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K extrakci a naslednému zakoncentrovani sirnych tékavych latek byly experimentalné porovnavany analytické metody dynamicka mik-
roextrakce na pevnou fazi a automatizovana termicka desorpce. Pro vlastni analyzu sirnych tékavych latek byla pouzita plynova chro-
matografie ve spojeni s plamenofotometrickym detektorem. Byly sledovany tékavé sirné latky dimethylsulfid, dimethyldisulfid, dimethylt-
risulfid, sirouhlik, ethylsulfid, diethyldisulfid, methionol, 3-methylthiofen, ethylthioacetat, 2-methyl-1-buthanthiol.

Mikulikova, R. — Svoboda, Z. — BeneSova, K. — Bélakova, S.: Use of modern analytical SPDE and TDAS methods for the analysis
of sulphur volatile flavors. Kvasny Prum. 57, 2011, No. 7-8, p. 231-235.

For extraction and subsequent concentration of sulphur-containing volatile substances, the analytical methods of solid phase dynamic
microextraction and automatic thermal desorption were experimentally compared. The method of gas chromatography coupled with a
flame detector was used for the analysis of sulphur volatile substances. Following volatile sulphur substances were studied: dimethyl
sulfide, dimethyl disulfide, dimethyltrisulfide, carbon disulfide, ethyl sulfide, diethyl disulfide, methionol, 3-methylthiofen, ethylthioacetate,
2-methyl-1-buthanthiol.

Mikulikova, R. — Svoboda, Z. — Benesova, K. — Bélakova, S.: Die Anwendung der modernen SPDE und TDAS Methoden zur
Bestimmung der schwefelfliichtigen Stoffe. Kvasny Prum. 57, 2011, Nr. 7-8, S. 231-235.

Zwei analytischen Methoden, dynamische Mikroextraktion auf die feste Phase und automatisierte thermische Desorption, wurden zur
Extraktion und zur folgenden Konzentration der Schwefelfllichtigstoffe experimental angewandt und gegenseitig verglichen. Fir die eigene
Analyse der Schwefelfliichtigstoffe wurde die Gaschromatographie mit dem Flammenphotometrischen Detektor angewandt. Folgende
flichtige Schwefelstoffe veroflgt: Dimethylsulfid, Dimethyldisulfid, Dimethyltrisulfid, Schwefelkohlenstoff, Ethylsulfid, Diethylsulfid, Methio-

nol, 3-Methylthiofen, Ethylthioazetat, 2-Methyl-1-Buthanthiol.
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1 UVOD

V posledni dobé je celosvétové a rovnéz v Ceské republice véno-
vana zvySena pozornost senzoricky aktivnim latkdm ovliviujicim kva-
litu piva. Na senzorickém charakteru i analytickém slozeni piva se
spolupodili kvalita pivovarskych surovin, technologie vyroby sladiny
amladiny i technologie kvaseni a zrani piva. Mezi senzoricky aktivnimi
latkami ovliviujicimi kvalitu piva hraji vyznamnou ulohu heterocyk-
lické a sirné slouceniny, z nichz nékteré se vyznacuji vysokou sen-
zorickou aktivitou i v extrémné nizkych koncentracich. Stopova mnoz-
stvi téchto sloucenin, které lze bézné nalézt v potravinach, se
spolupodileji na vytvareni jejich aroma a tento vliv Ize obecné hodnotit
jako pfiznivy. U sladu, resp. u piva to vSak plati jen ve velmi omezené
mife a pfitomnost heterocyklickych a sirnych latek se v tomto sméru
hodnoti spiSe nepfiznivé.

