12  Rye, smooth HU o F24 Spelt, HU o

semi-smooth

* HU — Hungary, SK- Slovak Republic;** O — organic, C — conventional
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Basic characteristics of solid flours

Solid flour samples were evaluated to dry matter and
ash content using the standard AOAC methods”'’. Mine-
rals and trace elements content (Ca, Cu, Fe, K, Mg, Na and
Zn) was determined using the atomic absorption spectrom-
etry — AAS. For these purposes, Perkin Elmer 4100
(Perkin Elmer, USA) spectrometer, equipped with a deu-
terium lamp background-correction system was employed,
using an air/acetylene flame and the flame-ionization de-
tector''. Besides that, total nitrogen content was deter-
mined using the routine Kjeldahl method'%.

Extracts preparation

For EPR and UV-VIS experiments, exactly 50 ml of
50% ethanol/water solution (v/v) was poured over 2.5 g of
respective flour sample and the extraction was performed
at ambient temperature. The mixture was shaken on labor-
atory shaker (Innova 2000, USA) for 1h at 150 rpm. Sub-
sequently, the supernatant was separated from the solid
matter using the laboratory ultracentrifuge (SciQuip, UK)
at 9200 rpm at ambient temperature during 10 min. The so
prepared extracts were stored at ambient temperature in
darkness between the experiments. For HPLC analysis, 1 g
of flour sample was mixed with 20 ml of acetic acid solu-
tion in water (0.1 M) and the aliquot of internal standard
d3-Glu (50 pl) was added. The mixture was shaken at
150 rpm for 30 min in laboratory shaker at ambient tem-
perature and centrifuged at 10 000 rpm for 10 min at the
temperature of 0 °C. After the filtration, the supernatant
(200 pl) was mixed with 100 pl of isotopically labelled
internal standard and 800 pl 0.1% solution of acetic acid
(in water, v/v) and used in analysis.

HPLC-MS, UV-VIS and EPR spectral characteristics

Amino acids (AA)profile and their quantification was
performed by HPLC-MS-MS with positive electrospray
ionization using an Agilent 6410 Triple Quad detector
(Agilent Technologies, Palo Alto, USA) coupled to
a HPLC system Agilent 1200 series (Agilent Technolo-
gies, Palo Alto, USA) consisting of a binary pump, a vacu-
um degasser, a autosampler, and a thermostated column
compartment. The analytical separation was performed on
an a Purospher® STAR RP-8ec (150 mm x 4.6 mm, 3 pum)
(Merck, Darmstadt, Germany) using an isocratic mixture
of 100 ml acetonitrile and 500 ml of water solution of per-
fluorooctanoic acid (PFOA) (0.05 mM) at the flow-rate of
0.5 ml min" at temperature of 25 °C. Free individual ami-
no acids was quantified using linear calibration curve es-
tablished with standard solution using the L-amino acids
kit containing the 98% purity standards of 20 amino acids
(Sigma — Aldrich). As an internal standards, a lyophilised
mixture of isotopically labelled L-amino acids
(ChromSystems, Miinchen, Germany) and standard of d3-
glutamic acid (d3-Glu, 97%, Cambridge Isotope Laborato-
ries, Andover, USA) were used. Quantification was per-
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formed by comparison of the peak area ratio of selected
amino acids with relevant internal standard monitored
using the MRM transitions. The following instrumental
(ion source) parameters were used for amino acids analy-
sis: drying gas (N2) flow, 8 L min'; gas temperature,
320 °C; nebulizer pressure 50 psi; capillary voltage,
3.0 kV; fragmentor voltage, 50-100 V (depending on ana-
lyte); collision energy, 2-30 eV (depending on analyte);
dwell time, 50 ms. All the samples were analysed in two
parallel repetitions. The determined concentrations of 21
free amino acids were counted together and the result was
presented as total amino acids content.

UV-VIS experiments were carried out with both, ex-
tracts and solid samples, using a UV-VIS-NIR spectropho-
tometer Shimadzu 3600 with accessory. The experiments
with solid samples were performed in attenuated reflec-
tance mode using the Large Integrating Sphere Assembly
LISR 3100 (Shimadzu, Kyoto, Japan) employing quartz
cell enabling reflection measurements from the surface of
defined upper layer of flours samples. The reflectance
spectrum of the respective flour sample was recorded in
triplicates in the spectral range from 200 to 2500 nm and
averaged for use in the data analysis. Flours reflectance
spectra visualisation and comparison was performed using
the spectroscopic data evaluation environment of Panora-
ma 3.1 (Labcognition GmbH & Co. KG) enabling the mul-
tivariate transformation of spectra by the method of princi-
pal component factoring (PCF). Before the PCF all the
spectra were smoothed by the Savitzky-Golay method to
remove baseline shifts and superimposed peaks and nor-
malised by data scaling and centering techniques. Radical-
scavenging activity of solid samples was characterized by
UV-VIS, employing the modified Quencher method". The
content of total polyphenols (TPC) expressed as Gallic
acid equivalents' and of flavonoids (TFC) expressed as
Rutine equivalents was determined in the extracts. Besides
that, radical-scavenging activities of extracts were evaluat-
ed using the solution of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical and 2,2'-azino-bis(3-ethylbenz-
thiazoline-6-sulfonic acid) cation-radical (ABTS™), re-
spectively. All the experiments were performed in dupli-
cates.

The entire EPR experiments were performed in dupli-
cates, using a portable X-band EPR spectrometer e-scan
(Bruker Biospin, GmbH, Karlsruhe, Germany) with acces-
sory. The ability of flour extracts to terminate ‘'DPPH and
ABTS™ radicals was evaluated. The ABTS™/'DPPH radi-
cal-scavenging activities were expressed as Trolox equiva-
lents (TEACABTS'+/'DPPH)14-

Multivariate statistical methods were used to distin-
guish the samples according to selected characteristic, i.e.,
origin, way of production, varietal composition, way of
technological processing, employing methods of principal
component analysis, principal component factoring, ca-
nonical, and k™ neighbour discriminant analysis and classi-
fication. These calculation were performed by means of
Unistat®6.1 (Unistat, London, United Kingdom) statistical
software, taking into consideration all the experimental
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data obtained from HPLC-MS, AAS, UV-VIS and EPR
experiments. The recognizability of discriminant model
was determined as the percentage of the correctly classi-
fied samples in the training data set. The prediction ability
was tested, as the percentage of the samples correctly clas-
sified in the leave-multiple-out cross-validation ap-
proach'®.

Results and discussion

As the basic parameters of the studied flour samples,
ash and dry matter content were determined. Results ob-
tained indicated, that there is not a clear difference be-
tween the samples following neither from their origin, way
of production, nor varietal composition, as the results
within the common groups are statistically distributed.

Regarding the total nitrogen content, it is obvious that
samples from Hungary reveal in average its slightly higher
contents than the Slovak ones, exception for some case,

ACP 2012 — Stcasny stav a perspektivy analytickej chémie v praxi

Lectures

where practically either none or only statistically negligi-
ble differences were found. There is also not clear relation-
ship between the nitrogen content and the varietal compo-
sition of flours, the same for the way of production. For
the later mentioned, with respect to presupposed much
more intensive fertilization in conventional farming, one
could expect at least slightly higher content of nitrogen,
but this expectation was not supported by the results. Re-
sults presented in Table III also indicate that there exist
some relationship between the amino acids content and the
way of sample processing (grinding), which is most proba-
bly the result of modified extraction ability of amino acids
from respective flours in dependence on the degree of
grain micronization. Practically the same, unambiguous
trends and relationships were obtained also for other eva-
luated parameters of flours and their extracts, as was also
observed for the results of Quencher assay, content of
polyphenols or flavonoids.

Table 111

Averaged results (mean+ SD, n=2) of some characteristics of solid flour samples and their extracts in 50% EtOH (v/v)

ID Ash Dry matter [%] Total nitrogen Total AA content  Quencher TPC TFC
[%] content [%] [mg kg '] [mg kg'] [mg kg'] [mg kg ']
F1 1.9£0.0 89.2+0.0 1.8+0.1 919.3+0.9 11.3+1.0 1433.2+16.6 310.3+43.2
F2 1.6+0.0 89.2+0.0 2.3+0.1 1473.6+5.3 12.742.3 1734.7+70.4 163.8+2.5
F3 1.9+0.4 89.4+0.1 2.3+0.1 1448.1£3.5 11.8+1.4 1719.2+55.6 185.8+3.8
F4 0.8+0.0 89.0+0.0 2.3+0.1 989.0+6.5 10.8+£2.0 1548.2+51.2 560.9+19.3
F5 1.9+0.0 88.7+0.1 1.9+0.1 1273.1+£8.5 14.2+1.7 1580.6+29.5 127.5+1.8
F6 0.6+0.4 88.5+0.1 1.6+0.1 503.0+6.7 8.3+3.1 1492.743.7 441.5+9.6
F7 0.4+0.0 89.4+0.0 1.7+0.1 482.4+8.0 8.6£1.7 1273.5+£55.2 294.7+15.7
F8 0.5+0.0 88.5+0.0 1.7+0.1 526.9+2.9 10.9£2.4 1330.0+39.4 182.5+6.1
F9 1.6+0.0 89.440.1 1.340.1 2173.9£1.3 11.0£1.3 1376.3£3.4 432.9£6.6
F10 1.7£0.0 89.5+0.3 1.6+0.1 2488.8+12.8 14.6+0.2 1395.6+15.6 558.5+4.4
F11 1.9+0.0 89.0+0.1 1.240.1 1736.2+28.5 12.9+0.9 1677.5£71.2 480.9£15.9
F12 0.7+0.0 88.2+0.8 0.8+0.0 1168.9+£7.5 10.2+1.2 833.1£12.9 417.0+4.3
F13 1.6+0.0 89.2+0.0 1.3+0.1 1733.943.2 13.2+1.6 1328.3+£81.3 770.5+12.1
F14 2.1+£0.0 89.740.1 2.3+0.1 1495.8+30.7 12.4£2.0 1825.8£221.4  271.8+£37.8
F15 2.2+0.0 89.8+0.0 2.6£0.1 1488.1£5.9 13.943.1 1964.9+427.5  214.8+25.7
Fl16 2.1+£0.0 89.8+0.0 2.6+0.1 1428.9+18.2 12.0+£3.2 1569.843.5 182.7+0.6
F17 1.0£0.0 89.3+0.0 2.4+0.1 818.6+2.1 9.5+3.4 1392.3+0.8 114.9+13.4
F18 2.5+0.0 90.3+0.0 2.2+0.1 1521.9£19.4 12.1+£3.3 1411.5£74.6 274.9£6.9
F19 1.1£0.0 89.4+0.0 2.3+0.1 1002.246.6 13.0+£3.2 1390.9+44 .4 143.5+14.8
F20 1.4+0.0 89.8+0.0 2.1£0.1 1263.5+38.9 9.6+2.0 1433.0+54.6 129.8+4.5
F21 0.8+0.0 89.7+0.0 2.1+0.1 771.0£6.6 10.8+0.1 1339.3+64.5 187.8+£6.7
F22 2.1+£0.0 90.1+0.1 2.2+0.1 1379.1+17.3 12.8+1.2 1728.2+28.6 181.2+13.1
F23 1.1£0.0 88.440.1 1.5+0.1 810.1+£7.9 10.2+1.1 1276.8+26.5 143.5+3.4
F24 1.1£0.0 89.0+0.3 1.340.1 722.0£0.2 9.840.6 1110.1£57.8 95.0+6.1
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Fig. 1. Wheat, rye and spelt flours spectral reflection data
projection by principal component factoring (each point repre-
sents a reflection spectrum of sample in VIS spectral region). For
the differentiation purposes, flour samples were classified into
two sub-groups as graham (whole meal) and white (the rest)

Correlation matrix of all determined characteristics
(data not presented) indicates moderate correlations of
majority of determined characteristics, revealing R* values
within the range of <0.4-0.6>; however, in some cases,
strong correlations were confirmed e.g. between the total
amino acids content and TEAC values evaluated both from
UV-VIS and EPR measurements with ABTS™ and ‘DPPH
radicals.

