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Dipl.-Phys.

AGENDA / SCHEDULE

Partl: ,,Basics / Installation / Construction

A)
a.) Biosafety / Biosecurity 1h
b.) Laws and Regulations 1h
c.) Risk Analysis / Applications 1h
B)
a.) Construction and Design Criteria 1h
b.) Documentation / SOPs / User Manuals 1h
c.) Installations (HVAC and Media) 1h
C)
a.) Laboratory Equipment

(Biosafety Bench, Autoclaves, Washing and Sterilization) 1h
b.) Question / Answers / Control of Success 1h
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Dipl.-Phys.

AGENDA / SCHEDULE

Part Il: Hook Up, Certification , Operation, Maintenance

D)

a.) Microbiological Working in a Laboratory 1h
b.) Maintenance 1h
c.) Qualification / Validation of Operation 1h
E)

a.) Laboratory Operation 1h
b.) Contamination Control 1h
c.) Cleaning and Disinfection 1h
F)

a.) Testing, Certification, Accreditation 1h

b.) Question & Answers / Control of Success 1h
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Dipl.-Phys.

Biosafety AND Biosecurity

Fage 3 of 10

Definitions

& Laboratory biosafety': containment
principles, technologies, and practices
iImplemented to prevent unintentional
exposure to pathogens and toxins, or
their unintentional release

% Laboratory biosecurity’: protection,
control and accountability for valuable
biological materials within laboratories,
In order to prevent their unauthorized

access, loss, theft, misuse, diversion, or o
Intentional release

Eliorsk management

Labaratory biosecunty
guidance

ey
H:

M

b

]
il

'L aboratory biosafety manual, Third edition (WHQ, 2004)
“Biorisk management Laboratory biosecurity guidance (WHQ, 2006)

[t i
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Dipl.-Phys.

Hazard, Threat, and Risk WHO

Fage 13 of ¢

Hazard, Threat, and Risk

& Ahazard is a source or object that can cause harm

& |n security terms, a threat Is associated with a
person who has intent to cause harm to other
people, animals, or the institution

& Arisk can be based on either a hazard, or a hazard
and a threat

Abteilung:  11.08.2016
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Risk, Likelihood, and Consequences WH

Risk, Likelihood, and Consequences

2 Risk is the likelihood of an event with a hazard (or a
hazard and threat) that has consequences

2 Likelihood is the probability an event occurring

g Consequences is the severity of an event

SV -WHO



Dipl.-Phys.

Mitigation Measures

Mitigation Control Measures

& Engineering Controls: Physical changes to work
stations, equipment, materials, production facilities, or
any other relevant aspect of the work environment
that reduce or prevent exposure to hazards

& Administrative Controls: Policies, standards and
guidelines used to control risks

& Practices and Procedures: Processes and activities
that have been shown In practice to be effective in
reducing risks

& Personal Protective Equipment: Devices worn by the
worker to protect against hazards in the laboratory

SV - WHO Abteilng: ~ 11.08.2016 7



Mitigations Measures I

Advantages/Disadvantages

Control Measure Advantages Disadvantages

Engineering Efficient,
eliminates hazard
Administrative Authority approach
Practices & SOP based
Procedures (standardized
approach)
FPPE Ease of use, relative
cost

SV -WHO

Cost,
complexity

Indirect approach,
primarily addresses the
human factor

Training and
supervision
requirements

Does not eliminate
hazard, PPE fails
exposure happens,
uncomfortable, limits
ability

Dipl.-Phys.
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Dipl.-Phys.

Mitigation Performance WHO

Fafe 4 o1 «

Performance

Performance is the way In which someone or
something functions

Performance Is the result of all the efforts of a
company or organization

Performance improves biorisk management: you know

that your system works and Is sustainable, and that
the risk Is acceptable

SV - WHO Abteilung: ~ 11.08.2016



Prof. Dr. Horst Weilksieker

. . - . (la
WHO Risk ldentification

Bffentlich bestellter und

vereidigter Sachverstdndiger
fir Reinraumtechnik

FPage 13 of

Identification of Biorisks

|dentification of
Biorisks

Blosafety Risk Blosecurlty Risk
Assessment Assessment
\ /
Biosafety Risk Biosecurity Risk
Mitigation Mitigation
A N . sy

Performance
Measures
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BSL Laboratories

Regulatory Environment and User Requirement
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Bacteria Archaea Eukarya

Euryarchaeota
Purple bactena it Melhanog:cl?ear?fr:am’:?alophnIes A
| ram-positive Mot anococcUs Sikne Fungi
Cyeenecis Chlamydiae  Thermococcus ;7:332- molds
Crenarchaeota Entamoebae e
: Thermoproteus Ciliates
Flavobactena Pyrodictium
Spirochetes Deinococci Flagellates
Green nonsulfur Trichomonads
Themmixogelon SR Microsporidia

Aquifex Diplomonads

Tree of Life
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N |
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Length Scales
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TABLE 1
Airthorne Respiratory Pathogens—5Sizes and Dimensions
ATRBORNE FATHO GEN | AVG DILWIDTH LENGTH AR | EQUIV Lr;oml_i%zﬂ LN
DI WMIN LAY WMIN LAY TANE STDEV

[Pz crias Ei19 00z nols 002 1 0,022 0,074
[Fhiominus 0105 0018 003 1 0,022 0082
Coswackierius 0025 0.02 003 1 0.024 0.081
[ bowrin: 0025 0.02 003 1 0,024 0.081
[Bavtan ine 006 0.03 007 1 0.059 0.067
[Texgrm s 006 0.05 0073 1 0.061 0.081
[Feeins (1] 0.07 0073 1 0.072 0014
lademorins 008 0.07 009 1 008 0,030 4273
Ot arine 0l 0.08 0.12 1 0.0 0.081 : H : : : .
—— o T T s ! TR T F|Itrat|_on of Alrbor|_1e _Mlcroorganlsm S:
[ric ela-zoster 015 0l 02 1 014 0.1 Modeling and Prediction
L eramirus 018 0.03 03 1 012 033®
[Pt ise T pabrends 0.19 0.08 03 02 07 24 013 0.15 0,264
Mfcah llirine: 02 0l 03 1 0.17 0.2
[Respimat oy Syrucytial Vinus 022 0.14 1k 1 020 0.152 \;iw.;e’:i:am‘l;:(isml:ﬂ',spf m‘;ﬂ,ﬂ:};ﬂ"ﬂﬂh, PhOD.,PE. T. 5. Whittam, Ph.D.
[Pt etz 023 0.15 03 1 021 0,13
[Postr irus - Vaccinia 023 02 025 0.25 03 12 008 021 0,045
[Dcoplasma prevm orie 023 0.15 03 1 021 0.137
[P g o s 023 0.15 031 1 022 0,143
[Bordets In pertussis 025 02 03 05 1 3 021 024 0.081
b widia prenm e 03 02 04 1 028 0,13
Chbm i peitaci 03 02 04 1 028 0,139
[Edsbe el prvenm o e 04 03 0.5 1 039 0,102
B em opibiby 2flnenme 043 02 03 1 15 3 043 035 0.081 .
Coodelh burretii 05 045 053 1 050 0.040 .':'SHFL':'.ETEII'IE'EE"IS HESEH':h
[Peeiidom et Rem1giosy 057 03 0a 1 3 i 057 051 0,209
[Peerdom oz peendomallei 057 03 iE] 1 3 36 057 051 0.209
lctinam e = kTelii i 02 1 2 5 54 1 090 0183
[Le gioae Ia prum opbila 06 03 08 2 2 33 057 072 0,081
Therm om crospor Tridi 06 03 09 04 15 18 030 052 023
CardighactsThm, 063 05 075 1 3 32 057 063 0,107
Miropo yeporafa i 069 0.66 072 1 07 0.017
Therm oactiwmeyces sacchari ik} 04 iE] 1 3 29 057 072 0.071
e obacterim avensii 071 02 06 1 4 63 07l 057 0.277
laTalizenes 075 05 1 05 16 21 044 071 0,13
[ iin pestic 073 05 1 1 2 2 043 071 0,13
[Poerrdom ozms ma Dlei 077 03 iE] 14 4 49 077 0567 0210
[ decerin mepdrgiidic 0a 04 1 1 077 0,102
[Birephocoo0ls FrogEtes 0.s 05 1 1 077 0.102
Dy oba cterim. tuberoalesis 086 02 06 1 5 75 086 064 03
Paplrlococos ames 08 0a 1 1 089 0,043
Bireptocoools Prem e 0. 0s 1 1 039 0.045
Corguehacteriy dipbtheria 1 03 04 1 [ 64 10 072 0.543
[ em opibibas parn ¥ huervmas 1 0.75 125 1 047 0,102

https://www.engr.psu.edu/ae/faculty/bahnfleth/filtration_of airborne_microorg.pdf
SV - WHO Abteilung: 11082016 15
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TAELE 1[CONTINUED)
Aithorne Respiratory Pathogens—5Sizes and Dimensions

ATREORNEFATHO GEN | AVE DIAAVIDTH LENGTH AR | EQUIV [LOGMEAN| LN TABLE 3
Dia | WM | MAX [ MIN [ MAX A [DIAMETER STDEV Shape and Aspect Ratios of Microorganisms
[Forzeell hometa 1 0z 12 5 B 23 | 06t 098 0051 Ehm T'."F“ Description 0]
Mificrom crospar fasrd 1 0s 15 1 0ar 02
[T on i yoes T L o3 Lo . 0 p2n % Tegaahadral | Al reepiratory viroses, whether loosahedral
Eacilhe mifhrw i 113 1 125 1 112 0045 ar Beliesl, are 56 moch amaller than filer Mbers i
ocar din astaroides 114 1 125 3 5 36 114 119 0071 . Helieal that they can be comsblered spherical
[trcota cterim arim 12 1075 | 1325 1 Lle 004z m for iltration culemintions,
Itfirccba cterim #race Ihilare 12 1075 | 0328 1 12 0042 - -
lic it bacter 125 1 15 15 25 16 | 07 122 0081 O Spherical ﬁr:::;'!.nh anid e agp 15 1
Moraceelh catarrhalic 125 1 15 2 3 2 071 122 0081
erratiam arcescens 125 1 15 2 3 32 114 131 0107
bocardia brasitinci 15 1 2 1 141 [RE] (::j Owadd Some bacteria and spores are cwodd, 1-3
IFocar dia camrine 15 1 2 1 141 013
[Ptlophora qop. 15 120 18 3 4 FE; 10 15 0081
MOC}EL:?M 2 1 3 1 17 n2m i ] Rods Bagterin olassed ns baolill are rod-shaped, 1-10
|icrem omim ep. a5 2 3 4 3 2 143 24 0081
:;Epi:?:ﬁm ; :: ; 2 : 112 1 22 E;i (::'C:I Diplo-cocci | Cermaln bacteria normally efour in pairs. i1-3
m}:j;m 2 225 345 : : 113 L4 is g;z Bame heeleria ootar la slrings |Le. dbeeplo-
- : ICW Streplo-coctil cooous) but are kely to break up on Impact HA
[Fin ericelh nitubns 325 3 35 1 32 0031 writh fiter fAbars
[P a o p. 325 25 4 & 10 25 | 228 32 005
[Percic 1t pp. i3 28 iz 3 4 11 1.0 i3 0061 Soma la necur &n il.m, mtaphyla-
|sspergilbie spp. 5 a5 45 1 T4 011 Staphylo-eoced| coceus) but are likely U break up én Bmpact HA
L6 21 ¢ crym bifers 373 23 3 1 35 T¥E] with Miter Mare.
Coccidioides fmm iz 4 2 ] 1 3.5 0z l,ﬂl' 1
[Michoderma . 41 35 [ 1 +0 045 o E\._- Flagells Some hactaris have fageiia, snshling motiiity. | NA&
[Fhisrmucar pasihs 425 35 5 1 42 0071
liamre chasidhm pulhabme 5 4 & ) 12 2 285 45 0081 Some hacteria have hydrophoble capsules
Chastan im globosum 55 18 53 59 68 | 12 | 181 53 0051 o Capsule that can be ahed or reg pending 1-3
Cryptacocons necfamms 53 3 5 1 55 e ;:;h* *I“""::.“;i: Ty
& mdern uce alime a
mﬂt;m ::: :; Gf : :j: gﬂi O Slime layer | in nl:ll:l‘rt:l:ln to capswles that can be ghed 1-3
[ copulariopeis p. & 5 7 5 g 11 155 59 0067 HRanyrew
Ppaotiri schancki 65 5 g n a0 3 428 6.3 0% Aerosslized deeplets, typleally 20- 1 mbsrons,
R — 7 B 9 7 1* 15 | 299 57 018 Droplets may oomtain numersus micmobas and ather
Tbacorphm bere 75 3 0 1 71 FE] - . particles. These evaparate bo condesmation 1-%
T - 1 o0 O ) | proplet  |muiel that may contatn evern ianie misunes
CTadospaim opp. o g e 1 81 1oL o Rusled with Elbar Hbers,
[Frim op. 15 9 14 1 112 onss
[E In iithosporim 125 75 85 275 60 34 | LAt 116 0.1%
[Elactomeyces derm at tidic 14 ] a0 1 126 015
[Fhodaturala spp. 14 12 16 1 139 005
[idteraria a kemata 144 7 18 1z EH) 4 1439 129 0244
[acladim spp. 15 0 a0 1 141 013
[Porac occ dinides braslionsis | 1825 65 0 1 140 0306
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Figure 8 Difference in predicted filter penetration by the size distribution method over predictions based onaverage diameter.