Pfima analyza sirnych senzoricky aktivnich latek je mozna jen
zfidka, protoze se nachazeji v analyzovanych matricich (slad, pivo)
ve velmi nizkych koncentracich (ug.kg™",I-" — ng.kg=,I-"). Pfed vlastni
analyzou je tfeba analyty extrahovat z matrice a zakoncentrovat. Vy-
bér vhodné metody pfipravy vzorku pak vyrazné ovliviiuje rychlost,
spolehlivost a presnost analyzy [1]. Pro zakoncentrovani tékavych Ia-
tek se pouziva destilace s vodni parou, headspace metody (extrakce
plynem) a mikroextrakce tuhou fazi (SPME) [2,3]. Mikroextrakce tu-
hou fazi je bezrozpoustédlova metoda pfipravy vzorku. Metoda ne-
vyzaduje slozitou instrumentaci a je zaloZzena na sorpci analytu ma-
lym mnozZstvim extrakéni faze na povrchu kfemenného vlakna.
Analyty se sorbuji do dosazeni rovnovazného stavu. MnoZzstvi extra-
hovaného analytu zavisi na hodnoté rozdélovaciho koeficientu analyt
— vldkno [3]. Existuje nékolik typl vlaken vhodnych pro extrakci téka-
vych latek. Afinita vldkna v(¢i analytu zavisi na polarité stacionarni
faze a na vlastnostech daného analytu. K separaci sirnych tékavych
latek byva nej€astéji vyuzivana plynova chromatografie ve spojeni se
selektivnimi detektory. Selektivni detektory jsou obzvlasté vyhodné
pfi analyzach rozmanitych sirnych latek ve slozitych matricich. Tyto
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1 INTRODUCTION

In the Czech Republic and worldwide, increased attention has been
devoted to sensorially active substances affecting beer quality. Sen-
sorial character and beer analytical composition is affected by quality
of brewing materials, sweet wort and hopped wort and fermentation
technology and beer maturation.

Trace amounts of these substances, which can be commonly found
in food, contribute to their aroma and this effect can be generally as-
sessed as favorable. In malt or beer it is true only to a limited extent
and the presence of heterocyclic and sulphur substances is assessed
here rather unfavorably.

The direct analysis of sulphur sensorially active substances is fea-
sible only seldom as they are found in the analyzed matrices (malt,
beer) in very low concentrations (mg.kg=,I-' — ng.kg=",I-"). Before the
analysis, the analytes must be extracted from the matrix and concen-
trated. Selection for a suitable method of the sample preparation sig-
nificantly affects the rate, reliability and accuracy of the analysis [1].
Water steam distillation, headspace methods (extraction with gas)
and solid-phase microextraction (SPME) are used for the concentra-
tion of volatile substances [2,3]. Solid-phase microextraction is a sol-
ventless sample preparation method. The method does not require
any complicated instrumentation and is based on sorption of the an-
alyte with a small amount of extraction phase on the surface of the
silica fiber. The analytes are sorbed till the balanced state is achieved.
The amount of the extracted analyte depends on the value of the par-
tition coefficient analyte — fiber [3]. Several types of fibers suitable for
the extraction of volatile substances exist. Fiber affinity to analyte de-
pends on the polarity of the stationary phase and properties of the
given analyte. The method of gas chromatography coupled with se-
lective detectors is used for separation of volatile sulphur substances.
Selective detectors are mainly advantageous at the analyses of var-
ious sulphur substances in complex matrices. These detectors can
shorten time demanding sample purification, possible a cause of sam-
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detektory mohou redukovat ¢asové narocné c&isténi vzork(l, které
muze byt pfic¢inou znecisténi vzorkd dal$imi kontaminanty, nebo do-
konce ztraty stanovovanych analyt(i [4]. Stale nejvice pouzivanym de-
tektorem pro analyzu sirnych latek je plamenovy fotometricky detektor
(FPD). K separaci tékavych sirnych latek metodou plynové chroma-
tografie se pouzivaji kolony s polarni stacionarni fazi polyethylengly-
kolu nebo s mirné polarni fazi 5 % — phenyl-95 % — dimethylpolysi-
loxanu [2,5,6].

K extrakci a naslednému zakoncentrovani sirnych tékavych latek
byly experimentalné porovnavany analytické metody dynamicka mik-
roextrakce na pevnou fazi a automatizovana termicka desorpce.

