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Sterilization
it St
[40 min], dry heat [1-6 hrs],
Low temperature; VH202 (~ 35 min)
Ethylene oxide gas (15 h),
Chemical sterilants — 2% GTA (10
hrs, 202C - 25C),

High Level Disinfection[HLD]
Reduced concentrations and

exposure times [For example
Chemical disinfectants:

hydrogen peroxide;
Heat pasteurization; Ao=600]

Low level Disinfection [LDL]
Liquid disinfectants with no
mycobacterial claim - chlorine-
based products, 70%-90%
alcohol, phenolics, H202
Short treatments (21 min]. Heat
pasteurization [Ao=60]

https://ars.els-cdn.com/content/image/1-s2.0-50048969723015942-¢r1.jpg

>2% GTA , 0.55% OPA,peracetic acid,
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(Incineration and Burning) (Heat treatment) (Radiations treatment) (Chemical decontamination) (Alkaline hydrolysis)
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Physical Methods

of Control

which include

Heat Filtration Radiant Energy

L
which can be in the I I in the
form of

form of using a that includes

Dry heat | Membrane filter | | HEPA filter

using by

| UV light | lonizing radiations

to sterilize
in the form of

Liquids Gamma rays

Hot air oven | | Incineration |

through

under pressure
using that can be

carried out by

not under
pressure using
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N3N (Burning) N1SNNAELAILAT (Incineration)
" Lifsruumiunugumgd " fszuumunAugungll

" auflunsiede Usende " usgAvBnmgdunsianeide
" dn1sUsesuaig " 919UTTUUNMSINIATY

" AUNUNNTUIMIIANTEN

Incinerators > 877°C  Bunsen burner 1500°C

[ msanwazaiunsiiluluaungssdauiieites J
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n15lYAU5aULIAS (Dry heat)
Hot air oven : Iiaaunivigaumgiaawinfsiunue gamgiitugsieiulaiu 10°C Tgiugunsal insewna lany
a9 (powders) laglasauunsndusudnluviateweatin (160°C 120-180 w1, 200°C 60-120 W)

N135ANULARA (Boiling)
100°C 10 - 30 w1 yhanereaswaiulvg welisiuaUasvoate

Yy = cull 4
nlaUantaun (Autoclave) pressure (Ibf/in?) temperature (°C) time (min)
MInLalavnuiia 15 121 15
PRSI IONE) 20 126 10
30 134 3
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Sturdy phenolic

top handle v
1 b P

Pressure Cooker .

Easy-to-read
pressure dial

Lufigeeszurgennia MbAAnn sHansenIeeInienule o
drgounislunies (air pockets) dwwasioUsyananmly
AsunsnBuveslendeu Wevhanue
Ldanunsadsugaumgiivasanuiuseninenisvineny

High-grade cast

lufiszuunsiageuusgansanlunisvingy

Two canning
racks included

wngdmsun s indanaunsalsnagusieainiie

N . Kt .o B o Al Al
(Sterilization) innnMsaanisdudau (Disinfection) T
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“Autoclaving is the most effective and reliable means of decontaminating/sterilizing

laboratory materials and wastes”

(WHO, 4" ed. Laboratory Biosafety Manual, 2020)

2 v % v "
n1s5ianrelauinigldaanuny
ounfeanldunuiiannielunivuste Weanusulauiinau

Y

gaunnileurglu Auseu Ausu nlusauluwadiveadn
Foanm toulesl JUsuluwadiinn1sudeda (coagulation)

Jwisnsnunnsgiu awnsavigla
anunsauseiuUsEansnw (validation) s£INa U5 bA

A1UIARANIUATIVEDY wazUSUAIVANNTEUIUNITIENIN
ANOUNISIA

Pressure regulator

Recorder Safety valve

Exhaust to atmosphere

Steam from
7 ¥k ] jacket to chamber
Control 1§ L - or exhaust
handle '\ g from chamber

Door

gasket ) \
i : Steam jacket

Steam supply

Temperature-
sensing
bulb




NA5711a781NLASNAINILATN

Exhaust valve
(to remove steam  Steam to Safety
after sterlization)  chamber valve

Gravity Displacement WS
Iy — =
" it lUnaun U 9Ien i LN ——
IR
" EUn0AaeNNTEUINNSINIY USuaamgll wasianle @ b