However, considering the results of all methods
and assays used, it can be concluded, that any single ana-
lytical method or their combination and/or simple mutual
correlation do not offer an unambiguous answer on the
topics of the similarities/differences between the samples
from their origin, way of production, processing or varietal
composition points of view. Thus, multivariate statistical
analysis was employed to find the similarities and diffe-
rences within the group of samples of common character-
istics and between the individual groups and to perform
the differentiation and classification of individual flour
samples.

By the method of principal component factoring
(PCF), the whole UV-VIS-NIR reflection spectra were

Table IV

processed, separately for respective spectral regions (UV,
Visible and NIR). While the spectra from UV and NIR
regions do not offer clear differentiation of samples into
subgroups by any of chosen criteria (origin, way of pro-
duction, varietal composition, way of grinding & pro-
cessing), this is not the case of VIS-spectra (part of complex
reflection spectra recorded in the spectral range 330-780
nm). As is clearly indicated on Fig. 1, from the UV-VIS-
NIR reflection measurements of flours the data obtained in
the visible spectral range, it is possible to differentiate the
wheat flours according to way of grinding. From practical
reasons, samples were classified only into two sub-groups
— one for whole meal flours (labelled as graham) and the
2" for the remaining samples (refer to Table II for further
details).

Very promising results offered the processing of the
entire group of experimental characteristics by the me-
thods of principal component analysis, canonical discrimi-
nation analysis and k™ nearest neighbour classification.
Principle component analysis was able to explain in all
studied cases the variability of the dataset by 78 % and
83 % of the variability of the dataset (taking into consider-
ation the cumulative % of variance of first 3 and 4 princi-
pal components, respectively). Eigenvalues indicates that
in the differentiation by PCA, very important role have the
total nitrogen content, content of amino acids and total
polyphenols. The other characteristics contributed to prin-
cipal components construction by various, but usually
lower significance.

CDA, in dependence on the selected discrimination
criterion, possessed very high recognition scores, reflect-
ing the successfulness of the discrimination of the samples
into respective groups on the basis of their experimental
characteristics, as clearly indicated in Table IV. The low-
est recognition was obtained in classification of samples
according the way of production (farming), in which 3
organically and 1 conventionally produced sample were
misclassified. As regards the importance of individual
characteristics for the discrimination, it should be noted
here that it vary with the selected criterion, however, im-
portant role of individual minerals and trace elements,
followed by TPC/TFC and last but not least, individual

Results of canonical discrimination analysis, k™ nearest neighbour classification and prediction tests by means of CDA, of
flour samples under study and their extracts according to various discrimination parameters. The whole dataset of experi-

mental characteristics was taken for the discrimination and
samples

classification. Results are expressed as % of correctly classified

Method Origin [%] Way of farming Varietal Technological processing
[%] composition [%] (grinding) [%]
Canonical discrimination 95.8 91.7 100 95.8
K™ nearest neighbour k=1 100 100 100 100
k=2 95.8 100 100 95.8
Prediction ability by CDA 92.9 97.7 100 97.7
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Fig. 2. Plot of factors (Varimax rotation) indicating the im-
portance of individual experimental characteristics of flour
samples and their extracts for the purposes of samples differ-
entiation according to chosen criteria

characteristics of antioxidant properties. Similar results
give also processing of the data by the principal compo-
nent factoring in varimax rotation. As follows from the
plot of factors depicted on Fig. 2, 4 vectors are lying in
different sectors of the plot than those of rest of the group,
corresponding to the content of nitrogen, total flavonoid
content, as well as sodium content and ABTS™ radical-
scavenging ability assessed by UV-VIS.

Prediction ability is one of the most important charac-
teristics of the classification model/procedure, reflecting
the ability of the statistical model to correctly classify the
unknown samples (samples of unknown affiliation), just
on the basis of comparison of its characteristics with those
of already classified samples. For the purposes of this
study, the prediction ability was tested by CDA in leave-
multiple-out approach, assigning in turn up to 20 % of the
samples as unknown. Percentage of correctly predicted
samples reached in each cases high value, as indicated in
Table II, the lowest in prediction of sample origin and the
highest in the prediction of sample varietal composition.

Conclusion

The spectral characteristics of 24 commercial flour
samples and their extracts in 50% EtOH were studied by
UV-VIS-NIR, EPR, AAS and HPLC-MS methods, in or-
der to assess the influence of several factors, i.e., origin of
sample, growing conditions, varietal composition and
technological processing on their properties. As follows
from the results, besides the antioxidant properties, the
content of minerals and trace elements, but also the total
nitrogen and amino acids content is significantly influ-
enced by the above-mentioned conditions. Additional ex-
periments with samples of identical origin but various
growing conditions are in progress, in order to specify the
most proper conditions for grain production and pro-
cessing, from functional components content and health-
beneficial properties maintenance points of view.
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Kombinacia HPLC s NMR poskytuje moznost’ latky
nielen stanovit,, ale ich aj identifikovat’. Budll prezentova-
né vysledky experimentalnej prace aukazané moznosti
odstranenia problémov a namerania spektier potrebnych na
identifikaciu stanovovanych latok. Vo vSeobecnosti pre-
vlada néazor, ze kombinacia vysokoucinnej kvapalinovej
chromatografie s nuklearnou magnetickou rezonanciou je
ekonomicky vysoko naro¢nd, ale poskytuje unikatne vy-
sledky o Struktire analytu.

Spojenie HPLC s NMR kladie nestandardné naroky
na podmienky separacie v HPLC a identifikaciu v NMR.
HPLC podmienky je nutné prisposobit’ extrémne vysokym
hmotnostnym koncentracidm /v rozsahu 5 az 10 mg ml™
analytu /asamotnd separdcia sa uskutoCnuje skor
v preparativnych podmienkach a Casto ani takto ziskana
koncentacia nie je dostatocnd na identifikdciu latky
a vyzadujl sa r6zne postupy zakoncentrovania analytu na
vystupe s chromatografickej kolony. Pre NMR st koncen-
tracie po HPLC separicii spravidla pod medzou detekcie
a preto su nutné postupy odstranovania vplyvov pouzitych
rozpustadiel, nakol’ko modze prichddzat k interferencii
(prekrytie ¢asti NMR spektra) je nutna fokusacia na hl'ada-
né funkéne skupiny, ziskanie plnohodnotného NMR spek-
tra je takmer nemozné. NMR stanovenie vyzaduje pracu
v deuterovanych, izotopicky stabilnych rozpustadlach, ich
cena je vacsinou prili§ vysoka a preto je nutné ich nahra-
dzovat’ lacnej$imi, stanovenie komplikujucimi rozpustad-
lami. Velmi dolezitym aspektom je aj cas analyzy,
s klesajiicou koncentraciou exponencialne rastie dizka
analyzy atym aj naroky na strojovy Cas, Co pri zariade-
niach cenovej kategérie NMR predraZuje ceny analyz.
Niekedy HPLC-NMR meranie trva niekol’ko hodin az
tyzdiiov, ¢im sa nielen komplikuje vyuzitie NMR na iné
ucely, ale aj hrozi rozklad alebo premena skiimaného ana-
lytu.

Pri extrémnom prekroceni kapacity chromatografickej
kolony , prichadza k zhorSeniu separacie, pripadne dokon-
ca k skrateniu zivotnosti kolony alebo jej zniCeniu. Za
ucelom dosiahnutia identifikacie zlozky systému sa vyuZzi-
vaji metody umoziujice zvysSenie koncentracie zakoncen-
trovanim, predizenia zdrzného &asu v NMR kyvete
a vymeny nevhodnych nedeuterovanych rozpustadiel za
deuterované.
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Jednym z prikladov praktického vyuzitia HPLC-NMR
v praxi je identifikacia a stanovenie niektorych flavonoi-
dov v pive. Flavonoidy st vyznamnou skupinou antioxi-
dantov, uvolnuji sa napriklad tepelnym spracovanim rast-
linnych materialov. Pri priprave piva st jednym z ich hlav-
nych zdrojov chmel’! a ja¢men”. Pivo je velmi obltibeny
produkt a jednym z parametrov jeho kvality by mohol byt
obsah antioxidantov. Vel'mi ¢asto opominanou skupinou
latok su produkty degradéacie antioxidantov, ktoré maju
Casto mutagénne a karcinogénne u¢inky a prave preto je
podstatné ich sledovanie a identifikdcia. NMR je jednym
z unikatnych moznosti ich identifikacie. Pivo predstavuje
velmi komplikovani matricu obsahujticu alkohol, cukry,
bielkoviny a d’al§ie lipofilné zluceniny, ktoré vyrazne
komplikuji stanovenie fenolickych antioxidantov. Preto
prvym krokom musi byt odstranenie vacsSiny tychto inter-
ferujucich latok a to sa uskutociiuje pomocou modifikova-
nych metod SPE (solid phase extraction).

