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Biyolojik indikatorler hakkinda genel bilgi

Hastanelerde sterilizasyon prosedir kalitesi yiksek standartlara ulagmistir. Gerekli kontrol prosedirleri
pahalidir ancak tim alanlarda cerrahi operasyonlarin uzun sureli olarak mikroptan arindiriimasindan emin
olunur.

Uluslararasi ve yerel standartlar ve Avrupa Medikal Cihaz Direktifi (MDD) sterilizasyon iglemlerinin vali-
dasyonu, kime kontrolu ve doklimantasyonunu gerektirir.

Endustride oldugu gibi, hastaneler de iglemlerinin validasyonunu, kiime kontrolint ve dokimantasyonunu
yapmak zorundadirlar. Sterilizasyon islemlerinin validasyonu ve kontrolii, kimyasal ve/veya biyolojik pa-
rametrik testlerle gergeklestirilir. Biyolojik indikatorler kullanilarak validasyon yapilimasi asagidaki durum-
larda gereklidir:

o steril edilecek drinlerin yapisi mesela fiziksel olarak sensorlerin yerlestirilemeyecegi yerlere uygula-
namaz (6rnegin: kuglk delikler, yariklar, contali alanlar,ve yag kaplanmis yerler gibi)

e ici-bos aletlerin limenleri oldukga dardir ki (igerideki) Kondanse Edilemeyen Gazlar (KEG) ile (disa-
ridaki) buhar arasindaki sicaklik farki tespit edilemez. Bu gibi kiguk limenlerdeki gazlar birka¢ 100
Ml kez daha hizla buhar-sicaklik-seviyesine ulagir.

e yogunlasmanin (buharin suya) varli§i fiziksel araglarla tespit edilemez (6rnegin: eger sicaklik artisi
cok yavas ise kapstulin igindeki KEG'larin 1sinmaya vakti olur ve algilanabilir sicaklik farkinin gés-
termez.

e medikal cihazlarin yizey yapisi 6zel testler gerektirir (6rnegin: gozenekli kauguk durdurucular (sto-
perler).

o sterilant ve steril edilecek paket ve/veya konteynerlerde tuz varsa. Tuz, yogunlasma esnasinda film
tabakas! halinde ¢ozunur ve direng karakterisitiginde biyik degisiklik yapar.

e nem pH-degderi degistiren maddeler igerir (ornegin: korozyon-inhibitorleri) veya medikal aletlerin ma-
teryalleri (Ornegin: alliminyum yiizeyler) su ile reaksiyona girerek temel hidroksitler tiretebilir.

Yukaridaki durumlarda tlim yuzeyler veya sivilar biyolojik suspansiyon indikatorlerle inokile edilmelidir.
Gegerli bir popllasyon tayininden sonra, azaltilan islem cevrimleri yirtllerek bu kritik yizeylerde
figlerinde 6lum kinetigi tanimlanabilmesi igin canli kalma egrisi elde edilmelidir. Bu tip kritik i¢c alanlarin
iclerindeki durumun gdzlenmesi icin gdzenekli ve igi-bos yiikler igin tasarlanmis islem Canlandirma Cihaz-
lari (PCD’ler) ile biyolojik indikatorler kullanilabilir.

Biyolojik indikatorler Avrupa ve Uluslarasi standartlar olan EN ISO 11138- 1 ve 5 bélimlerinde tanimlan-
mistir. Cok ve yaygin olarak kullanilan sterilizasyon yontemleri icin 6zel referans biyolojik mikroplar segil-
mistir, 6rnegin, buhar, formaldehit ve hidrojen peroksit igin Geobacillus stearothermophilus, etilen oksit ve
kuru st igin Bacillus atrophaeus ve i1sinlama igin Bacillus pumilus.

Sterilizasyon isleminin tiiriine bagl olarak, tanimlanan sterilizasyon isleminin basarisinin kanitlanmasi igin
biyolojik indikatorlerin 6zel bir direng karaketeristigi gereklidir. Boyle bir sterilizasyon ¢evriminde spor
poplllasyonu her zaman Ustsel dlum karakteristigi (ki buna “Birinci derecede reaksiyon kinetigi” denir)
halinde azalir. Ancak populasyon asla gercek 0-degerine ulagsamayacaktir. Bu nedenle, “steril” olarak
tanimlanmig Grdnlerin modern tanimi, higbir biyolojik aktivitenin olmadigini belirtmez fakat, Sterilite Gu-

venlik Seviyesi (SAL) denilen kesin olasiliklarin oldugunu belirtir.

EN 556 Avrupa Standartlar’na gore, Strerilite Giivenlik Seviyesi ya parca bagina en az 106 CFU ya da
daha dusuk olmali. Bu da, 1 milyon Unite i¢inde, sadece 1 Unitede buylmenin gorulebilecegi anlamina
geliyor.
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Sterilizasyon strecinde, hem 6lum kinetigi hem de penetrasyon karekteristigi beraber kontrol edilmelidir.
Bir biyolojik indikatorun toplam direnci, her bir mikrobun dayanikliligina ve mikroblarin populasyonuna
bagldir. Her bir mikrobun dayaniklligi ise, bir biyolojik indikatorun populasyonunu, orijinal populasyonu-
nun onda bir oraninda dustrmek igin gerekli sire olan ondalik azalma degeriyle tanimlanir. Biyolojik indi-
katoriin toplam dayanikliigi F,, degeri ile ifade edilir.

Fgio = D121ec degeri x log (popiilasyon)

Bu durum asagidaki tabloda gosterilen iki ornekle gosterilmistir.

Ornek Popiilasyon D121 degeri Fgio degeri
[CFU/unite] [dak] [dak]

1 106 1,5 9

2 105 2 10

Yukarida goruldigu gibi verilen susun D-degeri asla degismez ama Uremesi islem kosullarina baglidir. Bu
nedenle biyolojik indikatorlerin her bir partisinin sertifikasinda drinin poptlasyonu, biyolojik indikatorin
herbirinin direnci ve toplam direnci belirtilmis olmalidir.

gke, Steri-Record® biyolojik indikatdrlerini EN 1SO 11138 serisine uygun olarak onerir. Biitiin paketler-
deki sertifikalar yukarida belirtilen tim gerekli bilgileri icerir. Ayrica her paket kullanma talimati igerir. Daha
fazla bilgi broglirimizde bulunmaktadir.

