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What Is a Cleanroom ?
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A cleanroom is an environment where the
particulate contamination & bacterial

contamination are limited to prescribed
levels,

and in which the temperature, humidity and
pressure shall be controlled as necessary
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Why All the Concern About Dust? Dust Is a Bacteria Carrier

L o9
Virus
(0,006 pm to 0,03 um)

S goy5 0yl
Dust Particle
(0,5 um to 500 um)

5L
Bacteria
(0,2um to 2pum)
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Typical size relationship between dust, bacteria and viruses
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Airborne Contaminants and their particle size

Microorganism types
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Removal of Bacteria
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= Asdustis a carrier, dust must be controlled.
gl o0 4i8 )5 (yguul B L 192 )0 9250 Glag 5L ®

= Ambient bacteria is removed by filtration.

Sg o0 J S GUT slep (39,5 38, L ylocw slap Ly b GUT )0 99290 sbrg sk ®
= [Internal bacterial distribution can be controlled by directional air flow and
air flushing or dilution.

Nigil 50 J 55 (5 )1 jued GLSOP 1 o Cnrd b jund G s 50 9290 lag 1S ™

= Surface bacteriais controlled by adherence to strict cleaning SOPs.
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Facility Parameters That Need To Be Controlled

> Temperature > Humidity > Air Cleanliness
v Particulate
v Microbial

> Air movement > Room Pressure > Lighting
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manufacturing environment is critical for product quality

ol Wigd (uly 9 J 55 med GUT )0 Wb o5 (lanzmo sbaade

Light ;55 9 Sl

=

Temperature ol > 4> ;0

Humidity cugb,

Noise luog

Air pressure (AP) b 501 (s jLid SHLS

Air movement or air velocity g2 L ;> < o b 12 U >

Particulate contamination lo )5 oo/l

v N o WM

Microbial contamination ;S0 So4l]
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manufacturing environment is critical for product quality

2w Jilgi o Uncontrolled environments o 301 ;0 oo sloygisé 505 sue
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Product degradation & contamination 51 5 Jsame slud g i <

Loss of Product & Profit Jbo ;s 5 o s>, <
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Grade
At rest
0.5um
A 3,520
B 3,520
c 352,000
D 3,520,000

5.0um
20

29
2,900
29,000

Maximum permitted number of particles/m?
equal to or greater than the tabulated size

In operation
0.5um
3,520
352,000
3,920,000

not defined

5.0um

20

2,900
29,000

not defined

yood GUT (Modlfy (G0 S donnns Lo

Comparing International Cleanroom Classifications

Particles / m® US 209D non- | US 209E 1992 EC cGMP Annex | ISO 14644-1
> 0.5um metric metric 1997
1

3,5 2
10 M1

35 1 M1.5 3
100 M2

353 10 M2.5 4
1.000 M3

3.530 100 M 3.5 A B 5

A= unidirectional
B= turbulent

10.000 M4

35.300 1.000 M4.5 6
100.000 M5

353.000 10.000 M5.5 C 7
1.000.000 M6

3.530.000 100.000 M6.5 D 8
10.000.000 M7
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Sterile Production

Airborne particulate classification

WHO GMP US 209E US Customary ISO/TC (209) EEC GMP
Grade A M 3.5 Class 100 1ISO 5 Grade A
Grade B M 3.5 Class 100 1ISO 5 Grade B
Grade C M 5.5 Class 10 000 1ISO7 Grade C
Grade D M 6.5 Class 100 000 1ISO 8 Grade D

00,515 o 45 jwad 361 g9l S il EU GMP guide (1997) L gl s luibin!

s yiow!l @Y guazme <5 Lw 5|2 Operational state

Recommended limits for microbial contamination (a)

. Settle plates contact plates Glove print,

Air sample R . .

Grade (diam.90 mm) (diam.55 mm) 5 fingers
cfu/m3 cfu/4 hours ) cfu/plate cfu/glove

A <1 <1 <1 <1

B (a) 10 5 5 5

C(a) 100 50 25 -

D (a) 200 100 50 -—--

2These are average values.
bIndividual settle plates may be exposed for less than 4 hours.

HVAC and Clean room Technology
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Blower sucws b Fan (ouiss) 58 -4 = lgpody -y =

©9933 Slegd Bl oniss Jyuis -y =
Flow rate controller

Humidifier oo w,.b) - = Make ‘5‘9“ LS .'o,lz.o . -y =
Lo b F8-F9 jlulgn JUsb b Sl ,ls —IY = oS 73k gler g up

Silencer ;.5 o Ve =
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Exhaust Air Grille Silencer
| w

— .
> = —>
Heater

Humidifie

BEE

k Cooling coil  Secondary Filter Production Room
\ \ with droplet

H \
m v separator
Heating
A g

cail I

Ty ) Bsbssnssinn et

HVAC Lsownd
300 b 3 ey 000SS ] 5SS Touo dgd 0

Weather louvre " To prevent insects, leaves, dirt and

rain from entering

Silencer " To reduce noise caused by air

circulafion

Flow rate controller " Automated adjustment of volume of

air (night and day, pressure control)

Control damper " Fixed adjustment of volume of air

A HVAC and Clean room Technology
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Heating unit To heat the air to the proper temperature

Cooling unit * To cool the air to the required temperature or to

/dehumidifier
remove moisture fram the air

Humidifier To bring the air to the proper humidity, if too low

Filters * To eliminate particles of pre-determined
dimensions and/for micra-organisms