2 EXPERIMENTALNI CAST

Chemikalie

Dimethyl sulfid (Sigma Aldrich, USA), dimethyl disulfid (Sigma Ald-
rich, USA), dimethyl trisulfid (Sigma Aldrich, USA), sirouhlik (Sigma
Aldrich, USA), ethyl sulfid (Sigma Aldrich, USA), diethyl disulfid
(Sigma Aldrich, USA), methionol (Sigma Aldrich, USA), 3-methylthi-
ofen (Sigma Aldrich, USA), ethyl thioacetat (Sigma Aldrich, USA),
2-methyl-1-buthanthiol (Sigma Aldrich, USA), etanol p.a. (ML Che-
mica, CR), deionizovana voda.

Chromatograficka kolona

Kfemenna kapilarni kolona GS-GasPro (60 m x 0,32 i.d., vazana
stacionarni faze silica plot vhodna i pro GC-MS) (J&W Scientific, La-
bicom Ceska republika).

SPDE jehly

Polydimethylsiloxan/activ charcoal (PDMS/AU) 50 pm, délka jehly
56 mm (Chromtech, Némecko)

Polydemethylsiloxan (PDMS) 50 pm, délka jehly 56 mm (Chrom-
tech, Némecko).

TDAS sorbenty .
Tenax TA 60/80 (Labicom, Ceska republika).
Carbotrap 20/40 (Labicom, Ceska republika).

Technické plyny .

Helium — Cistota 5.5 (Siad, Ceska republika), dusik — Cistota 5.0
(Siad, Ceska republika), vodik — Cistota 4.5 (Siad, Ceska republika),
vzduch — Cistota 5.0 (Siad, Ceska republika), technicky dusik — Cistota
4.0 (Siad, Ceska republika), dusik (dynamicka head-space) — Cistota
5.5 (Siad, Ceska republika).

Instrumentalni vybaveni

Plynovy chromatograf Finnigan Trace GC Ultra (Thermo Corpora-
tion, USA) s hmotnostnim detektorem Finnigan DSQ (Thermo Cor-
poration, USA)

Plynovy chromatograf Trace GC Ultra s plamenofotometrickym de-
tektorem (FPD) selektivnim pro siru (Thermo Corporation, USA)

Autosampler CombiPall vybaveny automatickou SPME, SPDE
a TDAS (CTC Analytics AG, Svycarsko).

Ostatni laboratorni vybaveni

Termobox Evaterm (Labicom, Ceska republika), zafizeni pro dyna-
mickou head-space (Labicom, Ceska republika), analyticka vaha TB
215-D (Denver, Némecko).

Ke stanoveni sirnych tékavych latek byly porovnavany metody au-
tomatizované SPDE (dynamicka mikroextrakce na pevnou fazi)
a TDAS (automatizovana termicka desorpce). Porovnani bylo prova-
déno na vzorku smésného standardu, ktery obsahoval dimethylsulfid
(DMS), dimethyldisulfid (DMDS), dimethyltrisulfid (DMTS), sirouhlik
(CS2), ethanthiol (EtSH), diethyldisulfid (DEDS), methionol, 3-met-
hylthiofen (3MTP), ethylthioacetat (EtSAc) a 2-methyl-1-buthanthiol
(2MBT). Podle ploch piku sledovanych analytd byly nalezeny vhodné
podminky pro jejich stanoveni.

Byl pfipraven smésny standard sirnych latek fedénim sledovanych
analytll v 5 % roztoku ethanolu tak, aby vysledna koncentrace v 10 mi
ethanolového roztoku byla pro jednotlivé analyty nasleduijici: dimethyl-
sulfid 0,25 pg.I"', dimethyldisulfid 0,1pg.I", dimethyltrisulfid 0,05 pg.I-, si-
rouhlik 0,1 pg.I=!, ethanthiol 0,3 pg.I"", diethyldisulfid 0,4 pg.I-', met-
hionol 5,0 pg.I-!, 3-methylthiofen 0,1 pg.I=, ethylthioacetat 0,05 pg.I!
a 2-methyl-1-buthanthiol 0,3 pg.I-".

