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Plynova chromatografie je vyznamnou analytickou technikou pouzivanou pfi stanovovani senzoricky aktivnich latek, jejichz obsah je
dulezity nejen pro sledovani kvality jiz finalniho vyrobku, ale téz pfi testovani novych technologickych postupt. K ziskani pfesnych a re-
produkovatelnych vysledku je nutné vénovat pozornost spravnému nastaveni vSech podminek chromatografické separace véetné nos-
ného plynu. V této sérii ¢lankl jsou diskutovana uréita uskali, ktera pfinasi zaména helia jako nosného plynu za jiny plyn. K tomuto kroku
mohou byt laboratofe nuceny v dusledku ,heliové krize“. Tento ¢lanek je zaméfen na technicka a bezpecnostni hlediska této zamény.

Horak, T. — Culik, J. — Stérba, K. — OlSovska, J.: Advantages and disadvantages of substitution of helium as carrier gas in gas
chromatography by hydrogen. Part I. — Technical and safety aspects. Kvasny Prum. 59, 2013, No. 6, p. 162—166.

Gas chromatography plays a significant role in the determination of flavors, which is important not only for monitoring the quality of final
product but also when testing new technological procedures. Correct setting of all conditions having an influence on the chromatographic
separations, including carrier gas, is necessary for acquiring accurate and reproducible results in gas chromatographic methods. Some
difficulties with substitution of helium as carrier gas by another gas are discussed in this series of papers. Laboratories may be forced to
make this change due to “helium crisis”. This paper is focused on technical and risk aspects of this substitution.

Horak, T. — Culik, J. — Stérba, K. — OlSovska, J.: Die Vor- und Nachteile der Heliumumwechslung fiir Wasserstoff als Treibgas in
der Gaschromatographie. Teil I. - Technische und Sicherheitsaspekte. Kvasny Prum. 59, 2013, Nr. 6, S. 162—166.

Die Gaschromatographie gilt al eine bedeutende analytische Technik zur Bestimmung von sensorischen aktiven Stoffen, deren Ge-
halt ist wichtig nicht nur fir Qualitatsverfolgung des Finalerzeugnisses aber auch fir die Prifung des neuen Herstellungsverfahrens.
Um genaue und reproduzierbare Ergebnisse zu erhalten, war es notwendig, die Aufmerksamkeit der richtigen Einstellung von allen
Bedingungen der chromatographische Trennung einschlieBlich des Treibgasesais zu flihren. In dieser Serie der Artikel werden welche
Probleme mit der Umwechslung des Heliums fiir ein anderes Gas diskutiert. Aufgrund der ,Helium Krise” kénnen einige Labors zur
diesen Umwandlung gezwungen werden. Dieser Artikel wird auf die Technische- und Sicherheitsaspekte dieser Umwandlung fokussiert.
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1 UvVoD

Soucasti vSech oficidlnich metodik pivovarskych organizaci jako
je European Brewery Convention (EBC), Mitteleuropéische Brau-
technische Analysenkommission (MEBAK), The Institute of Brewing
(IOB) nebo The American Society of Brewing Chemists (ASBC) jsou
plynové chromatografické metody pro stanoveni senzoricky aktiv-
nich latek v pivu. Touto separacni technikou Ize v meziproduktech
a hotovém pivu stanovit jak senzoricky vyznamné latky, tak nékteré
cizorodé latky. Zakladni pfehled téchto latek uvadi tab. 1.

K ziskani pfesnych a reprodukovatelnych vysledkl v co nejkratsi
dobé je nutné mit cely analyticky postup velmi dobfe optimalizovany.
V pfipadé plynové chromatografického stanoveni je nutné vénovat
pozornost spravnému nastaveni vSech podminek chromatografické
separace véetné nosného plynu.