" To transport the air

IR
e ¥  GMP wluly jwoi 301 buxo | GMP MANUFACTURING
| ENVIRONMENT
PRODUCT PERSONNEL ENVIRONMENT
PROTECTION PROTECTION PROTECTION
yeod @Gl 2k o oY ollisde = ' ‘ "
adgi Slanl gl
Gy s Cantaminalicn Prevent contact Avoid dust
[ Design considerations for a (product & staf) with dust discharge
manufacturing facility l v' ’r
Protect from product FPrevent contact with Avoid fume
cross-contamination fumes discharge
@bl luzo jo b Lol diodo aw @ ' l .,
"\"J"' M G ML’ 4’9" 90 )"'“ Correct temperature Acceptable comfort Avoid effluent
ail oy 5 plles & humidity conditions discharge
= Three primary considerations
to be addressed to ensure a
safe and productive
manufacturing facility SYSTEM VALIDATION
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ngle make-up air system (no return air), 100% full fresh

Outside air
— T e | Make-up AHU I—.——

Supply dir

Exhaust

Zore —

030 Mols glga b jlwlgn
Full Fresh Air

FAQLITY

e e — e — — — 1

HEPA Filte|
Seconda
Filter

-
©)
=
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Optional filtration depending
on exhaust air contaminants
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PRODUCTION
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39551 192 ygawl yild g 39551 JLwlgs slacwund
Exhaust Filter Box

Jold 59551 a2ly g (o2 9,5 Slp b yiled annr
Filter box and exhaust unit
JUj yild g yild fm Y "
R
p9d yikid b Air Washer lg2 ousg gl -Y =
P gl cu bp ilS-F =
Flow rate controller >3,5 slgd (U > o ouics Jy05 -0 =

Silencer ;.5 loo-5 =

=9 Slgp ooy basil -y "

o j bnzo B> g 59351 (5le (gumml il
xhaust air filtration & Protection of the Environment

951 2305 Slgo b 59351 slgp 3,5
= Exhaust air dust

Sowi o5 piilo g FBD s (o955 oo (5 5lwgslo (a4l 50 39551 slgp zg,5 bl =
S eSsle Hokios (BB (el yidad b 59351 lep wul g wiblioo oL 3,5 Jol>
B oo buzxo (Sogl]

= Exhaust air discharge points on pharmaceutical facilities, such as from

fluid bed driers and tablet-coating equipment, and exhaust air from dust

extraction systems, carry heavy dust loads and should be provided with

adequate filtration to prevent ambient contamination.

A HVAC and Clean room Technology
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Conng § bnzmo Bl 9 59551 (5lgR ¢ gumnl piled
xhaust air filtration & Protection of the Environment

20 Sl yild wibly oi FYT ol (s b yogy o Jgome Olaalr s i 6l
b s lili] G 52 F gy (oL Fine (b id wsy 59351 3Ll w1y
i, EN779

= On typical solid dosage plants, where the powders are not highly potent,
final filters on a dust exhaust air handling unit should be fine dust filters
having a filter classification of F9 according to EN779 filter standards.

39551 Leos 351 9 (oo (50051 Ligo gl (b (i Sy o pdio Slgo 4SSy gisy jo B
sl EN1822 1305 (glos fuilins] 3o 1 HI2 (S5 b 5 Ld 09,5 51 Jlgs yikid wigduro
= On systems where harmful substances such as penicillin, hormones, toxic
powders and enzymes are exhausted, the final filters should be HEPA

filters with an H12 classification according to EN1822 filter standards.

S § Jruo CBla g 59351 glgn (gum yilud
xhaust air filtration & Protection of the Environment

S 99 o adl S yhas g pdo Sy (29,5 (SO (B9 39351 S piamaw 1y ®
9 0 p3¥ Jsl yied (A5 5 y9u0 55 panned ] Lo cilis (yunli jgbiey yidd Lo

= For exhaust systems where the discharge contaminantis considered

particularly hazardous, it may be necessary to install two banks of HEPA

filters in series, to provide additional protection should the first filter
fail.

bag-in- sl i 51 s o 9 cposl 9% (Sl 09 (o0 45 SUjhs GluS 5 b (89 =
Do oolaiwlbag-out

=  When handling hazardous compounds safe change filter housings, also
called “bag-in-bag-out” filters, should be used.

VY HVAC and Clean room Technology
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t air filtration & Protection of the Environment

&o 3,5 5l g oo (5910 L jgliies ;LAS BB guivw )LES 1 oo b b yild anls
bl 1o yild (53 ook
= Allfilter banks should be provided with pressure differential indication
gauges to indicate the filter dust loading.

Sy ©jgo )Ll 99,5 05 ,L 5l s S oka Hekiios pliio Sl Juolgd o L yid fuly
05l o b 09 s 51 sl jgae 9055 W53 s (y3,59T HLid s Wilg oo Aliano oy
Dgls (o0 fonmo (Fogil 4y yio oy yiled (s
=  Monitoring of filters should be done at regular intervals in order to
prevent excessive filter loading that could force dust particles through

the filter media, or could cause the filters to burst, resulting in ambient

contamination.

o j bnzo B> g 59351 (5le (gumml il
xhaust air filtration & Protection of the Environment

Ceoglilo 9 (g 9 s LR 50 (35 o0 000 Ll Gauge 59 p due) yild Caoglin
B9 cublosly g cad b s plSin 50 il
= Filter pressure gauges should be marked with the clean filter resistance and the
change-out filter resistance.

ol (3l (o0 1) Wbl (o0 FgurolS Al A5 odazm 9 Gy 9 W02 Glul G e
055 (50 D ygeo Kigy (05 Calilosl @ ,b 31 PM (6l 4ol p by i 3] 50 903

= More sophisticated computer-based data monitoring systems may be installed,
with preventive maintenance plans by trend logging.

oLt b (ygumwlogi| o U BMS ylocis Lus g 13 00 i 49 0590 1 s (33 |
Db o0 SCADA Gledb! (0310 31 g J 5508 poiowaw U BAS

