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With the recent 
publication of ISO 
14644-1:2015 and 
ISO 14644-2:2015, 
standards are 
currently on 
everybody’s mind. 
BSI has organised  

a conference on these two new revisions 
of existing standards, as well as on the 
new cleanroom energy management 
standard currently under development. 
IEST is including a training course on 
the new standards at its annual ESTECH 
Technical Conference, and training 
organisations everywhere are providing 
their own courses, some of which are 
listed on page 32 of this journal.

The focus on these new standards is 
very desirable. Cleanroom practitioners 
will re-examine and improve their present 
practices. The number of contaminated 
products produced in cleanrooms  
will hopefully reduce. And the energy 
management standard, when it is 
published, will hopefully lead to 
meaningful energy savings.

But when I think about standards  
in general, I recall a conference in Italy, 
some years ago, at which I had been  
asked to argue the case for negative 
pressure isolators for the preparation 
(compounding) of cytotoxic drugs in 
hospital pharmacies, as widely used in 
the UK. The other speaker was arguing 
the case for using open-fronted Class II 
safety cabinets for this application as 
widely used in mainland Europe. The 
other speaker was first. His case was 
largely based on the safety cabinets 
being compliant with the relevant 
standards, especially BS EN 12469:2000 
and having been extensively tested  
by recognised testing establishments in 
several different countries. When it 
came to my turn, I realised that I wasn’t 
going to mention a single standard in 
my presentation. I was relying on a sound 
technical case as well as the fact that  
the isolator I was talking about had 
been developed with senior hospital 
pharmacists, i.e. the users. Neither of  
us ‘won’ the argument but the occasion 
emphasised for me that, actually, 
standards aren’t everything. Blind 
compliance is just as dangerous as 
complete disregard, and there is a  

risk that standards that are too tightly 
written can stifle progress.

Coming back to particles, at the time 
of writing, a New Work Item Proposal  
is being voted on in ISO. This is for a 
deposition standard which will become 
ISO 14644-17 if it goes ahead. The logic 
of this standard is that particles in the 
air do not damage the product until they 
reach the product and deposit on it.  
In support, this issue of CACR contains  
the third part of a series of articles by 
Bill Whyte, Koos Agricola and Martin 
Derks reporting on the work that they 
have done on the subject, see page 4. 

This issue also contains two distinct 
articles about airflow, by Alexander 
Fedotov and by Bill Whyte. The important 
thing to remember when reading these 
is that for calculating the steady state 
concentration, it is the airflow rate, not the 
air change rate that removes the particles 
that are dispersed in the cleanroom, and 
that for calculating the recovery time, it is 
the air change rate not the airflow rate 
that is used for the calculation. 

The final main feature in this issue is 
a summary of the status of every standard 
in the ever-growing ISO 14644 series. 
The key standard in the series is of 
course ISO 14644 Part 1, ‘Classification 
of air cleanliness by particle concentration’. 
According to ISO, a cleanroom cannot 
be called a cleanroom unless it is classified 
in accordance with ISO 14644 Part 1. 
There are other cleanliness attributes 
including air cleanliness by chemical 
concentration, air cleanliness by nanoscale 
particle concentration, surface cleanliness 
by particle concentration and surface 
cleanliness by chemical concentration 
that can be used alongside air cleanliness 
by particle concentration, but it must be 
alongside, not instead of. Unfortunately, 
ISO 14698 Parts 1 and 2 have not 
progressed thought the normal periodic 
review process and do not include ‘levels’ 
of air and surface cleanliness by microbial 
contamination, so there is no way, within 
this ISO series, of specifying microbial 
cleanliness attributes. CEN (the European 
Committee for Standardization) has 
now picked up this work and hopefully, 
within a reasonable period of time,  
we will be able to have cleanrooms with 
defined microbial cleanliness levels.

John Neiger
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Cleanroom airborne  
cleanliness classifications

Classification according to the PDR
A cleanroom can be classified according 
to its PDR by the method given in the 
VCCN Guidelines 9 (2014). In these 
guidelines, the Particle Deposition Class 
(PDC) of a cleanroom is determined by 
the following equation.

Equation 6

Where, PDRD is the maximum permitted 
PDR (number/m2/h) of particles that are 
equal to, or larger than, the considered 
particle size, D (µm).

Classification according to airborne 
particle concentration
The airborne cleanliness of a cleanroom 
is classified by ISO 14644-1 in terms of 
the concentration of particle sizes in the 
range between ≥0.1µm and ≥5µm, and 
use of the following equation:

Equation 7

Where, Cn is the maximum permitted 
concentration/m3 of airborne particles 
that are equal to, and greater than,  
the considered particle size, N is the  
ISO class number, and D (µm) is the 
considered particle size.

Rewriting Equation 7 in terms of the 
cleanroom class (N) gives the following 
equation, which allows the ISO  
Class (N) to be calculated from  
a concentration of particles of a 
considered cumulative size. 

Equation 8

Later in this article, a method is given to 
calculate the maximum ISO class required 
to ensure that airborne contamination 
of a product is not greater than a specified 
and acceptable amount. If the critical 
particle size that causes the contamination 
is within the normal range of particles 
used in ISO 14644-1 i.e. ≥0.1µm to ≥5µm, 
the maximum particle concentration can 

be calculated and the ISO class obtained 
by reference to the classification Table 1 
given in ISO 14644-1. However, particles 
with cumulative counts greater than 
5µm are not given in this table and 
therefore it was necessary to calculate 
the ISO class by use of Equation 8. 
However, it is not clear how accurate 
this calculation would be, and this was 
investigated.

Shown in Figure 1 are the 
concentrations of cumulative counts of 
different sizes of airborne particles 
obtained in the cleanroom experiments 
reported in the second article of this 
series (Whyte, Agricola and Derks, 
2016) and given as a percentage of the 
total count of all particles ≥5µm. Also 
shown is an extrapolation of the particle 
size concentrations of ISO 14644-1 
calculated by Equation 7. It can be seen 
that these diverge from the actual 
concentrations at about ≥20µm, and by 
about ≥40µm the concentration is about 
10 times greater. Therefore, for more 
accurate calculations it is better not to 
use sizes above ≥20µm 

Deposition velocity of particles 
The deposition velocity of particles is 
their velocity through air towards a 
cleanroom surface. The deposition 
velocities of ‘discrete’ sizes of particles 
have been obtained both theoretically 
and experimentally by various researchers, 
and this information is discussed in our 
second article. However, the normal 
method of measuring particles in a 
cleanroom is by cumulative counts, 
where all particles above a considered 

particle size are measured, but the 
deposition velocity of cumulative counts 
have not been previously available. 
These were determined in our second 
article, and given in Table 1 in cm/s.