" mngdmsumsiliusieanie (Sterilization) uagnisannsuuideu (Disinfection) | | (s

" g1aifin air pocket lavndsnvinnisenaeiivunalvevsedusuiamuin %— C—

To waste line exhausted. Steam supply
Copyright ©2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.

https://microbeonline.com/wp-content/uploads/2013/12/gravity-

Heated Jacket displacement-type-Autoclave.gif

Pre Vacuum
" finUszAvEnnuesnisinenniAeanain chamber $a8 vacuum
" E150RANINNTEUINNSINOIY USugaingiuasseasianta
" ngdvsunsialiusAnde (Sterilization) waz nsaanisuwiou (Disinfection)
B | = Juguiuues autoclave ‘17iLLH%ﬁ’]ﬁ’]‘lﬁ%JUﬂ’ﬁﬁzj’]L‘%@Iumjméﬂ\‘i%ﬂ (risk group 3 F1l1)

Vacoum Pump
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4 (- % 74
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" yssuesifeanissnifelunivususseiivinzan nudenuSeuLATusI

" 013 sterile vaavian Hundemasadoadeaviady dielilotsnudluly

n daddfunrurussvesvanitnain ussqussiu vieasusuned

= ilddevestiau Tedvlvidsauay

= liiflwesiignih ey eufeundandeie
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N135n594 (filtration)
B (A uwaanal @a15avany Ul usIANnLe

B Jyunanann cellulose acetate %58 cellulose nitrate

Membrane filter :
Pore size 0.20 - 0.45 lUASOU NIBILUANILSY
Pore size 0.02 lupseu nsadlisa
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lonizing radiation

F98unuL1 (Gamma ray)

" Srunavzarzatsas Wudunsiereisadnnuiingutiadn

" yilnAanisdsuntaddudiuiszneudifny vensadlneaniz DNA vasiundud

= ungdmsu - Sandilivudenudou mnutuvie gamglias Wy 9RaMNITINITHAR WAASUIINIINITUNIE

100 nm 200 nm 300 nm 400 nm 500 nm 600 nm 700 nm

Non - ionizing radiation

398 Ultra violet, UV (240-280 nm)

" Jayldanuenindu 260 nm - Usganiamlunisvianeieyadngean
il

Sunlight

1 v = <t 3
S 3 S Shorter el ST ; Longer

. UNURINEUBN RILSYU S L e

ee

IUTNINEGNEANANAUN

" Fdspalunisyvinans DNA

=Y

" lylaunsarudsinunle wagreseglussegniesiivangay anvigaumgl

Y

ANNTUNATDIVRIMARA UV a1unsadanasalsyavsnimnisvitaula 105 10% 104 109 107 100 10% 104 105 10¢ 107 10% 109
v Y ' Wavelength (nm)
" ynzdmduiiury wasunufuReu (space decontamination) T ommng Eleciromagneti '
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WSsuauA 199185217919 Microwave wag Autoclave

(Radiation treatment) Microwave Autoclave
di . A d weight of 150 k
aaululasian (Microwave Treatment) wii‘ié'}ﬁaywe'g ’ g
- < v A v Y Accumulated weight of 54.75 tons
Wunslapdulasian Tunisasisninusou waste/year
A e v o ~ Maximum of volume/run 60 L 80L
u Qﬂ«!‘iﬁﬁlﬁ/ﬂsﬁ 100°C 133a1 45 U Power input 6.5 kW 17 KW
) ) G Runs per day 12 10
~ | 9, Y, v >y, Energy consumption/run 3.3 kWh 12 kWh
" weluladlud amugs - Yeyanenunisiganudee Femrmem ity 400 K T
including standby
Assumed price/kWh €0.2/kWh
Energy costs/day €8.16 €28.48
Energy costs/year €2,978.4 €10,395.20