= This type of system is commonly referred to as a building management system
(BMS), building automation system (BAS) or system control and data acquisition
(SCADA) system.
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xhaust air filtration & Protection of the Environment

09 Wlastio I 7,1 bl pd ols (Lis guseilys lyle wlogil iuly Lo pimas ™
bl oo aliio (6L e b 53T 3 ooliiwl b g a5

An automated monitoring system should be capable of indicating any
out-of-specification condition without delay by means of an alarm or
similar system.

oS 5 6lr Ol o0 1) a5 Il ruilo b 3,5 sl 0uddS o b L )usIlS ®
55 oolisiwl 8,5 0uisS 202 i

Reverse pulse dust collectors can be used for removing dust from dust
extract systems.

il (o0 FBD (glo pild acls Lraslg ol ®

These units are usually equipped with cartridge filters containing a

compressed air lance. This pulses on a regular basis to blow the dust off
the filter cartridges.

g (9o
Air shower

S (Sogdl 38,5 Iy olgi (oo lgp Gogo ®
Gy sLad Iy 51 S e y awdl
.0, oolaswl

Air showers may be used to remove

contaminants from garments before

leaving the production facility.

Air shower with Cleanroom air

32 nozzels. shower with
blue floor tacky
mat.

HVAC and Clean room Technology
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Ventilation with 100% fresh air
036 lgp oy Voo b Lndd aygps

(no air re-circulation)

Washer (optional)

Exhaust Unit

N E =

EEE

Central Air Handling Unit

=W

—d

Praduction Rooms

»
"]

B s,
L e

"‘q Figure 26. Full fresh-alr system

Supply air-handling unit

by
o

Fiimary
fiter

Seconday
filter

HERA Fiter
{option

Production
facility

=

Optional filtration depending
on exhaust air contaminants
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Air re-circulation

The filtered air entering a production room can be

® 100% exhausted or

€ a proportion re-circulated

B GMP aspect

B Economical reasons

o Pt

I’ e S . -
{ lgo s 32 5l s

Re-circulation Air System

ARHANDLINGUNT

FILTER
HEPA
FILTER

Room

() g 0
@]
- o C D=l O,
! L= T
|
: e
| HEPA filters
% must be
| installed! Production
|
|
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Single make-up air system (some return air)

Outside gir I Wik AHU I

X

Supply air

Exhaust

Recirc, air

<« 7one —

Water Coils

Heating Coils, Cooling Coils & Heat Chilled and hot water coils available

Exchange Coils

Steam Coils

Standard steam coils.

Coils using over 100 psi steam require 90/10
cupronickel tube.

8% HVAC and Clean room Technology
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Control of air cleanliness by filteration

Air filtration systems

= Three basic stages of air filtration are recommended:

a) Pre-filtering of the outside air to ensure adequate quality of air

supply to the air conditioning plant; G Filters

b) Secondary filtering in the air conditioning plant to protect the

final filters; F Filters

Final filtering before cleanroom supply; HEPA Filters.

&9 s ydad
Gravimetric Filter

Group
Standard

G

Coarse
Dust
Filters

Effective for
particles

210 pm

EN 779

Class | Typical contaminants | Typical application

* Filter for low grade application
(e.g. for protection against insects
and leaves)

G1 ® Leaves

® Insects

G2 e Textile fiber

* Human hairs

* Sand

* Fly ash

* Water droplets

¢ filter for exhaust air from spray booths
* Kitchen exhaust air filters
¢ filter for compact room air

G3 * Beach sand
* Plantspores
G4 * Pollen

* Fog conditioners
¢ Prefilter for F7 and F8 filters with
heavily contaminated outside air

Incubator, TPTI
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Fine Filters

Group Class | Typical contaminants | Typical application

Standard

F F5 or | * Spores ® inlet filter for very low requirement rooms
M5 | ° Cement dust (coarse fraction) | (e.g. production areas, garages, warehouses)

Fine Dust * Sedimenting particles * pre-filter for F8 and F9 filters in urban location.

Filters

. ¢ inlet filter for rooms with low requirement
e Larger bacteria

(e.g. production areas, shops)

i F6 * Germs on carrier particles
f)fafftcizll\;i for « PM 10-dust ¢ pre-filter for F9 and H10 filters.
* exhaust air filter to protect heat recovery
21pm installation in AC plants.
* Agglomerated soot * typical final filter for air conditioned offices
EN 779 « lung damaging dust and other buildings
F7 « PM 2.5-dust * filter for recirculated air in AC plants
F8 « Cement dust (fine fraction) * pre filter for H11 and H12 filters

¥ b yds

Fine Filters

Group Class | Typical contaminants Typical application
Standard
F F8 * tobacco smoke (coarse fraction) | ¢ final filter for medium quality air

conditioning system (e.g. pharmaceutical
industry, hospitals, EDP and control rooms,
etc.)

F9 * metallurgical fumes (coarse
Fine Dust fraction)

Filters . oi
oil smoke * pre filter for H13 and H14 filters

* bacteria * pre filter for gas adsorption filters
Effective for

particles
21 pm

EN 779

Y4 HVAC and Clean room Technology
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HEPA Filter

According to IEST-RP- CC001.4

= HEPA (High-Efficiency Particulate Air) filter

An extended-medium, dry-type filter in a rigid frame when tested at

rated airflow having a minimum particle collection efficiency of 99.97%

for 0.3 pm mass median diameter particles of DOP when tested in

accordance with MIL-STD-282.

ULPA Filter

According to IEST-RP- CC001.4
= ULPA (Ultra Low Penetration Air) filter

An throwaway extended-medium, dry-type filter in a rigid
frame, having a minimum particle collection efficiency of
99.999% (that is, a maximum particle penetration of 0.001%)
when tested in accordance with the methods of IEST-RP-

CC007.

