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llac Enduistrisinde Kullanilan Proses Gazlarinin
Safsizlik Analizlerinde Gaz Kromatografisinin Yeri ve Onemi

The Importance of Gas Chromatography In
The Impurity Testing Of Process Gases Used In The Pharmaceutical Industry

Gaz kromatografisi teknigi ilac endUstrisinde ucucu ve
yari-ucucu bilesiklerin analizi ve bakiye solvent miktarinin
tayini gibi alanlarda yaygin olarak kullanilmaktadir. Son
dénemde ise bu teknik farkli bir alanda, ilag Gretiminde
kullanilan yiiksek safliktaki proses gazlarinin safsizlik ana-
lizlerinde de rutin olarak kullanilmaya baslanmistir.

ilag endistrisinde, bitmis Griiniin insan ve cevre sagligina
etkileri nedeniyle, Gretim son derece hassas ve titiz bir se-
kilde gerceklesmektedir. Uretimin herhangi bir asamasin-
da cok kiictk bir ihmalin bile 6liimcul sonuclara yol acti-
g1 vakalara zaman zaman karsilasiimaktadir. Bu nedenle
ilaclarin hammadde girisi, paketleme, son urin cikisi ve
sevkiyat asamalari da dahil olmak tzere tim asamalar ti-
tizlikle kontrol edilmektedir.

ilag analizlerinde ilacin istenilen &zelliklerde olup olma-
diginin anlasiimasi icin cesitli analitik yontemlere basvu-
rulmaktadir. Bunlardan biri olan gaz kromatografisi, ilag
endustrisinde ugucu ve yari-ucucu organik sentez ara
Urunlerinin analizinde; son urtindeki etken maddelerin
analizinde ve ilag hammaddeleri, son trin formulasyonu
ve ambalaj materyallerindeki ugucu organik safsizliklarin
(OVIs) olgiminde yaygin olarak kullaniimaktadir. Son
dénemde gaz kromatografisi teknigi ilag endustrisinde
proses gazlarinin saflik analizlerinde de rutin olarak kulla-
nilmaya baslanmistir. Bilindigi gibi, azot, hidrojen, amon-
yak, karbondioksit veya boron hidrir gibi gazlar saf veya
gaz kansimlar halinde kimyasal sentez, liyofilizasyon,
ekstraksiyon, sterilizasyon, oksidasyondan koruma (inert
gaz ortami yaratma), krayojenik karistirma, termal stabi-
litenin korunmasi, hidrojenasyon ve diger bircok amacla
kullanilmaktadir.

Azot gazi yukarida bahsedilen tim proses gazlar arasin-
da, uretim, depolama ve sevkiyat asamalarinda en sik kul-
lanilan gazdir. Azot gazinin inert 6zelligi kullanilarak ugu-
cu ve yari-ucucu maddelerin bulundugu ortamlarda kuru
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In the pharmaceutical industry, gas chromatography tech-
nique has its routine fields of application like analysis of
volatile and semi-volatile compounds and residue solvent
quantitation. Recently, this technique has gained even
more popularity for another application: impurity analysis
of high purity pharmaceutical process gases.

Since finished pharmaceutical products have direct effects
on public health and environment, the pharmaceutical in-
dustry manufacturing process needs the utmost care and
precision. Even very minor faults in any production stage
may lead to severe adverse outcomes. Therefore, all stages
of pharmaceutical processing including raw material in-
come, packaging and transportation have to be controlled
with the utmost care.

In the pharmaceutical industry, it is necessary to use several
analytical techniques in order to check whether the raw
materials and the products have the specified quality and
product specifications. Gas chromatography (GC) is one of
the most commonly used analytical techniques in the phar-
maceutical laboratories. GC and GCMS are used majorly for
the analysis of volatile and semi-volatile organic synthesis
intermediates,; active substances in the final product for-
mulation or for the analysis of organic volatile impurities
(OVis) present in the raw materials, finished products and
packaging materials. Recently, gas chromatography has
gained even more popularity for another routine applica-
tion, impurity testing of process gases used in the pharma-
ceutical industry.

