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Let us hope that the 
momentum gained 
at the 2015 United 
Nations Climate 
Change Conference 
in Paris at the  
end of the year 
continues. 

Regrettably, like the majority of people,  
I have little faith in politicians, so it is up 
to us, scientists and engineers, to make 
sure that the necessary actions will be 
taken to stop the human race burning 
up the planet. This will only happen if 
there is a good financial case for adopting 
the necessary solutions. Let’s start with the 
Stern Report of 2006. This recommended 
that despite the uncertainties, it would 
be far less expensive to take action  
to minimise global warming now, 
immediately, than when it has been 
proved beyond doubt that global warming 
is man-made. This was a good risk 
assessment. Unfortunately, the Stern 
report appears to have been largely 
forgotten because politicians can’t see 
beyond the next election. So what we 
are looking for are means of generating 
electricity or powering industry and 
transport that will replace the burning 
of fossil fuels because they are cheaper. 
That is quite a challenge but there are 
many promising initiatives under way. 
Storage of energy is another factor. 
Solar, wind and tidal are all intermittent 
sources of power. If the energy from 
these can be stored, locally or centrally 
then the need for filling the gaps with 
fossil fuel derived energy sources can be 
minimised. But the biggest and possibly 
the quickest way of reducing man-made 
emissions is to reduce the amount of 
energy that we use. It is here that the 
cleanroom fraternity can make a big 
impact. For example, it is accepted that 
clean air facilities can account for 80% 
of the total energy used in a typical 
manufacturing plant with cleanrooms, 
i.e. the manufacturing environment 

consumes four times as much power as 
the manufacturing process itself! So this 
is an area where very big savings in 
energy should be possible . . . and they 
are. Two recent articles show what can 
be done. 

The first by Dr Johannes Rauschnabel, 
Chief Pharma Expert at Bosch Packaging 
Technology, writing in Pharmaceutical 
Online, sets out the difference that 
choosing the right kind of isolator or 
RABS (restricted access barrier system) 
can make. He writes “For instance, 
isolator systems can save up to 65 percent 
of energy compared with RABS, while 
active RABS are up to 30 percent more 
energy-efficient than passive RABS.” 

The second, a press release from Mie 
Fujitsu Semiconductor of Japan, describes 
how that company has specified a 
Swirling Induction Type HVAC System 
from Takasago Thermal Engineering  
for a new production line, with expected 
energy consumption “roughly 47% 
lower for transport power [which I think 
means power required for air movement] 
and roughly 32% lower for heat-source 
power.” The swirling induction concept 
turns conventional ideas about cleanrooms 
literally upside down and is a good 
example of the radical thinking  
that is needed to achieve worthwhile 
energy savings.

More comprehensively, there is a 
new international standard currently 
being worked on to guide us on our way: 
ISO 14644 Part16: Code of practice for 
improving energy efficiency in cleanrooms 
and clean air devices. This will be based 
on BS 8568:2013, the British Standard 
with a similar title but will have  
the benefit of inputs from experts 
worldwide.

So here is a call to all my colleagues 
in the cleanroom industry: let us make it 
our business to ensure that we all play 
our part in reducing energy 
consumption of cleanrooms to the 
lowest possible levels.
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Knowing that gravity is the force that 
causes most of the particles ≥5µm in 
cleanroom air to settle onto surfaces, 
the deposition velocity of discrete sizes 
of particles, as they settle through the 
air, can be calculated by Stokes settling 
equation (Hinds, 1999). This is correct 
in the range of particle diameters from 
about 1.5µm to 75µm, where Equation 3 
is accurate to better than 10%.

Equation 3

Where, DV is the deposition velocity 
(m/s), p = density of particle (kg/m3),  
g = acceleration due to gravity (9.81 m/s2), 
d = particle diameter (m) and  
µ = viscosity of air (1.18 x 10-5 kg/m.s)

For particles smaller than about 1.5µm, 
the result obtained from Equation 3 will 
be more accurate if the result is multiplied 
by a slip correction factor, but this is not 
necessary in this article as the particle 
sizes that are considered are ≥5µm. 
However, when particles are larger than 
about 75µm, the deposition velocity can 
be more accurately calculated by use of 
Equation 4.

Equation 4

Where J is obtained as follows:

and, a is the density of air at 20ºC  
(1.2 kg/m3)

Naturally-occurring particles exist in 
cleanroom air in a variety of shapes  
and densities that affect their deposition 
velocity. The shape and the density  
of particles in room air are relatively 
unknown, and it is convenient and 
conventional to consider particles, 
especially in situations where surface 
deposition is considered, as an equivalent 
aerodynamic diameter. This is the 
diameter of a sphere with a density of 
1000kg/m3 that has the same aerodynamic 
properties, such as gravitation settling 
through the air, as the particle being 
considered. If the density of the particles 
is known, then the particle can be 
described by Stokes diameter, which is 
the equivalent diameter of a sphere with 

the same aerodynamic properties and 
density as the particle being considered.

The main source of particles in a 
typical cleanroom is personnel, who 
disperse particles from their skin and 
garments. The density of skin particles 
is 1100kg/m3 (Leider and Buncke, 1954), 
and polyester used in cleanroom garments 
has a density of 1380kg/m3; it is therefore 
reasonable to assume a density of 
1200kg/m3 for airborne particles found 
in cleanrooms. 

It should be noted that the deposition 
velocities of particles discussed in this 
section are for discrete particle sizes. 
However, particle concentrations are 
usually measured in a cleanroom  
as cumulative sizes, and a method for 
calculating the deposition velocity  
of cumulative sizes is given later in  
this paper. 

An alternative method of calculating 
the deposition velocity to Stokes  
settling equation is by experimental 
measurements. If the airborne 
concentration and PDR of particles are 
measured at the same location, then the 
deposition velocity can be calculated by 
Equation 5. This experimental method  
is described later in this paper.

Equation 5

The value of the deposition velocity  
may be influenced by a) the cleanroom’s 
air supply rate and turbulent intensity  
of the air, and b) the size distribution  
of the particles that will deposit on 
surfaces. The effect of these variables  
is investigated in this article.

Previous research into the 
relationship between airborne 
particle concentration and PDR
The relationship between airborne 
concentration of particles ≥5µm and PDR 
was obtained from a study of a wide 
variety of cleanrooms that was reported 
by Hamberg (1982).The following 
relationship, which has been transformed 
for use with SI units, was obtained:

Equation 6

Where, PDR
≥5µm = number of particles 

≥5µm/m2/hr, and C = concentration of 
airborne particles .≥5µm/m3

Equation 6 predicts that there will be 
more particles deposited at lower 
particle concentrations than expected by 
the drop in the airborne concentration. 
The magnitude of this effect can be 
calculated by considering two cleanrooms 
with different airborne particle 
concentrations. The first cleanroom  
is an ISO Class 8 with a class limit  
of particles ≥5µm of 29,300/m3, and  
the PDR can be calculated by use of 
Equation 6 to be 230,380 /m2/hr. The 
second cleanroom is an ISO Class 6 
with a class limit of particles ≥5µm  
of 293/m3, and the PDR calculated to  
be 6,535 /m2/hr. Therefore, a 100-fold 
reduction in the airborne particle 
concentration caused by a reduction in 
air cleanliness from ISO Class 8 to ISO 
Class 6, gives a 35-fold reduction in the 
PDR. There are therefore approximately 
3 times more particles deposited than 
expected from the reduction in airborne 
particle concentration.

Parasuraman et al (2012) carried  
out experiments in a cleanroom and 
obtained a similar equation to Hamberg, 
and when the time units in his equation 
are changed to hours the following 
equation is obtained:

Equation 7

Where, PDR
≥5µm = number of particles 

≥5µm/m2/hr, and C = concentration of 
airborne of particles ≥5µm/m3

If the same classes of cleanrooms are 
again considered (ISO Class 8 and 6), a 
100-fold reduction in the air concentration 
gives a reduction in the PDR of 34-fold, 
and 3 times more particle deposition 
than anticipated by the airborne particle 
concentration. This strongly supports 
Hamberg’s results that the PDR is 
dependent on the airborne particle 
concentration,

Hamberg was able to study a range 
of cleanrooms that included non-
unidirectional and unidirectional types. 
His results showed that if air cleanliness 
changed from an ISO Class 8 cleanroom 
to ISO Class 7, the particle deposition 
increased by about 1.7 times more than 
expected from the reduction of airborne 
particle concentration, and when changed 
to an ISO Class 6 and ISO Class 5,  
it increased by about 3 and 5 times, 
respectively.

Airborne particle deposition in cleanrooms: 
Relationship between deposition rate and  
airborne concentration
W Whyte 1, K Agricola 2 and M Derks 3

1 School of Engineering, University of Glasgow, UK; 2 VCCN, Dutch Contamination Control Society, Leusden, the Netherlands;  
3 Lighthouse Benelux BV, Boven-Leeuwen, the Netherlands.

Abstract
This article is the second of a series that 
discusses the deposition of airborne 
particles onto cleanroom surfaces.  
It investigates the relationship between 
the airborne concentration of a range  
of cumulative sizes of particles and the 
particle deposition rate (PDR) onto 
cleanroom surfaces, through knowledge 
of the deposition velocity of particles  
in air. The deposition velocity of a  
range of cumulative particle sizes was 
obtained by means of experiments, 
theoretical calculations, and literature 
search and the influence of a number  
of variables found in cleanrooms on the 
deposition velocity was investigated. 
The use of the deposition velocity to 
calculate the amount of deposition on 
cleanroom surfaces, such as manufactured 
products, is discussed, along with its use 
in deciding the required ISO 14644-1 
class of cleanroom; these subjects will 
be discussed in more depth in the final 
article of this series.

Introduction
The deposition of airborne particles onto 
cleanroom surfaces has been investigated 
by Whyte, Agricola and Derks (2015).  
A review was made of the scientific 
literature, which showed that the airborne 
deposition mechanisms in cleanrooms 
were likely to be gravitational, turbulent 
deposition, Brownian diffusion, and 
electrostatic attraction. An experimental 
investigation showed that for particles  
≥ 10µm, gravitational settling accounted 
for over 80% of surface deposition.

Cleanrooms are classified according 
to ISO 14644-1 by their cumulative 
airborne particle concentration. The 
cumulative size includes all particles 
equal to, and above, a given size, rather 
than one discrete size or range of sizes. 
However, knowledge of the airborne 
concentration will fail to give information 

on how many particles deposit from air 
and contaminate a product, and to obtain 
this, the particle deposition rate (PDR) 
is required. The PDR is the number of 
particles of a specific size that deposit 
onto a standard surface area such as  
a dm2 or m2, in a standard time such  
as an hour or second. The units used  
in this article are dm2 per hour, which 
give results close to the actual results 
obtained in a cleanroom. To specify the 
PDR in terms of the particle size, the 
notation ‘PDRD’ is used, where ‘D’ is the 
particle size.

If the PDR is known, then the number 
of particles deposited from air onto a 
surface, such as a manufactured product, 
can be calculated as follows:

Equation 1

Where, a = area of exposed surface,  
and t = time the surface is exposed

It is assumed in Equation 1 that the surface 
area exposed to particle deposition is 
horizontal. If the surface slopes at an 
angle of x° to the horizontal, and the 
deposition mechanism is gravitational, 
an ‘effective area’ should be used. This 
is obtained by multiplying the actual 
surface area by cos x° (Whyte et al, 1982).