A HVAC and Clean room Technology
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MPPS integral values MPPS local values
Filter Filter | Minimum | Maximum Minimum Minimum | Maximum Minimum
Group Class | efficiency | penetration | D.C. efficiency | penetration | D.C.
(%) (%) (%) (%)
H10 |85 15 6.7
H11 |95 5 20
HEPA |H12 |995 0.5 200
H13 99.95 0.05 2.000 99.75 0.25 400
H14 |99.995 0.005 20,000 99.975 0.025 4.000
ui1s 99.9995 0.0005 200,000 99.9975 0.0025 40,000
ULPA uile 99.99995 0.00005 2.000,000 99.99975 | 0.00025 400,000
uil7 99.999995 | 0.000005 20,000,000 | 99.9999 0.0001 1.000,000

L pild waz gy OIS
The main difference is related to the Most Penetrating Particle Size

classification for the filter classes H10 - H12, (MPPS)
which has now been changed to E10 - E12.

mm
2 Filtration efficiency Penetratio Filtration efficiency
- DIN EN 182‘ in = MFFSI" ;' :

E10 G 285 <15 -
Ell 15O 15E 295 <5 E E
EPA - 15020 ¢ 299 <1 - -
ElZ 15025 ¢ 2955 505 = :
- 15030E 2959 50,1 - -
H13 15035 H 29995 <005 20075 €025
o E 150 40 H 29959 <001 20995 $0,05
Hl4 15045 H 299995 £0,005 299975 20,025
= 150 50 H 290099 £0,001 200905 20,005
uis 150550 2999995 50,0005 2999975 $0,0025
E 150600 2999999 £0,0001 2999995 £0,0005
UtPA Ul 150650 29999995 <0,00005 20999975 £0,00025
= 150700 299069999 <0,00001 2909999 <0,000]
ui17 150750 299999995 £0,000005 2999999 $0,0001

Classification of EFA/HEPA / ULPA filters occording to DIN EN 1822 ond 150 29463

\R HVAC and Clean room Technology
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Typical fractional collection efficiency
curve of a nonwoven filter media

Fractional collection efficiency T (x) [%]

Inertia

Diffusion

L
uuiﬂ_

— T(x=0.1 pm) i)
Minimum of collection
efficiency (x=MPP5)
0.01 0.02 005 0.1 0.2 03 05 1 2 3

Particle diameter x [um]

MPPS: Most Penetrating Particle Size
= Minimum efficiency level

Slwlgn )0 lgn (yguml il
Efficiency JI,5 g Arrestance a..slic

gy (g0 418 )5 (ol yidd b )3 (339 plod Ly i
Ngls (oo aid S Ol yd oluw plos LT Lol

bl oo BT Az Wl 5,50 0.1 6,5 120 g 5,540 0.5 0,5 120 (5,15 a5 Igb 3 5 digas ;5T =
WS (0 yge (I 50 0.1 03 (oled g 4185 yild ol bawgh (550 0.5 LIpd 4l s Laial po

O35 dw b (Sjg k51 ®

EULE B
12
Arrestance= x100=99.17%
120 +1
Efﬁciencyzﬁ x100=50%
120+120

Incubator, TPTI
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I Wy
B l92 (gl yind g HVAC )0 yild glgil

3T R
= 1- Level I filtration (Metal filters, leaves, insects)
(Ogaml yiled ¥ ehaww) Lo yilsd iy - ®
= 2- Level Il filtration (pre-filter)
(gl yided ¥ b)) Gloo slo il ¥ #
= 3- Level llI filtration (intermediate filter)

(gl fld ¥ o) JLoB b Slos gloyilnd -F

= 4- Level IV filtration (final filter)
(Wil (o0 (5,5 (51> 9 cuai jrod BUT s (59) WSl b 50) Jlomoyi Lo pils -0 ®

= 5-Level V or Terminal filtration (placed in the filter box on the ceiling of cleanroom)

Y

S

PRODUCT HIGHLIGHTS

® Ridgid, Multi-Layered
Construction

Igp Gygumlyidud g HVAC yo ks Jol g9

® Washable and Reusable

@ Strong and Durable (o8 s s gl g6
@ Corner Drain Holes (P 555 oY g8 o il oY g ‘s"i..'.ﬂsﬂ "
UL 900 slos,luibivwl g FL Y LY obd coles jo =

AVAILABLE IN THREE ALLOYS

HIA

Aluminum

HIG

Galvanized Steel

HIS

Stainless Steel

Nominal 17, 2" and 4" shown

Yy HVAC and Clean room Technology
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T %
ﬁ l92 (gl yind g HVAC 55 s 090 £

s G tpg0 £

050 Ve 3l 55555 013 oS (S «ol3))

G b lan le 09,9 slamal 5o jLulgd 43 uai Joro =

%%%/@% Aghh (o0 bolo s 52 5L Glgn g 03U slgp o5 (Jxo ®

S ool b Ky il poc

G1- G4 sl clos fubow!l =

Pre Pleat
60-65% (gravimetric)

I ¥
ﬁ l92 (gl yiad g HVAC 55 ks oo g5

S il ioguw £ o3
09 9 o loyS 9 s loyw yeilioly 51 Jud g b uilid i 5l amy icead Jxo B
OoSame Vo B ) ily3 (38 )5 i ®

F5-F7 :lyg,l gbos,luiliw! ®

bag filter

average efficiency
ranges of 55%,
65%, 85%, and 95%

Incubator, TPTI
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Igp Gygumlyilud g HVAC jo nilid o,k £95