Dalsim krokom je zakoncentrovanie pozadovanych
latok do najvyssich moznych koncentracii, pri ktorych este
neprichadza k poskodeniu HPLC kolén a sucasne su latky
rozpustné v mobilnej faze. Dalsou moZnostou je skoncen-
trovanie vzorky v predkolone alebo na hlave kolony. Pod-
mienkou UspeSnej separacie je najdenie chromatografic-
kych podmienok, ktoré su kompatibilné s NMR detekciou
napr. limitacia v pouZiti tlmivych roztokov v mobilnej faze
alebo rozpustadiel s vacSim poctom neekvivalentnych
protonov. Pocas separacie zmesi s komplikovanou matri-
cou a vel'mi koncentrovanych roztokov mdze prist’ k zhor-
Seniu separdcie stanovovanej latky od pripadnych interfe-
rujucich latok a preto sa pred vstupom do NMR detektora
sa umiestiiuje nedeStruktivny detektor . Pre antioxidanty je
jednym z idealnych detektorov elektrochemicky detektor’,
ktory je deStruktivny a tak vznikd nutnost’ pouzit’ UV-VIS
detekciu. Pri HPLC separéacii Casto prichadza k zriedeniu
hl'adanych analytov a sti€asne pri preparativnej chromato-
grafii prichadza k stibeznej elucii viacerych latok, preto je
Casto potrebné vyuzit' viacdimenziondlnu chromatografiu
a viacnasobné opakovanie separacii, Co cCasto vedie
k velkym narokom na pristrojové vybavenie, ktoré nie
vzdy spiiiaji az prili§ automatizované robotické systémy.
V naSich podmienkach vznikla nutnost hardwarovo aj
softwarovo upravit a prispOsobit’ starSie zariadenia na
poziadavky jednotlivych aplikéacii. Za Gi¢elom dosiahnutia
potrebnej koncentracie pre NMR na vystupe z HPLC kolo-
ny je potrebné pouzit' rézne techniky zakoncertovania
analytov. Najjednoduchsi je opakovany zber frakcii, na-
sledné odparenie Casti organickych rozpustadiel a klasicka
extrakcia alebo SPE. Vécsinou je nutné d’alSie zakoncen-
trovanie, napriklad odparenim a rozpustenim vzorky
v minimalnom objeme deuterovaného rozpustadla. Problé-
mom antioxidantov je tepelna nestalost’ a 'ahkda moznost’
oxidacie kyslikom alebo d’al§imi zlozkami systému. Vyho-
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dou SPE je moZnost’ odstranenia mnohych tychto negativ-
nych vplyvov v on-line SPE mode, nevyhodou je ale cena
a nutnost’ premyvania velkymi nadbytkami deuterovanych
rozpustadiel najmd D,O. Nevyhnutnym predpokladom
uspesného vyuZitia SPE je znalost’ kapacity danej kolonky
pre danu latku v danej matrici a rovnako aj vytaznost.

Za ucelom identifikacie neznamych flavonoidov boli
prvé testy robené so Standardmi latok, ktoré sa nachadzajt
v zmesi a patria do tej istej skupiny latok. Boli pripravené
referencné roztoky soznamymi koncentraciami a tzv.
,umelé pivo®. ,,Umelé pivo* je roztok obsahujuci hl'adané
latky, kde matrica vzorky je simulovana pridavkom alko-
holu, cukrov alebo d’alSich latok za i¢elom zistenia vplyvu
interferentov na analyzu. Po odmerani referenénych rozto-
kov a ,,umelého piva®, je mozné jednoznacne identifikovat’
piky  voblasti aromatickej casti NMR  patriace
k jednotlivym (fenolickym) antioxidantom. Nésledne je
mozné zmerat' R spektrum piva. Na potvrdenie identity
a kvantity jednotlivych pikov je mozné pozitie vnitorného
Standardu (nitro-fenoly) alebo pridavok zndmeho mnoz-
stva referencnych latok do piva.

Teoreticky najvyhodnej$im spojenim, ktoré nam po-
skytuje najviac informacii o skimanom systéme je priame
on-line on-flow, ked’ st pouZité deuterované rozpustadla
a vystup z HPLC kolony je priamo spojeny s celou v NMR
magnete, prkladom je sledovanie asociacnych komple-
xov. Pri tomto spojeni sa pouziva deuterovand voda, na-
kolko voda obsahuje velmi vela 'H (110 mol 1’1) ajeho
signal je velmi §iroky, latky s koncentraciami mmol 1" nie
sme principidlne schopny detegovat . Pri acetonitrile doka-
zeme pracovat’ aj s nedeuterovanym rozpustadlom strati-
me vSak oblast NMR spektra, v ktorej sa nachadzaju che-
mické posuny daného rozptstadla, ani to nie je mozné
robit’ priamo, nakolko aj tento signl by prekrocil dyna-
micky rozsah detektora, ale je tu moznost’ potlacit’ tento
signal vhodne zvolenou pulznou frekvenciou danej oblasti
pomocou SCAUT SCANu (identifikacia majoritnych sig-
nalov  rozpustadla) apomocou WET frekvencie
(dekapling) tieto oblasti odfiltrujeme. Samozrejme tym
stracame informécie z danych oblasti NMR spektra a ich
okolia.

Nezanedbatelnym problémom je tvorba "*C satelitov,
ktoré su v klasickych 'H spektrach zanedbatelné. Pri kom-
binacii HPLC-NMR st jednozna¢ne najdominantnejSimi
signalmi v spektre. Sledovanie asociacnych komplexov je
velmi vyznamné najmd urdznych farmaceutik nakolko
ich vytvaranim napr. s alkoholom prichadza k zmene G¢in-
ku daného lieciva prikladom moézu byt niektoré derivaty
diazepamu, ked prichadza k zmene sedativneho u¢inku na
narkoticky a priame spojenie HPLC s NMR ndam v tomto
pripade dokaze dat’ niektoré odpovede tykajuce sa pritom-
nosti a aj $truktiry danych systémov. Dalsim délezitym
aspektom je ¢asovo narocnost’ merania. PouZziva sa preru-
Senie prietoku mobilnej fazy s naslednym zadrzanim ana-
lytu v NMR magnete. Takto napriklad mozno sledovat’
rozpadové charakteristiky vznikajicich komplexov, pri-
padne zistit’ viac inform4cii o danych latkach v tomto mo-
de mozno ziskat’ klasické protonové spektrum. Chromato-
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grafické podmienky su ale ¢asto za hranicou stability kolo-
ny, ¢o vedie k rychlej degradacii HPLC kolony. Rovnako
tieto metddy vyZaduju aspoii priblizni optimaliziciu sepa-
racie, nakolko casto prichadza k ,prerazeniu®“ kolony
a vd’aka tomu strate separacnych vlastnosti. BeZne pouzi-
vany parameter v kvapalinovej chromatografii je ionova
sila a zmena pH. Tieto maji velky vplyv na zmenu pod-
mienok v magnetickom poli. V naSom pripade prave pri
sledovani tvorby komplexov zvySovanim idnovej sily
viedlo k zzeniu pikov atym aj efektivnej koncentracie
analytu v NMR cele, sucasne ale pritomnost’ iénov viedla
k destabilizacii magnetického pol'a a bolo nutné pracovat’
s roztokom s ¢o najniZSou i6novou silou. Vel'mi podstat-
nom parametrom pri on-line merani je aj stabilita prietoku
a tlaku v NMR cele a stym spojena stabilnost’ zloZenia jej
obsahu aj najmensie vychylky sa vyrazne prejavia na kva-
lite zmeraného spektra. Samotné NMR meranie je zaloZze-
né na priamom scitani jednotlivych scanov (Sum sa sprie-
meruje a signdl sa zvyrazni), ak st v§ak polohy pikov ne-
dostatocne stabilné vedie to k rozsireniu pikov atym aj
poklesu pomeru signal/Sum.

Velmi vd’aénym prikladom vyuzitia HPLC-NMR su
analyzy neznamych latok v odpadovych vodach. Ako pri-
klad uvedieme jeden neStandardny model ked” bola snaha
zistenia povodcu znecistenia odpadovej vody celkovym
organickym a anorganickym dusikom. Odpadova voda na
vstupe z viacerych zdrojov obsahovala minimum celkové-
ho dusika, na vystupe z viacstupniovej Cistiarne vSak obsa-
hovala nadlimitné hodnoty. Mnohé organické latky obsa-
hujtice N st stabilné voci oxid4cii pri stanovovani celko-
vého dusika, preto bola skiimana ich pritomnost’. Odpado-
véa voda je velmi vhodna vzorka pre identifikdciu majorit-
nych zloziek, nakolko vécSinou je mozné pouzit SPE
predkoncentraciu bez nutnosti d’alSej Gpravy. V stabilnej /
chemicky upravenej a odstatej / odpadovej vode su uz
vic§inou dominantné latky v stabilnom stave a preto nie je
nutné venovat' tol’ko pozornosti ich stabilite a oxidacii.
Vel'mi vyhodnou metédou je pouzitie off-line spojenia
HPLC s NMR, ked’ sa v klasickych HPLC podmienkach
uskutocni separacia pridanim vody sa znizi elucna sila
a pouzitie d’alsej SPE vedie k vymene nedeuterovaného
rozpuitadla za deuterované. Pokusy ziskat' "N NMR ne-
boli Gspesné, 'H spektra poukazali na cukor pripominajucu
velktl molekulu, pochadzajicu z priemyselného detergen-
tu. Tymto sposobom sa podarilo identifikovat’ hlavna zloz-
ku znecistenia a nasledne sa zistilo, ze niektoré mikroorga-
nizmy sa prispdsobili, zacali tento produkt degradovat, zo
vzduchu prijimali dusik vo forme N, potrebny k existencii,
vytvorili si vlastné /toxické/ prostredie a tym sposobom
zvySovali celkovy dusik v odpadovej vode. Problém bol
odstraneny prave pridavanim biologického substratu boha-
tého na dusik v procese Cistenia odpadovej vody.

Praktické skusenosti s NMR poukazuju na experi-
mentalnu naroénost’ spojenia HPLC-NMR. Uspesne boli
namerané on-line on-flow NMR spektrd komplexov, on-
line stop-flow NMR spektra vysokokoncentrovanych latok,
off-line NMR spektra piva, off-line s vyuzitim SPE NMR
spektra odpadovych vod. Experimenty dalej pokracuju
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najmé v off-line moéde s vyuZitim SPE technik.