Sterilizasyon isleminden gegen biyolojik indikatdrler halen glasin zarftadirlar. Bu spor stripleri iceren zarfla
birlikte bir de kullanilmamis ve fakat isaretlenmis olan bir spor stribi mikrobiyoloji laboratuvarina génderil-
melidir. Butlin stripler aseptik olarak Triptik Soya sivi besi yerine (TSB) transfer edilmeli ve en az 7 gun
gelistirilmelidir. Eger spor tipinde stipheye disllrse, spor tipinin tespiti icin 1ml sollsyon TS agar plaka-
da (TSA) tespit yapilabilir. Spor stribi icermeyen TSA siseleri Greme herhangi bir Greme gdstermemeli
ancak isleme girmemis spor stribi ise tiremelidir. islem géren spor stripleri tek tek tanimlanmalidir (bakiniz
gke —teknik bilgi). gke cabuk degerlendirme igin igerisinde pH indikatort olan kultir ortami test tlpleri
onermektedir.

Kendinden Besi-ortamli Biyolojik indikatérler (KBBF'ler), kullanici tarafindan direkt olarak gelistirilebilmek
icin ayri bir sise igerisinde yer alan kultir ortami da icerirler. Bunlar kuru 1s veya formaldehit sterilizasyon
islemi icin kullaniimamalidir. Daha fazla detay icin liitfen “Kendinden Besi-ortamli Biyolojik Indikatorler
(KBBT'ler)” brosiiriimiize bakiniz.

Yiikiin “kétii-durum” penetrasyon karakteristigini temsil etmek icin islem Canlandirma Cihazlari (PCD’ler)

kullanilir. EN 867-5 “ici-bos Yiik Testi” ve DIN 58921'de tanimlanmis olan PCD’ler kullanilabilir. PCD
icerisindeki biyolojik indikatorler sterilantin penetrasyonunu kontrol eder.
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1.1.

gke Steri-Record® Kendinden-Besi-Ortamli Biyolojik indikatorler (KBBI)

Mini-Bio-Plus kendinden besi-ortamli biyolojik indikatérler (KBBI'ler) bir plastik sise igerisinde yer
alan bir spor plakasi ve igerisinde pH indikatoru de olan bir besi ortami iceren cam bir gise igerir.

Bunlar, laboratuvar gerektirmeden ve birgok sterilizasyon iglemlerinin validasyonu ve rutin
kontroli igin kullanilirlar. KBBI'lerin versiyonlarini daha iyi ayirt edebilmek igin hepsi icin farkli ka-
pak renkleri bulunmaktadir. Bunlar ayni zamanda gke islem Canlandirma Cihazlarinin (Bio-C-

PCD'lerin) iglerinde kullanilabilirler, bakiniz madde 1.5. Tiim KBBi'ler EN I1SO 11138-1e uygun-
dur ve tiim gerekenleri tam olarak karsilar.

Standart ve Anlik olarak iki versiyonu vardir:

lr_'ﬁ
¥ gke Stoit

ETEAM M

Geop. stea?

o] 551

EN ISO 11138-3’e uygun buhar sterilizasyon iglemi igin STEAM

G. Stearothermophilus, 10° ve 108 popllasyonlarda vardir, kagit tasiyicida.

1. Standard versiyon. Inkiibasyon siiresi 24 saat

Kod-No. | Uriin kodu | Kapak rengi | Popiilasyon | Miktar
Standart versiyon (inkiibasyon siiresi 24 saat)

235-324-501 10
235-324-505 B-S-MBP-10-5 Aglk mavi 105 50
235-324-510 100
235-324-601 10
235-324-605 B-S-MBP-10-6 Koyu mavi 108 50
235-324-610 100

2. Anlik versiyon. Aninda saliverme igin

Anlik-Mini-Bio-Plus Kendinden Besi Ortamli Biyolojik indikatér (KBBI) 132-137°C’deki buhar
sterilizasyon islemleminin sonunda sterilizasyon igleminin sonucunun aninda degerlendirile-
bilmesini saglayan Sinif 5 kimyasal indikator icerir. Bu nedenle, Sinif 5 indikatér EN ISO
11140-1'e uygun olarak KBBI'lin inkiibasyon sonuglarini beklemeye gerek kalmaksizin
esdeger ya da daha iyi bilgi verir

-
f—=2a
gke Ster®

STEAM] Inst¥

G. stearol®

[on) 505 12

Kod-No. | Uriin kodu | Kapak rengi | Popiilasyon | Miktar
Aninda salivermek igin Anlik versiyon
235-324-551 10
235-324-555 Binka ll:\)/IIIBIlOSSCSI\M Aglk turuncu 108 50
235-324-550 100
235-324-651 10
235-324-655 Binka EAEE,OS%SI\M Koyu turuncu 108 50
235-324-650 100
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EN ISO 11138-5’e uygun formaldehit (LTSF*) sterilizasyon iglemi igin

FORM

1.2.
G. stearothermophilus 108 popilasyonda bulunmaktadir, kagit tasiyicida.
Kultur ortami pH indikator ve ayni zamanda kalan formaldehit gazi igin nétralize maddesi igerir. Bu
sayede EN ISO 11138-5'te tarif edilen Sodyum Siilfat ile muamele edilmesine gerek kalmamaktadir.
* LTSF: DUsuk Isil Buhar Formaldehit.
-
T:i Kod-No. Uriin Kodu Kapak rengi | Popiilasyon Miktar
e |235-325-601 10
ot 55911 _F- -10- 6
935-305-605 B-F-MBP-10-6 Sari 10 50
1.3. Tum hidrojen peroksit / plazma sterilizasyon iglemi igin
) , g ) VH202
G. stearothermophilus, 108 popUlasyonda vardir, kagit taglyicl icermez.
e Kod-No. Uriin Kodu Kapak rengi | Popiilasyon Miktar
235-327-601 5 10
235-307-605 B-V-MPB-10-6 Beyaz 10 50
1.4. ENISO 11138-2’ye uygun etilen oksit sterilizasyon iglemi igin EO
B. atrophaeus, 108 popiilasyonda vardir, kagit taslyicida.
-
gke St .
[Eclap Kod-No. Uriin Kodu Kapak rengi | Popiilasyon Miktar
EoT] 55412 235-326-605 6 50
235-326-610 B-E-MBP-10-6 Kirmizi 10 100
C—
§
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1.5. Islem Canlandirma Cihazlar (PCD). Kendinden besi-ortamli biyolojik indikatorler