During the pharmaceutical manufacturing process, pure
gases or gas mixtures such as nitrogen, hidrogen, ammo-
nia, carbondioxide, boron hydride etc. are being used for
several purposes including chemical synthesis, lyophiliza-
tion, extraction, sterilization, cryogenic milling, hydrogena-
tion, providing an inert atmosphere for avoiding oxidation
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ve yanici olmayan bir koruyucu depolama ve Uretim or-
tami saglanabilmesi mumkin olmaktadir. Azot gazi ayri-
ca dondurarak kurutma (freeze-drying) ve aseptik paket-
leme asamalarinda ve ayrica azot oksit formunda da aero-
sol Uretimindeki gazlarin karisimini saglamak amaciyla kul-
lanilmaktadir. Sevkiyat asamasinda ise Grunlerin belirli bir
sicaklikta tasinabilmesi amaciyla yine azot gazindan fayda-
lanilabilmektedir.

ilag Gretiminde kullanilan gazlar medikal Griin kapsaminda
degerlendirilmedigi icin bu gazlarin Uretiminde GMP re-
gllasyonlarina uyum sarti bulunmamaktadir. Ote yandan
FDA 1990 yillarinin baslarindan itibaren azot gazi Uzeri-
ne yogunlasmis ve son Urlinlin inert hale getirilmesi icin
kullanilan azotun safligi konusunda gaz Ureticisi firmalar-
dan beklentiler artmaya baslamistir. Uretimin daha erken
asamalarinda kullanilan gazlar ise regilasyonlarda azota
oranla daha az yer almaktadir. Farmakopeler hem otorite-
ler hem de ilag etken madde (API) Ureticileri ve ilag Uretici-
leri tarafindan yakinen takip edildigi icin proses gazlarinin
kalite degerlendiriimesinde de farmakope monograflar
referans alinmaktadir. Amerikan Farmakopesi (USP) ve Av-
rupa Farmakopesi (EP) bu anlamda en cok basvurulan ve
kabul goren farmakopelerdir.

and keeping thermal stability etc. Nitrogen is the most com-
monly used process gas used during production, storage
and transportation stages in the pharmaceutical industry.
Being an inert gas, nitrogen is used for providing a dry and
nonflammable environment for storage and production.
Other fields of use of nitrogen gas is freeze-drying, aseptic
packaging, transportation of the products at a specific tem-
perature or as a gas propellent for aerosols in the form of
nitrous oxide.

Process gases used in the pharmaceutical industry are not
classified under medical products and therefore GMP com-
pliance for the manufacturing of these gases is not obligato-
ry. On the other hand, starting from the early 90s, Food and
Drug Administration (FDA) has focused on the nitrogen used
for inerting the final product and this raised the demands
from the gas suppliers. Other process gases used during the
earlier stages of the pharmaceutical manufacturing on the
hand receive lower interest. Pharmacopeias are strictly mon-
itored and followed by the authories, active pharmaceutical
ingredient (API) and pharmaceutical manufacturers. There-
fore, the quality of the process gases are evaluated accord-
ing to the pharmacopeia monographs. US Pharmacopeia
(USP) and European Pharmacopeia (EP) are the pharmaco-
peias which are most commonly referred to.

Azot
Monograf EP USP
Maddenin Adi Azot Azot
Referans 1247 7727-37-9
Kimyasal Formul N, N,

Tanim Min. % 99.5 V/V N, Min. % 99.0 V/V N,
Gaz Kromatografi Gaz Kromatografisi
Aciklama L . o
ile piklerin allkonma | degerlendirilme asa-
zamani masindadir
Uretim
Assay >% 99.5V/V N, <1.0%02,2%99.0VNVN,

Analitik Yontem Gaz Kromatografi Gaz Kromatografi

Safsizliklar
(o) <5 ppm V/V <0.001 % V/V
Co, =< 300 ppm V/V =
02 =< 50 ppm V/V <1.0%
H,0 <67 ppm V/V =

Tablo 1. Azot gazi icin belirtilen farmakope monograflari

Kullanilan proses gazlarinin safsizlik kontrollerinin gaz Gre-
ticisi firmalarin yani sira ilag firmasi tarafindan da yapilmasi
son zamanlarda sikca glindeme gelmekte ve bu kontroller icin
analitik yontem olarak gaz kromatografisi teknigine ihtiyag
duyulmaktadir.