PDRs can be obtained by instruments 
designed for the purpose (Agricola, 2014, 
2015) but these are not as common in 
cleanrooms as airborne particle counters. 
Airborne particle counters are used to 
measure and count each airborne particle 
from the amount of light it reflects as it 
passes through a light beam, and then 
ascertain the airborne concentration of 
given sizes. These instruments are known 
in this article as airborne particle counters. 
It would be useful if the PDR could be 
calculated from the airborne concentration 
obtained from these instruments.

If an acceptable rate of surface 
contamination by airborne deposition  
is defined, it would be a considerable 
advantage if the ISO 14644-1 class limit 
of particles/m3, could be determined  
to ensure the defined amount of surface 
contamination is not exceeded. If the 
defined rate of surface contamination  
of a product is given in terms of the PDR, 
and the deposition velocity known, the 
required airborne concentration can be 
obtained by use of Equation 2. If the 
required airborne particle concentration 
is known, then the cleanroom’s air 
supply rate can be determined (Whyte 
et al, 2014).

The relationship between the PDR, 
airborne concentration of particles, and 
deposition velocity is as follows:

Equation 2

Where, CD = airborne particle 
concentration of particles of a size  
D µm, and VD = deposition velocity  
of particles of a size, D µm

The deposition velocity (VD) is the 
velocity of a discrete, or cumulative,  
size of particle approaching a surface. 
This velocity can be caused by various 
deposition forces such as air turbulence 
and electrostatics but it has been show  
in many situations in cleanrooms that the 
deposition velocity is caused by gravity 
(Whyte, Agricola and Derks, 2015).

Deposition velocity of particles
Whyte, Agricola and Derks (2015) have 
shown that over 80% of airborne particles 
≥10µm are deposited in a cleanroom  
by gravitational settling, and a review  
of the scientific literature shows that 
gravitational settling will be a predominant 
mechanism down to about 5µm, and  
an important one down to about 0.5µm.
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calculated as a percentage of the total 
count of particles ≥5µm. These percentage 
concentrations are shown in Figure 1. 

It can be seen in Figure 1 that there 
is little difference between the airborne 
concentrations of the cumulative particle 
size range between 5 and 25µm in the 
different ventilation conditions, and this 
size range accounts for about 98% of  
the particles. For larger particles, the  
13 air changes per hour had the highest 
percentages. It is interesting to note the 
change in gradient of the plots at about 
40µm. Many of the airborne particles  
in the experimental cleanroom were 
likely to be dispersed from people as 
skin cells, or fragments of skin cells. 
Skin cells are about 33µm x 44µm in 
area, with a thickness of about 4µm 
(Mackintosh, et al, 1978). Skin cells  
may be dispersed as multiple cells but 
will more frequently fragment, and the 
plots may reflect this.

The overall average concentrations  
of airborne particle measured in all three 
ventilation conditions are also given in 
Figure 1, along with the equation that 
best fits these results.

Experimental PDRs and  
deposition velocities
Given in Table 2 are the PDRs for each 
ventilation condition that were obtained 
adjacent to where the airborne particle 
concentration was measured. Again, to 
allow comparisons between the different 
airborne concentrations in the different 
ventilation conditions, the PDRs of  
the range of particle sizes are given in 
Figure 2 as a percentage of the total 
number of particles >10µm. It can be see 
that the plots from the three ventilation 
conditions were similar to the plots of 
the airborne particle concentrations in 
Figure 1, with the greatest deposition  
of larger particles occurring in the 13  
air changes per hour condition. 

Using the overall averages of the 
airborne particle concentrations given in 
Table 1 and the PDRs given in Table 2, 
which were measured over the same time 
and at the same location, the deposition 
velocities were calculated by means of 
Equation 5, and given in Table 3. 

PDR and deposition velocities 
calculated by means of Stokes 
settling equation
The deposition velocities of discrete sizes 
of airborne particles can be calculated 
by Stokes settling equations (Equations 

Hamberg (1982) suggested that the 
reason for the disproportionate increase 
in deposition rates was that lower 
airborne concentrations were associated 
with higher air supply rates and he wrote 
that ‘small particles (<10µm) can be 
carried out of the cleanroom before they 
have a chance to settle and, consequently, 
fewer particles will settle out as the 
purging rates increase’. However, 
Hamberg did not consider that the 
turbulent intensity of the air would 
increase with supply rate and cause 
more deposition, and this may be 
another explanation.

The overall average concentration  
of particles ≥5µm found in our 
experiments, and shown in Table 1, was 
19,514/m3. Using Hamburg’s equation 
(Equation 6), and then Equation 2,  
the deposition velocity of particles ≥5µm 
can be calculated to be 0.24 cm/s. 
Similarly, Parasuraman’s results gave a 
deposition velocity of 0.44cm/s. However 
these velocities apply to an ISO Class 8 
cleanroom and should be increased by 
1.7-fold if applied to an ISO Class 7 
cleanroom, 3-fold if applied to an ISO 
Class 6 cleanroom, and 5-fold if applied 
to an ISO Class 5.

Carr et al (1994) reported that the 
deposition velocity of a cumulative 
particle size of ≥0.3µm, during 
manufacture in a semiconductor 
cleanroom, was 0.003cm/s.

Experimental equipment  
and methodology

Experimental cleanroom
The cleanroom used in these experiments 
was a non-unidirectional airflow type 
with a floor area of 6m long and 4.2m 
wide, and a room volume of 72.9 m3.  
It had previously been used by Whyte, 
Agricola and Derks (2015). To elevate 
the airborne particle concentration in 
the experiments, the air supply was 
reduced from its normal rate to 900m3/h 
by switching off 6 of the 8 fan-filter 
units. This gave 13 air changes per hour. 
The fan-filter air outlets did not have air 
diffusers, and to assist the mixing of 
supply air with cleanroom air, the 
location of the two active fan-filter units 
was about one third of the length of the 
cleanroom, and the sampling location 
was two thirds.

Experiments were carried out in the 
following ventilation conditions:
1. 13 air changes of HEPA-filtered  

air per hour,

2. A ‘no ventilation’ condition where all 
the fan-filter units were switched off,

3. A ‘unidirectional airflow’ condition 
where a table fan was used in the 
unventilated condition to direct room 
air in a unidirectional manner at a 
velocity of 0.75m/s to the sampling 
location.

During the experiments, the 
cleanroom was occupied by the authors 
of this article, who mainly sat at the end 
of the cleanroom where the fan-filter 
units and table fan was sited, and worked 
with their computers, talked, and 
occasionally walked around the room. 
To increase airborne dispersion, and hence 
the airborne particle concentration, they 
wore their ordinary indoor clothing.

The surface cleanliness of the floor 
was not measured but experience 
suggests that it was likely to be that of a 
cleaned office i.e. between SCP 6.5 and 
SCP 7, as defined by ISO 14644-9. 
Agricola (2015) reported that differences 
in the size distribution of deposited 
particles were related to the surface 
cleanliness of cleanrooms, with a larger 
proportion of particles ≥30µm being 
deposited on the surface of a dirty 
cleanroom than in a clean one. Our 
experimental cleanroom was little used 
and the floor only cleaned when needed 
and it was not cleaned before these 
experiments. It was, therefore, expected 
that the size distribution of the PDR 
would be similar to that found in the 
dirty cleanroom. However, if the size 
distribution found in the experimental 
cleanroom and shown in Figure 4 is 
compared with the size distributions 
reported by Agricola, it can be seen that 
it was closer to a clean cleanroom. The 
explanation of this difference is likely to 
be caused by the low level of activity 
during our experiments that failed to 
disperse particles from the cleanroom’s 
surfaces.

Measurement of airborne  
particle concentration
The concentration of airborne particles 
was measured by a Lighthouse Boulder 
particle counter, which sampled 28.3 l/
min, and counted the following sizes: 
≥5µm, ≥10µm, ≥25µm, ≥40µm ≥50µm 
and ≥100µm. Air sampling occurred 
during the whole time of the experiments 
and was carried out in the three 
ventilation conditions. The measurements 

were repeated and averages obtained. 
The particle counter was calibrated 
according to ISO 21501-4, which 
requires a high counting efficiency for 
any particle that enters the particle 
counter. However, particle deposition 
losses could occur in a sampling tube, 
and a tube was not used. The inlet nozzle 
is designed for isokinetic sampling  
in unidirectional airflow, but has an 
aerodynamic shape that was likely to 
minimise particle losses by surface 
deposition in non-unidirectional airflow 
conditions (Agarwal and Lui, 1980).

Measurement of particle 
deposition rates (PDR)
Glass witness plates of 12 cm diameter 
were cleaned and exposed in the 
cleanroom for approximately 90 minutes 
and, after exposure, the surface particles 
were immediately counted and sized by 
a PDM instrument (SAC, Netherlands). 
The area of the witness plate on which 
the particles was measured and counted 
was 49 cm2, and the PDR was reported 
as number of particles /dm2 /h. The 
PDM instrument measured and counted 
the same particle sizes as the airborne 
particle counter, namely, ≥10µm; ≥25 
µm; ≥40µm; ≥50µm and ≥100µm, with 
an accuracy of +/- 5µm. The top surface 
of each particle was measured and this 
area converted to an equivalent 
diameter. The measurements were 
repeated and an average calculated.

Experimental results

Experimental airborne  
particle concentrations 
Given in Table 1 are the average airborne 
concentrations of the cumulative particle 
diameters in the three ventilation 
conditions, as well as the overall average 
concentrations of all three ventilation 
conditions. As expected, the lowest 
concentrations were obtained when the 
cleanroom was supplied with 13 air 
changes per hour, and the higher 
concentrations were obtained when the 
air conditioning was switched off during 
both the unidirectional and unventilated 
conditions. All airborne conditions 
conformed to an ISO Class 8 particle 
concentration limit.

To allow a comparison of the particle 
size distributions from different airborne 
particle concentrations in the three 
ventilation conditions, the concentration 
of each cumulative particle size was 

Table 1: Airborne particle concentration/m3

Ventilation condition Particle diameter (µm)

≥5 ≥10 ≥25 ≥40 ≥50 ≥100

13 air changes/hour 8403 3503 222.5 16 9.5 1.60

No ventilation 21226 7010 305.5 12 6.5 0.75

Unidirectional 28913 8016 467.5 36 23.0 2.29

Overall average of  
3 conditions

19514 6176 322 21 13.0 1.55

Table 2: Measurements of PDRs in three ventilation conditions

Ventilation conditions PDR (no./dm2/h)

≥10µm ≥25µm ≥40µm ≥50µm ≥100µm

13 air changes/ hour 612 411 138 76 16

Unventilated 875 466 120 57 9

Unidirectional 1306 849 310 162 12

Overall average 931 575 189 98 12
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• Use of Stokes settling equation,  
and reported in Table 4.

• The deposition velocity given by 
Carr (1994) for particles ≥0.3µm.

• The deposition velocity of particles 
≥5µm obtained from use of Stokes 
settling equation was 0.33 cm/s. The 
deposition velocity calculated from 
Hamberg’s equation (Equation 6) 
was 0.24cm/s, and Parasuraman’s 
equation (Equation 7) gave a value  
of 0.44cm/s. These three deposition 
velocities were similar, and an average 
result of 0.30 cm/s was used.

The best-fit lines for both the 
experimental and theoretical results are 
shown in Figure 4. These curves are 
almost identical, and the best-fit equation 
of the combined results is as follows:

Equation 8

Using Equation 8, the deposition velocities 
were calculated for a range of cumulative 
particle diameters and given in Table 5. 