Takto pfipraveny roztok byl pouZit pro porovnani vytéznosti riznych
metod extrakce.

ple contamination or even loss of the determined analytes [4]. The
flame photo detector (FPD is the most frequently used detector for
the analysis of sulphur substances. For separation of sulphur volatile
substances by the gas chromatography method, the columns with po-
lar stationary phase of polyethylene glycol or with mildly polar phase
5 % — phenyl-95 % — dimethyl polysiloxan are used [2,5,6].

The analytical methods of dynamic solid phase microextraction and
automated termic desorption were experimentally compared for the
extraction and subsequent concentration of sulphur volatile sub-
stances.

2 EXPERIMENTAL PART

Chemicals

Dimethyl! sulfide (Sigma Aldrich, USA), dimethyl disulfide (Sigma
Aldrich, USA), dimethyl trisulfide (Sigma Aldrich, USA), carbon disul-
fide (Sigma Aldrich, USA), ethyl sulfide (Sigma Aldrich, USA), diethyl
disulfide (Sigma Aldrich, USA), methionol (Sigma Aldrich, USA), 3-
methylthiofen (Sigma Aldrich, USA), ethyl thioacetate (Sigma Aldrich,
USA), 2-methyl-1-buthanthiol (Sigma Aldrich, USA), ethanol p.a. (ML
Chemica, CR), deionized water.

Chromatographic column

Silica capillary column GS-GasPro (60 m x 0.32 i.d., bonded sta-
tionary phase silica plot suitable also for GC-MS) (J&W Scientific,
Labicom Czech Republic).

SPDE needles

Polydimethyl! siloxane/active charcoal (PDMS/AC) 50 pm, needle
length 56 mm (Chromtech, Germany)

Polydemethyl siloxane (PDMS) 50 pm, needle length 56 mm
(Chromtech, Germany)

TDAS sorbents
Tenax TA 60/80 (Labicom, Czech Repubilic).
Carbotrap 20/40 (Labicom, Czech Republic).

Technial gases

Helium — purity 5.5 (Siad, Czech Republic), nitrogen — purity 5.0
(Siad, Czech Republic), hydrogen — purity 4.5 (Siad, Czech Republic),
air — purity 5.0 (Siad, Czech Republic), technical nitrogen — purity 4.0
(Siad, Czech Republic), nitrogen (dynamic head-space) — purity 5.5
(Siad, Czech Republic).

Instrumentation
Gas chromatograph Finnigan Trace GC Ultra (Thermo Corporation,
USA) with mass detector Finnigan DSQ (Thermo Corporation, USA)
Gas chromatograph Trace GC Ultra with flame photometric detector
(FPD) selective for sulphur (Thermo Corporation, USA)
Autosampler CombiPall equipped with automatic SPME, SPDE and
TDAS (CTC Analytics AG, Switzerland).

Other laboratory equipment

Termobox Evaterm (Labicom, Czech Republic), equipment for dy-
namic head-space (Labicom, Czech Republic), analytical balance TB
215-D (Denver, Germany)

The automated Solid Phase Microextraction method (SPME) and
Thermic Desorption System (TDSA) were compared for the determi-
nation of sulphur volatile substances.

Comparison was conducted on a sample of mixed standard con-
taining dimethyl sulfide (DMS), dimethyl disulfide (DMDS), dimethyl
trisulfide (DMTS), carbon disulfide (CS,), ethanthiol (EtSH), diethyl
disulfide (DEDS), methionol, 3-methylthiofen (SMTP), ethylthio ac-
etate (EtSAc) and 2-methyl-1-buthanthiol (2MBT). According to the
size of peak areas of the studied analytes, suitable conditions for their
determination were found.