SV -WHO
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Figure 9 The most penetrating microorganisms: HEPA 90.9% filter, sigle pass.
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Arverage Diameter, microns

1dd

Conventional Yacuum
Filtration Limit
About B Microns
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BACTERIA fremeney viakadrrod

'c'iu::'f::”" %ﬂ-:"'"j 0.3 Microns
""‘ * HEFPA
. Filtration Limit
@
] a o Y

MOTE: Arcar of <ircler

Adapted from “Airhorne Respiratory Diseases and
Mechanical Systems for Control of Microbes™,

reprerent diamekerr.

W, .J. Kowalski, P.E. and William Bahnfleth, PhD, P.E.
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vereid v
fir Reinraumtechnik

100 pm 1nm 10nm 100 nm {um 10 um 100 um 1mm

l | 1_14111![! e | 1um| il Ml uuul 111 uun! 111 uuul L1 uuu! L1 uuul
Y o

N—— \.-—Jﬁ,—J N | VI \

-

§

L
2D -
5\ A

§§ > -
N
SO0 9009
AL

SV - WHO Abteilung: ~ 11.08.2016

20



Dipl.-Phys.

Organism

/\eaeMWpability of

to reproduce or to transfer genetic material

and to transfer
genetic| material

v

Micro-organism

/\
_ _ . . . Infecting
Bacteria Fungi Phages Virus  Plasmids Prions Nuclein Acids
ﬁ ﬁ & Risk Classification: 1 low, 4 high
2359 686 18 80 9 14 232 69 16

Numbers of SpeC|es for the Individual Groups of Risk (partially 3 to 10 CFUs are sufficient
for an infection!)

Gentechnikgesetz
SV-WHO 21



Dipl.-Phys.

Cleanliness Classes ISO 1 -9 Containment, by definition, is
the action of preventing a
hostile force from expanding

into other areas.

Grade A-D (E, F)

S1-S4,L1-L4

lan Pearson

HIGH CONTAINMENT:

- Containment Classification
- Containment Concepts
- Integration of the Technical Solution

SV - WHO 2



Dipl.-Phys.
Prof. Dr. Horst Weilksieker

vereidigter Sachverstdndiger
fir Reinraumtechnik

Hazard
& Risk
Analysis

Umwelt-
gefahrlich
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High Containment Classification:

* Particle / Aerosols - Cleanliness Classes as Number and Mass
Concentrations

* Physical / Chemical - Airborne Molecular Contamination
as Mass Concentrations

* Protection of Personnel - NOEL / Personnel Protection Factor

* Protection of Product - Product Protection Factor

= GMP Good Manufacturing Practice
= GCP Good Clinical Practice

= GLP Good Laboratory Practice

= GDP Good Distribution Practice

= GSP Good Storage Practice

= GEP Good Engineering Practice

SV -WHO 2%
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Regulatory Environment -

Fage 15 of

Laboratory Biorisk Management Standard

2 CWA 15793:2008
£ Management system

& Consistent with other international standards such
as |1SO 9001/14001 and OHSAS 18001

& Performance based

& Voluntary
2 PDCA based

SV -WHO
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Regulatory Environment

» European Good Laboratory Practice GLP 88/320/EWG

* ENV/IM/MONO(2005)5, AN INTRODUCTION TO THE BIOSAFETY
CONSENSUS DOCUMENTS OF OECD’S WORKING
GROUP FOR HARMONISATION IN BIOTECHNOLOGY
(ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT)
and related OECD GLP documents

 WHO Laboratory biosafety manual, Third edition, 2004

* Primary Containment for Biohazards: Selection, Installation and Use
of Biological Safety Cabinets, 2nd Edition, U.S. Department of Health and
Human Services, Public Health Service Centers for Disease Control
and Prevention and National Institutes of Health, September 2000

* Biosafety in Microbiological and Biomedical Laboratories,U.S. Department
of Health and Human Services Public Health Service Centers for Disease Control
and Prevention and National Institutes of Health, Fourth Edition April 1999

« Antimicrobial Resistance Surveillance - Assessment Tool for National Networks
— DRAFT, WHO 2001

« CWA 15793

« CWA 16393

SV - WHO 2%
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Regulatory Environment Part II:

« Aide mémoire Bio- und Gentechnologie, Aide mémoire 071210BN, 2004
ZL.G, Germany

* Verordnung uber Sicherheit und Gesundheitsschutz bei Tatigkeiten mit
biologischen Arbeitsstoffen (Biostoffverordnung - BioStoffV)*, 2003

« TRBA 100, Schutzmal3nahmen flr gezielte und nicht gezielte Tatigkeiten
mit biologischen Arbeitsstoffen in Laboratorien, 2002

« TRBA 105, Sicherheitsmalinahmen bei Tatigkeiten mit biologischen
Arbeitsstoffen Risikogruppe 3**, 2000, see also Anhang Ill der Richtlinie
90/679/EWG

VDI 6300, Draft, 2006, Gentechnische Arbeiten in geschlossenen Systemen,;
Leitfaden zum sicheren Betrieb gentechnischer Anlagen

« DINEN 12128, Laboratorien fur Forschung, Entwicklung und Analyse,
Sicherheitsstufen ..., 1998

« BG-Chemie Merkblatt B 002: "Ausstattung und organisatorische MalRnahmen:

Laboratorien
SV-WHO 27



Regulatory Environment Part Il

CWA 15793:2008

Fage 17 of 28

Examples of topics covered:

g e e Y8 8

SV -WHO

Biorisk Management Policy

Hazard identification, risk assessment and risk control

Roles, responsibilities and authorities
Training, awareness and competence
Operational control

Emergency response and contingency plans
Inventory monitoring and control

Accident and incident investigation
Inspection and audit

Biorisk management review

SR 16T

Dipl.-Phys.
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l (r
WHO Systematic Approach T

fir Reinraumtechnik

Page 21 of

Systematic Approach

SV - WHO Abteilung: ~ 11.08.2016 29



Biorisk Managment

Biorisk Management =
Assessment, Mitigation, Performance

Risk identification Elimination or Substitution Conftrol
Hazard/threat identification Engineering Controls Assurance
Likelihood evaluation Administrative Control Improvement
Consequences evaluation Practices and Procedures
Personal Protective Equipment

CWA 15793:2011

Abteilung:  11.08.2016 30




( _ Initialize )

Risk Evaluation
Identify Risks

Risk Analysis -

Risk Evaluation

isk Contro No
Risk Minimization

Risk Acceptance

Risk Management Tools - HACCP

I isk Evaluatio
Risk Communication Yes B carands
Risk Communicatioh -

Results of \ _ /
CBisk Management Process \’IQUGI}r

SV -WHO 31




Dipl.-Phys.

Prof. Dr. Horst Weilksieker

WHO Risk Analysis Approach

Page 13 of 27

Scenario A (Pablo) - biosafety

Biosafety Risk of Direct Exposure to Individuals in the Laboratory and to the
Communi
4.00 ty
3.40 A WInhalation Risk to Ind
EFercutaneous Risk tolnd
2.00 4 mContact Risk to Ind
Eingestion Risktalnd
250 & Inhalation Risk to Community
Percutaneous Risk to Community

2 Contact Risk to Comrmunity
2200 -
E # Ingestion Risk to Community
=

1.50 1

|
1.00 1 I
[ ]
060 -
0.00 : : : : : : :
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Consequences

SV - WHO Abteilng: ~ 11.08.2016 32
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Table 2. Relation of risk groups to biosafety levels, practices and equipment

RISK  BIOSAFETY LABORATORY LABORATORY SAFETY
GROUP LEVEL TYPE PRACTICES EQUIPMENT
i Basic — Basic teaching, GMT None; open bench
Biosafety research work
Level 1
2 Basic — Primary health GMT plus protective  Open bench plus BSC
Biosafety services; diagnostic  clothing, biohazard  for potential aerosols WHO
Level 2 services, research sign Laboratory
3 Containment — Special diagnostic As Level 2 plus BSC and/or other Biosafety
Biosafety services, research special clothing, primary devices for all Manual
Level 3 controlled access, activities

directional airflow

4 Maximum Dangerous pathogen As Level 3 plus Class |1l BSC, or
containment — units airlock entry, shower positive pressure suits
Biosafety exit, special waste in conjunction with
Level 4 disposal Class |l BSCs, double-

ended autoclave
(through the wall),
filtered air

BSC, biological safety cabinet; GMT, good microbiological techniques (see Part IV of this manual)
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Table 3. Summary of biosafety level requirements

Dipl.-Phys.
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BIOSAFETY LEVEL
1 2 3 4

Isolation® of laboratory No No Yes Yes
Room sealable for decontamination No No Yes Yes
Ventilation:

— inward airflow No Desirable  Yes Yes

— controlled ventilating system No Desirable  Yes Yes WHO

— HEPA-filtered air exhaust No No Yes/No® Yes Laboratory
Double-door entry No No Yes Yes Biosafety
Airlock No No No Yes
Airlock with shower No No No Yes Manual
Anteroom No No Yes —
Anteroom with shower No No Yes/No® No
Effluent treatment No No Yes/No® Yes
Autoclave:

— on site No Desirable  Yes Yes

— in laboratory room No No Desirable  Yes

— double-ended No No Desirable  Yes
Biological safety cabinets No Desirable  Yes Yes
Personnel safety monitoring capability? No No Desirable  Yes

* Environmental and functional isolation from general traffic.

b Dependent on location of exhaust (see Chapter 4).

¢ Dependent on agent(s) used in the laboratory.

4 For example, window, closed-circuit television, two-way communication.

SV -WHO %



SV -WHO

oy

2

BIOHAZARD

ADMITTANCE TO AUTHORIZED PERSONNEL ONLY

FAFD OHM

Biosafely Level:

Responsible Investigator:

In case of emergency call:

Daytime phone: _____Home phone: _

Authorization for entrance must be obtained from
the Responsible Investigator named above.

Dipl.-Phys.

Prof. Dr. Horst Weilksieker

WHO
Laboratory
Biosafety
Manual
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Figure 4. A typical Biosafety Level 3 laboratory
(graphics kindly provided by CUH2A, Princeton, NJ, USA). The laboratory is separated
from general traffic flow and accessed through an anteroom (double door entry or
basic laboratory — Biosafety Level 2) or an airlock. An autoclave is available within the
facility for decontamination of wastes prior to disposal. A sink with hands-free operation
is available. Inward directional airflow is established and all work with infectious
materials is conducted within a biological safety cabinet.

Dipl.-Phys.

Prof. Dr. Horst Weilksieker

WHO
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Biosafety
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mg/m?3
------ OEL Acetylsalicylsaure
10° === MAK DDT )._ECL Kortison
10"'—t=zz2_ECL Kokain J---("MAK Phosgen
..2_ ______ v
L e piwem: MAK Silbersalze (als A | __(OEL Vitamin D;J
105 TRK Benzopyren
------ OEL Trenbolonacetat (Manner)
104
------ OEL Trenbolonacetat (Frauen)
105" OEL Protease
............................ OEL Amylase
106—+4----- Tritium
.7_ ______ 1
L o 5. [.'3.!9.‘.‘39.'.".’.“..1-4 TRK Dibenzodioxine

Occupational Exposure Limits for Some Drug Substances and

SV -WHO Hazardous Material, VDI 2083
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Safety: Protection of Personnel / Environment

For the determination of the maximum exposure levels the following aspects
should be regarded:

« identity of the compound (analogy with known or similar materiel)

* physical and chemical compound data

» toxicological data: acute or chronic toxicity, carcinogenic,
mutagenic, reproduction toxicity)

* pharmacologic properties: function, pharmaco-dynamic,
pharmaco-kinetic, secondary and side effects

« epidemic data, experience

* sensitizing properties

« individual compatibility and group of risk

* infecting properties
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Emission Personnel Protection Factor

Immission

Barrier

O

Product Area Environment/
Operator Area

J

Personnel Protection Factor =

[
[

)

SV -WHO

Dipl.-Phys.

Prof. Dr. Horst Weilksieker




Dipl.-Phys.

NOEL.: No Observed Effect Level

NOEL
Exposere Level =

Respiratory Volume/8 h Shift (10 m3) x S

S: Safety Factor

LOEL: Lowest Observed Effect Level

MAK:  Maximum Allowable Concentration
TRK: Technical Concentration Limits
OEL:  Occupational Exposure Limit

PIR: Pharma-internal Concentration Limit
STEL: Short Term Exposure Limit

ECL: Exposure Control Limit

SV -WHO 40



Technical Solutions for the Containment Levels

Low Turbulent Displacement Flow

LF: Laminar Flow

Expositionsgrenzwerte in mg/m?3

10" 10° 10" 102 102 10% 10° 10° 107

Turbulente Mischliftung
— T P
Luftschleier

LF (Vertikalstrom)

LF (Horizontalstrom)
Sicherheitswerkbank Kil.2
LF & Luftschleier

Isolator (man.)

| Isolator (fremdbedient)

Protection Systems and Applications, VDI 2083, Part 16




xpositionsgrenzwerte in mg/m?

10" 10° 107 107 107 10* 10° 10¢ 107

SV -WHO
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Concepts for Protection / Contamination Control

Max. Exposure Limits in mg/ms3

10" 10° 10" 102 102 10* 10° 10° 107
I 1 ; 1 L | ] ] |

Barrier Systems

Safety Benches
Class 2u. 3

Isolators
(manuell and
automatic)
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Safety Cabinets

il

| [:: __‘—\—\_._\_\_

==

l
t o7 L ¢
Sm— — ; 'A"‘l-\.‘
|2 b
&
8
£
front view side view
room air
[ ] potentially contaminated air WHO BSM

(] HEPA-filtered air

Figure 8. Schemalic diagram of a Class [IB1 biological safely cabinei.
A, front opening; B, sash: C, exhaust HEPA filter; D, supply HEPA filter; E, negative-
pressure exhaust plenum; F, blower; G, HEPA filter for supply air. Gonnection of the
cabinet exhaust to the building exhaust air system is required.

