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rates obtained from the 55 people when wearing either
indoor or cleanroom garments, and arranged in order so
that the lowest counts are on the left and the highest counts
are on the right. Also added to the right hand side of the
graph are the counts obtained from the prolific disperser
(person number 56). The maximum dispersion rate
previously observed from the 55 people studied, when
wearing indoor clothing, was 13,800 per minute, and

when wearing cleanroom garments was 855 per minute. .

The prolific disperser shed considerably more than the
previously highest disperser when wearing indoor
clothing, and was 13 times more prolific than the previously
highest dispenser when wearing cleanroom garments.

Particle size of the microbe carrying
particles dispersed

Calculated by an Andersen sampler
An Andersen sampler is a cascade microbial air sampler
that has 6-stages, each stage having 400 holes which

decrease in diameter down through the stages. The
impaction velocity onto each agar surface therefore

increases down through the stages and, as the air passes
down through the stages, the size of particle that is
efficiently deposited onto the agar plate becomes smaller.
This allows the size distribution of the MCPs to be
calculated. The percent cumulated counts, by Andersen
stages, were calculated on a "less than stated size" for each
sampler stage and plotted on log 3-cycle x probability
paper, setting the plot point, in micrometres, as the 50% of
the next stage above. The values for 50% cumulative
particle size impacted on each stage, in terms of
equivalent particle diameter, were obtained from
published results®'. These were as follows:

Stage 1 =9.8um
Stage 2 =6.2um
Stage 3 =3.8um
Stage 4 =2.2um
Stage 5=0.9um

The method is more fully explained elsewhere®, From the
line of best fit, the equivalent median diameter is read
from the graph opposite the 50% probability. The result
obtained of the median equivalent particle diameter when
wearing cleanroom garments was 9um.

Calculated by deposition velocity
The average deposition velocity of MCPs can be
calculated from the following equation.

Number settling/m?/s
Number in air/m?

Deposition velocity (m/s) =

The numbers of MCPs settling/m?/s onto a surface can be
obtained from settle plates and the number/m? in the
cleanroom air from an air sampler. To -obtain this
information, 6 plates, each of 14cm diameter (154cm”
surface area) were arranged around the person exercising
on the dispersal chamber floor, giving a total surface area
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of 0.924m?. These plates were exposed for 120 seconds
and an average count of 220 was obtained from 20 people
who were sampled.

Therefore,

Number settling on plates/m?/s =220 x 1/0.94 x 1/120=1.984

At the same time as the plates were exposed, an Andersen
sampler (without entrance cone) was placed on the floor
of the chamber and used to measure the MCPs in the air.
This gave an average count of 1.951/m?,

Therefore,

Deposition velocity (m/s) = 1.984 +1.951 = 1.02 cm/s

Because of their comparatively large size, MCPs deposit
onto surfaces under the influence of gravity®. Based on
Stokes Law, the following equation can be derived® that
relates the settling velocity of airborne particles in air to
the equivalent particle diameter:

pd®g
18n

Settling Velocity =

where,

p = density of particle

d = equivalent diameter of particle.
g = acceleration due to gravity

1 = viscosity of air

This equation applies to spherical objects. As has been
explained in the introduction of this paper, MCPs are not
spherical, but it is conventional to consider airborne
particles in terms of equivalent particle diameter, which is
the size of a sphere of unit density that has the same
aerodynamic properties as the particle being considered.
Using this approach the density of a particle in the above
equation can be taken as unity (1g/cm?). The viscosity of
air at 20°C is 1.84 x 10”kg/m.s, and if the particle
diameter units is expressed in um, then:

Settling velocity (cm/s) = 0.0032 d?

or,d= ’\/

In our example:

settling velocity (cm/s)
0.0032

1.02
0.0032

Equivalent diameter of MCPs = =18um

Discussion and conclusions

The dispersion rate of MCPs, particles >0.5um, and 25.0pm
from 55 people was measured. Thirty females and 25 males
were studied, this being the largest study that the authors are
aware of. The dispersion rates given in this paper can
therefore be used with more confidence when such
information is required, for example, to calculate the expected
airborne contamination concentration in cleanrooms.
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Large variations in airborne dispersion from people
were apparent, and the rates of dispersion of MCPs,
particles 20.5um, and 25.0um were interlinked i.e. high
dispersers of one type of particle would disperse high rates
of particles of the other two types, and vice versa. The
number of MCPs dispersed per minute, when wearing
indoor clothing, and excluding one exceptional individual,
ranged from 94 to 13,800 (average = 2,400), and when
wearing cleanroom garments ranged from 5 to 855
(average=177). One exceptional individual dispersed
16,000 MCPs per minute when wearing indoor clothing,
and 11,000 per minute when wearing cleanroom
garments. The dispersion rate per minute of airborne
particles =0.5um ranged from 142,000 to 14,500,000