(KBBV'ler) igin | STEAN
Bio-C-PCDler, renk: yesil, yukarida tanimlanan tim Mini-Bio-Plus KBBI'lerbuhar,
etilen oksit, formaldehit ve hidrojen peroksit sterilizasyon metotlarinin validasyonu ve EO
rutin kontrolU icin kullantlir.
Yuvarlak olanlar buyuk, oval olanlar ise kuguk sterilizatorler icin tavsiye edilir. FORM
Igerisine KBBI konan bir PCD’ye EN ISO 11140-1 standardinda Sinif 2 indikator den-
mektedir. VH202
Her PCD, kapak igerisindeki contadan yedek olarak 10 adet conta igerir.
Kod-No. Uriin kodu PCD Pepgggsyon
versiyonu karakteristikleri
235-300-011 | B-PM-OCPCD-1 oval Hava tahliyesi igin minimal
235-300-016 | B-PM-RCPCD-1 yuvarlak gereksinim
235-300-012 | B-PM-OCPCD-2 oval Hava tahliyesi igin diistik
235-300-017 | B-PM-RCPCD-2 | yuvarlak gereksinim
235-300-013 | B-PM-OCPCD-3 oval Hava tahliyesi igi-bog Yiik Testi
EN 867-5'ten (Taslak EN ISO
235-300-018 | B-PM-RCPCD-3 yuvarlak | 11140-6) daha disiik zorlukta
235-300-014 | B-PM-OCPCD-4 oval Hava tahliyesi igi-bos Yiik Testi
EN 867-5'e (Taslak EN ISO
235-300-019 | B-PM-RCPCD-+4 11140-6) esit zorlukta
yuvarlak | Hava tahliyesi igi-bos Yk Testi
235-300-015 | B-PM-RCPCD-5 EN 867-5'ten (Taslak EN ISO
11140-6) daha fazla zorlukta
1.6  Aksesuarlar
1.6.1 Degisim pargalari PCD’ler igin
Kod-No. Uriin kodu Miktar
Vidall kapak
235-300-005 (M14x1 disi) 5
Conta kiti
O 235-300-006 tiim Bio-C-PCDler icin 10
1.6.2 Kirici Kendinden Besi-ortamli Biyolojik indikatdrler (KBBI) igin
Tiim gke KBBI'lerini active etmek igin. gke inkiibatdrleri zaten kirici intiva eder.
Kod-No. Uriin kodu Miktar
235-224-002 I-C 1
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gke Steri-Record® Stearo-Ampuller G. stearothermophilus

siispansiyon ve kiiltiir ortamli EN ISO 11138-1 + 3’e uygun

STEAM

asiri islak buhar veya sivi sterilizasyon islemleri icin. Ampul 1,5 ml'lik Geob. Stearothermophilus
stispansiyon ile pH indikator iceren kiltiir ortami igerir ve 10% ile 106 popilasyonlari vardir.

b=l

F—
Tor—

Kod-No. Uriin kodu Popiilasyon Miktar
235-225-550 B-S-AMP-10-5 10° 50
235-225-650 B-S-AMP-10-6 108

3. gke Steri-Record® inkiibator ve aksesuarlari

3.1.

inkiibatorler ve ilgili aliiminyum bloklar

Dért farkli versiyonda ve degisik sicakliklarda inkiibatorler bulunmaktadir. inkiibasyon sicakligi
ekranda gorilebilmektedir. Degisik uygulamalar igin farkli aluminium bloklu versiyonlar segilmelidir.
Cihazlar dUstik voltaj direktifi icin CE’ye uygundur.

Kod-No. Uriin kodu Igerik Sicaklik [°C]
235-610-119 -37 inkiibator 37
235-610-120 157 Sabit sicaklikta 57
235-610-121 | 1-V-AB-MBP Sicaklik sfe(;ifni ayarlanabilir

inkubator
Sicaklik segimi ayarlanabilir ve 30-60
235-610-122 |I-V-T-AB-MBP |inkibasyon suresi programlanabilir
inkubator
T AR Tim gke KBBI'leri igin Aliiminyum
235610-113 | 1-AB-MBP blok, KBBI'leri kirmak igin kiricili
Tim gke Sterao Ampuller + kulttr
235-610-114 | |-AB-AMP | ortamli test tiipleri KBBI'leri igin
Aluminyum blok
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4. gke Steri-Record® Suspansiyonlar ve ekim kiti
Spor suspansiyonlari (10ml), %40 etanol/su igerisinde ve kaucuk septum kapakli cam sise icinde
bulunmakta olup EN ISO 11138-1’e uygundur.

4.1. Buhar, formaldehit ve hidrojen peroksit sterilizasyon iglemleri igin

Geob. Stearothermophilus (ATCC No. 7953) STEAM
Suspansiyon buhar igin EN ISO 11138-3'e uygundur ve popiilasyon ile D121-C-degeri
belirtilen bir analiz sertifikasiyla teslim edilmektedir. FORM

G. stearothermophilus ayni zamanda formaldehit ve hidrojen peroksit sterilizasyon
islemleri igin de kullaniimaktadir. H2O2 igin henliz bir standart yirirlikte degildir. For- | VH202
maldehit ve hidrojen peroksit* icin D-degeri saptamasi ekstra bir lcret karsiligi
tanimlanabilir.

=
Kod-No. Uriin kodu Popiilasyon Her sisedeki
_—— Popiilasyon

f_.“‘ ecord@‘aiz; 235-228-107 B-S-F-V-SUS-10-7 107 108
therm??' 235-228-108 B-S-F-V-SUS-10-8 108 100

308012:

062" * D-deQeri saptamasi her bir islem parametresi igin ayri ayri

: gergeklegtirilir.

4.2. Kuru isi ve etilen oksit sterilizasyon iglemleri igin DRY
B. atrophaeus (ATCC No. 9372)

Suispansiyon etilen oksit ve kuru ist igin EN ISO 11138-2+4’e uygundur ve popiilasyon EO
ile D121-C-degeri belirtilen bir analiz sertifikasiyla teslim edilmektedir.
Kod-No. Uriin kodu Popiilasyon I;er sisedeki
opiilasyon
235-226-107 B-E-H-SUS-10-7 107 108
235-226-108 B-E-H-SUS-10-8 108 100
235-226-109 B-E-H-SUS-10-9 100 1010
4.3. Dogrudan Ekim Kiti. Geob. Stearothermophilus stispansiyon ile
STEAM
karmasik aletlerin buhar, formaldehit veya hidrojen peroksit sterilizasyon islem-
lerinde testi igindir. FORM
Hassas enjektor, eger bir B. atrophaeus suspansiyon satin alinirsa etilen oksit ve
kuru 1s1 sterilizasyon islemleri igin de kullanilabilir. VH202

Kod-No. Uriin kodu igerik

40% etanol/su igerisinde
2x1,5ml Geob. stearothermophilus
107 CFU/ml siispansiyon, bir hassas
enjektor ile 20cm uzunlukta igne.