Discussion and conclusions
Cleanrooms are classified according to 
the concentration of airborne particles. 
However, knowing the concentration  
of airborne particles does not allow the 
contamination rate of manufactured 
products to be predicted. What is required 
is the PDR. Instruments have been 
available for some time to measure the 
PDR onto cleanroom surfaces such as 
silicon wafers, but it is only recently  
that relatively inexpensive and portable 
instruments have become available 
(Agricola, 2014, 2015). If the PDR is 
known, then the product contamination 
rate can be calculated from knowledge 
of the area of product open to airborne 
contamination, and the time exposed. 
This method will be discussed more 
fully in our third and final article. 

At present, the instrument most 
commonly used to ascertain cleanroom 
cleanliness is an airborne particle 
counter, which uses light-scattering of 
single particles to determine their size 
and airborne concentration. However,  
if the deposition velocity is also known, 
the PDR can be calculated by means of 

Equation 2 and the likely amount of 
product contamination then ascertained 
by Equation 1. Similarly, if the acceptable 
deposition rate of particles onto a product 
is known, the required air concentration 
to achieve this can be calculated by 
means of the deposition velocity, and 
knowing this airborne concentration, 
the air supply rate can be calculated 
(Whyte et al, 2014). The airborne 
concentration of particles is normally 
measured in cleanrooms as cumulative 
counts and, therefore, the deposition 
velocities are required for a range of 
cumulative particle sizes. These have 
previously been unavailable, but were 
obtained in this investigation.

A range of deposition velocities of 
cumulative particle sizes were calculated 
from observations of airborne particle 
concentrations and PDRs in an 
experimental cleanroom, and use of 
Equation 5. Deposition velocities were 
also calculated from airborne particle 
concentrations and Stokes settling 
equations (Equations 3 and 4) and these 
results conform well to the experimental 
results. In addition, the deposition 
velocity obtained by Carr et al (1994) for 
particles ≥0.3µm was included, as was 
additional information from Hamberg 
(1982) and Parasuraman et al (2004)  
on the deposition velocity of particles 
≥5µm. All these results fit well into the 
relationship plotted in Figure 4, and the 
resulting equation of the plot was used 
to obtain a range of cumulative deposition 
velocities given in Table 5. The accuracy 
of the deposition velocities may be 
influenced by several variables, and 
these were investigated.

Hamberg (1982) obtained an equation 
(Equation 6), for calculating the PDR  
of particles ≥5µm from the airborne 
particle concentration. He found a 
disproportionately-higher PDR was 
associated with lower concentrations of 
airborne particle. This was confirmed  
by Parasuraman et al (2008). Results 
have also been published by Lidwell et 
al (1983) about the deposition velocity  
of microbe-carrying particles (MCPs) 
found during their study of airborne 
contamination in operating theatres. 
Lidwell’s results showed that the 
deposition velocity of MCPs in non-

unidirectional airflow operating 
theatres, with about 20 air changes per 
hour, was about 0.33cm/s, and in 
unidirectional airflow systems with low 
concentrations of airborne MCPs, it was 
about 1.33cm/s. Using Stokes settling 
equation (Equation 3), the average 
aerodynamic size can be calculated to 
be 10.5µm in non-unidirectional airflow 
and 21µm in unidirectional airflow. 

Hamberg suggested the reason for 
the disproportional amount of deposition 
is that lower particle concentrations are 
associated with higher air supply rates, 
where smaller particles are quickly 
swept from the cleanroom with little 
time to deposit. However, the larger 
particles will still deposit and the 
disproportionate effect increases as the 
average residence time of the air reduces. 
Our experimental results, shown in 
Figures 1 and 2, support the suggestion 
that a higher proportion of larger particles 
are deposited in the ventilated cleanroom 
than in the unventilated cleanroom.  
An additional explanation of the 
disproportional increase in particle 
deposition could be the higher turbulent 
intensities associated with the greater 
air supply. However, a previous article 
(Whyte, Agricola and Derks, 2015) 
showed that turbulent intensity did not 
have a large effect on particle deposition 
in cleanrooms and, perhaps, accounted 
for about 10% of macro particle deposition.

The cumulative deposition velocities 
given in Table 5 (with the exception of 
particles ≥0.3µm) were obtained in an 
ISO Class 8 cleanroom and can be 
applied to this class of cleanroom. 
However, if the cleanroom is an ISO 
Class 7 cleanroom, both Hamberg’s and 
Parasuraman’s equations show that the 
PDR and deposition velocity were likely 
to be 1.7 times greater, and in an ISO 
Class 6 and 5 cleanrooms they would be 
3 and 5 times greater, respectively. 
Hamberg’s and Parasuraman’s results 
were for particles ≥5µm, and Lidwell’s 
results were for an average size of MCPs 
in the range of between 10µm to 21µm, 
and it is reasonable to assume that the 
disproportionate increase in deposition 
will occur over this range of cumulative 
particle sizes. However, particles in the 
size region of ≥0.3µm and ≥0.5µm 

3 and 4). However, deposition velocities 
were required of cumulative sizes and 
these can be obtained by a method 
outlined by Hamberg (1982).

Previously shown in Figure 1 is  
a plot of the overall averages of the 
airborne concentrations of the cumulative 
particle sizes given as a percentage of 
the total number of particles ≥5µm.  
Also given is the best-fit equation of  
this plot that can be used to calculate 
the proportion of any cumulative size  
of particle, and these proportions were 
calculated in steps of 1µm, from 5µm  
to 200µm. An upper limit of 200 µm  
was chosen, as it can be seen in Figure 1 
this would include most of the airborne 
particles found in a cleanroom i.e. 
99.99%. By subtracting the proportions 
of adjacent cumulative particle sizes, the 
proportion of discrete particle diameters, 
in steps of 1µm, was obtained. Using 
Stokes settling equations, and assuming 
a particle density of 1200kg/m3, the 
deposition velocity was calculated for 
each discrete particle size. For particles 
between 5 and 75µm, Stokes settling 
Equation 3 was used, and for particles 
above 75µm, Equation 4 was used.

The PDR was calculated for each 
discrete particle size by multiplying the 
airborne concentration with its associated 
deposition velocity. The PDR of particles, 
greater and equal to, 5, 10, 25, 40, 50 and 
100µm was then obtained by summing 
the PDRs of all discrete sizes greater 
than the size being considered. These 
PDRs are given in Table 4, and plotted 
in Figure 3. Also plotted in Figure 3 are 
the PDRs measured in the cleanroom, 
and it can be seen that the experimental 
and theoretical results are similar, 
although the PDR of the smaller particles 
measured in the cleanroom levelled  
off quicker than the theoretical results. 
Finally, the deposition velocities of the 
cumulative particle size were calculated 
from the airborne particle concentrations 
and their associated PDR, and use of 
Equation 2. These velocities are given  
in the final column of Table 4. 

Combined deposition velocities
Plotted in Figure 4 are the settling 
velocities of a range of cumulative 
particle sizes obtained from the 
following sources:
• The airborne particle concentrations 

and PDRs measured experimentally 
in a cleanroom, and reported in 
Table 3.
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Figure 3: Experimental and calculated PDRs

Figure 4: Deposition velocities obtained from experimental and calculated results

Table 4: PDR and deposition velocities obtained from  
airborne concentrations and Stokes settling equation

Cumulative 
diameter (≥µm)

Experimental 
airborne particle 
conc./m3

PDR calculated 
by Stokes 
equation
(no/dm2/h)

Deposition 
velocity (cm/s)

5 19514 2226 0.31

10 6176 1093 0.49

25 322 297 2.56

40 21 142 18.8

50 13 97 20.7

100 1.6 21 29.5

Table 5: Deposition velocities of a range of cumulative particle diameters

Cumulative particle diameter ≥0.3µm ≥0.5µm ≥5µm ≥10µm ≥25µm ≥40µm ≥50µm ≥100µm 

Deposition velocity (cm/s) 0.0028 0.0064 0.29 0.91 4.2 9.1 13 41

Table 3: Deposition velocities (cm/s) determined experimentally in a cleanroom

Cumulative particle size ≥10µm ≥25µm ≥40µm ≥50µm ≥100µm

Deposition velocity (cm/s) 0.42 5.0 25 21 17
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should act similarly to a gas, and surface 
deposition will be little affected by 
changes to the air supply volume and 
turbulence, and the one deposition 
velocity may be applied to a range of 
cleanliness classes.

The concentration of airborne particles 
was measured as a cumulative size. 
Variations in the proportion of the 
particle sizes above the cumulative 
particle size could cause a change to  
the PDR and, therefore, the calculated 
deposition velocity. Agricola (2015) 
reported that the size distribution of 
particles deposited onto surfaces differs 
between cleanrooms that were ‘at rest’ 
and ‘in operation’. However, the objective 
of this investigation was to determine 
deposition velocities so that the airborne 
contamination of products could be 
calculated, and only operational conditions 
should therefore be considered. Agricola 
(2015) also reported differences in the 
size distribution of deposited particles 
were related to the surface cleanliness  
of cleanrooms, with a larger proportion 
of particles ≥30µm being deposited in  
a dirty cleanroom than in a clean one. 
Our experimental cleanroom was 
considered to be ‘dirty’ but the size 
distribution of the PDR was similar to 
that found in a ‘clean’ cleanroom by 
Agricola (2015). The explanation of this 
is likely to be the low level of activity 
during our experiments that failed to 
disperse particles from surfaces.

The cumulative deposition velocities 
determined in this investigation can be 
used to calculate the PDR from knowledge 
of the airborne particle concentration. 
However, to obtain the best results 
some restrictions should be applied.  
The calculations should only be applied 
to operational conditions in a cleanroom. 
Also, to minimise the effect of the change 
in the size distribution caused by variations 
in surface cleanliness and activity, the use 
of PDRs for particles above about 30 µm 
is best avoided. The deposition velocities 
in Table 5 can be directly applied to an 
ISO Class 8 room, but for particles ≥5µm 
they should be increased by 1.7-fold if 
applied to an ISO Class 7 cleanroom, 
3-fold if applied to an ISO Class 6 
cleanroom, and 5-fold if applied to an 
ISO Class 5. The deposition velocity of 
particles ≥0.3µm or ≥0.5µm can be 
applied to a range of cleanroom classes.

Using the suggestions given in the 
above paragraph, the particle deposition 
on surfaces such as manufactured 
products can be calculated using the 
deposition velocities obtained by this 
investigation. However, owing to the 
variables discussed and investigated  
in this article, it should not be expected 
that the deposition velocities will 
accurately calculate the PDR, and further 
research is required to increase the 
accuracy. To calculate the amount of 
surface contamination from knowledge 
of the airborne particle concentration  
is a considerable step forward from the 
present situation where the amount of 
airborne contamination of products is 
not calculated. Also, the choice of the 
ISO class of cleanroom required for a 
given type of manufacturing is based,  
at present, on an informed guess that 
often leads to cleanrooms being 
over-supplied with filtered air, or 
occasionally, with insufficient air. The 
correct airborne cleanliness class for an 
acceptable amount of airborne product 
contamination can be calculated by use 
of the deposition velocity. How these 
calculations can be carried out is discussed 
in the next and final article in this series.
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inside the isolator, at high concentration, 
that produces the very rapid kill observed. 
The VPHP process is, in fact, a liquid-
based process, at the micron-scale level. 
Furthermore it is a condensation-based 
process, a fact which radically alters  
the way in which the subject should  
be approached, as this paper indicates.