Volba nosného plynu podstatnym zptisobem ovliviiuje rychlost chro-
matografické analyzy. (Blumberg, 1993; Blumberg, 1997a; Blumberg,
1997b) V kapilarni plynové chromatografii se nej¢astgji pouzivaji heli-
um, dusik nebo vodik. Nesporna vyhoda helia spoc¢iva v tom, ze se da
pouzit se vSemi typy detektord, véetné hmotnostnich detektord. Z to-
hoto dlivodu jde o nejpouzivanéjsi typ. Helium a dusik jsou netoxické,
nehoflavé a také velmi bezpe€né. Na druhé strané cena helia je pod-
statné vyssi, nez ostatnich nosnych plynu. Vodik vytvafi se vzduchem
vybusnou smeés, a proto z bezpeénostniho hlediska mize byt pouzi-
vani vodiku ponékud rizikové. Oproti heliu a dusiku poskytuje vodik
vyznamné vyhody, a to v rychlosti analyzy, citlivosti a rozliSeni na jed-
notku €asu. (Korytar a Matisovéa, 2001; Matisova a Ddmétérova, 2003)

V posledni dobé dochazi k vypadkim v dodavkach helia a roste
jeho cena. Série téchto ¢lankl se proto zamérfuje na pochopeni
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1 INTRODUCTION

Official methods of brewery institutions such as European
Brewery Convention (EBC), Mitteleuropdische Brautechnische
Analysenkommission (MEBAK), The Institute of Brewing (I0OB) or
The American Society of Brewing Chemists (ASBC) include gas
chromatographic procedures used for the determination of beer
flavors. Beer flavors or some contaminants can be determined by
this separation procedure in intermediate products as well as in
final beer. The review of the main of these compounds is shown
in Tab. 1.

The use of a very good optimized analytical procedure is required
in order to obtain accurate and reproducible results. In gas chroma-
tographic determination the attention must be also focused on the
correct setting of all conditions having an influence on the chromato-
graphic separations including carrier gas.

The choice of carrier gas has a substantial influence on the speed
of analysis (Blumberg, 1993; Blumberg, 1997a; Blumberg, 1997b).
Helium, nitrogen, hydrogen or argon is very often used in gas capil-
lary chromatography. The great advantage of helium consists in its
universal use in all types of detectors, mass detectors included. For
this reason helium is the most commonly used carrier gas. Helium
and nitrogen are non toxic, non-flammable and also very safe. On
the other hand, helium is much more expensive in comparison with
other carrier gases. Hydrogen is not very popular because of the risk
of explosions. Compared to helium or nitrogen the use of hydrogen
provides significant advantage in speed of analysis, sensitivity and
resolution within a time unit. (Korytar and Matisova, 2001; Matisova
and D6motdrova, 2003)
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Tab. 1 Pfehled vyznamnych latek stanovovanych v meziproduktech a hotovém pivu pomoci plynové chromatografie / List of important

compounds determined by gas chromatography in brewing analytics.

Latka / Compound Literatura / Reference
Alkoholy / Alcohols EBC, 2005a; I0B, 1997a; MEBAK, 1996a; ASBC, 2009a
Estery / Esters EBC, 2005a; I0B, 1997a; MEBAK, 1996a; ASBC, 2009a

Acetaldehyd / Acetaldehyde

EBC, 2005a; I0B, 1997a; MEBAK, 1996a; ASBC, 2009a

Dimethylsulfid / Dimethyl sulfide

EBC, 2005a; I0B, 1997a; MEBAK, 1996a,b,c,d; ASBC, 2009a

Vyssi aromatické alkoholy / Higher aromatic alcohols

Culik et al., 1997

Mastné kyseliny / Fatty acids

Horék at al., 2013

Vicinalni diketony / Vicinal diketones

EBC, 2005b; 10B, 1997b; IOB, 1997b; MEBAK, 1996e; ASBC, 2009b; Horak

etal., 2001

Acetoin / Acetoin

MEBAK, 1996f

Chlorované alifatické uhlovodiky /
Chlorinated aliphatic hydrocarbons

Culik et al., 1995; Horak et al., 1999

Chlorfenoly / Chlorophenols

Horak et al., 2008

Halogenoctové kyseliny / Haloacetic acids

Culik et al., 2010

Polychlorované bifenyly / Polychlorinated biphenyis

Horak et al., 1999

Estery kyseliny ftalové / Phtalic acids esters

Horak et al., 1999

pfi¢in tohoto stavu a jeho feSeni, kdy jako nosny plyn v plynové
chromatografii je namisto helia pouzit vodik. V této ¢asti je véno-
vana pozornost pfedevsim technickym a bezpecnostnim hledis-
kam.