Cheeli by sme sa podakovat prof. J. Cizmarikovi, Ing.
N. Pronayovej, Ing. M. Kalinakovi, Bc. M. Karabinovi,
a Ing. J. Kovdcovej za pomoc a podporu. Grantovej agen-
ture Slovenskej republiky (VEGA 1/0164/11) a Narodnému
programu na podporu NMR infrastruktiry na Slovensku
dakujeme za financénu podporu, bez ktorej by nebolo moz-
né uskutocnovat vyskum v tejto oblasti.
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SKUSKY SPOSOBILOSTI AKO UCINNY NASTROJ ZABEZPECENIA KVALITY
VYSLEDKOV SKUSOK V SKUSOBNOM LABORATORIU STATNEHO
VETERINARNEHO A POTRAVINOVEHO USTAVU BRATISLAVA

LUBICA STULLEROVA
a OCGA KOVAROVA

Statny veterindrny a potravinovy iistav Bratislava, Bota-
nicka 15, 842 52 Bratislava, Slovensko
stullerova@svuba.sk, kovarova@svuba.sk

Struéna charakteristika organizacie

Statny veterinirny a potravinovy Ustav Bratislava
(dalej len SVPU Bratislava) je organizacia s bohatou his-
toriou (bol zalozeny v roku 1941), pocas ktorej prechadza-
la r6znymi organiza¢nymi zmenami. V poslednych rokoch
to bolo hlavne zaclenenie laboratorii zrusenej Slovenskej
pol'nohospodarskej a potravinovej inspekcie (dalej len

SPPI) v roku 2002 a v roku 2007 zluéenie so Statnym ve-
terindrnym a potravinovym ustavom Nitra.

SVPU sa bytostne dotykajii dva zakony: Zakon ¢&.
39/2007 Z. z. o veterinarnej starostlivosti v zneni neskor-
Sich predpisov a Zékona ¢. 152/1995 Z. z. o potravinach
v zneni neskorsich predpisov.

Hlavnym predmetom ¢&innosti SVPU je skiisanie
uradnych vzoriek potravin zivoc¢isneho a rastlinného povo-
du, uradnych vzoriek krmiv, vod, tabaku a tabakovych
vyrobkov a zabezpecenie veterinarnej ochrany tizemia SR,
na useku veterinarnej starostlivosti.

NaSe skasobné laboratoria su akreditované podla
poziadaviek ISO/IEC 17025:2005, pre nasledovnu oblast’
akreditacie:

Senzorické, mikrobiologické, chemické, molekularno-
biologické skusanie a stanovenie radioaktivity v potra-
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Obr. 1. Organiza¢na $truktiara SVPU Bratislava
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vinach, krmiviach a kfmnych komponentoch zivocis-
neho a rastlinného pévodu, tabaku, tabakovych vyrob-
kov, vo vode a v zloZkach Zivotného prostredia.
Sérologické, virologické, parazitologické, mykologic-
ké, bakteriologické, patologicko-anatomické, moleku-
larno-biologické a toxikologické skusanie biologic-
kych materidlov a diagnostikovanie priin ochoreni
a hynuti zvierat.

Vyjadrovanie ndzorov a interpretcii.

Sme laboratoria s fixnym aj flexibilnym rozsahom
akreditacie. V ramci flexibilného rozsahu mame akredito-
vanych 659 parametrov/analytov a 8 principov metéd. Vo
fixnom rozsahu je 46 principov s 388 analytmi.

Ako vidiet zorganizacnej Struktiry nasho ustavu,
okrem laboratérnej diagnostiky (skusSobnych laboratorii),
ktora tvori prevazni va&sinu &innosti Gstavu, SVPU Brati-
slava ma aj akreditovany Certifikacny orgéan pre certifika-
ciu pracovnikov vykonavajicich senzorické posudzovanie
potravinarskych a pol'nohospodarskych vyrobkov, ktory
vykonava certifikaciu osdb v oblasti senzorického posu-
dzovania potravinarskych a pol'nohospodarskych vyrob-
kov, v oblastiach akreditacie:

Potravinarske a pol'nohospodarske vyrobky,
vina.
podla poziadaviek ISO/IEC 17024:2003.

Historia akreditacie naSich laboratérii je uzko spita
s histériou SNAS a siaha do devétdesiatych rokoch minu-
lého storocia, kedy v roku 1993 z Rozhodnutia predsedu
UNMS SR bol vytvoreny Slovensky narodny akreditaény
systém. Nasledne vroku 1994 zacala cesta akreditacie
nasich laboratorii (vtedy to boli laboratoria SPPI) spolu-
pracou s Ing. Obernauerom, ktory vtedy riadil technicky
vybor SNAS na akreditaciu laboratorii. A tak sme sa zara-
dili medzi prvé akreditované subjekty na Slovensku.

V ramci systematickej kontroly kvality prace sa Sku-
Sobné laboratoria SVPU Bratislava dlhé roky zucastiuju
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Obr. 2. PoCet testov a pocet analytov (parametrov) vykona-
nych v rokoch 2005 az 2011 v SVPU BA; M pocet testov, ll
pocet analytov (parametrov)
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medzilaboratornych testov (MT), jednak medzindrodnych
ako aj tuzemskych organizovanych FAPAS, FEPAS,
GeMMA, VUVH, UKZUZ Brno ainymi organizdciami,
s vybornymi vysledkami. Prehl'ad poctu medzilaborator-
nych testov a analytov, resp. parametrov, ktorych sa naSe
laboratoria zicastnili v poslednych rokoch je uvedeny na
obr. 2.

Z uveden¢ho vyplyva, ze naSe laboratoria aj
v minulosti, prikladali velkt vaznost' Gcasti na skuskach
sposobilosti, medzilaboratérnych porovnaniach (d’alej len
PT/MP). Zponuky organizovanych PT/MP (hlavne
z ponuky FAPAS, FEPAS) sme si vyberali takmer vsetky
PT/MP, ktoré suviseli s nasimi akreditovanymi skuSkami.
Hospodarska kriza zasiahla samozrejme aj nasu organiza-
ciu a primédla nés stanovit’ si pravidla na prihlasovanie sa
do PT/MP. Uz sme sa neprihlasovali, tak ako to bolo zvy-
kom v minulosti, na vSetky pontikané analyty, vo vSetkych
matriciach, kazdy rok. Kym v minulosti ro¢né finanéné
néklady na MP sa pohybovali okolo 1 miliéna Sk, v roku
2011 dosiahli hodnotu ,,len“ 25 000 €, ¢o predstavuje cca
750 000 Sk.

Pravidla uéasti SL SVPU v medzilaboratérnych
porovnavaniach v sicasnosti

V sulade s Politikou SNAS na tcast’ v skuskach spo-
sobilosti a v silade s MSA-1L/14 sme spracovali stratégiu
Gcasti SVPU BA na vhodnych PT/MP, na jeden akreditad-
ny cyklus, ¢o je v nasom pripade do roku 2015.

Postup bol nasledovny:

identifikovali sme podoblasti, ktoré su pokryté rozsa-
hom akreditacie a v ktorych prostrednictvom ucasti
v jednom porovnavacom teste mozno vztiahnut kvali-
tu ziskanych vysledkov na ostatné techniky, vlastnosti
a predmety v ramci jednej  podoblasti.
Pri definovani podoblasti sme postupovali od techniky
merania/principu metody, cez vlastnost/parameter po
predmet/matricu. Definovanim podoblasti sme si urci-
li ,,rozsah Gcasti®.

urcili sme si frekvenciu ucasti pre kazda podoblast
(pre kazdi podoblast’ rozne, ale minimalne jedenkrat
pocas akreditaéného cyklu),

definovali sme si, ze Stratégiu ucasti na PT budeme
preverovat’ a prehodnocovat jedenkrat rocne pocas
preskiimania manazmentom tak, aby bola splnena
poziadavka SNAS: , Laboratoria sa pocas jedného
akreditacného cyklu musia zucastnit skusok sposobi-
losti alebo inych vhodnych medzilaboratornych porov-
nani a dosiahnut' v nich uspokojivé vysledky v kazdej
podoblasti  cinnosti, ktora je definovana v ich
,,Rozsahu akreditacie”, ak sa takéto porovnania orga-
nizuju, su dostupné a vhodné. V pripade neuspokoji-
vych vysledkov v MP je nutna opdtovna ucast’.

ak pre niektorh podoblast’ nie su dostupné vhodné
medzilaboratdrne porovnania, je mozné pouZzit’ napri-
klad:

porovnania zamerané¢ na hodnotenie vykonnost-
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nych charakteristik metod

— zaslanie internej vzorky alebo predmetu do iného
alebo viacerych externych laboratorii za ucelom
porovnania dat

— stanovenie charakteristik referenénych materidlov
(¢o vyuzivame aj ako jeden z prvkov zabezpeco-
vanie kvality vysledkov skuSok. Spravnost’
a presnost’ vysledkov kontrolujeme pravidelnym
zaradovanim CRM alebo RM medzi beZzne analy-
zované vzorky. Vysledky analyz CRM a RM
v priebehu urcitého Casového rozpitia priebezne
zaznamenavame vo forme regulacnych diagra-
mov, v ktorych sledujeme a vyhodnocujeme tren-
dy.)

— porovnanie vysledkov dvoch alebo viacerych
laboratérii na zaklade ich vlastnej iniciativy,
(V takychto pripadoch je vSak potrebné, aby boli
jasne dopredu definované kritéria a postupy, na
zéaklade ktorych budu vysledky MP vyhodnotené
tak, aby boli akceptovatel'né pre Gcely PT. VSetky
takto organizované MP, ktoré budu vyuzivané aj
pre uéely PT, musia spliiat’ relevantné poziadavky
normy ISO/IEC 17043: 2010.)

— ak ni¢ vhodné nendjdeme, je nutné problém pre-
konzultovat’ so SNAS (Pitevné metddy: Priciny
uhynu vtakov, plazov a ryb, Pri¢iny tthynu cicav-
cov).

Co v pripade netspeSnej ucasti
v medzilaboratérnych porovnavaniach

Vyhodnotenie uspesnosti v PT/MP vykonavame prie-
bezne anavySe celkové vyhodnotenie vysledkov ucasti
laboratorii na skuskach spdsobilosti alebo inych medzila-
boratornych porovnavaniach za celti organizaciu, robime
raz rocne, pri preskimani manazmentom. Priebezné sledo-
vanie uspeSnosti vykondvaju veduci oddeleni — vyplnenim
interného formularu — ,,Zaznam o medzilaboratéornom tes-
te” a pripadnym prijatim napravnych opatreni vyplyvaji-
cim z netspesnej Gcasti na medzilaboratornom teste, ktoré-
mu samozrejme vZdy predchadza ddsledna analyza pricin.
V pripade neuspesnej ucasti v PT/MP vzdy analyzujeme
pri¢iny takejto situdcie a prijimame také népravné opatre-
nia a vykoname také Cinnosti, ktoré zabezpecia, aby sa
problém trvalo odstranil a v budiicnosti sa neopakoval.

Vhodnost’ a G¢innost’ prijatych napravnych opatreni
preskima manazér kvality. Zaznamy o overeni U¢innosti
prijatych NO urobi manazér kvality priamo do formuléara
NO, v ¢asti ,,Overenie uc¢innosti NO*.