(average=2,133,000) when wearing indoor clothing, and

from 79,700 to 11,700,000 (average=1,020,000) when
wearing cleanroom garments. Similarly, the dispersion
rate of airborne particles =5.0um ranged from 3,810 to
- 2,110,000 (average=332,000) when wearing indoor
clothing, and from 1,020 to 263,000 (average= 37,300)
when wearing cleanroom garments.

The reduction in the dispersion rates, when cleanroom
garments were worn over personal indoor clothing, was
13.6-fold for MCPs, 8.9-fold for particles =5.0um, and
2.1-fold for particles =0.5um. It has been previously
demonstrated’® that the reduction in the dispersion of
MCPs and particles by the use of cleanroom garments was
determined by the tightness of the weave of the cloth, and
‘the design of the garments. The more occlusive the fabric
and garments, the greater the reduction in airborne
dispersion, and more larger particles would be retained
than smaller particles. The effectiveness of the cleanroom
garments studied in this study was therefore as expected.

The relative dispersion from males and females was
studied. It was found that men dispersed greater numbers
of MCPs and particles and this was confirmed by
statistical analysis. It is well established that males
disperse more MCPs than females?, but the authors are
not aware of any study that has established that males also
disperse more inert particles. It has been suggested by
Noble?*2* that the possible reasons for the higher rates of
dispersion of MCPs by males is because of the higher
concentration of bacteria on their skin, slightly smaller
size of skin cell, different rates of dispersion from
different regions of the body, and a greater area of skin.
- However, MclIntosh ef al' have suggested that differences
need only be explained by the higher concentration of
bacteria on the skin of males. Not all skin cells are
colonised by bacteria, and an increase in bacterial
concentration results in more skin cells being colonised,
and hence a greater dispersion rate of MCPs. This latter
explanation would fit better with an unpublished study we
carried out, where we failed to show that the size of MCPs
dispersed from males was smaller than females, or that the
weight and size of an individual (which should reflect
their skin area) influenced the dispersion rate. However,
the full explaination for the differences is uncertain.

The equivalent particle size of MCPs was calculated
using two methods. An Anderson sampler gave an
equivalent particle diameter of 9u, and a deposition
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velocity method, which used simultaneous sampling by
settle plates and an Anderson sampler, gave an average
size of 18um. The Andersen sampler is possibly the most
efficient sampler commercially available, but has losses in
the intake to the sampler, which selectively remove larger
particle sizes'®. This loss was minimised by not using the
intake cone, but deposition losses on the intake holes on
the top stage will reduce the average particle diameter.
There is also some doubt as to whether the d. sizes used
to calculate the average equivalent diameter are accurate,
especially the values used for the top stages'®. When using
the settling velocity method, reliance can be placed on the
settle plate correctly measuring the settling rate, but the
Andersen sampler may underestimate the concentration of
MCPs in the air. The correct average equivalent diameter
is therefore likely to be between the values produced by
the two methods, and the previously suggested size of
12um* still appears a reasonable value.