The cumulative deposition velocities 
given in Table 1 can be used in Equation 
3 to calculate PDRs from knowledge  
of the cumulative particle concentration  
in the cleanroom air. However, 
investigations reported in our second 
article showed that to calculate the most 
accurate PDRs, the following 
restrictions should apply.
1. The calculations should only be 

applied to ‘operational’ conditions in 
a cleanroom i.e. during manufacturing, 
and not in ‘at rest’ conditions.

2. The calculation of PDRs for particles 
above about ≥30 µm should be 
avoided as the cumulative size 
distribution, and therefore the 
deposition velocity, is affected by 
variations in surface cleanliness and 
redispersion of particles by activity. 

3. With the exception of particles 
≥0.3µm, the deposition velocities 
given in Table 1 were obtained from 
observations in an ISO Class 8 room. 
However, it was found that the PDR 
increased as the particle concentration 
decreases. This was considered to be 
caused by lower particle concentrations 
being associated with higher air supply 
rates, where smaller particles would 
be quickly swept from the cleanroom 
with little time to deposit, but larger 
particles would still deposited by 
gravity. This effect was expected  

Airborne particle deposition in cleanrooms: 
Calculation of product contamination and required 
cleanroom class
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 is the third and final article in a 
series that discusses the deposition of 
airborne particles onto critical surfaces 
in cleanrooms. This article explains a 
method for calculating the amount of 
particle or microbe-carrying particle 
deposition onto critical cleanroom 
surfaces, such as product, and a method 
for calculating the airborne particle 
cleanliness class, or airborne microbial 
concentration that is required to obtain 
a specified and acceptable amount of 
product contamination.

Introduction

Previous articles in this series 
In the first article of this series, Whyte, 
Agricola and Derks (2015) reviewed the 
various mechanisms of surface deposition 
of particles in cleanrooms and concluded 
that the important mechanisms were 
gravitational settling, turbulent deposition, 
electrostatic attraction and, for particles 
less than about 0.5µm, Brownian 
diffusion. Experiments were carried  
out with particles ≥10µm which showed 
that over 80% of the deposition was by 
gravitational sedimentation. 

In the second article, Whyte,  
Agricola and Derks (2016) described  
an investigation in a cleanroom into  
the relationship between the airborne 
particle concentration and particle 
deposition rate (PDR). These two 
quantities are related by the deposition 
velocity of particles through the air, 
which allows the PDR to be calculated 
from the airborne concentration, and 
vice versa. Most particle sampling 
methods in cleanrooms report the 
concentration of ‘cumulative’ counts, 
which includes all particles above a 
considered size. Deposition velocities 
were not previously known for a  
range of cumulative counts but these 
were obtained in our second article  

by experimental and theoretical 
investigations supplemented by 
previously-published results. 

Particle deposition rate (PDR)
The PDR is obtained by measuring the 
number of particles that deposit over a 
standard time onto a standard surface 
area, and use of the following equation:

Equation 1

where, PDRD is the particle deposition 
rate of particles of a size D, cF is the final 
surface concentration, cI is the initial 
surface concentration, and t is time of 
exposure.

The units of measurement of PDR 
used in our previous two articles were 
number/dm2/hour but airborne particle 
concentrations in cleanrooms are usually 
reported per m3 and, to simplify the 
calculations, the PDR units used in  
this article are mainly number/m2/s,  
or occasionally number/m2/hour.

An analogous expression that can  
be used with airborne microbe-carrying 
particles (MCPs) is the microbial 
deposition rate (MDR), which is calculated 
by use of the following equation:

Equation 2

Where, n is the number of MCPs 
deposited on a standard surface area

The MDR is determined by exposing 
a settle plate for several hours, incubating 
the plate, and counting the microbial 
colonies. The nutrient agar surface of 
the plate will be sterile and therefore  
the initial count need not be ascertained, 
as in Equation 1. The number of MCPs 
that deposit onto a standard area such 
as m2, in a standard time such as one 
second, is then calculated to determine 
the MDR.

Relationship between PDR,  
airborne particle concentration,  
and deposition velocity
The relationship between the PDR and 
airborne particle concentration is given 
by the following equation:

Equation 3

Where, cD = airborne concentration  
of particles of a size D µm, and vD = 
deposition velocity of particles of a  
size D µm

If the PDR is known, the number of 
particles that will deposit onto a surface 
can be calculated by use of the following 
equation:

Equation 4

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

If the surface area slopes at an angle 
of x° to the horizontal, an ‘effective 
horizontal area’ may be used to produce 
a more accurate result. This is obtained 
by multiplying the horizontal surface 
area by cos x°.

By substituting the value of PDRD 
given in Equation 3 into Equation 4,  
the following equation is obtained that 
allows the number of particles deposited 
onto a surface to be calculated from the 
airborne concentration.

Equation 5

If MCPs are considered, a set of analogous 
equations to those given above can be 
used, where MDR is substituted for PDR, 
and MCPs for particles.
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Figure 1: Airborne particle counts as a percentage of the total particle counts ≥5µm.  
ISO 14644-1 (extrapolated) is calculated using Equation 7.

Table 1: Deposition velocities of cumulative counts of particle sizes

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

Deposition velocity (cm/s) 0.003 0.006 0.3 0.9 4.2 9.1 13 41
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Deposition calculated by means of 
the PDR: A witness plate, or instrument 
that measures PDR in real time, is placed 
adjacent to product, and sampling carried 
out over a period of several hours. The 
PDR of particles ≥10µm was found to be 
610/dm2/h (16.9/m2/s). The number of 
particles deposited onto a single product 
can now be calculated by means of 
Equation 4.

Number of particles deposited onto  
a product = PDRD*a*t = 16.9 x 0.0002 x 
600 = 2.03

This calculation shows that about  
2 particles ≥10µm may be deposited  
on each product.

Deposition calculated by means  
of the airborne particle concentration: 
Product contamination can be calculated 
as follows:
1. The airborne concentration of the 

critical size of particles (≥10µm) is 
measured adjacent to the product. 
Sampling losses of particles into  
the airborne particle counter are 
minimised and, therefore, no sampling 
tube used. The air is sampled during 
normal manufacturing and measured 
over a sufficiently long period of  
time to obtain a reliable average 
concentration, which was 2500/m3.

2. The PDR is determined by Equation 3 
from the airborne particle 
concentration. The cleanroom was 
known to be an ISO Class 8 and, 
therefore, the deposition velocity  
of particles ≥10µm, obtained from 
Table 1, is 0.9cm/s (0.009m/s).

