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Summary
In the context ofthe newly developed MAS-100 air sampler system,
the qualification areas
- Design qualification
- Installation qualification
- Operationalqualification
- Performancequalifkation
illustrate the qualification procedure for this type of device.

Comparative studies of eight different methods yielding 1022 indi-
vidual results at Novartis Pharma AG undertaken in BasellSwitzer-
land between 1981 and 1998 were evaluated. They show that, ifmean-
ingful statistical analyses areperformed, adherence to important test-
ing parameters such as sampling periods, culture media used, and
placement of the devices, six of the eight methods examined yielded
comparable cfu levels.

Introduction
Monitoring thenumber of microorganisms
in the air is becoming an ever more im-
portant task due to increasingly stringent
regulations, in the medical device industry
as weIl as in the cosmetic or food indus-
tries, but especially in the pharmaceutical
industry.
Reliable and accurate monitoring results,
however, depend on a number of different
factors:
- Composition and concentration of air-

borne microbiological contaminants
and contaminant-carrying air particles

- Requirements of the tested area (clean
room class)
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- Correct operation of the device
- Device functionality
- Method of cfu counts and their evalu-

ation
- Incubation times and temperatures
- Culture media

This article intends to demonstrate the
qualification of air sampier systems using
the MAS-1O0 developed by the authors as
a practical example in order to assist inter-
ested readers in performing their own eval-
uations.

Materials and Methods

1. MAS-100: principle of operation
The MAS-I 00 operates on the impact prin-
ciple. The contaminant-carrying particles
are propelled onto a solid medium. The

sampled air is aspirated either horizontal-
ly or vertically through aperforated plate
with 400 holes 0.7 mm in diameter and pro-
pelled (blown) onto media plate with an
impact speed of 10.8 m/s. The air then
passes through an air flow meter that ad-
justs the sampling volume to a constant 100
litres per minute. This continuous adapta-
tion of the air volume is a novelty in air
sampier systems and greatly contributes to
correct and reproducible results.

2. Qualification focus
Qualification of air sampiers is primarily
effected using the following parameters
currently accepted primarily in English-
speaking areas:
DQ Design qualification
IQ Installation qualification
OQ Operational qualification
PQ Performance qualification

2.1 Design qualification (DQ)
Por manufacturers, design qualification
means determining a profile of require-
ments for a given device. This profile may
contain a number of different criteria.

The following criteria applied for the
MAS-1O0:
- Easy to use
- Universal application
- Suitable for clean rooms
- High precipitation rate for bacteria and

fungal spores
- Can be calibrated and adjusted

Por customers, DQ may mean, for instance,
the scope of delivery of the device.

2.2 Installation qualification (1Q)
Installation qualification means that the
requirement profile as described in the DQ
is met, or that the device and its accessories
are delivered as ordered.



Device No.:

.P: Test passed
NP: Test not passed

Fig. 1: Operational qualification - MAS-IOO.

2.2.1 U ser-friendliness
Müdern air sampIers shüuld meet the fal-
lüwing minimum requirements:
- Easy ta carry
- Operatiün ün rechargeable batteries
- Cünstant perfürmance
- Lüw Cüst af cünsumables (culture

medium)
- Calibratian
- Cüvered air intake

Süme additianal parameters apply tü the
MAS-IOO:
- Programmable delay befüre air cüllec-

tiün (1-60 min)
- Date and time
- Optical status indicators

2.2.2 Operatiün area
Depending ün what class üf clean roüm an
air sampIer system is ta be used in, the sys-
tem will have tü meet the applicable re-
quirements.
Für sterile areas where cüntaminant caunts
are required tü be less than I cfu/m3, the
sampling vülume must be at least I m3 tü
acquire quantities üf less than I cfu/m3.
This means that impact devices must have
a relatively high air throughput tü test I m3
üf air within a reasünable amüunt üf time

(the throughput für the MAS-1O0 is 100
litres per minute). Für areas that are sub-
ject tü less stringent requirements, it is püs-
sible tü extrapülate from the results üf
smaller sampling vülumes tü übtain cfu/m3
values.

2.2.3 Suitability für use in clean roüms
Suitability für use in clean roüms dües nüt
ünly me an that the device is suitable in
terms üf cfu caunts, but also. in terms üf
particle cüunts. Depending ün the desig-

Date:

Teehnician:

Initials:

nated clean roam class, a number üf fac-
türs have tü be evaluated in advance:
- Device decüntaminatiün

Each device shüuld be suitable at least
für external disinfectiün. The MAS-
100 is additiünally suitable for ethyl-
ene üxide sterilisatiün. When microbi-

ülügical air quality is münitüred in ster-
ile Class 100 clean roüms it is recüm-
mended tü keep the air sampIer perma-
nently deplayed in this züne füllüwing
decüntaminatiün. This reduces the risk
üf secündary cüntaminatiün.

- Particle emissiüns
In all mechanical devices with müving
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parts, abrasiün can generate smaller or
larger amüunts üf particles. Für this
reasün, any device that is tü be used in
areas with stringent air particle cüunt
requirements must be tested for parti-
cle emissiüns.
One methüd für düing this is tü turn ün
the air sampIer inside the laminar flüw
üf a sterile bench and ta determine the

particle cüunt in the exhaust air. (The
number af particles > 0.3 11mfüund in
the MAS-1O0 exhaust air is less than 5
per cubic füüt üf air.)
Suitability für isükinetic sampling
Sterile roüms in the pharmaceutical in-
dustry are Class 100 clean roums (Züne
A accürding tü EU classificatiüns) and
are usually equipped with laminar flüw
systems früm 0.3 tü 0.5 mls. Tü avüid
turbulence, all air sampling shüuld be
perfürmed iSükinetically. (This is why
the MAS-1O0 airflüw speed is 0.45
mls.)