SV -WHO 3



Table 9 Differences between Class |, If and Ilf biological safety cabinets (BSCs)

BiSG FACGE VELOCITY {m/s) AIRFLOW (%) EXHALST &YSTEM

RECIRCLLATED EXHALSTED

Class |2 .36 (] 100 Hard duct

Class A1 0.38-0.51 70 a0 Exhaust to room or thimble
connection

Class A2 .51 70 30 Exhaust to room or thimble

vented to the connection

outsides

Class 11B12 .51 a0 Fill Hard duct

Class [1B22 0.51 ( 100 Hard duct

Class |12 MA ( 100 Hard duct

MNA, not applicable. _ _ _
* All biologically contaminated ducts are under negative pressure or are surrounded by negative pressure
ducts and plenums.

Source WHO BSM
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G’EE D ki

TR B 7
[[ Ny S j
.=

E
F = A
front view side view % Source WHO BSM
room air

[ ] potentially contaminated air
[_] HEPA-filtered air

Figure 9. Schematic representation of a Class Il biological safety cabinet (glove box).
A, glove ports for arm-length gloves; B, sash; C, double-exhaust HEPA filters;
D, supply HEPA filter; E, double-ended autoclave or pass-through box; £ chemical
dunk tank. Connection of the cabinet exhaust to an independent building exhaust air
system is required.
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Parallel Engineering and Validation/Qualification

System Advice Validation Advise I
L» L. Validation Master Plan I
BN Project Planning || Risk Analysis / DQ I

- . - o
- - s

~ I - ¢
PQ Assisstence I

I After-Sales-Service Re-VaIidationI
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BSL Laboratory Certification

ldeas from WHO and Capabilities of Certifiers
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Comments:

* There is no international certification board for BSL laboratories.

 Looking onto the following slides there are potential certification
organization for model 1 and 2 from WHO due to our services and
capabilities

* BV is highly specialized in the field of
contamination control

BV fulfills all requirements for a certification organization
as defined and presented below.

SV -WHO
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@i

Regional Office for South-East Asia

Health Systems Commonly Asked Questions:

2. Accreditation:

A formal process by which a recognized, usually NGO body assesses and
recognizes that a health care organization meets applicable pre-determined and
published standards. Accreditation standards are usually regarded as optimal and
achievable, and are designed to encourage continuous improvement efforts within
accredited organizations. An accreditation decision about a specific health care
organization is made following a periodic on-site evaluation by a team of peer
review, typically conducted every two to three years. Accreditation is often a
voluntary process in which organizations choose to participate, rather than one
required by law and regulation. (USAID, QA Project, 1999)
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Health Systems Commonly Asked Questions:

3. Certification:

IS a process by which an authorized body, either a governmental or non-
governmental organization, evaluates and recognizes either an individual or an
organization as meeting pre-determined requirements and criteria. Although the
terms accreditation and certification are often used interchangeably, accreditation
usually applies only to organizations, while certification may apply to individuals as
well as to organizations.

When applied to individual practitioners, certification usually implies that the
individual has received additional education and training, and demonstrated
competence in a specialty area beyond the minimum requirements set for
licensure. An example of such a certification process is a physician who receives
certification by a professional specialty board in the practice of obstetrics. When
applied to an organization, or part of an organization, such as the laboratory,
certification usually implies that the organization has additional services,
technology or capacity beyond those found in similar organizations. (USAID QA
Project, 1999)
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Laboratory Biosafety and Biosecurity
7-8 April 2005, REDI Centre, Singapore

Nicoletta Previsani

Biosafety

Department of Communicable Disease
Surveillance and Response

WORLD HEALTH ORGANIZATION “3) Source
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WHO Laboratory Biosafety Manual

Biosafety:

To promote the use of safe

practices in the handling of

pathogenic microorganisms
*in the laboratory
*during transpaortation
*In field investigations

» Laboratory Biosafety Manual,
3rd edition

- lab commissioning and certification
- |lab biosecurity concepts

*In manufacturing facilities
*In health-care facilities
&
®
1983 | —— st
1993 o
: 2003
- translated into F, S, P, Ch, Ru

- available on web, CD-Rom, hard copies

SV -WHO

WORLD HEALTH ORGANIZATION
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Model 1 for potential BSL Laboratory Certification System

Players in an ISO Management System

Fimrofaesm
Cvgoriaiod i
':lmqlm

Makes the Rules

Harmonised World-wide
Interpretation of the Rules

Enforces the Quality of
the Checker of the Rules

/ 'ti Checks the
_, DR Implementation of the
' Rules

Implements the Rules
i.e. the laboratories

SV -WHO



Model 2 for potential BSL Laboratory Certification System

Potential Players in a Laboratory Biosafety
& Biosecurity Certification System

Produces guidelines {i.e.
Laboratory Safety Manual)

Produces standard based upon
Laboratory Safety Manual {(e.qg.
EBESA, ABSA, UN, others?)

Ensures certification bodies
conduct assessments effectively
(ABSA, EBSA, others?)

Checks the Implementation of
the Rules (e.g. DNV and other

Implements the rules (i.e.
laboratories)
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Background to ISO 14698

Tony Harrison

Life Sciences Manager
Pharmagraph

tony.harrison@pharmagraph.co.uk
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— |SO as part of GMP
— Evidence of link between people and contamination

— Holistic view of changes affecting GMP
« USP<1116> new draft
« |SO 14644 removal of 5 micron at ISO Class 5
« [SO 21501 method for air particle counter calibration
* |SO 14698 biocontamination in cleanrooms

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 57



|ISO standards
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ISO = International Organisation for Standardisation
ISO made up of 161 countries world-wide

|ISO standards are consensus documents, with agreement from
>75% of member countries

ISO documents are typically adopted by member countries as
their national standard

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 58
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150 14044 Tp—

« Regulators inspect to GMP, which defines target cleanliness levels

« But GMP does not tell you the procedure to follow to classify your
cleanrooms

« EU GMP & CGMP call up ISO 14644 for the methodology

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 59
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ISO and BSI /

SV -WHO

ISO TC 209
Cleanrooms

WG 01
ISO 14644

Airborne Particulates

WG 02
ISO 14698
Biocontamination

BSI
LBI/30
Cleanrooms

Technical Panel
ISO 14698
(ISO 14644)

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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— Evidence of link between people and contamination

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Concept of airborne viable counts vs. settle plate & produ

Safety Cabinet

HEPA filter
delivering laminar

air at 0.45 m/s -

\

¥~> Im

A
v

0.45m
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Concept of airborne viable counts vs. settle plate & product ri

Dipl.-Phys.
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Particle with
downward motion

Safety Cabinet

of
0.4 m/s

\

"

Particle will be

blown out of the

cabinet before it

reaches the

bottom
1m /

SV -WHO

A

0.45m

v
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Concept of airborne viable counts vs. settle plate & productr

Bigger, heavier Safety Cabinet
particle with
downward motion N
of L‘
1 m/s \ //)T \ :  Particle will
| \ 3 impact on work
\/ | AN ) area
I A Y
: " _ 1m ‘
| "y j
' \ _
[ \ ! L
| \ ~
I ‘Q ‘V//
| v
0.45m
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Concept of airborne viable counts vs. settle plate & product ri

This air system will
tolerate a certain level
of airborne
contamination before
some falls out into the
work area

Settle plate give
picture of performa
of system vs airborne
contamination
challenge — true
indicator of what may
be falling into your

product

Dipl.-Phys.
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Safety Cabinet

Particles will be
blown out of the
cabinet before

SV -WHO

I
| S o they reach the
1 > bottom
: N ~ 1m /
| -~
I ~
j.“\\ : ~ N

[ N * ~
I NG ~
| o~ y X

_

0.45m
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Concept of airborne viable counts vs. settle plate & prot

Table 10. Ratio of 5um counts and RCS counts

Test Number

1 2 3 4 5
Mean particle concentration/m3
@ =20.5um 205.1 987.8 2712.2 | 30972.3 | 117094.2
Mean particle concentration/m?
@ =5.0um 17.0 20.4 378.8 4566.7 10864.0
Mean RCS count (cfu/m?3) 0.0 0.0 735 218.5
Mean settle plate count (cfu) 0.0 0.0 4.7 252
Ratio of mean RCS count (cfu/m3)/
mean non-viable particle
concentration/m® @ =5.0um 0.0000 0.0000 0.0224 0.0161 0.0201
Ratio of mean settle plate count
(cfu)/mean non-viable particle
concentration/m® @ =5.0um 0.0000 0.0000 | 0.0026 | 0.0010 0.0023

SV -WHO
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Microbiological evaluation of clean
rooms and other controlled
environments)

SV -WHO



Draft USP<1116> - Key ltems L

SV -WHO
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Move from numbers of CFU to incidence rates or “contamination
recovery rates”

Settle plates as qualitative indication of air — prefer the use of active
samplers and settle plates are ‘optional’

— “The exposure of open agar-filled Petri dishes, or settling plates, is not to
be used for guantitative estimations of the microbial contamination levels
of critical environments.”

— “Settling plates may be particularly useful in critical areas, where active
sampling could be intrusive and a hazard to the aseptic operation.”

Suggests air particle counting may be sufficient in aseptic core
because microbial sampling during production “may seem unwise”
(contamination risk)

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Draft USP<1116> -Incidence of contaminatio

Dipl.-Phys.

Active air | S5ettle Placte |Contact plate| Glove or
Grade sample (9cm) 4hr or swab garment
Isolator or
Closed RABS | .15 <0.1% <0.1% <0.1%
(IS0 5 or
better)
1505 <1% <1% <1% <1%
150 6 <3% <3% <3% <3%
1507 <5% <5% <5% <5%
1508 <10% <10% <10% <10%

SV -WHO

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Draft USP<1116> - Key Items /

SV -WHO

Dipl.-Phys.

Suggests frequency of monitoring in isolators:
— Active air — once/day
— Surface sampling — at end of each campaign
— Glove sampling — left to users discretion

Zero CFU doesn't indicate sterile, just indicates “below level of
detection”

Can’t differentiate between 1CFU and 10CFU with current techniques

Suggests no practical way to set alert and action levels at very low
levels of contamination

Suggests investigation for ‘significant excursion’, which is defined as
>15CFU for surface, personnel or active air

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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— Holistic view of changes affecting GMP

e |ISO 14644 removal of 5 micron at ISO Class 5

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Classification Standard ISO 14644-1

SV -WHO
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Class Number of Particles per icrometer Size
0.1 pm pm [ 0.3 pm 0.5 pum lpm

ISO1 10 2
ISO 2 100 24 10 4
ISO 3 1,000 237 102 35 8
ISO 4 10,000 2,370 1,020 352 83
ISO5 100,000| 23,700| 10,200 3,520 832 29
ISO 6 1,000,000( 237,000 102,000 35,200 8,320 293
ISO7 352,000 83,200 2,930
ISO 8 3,520,000 832,000 29,300
ISO9 35,200,000( 8,320,000 ;000

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 72



GMP uses a sub-set of ISO 14644-1, e.q. Grade B:

SV -WHO

Dipl.-Phys.

Prof. Dr. Horst Weilksieker

Class

Number of Particles per Cubic Meter by Micrometer Size

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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GMP uses a sub-set of ISO 14644-1, e.q. Grade B:

Class

Dipl.-Phys.
Prof. Dr. Horst Weilksieker

Maximum permitted number of particles per m’ equal to or greater

than the tabulated size

In operation

0.5 pm S.0nm
3520 20

352 000 2 900

3 520 000 29 000

Not defined Not defined

SV -WHO
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— Holistic view of changes affecting GMP

« [SO 21501 method for air particle counter calibration

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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ISO 21501 — ‘the best kept secret’ 5

* Regulators inspect to EU GMP, which calls up 15014644
 New 1S0O14644 refers to 1ISO21501-4

« [SO 21501-4 states — “Instruments that conform to this part of ISO 21501
are used for the classification of air cleanliness in cleanrooms and
associated controlled environments in accordance with ISO 14644-
las well as the measurement of number and size distribution of
particles in various environments”

* Regulators becoming aware because of mention in ISO 14644

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 76
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PurpOse of ISO 21501-4 £

Quote from the ISO 21501 Standard:

“The purpose of ISO 21501 is to provide a

SV -WHO

calibration procedure and verification method for
particle counters, so as to minimize the
Inaccuracy in the measurement result by a

counter, as well as the differences in the results

measured by different instruments.”




SV -WHO

Dipl.-Phys.

— Holistic view of changes affecting GMP

* |ISO 14698 biocontamination in cleanrooms

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Issues with 1ISO 14698:2003 S

« [SO 14698 not in line with 1SO 14644

 No Tables of Classification

* Not up to date with technology advances in Rapid Microbiological
Methods (eg ATP, Bioluminescence)

« Not up to date with Risk Assessment & Risk Management
techniques (eg ICH Q9 QRM)

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 79
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Issues with ISO 14698:2003

« No Check Lists of “Things to Consider”

« Cannot “Monitor a process into Control”

* Not enough clarity on differences, issues and guidance on Aseptic vs Non
Sterile applications

 Not enough guidance on Airborne vs Surface biocontamination risks and
control

 Overall seen as not easy to read & use

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 80



Proposed New Structure for ISO 14698

Tony Harrison

Life Sciences Manager
Pharmagraph

tony.harrison@pharmagraph.co.uk

— S TR—

ISO:
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Preliminary Work Items WG02

From: ISO/TC 209 N 187

Resolutions from ISO/TC 209 Meeting 9-10 November 2007
Résolutions de I'ISO/TC 209 (19°™° réunion, 9 et 10 Novembre 2007)

Resolution 1
ISO/TC 209 resolves that WG 2 commences work on these two documents:

a. Classification of airborne biocontamination in cleanrooms, including methods of
measurement and their validation.

b. Classification of surface biocontamination in cleanrooms, including methods of
measurement and their validation.