K. Zimmermann, “Microwave as an emerging technology for
the treatment of hazardous biowaste: a mini review”, Waste
Management & Research, 2017
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Chemical Methods

of Control
include
Halogens Alcohols (Quats) Heavy Peroxides
- Quaternary metals l
such as the ammonium | i
that include in the form of
elements ) compounds that include
which are |
typically used as that are in
the form of
_} - Mercury Silver
Chlorine lodine used as Cationic Hydrogen Benzoyl
| detergents in the peroxide peroxide
that include form of such as such as
Sodium/ lodophors SfiIV?r
calcium ML
hypochlorite
Merbromin Thimerosal
- that accomplishes .
Chloromine-T that accomplishes
70% 75% isopropyl
ethanol alcohol

that accomplishes

(Pommerville J, 2013)

in the form of

16
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N13aaN13UUIUaUAI8615:A3 (Chemical Decontamination)
Heulvdmsu aunsaldeanisinduunlden Alianunsagiaeme

a vuAa

AMUTBU N1FANTBUUNURY WUNUHURU (space decontamination)

UszAnBawvasthensing
" Uszandnangs (High Level)
amﬁaﬁﬁmﬁdﬁnﬂ%ﬁﬂ sTaesvente
= Jszdndniwurunans (Moderate Level)
Aot lanaunnasin waildianunsardnadesvonie
= UszAnSane (Low Level)

ANUNS0NILB LAUNITTA

High Level
: Glutaraldehyde, Peracetic Acid

Moderate Level
: Alcohol, Chlorine Compounds, lodophor

compounds, Phenolic compounds

Low Level

: Quaternary Ammonium compound

Fumigation
: Formaldehyde, Ethylene Oxide, Chlorine

Dioxide

Chemical Vaporization

: Hydrogen Peroxide




bR RGRE R R RR R R

oo o | S Y [
A8n1s Tl AaNavidaniIale

]
=

AN ULANAUN

svazIaI 1
(Contact Time)

(°C)

=

AN EET

ANuduFURNE
(%)
Bacteria
Non-Lipid
Viruses

Broad
spectrum

Vegetative
Lipoviruses

Lipovirus

Bacterial spores
M. tuberculosis

+ + 4+ + 4+ + + + + +
+ + 4+ + 4+ + + + + +
+ + + + 4+ + + + +

=) =) = 4 g s =Y -
+ USEANMSAMG  +/- UszAnSawuiunans  *+/- Useansniwndsaudunuasiinveshasa

AnLUasaIn: https://ehs.colorado.edu/resources/disinfectants-nd-sterilization-methods/ inactive
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Table VI: Concentration of disinfection
agents tested against Coronaviruses

Table V: Common commercial disinfectants ingredients and their contact time _

for disinfection (12) Agent Concentration

Active Ingredients Average Suggested Contact Time Benzalkonium 01%
(Dependent Upon Concentration) chloride

Ethanol 1-5 min Ethanol 70.0%

Isopropanol 1-5 min

Quaternary ammonium 5-10 min G[}utaraldehyde 2.0%

Sodium hypochlorite 1-10 min Isopropanol 50.0%

Hydrochloric acid 10 min ‘

T — Povidone-iodine 10% (1% iodine)
Sodium chlorite 0.23%
Sodium 0.05-0.5%
Hypochlorite

https://www.cannabissciencetech.com/view/keeping-up-to-date-with-safety-a-look-at-ppe-and-cleaning-for-safety-in-the-laboratory
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Examples of bacteria

« Bacillus subtilis spores

» Clostridioides difficile
spares

« Mycobacterium chelonae
environmental isolates

« Mycobacterium massiliense
environmental isolates

« M. chelonae standard
culture collection

« Pzaudomonas aeruginossa

« Staphylococcus aursus
environmental isolates

« B. subtilis (vegetative)
« S, aureus standard culture
collection

https://media.springernature.com/m685/springer-static/image/art%3A10.1038%2Fs41579-023-00958-3/MediaObjects/41579 2023 958 Figl HTML.png
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Most resistant to chemical biocides

Pricns

Endospores

Oocysts
cteria
Mon-enveloped viruses
Protozoal cysts
Filamentous fungi
Vegetative Gram-negatives

Intermediate

Low

Vegetative Gram-positives
Enveloped viruses

Least resistant to chemical biocides

Examples of biocides

« Ethylene oxide (sterilant)
« Peracetic acid

« ClO,

* Hydrogen peroxide

+ Aldehydes

» Sodium hypochlorite

* Povidone-iodine

* Phenolics

« Complex QAC formulations

* Biguanides-based
formulations

« 70% IPAjethanol

« Simple QAC solutions

« Simple biguanide solutions
« Antimicrobial dyes

20



waanagaa (Alcohol)
" Jyyily Ethanol wag Isopropanol
Q0B e ™ USEANSANlUNTAARGIgATNIANULNTY T0%