Mix standard of sulfur substances was prepared by diluting the
studied analytes in 5 % ethanol solution so that the resulting concen-
tration in 10 ml ethanol solution for the individual analytes was as fol-
lows: dimethyl sulfide 0.25 pg.I-!, dimethyl disulfide 0.1ug.I-", dimethyl
trisulfide 0.05 pg.I™", carbon disulfide 0.1 pg.I-', ethanthiol 0,3 pg.I",
diethyl disulfide 0.4 pg.I”", methionol 5.0 pg.I"!, 3-methylthiofen
0.1 pg.I"', ethylthio acetate 0.05 pg.I"" and 2-methyl-1-buthanthiol
0.3 pg.I.

The prepared solution was used for the comparison of the different
extraction methods for recovery.



Vyuziti modernich analytickych metod SPDE a TDAS pfi stanoveni sirnych tékavych latek

KVASNY PRUM.
57 /2011 (7-8)

233

Determination of sulphur volatile

substances with the automated
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SPDE method

SPDE is the newest and the most
modern SPME set-up. It is the system
for dynamic extraction of liquid and
gaseous samples. The principle of this
method is similar as that of SPME but
in contrast to it, sorbent is applied on
the inner wall of the needle of the gas-
tight syringe (Fig. 7). The analytes de-
termined are concentrated in the nee-
dle by repeated introduction of gaseous
(HS —SPDE) or liquid (DI - SPDE) sam-
ple phase.

10 ml of solution of mixed standard
was transferred to the head-space vial
(20 ml). The vial was hermetically
closed and placed into the automatic
sampler CombiPal (CTC). Two SPDE
needles were tested: polydimethyl
siloxane/activ charcoal (PDMS/AC) 50
pym, length of the needle 56 mm and

2,5 ml Headspace SPDE Syringe
A
Steel Heedle
Internal Coating
L = 56 mm
1 Cross-section
J
v F Conical Tip - Side Port

polydimethyl siloxane (PDMS) 50 pm,
length of the needle 56 mm. Sample in-
cubation time at 50 °C was 30 min. Nee-
dle temperature was set to 35 °C, num-

CHROMTECH @

ber of extraction cycles was 15.
Desorption volume of gas He was 500

Obr. 1 Schéma jehly pro SPDE extrakci [7]/ Fig. 1 Needle scheme for SPDE extraction [7]

Stanoveni sirnych tékavych latek automatizovanou metodou
SPDE

SPDE je novéjsi a modernéjsi usporadani SPME. Jedna se o dy-
namickou extrakci kapalnych nebo plynnych vzorkd. Princip metody
SPDE je obdobny jako SPME s tim rozdilem, Ze sorbent je nanesen
na vnitfni povrch jehly pfipojené k plynotésné stfikacce (obr.1). Opa-
kovanym nabiranim plynné (HS — SPDE) nebo kapalné faze (DI —
SPDE) vzorku dochazi k zakoncentrovani stanovovanych analytt uv-
nitf jehly.

Do 20 ml vialky na head-space bylo pfevedeno 10 ml roztoku smés-
ného standardu. Vialka byla hermeticky uzaviena a vlozena do auto-
matického davkovace CombiPal (CTC). Byly testovany 2 SPDE jehly:
polydimethylsiloxan/activ charcoal (PDMS/AU) 50 um, délka jehly
56 mm a polydimethylsiloxan (PDMS) 50 um, délka jehly 56 mm. In-
kubaéni doba vzorku pfi 50 °C byla 30 min, teplota jehly byla nasta-
vena na 35 °C, pocet extrakénich cykll byl 15. Desorpéni objem plynu
He byl 500 pl. Jedna se o objem plynu (He), ktery pfi desorpci projde
z plynotésné stfikacky pres jehlu s nasorbovanymi analyty do PTV
injektoru. Rychlost plynu pfi desorpci byla 50 pl.s™,

pl. i.e. the volume of the gas (He) pass-
ing during desorption from the gas-tight
syringe through a needle with the
sorbed analytes to the PTV injector),
desorption gas flow rate 50 pl.s™, total desorption time in the PTV
injektor was 3 min at 250 °C and needle insertion depth was 4.5 cm.
After desorption, sulfur substances were separated on the GS Gaspro
capillary column. The needle was conditioned for 5 min at 250 °C.