JLbL Sl sloyilid o)l &9
1yl (o0 L yiled (g a0 0]
o ylustiw! 1y a5 Non-HEPA or Medium Filters L e v/
k95 59y 005wy 5o g, (38,5 :ainlsg : F8-FI L)
O Ao )3 38,5 9 Gl lo o
bag filter b € o o wisly YL b H10 s HEPA (High) L £ 45 v/
average efficiency Jla i yidud y95 10,000

ranges of 55%,
65%, 85%, and 95%

I9p Zgy5 Jxo 50 9 (d 3l v iceai Jxo @

Or5w0 100 0.3 wlyd 8,8 : v =
Medium Efficiency Filters, F8 and F9

92 cygmml yiled g HVAC jo jilid w2y £ 95

JUaeyi b &bl gloyid ipoey £95
= High Filters, HEPA, Terminal,

HEPA filter

MEDIA: glass microfibers, = H10:99.95%
Standard C ity (99.95%

o apacity (99.95%) = H14:99.995%
High Capacity (99.995%)

o3 BT i (59 yilud dnar )0 icuas Jomo ®
downstream il ;o ygfadumw comz 3l oolaswl =
S 5laj)0 530 31 152 BYpass i g S gl jgbiias

550 036 0.1 &ly3 (id )5 :an ®
H10-H14 :s,l gboo,loiliwl =
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o il oIS gl

= Group G: Coarse dust filters

= (Classes G1 - G4 Gravimetric test method

= Group F: Fine dust filters

= Classes F5 —F8-F9 laser particle counter (LPC)

= Group H: HEPA filters for microparticles
= (Classes H10 - H14
= Classes H10 - H12 not tested for leakage

= Classes H13 and H14 tested by means of ,scanning” or visually (4) for
leakage elimination.

= Group U: ULPA filters for microparticles
= Classes U15 - U17

= Tested for leakage elimination by means of ,,scanning®.

s yiled 5 glgil

G, Coarse dust filters, Efficient for particles > 10 um, EN 779

® F, Fine dust filters, Efficient for particles> 1 um, EN 779

H, Filters for microparticles, H and U, Efficient for particles > 0,01 um, EN

1822

U, Filters for microparticles, EN 1822
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N oy g a3 945 (Slo )5
HVAC

P S gyl
Filter classes

Dust filters

Coarse Fine

EN 779 Standard

1
Aerosol

|
l |

HEPA ULPA

Dp<1pum

H10- H14 U15-U16

EN 1822 Standard

._.-_—

Secondary filter

HEPA or tertiary filter
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EU Percentage EN?27T978?
Class (Integral 7EN
villug] 1822
e 99.5999 16 T
- |
H14 w
1] o~
w
HizZ
H11 i
FO/H10 =
5o FEE) PEe
o
65 s y
60 -
- 55 b e — o
CLI 50 e .l Kol
45 E
| Percentage 40 . e
(T s : — 17123
4 G5 50 Gd
a0 25 %
80 e -
75 TS - e
2 T0 . G2
65 —
= e " 51, e
I ~ . : S
[Eursnet ¥ (2 0l ey e Lt
[Eurcrert 402 0] ASHRAE “270
[Lurcvert 44 [10-14)] ESpsa0 Pan 1
195,

1321 (5955 005 )l b oy
Component Assembly

3

c = i

3 < = T 2

S 3 £ z =

g z i T 3

S g a s E

> o =

o a T g a
[
Supply air to @
(@]
. =
Productionarea | O

00,10 3929 alé juz Gloaz cnl yo LT
Is there anything wrong with this arrangement?
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1321 00,5 (5955 sl b oy
Component Assembly

S
c £ -
] = 8 i 2
£ ] = z T
[ < T
g £ > 2 g
w ° [ o £
T <] 2 ] =
o A n a
[
Supply air to @
S g
. =
Production area O

lewl yig plovaz (pf by
This looks better!

€31 3929 5 yiee LT b
Or is it better?

1321 50,5 (955 )l b oy
Component Assembly

a c -
- E "‘E = ‘g
i) > ] S k&
i % i 1 z
< c s £ g
w S 2 3 ‘=
T 2 a S «
Supply air to L
N O )
. Z « 7 -
Production area - el wble o ld
lal
!0 . I . ‘ "
’J e Ol : HEPA filter must
That’s much better! be the very last

component!
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Figure 24. Air-handling system with high-efficiency particulate air
filters in air-handling unit
Air-handling unit
T ?: g, | S S Ojpa b il (6
; = ] ] d= TH
E B8 = Jlwlgn yo
a y=
| P PN
B Praduction room kg Produetion racm
~ with low leval with celing
" return | wwd 12N
142 e
i Feam O T Reom E
HEPA, high-efficiency particulale air

ool @UT 50 1o (6 el b J S
Control of air cleanliness

HEPA (sbs uld (L g Joo> 9 (g doun
Packaging and transportation

29 (S0 Glosmo jl 4 Wiglh (o a5l 450 Wb L glauls =
il ool 4o S g Jos SO

= High-efficiency air filters should be packaged in a manner that
adequately protects the element from mechanical damage during

handling and transportation from the supplier.

9 i 31 8 doso I (gyle Wil g Wi (w3l cuad jl JS Wb b plis ®
bl b s 4y by o a0 (18,5 1,8

= The filters should be inspected and be free from damage prior to fitting

Incubator, TPTI

into the installation.
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ood @UT 50 1o (6 el b J S
Control of air cleanliness

Fitting L oild 0 5 cud
i 32955 &y ol 3 i oo B oyl h yiled 5,5 b

= The fitting of high-efficiency filters should be delayed until they are required

for commissioning purposes.
o jlaw Joadlygimwd G—b o al Cowl 00l coai g Cad il aSCwlolo
D (5SS

= Whilst awaiting fitting, filters should be stored in accordance with the

supplier's instructions.

ool @UT 50 1gp (6 hed b J S
Control of air cleanliness

Fitting L yxilld 40,5 Cod
S obe 5l g (oobz juod Wl 1g JUB w3055 Cad 51 S s ™
bl Sogll

* Immediately prior to fitting, the air ducting system should be visibly clean
and free from contamination.