Farmasétik gazlanin analizinde GC-TCD (Termal iletkenlik De-

dektora) yontemi kullaniimaktadir. TCD dedektor, FID dedek-
térle analiz edilemeyen azot, CO,, formaldehit, formik asit gibi
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Nitrogen
Monograph EP Usp
Name of the Substance | Nitrogen Nitrogen
Reference 1247 7727-37-9
Chemical Formula N, N,
Definiton Min. % 99.5 VIV N, Min. % 99.0 VIV N,
o Retention time of peak
Identification ) Gas Chromatography
with Gas Chromatog- ‘
currently under review
raphy
Production
Assay = % 99.5 VIV N2 <1.0%02 = %99.0VIVN,
Analytical Method Gas Chromatography | Gas Chromatography
Impurities
Cco <5 ppm VIV <0.001 % VIV
Co, < 300 ppm VIV
o, =< 50 ppm VIV <1.0%
H,0 <67 ppm VIV

Table 1. Pharmacopeia monographs defined for nitrogen gas

Recently, impurity analysis for process gases are being
realized by the pharmaceutical manufacturer besides the
gas supplier.

GC-TCD (Thermal lonization Detector) is used for this pur-
pose. TCD can succesfully be used in the analysis of sub-
stances like nitrogen, CO,, formaldehyde, formic acid etc.
which cannot be analysed by using FID. Hellium or hydro-
gen are generally used as the carrier gas.
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maddelerin analizinde kullanilabilmekte, tasiyici gaz olarak ise
genellikle helyum veya hidrojen tercih edilmektedir. Kolon ola-
rak ise molekdler sieve PLOT kapiler kolonlar tercih edilmek-
tedir. Bu kolonlar Ar/O,, N,, CH,, C,H ve CO gibi gazlarin et-
kin ayinmi icin 6zel olarak tasarlanmistir. Ozel kaplama ve de-
aktivasyon prosedirleri kromatografik etkinligi arttirmaktadir.

Asagidaki rnekte Molekiiler Sieve 5A kolon ile GC-TCD kulla-
nilarak yapilan bir gaz analizi 6rnegine yer verilmektedir:

1. oksijen
2. azot
3. metan
4.karbonmonoksit
10 mL helyum, her bir bilesen icin % 5-10
Firin Sicakhg: 150 °C
Enj/ded sicakhg: 1150 °C/200 °C
Taslyicl gaz : hidrojen
Akis : 30 mL/dk.
Dedektor : TCD
2 4
min.0 2 4

Sekil 1. Molekuler Sieve 5A kolon ile GC-TCD kullanilarak yapi-
lan bir gaz analizi 6rnegi

Sekil 2. Shimadzu GC-2010Plus Gaz Kromatografisi Cihazi
Figure 2. Shimadzu GC-2010Plus Gas Chromatograph
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Molecular sieve PLOT capillary columns are usually used
as the column for this application. These columns are spe-
cially designed for efficient seperation of gases like Ar/O,,
N, CH, CH, and CO. Special coating and deactivation
procedures ensure chromatographic efficiency.

Figure 1 demonstrates an example of gas analysis using
GC-TCD and Molecular Sieve 5A PLOT column.

1. oxygen

2. nitrogen

3. methane

4. carbon monoxide

10uL helium, 5-10% each component
Oven temp.: 50 °C
Inj./det. temp.: 150 °C/200°C

Carrier gas: hydrogen
Flow: 30mL/min.
Detector: TCD
i 4
min.0 2 4

Figure 1. Gas analysis application using GC-TCD and
Molekdiler Sieve 5A Plot Column

Sekil 3. Restek Molecular Sieve PLOT Kapiler
Gaz Kromatografi Kolonu
Figure 3. Restek Molecular Sieve PLOT Capillary GC Column