2 ZDROJE ZiSKAVANI PLYNU

2.1 Helium

Ackoli helium tvofi druhou nejvice zastoupenou slozku vesmirné
hmoty, na Zemi je pfitomno jen velmi vzacné. V zemské atmosfére
se vyskytuje jen ve vySSich vrstvach a diky své mimoradné nizké
hmotnosti postupné z atmosféry unikda do meziplanetarniho prosto-
ru. V pfirodé se vyskytuje jako izotop “He (se ¢tyfmi nukleony) a ve
stopovém mnozstvi i izotop *He (se tfemi nukleony).

Helium pochazi z neobnovitelnych zdroji a na Zemi vznika radio-
aktivnim rozpadem téZkych prvkd, jako je thorium a uran.

Helium se ziskava z lozisek zemniho plynu a od ostatnich plyna
se oddéluje pomérné slozitym postupem, kryogenni frakéni de-
stilaci. Nejvétsim celosvétovym dodavatelem helia jsou Spojené
staty, kde se helium ziskava uz od roku 1917. Podle nékterych
odhadl by tyto zadsoby mohly byt vyéerpané do roku 2018. Dalsi
oblasti s velkymi zasobami helia se nachazi v Alzirsku a Kataru.
Néktefi odbornici se vSak domnivaji, ze béhem generace budou
zasoby helia vyCerpany.

Snizena poptavka po zemnim plynu ve svém dusledku vedla
i k poklesu produkce helia a v nékterych regionech se jiz objevily
problémy s jeho dodavkami a doslo ke zvySeni jeho ceny. Da se tedy
oCekavat, ze v budoucnosti se dostupnost helia bude snizovat a pfi-
tom bude dochézet k rlstu jeho ceny. Z tohoto dlivodu je nezbytné
hledat alternativy helia i v plynové chromatografii (Chromacademy,
online).

2.2 Vodik

Vodik je nejleh&i a nejjednodussi plynny chemicky prvek a tvofi
pfevaznou ¢ast hmoty ve vesmiru. Za normalni teploty je stabilnf,
ale jeho reaktivita znaéné stoupa pfi zahfati. Vytvafi slou€eniny se
vSemi prvky s vyjimkou vzacnych plynd. Jeho slou¢eniny s uhli-
kem, kyslikem, sirou a dusikem vytvareji zakladni jednotky zivota
na zemi.

Vodik je bezbarvy plyn, bez chuti a zapachu. Je hoflavy, ale hofe-
ni nepodporuje. Pokud jeho koncentrace ve vzduchu doséahne 4 %,
muze explodovat. Proto je nutné pfi manipulaci s nim dodrzovat
bezpeénostni predpisy. Je ale velmi nepravdépodobné, Ze by i ve
velmi malé laboratofi koncentrace vodiku dosahla kritické hodnoty
4 %, nebot spotfeba vodiku pfi béznych plynové chromatografickych
analyzach je zanedbatelna vzhledem k velkému objemu vzduchu
v laboratofi.

Vodik se ve velkém vyrabi termickym rozkladem zemniho plynu.
Pramyslové se vodik vyrabi elektrolyzou vody.

2H,0 —2H, + O,

Na tomto principu pracuji i generatory vodiku pouzivané pro plyno-
vé chromatografy (Chromacademy, online).

Helium has gradually been in short supply and its price has been
increasing. The series of our papers is focused on grasping this
problem and its solution when hydrogen is used instead of helium as
carrier gas in gas chromatography. This part is focused on technical
and risk aspects.

2 RESOURCES OF GASES

2.1 Helium

In spite of being the second most abundant element in the known uni-
verse, helium is rare on Earth. Helium is present in the Earth’s atmos-
phere, especially in its outer part called the heterosphere and, due to its
extra low weight, escapes into space. Most terrestrial helium is present
as the isotope “He (its nucleus consists of 2 protons and 2 neutrons)
and only in trace amounts as the isotope *He (2 protons and 1 neutron).