Al ousjlw Joddlygiws Gub ol bp milid 40 )5 cuai g cud ®
= The filters should be fitted in accordance with the manufacturer's
instructions.
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ool @UT 50 1o (g i b J S
Control of air cleanliness

Testing L pld Cowd 9 (i loj]
S g Ly Slpd yilid (6l p S Cond Wb o lam b sl sl auls @
Al LD Az (590 yidad (LBIS 550 (e sy (S LSy

= All air filtration equipment installed in an installation should allow for leak-
testing of the final filters and integritytesting of the seals between filter and
mounting arrangements.

Wigi (ST o 395 Gl iz (51 y9 o0 03Liiuw! g A4S Sgub Aol @

= Consideration should be given to the materials used for such testing to
ensure that materials themselves do not become contaminants or cause

contamination.

P e pli 5> S e
Filter Installation Leak Testing

H10-H14
)

Incubator, TPTI
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i cuai o2 j0 S Ca
Filter Installation Leak Testing

Manufacturer's factory and packed = OK

Unpacked and fitted into the filter housings=» maybe damage

Leakage problems
= casing
= housing

= Testing : artificial test aerosol

L yild jo S 3ble
Leakage areas in a HEPA filter

g ———..
Z '?’
i

S

-
-

o

=

e e

= - ~ ~
e ,//‘5}4‘2‘%' , 2 M
./_.‘é‘fg;%’ = ﬂb‘ﬁ/"i’(ﬂ%ﬁﬁ/

A - filter paper-to-case cement area C- gasket
D - frame joints. B - filter paper (often at the paper fold)
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;

¥ e
Sy S 9 (£ 90 090
b Artificial Smoke and Particle Test

= Cold-generated oils
= Di-octyl phthalate (DOP)

= oily liquid, potentially toxic effects, no longer used
= Di-octylsebacate (DOS)
= poly alpha olefin (PAO)
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i,
PVl

()

Sy ) b gy Comd
Cold-generated oil Test

Air pump

(high pressure)

Air +
oil particle

Laskin nozzle

i

oil

0.5 um

Co,

N
P ¥ o
‘ ) £l Shgy boge
Hot generated smokes
inert gas:

£ » vaporize
vaporation :
——> | QOil smoke
chamber
condense
aerosol
0.3 um
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é‘é ‘53.59) S99 ..\.‘9.0
Hot oil smoke generator

Slyd b yladd

= Single particle counters

= sample a volume of air
and this is collected in a
set time
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Methods of Testing Filters and Filter Housings

= Scanning methods
= a probe with a photometer, or single particle counter,
= Scan speed : not more than 5cm/s
= |eaks : media, filter case, its housing
= The most common leaks:
= around the periphery of the filter
= the casing-to-housing seal,

= the casing joints

Repair of leaks

= Filter media leak

= at the fold of the paper

= repaired on site with silicon

= replaced

A% HVAC and Clean room Technology



July 19, 2018 Tabriz Pharmaceutical Technology
Incubator, TPTI

o loyw 9 gt (pmlo,S
HVAC

A 7
Jod 36T bl 1
// @)
ol 8
[0} =)
58
3 (I3
) O
(@) ==
0 > @
3 4 15
@ O
>
@Lﬁ)é u|)la.>

Y All operations within a pharmaceutical facilility should be
correlated to well-defined clean room classes

Cleanroom Class A | B | C
Washing of containers X
Preparation of solution for terminal sterilisation X
Preparation of solutions for aseptic filling X X X
Depyrogenisation of containers X
Filling for terminal sterilisation X

X

Filling for aseptic process
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"l & yguas >
“As-built” condition

(6999 &ls®) csmoli (glan % '‘As built
ek

Bare room, without equipment

(=955 Slgp) clS 5L slgn

Supply air
or personnel
As-built
ot L
Return Relurn
air air

4l & yguas’

"o gl jof Ll
“At-rest” condition

"At rest”
Equipment may be operating,

but no operators present
ST UV IO | P Al-rest
‘5)931).3:' Fe ] Lol cooas = HE () oKws
-
H_e'.un
ar

Return
air
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” 6)[5“ ul’
“Operational” Condition

"In operation” ¢, cJl>"

J"‘“’)‘ 9 oliws L cs’}‘”‘” l.S"\"JB" MT)S' — Supply ai
= Normal production process with

equipment and personnel, T

..\Jl; (M db| 6‘5‘2) UM ).».m QL"). In operation
mp@@or&w:a,&é;uﬁm e Al =T
1 1
= Clean up time validated — normally in ' |
the order of 20 minutes | - {1\ L -
| Return | [0 Return |

alr = Y air

i @U1 o iz sledl> Gy i
Definition of Conditions

oyl 4o HB e

in operation
T
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Jisl lo conds
Occupancy states

Sl Oy @
ploi g el ool 00555 6l p g ol Jol5 a5 Cawl (gm0 LT =
olliwo b oliliws w38 Lol ooy (559 0t M1 g ol Jog b g g

Wbl (o0 oy Jwp WL g

= As built

= A cleanroom that is complete and ready for operation, with all

services connected and functional, but without equipment or

operating personnel in the facility.