 Therefore, 
PDR (no/m2/s) = cD * vD =  
2500 x 0.009= 22.5 

3. Knowing the surface area of product 
exposed to airborne contamination  
is 2 cm2 (0.0002m2) and the time 
exposed is 10 min (600s), the product 
contamination can be determined  
by Equation 4,

 Number of particles deposited onto 
product = PDR*a*t = 22.5 x 0.0002  
x 600= 2.7

This method of calculation shows that 
each product will be contaminated by 
an average of 2.7 particles ≥10µm. This 
value is greater than obtained by the PDR 
method of calculation but a variation 
between the two methods should be 
expected, and caused by differences 
explained in our second article.

Calculation of maximum airborne 
particle class in a cleanroom
Cleanrooms are costly to build and run 
and, if a cleanroom is cleaner than 
required, the excessive supply of filtered 
air will be costly and wasteful of energy 
resources. If the cleanroom design 
produces insufficiently-clean conditions, 
then an unacceptable amount of product 
contamination may occur. It is, therefore, 
best that the cleanroom class is matched 
to a specified and acceptable amount  
of airborne product contamination,  
and the method to obtain this is now 
illustrated by an example.

It is considered that the critical size of 
particle that causes a malfunction when 
a product is contaminated is ≥10µm, and 
particle contamination should not be 
greater than one particle in a hundred 
products. The horizontal area of product 
exposed to deposition of particles is 2cm2 
(0.0002m2) and it is exposed for 10 
minute (600s).

Calculation of the maximum PDR 
class: The PDR required for the specified 
level of product contamination (1 in 100 
products) from particles ≥10µm can  
be calculated by use of the rewritten 
Equation 4:

The Particle Deposition Class (PDC) 
can then be found by reference to VCCN 
Guidelines 9 (2014) where it will be seen 
that, for particles ≥10µm, the upper limit 
of a PDC Class 4 cleanroom is 1000/m2/h. 
Therefore, a PDC of 4 is required.

Calculation of maximum airborne 
particle class requirement: The 
maximum airborne particle concentration 
for an acceptable amount of product 
contamination from particles ≥10µm can 
be obtained by firstly calculating the 
required PDR. This was found in the 
previous paragraph to be 0.083/m2/s. 
The required particle concentration is 
then calculated by using the deposition 
velocity of particles ≥10µm. The class  
of cleanroom is unknown and, as a first 
step in the calculation, an ISO Class 8 
cleanroom is assumed, with a deposition 
velocity of airborne particles ≥10µm, as 
given in Table 1, of 0.9cm/s (0.009/m/s). 
Using the rewritten Equation 3, the 
maximum particle concentration can be 
calculated as follows:

A concentration of 9.2/m3 is, therefore, 
the maximum airborne concentration  
of particles ≥10µm that the cleanroom 
should achieve. However, it is normal 
practice to design a cleanroom in terms 
of an ISO 14644-1 class. The maximum 
concentration of airborne particles is 
defined in ISO 14644-1 for particles 
between ≥0.1 µm and ≥5µm and, had 
the critical size been in that range, 
reference to the classification Table 1 
given in ISO 14644-1 would have given 
the maximum class of cleanroom that 
was required for the calculated particle 
concentration. However the particle  
size (≥10µm) is above that size range 
and it is therefore necessary to calculate 
the ISO Class by means of Equation 8  
as follows:

Therefore, the ISO class of cleanroom 
required to maintain an airborne 
contamination rate of 1 in 100 products 
is just over ISO Class 5. However, a 
second calculation step will improve  
the accuracy of the calculation, as the 
deposition velocity was assumed to 
apply to an ISO Class 8 cleanroom, 
whereas the required cleanroom was 
closer to Class 5. The deposition velocity 
used in the calculation was assumed to 
be 3 times greater i.e. 2.7cm/s (0.027m/s). 
The previous calculation is now repeated 
using a deposition velocity of 0.027m/s 
and the maximum airborne particle 
concentration found to be 3.1/m3, and 
the calculated ISO class 4.6. Owing  
to uncertainties associated with particle 
measurements, ISO 14644-1:2015 
requires that ISO classes should be 
given in increments no greater than 0.5. 
Therefore, the maximum ISO Class is 5. 

It has been previously shown that 
the concentrations of cumulative counts 
of different sizes of airborne particles 
found in cleanrooms diverge at about 
≥20µm from the particle counts expected 
by extrapolation of the particle size  
and use of Equation 8. It is, therefore, 
better that the method of calculating the 
maximum ISO class is not used for 
cumulative particle sizes above 20µm.

to increase as the average residence 
time of the air reduced. An increase 
in the turbulent intensity of the air 
was also thought to be a contributing 
factor. For a range of particles between 
about ≥5µm and ≥30µm, the 
deposition velocities would be 
expected to increase by about 
1.7-fold if applied to an ISO Class 7 
cleanroom, about 3-fold if applied to 
an ISO Class 6 cleanroom, and about 
5-fold if applied to an ISO Class 5.

4. Particles ≥0.3µm or ≥0.5µm were 
expected to be less influenced by 
gravity, and the same deposition 
velocity applied over the range of 
cleanroom cleanliness classes. 

The main, and usually only, source 
of MCPs in cleanroom air is personnel. 
Micro-organisms grow on the skin of 
personnel and, during activity, microbes 
are dispersed into the air on skin cells, 
or fragments of skin cells. MCPs have 
various shapes, and it is normal to consider 
particle movement in air and deposition 
onto surfaces, in terms of equivalent 
aerodynamic diameter, which is the 
diameter of a sphere of unit density that 
settles in air at the same rate as the 
particle being considered. The equivalent 
aerodynamic particle diameter is not the 
same as the equivalent optical particle 
diameter, the latter being used for  
the sizing of particles by optical particle 
counters. The average equivalent 
aerodynamic particle diameter of 
airborne MCPs has been reported  
by Noble et al (1963) and Whyte and 
Hejab (2007) to be about 12µm 

The deposition velocity of the average 
size of airborne MCPs in different 
cleanliness conditions in cleanrooms 
has been recently investigated by Whyte 
and Eaton (2016), and reported in an 
article to be published soon. It was found 
that the deposition velocity increased  
as the cleanliness of the cleanroom 
increased, in a similar way to particles, 
and the results of the study are given in 
Table 2.