Zaver

SVPU Bratislava tak ako v minulosti, tak aj dnes pri-
klada velka vaznost’ skiiskam sposobilosti a povazuje ich
za Uucinny nastroj zabezpecenia kvality vysledkov skusSok.
Utast v PT vnimame ako jedno z délezitych ,koliesok*
pomyselnych hodin neformalneho fungovania systému
kvality na nasom ustave. Snahou je nerobit’ ,strasiaka“
z neuspesnej Ucasti v PT/MP, ako aj z inych nezhdd ziste-
nych, napriklad z internych auditov. Nasim cielom je cha-
pat situaciu ako proces neustaleho zlepSovania.
V priatel'skej atmosfére vSetkych zainteresovanych pra-
covnikov, v zmysle 'udového porekadla ,,Viac hlav, viac
rozumu®, dosledne zanalyzovat' priiny nezhody a ndjst’
sposob rieSenia, vykonat také cinnosti, opatrenia, ktoré
zabezpecia, Ze sa problém trvalo vyriesi a v budicnosti sa
dana nezhoda uz nebude opakovat. Popritom by sme ni-
kdy nemali zabudat’ na ¢loveka ako Iudsku bytost’. Nasim
cielom nie je l'udi trestat za zistené nedostatky. Tresty
vyvolavajl strach a nedoveru a vedu ku klamstvu a utajo-
vaniu zavaznych skutocnosti. Pozitivna motivacia je
omnoho uc¢innejsia ako sankcie.

Pouzité skratky

CRM Certifikovany referen¢ny material

FAPAS Food Analysis Performance Assessment
Scheme

FEPAS Food Examination Performance Assessment
Scheme

GeMMA Genetically Modified Material Analysis

MSA Metodicka smernica na akreditaciu

NO Napravné opatrenie

PT/MP Skuska sposobilosti/medzilaboratorne
porovnanie

RM Referencny material

SNAS Slovenska narodna akredita¢na sluzba

SPPI Slovenska pol'nohospodarska a potravinova
inSpekcia

SVPUBA  Stitny veterinarny a potravinovy tstav Bra-
tislava

UKZUZ Ustfedni kontrolni a zkusebni tstav zemé-
délsky

UNMS SR Urad pre normalizéciu, metrologiu
) a sktSobnictvo Slovenskej republiky
VUVH Vyskumny ustav vodného hospodarstva

LITERATURA
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“ Ustav analytickej chémie, Fakulta chemickej
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rok, Slovenskd republika

lubomir.svorc@stuba.sk

Analyza lieCiv je nevyhnutnou sucastou analytickej
chémie zohravajuca vyznamn( Ulohu v klinickej chémii
najmd pri intoxikacii pripadne podozreniach na predavko-
vanie lie¢ivami. Studované latky — paracetamol a penicilin
V — sa pouzivaju pri ochoreniach infekéného charakteru,
ktoré su zvyc€ajne spojené s bolestami hlavy a vysokymi
teplotami. V biologickych vzorkach sa najcastejSie stano-
vujui vysokoucinnou kvapalinovou chromatografiou. Praca
sa zaobera vyvojom novej elektrochemickej metdody na
stanovenie stopovych mnozstiev paracetamolu a penicilinu
v P'udskom mo¢i vyuzitim bérom dopovanej diamantovej
elektrody ako citlivého a selektivneho elektrochemického
senzora bez nutnosti modifikacie a elektrochemickej pred-
upravy jeho povrchu. Elektrochemicky mozno Studované
lie¢iva stanovit’ ich oxidaciou pri vyssich kladnych poten-
cidloch (+0.9 Vwvs. Ag/AgCl uparacetamolu resp.
+1.25 V vs. Ag/AgCl u penicilinu V). Dostato¢né rozlise-
nie potencidlovych maxim a symetricky tvar oxidac¢nych
pikov umoziuju ich simultanne stanovenie. Ciel'om prace
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bol vyber vhodného elektrolytu, Stidium elektrodovych
dejov a optimalizacia experimentalnych a inStrumen-
talnych podmienok pre simultanne stanovenie Studovanych
lieCiv (vplyv pH a polarizacnej rychlosti) v acetatovom
pufri s pH 5.0 pomocou cyklickej a ,,square-wave* voltam-
pérometrie.

Dosiahnuté analytické parametre charakterizujuce
vykonnost’ metddy pre paracetamol resp. penicilin V boli:
medza detekcie LOD = 0.21 a0.32 pmol L', linearny
koncentraény rozsah 0.4-100 pmol L™ a opakovatelnost
RSD = 1.5 a 2.1 %. Metoda je vysoko selektivna, interfe-
renty bezne pritomné v moci (cukry, kyselina askorbova a
kyselina mocova) ani vo vysokom nadbytku neovplyviuji
oxida¢né signaly paracetamolu a penicilinu V. Vysoké
vytaznosti v pripade modelovych vzoriek T'udského mocu
(od 98 do 105 % pre paracetamol a 95 do 102 % pre peni-
cilin V) poukazuju na spravnost navrhovanej metody.
Prakticka aplikovatelnost’ metddy bola overend na real-
nych vzorkach l'udského mocu u chorych pacientov uziva-
jucich komer¢né tablety PARALEN a PENICILIN V. Na-
vrhovana analytickd metdda je v porovnani s chroma-
tografickymi a optickymi metodami rychla, lacna
a jednoducha, bez potreby predkoncentracného kroku.
Praca nadvizuje aj na aktualny trend v oblasti vyvoja no-
vych elektrochemickych metdd stopovej analyzy a vyuzi-
tia novych elektrodovych materidlov na rieSenie klinic-
kych, potravinarskych a environmentalnych problémov.

Tato praca bola podporena Vedeckou grantovou
agenturou VEGA Ministerstva Skolstva SR a Slovenskej
akadémie vied (projekty ¢. 1/0182/11 a 1/0008/12) a Prog-
ramom na podporu mladych vyskumnikov (¢. 6406).
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Summary

In connection with still developing sector of organic
farming including viticulture, and the growing production
of organic food products, there is a legitimate demand of
both, food control authorities and consumers towards ob-
jective methods applicable on unambiguous proving of
wine origin from agricultural and production practices
points of view. Objective qualitative markers/methods
enabling the reliable differentiation of organic and conven-
tional wines are the subject of intensive research.

In this contribution, the utilization of multivariate
statistical methods (principal component analysis (PCA),
principal component factoring (PCF) as well as methods of
discrimination analysis — canonical discrimination (CDA)
and k™ neighbour discrimination) on experimental UV-
VIS and EPR characteristics of group of Slovak organic
and conventional white and red wines were applied, in
order to test the possibilities of their utilization for the
discrimination of wines according to the way of produc-
tion as well as to test the prediction and recognition ability
of the statistical models used. Results obtained clearly
indicated that the statistical evaluation of objective spectral
characteristics enable with high correctness differentiate
and classify the wine samples. Without respect on wine
variety or type (red vs. white), CDA possessed 95.8 %
correct classification, in case of k™ neighbour discrimina-
tion, 100 % (k=1) and (75 %) correct classification accord-
ing to the way of production was obtained, respectively.
The prediction ability tests possessed also very promising
results, as the classification score reached 95 %. All the
previously mentioned statistical data were obtained with-
out respect on type of wine. In case wine samples of the
same type are subjected to discrimination, and classifica-
tion, the results of statistical analysis are very similar or
even better.

Based on these findings, spectroscopic characteristics
are suitable for the purposes of verification of origin —
affiliation — of wine sample/s to the individual wine pro-
duction system, involving selected methods of multivariate
statistics. Further spreading of the sample set is desirable
to improve the robustness of the differentiation procedure.
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Introduction

In recent years, the growing consumer’s demand for
products that meet health and food safety requirements has
led to increased development of organic agriculture. Alt-
hough there exist fundamental differences in organic and
conventional production practices, only limited infor-
mation is available on their impact on the nutritional quali-
ty, especially in terms of health-related antioxidants of
food crops. Organic systems emphasise the accumulation
of soil organic matter and fertility over time through the
use of cover crops, manures, and composts. Conventional
practices utilise fertilizers containing soluble inorganic
nitrogen and other nutrients, which are more directly avai-
lable to plants. The availability of inorganic nitrogen influ-
ences the synthesis of secondary plant metabolites, pro-
teins, and soluble solids'.

Crucial part of still developing sector of organic agri-
culture represents organic viticulture. Based on the availa-
ble statistical data from 2011, at the end of 2009 in Europe
more than 167°000 hectares of vineyards were managed
organically, corresponding to around 3.8 % of all vine-
yards. The biggest producers were Spain, Italy and
France’.

In the European Union, the practices of organic wine
production are based on the Council Regulation (EC)
834/2007, that laid down in the objectives and principles
for organic wines production and the general production
rules, starting with soil & vineyard management, wine-
making practices, as well as some technical information
regarding hygiene standards, handling conditions, etc’.
The primary aim of organic viticulture is to improve the
wine quality as well as reduce the impact on the environ-
ment, compared to conventional methods which include
use of potentially harmful chemical pesticides, or herbi-
cides, in addition to other additives and preservative.

Wines represent rich source of biological active sub-
stances, especially phenolic compounds with multiple
biological effects, including antioxidant activity. The
quantities and composition of these compounds vary de-
pending on many factors, such as grape variety, grape
maturity, environmental and grown conditions or geo-
graphical location. Besides, different vinification tech-
niques may also affect changes in bioactive compounds
composition. Up to the present, there are only few studies
focused on the impact assessment of production systems
and wine-making practices on organic and conventional
grapes and wines quality. Main differences between them
have been found right in the content of phenolic com-
pounds, organic acids or anthocyanins. Organic wines
were also characterized by the higher concentration of
minerals and essential elements, especially Ca, K, Mg or
Cu'*®. But these differences are still ambiguous.
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Another problem is that continuous development of
organic viticulture leads to legitimate demands on quality
control and authenticity of organic products, including
wines. However, although up to date, there are various
methods used for organic and conventional wines differen-
tiation, there are no validated methods suitable for their
unambiguous differentiation and verification of their
origin. The correctness of the individual differentiation
methods is still non-satisfactory'*®. Therefore, it is neces-
sary to find characteristics — markers indicating pertinence
of wines to these viticulture production systems and to
develop the reliable methods/practices enabling unambigu-
ous provement of the affiliation of individual wine to the
respective production system.

In this contribution, the utilization of multivariate
statistical methods (principal component analysis (PCA),
principal component factoring (PCF) as well as some
methods of discrimination analysis, i.e., canonical discrim-
ination (CDA) and k™ neighbour discrimination) for the
purposes of wine origin authentication is tested. For these
purposes, objective spectral characteristics obtained on
group of 12 organic red and white wines and their corre-
sponding conventional counterparts by EPR and UV-VIS
methods were obtained. Wine sample of the same vintage
were tested to their ability to scavenge ‘DPPH, ABTS™
and TEMPOL radicals, their antioxidant activity to-
wards ‘OH radicals directly generated in samples via
chemical reaction was evaluated as well. Besides that, the
content of polyphenolic compounds (TPC) as well as the
formation of oxidative products (TBARS) and their ferric
ions reducing ability was assessed.

