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Escherichia coli Bacteria

A cluster of magnified 10,000 x
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Staphylococcus aureus

bacteria magnified about

10,000x


http://fa.wikipedia.org/wiki/%D9%82%D8%A7%D8%B1%DA%86
http://fa.wikipedia.org/wiki/%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C
http://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D9%BE%D9%88%D8%B1
http://fa.wikipedia.org/wiki/%D9%88%DB%8C%D8%B1%D9%88%D8%B3
http://en.wikipedia.org/wiki/Escherichia_coli
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Staphylococcus_aureus
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SAL

-SAL: Sterility Assurance Level o4 Ll laeb! mlau

- SAL accepted minimum: probability that an implant will remain
non-sterile following exposure to a given sterilization process.
The generally accepted minimum SAL for implants is 10 -6 or a

probability of no more than one million that the implant will
remain nonsterile.
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http://fa.wikipedia.org/wiki/%D8%B3%D8%B7%D8%AD_%D8%A7%D8%B7%D9%85%DB%8C%D9%86%D8%A7%D9%86_%D8%A7%D8%B3%D8%AA%D8%B1%DB%8C%D9%84
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Bio burden

Bioburden:

The aim of bioburden testing is to measure the total number of viable micro-
organisms (total microbial count) on a medical device prior to its final
sterilization before implantation or use.

Bioburden or microbial limit testing on these products proves that these
requirements have been met. Bioburden testing for medical devices made or
used in the USA is governed by Title 21 of the Code of Federal Regulations and
worldwide by ISO 11737.

The bioburden quantification is expressed in colony forming unit (CFU). There
are generally established guidelines for the maximum CFU that a drug product
can contain

Jyame 2l Joyiol 51 18 0T o s b alewy (55, 0055 5lo iS5 So Copno


https://en.wikipedia.org/wiki/Title_21_of_the_Code_of_Federal_Regulations
https://en.wikipedia.org/wiki/International_Organization_for_Standardization
https://en.wikipedia.org/wiki/Colony_forming_unit
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Types of Microorganisms

Bacteria - Single Celled Organisms

= Most common Clean Room contaminant
Molds - Multi-Celled Fungi

= Fewer requirements, lower temperatures
Yeasts - Single Cellular Fungi

= Grow well in some pharmaceutical products
Viruses (needs host)
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Rigid Layer.

Inner Membrane
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Gram Positive Gram Negative
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Examples of Survivar Curves

Surviving
Fraction of
Microbial
Fopulation

Sterihzation Time or Dose
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D- Value

LOG BASE 10

'°‘°°b 90% (1 LOG) Reductior
in count

TIME or DOSE

D VALUE
time for 1 log reduction

QUANTAL

SURVIVOR COUNTS  METHOBS  EXTRAPOL

Microbial survival Vs. Process exposure
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Discs and Wires

Paper Strips

Glass Ampoule
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Reference Organisms used to characterise Sterilization Protocols

Sterilization Method Reference spores D-values
And Typical Protocol relevant to the
specified
protocol
Maoist heat Geo Bacilius srearothermophilus 1.3 min
e.g.121CH3 min
Dry heat Geo Bacillus arrophaeus 10 min
e.g. 160T2h
Radiation B. pumilus 3 kiGy
e.g.23kGy
, Geo Bacillus arrophaeus 3.8 min
Ethylane oxide
9.600mgL. 34T, 80%RH . . )
=g Geo Bacilius srearothermophilus Jmin
Formaldehyde
e.g.1ZmgiL, 73T, 100%RH
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IQ
Installation Qualification

OoQ

Operational Qualification
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Performance Qualification
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Product Release
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Product Safety, Quality
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60 m
20mg / First % _2.5_gr/ Average daily dose :
First 24 hr day lifetime 0.1 mg / day

60 mg /
20m :
First 22 {w > First 30 Average daily dose :

days 2 mg / day
20 mg /
24hr




e | (-

o’ooso‘ﬁ“‘ﬁ & &

G S o g paailE )l 9,500 DNAU_,);,_; °

555 zn Jobo U gcbliion 15l gtats @
ﬁ).,_,lS.n 7o LS ouls 42.7:.&»54 6wau5)39).a‘é....n)| 03 c.laL»Yl.a Lg)).JbLgL:b 09393.