Determination of sulphur volatile substances with the TDAS
method

The dynamic head-space method (Fig. 2) with automated thermic
desorption was tested and optimized for the extraction and concen-
tration.

Inert gas nitrogen bubbled through 10 ml of mix standard in 5 %
ethanol solution in a strip tube. Stripping time was 30 min at 50 °C,
nitrogen flow rate was 10 ml.min=". Prior to stripping, the sample was
conditioned for 10 min at 50 °C.

The volatile analytes were trapped to the sorbent in the thermod-
esorption tube. After completing the resorption time, the sorption tube
was placed in the module for fully automatic thermal desorption of
the sampler CombiPal (TDAS). Subsequently, the studied analytes

celkovéa doba desorpce v PTV injektoru byla 3 min pfi
250 °C a hloubka vnoreni jehly do injektoru 4,5 cm.

Po desorpci byly sirné latky separovany na kapilarni
koloné GS Gaspro. Kondicionace jehly (vypaleni) po
skonéeni desorpce byla nastavena na 5 min pfi
250 °C.

Stanoveni sirnych tékavych latek metodou TDAS

Pro extrakci a zakoncentrovani byla testovana
a optimalizovana dynamicka head-space metoda
(obr. 2) s automatizovanou termickou desorpci.

10 ml smésného standardu v 5 % ethanolovém roz-
toku bylo ve stripovaci nadobce probublavano inert-
nim plynem dusikem. Doba stripovani byla 30 min pfi
50 °C, rychlost dusiku byla 10 ml.min~"'. Pfed stripo-

vanim byl vzorek kondicionovan 10 min pfi 50 °C. N——

Tékavé analyty se sorbovaly na sorbentu v termo-
desorpéni trubici. Po skonceni doby sorpce byla e
sorpéni trubicka umisténa v modulu pro plné automa-
tickou tepelnou desorpci vzorkt davkovace CombiPal
(TDAS). Sledované analyty byly nasledné zdesorpéni |
trubice dopravovany na chromatografickou kolonu
pouze pfes jehlu, kterou Ize snadno tepelné vydcistit

a tim zamezit nezadouci kontaminaci nasledujicich
vzorku. Teplota desorpce byla 250 °C po dobu 5 min,

rychlost desorpéniho plynu He byla 1,5 ml.min—". ment

Obr. 2 Zafizeni pro dynamickou head-space / Fig. 2 Dynamic head-space equip-
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Systém TDAS nepouziva zadnou ,transferline” a je plné automati-
zovan. Termodesorpéni trubi¢ka byla naplnéna 100 mg Tenaxu TA
nebo 100 mg Carbotrapu.

Po desorpci byly sirné latky separovany na kapilarni koloné GS
GasPro.

Instrumentace a chromatografické stanoveni

Vlastni stanoveni sirnych tékavych latek u automatizovanych SPDE
a TDAS metod bylo provadéno na plynovém chromatografu Trace
Ultra s FPD detektorem. K separaci byla pouzita kapilarni kolona GS-
Gaspro (60 m x 0,32 mm) s nasledujicim teplotnim programem: po-
¢atecni teplota 40 °C po dobu 1 min, narlst teploty 4 °C-min-' do
240 °C, doba setrvani 15 min. Konstantni pratok nosného plynu He
1.5 ml-min~'. Teplota FPD detektoru 180 °C, pritok vzduchu
105 ml.min~", pritok vodiku 90 ml.min~', pritok dusiku (make-up)
20 ml.min=".

U HS-SPDE techniky byl PTV injektor nastaven na 250 °C, rezim
splitless uzavien po dobu 5 min. Pro TDAS byl PTV injektor nastaven
na teplotu 40 °C, rezim splitless uzavien 5 min. Po této dobé byl in-
jektor vyhiat ze 40 °C na 240 °C (doba prodlevy 10 min), rychlost
ohfevu 15 °C.min™".