235-228-110 Ekim Kiti
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5. gke Steri-Record® Strip Biyolojik indikatorler

Strip biyolojik indikatorler, glasin bir zarf icerisine yerlestirilmis olan 6 x 38 mm ebatlarinda bir filtre
kagidina ekilmis olan bakteri sporlari igerir. Bu striplerin 100, 500 ve 1000 adet seklinde paketleri
mevcuttur. Her pakette poptlasyon ve D-degeri yazili sertifikalar mevcuttur.

Tum stripler ayni zamanda iglem canlandirma cihazlarinin (PCD’lerin) igerisine konularak da
kullanilabilirler. Spor striplerinin zarflari aseptik ortamda agilarak PCD’ye (ayni gke -strip-kimyasal
indikatorler gibi) konulabilir. Sterilizasyon ¢evrimi sonunda PCD agiimamali ve mikrobiyoloji laboratu-
varina gonderilerek orada aseptik ortamda PCD’den ¢ikarilarak inkiibe edilmelidir. Daha fazla bilgi
icin litfen gke -Kimyasal Kataloga bakiniz.

5.1  Buhar ve formaldehit sterilizasyon iglemleri igin STEAM
Geob. stearothermophilus (ATCC No. 7953)
235-330-501 kod igin her iki direng degeri Dra ve Di21-c sertifikasinda da belirtildidi gi- | FORM
bi EN ISO 11138-3 + 5’ye uygun tanimlanmustir.

Sterilizasyon | Popiilasyon| Miktar

Kod-No. Uriin kodu g Voo
islemi
235-223-501 100
Sheiilhritie e 235-223-505| B-5-5-10-5 108 500
B éifg 235-223-510 Buh 1.000
- R 3t 235-223-601 unar 100
- 235-223-605 | B-S-SS-10-6 108 500
235-223-610 1.000
235330501 | B-SF-55-105| el 105 | 100
ormaldehit
5.2  Hidrojen peroksit sterilizasyon iglemleri igin VH202
Geob. stearothermophilus (ATCC No. 7953)
Spor stripleri PET plastic bir tastyicidadir. Direng tanimlamasi henliz standartlarda bulunmamak-
tadir. D-degerleri bir rezistometrede tanimlanmig ve sertifikasinda belirtilmistir.
gke Steri-Record s m
Bio-Indicator G. stearothermophilus Kod-No. Uriin kodu Popiilasyon Miktar
| 235-332-601 B-V-SS-10-6 108 100
for hydrogen peroxide/plasma
5.3  Etilen oksit ve kuru isi sterilizasyon iglemleri igin DRY
B. atrophaeus (ATCC-No. 9372) EN ISO 11138-2 + 4’e uygun. o
— — Kod-No. Uriin kodu Popiilasyon | Miktar
~ gke-Steri-Record® 235-221-501 B-E-H-S5-10-5 108 100
Qe 235-221-601 100
e = | 235-221-605 B-E-H-SS-10-6 108 500
235-221-610 1.000
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6. Kultur ortami. Test tuip icerisinde.

Plastik vidali bir test sisesi icerisinde pH indikatorli Triptik Soya besi ortami (TSB).
Test tlpunun ebatlari ve hacmi tum spor striplerinin sigmasi icin optimize edilmistir. Eger mikroplar
urerse pH indicator kendi rengini degistirirek sonucun ¢abuk degerlendiriimesini saglar.

6.1 Buhar ve hidrojen peroksit sterilizasyon iglemleri igin

STEAM
I G. stearothermophilus VH202
Kod-No. Uriin kodu Miktar
e ] BSVOM ot

6.2 Formaldehit sterilizasyon iglemleri igin

Besi ortami sterilizasyon sonrasinda kalan formaldehit igin bir nétrilizasyon maddesi igerir boylece
EN ISO 11138-5'te tanimlanan Na2SOsile muamele edilmesine gerek kalmaz.

Il G. stearothermophilus
= FORM
k2
Kod-No. Uriin kodu Miktar
235-330-010 10
235-330-100 B-F-CM 100
6.3 Etilen oksit ve kuru 1si sterilizasyon iglemleri i¢in DRY
i B. atrophaeus EO
W
Kod-No. Uriin kodu Miktar
235-221-010 10
235-221-100 B-E-H-CM 100
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Olum Kinetiginde Temel Prensipler ve
Sterilizasyon Iglemlerinin Tasarimi

Makale yazari: Dr. Ulrich Kaiser, gke GmbH

igerik:

1. Sterilizasyon isleminde Olim Kinetigi

1.1. Birinci dereceden reaksiyon kinetiginin tanimi
1.2. inaktivasyon faktori

1.3. Desimal azalim faktori (D-degeri)

1.4. D-degerinin deneysel tanimlamasi

1.4.1. EiS-Metodu (En ¢ok ihtimal Sayisi) [MPN-Method (most probable number)]
1.4.2. Sag kalim egrisi kullanarak tanimlama

2. Sterilite Guvenlik Seviyesi (SAL) tanimlamasi
2.1. Definition of a sterile product according to the European standard EN 556-1

3. Temperature dependence of sterilization processes
3.1. Arrhenius equitation

3.2. Definition of the set value

4, Sterilization equivalence value (F(T,z)-value)

4.1. Definition of Fyp-value

4.2. Other Fr,-values

5. Definition of sterilization processes

5.1. Process definition with known bioburden values

5.2. Process definition with unknown bioburden values

6. Requirements and selection of biological indicators for validation and routine moni-
toring

6.1. Selection of strain

6.2. Resistance of biological indicators

6.3. Selection of biological indicators for routine monitoring

6.4. Positioning of biological indicators

7. Glossary of symbols used within the text
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1. Kill kinetics in sterilization processes

The mathematical laws for the inactivation of
microorganisms are very similar in most sterili-
zation processes under the condition that the
physical and/or chemical parameters remain
constant during the sterilization procedure.
Even if the sterilization conditions are constant,
the resistance of the same strain may be quite
different depending on the vegetative growth
and sporulation conditions. Even spores of
identical strain with the same reference num-
ber (i.e. G. Stearothermophilus ATCC 7953)
may be quite different and may vary by a factor
up to 10.