How does this knowledge explain the 
rise in VPHP concentration at the end of 
the gassing phase? The logic runs thus: 
during the gassing phase, an equilibrium 
is set up between the in-coming VPHP 
and the micro-condensation on the 
internal surfaces. VPHP steadily enters 
the micro-condensation layer and, 
equally steadily, leaves it. When the 
supply of VPHP is cut off, the equilibrium 
shifts and the micro-condensation  
layer is able to evaporate fully. Since  
the micro-condensation has high 
concentration, the concentration in the 
vapour phase rises consequently. Hence 
the “blip” in the graph at the end of the 
gassing phase.

“Dry and high” versus  
“wet and low”
Thus far, users were essentially offered  
a VPHP process which we could term 
“dry and high”. In other words the air  
in the isolator was dry at the start of 
gassing, and the concentration of the 
VPHP was high, at around 1,200 ppm, 
or roughly 1 mg per litre in Steris 
terminology. This appeared to offer  
the best route to the industry-standard 
requirement of log 6 reduction (the 
reduction of a population of spores  
in a BI by 6 orders of magnitude) of  

G. stearothermophilus spore BIs, in the 
minimum amount of time. 

At this point a number of other 
manufacturers entered the arena with 
alternative forms of gas generator. These 
were simpler in concept and, somewhat 
boldly, left out the dehumidification 
phase of the gassing cycle. My new 
company, Pharminox Isolation Limited, 
was asked to carry out some cycle 
development using a generator that simply 
evaporated hydrogen peroxide solution 
and provided a fan to blow this into  
an isolator. The results were quite 
surprising and highly significant. Early 
tests showed that the concentrations  
of peroxide developed were low, at just  
a few hundred ppm, and yet log 6 
reduction could be achieved, although 
not on every occasion. 

Further investigation revealed that 
log 6 reduction could be achieved 
reliably if the room RH was below 50%. 
If the starting air was above 50% RH, 
then visible frank condensation appeared 
quickly, and log 6 was not achieved. The 
explanation was surely simple – if the 
starting air was below 50% RH, then 
conditions inside the isolator were such 
that micro-condensation could form, 
leading to full log 6 reduction. If the 
starting air was above 50% then the 
conditions favoured frank, visible, 
“macro-condensation”, this having  
a very low peroxide concentration, 
incapable of significant log reduction.

Unfortunately the test programme 
did not extend to checking the lower RH 
limit of the process. Presumably, if the 
RH of the starting air is below a certain 

value, with given gas generator settings, 
then no condensation will form, either 
micro or macro.

Pharminox was also asked to review 
the data from another form of the VPHP 
process, developed by a UK isolator 
manufacturer. This system generated an 
aerosol of hydrogen peroxide solution 
within the isolator, using a sophisticated 
compressed air nozzle. During the cycle 
the air was static in the chamber, and 
once again there was no prior air 
dehumidification. The aerosol was 
introduced for one or two minutes, until a 
thick “fog” filled the chamber to the extent 
that the far wall was obscured. At this 
point aerosolisation was stopped and, after 
a further one or two minutes, the fog 
cleared completely as the aerosol 
evaporated. This cycle lead to quite reliable 
log 6 reduction. The suggestion here is that 
as the aerosol droplets with a concentration 
of 35% hydrogen peroxide evaporated, and 
micro-condensation then developed on the 
walls of the chamber because the hydrogen 
peroxide content has a significantly lower 
vapour pressure than water vapour.

The MCHP® concept
The evidence seems very clear. The 
VPHP process, which can reliably 
deliver log 6 reduction of BIs, results 
from the preferential deposition of 
high-concentration hydrogen peroxide 
solution, in the form of micro-
condensation, on the surfaces inside  
an isolator. It is not the vapour that 
produces the kill. The vapour is only  
the vehicle which delivers liquid to  
the site. If visible macro-condensation 

Understanding the hydrogen peroxide vapour 
sanitisation process and introducing the MCHP 
concept, a personal account
Tim Coles 

Abstract
This article traces the history of hydrogen 
peroxide vapour as used for sanitising 
pharmaceutical isolators and similar 
volumes. From an early puzzle as to  
how the vapour could be so effective  
in deactivating resistant test organisms, 
the author moves forward through  
his own career to develop a clearer 
comprehension of the hydrogen 
peroxide vapour process. The term 
“micro-condensed hydrogen peroxide” 
(MCHP) is introduced as an aid to 
understanding how the process truly 
acts and this understanding helps to 
generate robust sanitisation cycles.  
This new knowledge can be applied to 
the many devices becoming commercially 
available for sanitising isolators.

Introduction
It is now more than 30 years since I first 
encountered gas phase sanitisation as 
applied to pharmaceutical isolators. This 
was in the form of the old MAN peracetic 
acid vaporiser produced by the French 
company La Calhene (now Getinge La 
Calhene). It immediately struck me as 
remarkable that the vapour generated 
from a 3.5% solution of peracetic acid 
could be so effective in killing off 
micro-organisms. How could a mere gas, 
with concentrations of just 0.1% (which 
is the result of warming a 3.5% solution), 
act so quickly to inactivate the very 
resistant spores of an organism like  
G. stearothermophilus?

Moving on, when I formed Cambridge 
Isolation Technology (CIT), I became 
involved in the development of a gas 
generator to supersede the MAN, working 
with a combination of 10% hydrogen 
peroxide and 1% peracetic acid that we 
named “Citanox”. In theory, the new 
“Citomat” gas generator and Citanox 
should have easily out-performed the 
MAN in terms of time to achieve kill, 
but it did not always do so. On some 
occasions the test Biological Indicators 
(BIs) would be completely deactivated, 
while at other times, with exactly the 

same operating parameters, there  
were many survivors. I could find  
no obvious explanation for this 
unpredictable behaviour.

Amsco Steris
Time passed and I encountered the more 
complex hydrogen peroxide vapour 
generators from Amsco (now Steris), 
such as the “VHP 1000” unit. Many 
isolator users look for a short gassing 
cycle and so rapid gassing has essentially 
been the target of all vapour phase 
hydrogen peroxide (VPHP) generators. 
The VHP 1000 first dehumidified the air 
present in the isolator before introducing 
hydrogen peroxide vapour from an 
evaporating device. The logic here was 
that if the water vapour were removed, 
there would be “more room” for 
hydrogen peroxide vapour. Thus a  
high concentration of VPHP could  
be achieved, and a quick kill of the  
BIs would result, while keeping the 
hydrogen peroxide apparently in the 
vapour phase at all times. The VHP 
1000 also carried a catalyser cartridge 
which broke down the VPHP to water 
vapour and oxygen, allowing a closed 
loop cycle, so that no exhaust duct to 
atmosphere was required. 

Steris developed what became the 
classic vapour phase hydrogen peroxide 
(VPHP) cycle consisting of four phases:
1. Dehumidification: during this phase 

the air in the isolator is brought 
down to low water vapour content, 
perhaps less than 10% RH.

2. Raising gas concentration: in this 
phase the concentration of VPHP  
in the isolator is raised quickly, by 
delivering hydrogen peroxide solution 
to the evaporator at a high rate.

3. Gas dwell: during this phase the  
gas concentration is held at high 
level, just short of apparent, visible, 
condensation.

4. Aeration or purge: here the VPHP 
supply is cut off and the air /gas 
mixture in the isolator is passed 

across a catalyser until a low gas 
concentration is achieved, usually less 
than 1 ppm. Alternatively, the gas 
can be ducted away to atmosphere  
to accelerate the overall cycle.

All-in-all, this appeared to be a very 
attractive package. However, developing 
robust and repeatable cycles was not 
altogether a simple process. Indeed, the 
whole subject began to take on the air of 
a “black art”, requiring long periods of 
time, large manuals and lengthy tables 
for validation. 

MDH – BioQuell
At this stage MDH (now BioQuell) 
entered the arena and carried out some 
significant research on the VPHP process 
(Watling and Parks 2004). If the 
concentration of VPHP is measured 
throughout the classic four-phase cycle, 
something strange takes place when the 
gas dwell ends and the purge begins.  
At this point, the supply of vapour is  
cut off and one would intuitively expect 
that the concentration of the vapour 
would immediately begin to fall away. 
Paradoxically it does not. Instead  
it increases quite significantly for a  
short time.

Prior to the research, there was no 
clear reasoning for this phenomenon. 
Then the work of Watling and Parks 
(2004) offered a plausible explanation 
which may be summed up thus: under 
the conditions of isolator gassing, 
hydrogen peroxide will condense onto 
the surfaces of the chamber in a manner 
not visible to the naked eye. The 
condensation is in the form of droplets 
which are of the order of a few microns 
across. This has been termed “micro-
condensation”. Because hydrogen 
peroxide has a lower vapour pressure 
than the water vapour, which is inevitably 
present when an aqueous solution is used 
as the source, this micro-condensation 
has a high concentration, perhaps  
60% or 70%. It is the presence of liquid 
hydrogen peroxide solution on the surfaces 
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Figure 1: Phase 3 of a classic VPHP gassing cycle showing VPHP concentration against time
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appears, the gassing cycle probably will 
not lead to log 6 reduction, though in 
some cases MCHP® may have preceded 
macro-condensation with enough time 
to establish kill. 

Thus we should reconsider the title 
of the sanitising cycle which involves 
the use of hydrogen peroxide vapour 
and avoid using the erroneous phrase 
“vapour phase hydrogen peroxide”.  
It is suggested that the correct title for 
the process should be “micro-condensed 
hydrogen peroxide” abbreviated to MCHP®. 
This would then lead to a shift in 
philosophy when using the process. 
Instead of thinking in terms of a vapour, 
we need to understand that it is the 
micro-condensation which leads to the 
desired effect of log 6 reduction. It does 
not matter what the measured hydrogen 
peroxide concentration is. Within limits, 
it does not matter what the temperature 
is. Within limits, it does not matter  
what the RH is. What matters is the 
development of MCHP®. If conditions 
are consistently set up to develop 
MCHP®, then reliable log 6 reduction 
will take place.

Conclusion
So, what light does all of this evidence 
shed on my unreliable gassing cycles with 
the Citomat gas generator and Citanox 
solution described earlier? At the time 
we had no knowledge of the MCHP 
process. We did not realise that the RH 
of the starting air had such a radical 
effect on the gassing process. Evidently, 
on some occasions the starting air was 
dry enough to lead to micro-condensation, 
whilst on other occasions the air was 
humid and micro-condensation could 
not form. This lack of understanding led 
to a loss of confidence in Citomat and 

Citanox. Now that the concept of MCHP 
is understood, it should now be possible 
to use hydrogen peroxide with confidence. 
A variety of gas generators and aerosol 
generators, simple and complex, 
integrated and free-standing, can be 
harnessed, provided that the operators 
understand how the process works.
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sealed isolator hosting a GMP robotic 
arm that can be adapted for different 
small batches needs such as:
• High speed lines processing  

primary containers

• Semi-automatic production line  
for nested PFS (pre-filled syringes) 
and vials

• To replace laboratory manual fill/
finish of the batch

This new concept of gloveless robotic 
isolator is suitable for multi formats (e.g. 
handling – vials, PFS, cartridges, ready 
to use or bulk glasses, liquids and 
freeze-dried products). It can manage 
variable production outputs (100÷1,000 
pcs) with a quick format change over 
and achieving 100% yield. The fill/finish 
isolator integrated with different 
processes and the robotic arms, dedicated 
to the logistic handling, together represent 
the cluster tool concept, see Figures 1 
and 2. The cluster tool concept  
allows the combination of two  
different decontamination processes: 
decontamination with hydrogen 
peroxide inside the isolator chamber  
for the preparation of the aseptic 
environment and the use of saturated 
steam in the autoclave connected to the 
isolator to sterilize the Tyvek protected 
nested tubs before they enter the isolator 
chamber. This way it is possible to sterilize 
the Tyvek protected nested tubs with 
saturated steam rather than with hydrogen 
peroxide which causes oxidization. 