At the appropriate time during the development of these documents, the position of ISO 14698
Parts 1 and 2 should be considered, as well as a Risk Management Standard.
(All in favor)
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New document

SV -WHO

Suitable for all industries

Doesn’t contradict existing regulations
Reflects current international thinking

Allows classification by microbiology, enable
uncoupling from airborne particulate classification
where appropriate

Does not impose additional costs without
Improving assurance of product quality

Keep best parts of existing 1ISO 14698
documents
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New document

* Three parts:

1. Establish control requirements
«  What are you trying to achieve
«  What are the important environmental quality attributes

2. Test methods and validation
«  How are you going to measure
' How do you demonstrate measurements are accurate

3. Demonstrating control

What monitoring are you going to carry out to demonstrate
continued control and how to analyse the data captured

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Contrelled Environments — Biocontamination Control

Parts 1, 2 and 3

- » - -
' |
: Relevant topics :
: Introduction |
I Crverview, Scope, systematic scientific approach, importance of QM3 :
! Establish Control Bequirements I
: Establish - Design Space |
| Contral - Product Quality Attributes :
| reguirements - Rizsk Assessment |
: - Direct vs Indirect systems :
1 - Objectionable Species |
: - Critical Control Points i
v - Setting Limits !
D - .

Controlled Environments — Biocontamination Control
Part 1 Establishing Control requirements

e e - * —— e — ———————— -
Fl b
' ‘.
: Relevant topics [
: Choice of test methods |
i Determine Biocontamination of surfaces I
! ¥ Determine airbome Biocontamination :
: Determine Surface Deposition of Biocontamination |
| Test Methods Determine Biocontamination of Raw materials, critical utilities sto !
| Rapid methods of microbial enumeration and identification :
: Qualification, Validation and Verfication of environment, methods and |
| equipment :
: ‘alidation of air samplers |
1 Media, qualification and growth promotion |
! |
I 1
o I n

Contrelled Environments — Biocontamination Control
Part 2 Test Methods

e - e ———————— -
rd A
: Relevant topics :
1 {REMP} routine environmental monitoring plan - Schedules and sampling |
: L J plans :
: Demaonstrate Expr\e?slnn. interpretation and reporting of results :
| control Trending {|:|I|_Js out of l.renl:l I'E.E‘I.Jhﬁ:l i
1 Results outside alert’action limits (CAPA eta) |
1 Alert and action levels I
: Statistics applied to data analysis :
1 Periodic review of data and feedback mechanisms to review limits 1
I'l |'I

- -

SV - WHO Controlled Environments — Biocontamination Control 85
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Controlled Environments — Biocontamination Control
Parts 1, 2and 3

Relevant topics
Introduction
Crverview, Scope, systematic scientific approach, importance of QMS
Establish Control R : :
Establish - Design Space
Confrol - Product Clualty Attnbutes
requirements - Rizsk Assessment
- Direct vs Indirect systems
- Dbjectionable Species
- Critical Control Points
- Setting Limits

T — e — — —— — — — —— — — — —

— e — — — — — — — —— —— — ——— —— ———— ————— ——— ——— ———— —————————— — —

Controlled Environments — Biocontamination Control
Part 1 Establishing Control requirements
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Test Methods

Controlled Environments — Biocontamination Control

Relevant topics
Choice of test methods
Cetermine Biocontamination of surfaces
Determine airbome Biocontamination
Determine Surface Deposition of Biocontamination
Determine Biocontamination of Raw materials, cntcal utilties etc
Rapid methads of microbial enumeration and identification
Qualification, Validaton and Venficaton of environment, methods and
equipment
Validation of air samplers
Media, qualification and growth promotion

Part 2 Test Methods

i
I
I
|
|
I
I
I
|
|
I
I
I
|
|
I
I
I
|
|
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Relevant topics
(REMP)} routine environmental monitoring plan - Schedules and sampling
¥ plans
Diemonstrate Exp-re*.s.Eh:-n. interpretation and reporting of results
control Trending (plus out of trend results)

Resulis cutside alert’action imits (CAPA etc)

Alert and action levels
Statistics applied to data analysis
FPeriodic review of data and feedback mechanisms to review limits

Controlled Environments — Biocontamination Control
Part 3 Demonstrating Control

Dipl.-Phys.
Prof. Dr. Horst Weilksieker
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- Current measurement ‘technologies’

Plates — incubated to grow Colony Forming Units
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Current Techniques Look for “Total Mesophilic’

SV -WHO

Dipl.-Phys.

Total mesophilic = species cultivate at ambient temperatures in
normal atmosphere

Incubate at: 20 to 25°C and 30 to 35°C (roughly equivalent to
ambient and human body temperature)

Ignore thermophiles (between 45 and 80°C)
Ignore anaerobes (some killed by oxygen)

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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nfection
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http://upload.wikimedia.org/wikipedia/commons/6/6a/Necrotizing_fasciitis_left_leg.JPEG

Dipl.-Phys.

2. Issues In very clean spaces

« Below limit of resolution for current technologies

— l.e. 1 cfu recovered may be indicative of contamination of
1cfu or perhaps 10cfu, impossible to accurately and
repeatedly determine

« RIisk of false positives high due to likelihood of accidental
contamination during collection and incubation

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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3. Process/application specific /

* In some cases, all species are considered
harmful

* In some cases there Is ‘background counts’ of cfu
of species considered ‘normal and non-harmful’

* |n some cases, some species are considered
‘objectionable’ and are not tolerated at all
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Surface Cleanliness by Viables

Surface
Contamination
Class (SCV)

SVC, 1
SVC, 2
SVC ,3
SVC, 4
SVC ,5

*Surface Count Sampled Area
Limit (CFU)

<4 1 m?
<40 1 m?
<40 1 cm?
<300 1 cm?
>300 1 cm?

1. *Combined with an appropriate incidence rate

2. 'y is the species of interest

3. Intermediate classes are permitted. For example SVCx 3,5

SV -WHO
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- .r , , (r
Airborne Classification by Viables S

Class *Airborne limit In
Operation
cfu/m?®

ACV, 1 <10”
ACV, 2 < 100
ACV, 3 < 1000
ACV, 4 < 10000

*Combined with an appropriate incidence rate

‘x” is the species of interest
# still under discussion (added error by air collection method)

W N e

Intermediate classes are permitted. For example SVCx 3,5
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— |SO as part of GMP
— Evidence of link between people and contamination

— Holistic view of changes affecting GMP
« USP<1116> new draft
« |SO 14644 removal of 5 micron at ISO Class 5
« [SO 21501 method for air particle counter calibration
* |SO 14698 biocontamination in cleanrooms
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AREAS ADJACENT
to the
CLEANROOM

Adhesive
Mats or Floor;
Entry Methods

! 1
tAir Movement |
Control !

p—————

‘Clothing ! ;
and Y - PEOPLE
UR ; Glove_s_? (from skin,hand

mouth and garments)

\ : =
{
: [P A— o L
L_C_i.eiTE__J\ i Ventilation I;?‘%rn&zgii%
CLEAAN|EOOM Disciplines
n Gloves

Ventilation

.......

/

Sources and routes of particle and microbial contamination in a
cleanroom along with preventative measures

PRODUCTS
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Raw
materials

Containers B
and
packaging

EProducHon?
- method *;
Cleaning or.

filtration

?Producnoné
. method™;
- Cleaning

Process
machinery

movements g

Airborne
dispersion

Machine
design;
. Exhaust
- ventilation; |
. Cleaning

PRODUCT

Ventilation

Dipl.-Phys.

through
operators

Gloves;

§Proceduresf

-

SV -WHO

Sources and routes of control associated with Process Equipment
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(SN
Ya

Assessment of the Importance of Contamination
Hazards

J Possible sources of contamination = routes of
transmission—=> risk assessment

L Risk factors:

JRisk factor A: the amount of contamination on, or in,
the source that is available for transfer

Risk factor B: the ease by which the contamination
IS dispersed or transferred

Risk factor C: the proximity of the source to the
critical point where the product is exposed

dRisk factor D: how easily the contamination can
pass through the control method

SV -WHO
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Risk factors for assessing Contamination Hazards

Amountof  Ease of dispersion,  Proximity from Penetration

contamination  or transfer (B) critical area (C) through control

on, O in, a method (D)

source (A)

0=nil 0=nil 0= outside corridor 0= barrier pro-
tection

0.5=verylow 0.3 =very low 0.5 =air lock

0.3 = very good
control

L =low [ = low | = periphery of [ = good control
cleanroom

[.5=medium 1.5 =medium |.5 = general areaof .3 = some con-
cleanroom trol

2=high 2=high 2= critical area 2=no control

SV -WHO

B Risk rating = A X B X
CxD

B [ ow: a risk rating of
less than 4

B Medium: between 4
and 12

B High: higher than 12
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ID Methods to Control Contamination Hazards
O Identify the contamination hazards

1 Assess the degree of risk
 Select the appropriate method to control the risk(s)

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 102
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ID Methods to Control Contamination Hazards

SV -WHO

d HEPA or ULPA air filters - supply air

 Airborne contamination from areas outside the cleanroom
- air moves from the cleanroom outward

 Contamination from the floors, walls and celling - cleaning

1 People’s mouth, hair, clothing and skin - Cleanroom
garments and gloves

 Contamination from process — equipment design, exhaust
alr systems to draw contamination away, cleaning

1 Raw materials, containers and packaging — non shedding,
manufactured in a cleanroom, double packaged to ensure
contamination free transfer
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Risk Matrix

- Criticality of the occurrence x Frequency of occurrence

A

B Two dimensions

B Conseqguence
B (Impact or severity)

B Likelihood

M (Frequency or
Probability)

B How to use

B Define for a risk:
H |tS consequence
M |ts likelihood

B Read off the risk level

SV - WHO 104
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WHO Risk Appreciation

Page 36 of 57
Risk Appreciation
Biosafety Risk of Direct Exposure to Individuals in the Laboratory and to the Community
Equal Risk Distrubution
4.00
X
3.80 1 B Mitigated Inhalastion Fisk to Ind
# UniViitigated Inkalation Risk to Ind
>< m [Mitigated Percutanecus Risk to Ind
3.00
s« Unmitigated Pereutansous Risk to Ind
m Mitigated Contact Risk toind
280 « UniMitigated Contact Risk tond
m Mitigated Ingestion Risk to Ind
=
g ¢ Uniiitigated Ingestion Risk to Ind
E 2.00 4 + Mitigated Inhalation Risk to Community
- o UnMitigated Inhalation Risk to Cammunity
150 4 Mitigated Percutanecus Fisk to Community
. Unitigated Percutanecus Risk to Community
. + Mitigated Contact Risk to Community
1.00 + Mitigated Ingestion Risk to Community
050
0.00 — : - ; - :
0.00 050 1.00 1.50 2.00 250 3.00 350 4.00
) Consequences
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WHO RiIsk Evaluation

Scenario A (Pablo) - biosecurity

Fage 1

SV -WHO

Likelihood

Biosecurity risk of targeting, successful theft, and malicious release of a
biological agent directed to the human pepulation

4
KA
3
+1/\ith
Lakoratory
35 | Access
mithout
Laboratary
2 4 Access
*
1.5 1
[ |
1 4
IR
D T T T T T T T
n.oo 050 1.00 1.60 2.00 250 3.00 3480 4.00
Conseiuences
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WHO RiIsk Evaluation

Fage 19 ar 2

Scenario B (MDR-TB) - biosafety

Biosafety Risk of Direct Exposure to Individuals in the Laboratory and to the
Community
4.00
2.50 4 mInhalation Risk o Ind
B Percutaneous Risk to Ind
200 4 m Contact Risk to Ind
mIngestion Risk to Ind
550 - @ Inhalation Risk to Community
Percutanecus Risk to Cormnmunity
2 Contact Risk to Community
£ 2.00 4
B @ [ngestion Risk to Community
=
1.50 4
1.00 4 =
0.50 - '
n.oo T T T T T T
0.o0 0.50 1.00 1.50 2.00 2580 3.00 380 4.00
Consequences
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WHO RiIsk Evaluation

Scenario B (MDR-TB) - biosecurity

Fage 146 i

SV -WHO

Likelihood

Biosecurity risk of targeting, successful theft, and malicious release of a
biological agent directed to the human population

4
3.5 4
3 .
#ith
Lakaratary
25 ACCEES
mithaut
Lakaratary
2 4 ACCE s
1.5 4 *
14 [ |
0.5 4
Q.00 0.50 1.00 1.50 2.00 2.50 3.00 3.40 4.00
Consequences
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Page 17 of 27

Scenario C (FMD) - biosafety

Biosafety Risk of Direct Exposure to Animals in the Community
4.00
3.80 A
3.00 #|nhalation Riskto Animal Community
Percutaneous Risk to Animal Community
2,580 4
Contact Risk to Animal Community
3
=]
£ 2.00 1 ®|ngestion Risk to Animal Community
2
-
1.40 4
1.00 4
0.a0 4
noo
3.40 4.00
Consequences
SV-WHO
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WHO RiIsk Evaluation

Fayge 1oL

Scenario C (FMD) - biosecurity

Biosecurity risk of targeting, successful theft, and malicious release of a
hiological agent directed to an animal population
4
3.8
a4
+With
Laharatory
25 | Access
mVithout
T * Laboratory
2 24 Arcess
=
=
—
15 |
1 4
0.5 1
D T T T T T T T
0.0a 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00
Consequences
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SANDIA REPORT

SAMD2003-8070
Unlimited Felease
Printed Dac ember 2009

Strengthening Risk Governance in
Bioscience Laboratories

Jennifer Gaudiosa, Susan A Caskey', Lousnn Burnettt, Erik Heegaard?, Jetfery
Cwens *and Philippe Stroot™

“Intamational Biokgical Threat Paduction Program, Sandia Mational Laboratotias, Abuquargis, M,
LIS,
* Indeperdent conzultant, Frnkin, TH, USh
:Biceecurﬂy' Inztituta, Lynglky, Danmark
DL Ine, Atlanta, G, LS
™ Xbibs Bosafety Conzulling, Brussals, Balgium

Praparad by
Sandia Mational Laboratorias
Rlboquerque, Naw Mesico §7185 and Liverrnorz, Califomia 94550

Sandia is a muliprogram laborstory operated by Sandia Corporation,
a Lockhead WMarin Company, for the United States Deparment of Enargy's
Matioral Muclzar Sacurity Administation undar Contact OE-AC0dadk 55000,

FKpproved for public releass; furher dissarmination unlimited.

http://www.biosecurity.sandia.gov/BioRAM/Biorisk%20Framework%20Report.pdf

rh) Sandia National Laboratories
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What are the benefits of a robust risk
assessment?