The purpose of this article is to 
explain calculation methods that can  
be used for the following purposes:

a. Establish the contamination rate  
of products manufactured in  
a cleanroom, when the PDR or 
airborne particle concentration  
is known;

b. Establish the maximum airborne 
cleanliness class, in terms of PDR or 
airborne particle concentration, for 
an acceptable and specified amount 
of product contamination;

c. Repeat (a) and (b) for MCPs.

Before discussing the methods used 
to carry out these three objectives,  
it is necessary to consider how the  
PDR or MDR, and airborne concentrations 
of particle and microbial contamination, 
should be sampled to ensure accurate 
results.

Measurement of airborne 
contamination in cleanrooms
It has been demonstrated that particle 
concentrations will vary about a 
cleanroom. In non-unidirectional airflow 
cleanrooms, Whyte et al (2010)  
have shown that the airborne particle 
concentration can vary about a cleanroom, 
depending on the performance of the air 
supply diffusers, temperature difference 
between supply and room temperature, 
position of the air extracts, and position 
of sources of contamination. Carr (1994) 
also reported that the particle 
concentrations in a unidirectional 
cleanroom will vary by up to 10-fold 
between locations. It is therefore 
important to ensure that sampling is 
carried out as close as possible to the 

product, or other critical surface,  
so as to reflect the actual airborne 
contamination adjacent to the surface. 

Figure 2 shows the airborne 
concentration of particles ≥10µm 
measured during an experiment reported 
in the second article in this series. It can 
be seen that the airborne concentration 
varied by more than 10 times, and if 
particle deposition is to be accurately 
predicted, sampling must be carried out 
at the same time as products are exposed 
to deposition, and include periods of 
low and high activity. Sampling should 
also be carried out over a suitably  
long period of time or, if only short 
manufacturing times occur, by multiple 
sampling.

Calculation of the number  
of airborne particles  
deposited onto product
The number of airborne particles that 
may deposit onto a product, or another 
critical surface, can be calculated from 
knowledge of either the PDR or the 
airborne particle concentration. Both 
these methods are now considered  
by use of the following example.

A product has a horizontal upper-
surface area of 2 cm2 (0.0002m2) that  
is exposed for 10 min (600s) to airborne 
contamination in a non-unidirectional 
ISO Class 8 cleanroom. The reliability  
of the product is known to be affected 
by contamination with particles greater 
than 10µm, and the likely number  
of these particles that will be deposited 
onto a product is required.

Table 2: Deposition velocities (cm/s) of MCPs in relation to airborne concentrations

Concentration of MCPs/m3 0.1 0.5 1 5 10 50 100 200 500

Deposition velocity (cm/s) 3.55 2.04 1.61 0.92 0.73 0.42 0.33 0.26 0.191 
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www.cleanairandcontainment.com Clean Air and Containment Review | Issue 26 | April 2016 98 Clean Air and Containment Review | Issue 26 | April 2016 www.cleanairandcontainment.com

Main featureMain feature

Calculation of maximum airborne 
concentration of MCPs
The maximum concentration of airborne 
MCP in a cleanroom can be calculated 
in a similar way to that previously 
described for airborne particles, and 
illustrated by an example. To start  
the calculation, it is necessary have an 
estimate of the deposition velocity. As a 
first estimate, the cleanroom is assumed 
to be a non-UDAF type with an airborne 
concentration of 50/m3, and by consulting 
Table 2 it can be seen that the deposition 
velocity of the average size of MCPs at 
that airborne concentration is 0.42cm/s 
(0.0042m/s). The maximum MDR  
has been calculated in the previous 
section and, knowing it is 0.0083m2/s, 
the maximum MCP concentration  
is calculated as follows:

The calculated concentration of 1.98/m3 
is lower than the concentration first 
estimated at the start of the calculation 
(50/m3) and the calculation should be 
repeated using a more accurate estimate 
of the deposition velocity. By consulting 
Table 2 it can be seen that the deposition 
velocity for an airborne concentration of 
1.98/m3 should be closer to 1.5cm/s i.e. 
0.015m/s. Using this deposition velocity, 
the maximum MCP concentration is 
re-calculated and found to be 0.55/m3.

Discussion
This is the third and last article of a series 
that discusses the deposition of airborne 
particles onto critical surfaces in a 
cleanroom. The Introduction to this 
present article discusses the inter-
relationship between the concentration 
of airborne contamination, the particle 
or microbial deposition rate (PDR or 
MDR), and the deposition velocity of 
particles and MCPs moving through air 
under the influence of deposition forces, 
which are mainly gravity. Equations  
are given that relate these variables and 
allow the number of airborne particles 
and MCPs that deposit onto critical 
surfaces to be calculated from knowledge 
of either the PDR or MDR, or the airborne 

concentration of either type of particle. 
Also given in the Introduction are 
equations that can be used to calculate 
the maximum airborne cleanliness class 
for either particle deposition (according 
to VCCN Guidelines 9) or airborne 
particle concentration (according to  
ISO 14644-1). These same equations can 
also be used to calculate the maximum 
number of MCPs that will deposit onto 
settle plates, or maximum concentration 
of MCPs measured by an airborne 
microbial sampler. The most accurate 
method of calculating the amount  
of deposition, or maximum airborne 
concentration, is by the PDR or MDR as 
this deposition closely simulates the 
actual deposition, and does not require 
the use of the deposition velocity.

To obtain the most accurate results 
from the equations given in the 
Introduction, the deposition rate and 
airborne concentration of contamination 
should be measured adjacent to the 
product, and over the time the product 
is open to airborne contamination,  
so that sampling accurately reflects the 
airborne concentration and deposition 
rate at the product.

The number of particles that deposit 
onto a product from cleanroom air can 
be calculated from the measurement  
of the PDR and use of Equation 4. 
Equation 4 also requires the minimum 
size of particle that causes contamination 
problems (the critical size), the surface 
area of product exposed to deposition, 
and time of exposure. 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, 2015 and 2016). However, 
where an instrument to measure PDR is 
not available, the airborne concentration 
of particles above the critical size can be 
measured by an airborne particle counter, 
and the PDR calculated by knowledge of 
its corresponding deposition velocity for 
cumulative counts. 