10 KGy ») )5S e
30 KGY: (sl ) W (s 5SL Guyipslia o

D value
W e
LK o
Q‘ K3 Sear t\}j\

W o)':\.'s)g




OGS O jud g3 Fensd
O
(G
l’-‘cnctratmg [nstances
l i Famper Flastic Ledd Conorete

Alpha
-~ -
_|I]|' Beta
II:I' Gamma andg X-rays




(o= mmm =

YU Sgii ya

ool Fldos gloo @

oloy i sl yd 50 Ygo (oo yiolyly Lo @

g0 odilowdl 3959 puc @

Byl 31 dm AlolBL Jguamo 31 oolisw! cubils @

Ll e

L gy dws g Olgo dod b (5,5 5lw puc @




LQ-.{)L'.‘;

Ll aiais
Method 1

g e b Lagte s (mmmmmm (Jseme V@ ¥l Jpame Ve 5 SAL Gl

!

!

Y:A%;sooym" = )L?ud.> ,...5 L""C"L"" oy 5



(o= G -

h@ s _amw
(Y4 /14 KGy ) VD max Method

C-O woSwe b hugie s (L U)o ¥ obl

(2 Jsaz)0S0 11137-2 : anil 390 cyones o) Jyaze )0 p gbndd Jlocl

395 oyt aiged oo Jlaisad SGbg pad ke )
KGy va

}BQSJ‘ASW%U "))‘f:d"sj-“;YQM ...:. .Y

e Skl sl cnd el

}9‘3 d‘""’L’ ﬁJ-C : 4.:5.«.: 5& )‘ o UM - Y B



(S A

i (It 588 gl 0489

LQ-.{)LL‘;

P LI TWE Tt

Sl axo ) VD max Method

o diges adS (4 s cons ol T L
53 45 sl (29,50 sl S il G wga BV ) gy b e

Qﬁﬁ)T f:L?u‘ 9 0Juls ML: d.xw‘ jgé JLQ.C‘

sk ol

390 L pdy  diged 00 )'l Bgas SO L g O Cadto
399 Lg)\gxfngﬁb ‘5,»))3:439.0.3\‘ O Cdie

399 Sl pas @ diged g0 3l o ol Cude

olo ¥ : dadl 390 (g 3a00 (yad Silo) Alold

olo 1Y : Jlgio deasi P (4099 Candle Siyu0 4o

olo ¥ : (529 550 (s Cund ploxil oo Siloj Alold



(S A

P LI TWE Tt

9993 99 o (51N Ao amlic

Method

ANSI/A AMINISO 11137
Method 1

ANSI/A AMI/ISO 11137
VDmax29

Find Sub-lethal (Verification) Dose

Use Table 5 to find sub-lethal dose
(SAL 109

Use Table 9 to find sub-lethal dose
(SAL 107"

Sub-lethal (Verification) Dose
Irradiation

Irradiation 100 product units at sub-lethal
dose (+/- 10%)

Irradiation 10 product units at sub-lethal
dose (+/- 10%)

Sterility Test

Sterility test irradiated products

Sterility test irradiated products

Passing Criteria

Two or fewer positives out of 100

One or zero positives out of 10

Identify Minimum Sterilization Dose

Find appropriate minimum sterilization
dose for desired SAL (10°107%) in
Table 5

Validate for minimum sterilization dose of
25 kGy

Routine Irradiations

Begin routine irradiations at sterilization
dose

Begin routine irradiations at 25 kGy
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Exhaust valve (to remove
steam after sterilization)
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Steam to Safety Pressure Operating valve (controls steam
chamber valve gauge from jacket to chamber)
il £ 1 ’
0 .,(— J— — | =N
e /
/¥ )
| [ o=~ =
Steam
chamber

3 Automatic ejector valve is }0\ Pressure regulator
1 thermostatically controlled I for steam supply
and closes on contact with
pure steam when air is

@M‘E exhaveted
Copynge © MW'N pbdahey) as Baryarron Cummengs
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Autoclave Temperature and Time Pressure Chart

STERILIZER TEMPERATURE PRESSURE TIME
Steam autoclave 121 C (250 F) 15psi 15min
unwrapped items 132 C (270 F) 30psi a3min
lightly wrapped items 132 C (270 F) 30psi gmin
heavily wrapped items 132 C (270 F) 30psi 10min
Dry heat wrapped 170 C (340 F) &0 min
160 C (340 F) 120min
150 C (300F) 150min
140 C (285F) 130min
121 C (250F) 12hrs
Dry heat (rapid flow) 190 C (375F) &gmin
unwrapped items
Dry heat (rapid flow) 190 C (375 F) 12min
packaged items
Chemical vapor 132 C (270 F) 20-40 psi 20min
Ethylene oxide Ambient 8-10 hours

Az published by Jada, (Journal of American Dental Association)

Yol 122 December 1991
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Material Autoclave|Max |Brittle |Appearance|Notes
Temp |Temp

Acrylic (PMMA) no 50°C  |120°C Clear Alcohol causes crazing and
weakening

Fluoroelastomer yes* *Once on a wet cycle

Tubing (LPF)

HDPE no 120°C |-100°C |Translucent |High density polyethylene

LPDE no 80°C |-100°C |Translucent |Low density polyethylene

Nylon no

PFA yes Can be autoclaved repeatedly at
121°C/15P51, 15 min. cycles

Polyacetal yes Can be sterilized by EtO, steam and

autoclave, but degrades under high
energy radiation.