Table I

List of representative wine samples and their characteristics
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Experimental
Samples

Table I summarizes representative wine samples ori-
ginating from Slovak wine-making region Modry Kameri.
For each variety, samples from organically (O) and con-
ventionally (C) cultivated vineyards were selected

UV-VIS experiments

The UV-VIS experiments were carried out using UV-
VIS-NIR spectrophotometer Shimadzu 3600 with accesso-
ry. The experiments were performed in duplicates. Radical-
scavenging activities (RSA) of wine samples were evaluat-
ed using the solution of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical and 2,2"-azino-bis(3-ethyl-
benzthiazoline-6-sulfonic acid) cation radical (ABTS™),
respectively. For both radicals, radical-scavenging ability
was determined as previously described by Polovka et. al’.
In addition, total phenolic compounds content was estimat-
ed by Folin-Ciocalteau modified method, using standard
solution of Gallic acid for calibration curve construction.
Result were expressed as Gallic acid equivalent (GAE,
mg I'). In addition, the capability of wine samples to re-
duce Fe** to Fe*', as well as the formation of oxidation
products (expressed as tiobarbituric acid reactive substanc-
es ("I;BARS) number), was tested as described by Suhaj
et. al’®.

EPR experiments

The entire EPR experiments were performed in dupli-
cates, using a portable X-band EPR spectrometer e-scan
(Bruker Biospin, GmbH, Karlsruhe, Germany) with acces-
sory. The ability of wine samples to terminate ‘DPPH,

Organic viticulture

Conventional viticulture

ID Sample Category  Type ID Sample Category Type
01 Chardonnay 2008 Dry White CI Chardonnay 2008 Dry White
02 Chardonnay 2009 Dry White C2 Chardonnay 2009 Semidry White
o3 Pinot blanc 2008 Dry White C3 Pinot blanc 2008 Dry White
04 Pinot blanc 2008 Dry White Cc4 Pinot blanc 2008 Dry White
05 Pinot blanc 2009 Dry White Cs5 Pinot blanc 2009 Dry White
06 Roter traminer 2003 Dry White co6 Roter traminer 2003 Dry White
o7 Roter traminer 2008 Dry White c7 Roter traminer 2008 Semisweet White
08 Blaufrankisch 2008 Dry Red Cc8 Blaufriankisch 2008 Dry Red
09 Pinor noir 2009 Dry Red c9 Pinor noir 2009 Semisweet Red
010  Cabernet Sauvignon 2008 Dry Red C10  Cabernet Sauvignon 2008  Dry Red
Ol11  Cabernet Sauvignon 2008 Dry Red Cl1  Cabernet Sauvignon 2008  Dry Red
012  Cabernet Sauvignon 2009 Dry Red CI12  Cabernet Sauvignon 2009  Dry Red
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ABTS™ and TEMPOL free radicals was examined as pre-
viously described by Polovka et. al’. The ABTS™"/'DPPH
radical-scavenging activities were expressed as Trolox
equivalents (TEACaprs.+/-pppn), in case of TEMPOL as
Ascorbic acid equivalent (AAE). Kinetic aspects of indi-
vidual radicals decay resulting from their reaction with
antioxidant (radical scavengers) present in respective wine
samples were evaluated by fitting the observed time-
dependent decrease of corresponding EPR signal to the
model of proper kinetic equation. The k parameter was
evaluated with the meaning of formal rate constant of
ABTS™, ‘DPPH and TEMPOL radicals decay, respective-
ly’. To monitor the antioxidant activity of wine samples,
hydroxyl radicals were generated via thermal decom-
position of radical initiator (K,S,0g) and trapped by
5,5-dimethyl-1-pyrroline-N-oxide (DMPO). Results of
antioxidant activity test were expressed as % of radicals
scavenged (% RS)’.

Statistical analysis

To distinguish the organically produced wines from
those of conventional production, multivariate statistical
calculations employing methods of principal component
analysis, principal component factoring, canonical, and k™
neighbour discriminant analysis and classification were
performed by means of Unistat®6.1 (Unistat, London,
United Kingdom) statistical software, taking into consider-
ation all the experimental data obtained both from UV-VIS
and EPR experiments. The recognizability of discriminant
model was determined as the percentage of the correctly
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classified samples in the training data set. In addition, the
prediction ability was tested, as the percentage of the sam-
ples correctly classified in the leave-multiple-out cross-
validation approach’.

Results and discussion

Characterisation of antioxidant and radical-
scavenging properties by UV-VIS and EPR

In accord with our expectations, results of EPR and
UV-VIS experiments proved generally the higher values of
all evaluated characteristics for samples of red wines,
without respect on whether organic or conventional. This
is especially the case of total polyphenolic compounds
content (Fig. la), but the same trend is visible in the for-
mation of oxidative products, herein expressed as TBARS,
the ability of wines to reduce ferric ions (FRP) and all the
antioxidant properties characteristics evaluated.

As regards the radical-scavenging and antioxidant
properties of wines assessed either by UV-VIS or EPR
spectroscopy, all wine samples exhibited significant radi-
cal-scavenging and antioxidant properties in all the assays
used. Again, generally higher radical-scavenging and anti-
oxidant properties of red wines in comparison to white
ones were proved, however, great variability of results
even within respective group with common general pro-
perties (red vs. white wines, organic vs. conventional) do
not allow to distinguish the organic and conventional
wines on the basis of differences in these properties. This
variability is well documented on Figure 1b, depicting the
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Fig. 1. a: Averaged content of total polyphenolic compounds determined in organic and conventional wine samples, expressed as
Gallic acid equivalents (GAE, mg I'"). b: ABTS™ radical-scavenging ability of organic and conventional wine samples character-
ised by UV-VIS spectroscopy expressed as Trolox-equivalent antioxidant capacity (TEAC, mmol I'")
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results of ABTS™ radical-scavenging ability of organic
and conventional wine samples characterised by UV-VIS
spectroscopy. For the purposes of direct comparison, all
the experimental results were re-calculated and expressed
as Trolox-equivalent antioxidant capacity (TEAC). It is
obvious, that in some cases, the better RSA exhibited or-
ganic wines (e.g., O vs. CI, or O12 vs. C12), in the others
the results are comparable or within the measurement un-
certainty (e.g., O10 vs. C10), and logically, in some cases
the better radical scavengers are the conventional samples.
Practically identical observations were obtained in ‘DPPH
assays. It is also obvious very good correlation between
the TEAC values evaluated from EPR and UV-VIS assays.

Antioxidant activity of wine samples evaluated as
their ability to terminate the ‘OH radicals and expressed as
% of radicals scavenged (%RS). Again, in accord with
expectations, white wines revealed the lower %RS values
than the red ones, however, it is obvious from the results
obtained, that in average higher %RS values were obtained
for white organic wines in comparison to their convention-
al counterparts.

Single-correlation matrices of all determined charac-
teristics calculated separately for organic and conventional
wines indicated high positive correlations of most of cha-
racteristics determined by UV-VIS and EPR with the con-
tent of polyphenols, exception for ascorbic acid equiva-
lents and the values of krgzypor, both evaluated from
TEMPOL assay, for which very weak or even negative
correlations with all other characteristics were determined
for both, organic and conventional wines. However, com-
parison of correlation coefficients does not lead to clear
differentiation of organic and conventional wines, alt-
hough their values are in case of conventional wines some-
what lower.

Component 2

Component 1
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Processing of experimental data set by the methods
of multivariate statistics

In view of high variability of results, the ambiguous
trends even within individual groups, it can be concluded
that single correlation or processing of information from
any single assay used for samples characterisation sepa-
rately, do not allow to perform unambiguous differenti-
ation of wine samples according to the way of production.
Thus, methods of multivariate statistical analysis were
applied on the whole dataset of experimental characteris-
tics for the purposes of their discrimination. Two general
approaches were used, first, wines were differentiated ac-
cording to their affiliation to either organic or conventional
production system without respect on their type (red/
white), and then, the discrimination was performed sepa-
rately for the red and white wines. For these purposes,
principal component analysis — PCA, principal component
factoring — PCF, as well as discriminant analysis — both
canonical — CDA and k™ neighbour discrimination and
classification were utilized. The recognition and prediction
ability of the methods used for discrimination were tested,
as well.

Plot of principal components depicted on Fig. 2a
clearly indicates that that the successful differentiation of
wines was obtained by the PCA, utilizing the entire group
(12) of experimental characteristics for the principal com-
ponents construction. As is obvious from the data depic-
ted, there exist two main discrete groups of eigenvectors,
corresponding to organic and conventional wine samples,
without respect on whether red or white. As also follows
from the results of PCA, first three principal components
cumulatively explain more than 85 % of the whole varia-
bility of dataset of experimental characteristics. At the
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Fig. 2. a: Differentiation of Slovak organic and conventional red & white wines on the basis principal component analysis of 12
descriptors of antioxidant and radical-scavenging activity (O — organic wines, C — conventional wines). Both, red and white wines
were subjected to differentiation altogether. b: Plot of factors (varimax rotation) indicating the importance of individual descriptors
for the purposes of organic and conventional wines differentiation on the basis of correlations of descriptor vectors with individu-

al samples vectors
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same time, as follows from table of eigenvectors (data not
presented), the values of TPC and TEACs play the domi-
nant role in the construction of the 1* principal component,
while in the 2™, values of AAE and in the 3", kinetic pa-
rameters kpppy and krgypo are of high significance.

As it is necessary to differentiate and discriminate
two types of objects (organic vs. conventional samples),
one discriminant function was constructed by CDA. For its
construction, AAE values, as well as %RS and kzzyror
values were utilized as the most powerful discriminators.
By means of CDA, 95.8 % correct classification of wines
was obtained according to their affiliation to respective
production system. In fact, from totally 24 classified sam-
ples, only one sample — C5 — was misclassified as to be the
organic wine.

Regarding the significance of individual experimental
characteristics on the discrimination process, high im-
portance of AAE and krgypor, as well as of %RS, was
confirmed also by the principal component factoring in
varimax rotation, and is obvious from the plot of vector
scores (Fig. 2b). Vectors corresponding to the previously
mentioned characteristics lay in different sectors or far
apart from the rest.

K™ nearest neighbour classification procedure was
performed in two approaches — for k=1 and k=2, classify-
ing the selected object into groups by comparison its prop-
erties to 1 and 2 nearest objects in its neighbourhood, re-
spectively. The former approach possessed 100 %, while
the later, only 75 % correct classification, considering
6 samples of conventional wines as the organic. This clas-
sification procedure was also used to test the prediction
ability of the model in cross-validation test. Results ob-
tained indicated, that the prediction ability is very high, as
the classification score reached 95 %.