Helium is a non-renewable source and most terrestrial helium has
been created by the natural process of radioactive decay of heavy
elements such as thorium and uranium.

Helium is refined from natural gas deposits using a relatively
complex process called cryogenic fractional distillation. The United
States is world’s leading supplier of helium. Helium has been gained
here from 1917. Its stock is expected to be depleted by 2018. Other
territories with large concentration of helium include Algeria and Qa-
tar. However, some experts believe that total depletion could come
within a generation.

Low natural gas demand has led to sparse supplies of helium in
some regions and an increase in price. So, many users worry about
their ability to obtain helium when they need it more than about the
increased price. For this reason it is necessary to find helium alterna-
tives also in gas chromatography (Chromacademy, online).

2.2 Hydrogen

Hydrogen is not only the lightest and the simplest of all elements
but it is also the most common substance in the universe. At stan-
dard temperature hydrogen is stable but its reactivity sharply in-
creases during warming. Hydrogen can be found combined with
other elements with the exception of precious gases. Its compounds
with carbon, oxygen, sulfur and nitrogen represent the fundamental
units of life on Earth.

Hydrogen is a flammable, colorless, odorless, tasteless, non-toxic
gas. It poses fire and explosive hazard when its concentration in air
exceeds 4%. Proper safety precautions should be used in order to
prevent an explosion. It should be noted that the concentration of hy-
drogen is very unlikely to exceed 4 % even in the smallest laboratory
due to the large volume of air and to the relatively low rate at which
hydrogen is produced or consumed during a typical gas chromatog-
raphy analysis.

Hydrogen is industrially produced from the steam reforming of
natural gas. It can also be produced by the electrolysis of water.

2H,0 - 2H, + 0O,

Hydrogen generators for gas chromatography are based on this
principle (Chromacademy, online).
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2.3 Dusik

Dusik je plyn bez barvy, chuti a zadpachu. Je to inertni plyn, ktery
neni toxicky ani jinak nebezpecny. Tvofi hlavni slozku zemské atmo-
sféry a patfi mezi primarni biogenni prvky.

Primyslové se dusik vyrabi nizkoteplotni rektifikaci zkapalnéné-
ho vzduchu. Pro laboratorni ucely se pouzivaji generatory dusiku
schopné produkovat dusik o vysoké Cistoté (99,999 %+) vhodné
pro plynovou chromatografii. Tyto generatory jsou vybaveny bezo-
lejovym vzduchovym kompresorem, jako zdroj vyuzivaji vzduch pfi-
tomny v laboratofi. Vzduch je prosavan pres sady kolon vyplnénych
karbonovym molekularnim sitem (CMS). Pod tlakem tyto kolony
zadrzuji vSechny ¢astice pfitomné ve vzduchu (kyslik, oxid uhlicity
a vlhkost). Tento proces se nazyva PSA (Pressure Swing Adsorption
— stfidava tlakova adsorpce) (Parker, online).

3 TLA!(OVE LAHVE NEBO GENERATORY
PLYNU?

Jak vyplyva z vySe uvedenych kapitol, helium je mozné mit k dis-
pozici pouze v tlakovych nadobach. Zatimco u dusiku nebo vodiku je
mozné zvolit mezi tlakovou lahvi a pfislusnym generatorem.

Jednodussi a pro zadatek bezesporu levnéjsi variantou je pouziti
tlakovych nadob. Pouzivaji se lahve o objemu 20 nebo spiSe 50 |
s plynem stlaGenym na tlak 20 MPa. Tlakové nadoby musi byt opat-
feny dvoustupriovym tlakovym redukénim ventilem. Prvni stupen
redukuje tlak plynu v 1ahvi obvykle z 20 na 3 MPa. V druhém stupni
dochazi k omezeni tlaku plynu obvykle z 3 na 0,5 MPa. Nevyhoda
pouziti tlakovych lahvi spoc¢iva pfedevsim v nutnosti sledovat kle-
sajici mnozstvi plynu v lahvi a zajisténi véasné vymény prazdné
lahve za plnou. Pfi manipulaci s tlakovymi nadobami je zapotfebi
si pocinat opatrné a dodrzovat bezpecnosti pfedpisy (Linde-gas,
online).