RISK ASSESSMENT

SV - WHO Abteilng: ~ 11.08.2016 113
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THE PARENTERAL SOCIETY
and
THE SCOTTISH SOCIETY FOR CONTAMINATION CONTROL

RISK MANAGEMENT OF CONTAMINATION (RMC) DURING
MANUFACTURING OPERATIONS IN CLEANROOMS

Technical Monograph No. 14 ISBN No. 1-905271-12-3

W Whyte, University of Glasgow, Scotland, UK,
and
T Eaton, AstraZeneca, Macclesfield, UK.

®
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Contamination Deposition Method

Pa

Product

Py
-
A/
Contamination deposited on a product
=CxSxPdxPaxAxT
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Contamination Deposited on a Product

=CxSxPyxP xAxT

C = concentration of microbial contamination on or in a source
(number/cm? for surface, or number/cm? for air)

S = gquantity of surface material or air that is dispersed from the source in a
given time (cm?/s for surfaces, or cm?/s for air); also expressed as the
guantity dispersed per frequency of occurrence

P, = proportion of micro-organisms dispersed from the source that are
transferred to the area adjacent to the product

P_ = proportion of micro-organisms in the adjacent area that are deposited
per unit area of the product (cm)

A = area of surface onto which microbes are deposited (cm?)
T =time, during which transfers occurs or frequency of occurrence

SV - WHO 116



Correlation with FMECA

Contamination deposited
= Concentration on contaminating surface (a)

X quantity dispersed and transferred (b)
X quantity deposited (C)
X time (or frequency) (d)

= (@xbxcxd)

FMECARIsk =(ax b xc) x (d)

Criticality of occurrence x frequency of occurrence

SV -WHO
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|dentification of Sources and Routes of
Contamination

d Sources of contamination
1 dirty areas adjacent to the cleanroom
4 unfiltered air supply
 room air
 surfaces
 people
 machines, as they work
 raw materials
 containers
1 packaging

Dipl.-Phys.

Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011
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Airborne and contact routes of transfer

d The two main routes of transfer are airborne and contact

1 Airbone: particles are small; fibres, chips or cuttings fall directly
on to the product

d Contact: machines, containers, packaging, raw materials, gloves,
clothes, etc

SV - WHO Irish Biocontamination Mirror Group Open Day & Workshop - 28th June 2011 119
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Conclusion

We live In Interesting times!
It's good to talk!
Get Involved!
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Expect the Unexpected

next?
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Communlcatlons |s Key .
| ‘ by Mort Walker

BEETLE BAILEY

fiir Reinraumtechnik

OKAY, You
6oT }T ¢

UH...DON'T
LEAVE S0 QUICK

© 1990 by King Features Syrxhcale. INC. WONS ngita fesecveq.

THERE ARE A

COUPLE OF THINGS | .

IM STILL HAZY

il
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Thank You for Your Attention
So Far
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ANSI Standard

fir Reinraumtechnik

AMEVALEE 014 - M1t

ANEFARSE 20 14 — 2004

Testing and Performarnce- Verifioation
Methodologies for Vestilation Systems for
Bicsapety Lavel 1 (BET-3) ard A mal
Fiosapety Level 1 (ABSL-3) Facilities

ANRIARRD 39 14 - 2014

BMERIGAN SOGETY OF
SaFETY EMGBINEERS
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SECB SUISS

 The Swiss Expert Committee for Biosafety (SECB) is an
Independent expert committee which advises the Federal
Council on drawing up laws and ordinances, and the federal and
cantonal authorities on implementing these regulations.

Maintenance handbook for
safety level 2 and 3
laboratories and other
facilities

in accordance with Contain© and PEMO

SV - WHO Abteilung: ~ 11.08.2016 126
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SECB SUISS

ContainO These activities are regulated by the Ordinance on the contained use of organisms
(Containment Ordinance, ContainQ). According to the species or organism, or the class
of activity, laboratories and other facilities must adhere to a particular safety level and
fulfil various safety measures. Switzerland has so far lacked uniform instructions for the
operation and maintenance of these facilities.

PEMO In the event of exposure to microorganisms during maintenance, the Ordinance on

Protection of Employees from Dangerous Microorganisms (PEMO) must also be ob-
served.

3.4 Maintenance and inspection as laid down by the AMEV and the SWKI

AMEY In its current edition of “Wartung 2006”7, the German AMEV (Mechanical and Electrical
Engineering Working Party of National, Regional and Local Authorities) defines the
German terms “Wartung”, “Inspektion” and “Instandhaltung” {(maintenance, inspection
and repair), in conformity with DIN.

SV - WHO Abteilung: ~ 11.08.2016 127
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Health Systems Commonly Asked Questions:

2. Accreditation:

A formal process by which a recognized, usually NGO body assesses and
recognizes that a health care organization meets applicable pre-determined and
published standards. Accreditation standards are usually regarded as optimal and
achievable, and are designed to encourage continuous improvement efforts within
accredited organizations. An accreditation decision about a specific health care
organization is made following a periodic on-site evaluation by a team of peer
review, typically conducted every two to three years. Accreditation is often a
voluntary process in which organizations choose to participate, rather than one
required by law and regulation. (USAID, QA Project, 1999)
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Health Systems Commonly Asked Questions: Jorld Health

|

T
I

Hon
i

3. Certification:

IS a process by which an authorized body, either a governmental or non-
governmental organization, evaluates and recognizes either an individual or an
organization as meeting pre-determined requirements and criteria. Although the
terms accreditation and certification are often used interchangeably, accreditation
usually applies only to organizations, while certification may apply to individuals as
well as to organizations.

When applied to individual practitioners, certification usually implies that the
individual has received additional education and training, and demonstrated
competence in a specialty area beyond the minimum requirements set for
licensure. An example of such a certification process is a physician who receives
certification by a professional specialty board in the practice of obstetrics. When
applied to an organization, or part of an organization, such as the laboratory,
certification usually implies that the organization has additional services,
technology or capacity beyond those found in similar organizations. (USAID QA
Project, 1999)

SV -WHO



Dipl.-Phys.

Prof. Dr. Horst Weilksieker

ABAS Statement

Decision 28/2011 of the ABAS Page 1

Position Paper of the ABAS on the CWA 16335:2011 “Biosafety Professional Competence”
{formerly CEN Worlkshop 53)

Position paper of the Committee for Biological Agents (ABAS) concerning
CWA 16335:2011 “Biosafety professional competence”
(formerly CEN Workshop 53)

Y0411 1= PSPPI 1
Il. General characteristics of CEN Workshop Agreements ... 1
IIl. CWA 16335: Background and cortents ... e 2
IV, European and national legislative context ... 3
a) Existing European and national statutory regulations ... 3
b) Comparison of the statutory regulations with the content of CWA 16335 ............ccc s 4
V. Possible implications of CWWA 18335 ... e e 5
)Y GBNBIAL..... o e e e e e e e 5
D) CartICAtION. ...t e e e e 5
l. Summary

A current demand exists to establish requirements for competency and technical qualification/s
in particular within the scope of the BioStoffy/. It would be desirable to achieve this during revi-
sion of the Biological Agents Ordinance (BioStoffV) orin a subordinate Technical Rule for Bio-
logical Agents (TRBA).

The contents of CWA 16335 could deliver some input for this purpose. CWA 16335 aims at
specifying the professional competence and therefore also the training required for “biosafety
professionals”. The European directives in this area and national regulations such as the Ger-
man Biological Agents Ordinance do not currently contain any detailed requirements concerning
technical qualifications.

However, CWA 16335 specifies an extensive set of responsibilities and tasks focussed on one
person. German law does not provide for such a concentration of tasks. It is also questionable
whether this concentration is in fact reasonable, as it must be doubted that one single person
possesses the experise to cover such a broad catalogue of tasks. The fact that many of the
tasks assigned to the biosafety professional (BSP) are related to health and safety at work may
lead to overlaps with existing regulations in this area. Addressing health and safety aspects in
CEN Workshop Agreements is therefore not generally useful.

CWA 16335 may be useful in countries in which corresponding legal provisions do not yet exist.
The CWA 16335 is not necessary in Germany because a large number of rules and regulations
already exist.
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Decision 28/2011 of the ABAS Page 1

Position Paper of the ABAS on the CWA 16335:2011 "Biosafety Professional Competence”
(formerly CEM YWorkshop 53]

Position paper of the Committee for Biological Agents (ABAS) concerning

CWA 16335:2011 “Biosafety professional competence”
(formerly CEN Workshop 53)

S0 17T = L PSP 1
Il. General characteristics of CEN Workshop Agreements ...........coo e, 1
. CWA 16335: Background and contents ... 2
IV. European and national legislative context ... 3
a) Existing European and national statutory regulations ... 3
b) Comparison of the statutory regulations with the content of CWA 16335 ... 4
V. Possible implications of CUWA 16330 ... e 4]
=) =g = = | P 4]
D) CentifICAEION. ... .o e e s e e e e e e e nns 5
SV - WHO
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Ausschuss fur Biologische Arbeitsstoffe

l. Summary

A current demand exists to establish requirements for competency and technical qualification/s
in particular within the scope of the BioStoffy/. It would be desirable to achieve this during revi-
sion of the Biological Agents Ordinance (BioStoffY) or in a subordinate Technical Rule for Bio-
logical Agents (TRBA).

The contents of CWA 16335 could deliver some input for this purpose. CWA 16335 aims at
specifying the professional competence and therefore also the training required for “biosafety
professionals™. The European directives in this area and national regulations such as the Ger-
man Biological Agents Ordinance do not currently contain any detailed requirements concerning
technical qualifications.

However, CWA 16335 specifies an extensive set of responsibilities and tasks focussed on one
person. German law does not provide for such a concentration of tasks. It is also questionable
whether this concentration is in fact reasonable, as it must be doubted that one single person
possesses the expertise to cover such a broad catalogue of tasks. The fact that many of the
tasks assigned to the biosafety professional (BSP) are related to health and safety at work may
lead to overlaps with existing regulations in this area. Addressing health and safety aspects in
CEN Workshop Agreements is therefore not generally useful.

CWA 16335 may be useful in countries in which corresponding legal provisions do not yet exist.
The CWA 16335 is not necessary in Germany because a large number of rules and regulations
already exist.

SV -WHO
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THE GERMAN VIEW (ABAS) ‘f{:

h) Cerification

As already mentioned, the document is structured in such a way that it could be used as a basis
for future certification. As a result, it increases the significance of certification bodies and other
commercial institutions. Running the required advanced training courses for BSPs and cetifying
and auditing CWA-compliant organisations opens up new business opportunities to these insti-
tutions and serves commercial interests. This might become a problem for small organisations

in particular, as they possess neither the required structures nor the financial means for certifi-
cation.

V. Possible implications of CWA 16333

a) General

As a matter of principle, application of a document such as CWA 16335, which is developed by
a random group of people, is voluntary. Nevertheless, the CWA constitutes an official paper by
CEN, the European standards organisation, and can therefore easily be confused with a stan-
dard. A CWA can become binding in cases where regulations, legal acts or directives make
reference to the CWA as constituting the “state of the art in Europe”, or where its contents are
incorporated into revisions of such provisions, as was the case for example with the GMP
guidelines for the manufacture of medicinal products®, which also governs personnel and man-
agement aspects, or as is theoretically conceivable for the revision of the Biological Agents Or-
dinance (BioStoffY). An example of a reference to a (different) CWA in an official document can
be found inthe CBRN Action Plan of the European Union, which calls for application of CWA
15793:2008 “Laboratory Biorisk Management Standard™ or comparable documents for certain
organisations unless binding statutory provisions exist.®

SV - WHO
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BIOAEROSOLS

See also www.aerosols.wustl.edu
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< Introduction
* Terminology
» Characteristics
= Sources

. Stachybotrys
* Transmission chartarum is
. a greenish-
< Instrumentation b,gck ek
* Traditional Methods that is
* Bridging the Gap in Real-time commonly
=  Aerodynamic Sizin referred to
Y g : as Black
= APS & UV-APS N\ ¢ Molid. Health
problems related to this mold have been
d Research Examples documented in humans and animals since the
» |ndoor/Outdoor Air 1930s and S. chartarum has been linked with so-

s  Aircraft called sick building syndrome.