Identifikace analyzovanych tékavych latek byla provedena na za-
kladé porovnani retenénich ¢ast se standardem, kvantifikace byla
provedena pomoci kalibraéni kfivky.

3 VYSLEDKY A DISKUZE

U automatizované metody SPDE byly za stejnych experimentalnich
podminek porovnavany dveé jehly s riznou stacionarni fazi. Jehla se
stacionarni fazi PDMS (polydimethylsiloxan) a jehla s kombinovanou
stacionarni fazi PDMS/AU (polydimethylsiloxan a aktivni uhli). Na
jehlu s kombinovanou stacionarni fazi se nasorbovaly véechny sle-
dované analyty a vytéZnost sorpce byla velmi dobra (obr. 3).

Pfi optimalizaci automatizované metody TDAS byly testovany dva
typy sorbentl — Tenax TA a Carbotrap. Oba sorbenty se pouzivaji pro
analyzy tékavych latek. Vhodné&jsi pro analyzy sirnych tékavych latek
byl Tenax TA (obr. 4). Na sorbentu Tenax TA se zakoncentrovalo vSech
10 sledovanych sirnych latek: dimethylsulfid (DMS), dimethyldisulfid
(DMDS), dimethyltrisulfid (DMTS), sirouhlik (CS2), ethanthiol (EtSH),
diethyldisulfid (DEDS), methionol, 3-methylthiofen (3MTP), ethylthio-
acetat (EtSAc) a 2-methyl-1-buthanthiol (2MBT), zatimco na sorbentu
Carbotrap pouze 5 analytll (3MTP, DMDS, DEDS, EtAc, EtSH).

4 ZAVER

K extrakci a naslednému zakoncentrovani sirnych tékavych latek
byly experimentalné porovnavany automatizované analytické metody

were transferred from the desorption tube to the chromatographic col-
umn through a needle which can be easily cleaned thermally reducing
thus contamination of the following samples.

Temperature of desorption was 250 °C for 5 min, flow rate of des-
orption gas He was 1.5 ml.min=".

The TDAS system does not use any “transferline“ and is fully au-
tomated. The thermodesorption tube was filled with Tenax TA (100
mg) or Carbotrap (100 mg).

After desorption, sulfur substances were separated on the GS
GasPro capillary column.

Instrumentation and chromatographic determination

The determination of the volatile sulfur substances was in the au-
tomated SPDE and TDAS methods conducted on the gas chromato-
graph Trace Ultra with the FPD detector. The GS-Gaspro (60 m x 0.32
mm) capillary column was used for separation with a following thermal
program: initial temperature 40 °C for 1 min, increase in temperature
4° C-min’' to 240 °C, maintained for 15 min. Constant flow rate of
a carrier gar He 1.5 ml-min~'. Temperature of the FPD detector 180 °C,
air flow rate 105 ml.min=", hydrogen flow rate 90 ml.min=", nitrogen
flow rate (make-up) 20 ml.min-".

In the HS-SPDE technique the PTV injector was set to 250 °C,
splitless regime closed for 5 min. For the TDAS, the PTV injector was
set to 40 °C, splitless regime closed for 5 min. After this time, the in-
jector was heated from 40 °C to 240 °C (10 min), rate of heating 15
°C.min".

The analyzed volatile substances were identified on the basis of
the comparison of retention times with the standard, quantification
was conducted with a calibration curve.

3 RESULTS AND DISCUSSION

In the automated SPDE method, two types of needles with different
stationary phases were compared under the same conditions: a nee-
dle with PDMS (polydimethyl siloxan) stationary phase and a needle
with combined PDMS/active charcoal stationary phase. All the studied
analytes sorbed to the needle with combined stationary phase and
extraction recovery of sorption was very good (Fig. 3).