Under the condition using identical germs and
sterilization processes the velocity of kill is only
dependent on the existing amount of live
germs measured in colony forming unit (CFU).
The kill kinetics equitation has been proven
valid for dry heat, steam, formaldehyde, eth-
ylene oxide and hydrogen peroxide sterilization
processes.

1100000

1000000 -+
900000 -
800000 -
700000 -
600000 -
500000 -

400000 -
110°C

300000 |
121°C

200000 134°C

100000

0

colony forming units [CFU/part]

0 2 4 6 8 10 12 14 16
time [min]

Diagram 1: Survival curve for steam sterilization at

different temperatures

1.1 Definition of reaction kinetics first order

The kill velocity in sterilization processes is
described by equitation 1 and describes the
reduction of the germ amount N over the time t
and is called reaction velocity.

d—N = —k'+*N = Reation velocity (1)
dt
t= Sterilization time [min]
N = Nominal population on a medical de-
vice [CFU]
K = Reaction kinetics constant using the

natural logarithm [min™]

The reaction velocity [dN/dt] is always propor-
tional to the current existing amount of alive
germs in the process. The proportional con-
stant kK’ is called reaction kinetics constant. K’
describes the kind of sterilization process. The
constant is dependant in thermal processes on

temperature, in chemical processes also on
the gas concentration.

If equitation 1 is integrated and the natural
logarithm is exchanged against the decade
logarithm the new reaction kinetics constant k
is defined:

N
lg—2 =k *t )
NF
t = Sterilization time [min]
No = Number of germs when starting the

process [CFU]

Nr = Number of germs after sterilization
[CFU]

Ir = Inactivation Factor [number]

k = reaction kinetics constant [min™] (valid

for the decade logarithm)
1.2 Inactivation factor

In diagram 1 the colony forming units [CFU]
are plotted on a linear scale showing e-function
curves. If the same diagram is plotted on a half
logarithmic scale, the curves become a straight
line for the same type of germs if steam, eth-
ylene oxide, dry heat and LTSF sterilization
processes are used. If the line is not straight,
the same population may contain germs of the
same strain but with different resistance. Due
to their complex chemical process hydrogen
peroxide sterilization processes do not form a
straight line.

Equitation 2 can be changed to:
lgN,—-lg N =k*t=IF (3

The term inactivation factor (IF) describes the
efficacy of a sterilization process. If a steriliza-
tion starts with 10° [CFU] and finishes with 10?
[CFU], there is a population reduction of the
power of 4 or has an inactivation factor IF = 4.

1.3 Decimal reduction factor (D-value)

The decimal reduction factor, quite often called
D-value, represents the resistance characteris-
tic of an individual germ for a defined steriliza-
tion process. The D-value determines how long
a germ must be inside of a sterilization process
to reduce the starting population by 90% of the
starting bioburden. In steam, ethylene oxide,
formaldehyde, dry heat and hydrogen peroxide
sterilization processes the D-value is ex-
pressed in a time scale [min.]. If a radiation
sterilization process is used, it is expressed in
the radiation dose [in Mrad]. The D-value may
be experimentally determined by plotting the
logarithm of the still remaining population in the
sterilization process against the time, the recip-
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rocal slope of the straight line is the definition
of the D-value. The D-value is only valid for a
defined sterilization process and a defined
germ. In a steam sterilization process the D-
value contains in the index the sterilization
temperature. The certificate of a biological
indicator must always specify under which
conditions the D-value is tested. The D-value is
very temperature dependent as shown in dia-
gram 2.

1
Dy =— 4)
Kk
Dr = Decimal Reduction Factor [min] or
[Mrad] at a tested temperature [t]
k = Reaction kinetics constant of the deci-
mal logarithm [min™]
HEE+0E—y
110°C
JOE+05
5 "I:EJIg?c Dz Diees
a 121°C
'E JOE+03
3
=]
[
E OE+02
o 134°C
=
5 OE+D1
3
(%]
OB+ T T
2 o] 2 4 6 8 10 12 14 16
time [min]

Diagram 2: Definition of the D-value at different temper-
atures

If equitation 4 is put into equitation 3, the result
is:

lgN, —Ig N, :DL:IF

! ®)

No = Starting bioburden [CFU]
Nr = Number of germs after sterilization

[CFU]

Dr =Decimal reduction factor [min] or [Mrad]
(Dr-value)

t = Sterilization time [min]

IF = Inactivation factor [number]

(Decimal reduction level)
The coefficient of sterilization time divided by
the D-value provides also the inactivation fac-
tor equivalent to the number of decimal reduc-
tion steps.

A D-value time equivalent reduces the popula-
tion by 90% or one decimal reduction step.

If the D-value is known, it is possible to calcu-
late the sterilization time to reduce the popula-
tion by defined amount of decimal reduction
steps independent from the starting population.

If the starting population No is changed, the
final population is changing accordingly, if the
same sterilization process is used. Therefore
the starting population, also called bioburden,
determines the result of the final number of
germs Nr. To get the necessary sterilization
time, equitation 5 can be changed accordingly:

t=(gN,-IgN;)*D; =IF *D;  (6)

1.4 Experimental determination of the re-
sistance (Dr) of a biological indicator

The resistance (D-value) may be determined
with two methods according to
EN ISO 11138-1 (see Annex C and D) or with
the determination of the survival kill window
(see Annex E of the standard).

1.4.1 D-Value Determination using the
MPN-Method
(most probable number)

Biological indicators with a defined population
are put in several steam sterilization processes
with modified sterilization times where all other
process variables remain constant except the
time. For each sterilization time a minimum of
20 biological indicators are required. After
sterilization the biological indicators are
checked for growth. A minimum of 7 different
sterilization time are to be tested.

a) minimum 1 sterilization time where all
biological indicators are growing

b) minimum 4 sterilization times where at
least some biological indicators are
growing

c) minimum 2 sterilization times where no
growth of biological indictors is detect-
ed.

Using the above results the D-value will be
calculated using the equitations below.

Sterilization | Number of N_umber .Of
- . trials  with-
time trials
out growth
[ti] [ni] [ri]
1 nq r = 0
t n, r
ts N3 rs
t4 Ny 4
ts Ns s
ts Ne I
t7 ny I7

u is the shortest sterilization time where all Bls
should grow. The sterilization times t1 — t7 are
increasing sterilization times using the result of
te and tzshould not show alive Bls.