Generatory plyn eliminuji potfebu tlakovych lahvi v laboratofi. Je-
jich vyhodou jsou minimalni naroky na obsluhu. Dusikové generatory
vSak vyzaduji stlaGeny vzduch, obvykle z kompresoru, coz do urcité
miry zvySuje hluénost zafizeni (Chromservis, online). Generator vo-
diku potfebuje k trvalé produkci vodiku o vysoké €istoté (99,9995 %)
pouze deionizovanou vodu (Labicom, online).

4 BEZPECNOSTNI HLEDISKA

Pouzivani tlakovych lahvi je bezpe€né, nicméné jejich pfitomnost
v laboratofi nese s sebou urcité bezpecnostni riziko. V pfipadé poza-
ru totiz hrozi vlivem vysoké teploty exploze lahve i u inertnich plynG
jako je helium nebo dusik. Tlakové nadoby byvaji ¢asto umistény
v rohu laboratofe nebo v jiné mistnosti, coz vyzaduje nékdy pomér-
né dlouhé plynové vedeni, ve kterém je nezanedbatelné mnozstvi
plynu navic pod tlakem. Pokud by nékde do$lo k netésnosti, mize
dojit k nekontrolovatelnému uniku plynu z jedné nebo vice tlakovych
nadob do prostoru laboratofe. Disledky mohou byt nejen ekonomic-
ké (ztrata drahého plynu, nedokonéeni probihajicich analyz, zni¢eni
stacionarni faze kapilarni kolony), ale v pfipadé vodiku mGze hrozit
nebezpeci dosazeni explozivni koncentrace plynu v laboratofi.

Generatory plynl jsou dnes vybaveny bezpeénostnimi systémy mo-
nitorujicimi pratok plynu, tlak plynu, unik plynu, a varovnymi systémy.
Pokud dojde k neo¢ekavanému poklesu tlaku nebo pratoku, genera-
tory okamzité zastavi produkci plynu. Objem plynu v generatorech je
obvykle velmi maly, asi okolo 60 cm?® (Peak Scientific, online).

Touto funkci disponuji i moderni plynové chromatografy vybave-
né elektronickou plynovou regulaci a diky tomu je mozné zabranit
znieni chromatografické kolony. Tento systém mu(ze selhat pouze
v pfipadé, kdy dojde k nalomeni kolony u nebo v detektoru. V tomto
pfipadé se totiz nijak nezméni zpétny tlak nosného plynu v injektoru
a systém neni schopen regovat. Z tohoto dlivodu je tfeba vénovat
bedlivou pozornost spravné instalaci kapilarni kolony a dbat na to,
aby se kolona nedotykala vnitfnich stén pece plynového chromato-
grafu. Tim se omezi mechanické namahani kolony, které by mohlo
vést k jejimu moznému poskozeni. Unik vodiku z poSkozené kolony
do prostoru pece plynového chromatografu Ize eliminovat osazenim
detektoru vodiku do prostoru pece, ktery v pfipadé nebezpeci zasta-
vi pfivod plynu do plynového chronografu.

Pfi zaméné helia jako nosného plynu za vodik mize byt nezbyt-
né vymeénit plynové vedeni do plynového chromatografu. K pfivodu
plynu se Casto pouzivaji médéné kapilary, které je vhodné vyménit
za nerezové. Méd totiz Casem oxiduje a tvrdne. Médéné rozvody se
tak stavaji kfehké a hrozi nebezpeci poskozeni plynového rozvodu.

2.3 Nitrogen

Nitrogen is a colorless, odorless, tasteless gas. It is also inert,
nontoxic and very safe. Nitrogen is the largest constituent of the
Earth’s atmosphere. Nitrogen occurs in all organisms, primarily in
amino acids.

As an industrial gas, nitrogen is produced by the low tempera-
ture fractional distillation of liquid air. Nitrogen generators are used
in laboratories. These generators produce ultra high purity nitrogen
(99.999+) suitable for gas chromatography. The gas generators are
designed to take compressed air from the existing laboratory supply
or via an integrated oil-free compressor. This flow of air then passes
through the carbon molecular sieve column. These columns elimi-
nate under pressure all compounds present in air (oxygen, carbon di-
oxide and humidity). This technology is called PSA (Pressure Swing
Adsorption) (Parker, online).