When all the statistical methods are applied separately
on the group of red and white wines, they give somewhat
different results in some aspects. PCA in case of white
wine samples was able to differentiate the organic and
conventional samples, while in case of red wines, the vec-
tors corresponding to organics and conventional wines are
not so clearly separated. This is probably caused by the
changed variability of the system — reduced numbers of
samples and thus, the increased role of individual sample
characteristics (and their variability) for the differentiation
and classification of the whole group. This assumption
also supported the eigenvectors tables, from which the
increased role of e.g., TPC, FRP and TBARS, but de-
creased role of AAE and %RS is obvious, both, for red and
white wines. While in case of white wines 100% correct
discrimination of organic and conventional samples was
obtained by CDA, this procedure could not be applied on
red wine samples as due to the reduced number of samples
the singular matrix was obtained. Using the k™ nearest
neighbour classification, in case of white wine samples,
100 % and 85 % correct classification was reached for k=1
and k=2, respectively. In case of red wine samples, practi-
cally identical results were obtained.
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Conclusion

Characteristics of radical-scavenging properties of
Slovak conventional and organic wines can be effectively
used for the purposes of their differentiation from the way
of production points of view, involving methods of multi-
variate statistics. To increase the reliability and robustness
of the discrimination models, further experiments are ne-
cessary to spread out the dataset of experimental characte-
ristic, increasing thus the variability of the data set. In this
context, the analysis of additional wine samples of corre-
sponding counterparts is desirable. Another possibility of
widening of number of samples is the consideration of
regional effects, i.e., to compare the characteristics of or-
ganic and conventional wines from different regions/
countries.

This contribution is the result of the project imple-
mentation ,,Centre of Excellence for Contaminants and
Microorganisms in Food* supported by the Research &
Development Operational Programme funded by the
ERDF. Wine producers Vino Natural Domin&KuSicky and
Agro Movino Velky Krtis are gratefully acknowledged for
their kind cooperation and free samples provision.
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PAVOL ULBRICH
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pavol.ulbrich@minv.sk

Kriminalisticky a expertizny tstav Policajného zboru
Slovenskej republiky je znalecky tUstav, ktorého icelom je
zabezpecenie kriminalisticko-technickej a expertiznej ¢in-
nosti pre potreby Policajného zboru Slovenskej republiky,
organov ¢innych v trestnom konani a sudov, ako aj na
zabezpecenie vedecko-technického rozvoja v tejto oblasti.
V prednéaske sa budem zaoberat’ blizSie ¢innostou oddele-
nia chémie a toxikologie, ktorého t'aziskovou napliou je
vyuzivanie metdd kriminalistickej chémie.

Kriminalisticka chémia skima chemické a fyzikalno-
chemické vlastnosti prostredia, materidlov a dejov dolezi-
tych pre dokazovanie v trestnom konani. K tomu vyuziva
metody vSeobecnej, analytickej a fyzikdlnej chémie a fyzi-
ky, ktoré aplikuje a rozvija v smeroch ddlezitych pre ob-
jastovanie krimindlne relevantnych udalosti. Tak ako sa
vyvija trestna ¢innost ajej ,rafinovanost™, tak sa musi
vyvijat' aj spdsob jej odhalovania, priCom sa vyuzivaju
najnovsie poznatky a Spickové techniky a postupy. Uz
v zaciatkoch kriminalistiky sa vyuzivali chemické dokazo-
vé reakcie na rozne dokazy sluziace pri odhal'ovani pacha-
telov trestnych ¢inov. Aj v sti€asnosti sa niektoré este stale
vyuzivaju, ale najcastejsie ako skriningové metody. Potom
nasleduje dokazovanie za pouzitia pristrojovej techniky,
ktora spiiia kritéria objektivnej overitelnosti a vedecke;
oddvodnitel'nosti.

Pouzitie chemickych analytickych metdd a postupov
v kriminalistickej chémii mé niektoré Specifikd, ktoré st
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dané tym, pri vySetrovani akého trestného ¢inu sa pouZziju.
V niektorych pripadoch je potrebna identifikacia neznamej
chemickej latky, ktorej je dostatok ( niekedy aj stovky
kilogramov), ale niekedy je vzorky ovela mene;j.
V pripade zneuZivanych omamnych a psychotropnych
latok (tzv. drogy) je potrebné tato latku identifikovat
a uréit’ jej koncentréciu, teda mnozstvo ucinnej latky. Cas-
to postauje iba materidlové porovnanie — potvrdenie
zhodnosti dvoch resp. viacerych stop bez hlbokého pozna-
nia konkrétneho zlozenia vzorky ako napr. v pripadoch
ulomkov autolakov v pripade dopravnych nehod. To ale
neznamena, Ze na toto porovnanie sa nepouZziva Spickova
technika. Kriminalisticka chémia pouziva aj techniky sto-
povych analyz amikroskopickych analyz hlavne
v pripadoch stop vybus$nin na povybuchovych zvyskoch,
stop akcelerantov poziarov alebo pri skiimani povystrelo-
vych splodin. Pri tychto skimaniach na nasom pracovisku
pouzivame metddy:

plynova chromatografia s hmotnostne spektrometric-

kym detektorom,

— plynova chromatografia s plamenovo ionizatnym
detektorom,

— plynové chromatografia s detektorom elektronového
zachytu,

i6nova chromatografia,

kvapalinova chromatografia s hmotnostne spektromet-
rickym detektorom

infratervend spektrometria s Fourierovou tranforma-
ciou,

mikroinfraervena spektrometria s Fourierovou trans-
formaciou,

energiovo disperzna RTG spektrometria,

rastrovaci elektronovy mikroskop s mikrosondou.
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THE MONITORING OF EMERGING SUBSTANCES OF MUNICIPAL
AND INDUSTRIAL WASTE WATER FROM NOVI SAD AREA DISCHARGED

IN TO THE DANUBE RIVER

MIRJANA VOJINOVIC MILORADOV*?,
IVAN SPANIK®, JELENA RADONIC?,
MAJA TURK SEKULIC? DUSAN
MILOVANOVIC?, MAJA POGO?,

and OLGA VYVIURSKA"

“ Faculty of Technical Sciences, Department for
Environmental engineering and occupational health,
University of Novi Sad, Trg Dositeja Obradovica 6, 21000
Novi Sad, Serbia, " Institute of Analytical Chemistry,
Faculty of Chemical and Food Technology, STU,
Radlinského 9, 812 37 Bratislava, Slovakia
miloradov@uns.ac.rs

The water supply system in Novi Sad municipality is
based exclusively on using the groundwater from alluvial
aquifers (Qtot,av=47 Mio. m*/yr), tapped by more than 20
horizontal wells situated at three locations along the Da-
nube River. These aquifers belong to the so-called “rapidly
rechargeable aquifer” category, since they depend on the
hydrological regime of river. The abstraction of water is
achieved using bank filtration, meaning that approximately
80-90 % of water in these layers originates from the Da-
nube River and 10-20 % from the backland. Deriving
drinking water either from the Danube River or from se-
veral groundwater reservoirs, the city of Novi Sad faces a
specific problem. Two of three sources of drinking water
in Novi Sad are located only a few hundred meters down-
stream of discharges of the Novi Sad two main sewers,
GC1 and GC2. Additionally, all of groundwater abstrac-
tion points are located under densely populated urban are-
as, and one of them is located in the proximity of the oil
refinery and heating&power plant. The oil refinery in Novi
Sad could emit mineral oils and derivatives of mineral oils
into the soil and water. Moreover, the quality of drinking
water is influenced by different forms of land-use in the
backland, such as agricultural lands and drainage canal
systems. Mix of communal and industrial waste water is
discharged directly into the Danube River in Novi Sad
area.

At present, the available information about pollution
of water used for abstraction of drinking water in Novi Sad
municipality are insufficient for monitoring and risk ma-
nagement for the protection of inhabitants. Screening ap-
proaches are either not used at all or very scarcely and
most of monitoring is limited just to the selected physical
chemical parameters and target compounds. Within the
last 5 years, no detailed and systematic monitoring pro-
gramme for the screening of river pollutants and emerging
substances in Novi Sad municipality was performed. How-
ever, environmental monitoring of selected target sub-
stances was a subject of several domestic research pro-
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jects. As the most common pollutants in the drinking water
in Novi Sad, high residue values of chlorine, chloroform,
ratio of dichlorbromomethane/chloroform and cations of
manganese and iron has been reported.

The Danube River is the most important drinking wa-
ter source in entire Europe. The International Commission
for the Protection of the Danube River (ICPDR) monitors
physical, chemical and biological parameters in the Da-
nube and its major tributaries since 1996. In 2001, the first
Joint Danube Survey (JDS1) was carried out by the
ICPDR, as the most homogenous analysis of the water
quality and the ecological status of the Danube River. The
second Joint Danube Survey (JDS2) was organised during
the August and September 2007. The most relevant polar
compounds identified in the Danube River basin in terms
of frequency of detection, persistency, and concentration
levels were 1H-benzotriazole (median concentration 185
ng/L), caffeine (87 ng/L), tolyltriazole (73 ng/L),
nonylphenoxy acetic acid (49 ng/L), carbamazepine (33
ng/L), 4-nitrophenol (29 ng/L), 2,4-dinitrophenol (19 ng/L),
PFOA (17 ng/L), sulfamethoxazole (16 ng/L), de-
sethylatrazine (11 ng/L), and 2,4-D (10 ng/L), which be-
long to the open list of 700 emerging substances defined
by NORMAN (Network of reference laboratories for
monitoring of emerging environmental pollutants).

The main objective of the study presented in the paper
was to gain more insight into organic and inorganic con-
taminants present in the raw water used for drinking water
production at Novi Sad and to evaluate the risks for human
health and the environment, in order to reduce and prevent
risks related to environmental quality of surface water and
related aquifers used for abstraction of drinking water.