Advanced aseptic manufacturing 
through the application of the cluster 
tool concept provides several 
competitive advantages for 
pharmaceutical companies:

Improved injectable drug SAL 
Possible viable and non-viable 
contamination can be avoided by 

providing a fully sealed isolator solution 
without an uncontrolled inlet or outlet. 
The fill/finish process is completely 
automated and no human intervention 
is needed thus eliminating the need  
for validation of operator GMP aseptic 
techniques. In addition, the need for 
handling and testing of glove ports  
and gauntlets is eliminated. 

Best operator safety in handling 
extremely toxic APIs 
The filling work-cell is a closed isolator 
working on a batch basis with WIP 
(wash in place) capability to inactivate 
and clean the contamination generated 
by the process before opening the doors. 
The system was developed according to 
HPAPI containment design to achieve 
an hourly leak rate < 2.5 x 10-3 [h-1], 
Class 2 ISO 14644-7:2004, Table E.1.

Reduced risk of high-cost  
product loss 
Product losses are mainly due to 
equipment set up, lack of sterility 
resulting from poor aseptic techniques, 
cross contamination generated by  
fill/finish equipment lacking integrity, 
operator errors and equipment 
breakdown. The gloveless fully closed 
robotic isolator concept is designed  
to avoid all the possible failures  
due to personnel and to achieve  
Quality by Design as established  
by FDA guidelines (1).

Accelerated time to market 
Introducing the Quality by Design 
approach from the early development  
of a new drug, and streamlining vial 
and syringe filling operations in a single 
isolator can speed up the time to market 
of clinical trial batches. Furthermore, 
material-handling simplicity avoids  
the costs associated with the upstream 
process as primary containers and 

closures washing and sterilizing on  
site and a quick changeover between 
different primary container forms 
including vials, syringes and cartridges 
can support time to market acceleration. 

Lower operating cost vs.  
traditional solutions 
Table 1 shows a comparison between  
a gloveless robotic work-cell and 
traditional solutions applied to aseptic 
manufacturing. The robotic isolator 
represents the most cost-effective 
solution by increasing compliance and 
lowering risks and operating costs. 

Additional features that contribute  
to lowering the costs can be related to 
material integration such as: 
• Ready to use nested primary 

containers and closures

• RTP system and beta bag for single 
use product pathway 

• Minimal product holdup

• Environmental monitoring tools  
to the isolator chamber through  
a beta bag;

• Single Use items disposed in  
a waste beta bag.

Elimination of glass breakages
One of the most time consuming phases 
during in-line or star wheel fill/finish 
operations is removing the broken glass 
of the primary containers. This operation 
is critical because of relevant issues on 
sterility of the product related to isolator 
glove punctures and operator protection 
in case of high potent cytotoxic products 
handling. In case of robotic filling, the 
risk of glass breakage is close to zero.

More confidence in meeting 
regulatory requirements 
Regulatory bodies are more confident 
with sterile filling operations carried out 

Lowering the risk of personnel induced contamination: 
The use of robotics in aseptic processing
Sergio Mauri 

Abstract
One of the most problematic issues of 
aseptic manufacturing is the involvement 
of personnel. Human presence generates 
millions of particles every minute.  
Some of these particles are biologically 
active and can generate product 
contamination. Now, technology  
can create a revolution by removing 
human intervention from the aseptic 
manufacturing process to reduce its 
impact on product sterility. Stainless 
steel GMP robotic arms have been 
introduced to handle fill finish 
operations within a gloveless isolator. 
The advantage of this process, apart 
from sterility improvement, is the 
possibility of handling Highly Potent 
Active Pharmaceutical Ingredients 
(HPAPIs) like cytotoxic drugs in a 
flexible and cost-effective way. This 
article goes through all the main 
features of the gloveless robotic solution 
and describes a cluster tool concept for 
an advanced aseptic production facility. 

Introduction 
Aside from the usual challenges of 
traditional blockbuster drugs, on which 
patents provide a crucial period of 
exclusivity and protection, the new era 
of the pharmaceutical industry has been 
facing expiring patents and a consequent 
increase in R&D expenditure addressing 
also a rapidly growing demand for 
anti-cancer drugs. The largest number 
of ongoing clinical studies focus on 
cancer treatments and half of the newly 
developed anti-cancer drugs are 
injectable. Additionally, bio-pharma 
research is generating new higher value/
lower volume drugs, many of which are 
highly active.

The key drivers for 2020 are related 
to high value niche therapies and 
personalized drugs that will require 
smaller batches, shorter runs, process 
flexibility and greater process complexity. 
Increasing quality expectations in this 
more volatile demand are expected  
to drive the market towards lower risks, 
shorter time to market and increased 
cost-effectiveness.

Since the operator still plays an 
important role in aseptic manufacturing, 
glove boxes, isolators and RABS can be 
considered a simple solution to segregate 
the processing environment and improve 
Grade A continuity and SAL (sterility 
assurance level). However, the 
environment is presumed to have  
a greater chance of actually being  
sterile if the operator is not present.

Grade A continuity
Although non-viable contamination  
can have machine or human origin,  
it cannot be directly related to microbial 
contamination. Since airborne 
contamination through the air handling 

system is very unlikely, microbial 
contamination in pharmaceutical  
clean rooms can be considered to be 
predominantly (>99%) of human origin. 
Therefore the ideal for an aseptic process 
can be defined as Grade A continuity 
with ZERO human intervention.

How can we achieve this? By 
introducing a new generation of robotics, 
re-designing the aseptic process and 
applying a cluster tool concept we can 
develop an advanced aseptic processing. 
Furthermore, a higher level of flexibility 
in handling small batches is required to 
achieve cost effectiveness in sterile fill 
finish operations. Addressing this need, 
Fedegari Group has developed a gloveless 

1: Stoppers and seals in nested tub

2: Vials and prefilled syringes in nested tub
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Figure 1: New concept of gloveless robotic isolator. (Source: Fedegari Group).

Figure 2: Cluster tool concept. (Source: Fedegari Group).

Table 1: Aseptic process comparison

Risk of 
trial failure

Product 
quality 
consistency

Primary 
container. 
format 
flexibility

Product 
loss ratio

Batch 
transit time

Cap Ex Batch cost GMP 
compliance

Semi-
automatic 
line

Low Very high Partial Significant Low Moderate Fair/high Good

Lab manual 
fill/finish

Very high Very low Good Significant High Low Low Poor

Robotic 
work-cell

Very low Very high Good Low Low Moderate Fair Excellent
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fewer moving parts leads to fewer 
problems and fewer particles. Considering 
these aspects, change seems to be 
inevitable to achieve cost-effective  
and flexible aseptic production that 
addresses the challenges of the post-
blockbuster drugs industry.

References
1. FDA - Food and Drug 

Administration. “Guidance for 
Industry Q8(R2) Pharmaceutical 
Development”. November 2009. 
Available at: http://www.fda.gov/
downloads/Drugs/.../Guidances/
ucm073507.pdf

in a closed isolator since no human 
intervention means a lower risk of viable 
contamination of the product and less 
scrutiny. Environment health and safety 
can be dramatically enhanced by the use 
of a completely sealed isolator chamber. 
Process automation with robotics means 
more GMP compliance and less risk of 
human errors as well as less issues with 
OELs (Occupational Exposure Limits).

The gloveless robotic solution 
The vast majority of robots are 
manufactured in aluminum. They are 
not designed to be air-tight and they 
shed particles. The surface coatings 
normally used cannot be considered 
optimal for hydrogen peroxide 
decontamination and the vacuum 
operated mechanisms within the  
arms usually limit its use.

With its hollow wrist design and 
total airtight construction, the Fedegari 
seven-axis robot arm, shown in Figures 
3 – 6, is made in AISI 316 L stainless 
steel and engineered to operate in 
Grade A environment with the lowest 
possible particle shedding. The IP67 
rating of the GMP robot means that  
it is resistant to high pressure / high 
temperature wash-downs and is suitable 
for decontamination with vaporized 
hydrogen peroxide. It can operate in 
both positive and negative pressure 
environments. An electronic motor 
controls the strength of the grip of the 
arm. External parts and tub surfaces  
are treated with steam sterilization in 
the autoclave connected to the isolator 
robot. The isolator is equipped with the 
built-in FHPV (Fedegari Hydrogen 
Peroxide vaporizer), totally engineered 
and manufactured in-house by Fedegari. 
With its PID based control loop controller, 
the FHPV system provides superior 
reliability and repeatability for easier 
validation, see Figure 7.

Summary
Future trends in pharma manufacturing 
have created a need to look outwards in 
search of new approaches. An aseptic 
process cannot be considered advanced 
while requiring human intervention. 
The cluster tool concept allows the 
redesign of aseptic manufacturing 
processes to lower or even eliminate the 
risk of personnel induced contamination. 
Since increasing complexity means 
reducing reliability, the existence of 

Figure 3: Preparing for handling nested tubs 

Figure 4: Tyvek peeling

Figure 5: Filling

Figure 6: Capping
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Figure 7: Revolutionary PID based H2O2 vaporizer. (Source: Fedegari Group).
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• Gas stream cooling &  
de-humidification with  
condensate collector

• Atmospheric variation pressure 
compensating system

• Gas tight recirculation blowers

• Gas sampling manifolds  
& gas analyser

The gas loop and Glove-box are fitted 
with instrumentation for monitoring 
and control of environmental parameters 
such as pressure, flow, temperature, 
humidity etc.

As this is a closed loop system without 
external ventilation, the internal pressure 
would suffer large variations due to 
changes in atmospheric pressure and 
temperature without the innovative 
design of a pressurised buffer tank 
which can remove or add gas to the 
system to compensate for these variations 
and hence maintain a constant internal 
system pressure. It is important to 
maintain the internal pressure at a low 
positive pressure to minimise leakage 
into or out of the system and to allow 
easy use of the glove-ports.

The airlock transfer chamber has a 
dedicated HEPA filtered air recirculation 
system to avoid cross contamination 
and the mixing of internal and external 
atmospheres.

The inside of the isolator and airlock 
is designed for easy cleaning and 
decontamination and is periodically 
disinfected using a Vaporised Hydrogen 
Peroxide (VHP) system.

Another key aspect of the design was 
to comply with strict requirements for 
the comfort and welfare of the animals. 
This includes strict control of the internal 
temperature, humidity and lighting  

(each cage has its own dedicated fan 
and dimmable, soft lighting) as well  
as removing potentially harmful 
contaminants from the recirculating  
gas flow.

‘This has been a very exciting project 
with which to be involved,’ said Adam 
Harper, Projects Manager, Hosokawa 
Micron Ltd., ‘As engineers it has tested 
our design capability whilst highlighted 
the flexibility of our Glove-boxes and 
their uses and also given us a valuable 
and fascinating insight into the 
complexities of engineering for space 
exploration.’