" gangns aelvdunedluigariuwas uasvinl
lUshuvauyagatnANnLNau

" 13 i3lansanAng

B 521948157 919FINALNAUNTY anad Lazilng
ABUSLEANSNINNISYINANYLTD
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Chlorine Compounds

" Jyyla Sodium Hypochlorite

" AUNTU 0.5-1% : Usgdnanmlunisaiiegean

" 9angndu MlUsAUYRIaTNLEYENIN

" fgusiantoulany

B 5218159 919dMa A UNYY WasuLUasanas Lazilng

ARUTLANTNINNISVIANELTD NAULaIAISIIN1lU 24 Yl
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Ethylene oxide (EO)

" Aedin LA Seaienfigaumadl 10.7°C ennandudusinaylaifindu

= mmaav‘fﬂmmsﬁaqa%wnﬂ%ﬁmLLazaUaémmL%

" UAsuuUadlaseadnewas DNA nszuiunsasslusivveawadidely wadl
anansavutlaauUnd

B AU warsrazna Nty 1Y EO AMMNTUSEI1g 450-1200 me/L
29-65°C, 2-5 F2lu4
" Juansiiusieilioldo seAaRant Wayaynwasnl ANUINTY > 700 ppm

1% =

TnAUAAN8DLEDS Anlnd1guaze1aseiinla
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N15898AYA
(Alkaline Hydrolysis)

NSYINa18A8AN (Sodium Hydroxide : NaOH) wuu (pH 14)
aeldgamad (160°C) uagaufugs e 6 Falu
Haulgiunisviaesingdsd

nandnazlandu monomer UB9ENSTINMN

Cr. Auddnineaes
NN L9l
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FACTOR REASON

Concentration As illustrated with sedium hypochlerite, the amount of active compound available in a
disinfectant is critical: too little active compound and decontamination is not achieved.

Organic matter Disinfectants will react with living and non-living organic matter alike. If organic matter is
present, it can inactivate the disinfectant before all the viable biolegical agents present have
been eliminated. Selid organic matter can also inhibit the penetration of the disinfectant so
it cannet reach its target. Specific erganic materials are often defined in standard methods
te indicate “clean” (low levels of contamination) and “dirty” (high levels of contamination)
situations.

pH Many chemical agents for decontamination are active only within a specific pH range. The
manufacturer’s information must be considered to keep the disinfectant within this range.

Contact time Chemical disinfection is not immediate. Generally, the longer the disinfectant is in contact
with the contamination from biclogical agents, the greater the microbial decontamination.
Once the disinfectant dries, the disinfectant melecules can ne longer migrate inte their
target. Rapid evaporation of a disinfectant applied to a surface can compromise efficient
disinfection. Contact times used in test conditions should reflect those used in practice.

Contact If objects to be disinfected are floating on the surface of a disinfectant, if air bubbles (for
example, in tubing (hollow lumens)) prevent contact between the disinfectant and its
target, or if application of a disinfectant to a surface dees not give complete coverage, the
disinfectant cannot be fully effective.

Range of Not all disinfectants decontaminate all biological agents. Vegetative bacteria, fungi
microbiocidal activity | (including fungal spores), enveloped (lipid-containing or lipephilic) viruses and non-encysted
protozoa tend to be readily susceptible to a wide range of disinfectants. Mycobacteria, non-
enveloped viruses and encysted protozoa are less susceptible. Bacterial spores are resistant
to some disinfectants and have variable sensitivity to others.

Temperature In general, the higher the temperature, the more effective the disinfectant will be, the lower
the temperature, the less effective the disinfectant action. This can be important in laboratory
disinfection if refrigerators or cold reoms require disinfection, or where thermal treatment is
also used, such as washer disinfectors used in some laboratories.