For optimization of the automated TDAS method two types of sor-
bents — Tenax TA and Carbotrap were tested. Both sorbents are used
for the analyses of volatile sulphure substances. Tenax TA was more
suitable for the analyses of volatile sulphure substances (Fig. 4). All
10 studied sulphur substances were concentrated on Tenax TA sor-
bent: dimethylsulfid (DMS), dimethyl disulfide (DMDS), dimethyl trisul-
fide (DMTS), carbon disulfide (CS2), ethanthiol (EtSH), diethyl disul-
fide (DEDS), methionol, 3-methylthiofen (3MTP), ethylthio acetate
(EtSAc) and 2-methyl-1-buthanthiol (2MBT), while on the Carbotrap
sorbent only 5 analytes (3MTP, DMDS, DEDS, EtAc, EtSH).
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SPDE (dynamicka mikroextrakce na pevnou fazi) a TDAS (automa-
tizovana termicka desorpce). Pro vlastni analyzu sirnych tékavych la-
tek byla pouzita plynova chromatografie ve spojeni s plamenofoto-
metrickym detektorem. Byly sledovany tyto tékavé sirné latky:
dimethylsulfid, dimethyldisulfid, dimethyltrisulfid, sirouhlik, ethylsulfid,
diethyldisulfid, methionol, 3-methylthiofen, ethylthioacetat, 2-methyl-
1-buthanthiol.

Pro metodu HS-SPDE byly testovany dva typy jehel s riiznymi sta-
cionarnimi fazemi (PDMS a kombinovana stacionarni faze PDMS/ak-
tivni uhli). | kdyz obé stacionarni faze jsou vhodné pro stanoveni té-
kavych latek, méla vetSi vytéZznost pro stanovované analyty
kombinovana stacionarni faze PDMS/AU. U dynamické head-space
metody byly testovany dva typy sorbentli — Tenax TA a Carbotrap.
Vhodnéjsi byl sorbent Tenax TA [4]. Jako nejvhodnéjsi metoda pro
stanoveni sirnych tékavych latek se na zakladé dosazenych vysledkl
jevi metoda dynamické head-space ve spojeni TDAS se sorbentem
Tenax TA. Metoda SPDE ma velmi dobrou vytéznost pro sledované
sirné latky, ale musi byt ovladéana autosamplerem. Tento zpUsob ex-
trakce neni mozno provadét ruéné, protoze by se pfi ruéni manipulaci
nedosahlo potifebné opakovatelnosti. V kazdém pfipadé je tato me-
toda robustnéjsi nez metoda SPME.
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4 CONCLUSION

For extraction and subsequent concentration of sulphur volatile
substances, the analytical methods of solid phase dynamic microex-
traction (SPDE) and automated thermal desorption (TDAS) were ex-
perimentally compared. The method of gas chromatography coupled
with a flame detector was used for the analysis of sulphur-containing
volatile substances. Following volatile sulphur substances were stud-
ied dimethyl sulfide, dimethyl disulfide, dimethyl trisulfide, carbon
disulfide, ethyl sulfide, diethyl disulfide, methionol, 3-methylthiofen,
ethylthioacetate, 2-methyl-1-buthanthiol. According to the size of peak
areas of the studied analytes, suitable conditions for their determina-
tion were found.

For the HS-SPDE method, two types of needles with different sta-
tionary phases (PDMS and combined stationary phase PDMS/active
charcoal) were checked. Although both stationary phases are suitable
for the determination of volatile substances, the combined PDMS/AC
stationary phase provided better recovery of the analytes determined.

In the dynamic head-space method two types of sorbents — Tenax
TA and Carbotrap were tested. Tenax TA was found to be a more suit-
able sorbent [4]. Based on the results achieved, the dynamic head-
space system in combination with TDAS with Tenax TA sorbent was
confirmed as the best technique for the determination of volatile sulfur
substances. The SPDE method provides a very good recovery for the
studied sulfur substances but it must be controlled via the autosam-
pler. This extraction cannot be operated manually as needed repeata-
bility would not be achieved. The SPDE method it is a more robust
method compared to the SPME technique.
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