Table 1 gives the deposition 
velocities of cumulative counts of a 
range of particle sizes. However, the 
deposition velocities may vary from  
those given in the table. It has been 
demonstrated in our second article 
(Whyte, Agricola and Derks, 2016) that 
to minimise variation, the calculations 
should be confined to operational 
conditions in the cleanroom, and the 

cumulative particle size should not 
exceed 30µm. Also, the deposition 
velocity should be modified for different 
ventilation conditions. The deposition 
velocities given in Table 1, with the 
exception of 0.3 and 0.5 µm particles, 
were obtained in ISO Class 8 conditions 
and should be increased by 1.7, 3 and 5 
times for ISO Class 7, Class 6, and  
Class 5 conditions, respectively. The 
deposition velocity of particles ≥0.3µm 
and ≥0.5µm should be kept constant  
for different ISO Classes. Our previous 
article recommended that additional 
research is needed to obtain more 
accurate deposition velocities in different 
ventilation conditions, but irrespective 
of the outcome of these investigations, 
the present method will give useful 
results, especially as no method is 
presently available to calculate the 
expected rate of product contamination. 

A method is also given in this article 
for calculating the maximum airborne 
class of cleanroom required for a specified 
level of product contamination. At present, 
when a cleanroom is designed, the 
required cleanliness class of a cleanroom 
is typically obtained by an informed 
guess. This often leads to cleanrooms 
that are much cleaner than needed, with 
unnecessarily-high capital and running 
costs. Occasionally, and more seriously, 
cleanrooms can be built that are not clean 
enough to avoid excessive airborne 
contamination. To avoid these problem, 
a method is required that matches an 
acceptable and specified contamination 
rate of product to a maximum cleanliness 
class of cleanroom. An example is given 
to show how this can be calculated for 
the PDC (according to VCCN 9), and 
airborne particle class (according to  
ISO 14644-1). 

It is accepted that the calculation of 
the maximum ISO class for a cleanroom 
using the methods suggested in this 
article is unlikely to be exact, but should 
give a good indication of the type  
of cleanroom required e.g. non-
unidirectional with a high or low air 
supply rate, unidirectional airflow, or 
the requirement of separative devices, 
and should be a considerable advance 
over the present method of using an 
informed guess and act as a useful 
additional aid.

Included in this article are methods 
for calculating the amount of product 
contamination by MCPs. The most 
accurate method of estimating product 

Calculation of number of  
MCPs deposited
To calculate the surface contamination  
of products, or other critical surfaces,  
by microbe-carrying particles (MCPs), 
similar methods are used to those 
described for particles in the previous 
sections of this article. These methods 
are based on information obtained from 
either a) settle plates that determine the 
microbial deposition rate (MDR) or b) 
an airborne microbial sampler that 
ascertains the concentration of MCPs  
in the cleanroom air. The methods  
are illustrated by means of the example 
used in the previous two sections,  
in which a product with a horizontal 
surface area of 2 cm2 (0.002m2) is 
exposed to airborne deposition of MCPs 
for 10 minute (600s).

Calculation of microbial  
deposition onto product by  
use of settle plate counts
The method of calculating the product 
contamination from the deposition rate 
of MCPs onto settle plates has been 
previously discussed by Whyte (1986). 
This method is analogous to measuring 
the PDR by witness plates, and is likely 
to be a more accurate method than that 
involving the air concentration of MCPs 
obtained by microbial air samplers. 
Settle plates are Petri dishes that contain 
nutrient agar, and when exposed in a 
cleanroom, MCPs will deposit from the 
air onto their surface. Settle plates with 
a diameter of 90mm are commonly 
used, but 140mm diameter plates are 
more accurate for use in the low airborne 
concentrations found in cleanrooms; 
multiple settle plates are also more 
accurate. After sampling, the settle 
plates are incubated at a suitable 
temperature and time, so that MCPs 
grow into microbial colonies, which can 
be counted and used to find the number 
of MCPs that have deposited onto the 
settle plate in a given time. Settle plates 
should be laid out adjacent to product  
to ensure that the same deposition rate 
of MCPs is likely to occur on the settle 
plates as on product, and should be 
exposed for several hours. The calculation 
of microbial deposition is illustrated by 
an example.

A settle plate of 14cm diameter (area 
= 0.0154m2) was laid out adjacent to 
product for 3 hours during manufacturing. 
To obtain an accurate result, the 
measurement was repeated several 

times and the number of MCPs deposited 
was found to average 3 per plate.  
The microbial deposition rate (MDR) 
was calculated by means of Equation 2 
as follows:

This MDR is then used to calculate 
the product contamination. As the 
product has an exposed horizontal area 
of 2cm2 (0.0002m2) and MCPs have 10 
minutes (600s) to deposit, the product 
contamination rate is as follows:

This is equivalent to 1 in 463 products 
being contaminated by a MCP.

Calculation of MCP deposition  
onto product by means of microbial 
air sampler concentrations
The method of calculating product 
contamination from the airborne 
concentration of MCPs found by an 
airborne sampler has been described  
by Whyte and Eaton (2015), but that 
method used a single deposition velocity 
to cover all ventilation conditions in  
a cleanroom. In view of the recently 
obtained deposition velocities given in 
Table 2, the method should be modified 
to use different deposition velocities  
in different airborne cleanliness.

The measurement of the airborne 
concentration of MCPs by a microbial 
air sampler is analogous to using an 
airborne particle counter to measure  
the concentration of particles. However, 
microbial samplers measure all of the 
MCPs in the cleanroom air, and not the 
concen tration above a threshold size as 
measured by a particle counter. As all  
of the MCPs are counted, the required 
deposition velocity is the average 
deposition velocity of all airborne  
MCPs sampled. The deposition  
velocity is given in Table 2 over  
a range of ventilation conditions.

The example used to illustrate this 
method is again a product with an 
exposed surface area of 2cm2 (0.0002m2) 
and time of exposure of 10 min (600s). 
The product was manufactured in 
unidirectional airflow, and the average 
airborne concentration of MCPs found 
adjacent to the exposed product during 
manufacturing was 1/m3. Table 2 was 
consulted and a deposition velocity  

of MCPs of 1.61cm/s (0.0161m/s) found. 
The average number of MCPs that might 
deposit onto a single product is calculated 
as follows:

This is equivalent to a contamination 
rate of 1 in 518 products.

Calculation of the maximum MCPs 
deposition rate, or maximum 
airborne microbial concentration, 
for a specified product 
contamination rate
Methods have been outlined above for 
calculating the maximum airborne 
cleanliness class of cleanroom, according 
to ISO 14644-1, for an acceptable product 
contamination rate of particles. A similar 
method can be used with MCPs, and  
is demonstrated by use of the same 
manufactured product whose horizontal 
area is 2 cm2 (0.0002m2) and exposure 
time to airborne contamination is  
10 minutes (600s). The acceptable 
microbial product contamination  
during manufacturing is set at 1 product 
in a 1000. 

Calculation of maximum  
microbial deposition rate 
The maximum MDR for a specified 
contamination rate of 1 in 1000 products 
can be calculated from the rewritten 
Equation 3. 