Using these data the factors x and y are calcu-
lated for the sterilization times t1— t.
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t +t,
i (i+1)
X = 7
i 5 (7
. r
yi — (i41) % (8)
n(i+l) ni

For t1 where all samples show growth r1 = 0. In
this case yi is determined by:

r.
yi — _(i+1 (9)
NGt

Using the calculated values of xi and yi the
sterilization time Wi may be calculated:

H =X %Y min] (10)

The mean sterilization time ; which does not

show growth may be calculated summarizing
all i

I
o)

E=Y p  [min] (11)

I
)

If the interval d between the sterilization times
is constant, and the same number of tests for
each sterilization time is used, the mean value
for no growth x# may be calculated using the

following equitation:

i=6
,u=t6—9—% rr [min] (12)

i
i=1

The mean D-value will be calculated using the
equitation:

D H
0,2507 +IgN,

[min] (13)

where No is the starting population CFU/test.

1.4.2 D-Value Determination using the
survivor curve

Biological indicators have to be sterilized with
different sterilization times where all process
variables have to remain constant except the
time. 5 different sterilization times should be
used:

a) One exposure in which the sample is
not subjected to the sterilant (e.g. O
time exposure)

b) At least one exposure in which the vi-
able population is reduced to 0,01 % of
the original inoculums (4 logiw reduc-
tion)

¢) A minimum of three exposures cover-
ing the intervals between exposure a)
und exposure b) above.

Not less than four test samples shall be used
for each exposure in each determination. The
same number of replicates shall be used for
each exposure.

A minimum of 2 consecutive tests shall be
carried out. For each test a minimum of 4 bio-
logical indicators shall be used. After steriliza-
tion the population of the biological indicator is
determined using the method provided by the
manufacturer. The logarithm of the remaining
germ population is plotted against the steriliza-
tion time. The reciprocal slope provides the D-
value in minutes.

1.4.3  Survival/kill window

The survivor/kill window is defined with the
guaranteed survival of a biological indicator. A
biological indicator shall contain a minimum of
100 germs, if it has been inside of a steriliza-
tion process with the initial population Nofor the
following sterilization time:

Survival time = (log No - 2) x D [min]

The guaranteed kill of a biological indicator
occurs after the following sterilization time at
121°C:

Kill time = (log No + 4) X D [min]

This sterilization time determines a sterility

assurance level of SAL = 10 (every 10.000th
germ may remain alive).
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Number of micro-biological
Survivors [CFU/part]

10000000

— Bio-Burden = Various germs with different population 107
and resistance

1000000 — Biological indicators (BI) = Germs with defined

100000 population and resistance
10000 4 -

1000 £ - A\ -

10

Survival -
Kill-Window
Sterility Assurance
Level (SAL)
0,001 P 109
i i A )KE=7"77771 T a0

0,00001

0,000001

0 2 4 6 8 10 12 14 16 18 20 2 24 26 28 3 0°=SAL
D,,-Value Fgio-Value Fo-Value
Time [min]

Diagram 3: Definition of: Bio-Burden, SAL, Bio-
logical indicator, Feio-Value, Fo-Value

2. Definition of the sterility assurance lev-
el (SAL)

The number of germs decreases during a steri-
lization process first order with each D-value
time unit by a power of ten or 90% of the pre-
vious value. After the number of germs has
reached 1 CFU with each D-value sterilization
time unit the population is decreased by an-
other power of ten reaching 0,1 CFU. Values
below 1 do not determine the number of alive
germs on a part but determine the probability
how many parts still have alive germs. If 10
parts which contain one germ each are steri-
lized for another D-value time unit, again 90%
of the germs are inactivated. Therefore the
value 0,1 CFU expresses that 9 out of 10 parts
become sterile and one part is still non-sterile.
The value 0,01 or 102 means accordingly that
out of 100 parts 99 parts are sterile and one
part is non-sterile. Population values < 1 do not
determine the number of germs but the sterility
assurance level. This is the ratio between non-
sterile and sterile products in one process.

2.1 Definition of a sterile product according
to the European standard EN 556-1

The classic definition of sterility determines
that non-viable germs are inside a sterile prod-
uct. The Kill kinetics law first order however
demonstrates, that the SAL-level maybe re-
duced as longer the sterilization process is
carried out, however the SAL will never reach
zero. That means the probability of sterility
may be increased as longer the sterilization is
carried out, however the absolute sterility can-
not be achieved. Since absolute sterility cannot
be achieved, goods maybe labelled sterile
according EN 556-1 if the SAL < 10° is
reached for terminal sterilized products. For
liquid fillings in part 2 of EN 556 an SAL of <
1072 is accepted since the production process-
es cannot achieve better results. If a sterility
assurance level of
< 10°% is achieved, those products according to
EN 556-1 may be labelled sterile in Europe. In

(according EN 556

other countries outside of Europe the accepted
SAL-level is different depending on the appli-
cation and defined by local regulations. The
direct biological proof for such values cannot
be achieved by experimental tests but is avail-
able by extrapolation of the straight line of the
kill kinetic equitation.

3. Temperature dependence of
sterilization processes

3.1 Arrhenius equitation

As reported in part 1 the constant k’ and k and
also the D-values are temperature-dependent.
This dependency is described by the Arrhenius
equitation:

-Ea

k=k,*eRT (14)

R = General gas constant [8,314 J/mol K]

T = Temperature [K]

k = reaction kinetics constant of the
decimal logarithm [min™]

ko = Reaction kinetics constant defines a
sterilization process [min™]

Ea = Activation energy of the process
[J/mol]

The constant ko depends only on the type of
sterilization process, is independent from the
temperature and may be experimentally
achieved. The activation energy Ea is the en-
ergy amount to start the Kill reaction. Using the
Arrhenius equitation the experimental change
of the D-value versus the temperature may be
derived. This dependence is expresses with
the z-value (see diagram 4).

3.2 Definition of the z-value (Temperature
coefficient of the D-value)

The z-value describes the dependence of the
kill velocity of microorganisms with changing
temperature. Mathematically the z-value is the
necessary temperature difference to change
the D-value by a factor of 10 keeping all other
sterilization conditions constant. If D-values are
achieved at different temperatures and are put
in a half-logarithmic D-value scale against the
temperature a straight line is achieved where
the reciprocal slope determines the z-value,
see diagram 4.
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W experim..

D-value [min]

Temperature [°C]

Diagram 4: Determination of the z-value

If the z-value is known, D-values at given tem-
peratures may be converted to D-values with
another temperature.