Polycarbonate (PC)  yes 135°C |-135°C [Transparent |Weakened by repeated autoclaving,
and may not perform well in high
stress applications like centrifuges.
Rinse thoroughly before autoclaving,
because detergent residues cause
crazing and spotting. No more than
20min. at 121°C.

Polyester no Glass transition 80-85°C

Polyethylene (HPP) no
or HPP Tubing

Polymethylpentene vyes Can be autoclaved repeatedly at
121°C/15PS) 1S min. ovcles
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(40101 ) L gouls £1931 IS g3t ClilE
Polypropylene yes 135°C |0°C Translucent |Can be gutocloved repeatedly at
121°C/15P5I1, 15 min. cycles
Polypropylene yes Can be autoclaved repeatedly at
copolymer 121°C/15P5SI, 15 min. cycles
Polystyrene (PS) no 90°C [-40°C |Clear
Polysulfone (PSF) yes Weakened by repeated autoclaving
Polyurethane or no This tubing is used in kit 5008590
Polyurethane tubing
Polyvinyl Chloride no J0°C |-30°C  |Clear
(PVC)
PTFE (Teflon) or yes 260°C [-100°C |[Opaque Can be repeatedly autoclaved. Do
Teflon Tubing not run fluid through the tubing after
autoclaving until the tubing has
cooled to room temperature.
Silicone Ves
Silicone yes® *Once on a wet cycle (PenStar Pro
tubing tubing)
WVinyl tubing no J0°C |-30°C  |Clear Mo organic solvents
Viton yes




Material

Engineered Plastics ‘

PTFE

93T b B yoaly cllizko E1931 o plast il duns o

Autoclave

Radiation

(Dosage to produce substantial
damage)

x (<1 Mrad)

x (<1 Mrad)

EtO

FEP

ECTFE /ETFE

PCTFE

PE-HD

PE-LD

PET / PBT
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Commodity Plastics ‘ ‘ ‘ ‘

Acetal (POM) % (< 2.5 Mrad) x (< 2.5 Mrad)

PA % (< 2.5 Mrad) x (< 2.5 Mrad)

PC

PMMA x

PP - GP

PPS

PS x

PSU

PVC - plasticized X

PVC - unplasticized
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Rigid Tray with a die-cut lid .1
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Air/ETO Gas

Customizable
Breather Vent N

Peelable Film Layer

perfbm;}%

Plastic-to-Plastic
Fiber-Free Seal

Hermetic Seal
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Four side sealing (4SS ) .6
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Unidirectional Flow
for Classes 100/10/1/0.1 M3.5-1

The clean air stream is low in turbulence
"laminar”) in the cleanroom for Classes
00/10/1/0.1, M 3.5 - 1 which results in the
sensitive work areas and machines being
exposed to minimal contamination.




Air circulation appliance

Turbulent Dilution Flow

The clean air in the case of Class 1,000 to 100,000
is fed into the cleanroom as a turbulent flow
(swirling) and creates a constant diluting effect,
thus “cleansing” the cleanroom. In this way the
required cleanroom level is maintained.



(ISO slie y) Daad BUI 521 4atiha

ISO Maximum allowable concentrations (particles/m’) for particles equal to and
classification greater than the considered sizes shown below 2
HRIES A 0,1um 0,2 um 0,3 ym 0,5pum Tpm 5um
ISO Class 1 10° d d d d e
ISO Class 2 100 24° 10° d d e
ISO Class 3 1000 237 102 35b d ¢
ISO Class 4 10 000 2370 1020 352 83b e
ISO Class 5 100 000 23700 10 200 3520 832 ¢
ISOClass6 | 1000000 | 237000 102 000 35200 8 320 293
ISO Class 7 ¢ ¢ ¢ 352 000 83200 2930
ISO Class 8 ¢ ¢ ¢ 3520000 | 832000 29 300
ISO Class 9 ¢ c c 35200000 | 8320000 | 293000

e ————————————————————
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Class maximum particles/m’ FED STD 209E
20.1pm | 202pm | 203pum | 205pm | 21pm | >5um | equivalent