» Healthcare

* Agriculture

» Basic Bioaerosol Research
» Bioterrorism Threats
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HEALTH ALERT NOTICE
H1N1 FLU VIRUS (HUMAN SWINE FLU)

Public Health Agency of Canaca
Message for All Travellers Arriving In Canada

DURING YOUR TIME OUTSIDE OF CANADA, YOU MAY HAVE TRAVELLED
THROUGH AN AREA AFFECTED BY HIN1 FLU VIRUS
(HUMAN SWINE FLU).
What is HIN1 flu virus (human swine fla)?

« HINI flu vires (human swine flu} is a respiratory iliness that causes sympteces imilar to

those of seasonal fle (fever and cough, reany nose, sore throat, body aches, fatique, and
lack of appetite)

Not all travedlers with s symptoass will have HIX T fiu virus (human swite fiud. Hawever It
imgortant that if you de have thase symptoms, you follow the racommendaticns bolow,

i you have a fever and 2 cough, or if you develop a fever and a cough within 7 days:
« STAY HOME and aweid direct contact weth others for 7 days after your fever and cough start

Variola Virus. Smallpox is the only human infectious disease to
have been completely eradicated. The British may have used

smallpox as a biological warfare agent during the French and
Indian Wars

Abteilung:  11.08.2016 137
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June 11%; Influenza A (H1N1) Flu V
Pandemic Alert Raised to Phase 6 ‘

New Influenza A (H1N1), Status as of 12 June 2009
Number of laboratory confirmed cases as reported to WHO 06:00 GMT
. r':;-; “»‘;' e ': : - e r
) - 7 i 3
Ny N ) ~~ '
o .“", “f\\> \\f - g "‘,. b "/.h : -
\)\ W T ! (‘ i .
. \ 9 WSS
% %
e L O 4 )
oy . B 'y
£ ,. ‘\6’\0 . _.. .
¢ ‘ o e
™ ' \ o : ¥ ‘5 -

] A 35 %
. [ cumulative cases . f g & Al
| ¢ 1-10 D . ( ‘ \
® 1-50 Y% ‘
‘ 61 €00 ~ - . a

b4 ;g‘gES Chinese Talpel has reported 36 confirmed cases
501 and more g\ ~ CaSOS | ¢ infuenza A(HINT) with O deaths. Casas from
145 deaths  |Chinese Tabel are Inchided in the cumulative totals

« Sustained human to human transmission s s oocsior GR) trd peatn

Map Production Puli: He s informetion
wd Gesgraphic Inforwton Systems (G1S)

* Many regions with wide spread transmission e o €440 2100 A rht osevd

Map produced: 12 June 2009 U700 GM)
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1918 FLU Pandemic

SV -WHO

Dipl.-Phys.

Prof. Dr. Horst Weilksieker

Deaths per 1,000 persons

6290 727 824 921 1019 1116 1214 111 28 s 45
1918 Spanish Flu 1919

The second wave of the 1918 pandemic was much deadlier than the first. During the first wave, which
began in early March, the epidemic resembled typical flu epidemics. But in August, when the second wave
began in France, Sierra Leone and the United States the virus had mutated to a much more deadly form.

Abteilung:  11.08.2016
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Why Study Bioaerosols?

Transmit Disease to Humans, Animals & Plants
— Costs measured in billions, possibly trillions of dollars
Bioterrorism Threats

— Regional bacterial census to differentiate normal versus
suspicious fluctuations in airborne pathogens

Influence on the Environment
— Spread of organisms, cloud & ice formation

Monitoring Production Facilities

— Food and Beverage, Pharmaceutical, Biotechnology,
Hospitals

Jul 2 2009, 7:57 AM EST
Genzyme Plant Shutdown Could Mean up to $300M in Lost Sales

Special Report
TRUST. SCIENCE. INNOVATION.
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What is Bioaerosol?

SV -WHO
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Bioaerosol is broadly defined as organic aerosols that
are alive, carry living organisms, or are released from
living organisms.

Natural or Manmade

Include Viruses, Bacteria, Fungal Spores & Pollen

Range in size from 0.010 (small virus) to 100 microns
(pollen grains)

More than 1,800 types of airborne bacteria identified °
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What is Bioaerosol?
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Subset of total course particulate matter in the

environment ©

— Typically less than 5% by COUNT
— Typical contribute 20% of the MASS
— Dynamic & large number concentrations

Temperature & relative humidity affects bioaerosols

Affected by gravity, but due to their size air currents play
a large role in their movement
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What is Bioaerosol?

< Viable bioaerosol: metabolically alive (bacteria, viruses and fungi) with the
potential to reproduce. Only viable bioaerosol can be infectious or pathogenic
(cause disease).

< Nonviable bioaerosol: originate from living organisms but are not currently
alive and thus cannot multiply (pollen, animal dander, saliva and insect
excreta). Nonviable bioaerosol can cause allergies or toxic reactions.

Important Properties of Bioaerosols

d Particulate, liquids or volatile organic
compounds

d  Size, viability, infectivity, allergenicity,
toxicity and pharmacological activity

O Naturally aerosolized, often occur as
agglomerates and properties change

Aspergillus versicolor. Asperqillus is a

genus of mold which can be found in indoor environments. Aspergillus versicolor is very common
on gypsum board, floor, carpet, mattress and upholstered-furniture dust, and damp walls. A.
versicolor produces high quantities of the carcinogenic substances.

SV - WHO Abteilung: ~ 11.08.2016
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An Important Parameter — Size!
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Ambient aerosol size distribution overlaid
with three biological aerosol populations?

WUSTL Online Bioaerosol Tutorial

10*
hepatitus B ~ 40 nm
POy ‘ avnsan virus. ~200 nm
3
e ..?'&r{’m‘p}h‘
J:r. r .“
8 / \
10° I )4 %
3 [ -
g = cteria 0.3 - 10.0 um
S | %—'
® 10 | viruses .005 - & 5 £
e =1l
MO
o vy
10 { fungi 1-100 um
1 T T
‘o ' L) L) lll'Ill L] . 'll'"l L] L} llllll' L] L] l'lll" L] L] l"ll'l
0.001 0.01 0.1 1 10 100
Dp [um]

Pollen +
Fungal Spore + " 5 .
Bacteria + | B
- R EPyoo R I
0.001 0.01 01 1 10 100

TRUST. SCIENCE. INNOVATION.
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Settling Velocity

0.03
cm/hr 0.31
cm/hr
0.01 micron
(10 nm) 0.1 micron 12.5
(100 nm) cm/hr
1 micron
1,100
cm/hr
(11 m/hr)
10
micronsé 94,000
cm/hr
Aerosol Measurement: Principles, Techniques (15 m/min)
and Applications by Paul Baron & Klaus Willeke
100 micron

TRUST. SCIENCE. INNOVATION.

© 2010, TSI Incorporated
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Bioaerosol Transmission — Aerodynamic Dia

Aerodynamic diameter governs:

do — dae i < Airborne particle transport behavior
- p < Cyclone and impactor efficiency

d, = geometric diameter d  Filtration deposition

g:‘: 2,?;?,,2‘223?;‘5 clameter - Respiratory behavior and deposition

p = density

Aerodynamic
Based on the balance of: Irregular Spherical Equivalent

3 Gravitational force Particle Particle Sphere

3 Buoyant force " )
3 Drag force |
Aerodynamic diameter a function of: ]
< Particle Size

O Particle Shape Settling velocity =0.22cm/s =0.22cm/s =0.22cm/s
2 Particle Density Particle diameter =~ 3-5um =43 um =8.6 um
Density =4g/lem?® =4 g/lem? =1 glem?®
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www.aerosols.wustl.edu
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State of the Art & Science

fimbriae | /\ |

i L \W’\ outer membrane
g S\\& = cellwall

oy

~—_ plasma membrane
[ ; Prokaryotes

Euk " rough endoplasmic reticulm s
ukaryotes F% - — plasma membrane

Viruses
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Basics of
contamination
control technology
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Cleanroom technology is the chain
of all technical and operational measures
In order to avoid or reduce

harmful influences of contamination

on pruducts and personel.

SV - WHO Seite 150  September
2008, Sc
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Use of cleanroom technology today

* Glas fiber technology

*
* Microelektronic Laser technology

* Space travel

* Mikro structures

.. : * Multi media technologies
* Precision mechanics 9

* Optics, optoeletronics

SV - WHO Seite 151 September
2008, Sc
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Use of cleanroom technology today

* Pharmaczie

* Food industry

* Biotechnology

* Medicin products

* Laboratories

* Hospitals

SV - WHO Seite 152 September

2008, Sc



fir Reinraumtechnik

Taks of cleanrot

oducts

arsonel

vironment
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Protection of product Filter,
cleaning

Filters,
Adsorbtion

Positioning,
cable trays

Discharge,
earthing

SV - WHO Seite 154 September
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Cleanroom parameters

SV - WHO Seite 155 September
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Requirements on cleanroom

Woolmilkpig laying eggs

SV - WHO Seite 156 September
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Harmful influences in a cleanroom:

Particle sources in cleanrooms

maschines

production
25%

25%

tools
8%

SV - WHO Seite 157  September

2008, Sc
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Kind of air flow in cleanrooms

ARALARELE NI I I
N Va
Ny o A Y B
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turbulent
air flow

laminar air flow ¢
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Fig. 6: Laminar displacement flow under a celling of an Operation Room.

\
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Handelskammer zu Kaln

wvereidigter Sachverstdndiger
fir Reinraumtechnik

Influences on particles

Turbulent Laminar

o0 "‘L\l \ 1L

: .5
- , a

SV - WHO September 2008, Sc
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Influence of Air Flow Velocity

Low turbulent displacement air flow
with different air velocities

Fig. 12.1: Velocity .45 m/s Fig. 12.2.: Velocity .33 m/s Fig. 12.3.: Velocity .20 m/s

Quelle: Siemens, Fertigung unter Reinraumbedingungen

SV - WHO September 2008, Sc
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1ISO
VDI
DIN
GMP
PIC
FDA
GAMP
IEST
USP
ICH
WHO

CFR

Dipl.-Phys.

International Organization for Standardization
Verein Deutscher Ingenieure

Deutsches Institut fir Normung

Good Manufacturing Practice

Pharmaceutical Inspection Cooperation

Food and Drug Administration

Good Automated Manufacturing Practice

Institute of Environmental Sciences and Technology
US Pharmacopeia

International Conference on Harmonisation

World Health Organization

Code of Federal Regulations

Seite 163 September
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« VDI 2083: Cleanroom Technology

« DIN ISO EN 14644 Cleanrooms and associated controlled environments
 EU Directive 2004/94 EG (GMP) with Guidlines | and Il and Annexes
« ¢ GMP 21 CFR 11: Electronic Records, Electronic Signatures

« ¢ GMP 21 CFR 210: CURRENT GOOD MAN-UFACTURING PRACTICE IN MAN-
UFACTURING, PROCESSING,PACKING, OR HOLDING OFDRUGS; GENERAL

« ¢ GMP 21 CFR 211: CURRENT GOOD MANUFACTURING PRACTICE FOR FINISHED
PHARMACEUTICALS

 PIC/S PI 006-1: Recommendations on Validation Master Plan, Installation and Operational
Quialification, Non-Sterile Process Valation, Cleaning Validation

« PIC/S PI1 011: Good Practices for Computerised Systems

SV - WHO Seite 164  September
2008, Sc



« Range of obligations

Laws

Decrees

Standards, regulations

SV - WHO Seite 165 September
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EU-GMP - Good Manufacturing Practice

Cconcern

Human medicines (drugs)
Animal medicines (drugs)

SV - WHO Seite 166 September
2008, Sc
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Structur of EU GMP

Directive 2004/94/EG

EG-guideline of a good manufacturing practice

Annnexes 1-19

Dipl.-Phys.
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Guideline 2004/94/EG

The principles and guidelines of the GMP deal mostely with
e personnel,
e rooms and the equipment
e documentation,
e production,
e quality control,
e Auftragsherstellung,
e den Beanstandungen
e dem Produktrickruf
e den Selbstinspektionen

SV - WHO Seite 168 September
2008, Sc
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Rooms and Eequipment

Special requirements

SV -WHO

take into account the production flow
access control

sufficient workplaces and storage capacities
good ventilation

careful maintenance

to avoid access of insects and animals

surfaces plain, free from cracks and gaps, no pollution of particles, easy to
clean and to desinfect

lounges separated from production areas
toilets not with direct connection (access9 from production and storage areas

Separate weighing rooms with dust extraction

Seite 169 September
2008, Sc



Supplement Guideline Annnex 1

fur die Herstellung steriler Arzneimittel

Max. permitted no. of particles per m3 air

grade at rest in operation

0,5 um 5um 0,5 um 5um
A 3520 20 3520 20
(ISO 5 at rest) (100) (100)
B 3520 29 352.000 2.900
(ISO 5 at rest) (100) (10.000)
C 352.000 2.900 3.520.000 29.000
(ISO 7 at rest) (10.000) (100.000)
D 3.520.000 29.000 not fixed not fixed
(ISO 8 at rest) (100.000)

Dipl.-Phys.
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Recommended limit values for microbiological contamination CFU (Colony Forming Units)

grade air sample settle plates @ 90 mm | contact plate glove print
cfu/ms3 cfu/dh @ 55 mm 5 fingers
cfu/plate cfu/glove
A <1 <1 <1 <1
B 10 5 5 5
C 100 50 25 -
D 200 100 50 -

SV -WHO
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Supplement Guideline, Annex 1

fur die Herstellung steriler Arzneimittel

Which cleanroon class for which activity (example)