E :_Ig DTl_Ig DT2 (15)
z T,-T,

4. Sterilization equivalence value (Fa2-
value)

Referring to equitation 6 the sterilization time
can be achieved multiplying the decimal reduc-
tion and inactivation factor. Since the D-value
is valid only for one temperature, the steriliza-
tion time at different temperatures during the
come-up time has to be adjusted to one de-
fined temperature. This sterilization time at one
temperature is defined as the equivalent time
(Fr, » using the index of the temperature and
the z-value of the sterilization process. This F-
value determines the sterilization time at a
constant temperature. The F-value expresses
the sterilization power of a defined sterilization
process and is usually expressed in minutes at
a given temperature. The inactivation factor
alone is no value for the sterilization power,
since germs with low resistance are killed
much quicker in comparison to germs with high
resistance or D-values.

As shown above the sterilization time at a giv-
en temperature may be calculated, if the start-
ing bioburden (No) is known to achieve a de-
fined final SAL. In reality a sterilizer is heating
up over a certain period until the sterilization
plateau temperature of for example 121°C is
reached. During the come-up and go-down
time between 100 and 121°C already germs
are killed.

temperature
[*C]

temperature plateau period
12—

100 [y T T T T T T T T T T T
5 10 15 20 25

come-up- sterilization go-down time [min]
time (cooling)

Diagram 5: Fo-value integral of all times above
100°C

This inactivation has to be added to the plat-
eau sterilization time. Is the z-value known, the
additional sterilization times outside the plat-
eau period may be recalculated to the temper-
ature at the plateau period. The summary of all
time integrals may be added to the total sterili-
zation time of 121°C and is a definition of the
equivalence time.

The F-value is a sterilization time at one de-

fined temperature, in radiation sterilization it is
defined by a radiation dose.

Fr, =(IgN, ~IgN,)*D; = IF *D; (16)

4

R

=7

110°C

'
121°C

inactivation faktor IF:

1g colonyforming units [CFU/part]

“hpz1cyer \I
g — I
) \ £(110 °C)=? \

time [min]

Diagram 6: lllustration of the F-value
4.1 Definition of Fo-value

The Fo-value is defined at a sterilization tem-
perature of 121°C and a z-value of 10°C and is
used in industry as a reference for sterilization
processes.

4.2 Other Fqa-values
Other F-values may be defined with other tem-
peratures and z-values. In the metric system

the Fc-value is defined at 120°C and a z =
10°C.
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5. Design of sterilization processes

Before the validation of a sterilization process
can be carried out, the sterilization starting
conditions have to be known (sterilization type,
goods to be sterilized, packaging, etc.). Hydro-
and thermo-stable products may be sterilized
in steam sterilization processes. Non tempera-
ture stable products are sterilized in low tem-
perature sterilization processes in industry with
EO or radiation sterilization processes, in
health care with Formaldehyde sterilization
processes. After the sterilization process is
defined, the sterilization process parameters
have to be defined that the SAL-value < 10°
has to be achieved at the end. If the starting
bioburden including other constant starting
conditions which are available in industry steri-
lizing new products, the Fo-values can be de-
termined using the starting bioburden and the
SAL value which has to be achieved. If con-
stant starting conditions cannot be guaranteed
like in health care units, a so-called overkill-
process is used.

To take care of the sterilized goods and to
minimize sterilization times the sterilization
time and temperature should be adapted to the
necessary kill values only. To achieve this goal
not only the necessary process parameters
need to be calculated but also it is necessary
that all process parameters are kept constant
during sterilization.

5.1 Process design with known starting
bioburden values

If the starting bioburden of the products to be
sterilized is known (types, population and re-
sistance of all germs), the most resistant
germs including the z-values have to be de-
termined. If these data are available, the steri-
lization parameters may be calculated as
demonstrated at the following example:

Starting conditions for exercises 1-4:
Starting germ number:
No = 10° CFU

Expected SAL: Nf = 10° CFU = SAL = 10°®
Di21-value = 1,5 min
z-value = 10°C

Exercise 1:
Calculate the inactivation factor necessary:

IF=1g No—Ig N
IF=Ig 10°—1g 10° = 3 - (-6)=9

The inactivation factor has a value of 9 decimal
reduction steps to reach the sterility assurance
level SAL = 10,

Exercise 2:
Which sterilization time at 121°C is required:

Fo = (lg No — Ig N¢) * Dt
Fo = (3+6) * 1,5 min = 13,5 min

The necessary equivalence sterilization time
for this process at 121°C is 13,5 min.

Exercise 3:

Since the sterilization goods are not stable at
121°C a sterilization temperature of 110°C
should be used. How long is the required steri-
lization time Fiioc, z=10k?

1. Calculation of the D-value at 110°C using
equitation 16:

1__|9DT1_|9DT2

z T,-T,

z *(Ig DT2 _Ig DTl) :Tl _Tz

lg D;, =g Dy, +@

11°C
19D, 10c =19D;p0c +——

lgD, e =lg15+11=1276

D,pc =10%°7°=18,8 [min]

2. Calculation of the sterilization time using
equitation 6:

Fii0°c,10 = (Ig No — Ig Nf) ® D
Fii0°c,10 = (3+6) * 18,8 min = 170 min

The sterilization time at 110°C is 2 h, 50
minutes.

Exercise 4:

Which temperature has to be used that the
sterilization time should not be longer than 3
minutes? The temperature may be above
121°C.

1. Determination of the D-value:

ot
9N, —IgNg

~ 3min

= =0,33min
3+6

DT
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2. Determination of the sterilization tempera-
ture

1__|gDT1_|gDT2

z T,-T,
T,=z*(gD;, —1gD; ) +T,
T, =10°C *(Ig15 *1g 0,33) +121°C

T, =127,56°C

For a sterilization time of 3 minutes a tempera-
ture of 127,6°C is required. In diagram 6 all 3
processes are plotted.

N

=7

110°C

'
121°C

1g colonyforming units [CFU/part]
inactivation faktor IF

|l |
[t(121°C)=7 \I
Y

' \ 1110 °C)=2 \I

time [min]

Diagram 7: lllustration of the examples

5.2 Process design with unknown or
changing starting bioburden values
(overkill process)

If the starting conditions like in heath care units
are unknown because of changing load config-
urations and changing bioburdens, the process
has to be developed using worst case condi-
tions. For those conditions minimum Fo-values
are described in the European Pharmakopoeia
(EP) and the US Pharmakopoeia (USP). For
steam sterilization proceses two alternative
sterilization times and temperatures are given,
however having two different Fo-values:

Temperature Time Fo-value
[°C] [min] min]
121 15 15

134 3 > 60

The reason for a much higher Fovalue at
134°C is that temperature equilibration times
are added. Short sterilization times below 1
minute bear the risk that the temperature is not
achieved at all locations within the load. There-

fore a longer sterilization time is used as re-
quired for the Fo-value.