2.2.4 High precipitatiün rates
The quality üf an air sampIer is primarily
determined by its precipitatiün rate, which
in turn is influenced by the füllüwing fac-
türs:
- Air sampIer design
- Physical properties af the cüntaminant-

carrying partic1es
- Type üf cüntaminants
- Rate üf impact an the culture medium

Hüwever, üpiniüns are strongly divided as
tü what cünstitutes the proper methüd for
determining precipitatiün rates and what
wüuld be the proper reference methüd.
Attempts are currently under way tü deter-
mine precipitatiün rates using artificial

10

Sampling period

65 J
75

85 75 95 70 50

85 60

75

68

Fig. 2: Influence ofthe sampling volume and the sampling procedure on the resulting
airborne microbe count using afictitious variation in the microbial count as an example.
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I Test No.11 Description 01 test
11

Expected event
11

Actual event
1I

P INP'
11

Initials
I

1 Activate electronics Display is lit Display:

2 Start-up delay Start-up after 5 minutes Start after:

3 Sampling indieator RUN Indicator lit Lit:

4 End-of-sampling indicator STOP indlcator Iit Lit:

5 Sampling period 2% minutes for 250 Iitres Minutes:

6 Aspiration volume wlth plate 100 I 2litres

7 Aspiration volume without plate 100 I 2 litres

8 Automatie shut-down After 5 minutes Display darkens

1 min 40 -95

2min 60 - 85

Smin 61 - 75

10min 68



aerosols of contaminant suspensions.
Since real-life contaminants suspended in
air, however, are attached to dust, lint, or
skin particles, this type of qualification
makes little sense; this would be a com-
parison of the proverbial apples and or-
anges.
Since it is well known [1,2, 3] that the size
of contaminant-carrying particles exceeds
211m,itis importantto know what sizepar-
ticles an air sampIer is able to precipitate.
Based on the physical data known for each
impact sampIer, the precipitation efficacy
can be calculated by determining the cut-
off size (dso),as follows [4]:

dso
9 17WSTk 50

pVC

were

= Viscosity of the air
(1,81xlO-sPas)

Stkso = Stokes constant (1/4for round
and 1/2for rectangular air intake
apertures)

= Particle density (1.03 g cm-3)
= Impact speed (m/s)
= Cunningham correction for

particles < 1 11m
= Diameter of air intake aperture

(mm)

This formula can be simplified by prede-
termining the constant factors (air viscosi-
ty, particle density, correction factor):
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At an aspiration volume of 100 litres per
minute and with 400 holes with a diameter
of 0.7 mm each for the lid, the MAS-1O0
will attain a collision speed of 10.8 mJs.
This results in a dsovalue of

dso
= ~ 40.725 x 0.7 = 1.62 11m10.8
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Result: No significant differences between the two filter types. At the same time, testing under
these conditions refuted the claim that the contaminants on the CEF would be damaged [9].

Fig. 4: Comparative airborne contaminant counts using GMF and CEF (1981) n =48
pairs.

Air sampIers with a dso of less than 2 11m
should theoretically be able to precipitate
practically any airborne microbiological
contaminant-carrying particles.

2.2.5 Calibration and adjustment
To obtain constant and reproducible re-
sults, the air sampIer must be calibrated
and, if necessary, adjusted at least once
every year. Calibration can be effected us-
ing a certified anemometer or - as in the
case of the MAS-1O0 - using a positive
displacement gas meter.

2.3 Operational qualification (OQ)
Operational qualification demonstrates
that the device under inspection is fit for
use. Like performance qualification, OQ is
not infrequently required by regulatory
authority representatives. In OQ, certain
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Fig. 3: Comparison of colony counts using sampling volumes of 500 and 1000 litres of air.

functions that are important to the individ-
ual user - such as sampling periods, start-
up delays, or automatic cycle termination
- are tested using e. g. a stopwatch (Fig. 1).

2.4 Performance qualification
As mentioned before, correct determina-
tion of airborne contaminant counts de-
pends on a number of different factors. The
nature ofthe airborne contaminants and the

contaminant-carrying particles, as well as
environmental and testing conditions, will
vary from one air sampIer system applica-
tion to another. Users will therefore have
to obtain performance qualification for
their specific applications and their spe-
cific testing conditions in order to demon-
strate the biological efficacy of their sam-
pIers. Incidentally, the regulatory authori-
ties and their representatives specifically
require this.
Company-internal or regulatory require-
ments regarding airborne contaminant
counts exist for most areas in which mi-

crobiological air quality is monitored.
Once a new monitoring method is intro-
duced, it must be determined whether the
new device yields the same results as those
obtained by the device used previously.
As a result of technical advances, Novar-
tis PharmaAG repeatedly changed its test-
ing methods, from the initial GMF (1975)
through CEF (1982), RCS (1982), SAS-
Compact (1988) to the MAS-1O0 (1996),
and validated these methods accordingly

dso
40.725 x W round air in-=

V takeapertures

dso =
81.45vXW

rectangular air
intake apertures

Colony count per sampling volume

Trial No. Device 1 Device 2 Devices 1 + 2 Device 3
500 litres 500 litres 1O001itres 1000litres

1 24 34 58 72
2 28 28 56 52
3 12 19 31 37
4 39 18 57 50
5 9 41 50 30

Average 1-5 - - 50 48