Shelf-life/stability Chemical compounds may degrade over time, thus reducing the efficiency of the WHO deconta mination a nd waste management

decontamination preduct. The degradation rate is often accelerated when the product is

exposed to air or when the product is diluted. Typically, diluted sodium hypochlorite solutions

become rapidly inefficient and work should be done with freshly prepared dilutions to

achieve the desired effect. 2 5
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YanNAsInIN (Biological indicator)

TR
BY eme FIUNLAY &g 9 ‘iwﬁmmmm o HUIRL bdboe

UsgNANTZNIINANTITUE

1399 NANNMIILALIENITATINADUNANNINTTIUNITINWANEUdINsANdayaraefate
WA lodod

B 799 ampule NfllWe Geobacillus stearothermophilus 11 Autoclave #3932UUYNA8LTD
" 1 JALAT94 autoclave ®IDTEUUYNANYLEDDU
" pnevdaasadunszuaunis Wi ampule TUunigaund 55-60°C uan 24-48 Falus

" ynansazanelu ampule BWagWE wansinegninaievun




nasUssmuyszansaannisniaie (Validation)

NN5VaN8LRlsAASHNSUSEIUUSEANTNINN1SYINatea819dlnE@ue Laensnneulyluni1snsigaeu feil

B @399n19na (Mechanical Indicator)
B G3anaadl (Chemical Indicator)

" 90NN (Biological Indicator)

when processed indicator
changes from white to black




Cap that allows

steam to
penetrate
Crushabie )
glass ampule
Flexible

plastic vial

Nutrient -+
=g

medium
Spere
strip
This unit is
placed in
autoclave.

Incubation

After autcclaving,
flexible vial is
squeezed o break
ampule and to release
medium onto

spore strip.

If medium remains
clear, spores were
killed, and sterility
was produced,

If medium becoemes
cloudy, spores were
not killed, and sterility
was not produced.




ANstNUUSZaNSAINUB9 autoclave

Tunsaifinuln autoclave liaunsavinanaalanun auisaiuuszansninlunisanele ae35n1seesalull

@ ——

Usuisn1sussy

Winantuni ] WNSZaZIAN J
ldndusiiauiaidnas

wiaUsuignisussalv

1auznaeldundu

\

i

Cr: BIOTEC

daiinnsusuaululuni1syinauree autoclave MsalUasuLUasdafiaain1sadevisnanni1suLllau

(USunaw/guuuu) msinnsuseiliudseansam (validation) Tvsivnasa
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FIANITANINDY! 9 (Biological indicators)

Table 2.5 Sterilization processes and appropriate biological indicators

STERILIZATION PROCESS BIOLOGICAL INDICATOR

Formaldehyde Geobacillus stearothermophilus
Hydrogen peroxide G. stearothermophilus

Moist heat G. stearothermophilus

Dry heat Bacillus atrophaeus, B. subtilis
lonizing radiation B. pumilus

(WHO, 4" ed. Laboratory Biosafety Manual, 2020)
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LaLN1SNI aUaN IR LsALAZNEINNERA) W.A. 2561

“Meilnduanin uagn1sinate” nueaudl MInsevile 9 NgRANaINse
Tun15n1015ANT DI UATI8VRUTBLSALAZABINNERT LAZNUIYAINSINDINS ALY e]sA
Laziundsvuaauld

Y
aQ o

e lsAnTa A NdnINAUANIN LazNITENTINaIEKE,
ladfiunisidalagdsnismdnyaneefniie
MINVIENNANIN 35N hazRauluArualuNMIIeINAIUNTANTITUEY
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ndslnsyaranliifentes wazlifinsaniiunsvinatemedsnisiuunzaulaeiso

A5V AFUENIN LLazn1sNnane

" gldiinnsedndle egremids 1dun nsldansieil msvihanedgleth mevhaneseautou ms
MNANYAILNITINT RNUTENIBINT Lzl Useansan

FalFTIs IR vaeuNar sz iunan ST IVELAN N Warn1ITAIERNANATEIUTNITINN
 SalvinsnnseseseuLasUstliunant syl auan I wasmsvhanadiuliladesndinided lunsald

Judelsangud 3-4 wasiiwandningudl 3 Aodin1svinatensoutuinn1snsi9aeu wasUsswliung
fBOSUANTUINGFNAASNTHINNE
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https://biosafety.nrct.go.th @ biosafety@nrct.go.th /@
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