3 CYLINDERS OR GENERATORS?

As seen above, helium is available only in cylinders. Nitrogen and
hydrogen are available also in gas cylinders or can be produced by
gas generators.

Gas cylinders represent uncomplicated and cheaper solution es-
pecially for the beginning. Most laboratories use 20 or usually 50 |
cylinders for gas storage at 20 MPa. Gas cylinders are equipped with
a two-stage regulator. The first stage reduces the pressure of the
gas from the cylinder, usually from 20 to 3 MPa. The second stage
reduces the pressure of the gas usually from 30 bar to the desired
line pressure, usually of the order of 0,5 MPa. When using gas cylin-
ders it is necessary to monitor the decreasing amount of gas in the
cylinder and guarantee a timely exchange of empty cylinder for a full
one. Manipulation with gas cylinders must be carried out carefully
and all safety instructions must be kept (Linde-gas, online).

Gas generators eliminate the use of gas cylinders in the laboratory.
Their big advantage is the minimum requirements for their servicing.
Nitrogen generators require compressed air, so an air compressor
must be included and this entails an increase in noise level (Chrom-
servis, online). Hydrogen generator needs only deionized water for
continuous hydrogen production with high purity (99.9995%) (Labi-
com, online).

4 SAFETY CONCERNS

The use of gas cylinders is safe but their presence in the labora-
tory represents a certain safety risk. In case of emergency, e.g. fire,
an explosion of the cylinders can occur due to high temperature even
with such inert gases as helium or nitrogen. Cylinders often involve
long lines leading to gas chromatographic systems and the hook-
ups are often at the end of benches or in other rooms. With the long
tubing, large volumes of gas are present under pressure in the lines,
and the possibility of venting of these lines through a line break can-
not be excluded. This could allow for the entire venting of the volume
of one or more cylinders into the laboratory. The consequences can
be not only economical and could include loss of expensive gas,
interruption of running analysis, column breakage in the gas chro-
matographic hot oven and, in case of hydrogen, an explosive level of
the gas in the laboratory.

Gas generators with their safety shutoffs and monitoring safety
features such as gas flow, gas pressure or leak detection only allow
for small volumes of gas in their lines and units. If a sudden release
of pressure or flows is detected, the gas generators will turn off.
Generators only store about 60 cm?® of gas. (Peak Scientific, online).

Modern gas chromatographs equipped with electronic pressure
control module also incorporate this feature. So the destruction of
chromatographic column can be prevented. The only instance in
which this check might fail would be a column break at or near the
detector, hence maintaining back pressure at the inlet. To guard
against this, column installation should be carefully and properly car-
ried out and the column should never rest against the internal oven
walls as this may reduce its mechanical strength, leading to possible
breakage. Hydrogen leak from damaged column to gas chromato-
graphic oven can be eliminated by in-oven hydrogen detector with
a cut-off relay.

When switching the carrier gas from helium to hydrogen, it might
be necessary to change the external tubing connections to the gas
chromatograph. Copper tubing used for delivery of the carrier gas
should be replaced with stainless steel tubing as copper tubing will
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Nerezové vedeni je mnohem vice odolné. Aby se pfedeslo kontami-
naci plynové chromatografického systému, je doporu¢eno pouzivat
cisté trubky, pokud mozno v GC kvalité (Bartram a Froehlich, 2010).

5 EKONOMICKE ASPEKTY

Pfi ekonomickych Uvahach je nutné si uvédomit, Ze cena vodiku
je a bude vyrazné nizSi nez cena helia. Dale je nutné zvazit, zda
investovat do generatoru plyn{i nebo pouzivat plyn dodavany v tlako-
vych lahvich. Ekonomickou navratnost investice do generatoru bude
ovliviiovat pofizovaci cena generatoru plynu vzhledem k nakladim
na plyn dodavany v tlakovych lahvich a vydajim za pronajem tlako-
vych nadob béhem urcité doby. K tomu bude pfispivat i skute¢nost,
jakymi typy detektorl jsou v laboratofi vybaveny plynové chromato-
grafy. NejbéznéjSim detektorem v pivovarsko-sladafské laboratofi je
plamenoionizaéni detektor, ktery ke svému provozu potiebuje vodik,
jehoz spotfeba mnohonasobné pfesahuje mnozstvi spotfebované
pratokem kolony. Obecné plati, Ze navratnost investice bude rychlej-
§i, kdyz generatorem plynu budou nahrazeny tlakové lahve s heliem
nez levnéjsi stlatené nadoby s vodikem.