The ratios of the number of particles dispersed of
20.5pm and 25.0pm diameter, to the number of MCPs,
when wearing cleanroom garments was 5,800 and 210,
respectively. These ratios are similar to those reported by
Reinmiiller and Ljungqvist’, who found that the >0.5um
particles to MCPs ratios were between 1,500:1 and
8,000:1, and for the 25.0um particles to MCPs were
between 24:1 and 140:1. These ratios will vary depending
on the volunteers, the design of the clothing, the type of
clothing fabric, and whether the fabric was new,
unwashed and unsterilised. Changes in the ratios may also
occur owing to differences in the sampling efficiency of
microbial air samplers, and different losses in the intake
methods of the particle counters and microbial samplers.
The ratios are also likely to be greater in cleanrooms if
there are additional particle dispersing mechanisms other
than from people e.g. from machinery.
 In Annex 1 (2003) of the EC GGMP'?, upper limits of
MCPs and particle concentrations are given for
pharmaceutical cleanrooms. Grade A areas should not
exceed a concentration of 3,500/m? for particles >0.5um,
1/m3 for particles >5.0um, and 1/m3 for MCPs. If it may
be assumed that the concentration of MCPs (1/m?) is the
prime value that should not be exceeded in order to obtain
a suitable quality of product, and that monitoring of
particles gives additional indirect monitoring of MCPs,
then the maximum count of 3,500/m? for particles 20.5um
is reasonably close to that expected from the ratios found
in this paper and by Reinmiiller and Ljungqvist’.
However, Annex 1 of the EC GGMP requires a count of
1 particle 25.0pm/m> when the microbial limit is 1/m?.
This microbial limit is too low to fit in with the ratio, and
that suggested in ISO 14698-1 (29 particles =5.0um/m?) is
closer, although still low. It is also interesting to consider
the ratios of particles =5.0um to particles =5.0um. In this
series, the ratio when wearing cleanroom clothing was
found to be 27:1. Eaton® found an average ratio of 12:1
and 57:1 when sampling in his Grade A and Grade B
cleanroom areas. In ISO 14644-1 the classification limits
for 20.5um particles are 121 times that of the >5.0um
particles e.g. in a Class 5 room the concentration of
particles 20.5um is 3,520/m® and that of 25.0um is 29.
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However, in Annex 1 the requirement for a Grade A area
is 3,500/m> for particles =0.5um, but only 1/m3 for
particles >5.0um; this requirement appears to be out of
step with the normal ratio, and incorrect.

It has been suggested in justification of the requirement
to count particles =5.0pm in pharmaceutical rooms that an
occasional 25.0pm particle can be found in the air without
the accompaniment of >0.5um particles. It is quite clear
from these present studies that MCPs are not dispersed by
people without the accompaniment of both =5.0pm and
20.5um particles, and these are in proportion to the
number of MCPs dispersed. MCPs were never found
without particles, and more particles 20.5um are
associated with microbial dispersion than particles
>5.0um. Because of the distribution of the sizes of MCPs
in cleanroom air, 100% would be measured when
counting particles 20.5um, and from the known size
distribution of MCP it can be ascertained that 83% of the
MCPs would be measured when counting particles
>5.0um*. It therefore appears that the additional
measurement of particles 25.0um to ensure that MCPs are
counted is unnecessary.

To ensure that a pharmaceutical product is fit for use by
a patient, MCPs must be measured and controlled, as the
deposition of airborne microbes is a major source of
product contamination?®. However, the case for measuring
and controlling particle concentration is less convincing.
1t has been demonstrated that very large changes in the
airborne particle count had no measurable effect on the
particle quality of the product, but that particle
contamination came from the container and closures'? 13.
Similar conclusions were drawn from a series of
experiments carried out by Dutch workers?”?. Particles
must occasionally fall into the product but, in comparison
to the levels of particles permitted in parenterals, it is
insignificant'’- 12, and unlikely to be a problem to patients
who are subsequently administered the product®.
However, although the measurement of airborne particles
is unnecessary to ensure the correct product quality, the
measurement of particles is necessary to check that the
cleanroom is functioning correctly. In this situation there
is no benefit in measuring particles 25.0um, and because
of the low concentration, and hence the reliability of the
count obtained, as well as the long sampling time required
because of the low concentration, it is a count to be
avoided.

Particles 25.0um are found in very low concentrations
in pharmaceutical cleanrooms. To reliably measure them,
very large sample volumes and sampling times must be
used, and spurious results have a disproportionate effect.
Eaton®® has demonstrated this, and other practical
difficulties associated with sampling this size of particle.
It may be concluded that the measurement of particles
>5.0um in pharmaceutical cleanrooms is inaccurate and
unnecessary. As the FDA do not require the measurement
of particles =5.0um, the findings in this paper, if accepted
by the European Medicines Agency would assist in the
harmonization of the regulatory standards of the USA and
the EU.

+11.
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