Classification EC FDA Activities

Cleanroom class Critical filling of aseptic products, filling of open vials and ampuls

and bottles

Cleanroom class - surroundings of class A, transfer of aseptic products in

closed systems

Cleanroom class Controlled | preparation of solutions, filling of products terminally

sterilised, surrounding of Isolators

Cleanroom class ZoneD |- preparation of solutions for filling (products terminally
sterilised), packing, handling of componets after washing

other works Zone - |- Laboratories, administration, workshops, storage

SV - WHO Seite 171 September
2008, Sc
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Status of ISO 14644 Cleanrooms and associated controlled environments

Part Titel Status Year
ISO 14644-1 Classification of air cleanliness ISO-Norm 1999
ISO 14644-2 Specifications for testing and monitoring to prove ISO-Norm 2000
continued compliance with ISO 14644-1
ISO 14644-3 Test methods ISO-Norm 2005
ISO 14644-4 Design, construction and start-up ISO-Norm 2001
ISO 14644-5 Operations ISO-Norm 2004
ISO 14644-6 Vocabulary ISO-Norm 2007
ISO 14644-7 Seperative devices (clean air hoods, gloveboxes, ISO-Norm 2004
isolators and mini-environments)
ISO 14644-8 Classification of airborne molecular contamination ISO-Norm 2006
ISO 14644-9 Classification of surface particle cleanliness CD

SV -WHO
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Status der ISO 14698 Cleanrooms and associated controlled environments
-Biocontamination

Part Titel Status Year

ISO 14698-1 | General principles and methods ISO-Norm 2003

ISO 14698-2 | Evaluation and interpretation von biocontamination data | ISO-Norm 2003

SV -WHO

September 2008, Sc
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Status der VDI 2083 Reinraumtechnik

Part Titel Status Year

VDI 2083 Blatt 1 Partiiculate air cleanliness classes Guideline | Mai 2005

VDI 2083 Blatt 3 Metrology and test methods Guideline | Juli 2005

VDI 2083 Blatt 4.1 Planning, construction and start-up of cleanrooms Guideline | Okt. 2006

VDI 2083 Blatt 5.1 Cleanroom operation Guideline | Sep. 2007

VDI 2083 Blatt 5.2 Decontamination of mulit-use cleanroom clothing Draft Nov. 2007

VDI 2083 Blatt 7 Cleanliness of process media Guideline | Jan. 2006

VDI 2083 Blatt 9.1 Conpatibility with required cleanliness and surface Guideline | Dec. 2006
cleanliness

VDI 2083 Blatt 10 High purity media supply systems Guideline | Feb. 1998

VDI 2083 Blatt 11 Quality assurance Guideline | Jan. 2008

VDI 2083 Blatt 12 Ssfety and environmental aspects Guideline | Jan. 2000

VDI 2083 Blatt 13.1 | Quality, production and distribution of ultrapure water Draft March 2008
Fundamentels

VDI 2083 Blatt 13.2 | Quality, production and distribution of ultrapure water Draft March 2008
Microelectronics and other technical applications

VDI 2083 Blatt 14 Airborne molecular contamination in cleanrooms (AMC) Draft April. 2008

VDI 2083 Blatt 15 Personnel at the clean work place Guideline | April 2007

SV -WHO
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ISO Cleanroom classes
‘g =
- I~ \ -
2 1.000.000 1T SO Klasse 1
O ~ — |1SO Klasse 2
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Max. number of particles per m3 air

Cleanroom classes acc. VDI 2083/ 1SO 14644
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0,1 um 0,2 ym 0,3 um 0,5 um 1,0 ym 5,0 ym
ISO class 10 2
ISO class 100 24 10 4
ISO class 1.000 237 102 35 8
ISO class 10.000 2.370 1.020 352 83
ISO class 100.000 23.700 10.200 3.520 832 29
ISO class 1.000.000 237.000 102.000 35.200 8.320 293
ISO class 352.000 83.200 2.930
ISO class 3.520.000 832.000 29.300
ISO class 35.200.000 8.320.000 293.000

SV -WHO
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Normen und Richtli

NOTICE FED-STD-209

OF CANCELLATION NOTICE 1
November 29, 2001
FEDERAL STANDARD
AIRBORNE PARTICULATE CLEANLINESS CLASSES
IN CLEANROOMS AND CLEAN ZONES

Federal Standard 209E dated September 11, 1992 is hereby canceled and superseded
by International Organization for Standardization (ISO) Standards. International
Standards for Cleanrooms and associated controlled environments, ISO 14644-1 Part
1: Classification of air cleanliness; and ISO 14644-2 Part 2: Specifications for testing
and monitoring to prove continued compliance with ISO 14644-1.

SV - WHO Seite 177 September
2008, Sc



Dipl.-Phys.
Prof. Dr. Horst Weilksieker

Typical Measurement Devices

—

. Fog generator
Particle counter

Pressure
difference meter

Ballometer” Sound level meter

SV - WHO Seite 178 September

2008, Sc
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Particles are small parts of substances e.g.:

» Aerosol (consist of free floating particles)
« Soot from Diesel motors

* Fine dust

« Soot from combustion processes

Partiles are of such importance because you cannot
see them with the naked eye but they can harm our
health (asbestus, allergy, coal dust, fine dust from
vehicles).

SV - WHO Seite 180
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Particles N

Particle characteristics and description

We describe particles by:

a) size

b) concentration

SV -WHO
Seite
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Cleanliness classes acc. VDI 2083 / ISO 14644

Max number of particles per m3 air
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0,1 um 0,2 um 0,3 um 0,5 um 1,0 um 5,0 ym
ISO class 1 10 2
ISO class 2 100 24 10 4
ISO class 3 1.000 237 102 35 8
ISO class 4 10.000 2.370 1.020 352 83
ISO class 5 100.000 23.700 10.200 3.520 832 29
ISO class 6 1.000.000 237.000 102.000 35.200 8.320 293
ISO class 7 352.000 83.200 2.930
ISO class 8 3.520.000 832.000 29.300
ISO class 9 35.200.000 8.320.000 293.000

SV - WHO Seite 182
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ISO classes
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Harmful influences in a cleanroom:

Particle sources in cleanrooms

maschinesn

production
25%

25%

tools

8% |

./

7% men

35%
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3-lagiges Viesstoff-Filtermedium, mittlere Schicht
elektrostatisch gesponnene Mikrofasern

S5 pm

Hochfestes Glasfaser-Filtermedium mit speziellem
Bindersystem

Quelle: Freudenberg ,Viledon*®
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INTERCEPTION

Efficiancy, fractional

0.m 0.1 1 10
Particle Siza, microns

Figured Generalized comparison af the contribution to

total filter efficiency due to dffision and to
irlare el on.

filtration_of airborne_microorg
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Efficiency, fraction

Particle Sire, microns
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Contamination

« Particles coming from
— sand/dust
— soot from chimneys and cars
— fibers
« Germs
— pollen
— spures
— microorganisme
 bacteria
e funghus
* Viruses
 Pyrogene

Chlamydomonas

Hefe (Saccharomyces spec.)

Escherichia Coli

SV - WHO Sept. 2008, Sc
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« size of bacteria: appr. 0,5 thru 1,0 ym

« size of viruses: 0,008 thru 0,5 um

 air born mikroorganisms occure (appear) preferably tied on
particles bigger than 0,5 pm. Germs preferably deposit on dust.
They can be removed by air filters together with particles.

SV - WHO Sept. 2008, Sc
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Why are bacteria so dangerous?
They can reproduce themselve by cell division!

Reproduction of bacteria

reproduction time: 20 min
time (h) number of bacteria
1 8
2 64
3 512
4 4.096
5 32.768
6 262.144
7 2.097.152
8 16.777.216
9 134.217.728
10 1.073.741.824
11 8.589.934.592
12 68.719.476.736
13 549.755.813.888
14 4.398.046.511.104
15 35.184.372.088.832
16 281.474.976.710.656
17 2.251.799.813.685.250
18 18.014.398.509.482.000
19 144.115.188.075.856.000
20 1.152.921.504.606.850.000
21 9.223.372.036.854.780.000
22 73.786.976.294.838.200.000
23 590.295.810.358.706.000.000

SV - WHO Sept. 2008, Sc
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Are you able to avoid particles completely
In a cleanroom?

« Avoiding

discipline
exhaust
covering
suitable clothing

air locks, cleaning before transport into the
clearoom

« Reduce

cleaning

— filtering

SV -WHO

Sept. 2008, Sc
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Contamination of the product:

Personnel,
clothing

Machines,
devices

Walls, ceiling,
floor

Operation
devices

SV -WHO
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Aim:
« To fidentify and avoid all possibilities that can harm personnel

and product.

Ways
e avoid/keep away

build a cleanroom, use cleanroom clothes, filter, pressure
differences

* remove
cleaning, filering, use pure supply media

* |nactivate
Desinfection, sterilisation

SV -WHO
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Aim of hygenic measures in a cleanroom:
» Keep the transport of germs into the cleannroom
as low as possible

 Avoid the reproduction of germs in the aseptic aereas
of the cleanroom

The number of germs usually indicated with
CFEU Colonie Forming Units.

Dipl.-Phys.

Glove print 5
GMP Air sample Settle plates Contact plates fingers
grade cfu/m3 cfu/4 h cfu/plate cfu/glove
A <1l <1 <1 1
B 10 5 5 5
C 100 50 25 n.r.
D 200 100 50

n.r.

SV -WHO
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The way to reduce contamination:

a) Hygenic behaviour of personnel

b) Cleaning

C) Disinfection

SV -WHO
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Personnel hygienic behaviour

EU GMP-Guideline Personnel Hygiene 2.13 — 2.20

« Detailed hygiene programmes should be established and widely discussed
during training sessions.

 medical examination upon recruitment
* no infectious disease or open lesions on the exposed surface of the body
* protective garments

« Eating, drinking, chewing or smoking, or the storage of food, drink, smoking
materials or personal medication in the production and storage areas should
be prohibited. In general, any unhygienic practice should be forbidden.

« Direct contact should be avoided between the operator’s hands and the
exposed product as well as with any part of the equipment that comes into
contact with the products.

« Personnel should be instructed to use the hand-washing facilities.

SV-WHO
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Table 7. Recommendations regarding cleanroom cleaning

ISO class 8/7 6 5 and less strict
GMP class D C A/B
Cleaning agents aqueous alcoholic solutions such as isopropanol
where required: use of disinfectants, see Annex F
Training intervals for 12 months
cleaning personnel
Equipment stainless steel or defined plastics stainless steel or defined
sterilisable plastics
Mop-holder system for aluminium or defined plastics anodised aluminium or
ceilings and walls defined
sterilisable plastics
Wipes commercially available cleanroom wipes| qualified cleanroom wipes

Basic cleaning in
microelectronics
Basic cleaning in
pharmaceutical 12 months 6 months every month
areas/GMP areas

Maintenance cleaning in

12 months

microelectronics 2 to 3 times a week daily
Maintenance cleaning in

pharmaceutical areas/GMP daily or as required by campaign
areas

SV - WHO Quelle: VDI 2083, part 5.1 p?gg
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Table F1. Technical recommendations for the disinfection of aseptic environments and sterile rooms

Air cleanliness class

GMP Guide, Annex 1

A/B

C/D

Comparable class as
per ISO 14644-1

ISO 5

ISO 7/8

Disinfectant

* Change between two or more substance
groups, include a sporicide disinfectant in the
programme, if necessary

* Checked for microbiological contamination
* Sterile prior to use

« Suitable for planned disinfection technique

* Change between two or more substance
groups, include a sporicide disinfectant in the
programme, If necessary

» Checked for microbiological contamination
« Suitable for planned disinfection technique

* Mop holders made of anodized aluminium, if
necessary

Equipment * Not a source of contaminations * Not a source of contaminations
* Low particle generation * Low particle generation
* Free of pyrogenes, if necessary * Easy to clean and disinfect
» Easy to clean and disinfect
» Sterilisable/autociaveable
Materials « Stainless steel, Sterilisable plastic material « Stainless steel, high-quality plastic material

» Mop holders made of anodized aluminium, if
necessary

Mops and wipes

* Mops made of autoclaveable, low-particle
microfibres (certificate)
» Sterile single-use wipes (certificate)

* Mops and wipes made of low-particle micro-
fibres (certificate)
» Low-particle single-use wipes (certificate)

Disinfection intervals

* Routine disinfection on each working day,
several times each day, if necessary
» Monthly basic disinfection

* Routine disinfection an each working day
* Basic disinfection every six to 12 months

Training of personnel

* Once or twice a year

* Once a year

Further requirements

* Reguler microbiological checks

* Regular microbiological checks

SV -WHO

Quelle: VDI 2083, part 5.1
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Table H1. Overview of common wipes
Note: The less frequently used multiple-use articles such as sponge wipes, cleaning brushes and swabs are not considered here.

Cleanroom wipes

Class of |Description Suitable for
wipe Type, structure eieanliness
requirements

w1 Polyester/cellulose non-woven low

W2 Polyester non-woven; medium
polyester fabrics

W3 Polyester fabrics, edges high
sealed, washed

w4 Polyester microfibre fabrics, very high
edges sealed, washed

Quelle: VDI 2083, part 5.1

SV-WHO
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Inhaltsverzeichnis

« Partikelabgabe (3 bis 6)

« Bekleidung (7 bis 10)

« Einschleusen und Umkleiden (11 bis 19)

« Verhaltensregeln: erlaubt - nicht erlaubt (20 bis 23)
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Harmful influences in a cleanroom:

Particle sources in cleanrooms

maschines

production
25%

25%

tools
8%
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Particle emission and germ
emission by men
(approximate value):

« 1.000 Particle > 0.5 pm per
person and sec

« 1000 CFU
per person and minute

Quelle: Gail. Hortig, Reinraumtechnik, Springer-Verlag 2002
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EU Guidelines to Good Manufacturing Practice
Medicinal Products for Human and Veterinary Use, Annex 1

Generel requirements with respect to personnel and clothing

* Only the minimum number of personnel required should be present in
clean areas

« Wristwatches, make-up and jewellery should not be worn in clean areas.