6 ZAVER

Navzdory tomu, ze je vodik explozivni, bylo v tomto ¢lanku uve-
deno nékolik vyhod a dlivodu, pro¢ a za jakych instalaénich a bez-
pecnostnich podminek Ize pouzit vodik misto helia jako nosny plyn
v plynové chromatografii.

Prvni a nespornou vyhodou je, Ze je vodik na rozdil od helia ,zele-
nym“ plynem a jeho pfiprava nezasahuje do environmentalni sféry.
Vodik je dostupny prostfednictvim elektrolyzy vody a nepatfi mezi
kritické, nedostatkové zdroje. Helium jakozto vedlejsi produkt pfi zis-
kavani zemniho plynu nebo ropy vyZaduje ke své produkci a ¢isténi
procesy, majici dopad na zivotni prostfedi.

DalSi nespornou vyhodou vodiku z ekonomického hlediska jsou
vyznamné niz8i provozni néaklady s nim spojené ve srovnani s heli-
em, které je mnohem drazsi.

DalSi vyhodou je jeho dobra dostupnost, jelikoz je mozné ziska-
vat ho pomérné jednoduchym zplisobem z vody. ProtoZe je na trhu
stale dobfe dostupny, pro analytiky je tento plyn jistotou, ze nebudou
muset zastavit analyzy pfi vypadcich na trhu, jak je tomu v sou¢asné
dobé u helia.

Podékovani

Vysledky byly ziskany vyuzitim poskytnuté institucionalni podpo-
ry Ministerstva zemédelstvi Ceské republiky na dlouhodoby rozvoj
VUPS.

Autofi si dale velmi vazi pomoci a rad kolegu, ktefi tak pfispéli
k vytvofeni tvaréi atmosféry v laboratofi.

LITERATURA / REFERENCES

Bartram, R. J., Froehlich, P., 2010: Considerations on switching from
helium to hydrogen. LCGC North America 10: 1-8.

Blumberg, L. M., Berger, T. A., 1993: Molecular basic of paek width
in capillary gas chromatography under high pressure drop. Anal.
Chem. 65: 2686—2689.

Blumberg, L. M., 1997: Theory of fast capillary gas chromatography.
Part 1: Column efficiency. J. High Resolut. Chromatogr. 20: 597—604.

Blumberg, L. M., 1997: Theory of fast capillary gas chromatography.

_ Part2: Speed of analysis. J. High Resolut. Chromatogr. 20: 679-687.

Culik, J., Figalla, K., Horak, T., Kellner, V., 1999: Stanoveni vy$Sich
senzoricky aktivnich alkoholl v pivé pomoci extrakce na pevné
fazi a kapilarni plynové chromatografie. Kvasny Prum. 45: 4-7.

Culik, J., Horék, T., Kellner, V., Jurkova, M., Cejka, P., Hagkova, D.,
Dvoréak. J., 2010: Stanoveni nékterych vedlejSich produktli dezin-
fekce ve varni vodé a v pivu. Kvasny Prum. 56: 303-305.

Culik, J., Kellner, V., Frantik, F., Jurkova, M., 1995: Stanoveni niz-
Sich alifatickych halogenuhlovodiki v pivu pomoci statické a dyna-
mické headspace analyzy. Kvasny Prum., 41: 105-110.

European Brewery Convention, 2005: Analytica EBC, 5th update,
Method 9.39 — Dimethyl sulphide and other lower boiling point
volatile compounds in beer by gas chromatography. Verlag Hans
Carl Getranke-Fachverlag: Nirnberg, Germany.