This MDR can be used to obtain the 
required cleanliness of the cleanroom  
in terms of the maximum number of 
microbes deposited on a settle plate.  
If the settle plate used to sample the air 
is 14 cm diameter (surface area 0.0154/
m2) and exposed for 3 hours (3600s),  
the maximum microbial count on the 
settle plate is calculated as follows:

This result of 1.4 per settle plate is  
the number of MCPs that should not  
be exceeded if the specified product 
contamination rate of 1 in 1000 products 
is not to be exceeded.
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contamination will be obtained from 
the use of counts obtained from settle 
plates, as they directly measure the 
number of MCPs that will deposited 
onto a given surface area in a given time. 
Alternatively, the microbial airborne 
concentration can be measured and,  
by use of the appropriate deposition 
velocity given in Table 2, the amount  
of deposition calculated. This second 
method is unlikely to be as accurate,  
as the collection efficiency can vary 
between air samplers and can be  
low (Whyte et al, 2007) and an extra 
calculation is also required that is 
dependent on the accuracy of the 
deposition velocity. A method is also 
described that calculates the maximum 
deposition of MCPs on settle plates,  
or the airborne concentration, for  
a specified and acceptable amount  
of product contamination. These 
calculations should be a useful tool in 
contamination control in cleanrooms.
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of generation of contamination in the 
cleanroom and the volume flow rate of 
clean air entering the cleanroom (which 
is equal to the volume flow rate of mixed 
air leaving the cleanroom). This is why 
the parameter ‘room volume’ is included 
in the equations for deriving ACR 
shown later.

The specification of ACR for 
cleanrooms has its own history:
1950s: US standards for operating 
rooms in hospitals:
• 12 h-1 for existing operating rooms;

• 25 h-1 for new operating rooms.

1960: early versions of Fed. Std. 209: 
ACR = 20 h-1;
1987: FDA Aseptic Guide repeated  
ACR = 20 h-1;
1988: 20 h-1 for class 100 000 (ISO 8) 
was removed in Fed. Std. 209D;
1990s: Prof. J. Gustafson from Camfil 
offered a general dilution equation and 
software for cleanliness class 
calculations [1; 2];
2004: the revised version of FDA 
Aseptic Guide retained 20 h-1;
2014: the author offered a flexible 
approach for the determination and 
adjustment of ACR at different stages 
(design – testing – operation) [3];
2015: IEST Guide offered very broad 
limits for ACR and specific methods  
for calculation [4].

A general trend can be observed:
• in the beginning standards were rather 

strict in their requirements for ACR;

• then number values were withdrawn 
from some documents (US Fed. Std. 
209D), or became more flexible in 
other documents as knowledge in 
cleanroom technology increased;

• certain regulatory authorities retained 
the old rigid standards in their GMP 
rules where they have remained till 
the present; `

• requirements for ACR became even 
more strict in some cases (see below);

• methods for calculating ACR and,  
at last, a flexible approach appeared.

Many guides on specifying ACR now 
exist but they are often not easy to 
understand on first reading.

Methods of determining ACR
There are three different approaches to 
determining ACR:
1. a non-analytical approach with the 

use of tables, recommendations or 
‘rules-of-thumb’;

2. an analytical calculation of particle 
concentrations according to 
equations;

3. a flexible approach when ACR 
defined at the design stage can be 
corrected later at the testing and 
operational stages as a result of 
acquiring more data.

Non-analytical methods give a very 
rough subjective estimation of ACR. 
They should be avoided, as they are one 
of reasons for overdesign, and analytical 
methods with a flexible approach should 
be used.

Analytical methods appear to be 
theory based and more precise but this 
is only partly the case.

The formulae used need data on 
particle generation in the cleanroom, 
but these data are known only very 
approximately at the design stage or 
they are not known at all. That is why 
engineers rely on experience, if 
available, or on ‘rules-of-thumb’ if 
experience is limited.

The flexible approach offered by the 
author provides a solution. This combines 
approximate calculations at the design 
stage with more precise measurement and 
verification at the testing and operational 
stages as more actual data on particle 
generation is acquired.

The Non-analytical approach
A number of standards and guides give 
recommendations on ACR based on 
tables, with limits or ranges for different 
cleanliness classes [4-7 and others]. 
These ranges can be too broad and 
become, in effect, ‘rules-of-thumb’. One 
should be very careful when using these 
recommendations because they can give 
values that are too high or too low. 

IEST Recommended Practice
The new IEST Recommended Practice 
PR-CC 012.3, 2015 “Considerations  
in Cleanroom Design” [4, item 5.2.3] 
recommends ACR limits for cleanrooms 
in operation:
• 2 – 20 h-1 for ISO class 8;

• 20 – 200 h-1 for ISO class 7 etc.

There is no advice on how to select 
ACR values within these ranges. The 
numbers probably reflect experience  
in some way. ACR depends on many 
factors and such wide ranges do not 
provide proper recommendations at  
all. The upper limits are too high and 
following them can lead to a huge energy 
overconsumption. The authors of this 
guide understood this and described  
the approach quite honestly as ‘rules-of-
thumb’. The guide also presents analytical 
models for ACR calculations that 
consider different factors.

EU GMP
Until 1997, the EU GMP guideline 
editions recommended 20 h-1 ACR for 
Grade C and Grade D areas. This was 
taken from US Fed. Std. 209B (1973)  
and cancelled in the EU GMP in 1997. 
The responsibility for determining the 
necessary ACR for a given cleanroom 
was left to designers.

FDA Aseptic Guide
This Guide recommends 20 h-1 ACR for 
class 100 000 cleanrooms (ISO 8) in 
operation, equivalent to Grade C in the 
EU GMP [5].

ISPE Baseline
Many practitioners follow the ISPE 
Baseline [6]. This recommends 20 h-1 
ACR both for terminal sterilization  
and aseptic processes.

WHO Report
The WHO Report [7, Annex 5 item 
4.1.6] says that ACR should normally be 
between 6 h-1 and 20 h-1. The lower 
value can be considered a step forward, 
but it is nullified by the severe standards 
for recovery time (20 min in item 4.1.10 
and even 15 min in item 8.2.14, Table 3 
of the report).

The WHO Report gives 6-20 h-1 ACR 
without explaining how to select the 
value, but the worst thing is that it 
advocates ACR 20 h-1 for the manufacture 
of non-sterile medicinal products!

ISO 14644-4:2001 
This standard recommends ACRs for 
different applications. These rates are 
too high and the standard is currently 
under revision.