ISO 1 10 2.37 1.02 0.35 0.083 | 0.0029

1SO 2 100 23.7 10.2 35 083 | 0.029

ISO3 | 1,000 237 102 35 8.3 0.29 Class 1

ISO4 | 10,000 27370 1,020 352 83 29| C(lass10

ISO 5| 100,000 | 23,700, 10,200 3,520 832 29| Class100

ISO6 | 1.0x10°| 237,000 | 102,000 35,200 8,320 293 | Class 1,000

ISO7 | 1.0x10" | 2.37x10° | 1,020,000 | 352,000 | 83,200| 2930 Class10,000
' 1SO8 | 1.0x10°| 2.37x10" | 1.02x10 | 3,520,000 | 832,000 29,300 | Class 100,000

1SO9 | 1.0x10° | 2.37x10° | 1.02x10° | 35,200,000 | 8,320,000 | 293,000 |  Room air
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Maximum permitted number of particles per m’ equal to
or greater than the tabulated size

At rest In operation
Grade 0.5 um 5.0 pm 0.5 pm 50 um
A 3,520 20 3,520 20
B 3,520 29 352,000 2,900
C 352,000 2,900 3,520,000 29,000
D 3,520,000 29,000 Not defined Not defined
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Class 100.000 / M6 5 ULG :f‘l Class 10.000 / M5.5 Euus ek

according to according to
Federal Standard 2090/20%€ Federal Standard 205D/209E ¥

[ ]
V=0,017 m/s | 2 V=0,034 ms 5,1_| |

air changed 20 times per hour air changed 40 times per hour

LG N ULG N
Class 1.000/ M4.5 " Class100, 10, 1,0.1 / M3.5-1
according to [ according to
Federal Standard 209D/205E ﬁ'—+ Federal Standard 209D/203E ¢—‘—‘
V=0,1-0,2m's — V=045 m/s " :

] v / | N
air changed 80 times per hour “F;I @H“' air changed 540 times perhour [ o

L L

*room height 3m  ULG = recirculation equipment AL = outside ar nfeed
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External Impuritities Internal Impurities

Introduction of contaminated outside air Staff
or circulating air *

Staff Process
impure process media or raw materials Production equipment, machines, tools etc.
Inadequately cleaned materials, tools etc. Unsuitable building materials, work materials

Mechanical abrasion in the cleanroom

* poor filter quality, not airtight filter seal surfaces, leakage in the ducting system, abrasion in air
recirculation equipment and in the ducting system
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Percentage Distribution of the Sources of Contamination

It is important to take the contamination from people into account , which
contributes considerable 30% of the total contamination in the cleanroom.




Particle Emission per

Minute and Person Type of Activity
oy | Sardg rd s
00000 | Sting it gente movementf
1 000 000 g;ltlnn% u:i;]:“gnn[;derate body and
2500000 fll body movement
5 000 000 Slow walking - approx 3,5 km/h
7 500 000 Walking at about 6 km/h
10 000 000 Walking at about 9 km/h

15 - 30 000 00O Gymnastics and sports




Kind of Movement Particle Emission per s
Particle Size = 0,5pm
Clothing
Cleanroom Suit
: Street Suit
One-Piece Two-Piece
Head, Mouth and Head d
MNose covered ad covere
Standing 300 100 1800 5500
Sitting 250 120 1800 10000
Head Movement 400 180 2500 15000
Body Movement 500 250 4500 50000
Arm Movement 800 300 5000 20000
AL B 650 400 9000 35000
Moving alnd
stretching body 1000 600 10000 50000
Walking slowly 2500 900 17000 50000
Walking fast 4000 1800 24000 90000




Femove street clothing Femove all additional items such Fut on head cover
as watches, jewellery, rings, etc.

9 Temporary gloves %

Enter
"controlled

area"
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Carefully take out the 7 On the changing bench, and move feet over the
blister-packed clothes take off clogs etc. clean side