« Outdoor clothing should not be brought into changing rooms leading to
grade B and C rooms.

* Gloves should be regularly disinfected during operations.
« Masks and gloves should be changed at least for every working
e session.

« Clean area clothing should be cleaned and handled in separate laundry
facilities.
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EU Guideline, Annex 1

Special requirements with respect to clothing

Grade D:

Hair and beard should be covered.

A general protective suit

Appropriate shoes or overshoes

Grade C:

Hair and beard and moustache should be covered.

A single or two-piece trouser suit, gathered at the wrists and with high neck

Shoes or

Grade A/B:

Headgear should totally enclose hair, beard and moustach.

Face mask should be worn to prevent the shedding of droplets.

Appropriate sterilised, non-powdered rubber or plastic gloves.

Sterilised or disinfected footwear.

Trouser-legs should be tucked inside the footwear and garment sleeves into the gloves.
For every worker in a grade A/B area, clean sterile (sterilised or adequately sanitised)
protective garments should be provided at each work session.
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Cleanroom Clothing

Cleanroom Clothing must fulfil different requirements:

« High retention efficiency for particle emission from men
* Protection of personnel from (cold) air

* Permeability for air and

« Air tight

« Abration resistant

« Easy to clean and decontaminate

* Low electrostatic charge

« Good wearing comfort

Suitable cleanroom clothing consist mainly of purely synthetic fibres (multi-flament
yarns).

see VDI 2083, part 5.1 chap. 5 and Annex B and part 15 chap. 3.
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Work-place specific requirements for cleanroom clothing

Table 1. Work-place specific requirements for cleanroom clothing

Work-place specific requirements

controlled areas in
the pharmaceuti-
cal industry

laboratory coat, trousers,
socks, working shoes, hair
cover

ment fabrics made of
synthetic fibres

requirements

requirements

Application :::ti:: Micro- Recommended
Clothing elements Fabric accordin biological frequency
ASTM E 591 requirements of change
Microorganism- half-length jacket or closed abrasion-resistant fila- | no no according to

soiling

industry with high
requirements

shoes and gloves; clean-
room-compatible underwear

synthetic fibres

Cleanrooms in the | complete head cover (possi- | abrasion-resistant fila- | in particle-sen- | sterilised or at least once a
pharmaceutical bly with face mask), overall ment fabrics made of sitive areas disinfected day
industry or two-part combination, synthetic fibres class A"
socks, disinfectable working
shoes, gloves (where nec-
essary, cuffs)
Cleanrooms in hood, face mask, overall or mixed cotton/polyes- no sterilised according to soil-
medicine two-part combination, steri- | ter fabrics or a abra- requirements ing; once to sev-
lisable gloves and shoes sion-resistant filament eral times daily
fabrics made of syn-
thetic fibres
Cleanrooms in the | complete head cover with abrasion-resistant fila- | class A no according to
semiconductor face mask, overall with over- | ment fabrics made of requirements standard operat-

ing procedure

) The definition of particle-sensitive areas is in the discretion of the operator.

SV -WHO

see VDI 2083, part 15 chap. 3.
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Work-place specific requirements for cleanroom clothing

see VDI 2083, part 5.1 annex C

SV -WHO

Annex C Recommendations for specifylng cleanroom clothing for a desired particulate air

cleanliness class (excluding microbiologically monitored environments)

Alr cleanliness class as per | IS0 3 150 4 1805
150 146441
Clothing elements « Non-woven single-use hood | » MNon-woven single-use hood | « Full hood
(undarnaath) {undernaath) * Single-use face mask or
» Hood with eye slits and * Hood with eye slits and taxtlls multiple-use face mask
single-use face mask (under- single-use face mask {under- | + Coverall
neath), alternatively full hoed neath), alternatively full hood | « Cleanrcom-compliant inter-
with all-round visor and with all-round visor and mediata garments
single-use face mask gingle-use face mask + Pull-aver bools
* Coverall ¢ Coverall * Cleanroom shoes
+ Cleanroom-compllant * Cleanroom-compliant (undarneath)
Inlermediate garmenis Intermedtate garments + Cleanroom gloves
s Pull-over boots # Pull-over boots
* Cleanfoom shoes » Cleanroom shoas
{underneath) (underneath)
+ Cleanroom gloves + Cleanrcom gloves
Changing oycle + Quter cleanroom garmorita: + Quter cleanroom garmenta and intermediate garmenta: daily
with sach entry into the
cleanroom
* Intarmediate garments: daily
Textiles « Qutar cleanrsom garmants: abraslon-rasistant filament fabrics made of synthetic and conductive

fibres

Intermediate garrents: Filament fabric made of synthetic fibres or, if necessary, so-called meshsd
lined fabrics {cotton Inside, synthetie fibres outside)

Alrcleanliness class asper | 1506 IS07 1508
180 146441 .
Clothing elements * Full hood « Non-woven single-use heod | = Non-woven single-use hood
+ Single-use face mask » Gown * Gown
+ Coverall + Overshoes » Overshoes
+ Pull-over boots » Cleanroom shoes « Cieanroom shoes
= Cleanroom shoes {underneath) {undemeath)
{underneath) + Cleanrcom gloves « Cleanroom gloves {if neces-

Cleanraom glaves

sary)

Changing cycle » Quler cleanroom garments: | = Outer cleanrcom garmenis: once a week
two to three fimes & week
Textiles * Quler cleanrcom garments: abrasion-resistant filament fabrics made of synihetic and conductive

fibras
Undergarments: perscnal

Dipl.-Phys.
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Work-place specific requirements for cleanroom clothing

see VDI 2083, part 5.1 annex D

SV -WHO

class/hygiene (microbiologicatly monitored environments)

Annex D Recommendations for specifying cleanroom clothing for a desired air cleanliness

GMP Guide (EL) AB C/D Other hygisnic production
ehvironments
Regarding particle load, this | ISO5 180 7/8 1509

class comparas to the follow-
ing alr cleaniiness class as
spacified In 1SO 14644-1

Clothing elements * Non-woven single-use hoed | » Non-woven single-use hood | * Non-woven single-use hood
{underneath) » Single-use face mask or non- | * Single-use beard cover, if
+ Hood with eye slits and woven single-use beard raquired
single-use face mask (undar- cover * Trouserf|acket combination
neath), alternatively full hood | » Coverall or trouser/jacket » Cleanroom shoes
and sterile single-use face combination = Cleanroom gioves, if reguired
mask; if required, with all- * Ovarshoes
round visor or sterllisable » Cleanroom shoes
protective glasses {undsrneath)
» Coverall = Cleanroom gloves
« Cleanroom-compliant
intermediate garmants
+ Pull-over boots
» Cleanroom shoes
(underneath)
» Sterlie single-use gloves
Changing cycle » Quter cleanroom garments: * Quter cleanroom garments: | » Outer cleanroom garments:
with each aniry into the daity two to three times a week
cleanroom
* Intermediate garments: daily
Texilles « Quter cleanroom garments: + Outer cleanroomn garments: | « Outer claanroom garments:

abrasion-resistant filamant
fabrics made of synthetic and
conductive fibres

« Intermediate garments: fila-
ment fabric made of synthetic
fibres or so-called meshed
IIned fabrics {cotlon inside,
synihetic fibres outside}

+ jnsicde: cotton )

+ outslde: synthetic tibres

abrasion-reststant fllament
fabrics made of synthetic and
conductive fibres

abrasion-resistant filament
fabrics made of synthetic and
conductive fibres with high alr
and water vapour permeabil-
ity, or cotton/polyester
blonded fabri¢ {approx. 35 %
cofton and 65 % PES)
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Example of airlock process

Entry into the associated environment of a sterile production

1. Doff street clothing on the "unclean" side of the airlock; the same applies to all
personal items.

2. Foootwear for the target environment is placed ready at the sit-over bench.
Don clothing for targetenvironment from head to feet.

4. Sit on sit-over bench, feet on "unclean" side, then lift one foot, don shoe for target
environment, put this foot down on "clean" side of the bench.

5. Repeat this procedure for the other foot.
6. Don gloves.

w

Proceed vice versa for exiting.

SV - WHO Seite 211
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Example of airlock process
Entry into the inner environment of a sterile production

1.

w

o

Before entering the sterile airlock all clothing except underwear is doffed in the
personnel airlock. Cleanroom undergarment is donned, if so required.

Bathing shoes are used for the transit into the sterile airlock.
Hands and upper arms are washed and disinfected. Don changing gloves.

Clothing for the target environment is donned in the sterile airlock, proceed from
head to feet.

Place cleanroom overshoes ready at the sit-over bench.

Sit on sit-over bench, feet on "unclean" side, then lift one foot, don shoe for target
environment, put this foot down on "clean" side of the bench.

Repeat this procedure for the second foot.
After overshoes have been laced securely, don cleanroom gloves.

Check in the mirror to make sure proper fit of clothing and that no openings
remain.

Proceed vice versa for exiting.
SV -WHO Seite 212
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Schleusenprozess

Cleaning devices for personnel

a) Shoe polisher
b) Cleaning device for shoe sole
c) Adhesive mats for cleaning shoe soles

d) Hand wash device consisting of
wash basin and tap operated by foot, soap dispenser elctric
hand

e) Air shower.

SV - WHO Seite 213
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Changing

Stroflenkleidung Trainingsanzug RR - Klerdung
RR -Klasse RR- Klasse RR- Klasse RR- Klasse
o 100.000 Kir 10000 g 100 /10
Shower 1000 ) §huwer

|
'
5 ¥ ) |
Entionisierung ‘
! 1

Y

Reinigungs-—+—Hauptschleuse—
& 1 Schleusen Reinraym

Aulien Garderobe
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Personnel air lock

To put on the cleanroom clothing keep the following
sequence :

First head cover,

Face mask,

Cleanroom overall
Finally cleanroom shoes

R

Proceed vice versa for exiting.
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Haube Mundschutz RR-Anzug
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Entering a clean room
via the personell air
lock
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Air shower

Quelle: m+w zander
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Personnel air lock
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General behaviour rules in a cleanroom

Not permitted: permitted:
To smoke in special smoking areas outside
Taking jewellery e.g. watches, bracelets, rings Wear under the clothing only, completely covered,

to wear spectacles

Taking food and beverages, eating and drinking Only in

Taking other personal possessions e.g. smoking utensils, | outside

hand bags

application of cosmetics, powders, fatty skin creams Under cleanroom clothing only

Hankerchiefs Under cleanroom clothing only, use if necessary
outside or at least apart from production area with
disposable handkerchiefs.

Ballpoints, pencils, rubbers Cleanroom suitable pencils

Manuals, equipment documentation, working Outside, if necessary inside apart from production

instructions area

Identity card, keys Under cleanroom clothing only

SV - WHO Seite 220



Verhalten im Reinraum

General behaviour rules in a cleanroom

Dipl.-Phys.
Prof. Dr. Horst Weilksieker

Not permitted:

permitted:

Hastily movements

Leisurely movements

Quick walk or running

move purposefully and
thoughtfully

Assembly of many people

In case of emergency only

To speak loud, to cry, to sing, to whistle

Normal speaking

To open the service doors or the emergency exit doors

Only in case of service or emergency

Blockade or escape routes

never

coughing and sneezing

if necessary outside or at least apart
from production area with disposable
handkerchiefs.

To bend over the production area

In case of service or disturbance only

disregard of cleanliness at the clean work place and tools

To clean frequently

To lay down and store components and tools on tables and machines

In dedicated areas or cabinets only

SV -WHO
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Behaviour

General behaviour rules in a cleanroom

Consequences:

« Cleanroom regulations have the same character as standard operating
procedures.

« Disregarding these shall lead to consequences.

« Correct cleanroom behaviour shall be encouraged and commended.

SV - WHO Seite 222
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Reinraum

\l/

Wall design Air ventilation Media Electronics

Ceiling design Monitoring

©

floor design
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Wall system designs

See also VDI 2083, Blatt 4.1,E

With air
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Wall design system, connection to the
ceiling
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Lightning
system A

Protection of wall

Protection of floor

e =

T e—

Lightning system B
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Door systems in use
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Material Air lock (MAL)

Bringing in and out materials
- Different sizes

- Lock of doors against each
other, to keep the pressure
difference

SV -WHO
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See also VDI 2083, Blatt 4.1,E
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See also VDI 2083, Blatt 4.1, E
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Ceiling designs
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Pharma-Terrazo Linoleum/PVC - FulRbdden

Connection floor to wall
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Epoxy floor
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Filter classes according to DIN EN 1822-1

Filter Integral Local

Class

H 10 85 15 - -

H11 95 5 - -

H12 99,5 0,5 - -

H13 99,95 0,05 99,75 0,25

H 14 99,995 0,005 99,975 0,025

U 15 99,9995 0,0005 99,9975 0,0025

U 16 99,99995 0,00005 99,99975 0,00025
Ul7 99,999995 0,000005 99,999975 0,000025

SV -WHO
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Air flow
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Air ventilation system 2

SA
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Low supply air
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Filter

Ventilator

Heater Cooler

Filter

Air lock

%al.*

cleanroom
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Cleanroom —design (1)
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cleanroom design (2)
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