Jisl lo conds
Occupancy states

ol pwl o m
plod g il 03laol (43,5, g1y g ouis JolS a5 ol (g jmed BUT =
s L olwd b oBitwd 0392 (559 0 ot BB 9 0uls Juog L (g gy
Ol 59 Lol W8 (oo ) Gy o 3ab L 009y wldgi 9 (559 002 JB g o

bl (o0 g Jw i @I
= Atrest

= A cleanroom that is complete and ready for operation, with all

services functioning and with equipment installed and operable or

operating as specified, but without personnel in the facility.
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JUsl b cundg
Occupancy states

BL IS

039—1 Jog 1 gy &5 Jloyi (659 082 Slibos b Cowl (g 5med 31 ™

)10 yguas (Jeoro (10,51 Lul b 50 Jw s g 39250 L o Slwd

= QOperational

= A cleanroom in normal operation, with all services functioning and
with equipment and personnel, if applicable present and

performing their normal work functions in the facility.

e cili 9 hro3 GU1 50 192 slo S

Wbl (o0 Wglaio Jla wizr 5 Wigid (o0 Aot A5 (Jaoro b GUTL juod GUT =
Increased air supply yiics 5999 g2 ®
v’ Office or shop (2-10air change per hours)
v' Cleanroom (20-60air change per hours)
High Efficiency Filter La L3 =

v' High Efficiency Particle Air (HEPA)> 99.97% efficient in removing
particles greater than 0.3um

stwlga o Final Sl wilé U Terminal air filter JUowo i glgn yilid (8,5 5,5 =
90 b Al 1 1gn jaue g LA ST 0959 =

= Room pressurization and pass-though grilles

v’ pass-through grilles or dampers will usually be seen at a low level on walls
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el 33 lgh s 925
Air Change per Hour (ACH)

Room - Building - Accommodation ACH
Assembly and entrance halls 3-6
Commercial kitchens 20-60
Public bathrooms 6
Class rooms 34
Laboratories 6-12
Smoking rooms 10-15
Warehousing 1-2
Clean Rooms 20-60

o3 31 iz o>l yb
Clean Room Industry Design
ISO Controls | Air Velocity at| Air Changes HEPA
Class table level in | Rate per Hour | Coverage as
FPM % of Ceiling
1 Stringent 70-130 >750 100
2 Stringent 70-130 >750 100
3 Stringent 70-130 >750 100
4 Stringent 70-110 500 - 600 100
5 Stringent 70-90 150 - 400 100
6 Intermediate (25 -40 60 -100 33-40
7 Intermediate [10-15 25-40 10-15
8 Less 3-5 10 - 15 5-10
Stringent
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\‘_ﬂ.-!l..:
) ?
T Class Airtlow type! | Average airflow velocity? | Air changes per hour?
( M7 & M6.5 (Class 100,000) N M 005-.041 m/sec (1-8 ft/min) 5-48
et MO & M5.5 (Class 10,000} N M A51-.076 m/sec (10-15 ft/min) 60-90
M5 & M4.5 (Class 1,000) N M 127-.203 m/sec (25-40 ft /min) 150-240
M4 & M3.5 (Cla ) | uUNM 203,406 m /sec (40-80 ft/min) 240 480
M3 & M2.5 (Class 10) u .254-.457 m/sec (50-90 ft/min) 300-540
M2 & ML5 (Class 1) U 305-.457 m/sec (60-90 ft /min) 360-540
M1 & cleaner u .305-.508 m/sec (60-100 ft,/min| 360-600

"When airflow type is listed, it represents the more common airflow characteristics for cleanrooms
of that class: U = unidirectional N = nonunidirectional M = mixed.

ZAverage airflow velocity is the way that airflow in standard dimension cleanrooms {that is, those

that typically havea ceiling height of 10 feet or 3 meters) usually is specified. This lerm iscommonly
used to refer to unidirectional airflow.

*Air changes per hour is the way that nonunidirectional and mixed airflow in nonstandard, high-
bay, or unusually configured cleanrooms usually is specified. Airflow velocity and air changes per
hour are mathematically equivalent methods, the conversion formula being:

Adr changes per hour = Average airflow velocity x room area x 60 min/hr

Room velume

5 B glgd (4ol jmod ey jO ACH el 50 g2 s gai Slai il

I1SO 8 =100,000 10%
1ISO 7 =10,000 {p*

Particle Cr o =(Cr,-Cs)exp(-NI}+Cs
Concentration mhere Cr._ = Final room concentraton
({log scale) & €1 inhial room canceniration
Crs SUpEly Al soncenwatian
N = Ricem air change rate
107 1 = Tars (howrs}

105 +

Class 100,000
—at— 10 alr changes per hour

| —a—20 bir changes
l per hour

Class 10,000

3 | J0air changes
10 per heur

1ISO5=100 102 : I Clasa 100
10 40 !It:narg |

per hpur |
1 1 1 - Times

T Tt T T T ' A (minutes)

1 20 30 : a0 50 ]

| |
| |12 minwng o]
|

-t ————— 21 minutes |
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i 301 (g 3Lw yuizo g HVAC (g 5w piizo « HVAC

5a03 (sl G155 18 0l 2> (95 g5l -0
Air Flow Pattern

Uni- Directional ay> <y v

Turbulent sgiie b asis] v

S glgh o 38 g ariil sle (4L >

Turbulent dilution of dirty air

- Supply air

Return air Return air |
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o P isd,

Jaod BUT 50 1gm b 2 gyl
Turbulent Flow _ysgiuio U axisT oL ,>

Freduction
equipment
T _Air extract

1. Conventional (non-unidirectional flow or turbulently ventilated) the air being

suppiied by air supply diffusers or filters in the ceiling

S lgp Slmle g ax SO sl b
Unidirectional displacement of dirty air

Airflow patterns

Supply air

Return air Return air |
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o3 38U 19p by 55l gl
Airflow patterns

Turbulent

Dilution of dirty air

Unidirectional/laminar

Displacement of dirty air

~Supply

-’/—""

Extracts

Displacement

i 3BT 50 Igp by (6ol glgsl

- Dilution

Airflow patterns

Critical point
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o P il
) "Q _
' - Jod BUT 0 192 (4l y> (5951 £l
Airflow patterns
Prefilter
e s e AHU
iMain filter | | |, |
| [ —%—

[N PE K]

E Turbulen %E Unidirectional

Turbulent

Air flow patterns
Is2 by 5!