Pilot plant habitat for the development of 
regenerative closed loop life support systems, 
paving the way for deep space travel
Hosokawa Micron Ltd

Engineers at Hosokawa Micron Ltd 
have literally taken their latest glove-box 
developments into another dimension 
as a result of the company’s recent 
collaboration with the European Space 
Agency. Working closely with scientists 
and engineers at the Universitat 
Autonoma de Barcelona, Hosokawa has 
developed a pilot plant habitat, dubbed 
Pilot Plant Compartment V, in the form 
of a high containment glovebox and gas 
loop system shown in Figures 1 and 2.

The Compartment V glove-box has 
been designed, built and installed by 
Hosokawa Micron as the final piece of 
the jigsaw in the MELiSSA Pilot Plant  
to provide a habitat for the development 
and demonstration of regenerative closed 
loop life support systems, paving the 
way for deep space travel. The project 
also offers potential solutions for today’s 
global challenges such as waste recycling, 
water provision and food production in 
harsh environments.

The MELiSSA project (Micro-
Ecological Life Support System 
Alternative) depends on biological 
processes and understanding of how 
these may be affected by reduced gravity 
and cosmic radiation. For cost and safety 
reasons the MELiSSA Pilot Plant is  
a ground based, closed loop support 
system with a ‘crew’ of rats. Later 
developments will involve humans,  
in preparation for future space missions.

The Glove-box system represents  
the crew compartment and allows 
regeneration of the habitat atmosphere 
(loaded with carbon dioxide exhaled by 
the animal crew) and control of an 
oxygen fraction set-point.

Part of the habitat atmosphere is 
circulated through a photo-bioreactor, 
where photosynthesis converts carbon 
dioxide into oxygen.

The experiments carried out rely on 
having a ‘gas tight’ environment and the 
entire system was designed to achieve a 
leak tightness of less than 0.03% volume 
per hour (equivalent to a pressure loss 
of 0.3mbar/hour).

One of the main design challenges 
was extending the stringent leak 
tightness requirement to the integrated 
recirculating gas loop system components 
whilst also satisfying the specified 
process performance. 

Key components integrated into  
the gas loop include:
• 3 stage safe-change HEPA filtration

• Carbon filtration

• Gas stream heating

Figure 1: Glove-box and gas loop system during assembly, courtesy Hosokawa Micron Ltd.

Figure 2: Glove-box and gas loop system in laboratory, courtesy Hosokawa Micron Ltd.
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required has been changed, compared 
with ISO 14644-1:1999. A reference table, 
Table A.1, is provided to define the 
minimum number of sampling locations 
required based on a practical adaptation 
of the sampling model technique.  
An assumption is made that the area 
immediately surrounding each sampling 
location has a homogeneous particle 
concentration. The cleanroom or clean 
zone area is divided up into a grid  
of sections of near equal area, whose 
number is equal to the number of 
sampling locations derived from Table 
A.1. A sampling location is placed 
within each grid section, so as to be 
representative of that grid section.

It is assumed for practical purposes 
that the locations are chosen 
representatively; a “representative” 
location (see A.4.2) means that features 
such as cleanroom or clean zone layout, 
equipment disposition and airflow 
systems should be considered when 
selecting sampling locations. Additional 
sampling locations may be added to the 
minimum number of sampling locations.

Finally, the annexes have been 
reordered to improve the logic of this 
part of ISO 14644 and portions of the 
content of certain annexes concerning 
testing and test instruments have been 
included from ISO 14644-3:2005.

The revised version of this part of 
ISO 14644 addresses the ≥ 5 µm particle 
limits for ISO Class 5 in the sterile 
products annexes of the EU, PIC/S and 
WHO GMPs by way of an adaptation  
of the macroparticle concept.

The revised version of this part of 
ISO 14644 now includes all matters 
related to classification of air cleanliness 

by particle concentration. The revised 
version of ISO 14644-2:2015 now deals 
exclusively with the monitoring of air 
cleanliness by particle concentration.

Cleanrooms may also be 
characterized by attributes in addition 
to the classification of air cleanliness by 
particle concentration. Other attributes, 
such as air cleanliness in terms of 
chemical concentration, may be monitored 
and the attribute’s grade or level may be 
designated along with the classification 
of the ISO Class of cleanliness. These 
additional attributes do not suffice alone 
to classify a cleanroom or clean zone.

ISO 14644-2:2015 
Cleanrooms and associated 
controlled environments – Part 2: 
Monitoring to provide evidence  
of cleanroom performance  
related to air cleanliness by 
particle concentration

Introduction
This revision of ISO 14644-2 emphasizes 
the need to consider a monitoring strategy 
in addition to the initial or periodic 
execution of the classification of a 
cleanroom or clean zone in accordance 
with ISO 14644-1:2015, 5.1. The 
monitoring activity provides a continuing 
flow of data over time, thereby providing 
a more detailed view of the performance 
of the installation.

Potential benefits gained from 
monitoring are
• faster response to adverse events  

and conditions,

• ability to develop trends from  
data over time,

• integration of data from multiple 
instruments,

• enhanced knowledge of installation 
and process, which allows for more 
effective risk assessment, and

• improved control of operational costs 
and product losses.

ISO 14644-2 specifies the requirements 
of a monitoring plan, based on risk 
assessment of the intended use. The data 
obtained provide evidence of cleanroom 
or clean zone performance related to air 
cleanliness by particle concentration.

In some circumstances, relevant 
regulatory agencies may impose 
supplementary policies, requirements  
or restrictions. In such situations, 
appropriate adaptations of the 
monitoring procedures may be required. 
After a monitoring plan is initially 
established and implemented, it may  
be necessary to revise the plan when 
significant changes are made to the 
installation or process requirements.  
It is also prudent to conduct periodic 
reviews of a monitoring plan based on 
data obtained and experience in use.

Both standards are available from  
BSI Shop. 
Link for BS EN ISO 14644-1:2015: 
http://shop.bsigroup.com/ProductDeta
il/?pid=000000000030152866 

Link for BS EN ISO 14644-2:2015;
http://shop.bsigroup.com/Product 
Detail/?pid=000000000030152882

Major revisions of ISO 14644 Parts 1 and 2  
finally published
Gordon Farquharson

ISO standards are reviewed at five yearly 
intervals. In the case of ISO 14644 Parts 
1 and 2, which were first published in 
1999 and 2000 respectively, the reviews 
were initiated in 2005 in accordance with 
normal practice. A DIS (draft international 
standard) was produced for each of these 
Parts in 2010 and although voting was 
in favour of approving both standards, 
there were so many comments received 
with the voting that those responsible 
(WG1 of ISO TC209) decided that  
a second DIS enquiry and vote was 
required. This second DIS vote closed  
in November 2014 with a resounding 
positive vote to progress through the 
FDIS stage to final publication, which 
eventually took place in December 2015.

The changes from the original 
standards are comprehensively explained 
in the Introductions to the two standards, 
which are reproduced below. I have 
added a small number of comments 
with further explanations and these  
are in square brackets. 

The UK edition of ISO 14644-2:2015, 
prefixed BS EN ISO, has an important 
additional Annex that recommends 
specific intervals for cleanroom tests. 
The rationale for this additional Annex 
is that the normative requirements for 
testing intervals to demonstrate continued 
compliance with ISO 14644-1, which 
were considered by the UK committee 
to be a useful part of the 2000 standard, 
especially for cleanrooms that neither 
have nor need to have continuous 
monitoring systems, have not been 
included in the 2015 revision. It was also 
an opportunity to review and revise the 
testing intervals and to include all tests 
relevant to cleanrooms, including those 
from ISO 14644-3. All this is explained 
in the UK National Foreword. The Annex 
is informative and not normative and 
might be considered useful guidance 
outside the UK. It is however only 
available from BSI in the UK edition of 
the standard: BS EN ISI 14544-2:2015.

Many years of work have gone into 
absorbing and reconciling the strongly 
held views of the experts with numerous 

meetings in different parts of the world. 
As Convenor of WG1 I would like to 
express my profound thanks to all the 
experts who contributed with their 
well-argued views and discussed those 
patiently in the meetings until we finally 
arrived at what we all believe are really 
useful revisions of these two standards 
that are at the heart of cleanroom 
technology.

The Introductions to both 
standards are reproduced here  
by permission of BSI:

ISO 14644-1:2015 
Cleanrooms and associated 
controlled environments – Part 1: 
Classification of air cleanliness by 
particle concentration

Introduction
Cleanrooms and associated controlled 
environments provide for the control of 
contamination of air and, if appropriate, 
surfaces, to levels appropriate for 
accomplishing contamination-sensitive 
activities. Contamination control can  
be beneficial for protection of product  
or process integrity in applications  
in industries such as aerospace, 
microelectronics, pharmaceuticals, 
medical devices, healthcare and food.

This part of ISO 14644 specifies 
classes of air cleanliness in terms of  
the number of particles expressed as  
a concentration in air volume. It also 
specifies the standard method of testing 
to determine cleanliness class, including 
selection of sampling locations.

This edition is the result of a response 
to an ISO Systematic Review and includes 
changes in response to user and expert 
feedback validated by international 
enquiry. The title has been revised to 
“Classification of air cleanliness by 
particle concentration” to be consistent 
with other parts of ISO 14644. The nine 
ISO cleanliness classes are retained 
with minor revisions. Table 1 defines the 
particle concentration at various particle 
sizes for the nine integer classes. [This 
Table is normative and predominant 

and supersedes the formula that was 
normative in ISO 14644-1:2000]. Table 
E.1 defines the maximum particle 
concentration at various particle sizes 
for intermediate classes. The use of 
these tables ensures better definition  
of the appropriate particle-size ranges 
for the different classes. This part of  
ISO 14644 retains the macroparticle 
descriptor concept; however, 
consideration of nano-scale particles 
(formerly defined as ultrafine particles) 
will be addressed in a separate standard. 
[Table 1 differs from that in ISO 
14644-1:2000 in that some of the single 
digit particle concentrations have been 
removed as testing for such low 
concentrations was considered to be 
impractical for reasons that are 
explained in the notes to the table].

The most significant change is the 
adoption of a more consistent statistical 
approach to the selection and the 
number of sampling locations; and the 
evaluation of the data collected. The 
statistical model is based on adaptation 
of the hypergeometric sampling model 
technique, where samples are drawn 
randomly without replacement from  
a finite population. The new approach 
allows each location to be treated 
independently with at least a 95 % level 
of confidence that at least 90 % of the 
cleanroom or clean zone areas will 
comply with the maximum particle 
concentration limit for the target class  
of air cleanliness. No assumptions are 
made regarding the distribution of the 
actual particle counts over the area of 
the cleanroom or clean zone; while  
in ISO 14644-1:1999 an underlying 
assumption was that the particle counts 
follow the same normal distribution 
across the room, this assumption has now 
been discarded to allow the sampling  
to be used in rooms where the particle 
counts vary in a more complex manner. 
In the process of revision it has been 
recognized that the 95 % UCL was 
neither appropriate nor was applied 
consistently in ISO 14644-1:1999. The 
minimum number of sampling locations 

http://bit.ly/1n6Uawl
http://bit.ly/1n6Uawl
http://bit.ly/20a04LP
http://bit.ly/20a04LP
http://www.validair.com
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sensors and actuators, applied in new 
industries like automotive. In fact 
ICCCS has a liaison only with ISO 
TC209, but not with other organisations 
in the field of contamination control. It 
was found that the position of many 
national societies is similar to the 
position of the ICCCS. There is a need 
for the ICCCS and its members to 
become more relevant and to be there 
for people (societies) that are new to the 
world of contamination control. 
Information exchange and education are 
key factors for the ICCCS and its 
members. The ICCCS should expand its 
international and national cooperation 
with organisations that apply the 
principles of contamination control. 