8 Puton full hood 9 Puton mask 10 Take out new i i

(cleaned) overalls

)
\/
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13 Take special care to put
on gloves and overshoes
Pull on overalls without 12 On the changing bench, without contamination

letting them touch the floor take off clogs etc.
16 Go to workplace
in cleanroom

M

15 Puton new gloves

14 Pull overshoes up
over overalls
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Cleanroom

Class

according
to Fed.St. 209E

1

10

100

1000

10 000

100 000

Cleanroo
Clothing

overalls

overalls

overalls

overalls

overalls

white coat

Special
Underwear

yes

yes

recommended

no ‘

no

no ‘

Head Covering

full protective
hood

full protective
hood

full protective
hood

hood
beard covering

hood or cap
beard covering

cap

Shoes

long overboots

long overboots

long overboots

overboots or

overshoes

overshoes

overshoes

Gloves

no powder
or lint

no powder
or lint

no powder
or lint

no powder
or lint

as required

as required

Change
Frequency

for every entry

for every entry

daily

daily

dailyor
every 2 days

every 2 days
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GETTING DRESSED
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13 "Do's" - Behaviour in the Cleanroom

1. Training All staff working at a Clean Workplace must be trained
repeatedly in all aspects which are relevant to the work in
question.

2. Staff At the Clean Workplace only the required amount of staff

should be present.

3. Checks As far as possible, all monitoring and inspections should be
carried out from the outside.

4. Visitors If inspectors, service staff or visitors enter the Clean Work-
place, the same rules of behaviour apply as for permanent
workers in this area.

9. Moving about The movement of people between the Clean Workplace and

the surrounding areas should be kept to a minimum.
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13 "Do's" - Behaviour in the Cleanroom

6. Private items

It is not permitted to take food, cigarettes, jewellery and
other personal items to the Clean Workplace.

7. Materials

Apart from the materials directly needed or the production
goods to be processed immediately, no objects or materials
may be stored in the vicinity of the Clean Workplace

8. Movements

At the Clean Workplace, the staff must move in a controlled
and considered manner. Since the emission of particles and
germs is related to the workers activity and the type of
movement, quick and abrupt movements might cause a
strong current and thus are to be avoided at all times.

9. Working clothes

Care must be taken that the prescribed working clothes are
worn in the Cleanroom in the correct way at all times.
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13 "Do's" - Behaviour in the Cleanroom

10. Contacts

In order to avoid contaminating the gloves unnecessarily
(dust, fats, salt, germs), nothing may be touched at the
workplace apart from the appropriate equipment and tools.
(Do not fold arms, do not scratch, do not touch door
handles or telephone receivers.)

11. Communication

Speaking, coughing and sneezing may never take place in
the direction of the critical working area.

12. Jobs When temporarily not working or merely observing at the
Clean Workplace, the staff must move as far away as
possible from the critical area.

13. Handling Interventions in the critical work area must take place in

such a way that neither the hand nor the arm of the staff
comes between the HEPA filter and the object.
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Steps of Validation

User Requirement Specification (URS) by User

Cleanroom and Facility Design by Cleanroom Engineer

Design Qualification (DQ) = Commissioning — Procurement

Installation Qualification (1Q) = Commissioning — Installation and Testing
Operation Qualification (OQ) = Commissioning — Certification
Performance Qualification (PQ) = Compliance to Room Data Sheet
Cleaning Validation

N o g bk b=

“* DQ can be covered in normal design reviews
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Dust filters

l

Dp>»Wpm

Fine

Wum*>ODp>tum

G1-G4

F5-F9

Aerosol

HEPA ULPA
Dp<tym

H11-13 U 1417

EN 1822 Standard
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START
Room Supply & Return or Exhaust Air Flow —No
PASS
Room Differential Pressure Test (Air Movement) —Nr;rj
PASS

l

F

Filter Installation Leak Test —Na—j

PASS

l

5

Recovery Test — N U—II

l

PASS

!

i

Air Flow Visualization Test —Nn‘j

PASS

F

Air Borne Particle Count Test —NU-PT

'

PASS
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Table 9.2 Schedule of tests to demonstrate continuing compliance.

Test Parameter Class Maximum Time
Interval

To demonstrate compliance by <1805 6 months
particle counting

>IS0O5 12 months
Schedule of additional tests
Airflow velocity or volume all classes 12 months
Alr pressure difference all classes 12 months
Schedule of optional tests
Installed filter leakage all classes 24 months*
Airflow visualisation all classes 24 months*
Recovery all classes 24 months*
Containment leakage all classes 24 months*




PIC/S Guide to GMP (PE 009-5 1 August 2006)

Recommended limits for microbial contamination(@
Grade Air sample | Settle plates | Contact plates | Glove print
cfu/m3 (diam. 90 mm) | (diam. 55 mm) | 5 fingers
cfu/4 hours ® cfu/plate cfu/glove
A <1 <1 <1 <1
' N
B 10/ 5 5 5
c Croo | Csoo 25 _
D 200 100 50 -
Notes : (a) These are average values.

(b) Individual settle plates mav be exposed for less than 4 hours.