USP Pharmacopoeia
The monograph ˂1116> of 35th USP, 
2012, gives recommendations for ACR 
in cleanrooms “in operation”, see Table 1:

Air change rate for cleanrooms with  
non-unidirectional airflow
Alexander Fedotov

Abstract
Air change rate (ACR) is widely used  
in the specification of cleanrooms, partly 
by tradition and partly to compare 
different cleanrooms or designs. 
Recommended ACRs have also been  
a feature of guidelines and standards 
over the years, notwithstanding the  
fact that it is volume flow rate and not  
ACR that is directly related to the 
removal of airborne contamination.  
This article describes how ACR can  
be determined for cleanrooms based 
largely on equations developed by 
Camfil starting in the 1990s. It also 
shows practical ways of using analytical 
calculations and describes a flexible 
approach for determining ACR through 
the design, testing and operation stages 
to avoid overdesign and to save energy. 
Practical examples are included for 
illustration.

General
Air change rate (ACR) has a key influence 
on energy consumption in cleanrooms 
and efforts to reduce it are important. 
ACR in the steady state depends on five 
factors (Figure 1):
a. outdoor air required for breathing, 

according to occupational health 
standards;

b. compensation for air loss through 
local exhausts, e.g. safety cabinets, 
used for the elimination of harmful 
matter;

c. maintaining pressure differentials;

d. elimination of heat loads;

e. providing the air cleanliness  
class specified.

Airflow rates for purposes other than 
to maintain the specified air cleanliness 
class i.e. factors a) – d) should be kept to 
a minimum. Normally they should be less 
than the airflow rate needed to provide 
the specified air cleanliness class (factor 

e)). The worst (highest) value of ACR 
should be used for the design of the 
HVAC system.

ACR to achieve a certain recovery 
time is another factor but should only  
be taken into account if it is specified 
and is really necessary. This is because 
the ACR for recovery time can greatly 
exceed the ACR for maintaining 
cleanliness class in the steady state.

Special attention should be paid to 
keeping local exhausts and their associated 
airflows to a minimum because 
compensation requires treatment (air 
conditioning) of the matching volume  
of outdoor air. Exhaust hoods with  
small openings or closed units 
(isolators) are therefore preferred.

Equipment heat loads should be kept 
to a minimum so as to reduce the cooling 
demand placed on the air conditioning 
for the cleanroom. Equipment with an 
in-built cooling system is preferred.

Airflow rates for factors a) – d) can 
be calculated by means of the standard 
ventilation equations. Determination  
of ACR and airflow rate 1 to provide a 
specified air cleanliness class (factor e)) 
is a specific cleanroom problem that 
must be solved accordingly. 

The first question to ask is what  
is the ACR appropriate for achieving  
a specific cleanliness class? This is a 
difficult question that has no simple 
answer because the cleanliness class 
doesn’t just depend on the ACR. It can 
vary for the same cleanroom depending 
on characteristics of surfaces, materials, 
equipment and, more than anything,  
on people: on how they follow 
cleanroom procedures regarding 
operation, behavior, hygiene rules, 
selection of clothes etc.

Cleanliness class also depends on 
the cleanroom occupancy state, (as-built, 
at-rest, operational). A cleanroom with an 
ACR of 20 h-1 can be ISO class 4 at-rest 
but it will barely achieve ISO class 8 in 
the operational state if personnel wear 
poor clothes that were last washed a 
long time ago or if cardboard boxes are 
used in the cleanroom. That is why it is 
normally assumed that all cleanroom 
procedures are properly followed when 
determining ACR.

An important point is that in 
non-unidirectional airflow cleanrooms 
the concentration of airborne 
contamination is controlled by mixing 
and dilution, i.e. it depends on the rate 

 a) b) c) d) e)
Figure 1: Diagram of typical steady state air change rates calculated for the different factors 
in a cleanroom. The highest value, in this case that to maintain the air cleanliness class, 
should be used to size the HVAC system.

1. The relationship between ACR and airflow rate is given by, N = L/V, where N is ACR (h-1), L is airflow rate (m3/h) and V is cleanroom volume (m3)
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the transitional period during which the 
particle concentration or contamination 
level decreases from its initial level and 
approaches the steady state contamination 
level asymptotically (Fig. 2);

Cconst is the constant component of 
the particle concentration that refers to 
the steady state.

A short recovery time may require a 
much bigger ACR than is necessary to 
maintain a steady state. The difference 
can be in orders of magnitude and  
is often the reason for over-design.  
The variable part Cvar can be used for 
estimating the recovery time. The 
constant part Cconst should be the basis 
for determining of ACRs and airflow 
rates for the steady state (i.e. normal 
operation).

General ventilation equation  
(with acknowledgment to  
Camfil [1], [2])
The general equation for the particle 
concentration C in cleanroom air at  
time t is:

Equation 2

where

Equation 3

Equation 4

Equation 5

Equation 6

where
 – particle concentration at start  

(i.e. t = 0, e.g. immediately after switching 
HVAC system on or immediately after  
a contamination event), particles/m3;

 – rate of particle emission in 
cleanroom air, particles/s;

 – room volume, m3;
 – ventilation efficiency factor (this 

compensates for the situation where the 
mixing is not perfect and critical locations 
do not get sufficient filtered air to  
reduce the airborne concentration to  
the required level);

 – supply airflow, m3/s;

 – volume of air that penetrates  
into the room because of leakages  
(air infiltration), m3/s;

 – portion of recirculating air in  
supply air;

 – efficiency of recirculating air filter;
 – efficiency of supply air filter;
 – particle concentration in outdoor 

air, particles/m3;
 – concentration of particles 

penetrating the room because of 
leakages (infiltration), particles/m3;

 − time, s.

General equation for cleanrooms
The general equation can be simplified 
for cleanrooms by only taking into 
account significant sources and removal 
mechanisms for particles, see Tables 3 
and 4. 

Particles getting into the cleanroom 
air via the supply air, from air infiltration 
and as a result of particle generation 
from surfaces can be neglected provided 

HEPA filters, HVAC systems, equipment 
and cleanroom materials have been 
designed, selected and installed correctly 
and surfaces have been cleaned.

Ventilation efficiency
Ventilation efficiency describes how 
effective ventilation system is in 
removing contaminants (see EN 
13779:2005 [8]):

Equation 7 

where
 – particle concentration in the 

exhaust air;
 – particle concentration in the 

indoor air (at a critical location in the 
cleanroom);

 – particle concentration in the 
supply air.

To sum up:
• The old conservative value of ACR 

for cleanrooms (= 20 h-1) still appears 
in normative documents and is 
confusing (Table 2). 