Prefilter

: Main filter

AN

““Turbulent >
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Positioning of filters (1)
3,19 0929 4 SO lgr ol hiw plod’ idgy g Lp yilid JUoo 5 uaily

Prefilter

E Celling
: exhausts
* " e

Low level exhausts

P

Positioning of filters (2

Final filter
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Szos-buxo b 595V ol
Isolators or Micro-environment

Cbli> mhaw o YL B 09 (o0 ooliiwl juod 3L (5959 H6¥g) *
T Casay Sogll
= These are used within a clean room to give the highest
level of protection against contamination.

S99 Judum Jlo po Lol aills aigr G gl92 L2 ei¥o! ®
Wl o0 30 ad] &g b y2 Cowl o olKiws
= |n figure, the isolator is shown to have a unidirectional
supply of air but this may be a conventional turbulent-
flow type.

Sl oul 0018 yLiG oy gSCiws  ®

= Gauntlets are shown,

A HVAC and Clean room Technology
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ood @UT 0 g ouids’ sy (b az o b by jeuss gloil -#

Kinds of Diffusers (diffusors or registers)

6999 Sl9» (b 0uisS i) sl y900 £lgl
Supply Air Diffuser

b ouidS Aoy 4 pgwge gl azmyo b Jowo 5l el BT 50 192 b > ®
A5 Wiguh g i lw 5l AgSs Wl b az )0 (0 9l (0 919 riwa
WSS 2598 LSNPS Gmed 3T g0 1) 192
* The air flows into the rooms via so-called registers (diffusors),

which are built and installed in such a way that the air is

distributed evenly.

g ool juod BUT Ho s oussS sl ooy jeutss glgil
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o P isd,

62959 Slg (b 0udds i) sy 59080 £l
Supply Air Diffuser

Joxo B ousas’ Gidy 511y 1ap (3l y2 9 yous wiilgs (oo jwed GUT U510 Jolwg b o¥T isle @
O 5o g Ol)d dlusi Gblo (] 10 45 Wygl (0 995 gs 1) Ui s Lo 03,5 vw 9557
Dy (o0 0L 5

= Machinery or furniture can block the passage of air from the register to the exhaust

point, creating unflushed zones, where counts of particles and micro-organisms
could be higher.

a2y jaed GUT Jolwg 5 YT cpdilo (ol gimo 4wl 5uad BT (> 15b &Bg0 50 ol by
gy

= |t is therefore important to consider the content of a clean room, when planning the
HVAC system.

S 0 ez aly Sy (390 1y oS iy 3 Lb Sl i yikid 05T

= |n many cases, the terminal filter panel and diffusors are incorporated into one unit.

62939 Slep L) jemis glsil
Supply Air Diffuser

@ Supply air diffusers of the high induction type should not

be used in a cleanroom

@ Air should be exhausted from rooms af a low level.

® Recommended supply air diffuser

Perforated plate diffuser

Swirl diffuser

oY HVAC and Clean room Technology
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PERRCSU W TRFAPY]
Diffuser
Al IF;

-1 S\ i/’,;:’:-
= N

- { | .

-

» -
Hepa Filter Box 2 P .

(00l 4o 83)El ygw F1ygmw 00ssS gy
Perforated plate diffuser (recommended)

0uSSS sty
Elhgw Elhgw
oSS sy opl b Perforated Plate
lg2 Wl Culs
wb oo mals
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(60 dpuo gd) s>y 0SS sy
Swirl diffuser (recommended)

Low induction swirl diffuser

(preferred)

(00 Ao gd) sy 0USS sy
Swirl diffuser (recommended)

Swirl Type air diffusers with

1 Filter terminal filters

2 Tightening frame
3 Register outlet

4 Screw fixation for register

Incubator, TPTI
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SIS

- : (gs-w olua) gy18] g95 ouiaS sy
0ffu:e type (high induction), avoided

919y sl
Sled o bolswe
$°959 slgp b G

R A High induction office type diffuser
mixing with supply air

(avoid)

(39 SLez) 5,18 £g5 0ussS iy
Office type (high induction), avoided

eSS 1) (69959 Slad &5 Culils dxgi Igd 0ullS s £45 4 Wb Lo =
20 &5 jshilod oS L) juod BUT (49,0 )L 99,5 i 2 00,5 (ol
! 00T oS!
= |tis also important that the air diffuser supplies air evenly and

does not induce the circulation of dust in the room — as

illustrated by the next slide.
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‘? ° .o s &0 ) &‘9}“
Diffuser
¥ §
Ew”ém"r%"" L,
P = T
(I Y Ny (SQ o
) =9
/ 1SS0
J] L*\ S
St N ‘\,_
Indmgad 1gpm ain
miang wih supply a0
i o [

Retuin Retum Rewrn Refurm
A Aar L. Aar
High induction Low induction
office type diffusor swirl diffusor

(avoid) (preferred)

SY pl glgil
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Syl (SY p) slon Jid (ol JLio
Example of cascade airlock

®©/ ©

—_— T T

15 Pa i’ 225Pa “wﬁna

(E:I = Lemkage ar flow

MAL, Material alrioek.

S (SY pl) slen Ja3 sl Jlio
Example of sink airlock

0 o,
L - - N N
Mal /
/7 15Pa
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3 Y
y \ SIOL (SY ) glgp JiB sl JLo
Example of bubble airlock

P
© ) \ ©
— e ) R
,./ Mal \‘
5Pa "\ 30 Pa /,, 15Pa

MAL, Mater al airlo

“
Ky X . O P a s
Totally enclosed garments air-breathing system
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