European Brewery Convention, 2005: Analytica EBC, 5th update,
Method 9.24.2 — Vicinal diketones in beer: gas chromatographic
method. Fachverlag Hans Carl, N(irnberg, Germany.

oxidize and harden with time. Hardened copper tubing is quite brittle
and may break if bumped while stainless steel tubing is much more
robust. To avoid contamination to the gas chromatographic system,
clean, preferably GC-quality tubing is recommended to use (Bartram
and Froehlich, 2010).

5 ECONOMICAL ASPECTS

In terms of balance sheet it must be considered that the cost
of hydrogen is significantly lower than that of helium. Afterwards
it is necessary to decide to invest in gas generator or to use gas
in gas cylinders. The return on investment time will depend on the
cost of the generator relative to the number of cylinders it replaces
over time. A type of gas chromatographic detectors is another fact
influencing the return on investment time. The most used detector
in brewing laboratory is the flame ionization detector. This detector
needs hydrogen whose consumption is much larger than the volume
exhausted by carrier gas. Generally, the shortest return on invest-
ment time would be attained if the hydrogen generator is considered
in relation to replacement of helium cylinders instead of the less ex-
pensive hydrogen cylinders.

6 CONCULSIONS

We are showing several reasons why, in spite of being explosive,
hydrogen in appropriate installations and under appropriate safety
conditions seems as an ideal replacement for helium as a gas chro-
matographic carrier gas.

The benefits rest in environmental concerns. Hydrogen is a “green”
gas. Hydrogen is available via the elecrolysis of water and is not
a critical resource. In contrast, helium is a by-product of natural gas
or petroleum production and there are environmental concerns with
the production and purification of the gas.

Another benefit is economical. The cost of hydrogen is significantly
lower than that of helium.

Availability concerns represents one more advantage — because
the generation of hydrogen is from water, it is always accessible on
the market, so the chromatographer need not be concerned about
availability issues.
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Pivovary na Kutnohorsku

Ceské muzeum stfibra v Kutné Hofe pfipravilo v letognim roce pro své navstév-
niky celosezonni vystavu Pivovary na Kutnohorsku, ktera probiha od 1. dubna
do 30. listopadu 2013 v mazhausu Kamenného domu (Vaclavské nam. 183).
Pomérné maly prostor neumoziiuje zadné rozsahlé texty, a proto jsme se snazili

podat vSe co nejstru¢néji.

Vystava tak pfinasi struéné déjiny piva od dob nejstarSich az po vznik eského
statu, od stfedovéku se vyklad jiz vice zaméfuje na kutnohorsky region a konéi
vykazy z dob Terezianskych katastrii. Obdobi od poloviny 18. stoleti do soucas-
nosti je jiz rozdéleno podle jednotlivych pivovard. Presnéji feGeno predstavuje
pouze deset vybranych, které na prfelomu 19. a 20. stoleti stacely své pivo do
lahvi. Zbyvajici malé pivovary reprezentuji pouze fotografie budov v jejich sou-
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Ceské muzeum stibra - Kamenny dim

Otevieno od 1. dubna do 30. listopadu 2013,
duben a Hjen 8.00 - 17.00, kviten, cerven a zdfi 9.00 - 18,00
Cervenec a srpen 10,00 - 18.00, listopad 10.00 - 16.00

Plakat

¢asném stavu. Na téchto vybranych deset pivovard na-
vazuje instalace jejich reliéfné zdobenych lahvi doplné-
nych dobovou inzerci, pfip. starymi vyobrazenimi nebo
etiketami. A o které pivovary se tedy vlastné jedna?

Méstansky pivovar v Céslavi, méstsky pivovar Lorec
v Kutné Hore, soukromy pivovar v Kreseticich, stat-
ni v Kacové a Slechtické pivovary v MaleSove, Sedici,
Ov¢arech (posléze jediny akciovy), Tupadlech, Zbrasla-
vicich a Zehusicich. Vice vSak nebudeme prozrazovat
v nadéji, ze si nasi vystavu pfijedete prohlédnout. A bu-
de-li nam prat $tésti, vyjde jesté letos sbératelsky kata-
— log pivnich lahvi okresu Kutna Hora.

Pivovary Kécov a Malesov (foto P Seplavy, CMS)

Josef Kremla, kurator vystavy