For the revitalisation of the ICCCS, 
the organisation should change from a 
board with a past, present and elect 
chairman and a secretary to a full 
elected Executive Board with members 
that are in charge for a longer period up 
to a maximum of six years. The ICCCS 
Executive Board put this idea into their 
Strategic Plan, because only an elected 
board can make a Business Plan for 
events, standards, education, 

communication and member benefits 
that they themselves can execute.

During the last Council of Delegates 
meeting in Berlin, the ICCCS Strategic 
Plan and the associated change of 
statutes were accepted. This means that 
the ICEB ceases as an independent 
organisation, but ICEB accreditation will 
become the responsibility of the ICCCS 
education committee. A new ICCCS 
Executive Board that will start in 2016 
has been elected as follows: 

Chairman: Frans Saurwalt 
(Netherlands)

Honorary Chairperson: Heloisa 
Meirelles Costa (Brazil)

Secretary: Roberta Burrows (USA) 
Treasurer: Arnold Brunner 

(Switzerland)

Ordinary Executive Board Members: 
Andreea Olaru (Romania), Myung Do 
Oh (South Korea), Da Qian Wang 
(China) and Koos Agricola 
(Netherlands). 

The writer of this article will focus 
on the education program of the ICCCS 
and the ICEB accreditation of cleanroom 
technology courses.

Two new societies will become 
members in 2016: from India and 
Turkey. This will bring the current total 
members to 19 countries. Nowadays  
on only one society per country can 
become a member of the ICCCS.

In 2016 the 23rd International 
Symposium for Contamination Control, 
ISCCBRAZIL2016 “Treading new 
paths,” (http://isccbrazil2016.com/US/) 
will be held in São Paulo from 20 to 23 
September and hopefully some of the 
changes will already be visible.

The challenge of the new ICCCS 
Executive Board is to make the ICCCS 
more attractive for existing and new 
members and to strengthen national 
societies. There are already some  
other countries interested in becoming 
members of the ICCCS.

ICCCS needs members and members 
need the ICCCS.

See also www.icccs.net 

ICCCS needs members and members need the ICCCS
Koos Agricola

The ICCCS was founded as the 
International Committee of 
Contamination Control Societies in 
Switzerland in 1972. The ICCCS started 
with seven member countries 
(Switzerland, Germany (2 societies), 
France, Scandinavia, UK, Japan and 
USA). The first ICCCS symposium on 
cleanroom technology was held in 
Zurich from 18th to 20th October 1972. 
Since then an international ICCCS 
symposium has been held every two 
years in one of the member countries. 

The ICCCS has national societies  
in cleanroom technology and 
contamination control as members. 
Active members of national societies 
can use the international cooperation 
and networking to exchange knowledge. 
They can share this knowledge on a 
national level through conferences, 
guidelines and education programs. 

In the beginning, the development 
of knowledge, technological solutions, 
applications and guidelines and the 
exchange of information were 
important. By 1988 various countries 
had their own cleanroom classification 
system and there was a need for 
international harmonisation. The ICCCS 
took the initiative to set up an ISO 
Technical Committee TC 209 on 
‘Cleanrooms and associated controlled 
environments.’ This is led by IEST 
(Institute of Environmental Science and 
Technology) in the USA. TC209 went on 
to develop the ISO 14644 and 14698 
series of standards and, in 1999, ISO 
14644 Part 1, the standard on 
classification of cleanrooms, was 
published.

Since the start of TC209, the ICCCS 
Council of Delegates and the TC209 
working group and technical committee 
meetings were held together at the same 
time and venue. Every two years these 
meetings were combined with the 
ICCCS symposium. This was always, 
and still is an ideal time for the 
members of national societies to expand 
and strengthen their international 
network.

Around 1995 ‘Committee’ in ICCCS 
was changed to ‘Confederation’ and this 
was ratified in the new statutes of 2001. 
By then the member countries had 

increased to 15 (Netherlands, Belgium, 
Italy, Russia, China, Australia, Korea 
and Brazil) plus Scotland as the second 
UK member.

At the ICCCS Council of Delegates 
Meeting held in Beijing in September 
2006, the International Cleanroom 
Educational Board (ICEB, originally 
ICBE) was set up to promote the 
preparation and accreditation of 
internationally-recognised educational 
courses for people who design, 
construct, test, monitor, operate, and 
work as operators in cleanrooms. 
Member societies are encouraged to 
develop courses of a high standard 
through an accreditation process. The 
ICEB provides preliminary guidelines 
for the accreditation submission. The 
final ICBE course accreditation 
guidelines were agreed on in 
Washington in 2009. To date, the ICEB 
has accredited about twenty basic and 
advanced cleanroom technology courses 
in seven different countries. An 
accreditation is only valid for 5 years 
and then the course has to be 
reaccredited again. 

After 40 years, the future of the 
ICCCS was discussed in Zürich in 2012. 
The ICCCS had a number of new 
members (Austria, Ireland and 
Romania) but had lost Australia and 
England. The involvement with ISO 
TC209 work focussed more on 
networking and less on content. The 
separation of the education program of 
the ICEB weakened the position of the 
ICCCS. There are many new countries 
that are in involved in contamination 

control but do not have a society that 
could become a member of the ICCCS. 
The ICCCS probably did not offer 
enough to stimulate them to form their 
own societies. However many new 
countries had shown an interest in 
cleanroom education. It was recognized 
that the organisation structure, with a 
different chairman every year and only 
a secretary actively running the society, 
was not sufficient to change the ICCCS 
into a more attractive organisation for 
new members. 

At the next ICCCS meeting in Reno  
a Task Force was set up to investigate 
the future of the ICCCS and this led to 
the ICCCS Executive Board (Seoul 
2014), together with the Task Force, 
being tasked with preparing a Business 
Plan. During this activity, regional 
meetings were held to discuss the needs 
of the national societies and the role of 
the ICCCS in the support of the national 
societies. It was found that attendance 
at national and international symposia 
was low. The reason was thought to be 
the focus on scientific work and 
specialised subjects, which are only 
interesting for a small group of 
experienced participants. There is, 
maybe, a lack of educational 
presentations for people that are new in 
the field of contamination control. 

The applications for contamination 
control have grown, but many national 
societies are not active in the new fields 
like hospitals, infection control, food 
etc. Some countries focus on 
pharmaceutical industries and others on 
more technical products like displays, 

The ICCCS Council of Delegates in session in Berlin in October 2015

Members of the ICCCS Executive Board, Koos Agricola (2nd from left) and Frans Saurwalt, 
Chairman ICCCS, (5th from left) meet with the organising committee for ISCCBRAZIL2016, 
Chairperson Heloisa Meirelles Costa (far right), in São Paulo in December 2015.

Koos Agricola was ICCCS secretary from 2012 to 2015 and 
ICEB secretary from 2010 to 2015. He is now a member of the 
ICCCS Executive Board with responsibilities for the education 
program of the ICCCS and the ICEB accreditation of 
cleanroom technology courses.

Life-lines
Courtesy of Susan Rogers

If you keep saying things are going  
to be bad, you have a chance of being  
a prophet.

Quit while you’re still behind.

Every silver lining has a cloud around it.

The best photos are generally 
attempted through the lens cap.

The moment you have worked out an 
answer, start checking it; it probably 
isn’t right.

If things were left to chance, they 
would be better.

In the fight between you and the world, 
back the world.

Nothing is impossible for the man  
who will not listen to reason.

The difference between a stepping 
stone and a stumbling block can be 
when you see it.

The one who says it can’t be done 
should never interrupt the one doing it.



www.cleanairandcontainment.com Clean Air and Containment Review | Issue 25 | January 2016 3130 Clean Air and Containment Review | Issue 25 | January 2016 www.cleanairandcontainment.com

NewsNews

Academy for Cleanroom Testing (ACT) 
seminars on changes to ISO 14644  
Parts 1 and 2 
ACT, the training academy of DOP Solutions, will be running several seminars on 
ISO 14644-1:2015 and ISO 14644-2:2015 during 2016 now that these new standards 
have been ratified by CEN and published. 

The first seminar will be at the ACT training facility at Letchworth, Hertfordshire 
on 22nd February and the next in Bury, Lancashire on 7th March.

The seminars will inform cleanroom professionals of the changes to Part 1: 
Classification of air cleanliness by particle concentration and Part 2: Monitoring  
to provide evidence of cleanroom performance related to air Cleanliness by particle 
concentration. ACT will host, present, discuss and provide handouts on the key changes.

The sessions will be short, with refreshments and opportunities to network,  
and will help you consider how  
these key changes will affect you,  
your company and your clients. 

ACT runs a full programme of training 
events on clean air and containment 
technology testing, mainly at its 
well-equipped Letchworth training 
facility, see photo.

Contact DOP Solutions to secure your 
places: Email sales@dopsolutions.com,  
or call +44 (0)1462 676446

New product from Ecolab contamination 
control set to revolutionise the transfer 
disinfection process 
BAGLAN, UK, 21 December 2015 – Ecolab Contamination Control has launched  
a product called Klercide Sporicidal Alcohol which will revolutionise the process of 
transfer disinfection within the pharmaceutical industry.

It has all the positive features of an alcohol-based disinfectant, including a low 
surface tension which improves product contact. It also has a ‘flash off’ time of just 
two minutes and minimal residues, which, combined with sporicidal properties, 
significantly enhances its efficacy. 

The product will minimise the risk of introducing spores to the manufacturing 
process during transfer disinfection and has been developed to address a need for  
a sterile sporicidal product with the key characteristics of alcohol for the transfer 
disinfection process.

This is in line with regulatory guidelines, including GMP Annex 1 and PIC/S 
P1007-6 which states that ‘Sporicidal agents should be used wherever possible but 
particularly for spraying in components and equipment in aseptic areas.’

Previously, water based sporicides 
have been used which cause 
significant wetting. This can also 
increase the risk of inadequate product 
contact, leading to poor practical 
performance. It can also increase 
process time or require transfer to take 
place while the items are still wet. 

For more information please  
call +44 2920 854 390 or email  
infocc@ecolab.com. 

Second successive record year  
for Clean Room Construction 
Experience matters when companies need cleanroom facilities, according to design 
and build specialist Clean Room Construction (CRC) which is celebrating another 
record year in business.

CRC has completed a number of prestigious projects in the last year, including the 
design and installation of cutting-edge facilities for the National Graphene Institute 
at the University of Manchester and a suite of 15 cleanrooms for space satellite testing 
on behalf of the STFC RAL Space development and testing facility in Oxfordshire. 
In the summer The Queen opened the University of Strathclyde’s Technology and 
Innovation Centre, where CRC had delivered a cluster of cleanrooms to facilitate 
world-leading research. 

2016 looks like it’s going to be just as 
busy for CRC. Steve Lawton, CRC’s 
Managing Director, said: “We have 
projects under way at GE Aviation, Guy’s 
Hospital, Brighton 3Ts Hospital, 
Thornton & Ross, ReNeuron and Aspar 
Pharmaceuticals as well as overseas 
projects in Qatar and Hong Kong. Our 
experience, which spans 50 years, is 
what sets us apart in this competitive 
marketplace.”