Within the first survey of the research, 10 individual 1
L water samples were taken on 12" December 2011. Two
of them were chlorinated and raw drinking water obtained
from Public Utility Company Novi Sad. Sampling of waste
water was conducted at discharges GC1, GC2, Sever IV
and Rokov potok, while samples of surface water from
Danube River were taken 100 meters downstream of the
respective discharges: 45°15'5,42"N, 19°5122,95"E; 45°
15'44,4"N, 19°51'28,46"E; 45°15'11,84"N, 19°54'40,18"E;
45°15'2,2"N, 19°54'9,92"E (Figure 1). Screening analyses
for possible contaminants were performed at the Institute
of Analytical Chemistry STU in Slovakia, using gas chro-
matography coupled to mass spectrometry. Organic com-
pounds were extracted by liquid-liquid extraction. Water
samples (1000 ml) were placed in a 1000 ml glass separa-
tory funnel and extracted with two 50 ml portions of di-
chloromethane for 20 minutes using automatic shaker de-
vice. After extraction, both extracts were combined, dried
and placed into heart-shape flask for evaporation to final
volume 1 ml. Large volume injection was used for intro-
duction of 30 pl extract to GC system. The GC analysis
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Fig. 1. Surface water sampling locations (100m downstream of
the discharges)

was performed using Agilent 6890 gas chromatograph
coupled to Agilent 5973 mass spectrometric detector
(MSD; Agilent Technologies, Little Falls, DE, USA). The
system was equipped with PTV injector system. The PTV
was ramped from 70 °C to 250 °C (5 minutes) at a rate of
720 °C/s. Capillary GC analysis was performed on a 30 m
x 250 mm LD., 0.25 mm df HP-5MS column (Agilent
Technologies). The oven was programmed from 70 °C
(2 minutes) at 10 °C/min to 150 °C, at 8 °C/min to 200 °C
and finally at 10 °C/min to 280 °C (10 minutes). Helium
was used as carrier gas. The MSD was used in the SCAN
mode for all samples.
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The obtained results will undergo further evaluation
using risk prioritization strategies in order to select toxic
contaminants found at high enough concentration levels to
present a significant hazard for the population of Novi
Sad. The monitoring of the quality of waste water and
discussing the results of analytical analysis are in progress.

This research was supported by NATO Science for
Peace Program (ESP.EAP.SFP 984087), Ministry of
Education and Science, Republic of Serbia (I1146009) and
SRDA project No. SK-SRB-0022-11.
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VYSKYT MYKOTOXINOV V POTRAVINACH RASTLINNEHO A ZIVOCISNEHO

POVODU A V KRMIVACH

IVETA VOJSOVA a ALEXANDRA
SLEZAROVA

Statny veterindrny a potravinovy istav Bratislava, Bota-
nicka 15, 842 52 Bratislava, Slovensko
yvojsova@svuba.sk

Mykotoxiny st vo v§eobecnosti povaZzované za neod-
vratitelné kontaminanty potravin a krmiv a st vaznym
eckonomickym a zaroven aj filozofickym problémom
v celom svete. Zaujem o tieto prirodne sa vyskytujice
chemické latky je velky kvoli ich poskodzujucim a karci-
nogénnym uc¢inkom nielen na ludské zdravie, ale aj na
zdravie zvierat. Analyzy mykotoxinov v potravinach rast-
linného a Zivoc¢isného pdovodu a v krmivach sa v ramci
tiradnej kontroly vykonavaju aj na Statnom veterinirnom
a potravinovom tstave v Bratislave (SVPU).

Odber  vzoriek,  kritéria  pripravy  vzorky
a analytickych metdéd pouzivanych na uradnu kontrolu
hodn6t mykotoxinov v potravinich a v krmivach, maxi-
malne hodnoty obsahu jednotlivych mykotoxinov st defi-
nované  platnymi  Nariadeniami Komisie(ES).
K najdolezitejSim  patri Nariadenie Komisie (ES)
¢.401/2006 v zneni neskorsich predpisov, ktorym sa stano-
vuju metddy odberu vzoriek a analytické metody na urad-
ni  kontrolu hodn6ét mykotoxinov v potravinich
a Nariadenie Komisie (ES) ¢.1881/2006 v zneni neskor-
Sich predpisov, ktorym sa ustanovujii maximalne hodnoty
obsahu niektorych kontaminantov v potravinach.

Principy stanovenia jednotlivych mykotoxinov vycha-
dzaju z aktualne dostupnych STN EN ISO noriem plat-
nych pre uUradni kontrolu potravin a krmiv a spocivaju
v precisteni vzorky na imunoafinitnej kolone a naslednom
stanoveni kvapalinovou chromatografiou s vyuZitim fluo-
rescencného detektora, prip. UV detektora. Analytické
metdody na stanovenie mykotoxinov v potravinich
a v krmivach pouzivané na SVPU Bratislava st akredito-

vané a validované v zmysle platnej eurdpske;j legislativy.

Laboratérium SVPU Bratislava stanovuje nasledovné
mykotoxiny v r6znych komoditach (obr. 1).

Maximalne exponované substraty z hl'adiska vyskytu
mykotoxinov st predovSetkym orechoviny, podzemnica
olejna, susené ovocie, kava, koreniny, obilniny, vino, ces-
toviny, chlieb, pekarenské vyrobky, ceredlne vyrobky,
ovocie a vyrobky z neho, mlieko, krmiva.

Odber vzoriek je koordinovany v zmysle Potravino-
vého dozoru SR, kontroly importu aj vratane importu
z tretich krajin, cielenych monitoringov a Monitoringu
spotrebného kosSa. Prehlad percentualneho zastipenia
nadlimitnych vzoriek z celkového poctu vysetrenych vzo-
rieck v rokoch 2009-2011 je vyjadreny na obr. 2.
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Obr. 2. Percentudlne  zastupenie nadlimitnych  vzoriek
z celkového poétu vySetrenych vzoriek vr. 2009-2011; H
celkovy pocet vySetrenych vzoriek, B pocet nadlimitnych vzoriek

Mykotoxin Komodita

Aflatoxin B1-G2

pistacie, arasidy, lieskovce, iné orechy a olejnaté semena, koreniny, paprika, ryza, obilie, susené

ovocie, muka a vyrobky z nej, pecen, krmiva

Aflatoxin M1
Ochratoxin A

mlieko, mliecne vyrobky

Zearalenon
Deoxynivalenol
Fumonizin B1, B2
T-2, HT-2
Nivalenol

Patulin jablkové vyrobky

kava, miika a vyrobky z nej, potravinarske obilie, hrozienka, koreniny, pecen, krmiva
obilie, muka, kukurica a vyrobky z nich, chlieb, krmiva

obilie, muka, kukurica a vyrobky z nich, cestoviny, chlieb, krmiva

nespracovana kukurica, potraviny na baze kukurice, krmiva

nespracované obilie a vyrobky z obilia , krmiva

potravinarska psenica, jacmen, raz, slad, muka, krmiva

Obr. 1. Sledované mykotoxiny v potravinach rastlinného a Zivoti¥ného pévodu a v krmivach na SVPU Bratislava
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VYUZITI ELEKTROCHEMICKYCH BIOSENZORU V KLINICKE ANALYZE

VLASTIMIL VYSKOCIL* a JIRI BAREK

Univerzita Karlova v Praze, Prirodovédecka fakulta, Ka-
tedra analytické chemie, UNESCO laborator elektroche-
mie Zivotniho prostiedi, Hlavova 8, 128 43 Praha 2, Ceskd
republika

viastimil.vyskocil@natur.cuni.cz

Jelikoz klinické analyzy ve specializovanych labora-
tofich predstavuji drahé a ¢asové narocné procesy, je stale
vice analyz provadéno mimo tyto laboratofe (napf. na ne-
mocniénich oSetfovnach ¢i pfimo u pacienta doma). Jednu
z nejvetsich vyzev soucasné analytické chemie predstavuje
vyvoj metod umoznujicich takovéto rychlé in situ analyzy.
Tyto metody musi byt citlivé, pfesné a schopné stanovit
Siroké spektrum latek nachazejicich se v riznorodych real-
nych vzorcich. Elektrochemické biosenzory jsou pro tyto
nové aplikace v klinické analyze velmi vhodné, predevsim
diky své vysoké citlivosti a selektivité, rychlé odezve,
snadné prenosnosti a nizké pofizovaci i provozni cend'.

Elektrochemické biosenzory se staly predmétem za-
kladniho i aplikované¢ho vyzkumu pred padesati lety. Le-
land C. Clark pfedstavil vroce 1962 na sympdziu Ne-
wyorkské akademie véd princip prvni enzymové elektrody
s imobilizovanou glukosa oxidazou®. Prvni komeréng vy-
rabény biosenzor firmy Yellow Springs Instruments
(Yellow Springs, OH, USA) byl uveden na trh v roce
1975. Toto zafizeni bylo vyuzivdno pro rychlé zjiSté€ni
hladiny cukru v krevnich vzorcich diabetiki’.

V soucasnosti existuje mnoho navrzenych a rovnéz
i komeréné dostupnych zafizeni zalozenych na principu
biosenzoru (napf. pro detekci patogend a toxint), nékteré
znich pracuji i ve vicekanalovém usporadani®®. Nejb&z-
néjsi soucasti elektrochemickych biosenzori je vhodny
enzym piitomny v biorozpoznavaci vrstvé vytvarejici elek-
troaktivni systém pro detekci prostfednictvim fyzikalng-
chemického pievodniku poskytujictho méfitelny signal.
Nativni enzym muze byt pouzit jako biorozpoznavaci
komponenta; v tomto pfipadé je analyt zaroven substrat
enzymu, popi. mize slouzit jako jeho inhibitor. Kromé
toho mohou byt enzymy pouzity jako zna¢ky navazané na
protilatky, antigeny ¢i oligonukleotidy se specifickymi
sekvencemi (tzv. afinitni biosenzory)®. I kdyZ moderni
biotechnologie nabizi pomérn¢ Sirokou Skalu dostupnych
enzymatickych systémi, pouze pomérné omezeny podcet
enzyml byl zatim vyuzit pro monitorovani klinickych
metabolitl. Jednalo se pfedev§im o enzymy ze skupiny
oxidoreduktéz: glukosa oxidasa’ a glukosa dehydrogenasa®
pii detekei glukosy, alkohol oxidasa pii detekci ethanolu®,
NADH dependentni laktatdehydrogenasa'® a laktat-
cytochrom ¢ oxidoreduktasa pii detekci laktatu''™, ureasa
pii detekci mocoviny'* a cholesterol oxidasa imobilizova-
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na spolu s cholesterol esterdzou pii detekci cholesterolu'.
Peroxidasa a alkalicka fosfatasa jsou nejbéznéjsi enzymo-
vé znacky pro elektrochemické afinitni biosenzory'®.

V tomto piispévku budou predstaveny elektrochemic-
ké biosenzory, které se v soucasné dobé& nejvice uplatiiuji
v praktické klinické analyze. Pozornost bude vénovéana
pfedev§im enzymatickym a afinitnim biosenzorim
(imunobiosenzorim a DNA biosenzortim)'"*'®,

Na tomto misté bychom radi podékovali za financni
podporu Ministerstvu Skolstvi, mladeze a télovychovy Ces-
ké republiky (projekt MSM 0021620857) a ddle Univerzite
Karlové v Praze (projekt UNCE 2012/44) a Grantové
agenture Ceské republiky (projekt P206/12/G151).
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