Comparing the same Fo-values at 121°C with
15 min it would be at 134°C only about 0,75
min using a z-value of 10°C. The time of 0,75
min is the at 134°C only. In addition the all
other times have to be added to reach 134°C.
It is not absolute sure if the sterilization time is
reached in the chamber or reached at all sur-
faces of the goods to be sterilized because
non-condensable gases (NCG) may hinder the
homogenous heat-up of the goods. If extreme
short sterilization times are used this potential
problem may occur. Therefore the sterilization
time at 134°C has been extended as a safety
margin.

6. Requirements and selection of biologi-
cal indicators for validation and routine
monitoring

If there are changing parametric sterilization
conditions, like changing steam quality, a vali-
dation using parametric release is impossible.
In this case only the direct inoculation with
biological indicator suspension at worst case
conditions can be carried out. In low tempera-
ture sterilization processes biological indicators
are exclusively used for validation.

6.1 Selection of strain

Depending on the sterilization process non-
pathogenic germs are selected having a higher
resistance in comparison to pathogenic germs.
The international standard EN ISO 11138 rec-
ommends individual germs for different sterili-
zation processes. Preferably spore generating
germs with defined populations are produced.
They remain their population over several
years. Only biological indicators with certificate
should be used stating the germ, population,
D-value, manufacturer and expiry date and are
manufactured according to above standard.
The certificate also should refer from which
culterure collection the strain is coming from.

Like:

DSM = Deutsche Sammlung flr
Mikroorganismen (German collection
of Microorganisms)

ATCC = American Type Culture Collection,

NCTC = National Collection of Type Culture
(London)

The following table lists most popular strains
for different sterilization processes:
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ATCC
Name No.:

Sterilization
Process

Atrophaeus 9372 ethylene oxide, dry heat

Stearother- steam, formaldehyde,
mophilus 7953 H202
Pumilus 27142 |y and f radiation

6.2 Resistance of biological indicators

The total resistance of a biological indicator
depends on the population and resistance of
each individual germ. The resistance of each
individual germ is defined by the decimal re-
duction value which is the time needed to re-
duce the population of a biological indicator to
one tenth of the original population. The total
resistance of a biological indicator is expressed
by the Fsio value:

Feio = D121°c Value x log (population)

This fact may be demonstrated by the 2 exam-
ples below in the table.

Example [Population |Di21 value |Fsio value
[CFU/unit] [min] [min]

1 10° 1,5 9

2 10° 2 10

As seen above, the D-value of a given strain is
never constant and depends on growth and
process condition. Therefore, for each batch of
biological indicators certificates must be asso-
ciated to the product indicating the population,
individual resistance and the total resistance of
a biological indicator.

6.3 Selection of biological indicators for
routine monitoring

For routine monitoring biological indicators
have to be selected according the require-
ments of the international standards and need
to be adopted to the Fo-value of the sterilization
process. To monitor overkill processes in
steam sterilization processes the Fsio-value
should be selected that the SAL-value of the
biological indicator at the end of the steriliza-
tion process should reach 10*. Therefore the
Feio-value can be calculated:

Fo=Fsgio + 4 ® D121
Feio = Fo—4 ¢ D121

The sterility test according EN 556 with biolog-
ical indicators is directly not possible since it is
not feasible to make tests with one million bio-
logical indicators. To check if the SAL < 10° is
achieved, the Feio-value of the biological indica-

tor should be above the bioburden of the load
(see diagram 8).
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Diagram 8: Selection of biological indicators
6.4 Positioning of biological indicators

Biological indicators should be never placed
outside of packs. In the standards of biological
indicators there are no recommendations given
where to position the biological indicators in-
side of a sterilization load. Biological indicators
have to always be placed at the worst case
location according to the validation standard ,
e.g. for steam sterilization processes EN 1SO
17665-1, which may be inside of a package
with solid goods or inside of instruments con-
taining hollow lumens and/or splits. If biological
indicator strips cannot be placed into hollow
devices or splits, direct inoculation with biologi-
cal indicator suspensions have to be made or
they have to be placed inside process chal-
lenge devices (PCDs).

On top the small load effect and non conden-
sable gases inside of the sterilizer chamber
have to be recognized. Non condensable gas-
es (NCG) mixed with steam inside the steriliza-
tion chamber are transferred in a single pack
creating dangerous amounts of NCG inside.
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7. Glossary of symbols used within the text

Sgg:_ Unit Description Unit Abbr. Unit Application Description
CFU  Number of germs quony _ number Am_ount of germs on a biological
forming unit indicator
Describes the resistance of a bio-
. : logical indicator, describes the time
Decimal reduction factor . . ) .
Dr time or dose [min] necessary to kill 90% of the starting
(D-value) at temperature T . .
bioburden or reduces population by
one decade
Eo Activation energy of the reaction ener- [3/mol] Reaction energy to start chemical
reaction ay reaction
Correlation of all sterilization times
. . . at different temperatures to a given
Equivalence time of a steri- . .
F.z) S time [min] reference temperature, expresses
lization process o :
the sterilization effort, given as a
time at a defined temperature
Equivalence time of a steri- £ ™
lization process under _ _ For steam sterilization processes
Fo . o time [min] 121°C and a set value of 10°C,
standardized conditions expresses the sterilization effort
(i.e. steam 121°C) P
Population reduction during a steri-
IF Inactivation Factor amount N ation process, expresse_d by the
number of decimal reduction num-
bers (log difference of population)
reaction kinetics constant . ! Used if the decade logarithm is
k . . 1/time [min~]
of the decimal logarithm used
K Reaction kinetics cpnstant 1/time [min™] Used if the natural logarithm is used
of the natural logarithm
Temperature dependent s Lo o
ko factor of the reaction kinet- 1/time [min™] Specific for individual sterilization
. processes
ics constant
N Nom_lnal populatlon ona Rumber of [CFU/part] Number of germs on an instrument
medical device germs
Number of germs on a MD number of N“”.“ber ofgermsona ”?ed'ca'_ _
Nr A [CFU/part] device after a process with steriliza-
after a sterilization cycle germs L X
tion time F has been carried out
Starting bioburden on a number of Bioburden of a MD before steriliza-
No . . [CFU/part]
medical device germs tion
PCD Process challenge device
R General gas constant constant value [J/mol K] =8,314 [J/mol K]
SAL  Sterility Assurance Level
t Sterilization time time [min] time elapsed during sterilization
Describes the modification of the D-
z Temperature coefficient temperature [°C] value depending on the tempera-

ture
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