For more information about CRC,  
visit www.crc-ltd.co.uk

Cleanroom Guangzhou Exhibition  
to be repeated in 2016 
Following the great success in August 2015 of Guangzhou International Cleanroom 
Technology & Equipment Exhibition, dates have been set for a repeat in 2016.

The Cleanroom Guangzhou 2015 exhibition, sponsored by Guangdong Association 
of Cleanroom Technology, and strongly supported by the Chinese Contamination 
Control Society (CCCS), was recognised as the largest and most professional cleanroom 
technology exhibition in Asia. The exhibition attracted more than 150 national and 
international companies including TSI, AAF and Hollingsworth and Vose, as well as 
many well-known Chinese manufacturers.

Professor Wand Yao of CCCS presided at the opening ceremony and can be seen in 
the picture (3rd from left) with Cai Jie, vice secretary general of CCCS (5th from left) 
and Zhang Liqun, of China Electronics Engineering Design Institution (7th from left). 

The 2016 exhibition will be at Poly World Trade Center Expo (PWTC Expo), 
Guangzhou, from 13 to 15 May 2016.

For more information see: http://www.clcte.com/index.php?lang=en 

Nitritex introduces 
a new era of 
aseptic donning
Nitritex is proud to announce the 
launch of the BioClean-D™ 
Drop-Down Garment - a 
revolutionary new single use 
coverall – making aseptic donning 
quick and easy. Its unique drop-
down design and removable tab 
system make it the world’s first 
single use cleanroom garment that 
can be donned with virtually no 
cross contamination.

Suitable for ISO Class 4, and 
GMP Grade A environments, the 
patent-protected design promises a 
new era of aseptic donning. 
Manufactured from durable 
low-linting CleanTough™ antistatic 
material, the design provides 
excellent comfort for the wearer and 
its easy ‘over the head’ design 
allows the garment to simply use 
gravity to drop-down over the 
operator’s body. See why the new 
Drop-down Garment is 
outstanding in its sterile field by 
watching the coverall 
contamination comparison video on 
www.bioclean.com/drop-down and 
see just how easy it is to don with 
no cross-contamination.

For a sample and more 
information:  
call + 44 (0) 1638 663338 or visit 
www.bioclean.com/drop-down  
or email: europe@bioclean.com

Welcome to  
a new expert  
at Envair Lab

During November 2015 Envair 
Laboratory Equipment welcomed  
a key new member to the team. 
Matthew Stubbs has taken up the 
role of UK Clean Air Sales Manager 
and is set to deliver superior 
customer service to our client base.

With a wealth of experience  
in delivering clean air projects, 
Matthew Stubbs will work closely 
with you and your team (Estates, 
HVAC, M&E and Architects) to 
deliver projects on time and with 
minimal snagging. Supporting  
both clients of Envair Lab and its 
distributor network, he will provide 
full support from your initial enquiry 
right through to implementation  
to ensure the first-class service that 
our customers have come to expect.

Envair Lab supplies clean air 
and containment equipment for life 
sciences, pharmacy and chemistry.

To get in touch with Matt,  
please contact: matthew.stubbs@
envairlab.co.uk 

The National Graphene Institute cleanrooms 
provide the largest academic space of their 
kind for graphene research. (Photo: Neilson 
Reeves Photography)

mailto:matthew.stubbs%40envairlab.co.uk?subject=
mailto:matthew.stubbs%40envairlab.co.uk?subject=
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Events and training coursesEvents and training courses

ACT (Academy for Cleanroom Testing) www.dopsolutions.com/training_academy.html

2016 Event Location

February 22 Changes to ISO 14644 Part 1 and 2 Letchworth, UK

February 23 HEPA filter testing Letchworth, UK

February 24 Cleanroom Classification to ISO14644-1 Letchworth, UK

February 25-26 Microbiological Safety Cabinet Testing Letchworth, UK

March 7 Changes to ISO 14644 Part 1 and 2 Bury, Lancs, UK

April 19-21 CTCB-I Cleanroom Testing South Africa

May 10 CTCB-I Cleanroom Technology Letchworth, UK

May 10 HEPA Filter Testing for Nuclear and Asbestos Containment Letchworth, UK

May 11 HEPA Filter Testing Letchworth, UK

May 12 Airflow Measurement and Testing Letchworth, UK

June 21-23 CTCB-I Cleanroom Testing Letchworth, UK

July 12 HEPA filter testing Letchworth, UK

July 13 Particle Counting to ISO 14644 with Examination (ICEB accredited) Letchworth, UK

November 8-10 CTCB-I Cleanroom Testing Dublin, Ireland

November 21 CTCB-I Cleanroom Technology Letchworth, UK

November 22 HEPA filter testing Letchworth, UK

November 23 Airflow Measurement and Testing Letchworth, UK

November 24-25 Microbiological Safety Cabinet Testing Letchworth, UK

Note that:
• ICEB and CTCB-I certifications are explained on the ICS, ICEB and CTCB-I websites
• The Academy for Cleanroom Testing (ACT) is a part of DOP Solutions, a commercial company that provides cleanroom 

testing and monitoring equipment, and training
• All CTCB-I courses run by ACT are under the auspices of the Irish Cleanroom Society (ICS)

Events
Dates Event Organiser

2016

January 20-21 Pharmaceutical Microbiology, London, UK SMi

April 19-22 European Biosafety Association (EBSA) 19th Annual Meeting,  
Lille, France

EBSA

April 21-23 Cleanroom Technology, Maintenance and Equipment Exhibition, 
Istanbul, Turkey

Akdeniz Tanitim

May 2-5 ESTECH ‘16, Glendale, Arizona IEST

May 13-15 Cleanroom Guangzhou Exhibition 2016,  
Guangzhou, China

Guangzhou Grandeur 
International Exhibition 
Group

September 17-25 23rd International Symposium for Contamination Control, 
ISCCBRAZIL2016 “Treading new paths,” São Paulo, Brazil

ICCCS

November 8-9 Cleanzone 2016, Frankfurt, Germany Messe Frankfurt

Training courses
IEST (Institute of Environmental Sciences and Technology) www.iest.org

2016 Event Location

February 2 Understanding the Changes to ISO 14644-1 and ISO 14644-2 Pasadena, Texas

February 10 Designing a USP-797 and USP-800 Compliant  
Compounding Pharmacy

Pasadena, Texas

March 8 Stop Contamination in Your Operations with Reusable  
and Disposable Garments 

Pasadena, Texas

March 22 Cleanroom Classification Testing and Monitoring Fremont, California

May 2 Cleanroom Basics: What is a Cleanroom and How Does it Work? ESTECH Glendale, Arizona

May 3 Understanding the Changes to ISO 14644-1 and ISO 14644-2 ESTECH Glendale, Arizona

May 4 Basics of Particle Mechanics for Contamination Control in Cleanrooms ESTECH Glendale, Arizona

May 5 The Unseen Contaminant:  
Taking Charge of Electrostatic Contamination

ESTECH Glendale, Arizona

May 5 Cleanrooms, HVAC System Design, and Engineering Fundamentals ESTECH Glendale, Arizona

ICS (Irish Cleanroom Society) www.cleanrooms-ireland.ie

2016 Event Location

April 19-21 CTCB-I Cleanroom Testing South Africa

May 10 CTCB-I Cleanroom Technology Letchworth, UK

June 21-23 CTCB-I Cleanroom Testing Letchworth, UK

July 13 Particle Counting to ISO 14644 with Examination (ICEB accredited) Letchworth, UK

November 8-10 CTCB-I Cleanroom Testing Dublin, Ireland

November 21 CTCB-I Cleanroom Technology Letchworth, UK

CTCB-I /Netherlands (VCCN) www.vccn.nl

2016 Event Location

April 20-22 CTCB-I Cleanroom Testing and Certification,  
2 days Associate and 3 days Professional – both in English

Boven-Leeuwen,  
The Netherlands

November 23-25 CTCB-I Cleanroom Testing and Certification,  
2 days Associate and 3 days Professional – both in English 

Boven-Leeuwen,  
The Netherlands

Do you design, build or use cleanrooms?

Stay on top of the changes to cleanroom standards.

Buy BS EN ISO 14644-1:2015 and BS EN ISO 14644-2:2015 
from the BSI Shop at shop.bsigroup.com

The revisions introduce important improvements to cleanroom 
and clean device classifications and update operational monitoring 
guidance and requirements.

•  BS EN ISO 14644-1:2015 Cleanrooms and associated controlled 
environments – Part 1: Classification of air cleanliness by particle 
concentration and

•  BS EN ISO 14644-2:2015 Cleanrooms and associated controlled 
environments – Part 2: Monitoring to provide evidence of cleanroom 
performance related to air cleanliness by particle concentration are 
essential reading for:

• cleanroom facility users
• cleanroom testing companies
• facility design professionals and consultants
• facility construction professionals and
• sellers of cleanroom technology components.

Photo courtesy of CRC Ltd.

The international standards governing cleanroom classification and monitoring have been updated.

WB13004_BSI_Cleanrooms Advert_AW.indd   1 22/12/2015   11:29

http://shop.bsigroup.com/
http://bit.ly/1OqvI2c
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Understanding-the-Changes-to-ISO-14644-1-and-ISO-14644-2
http://www.cleanrooms-ireland.ie/training/
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http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Cleanroom-Classification-Testing-and-Monitoring
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http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Understanding-the-Changes-to-ISO-14644-1-and-ISO-14644-2
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Basics-of-Particle-Mechanics/Defaultult
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Cleanrooms-HVAC-Systems-Design-and-Engineering
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Taking-Charge-of-Electrostatic-Contamination
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Stop-Contamination-in-Your-Operations-with-Cleanroom-Garments
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Designing-a-USP-797-and-USP-800-Compliant-Compounding-Pharmacy
http://cleanzone.messefrankfurt.com/frankfurt/en/visitors/willkommen.html
http://www.iest.org/Meetings/ESTECH
http://www.ebsaweb.eu/
http://bit.ly/1DMFvtj
http://isccbrazil2016.com/US/
http://bit.ly/1GUyl5F
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CONTAMINATION CONTROL

This is What Safety 
Looks Like…

USE BIOCIDES SAFELY. ALWAYS READ THE LABEL 
AND PRODUCT INFORMATION BEFORE USE.

Scan here to see 
the full story of how 
safety starts with
new Klercide 
Sporicidal Alcohol

CONTAMINATION CONTROL 
WITHOUT COMPROMISE

TO FIND OUT MORE ABOUT OUR UNIQUE SOLUTION FOR TRANSFER DISINFECTION, 
PLEASE CONTACT YOUR ECOLAB CONTAMINATION CONTROL EXPERT, 
EMAIL US AT INFOCC@ECOLAB.COM OR CALL +44 (0)2920 854 390
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You can’t put a price on a life. But you can improve your transfer disinfection 
processes to protect that life.

…and it begins with Klercide Sporicidal Alcohol

ECOLAB CONTAMINATION CONTROL

Brunel Way, Baglan Energy Park
Neath SA11 2GA UK

www.ecolabcc.com

Scan here to see 
the full story of how 

With regulations requiring the use of 

sporicidal agents when introducing 

components into aseptic areas, transfer 

disinfection is a major challenge to 

manufacturers and end-users alike.

Klercide Sporicidal Alcohol, the new 

patented* formulation from Ecolab, provides 

a range of potentially life saving benefi ts, 

including rapid fl ash-off and sporicidal 

effi cacy in two minutes (EN 13697**).

REFERENCES
* patent pending
**  modifi ed EN 13697 sporicidal surface test - log 2 reduction achieved
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