• There are no ACR requirements for 
non-sterile products (except in the 
WHO report), but some designers 
prefer to use 20 h-1.

• Sometimes an ACR of 20 h-1 is 
applied in the at-rest state, as well  
as the operational state, when a lower 
figure would be sufficient.

• The FDA Aseptic Guide specifies 
class ISO 8 for the operational state 
only, whereas Grade D in the EU 
GMP is equivalent to ISO 8 for  
the at-rest state and limits for the  
in operation state for particle 
concentration are not specified.

Thus guidelines are not only 
different, they are contradictory and 
unexplainable, as can be seen from 
Table 2.

A number of questions arise:
• Why does the US Aseptic Guide 

specify the same ACR for stages 
before and after sterilizing filtration, 
when the risk for these respective 
processes is dramatically different?

• Why does the ISPE Baseline Guide 
go even further extending this ACR 
to apply to terminally sterilized 
products before sterilisation? Risk 
analysis shows this makes no sense.

• WHO extends these values to the 
manufacture of non-sterile products. 
What for?

The answers are clear: nobody has 
given any thought to these questions, 
and the established ‘rules-of-thumb’  
have continued to be applied. This was 
understandable in the 1950s and 1960s 
when there was lack of experience,  
but now there is a wealth of knowledge 
available on cleanroom operations.  
The ‘rule-of-thumb’ approach is an 
anachronism now and should not  
be accepted.

Unfortunately the strict application 
of these standards and guidelines can 
lead to impractical solutions, excessive 
capital expenditure and energy over-
consumption. ACR calculations should 
be done properly at the design stage, 
taking into account the anticipated 
particle generation from people and 
equipment and the potentially positive 
contribution of unidirectional airflow 
benches as well as other local air cleaning 
devices, which normally have H14 filters.

It is not possible to make universal 
recommendations for the ‘in operation’ 
state because the number of personnel 
and the type of clothes significantly 
affects the cleanliness level and ACR 
required.

Nor can such recommendations and 
standards take into account other factors 
such as equipment heat loads, numbers 
of personnel, local exhaust volumes etc. 
that might be dominant in ACR 
calculations under certain circumstances.

Analytical methods

General
Analytical methods for ACR 
calculations can be carried out using:
• general equations;

• dilution equations that do not 
consider all the parameters of the 
general equations;

• specific models [4].

All these methods require 
knowledge of particle generation  
inside the cleanroom. This can only  
be very approximate at the design  
stage as explained later in the article.

Modes of cleanroom operation
Generally modes of cleanroom 
operation include:
• a transitional period from the 

relatively clean at rest state to the 
rather dirtier in operation state;

• a transitional period from the 
relatively dirty in operation state to 
the at rest state, or, in the case of a 
recovery test, a transitional period 
during which a deliberately high 
particle concentration is reduced  
by a defined amount;

• the steady state, which may be  
in operation or at rest. 

For purposes of this article and  
ACR calculations the first case is not 
discussed. The transitional period  
for recovery time is discussed later.

The general equation for particle 
concentration in a cleanroom C shows 
that the particle concentration has two 
components, Cvar and Cconst:

Equation 1

where: 
Cvar is the variable component of the 
particle concentration. This describes 

Table 1: Recommendations for ACR from USP <1116>

Cleanliness class ISO 8 ISO 7 ISO 5

ACR, h-1 20 50 100

Notes to table:
1. ISO Class 8 is equivalent to EU GMP Grade C, ISO Class 7 to EU Grade B and 

ISO Class 5 to EU Grade A, all “in operation”.
2. USP and FDA Aseptic Guide do not deal with cleanrooms that are equivalent to 

EU Grade D.
3. ISO Class 5 (EU Grade A) areas have unidirectional airflow with air velocity 

specified, but not ACR. ISO Class 5 can be achieved in isolators with non-
unidirectional airflow with an ACR much less than 100 h-1

Table 2: Comparison of guides

Guide Sterile products Non-sterile 
productsAseptic processes Terminally 

sterilised 
products

Before 
sterilizing 
filtration

After 
sterilizing 
filtration 

FDA Aseptic 
guide

20 20 - -

EU GMP - - - -

ISPE 20 20 20 -

WHO - 6-20

Figure 2 – Curve illustrating the start-up and steady-state modes of cleanroom operation

Table 3: Sources of particles in a cleanroom

Source Importance for ACR calculation

Supply air ~ 0

Air infiltration (induction or inward leaks) ~ 0

Personnel: hygiene, behaviour, clothing +++

Equipment +

Surfaces ~ 0

Table 4: Removal of particles in a cleanroom

Mechanism for removal Importance for ACR calculation

- air exhaust +++

- ventilation efficiency +++

- particles deposition on surfaces for particles > 1 µm only
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Testing of the cleanroom provides 
data which will give a more precise 
minimum ACR to avoid overspecification. 
Tests with different ACRs should be done 
with the cleanroom in the operational 
state and particle concentrations recorded. 
It is not necessary to carry out too many 
tests, just enough to obtain sufficient data 
to verify the extent that N1 can be reduced 
with confidence to N2 with N2 giving a 
worthwhile saving in energy use. 

Operation stage
N2 should be the ACR adopted for the 
cleanroom in operation.

Routine controls should be arranged 
to be sure that cleanliness levels are not 
compromised.

Continuous monitoring of particle 
concentration can be arranged to detect 
sudden increases in particle concentration 
and to switch the HVAC system on to full 
capacity accordingly.

Personnel, equipment and procedures 
of cleanroom operation should be in a full 
compliance with cleanroom requirements 
(see ISO 14644-5).

Safety margin
The use of a safety margin provides some 
redundancy of ACR at the design stage.

Determination of safety margin is 
arbitrary and should be estimated for 
each application.

It can be from 30% for processes where 
the particle generation by equipment  
is very low, up to 100% when these data 
are unknown (  = from 1.3 to 2).

Safety margin can be applied in 
several ways: 
1. as a safety margin for the particle 

concentration limit, for example, for 
ISO 7, the class limit  is 352 000 
particles/m3 for particles ≥ 0.5 µm 
but, as a safety margin, the alert 

level  can be chosen as 100 000  
or even 50 000 particles/m3;

2. as a safety margin of in terms of 
ventilation efficiency, say  = 0.6  
or even lower if the air distribution  
is deemed to be poor;

3. as a safety margin for ACR, 
expressed as the safety margin 
factor, e.g.  = 1.3 or 2.0 etc.

Particle generation in cleanrooms
Personnel and equipment (in some cases) 
are the main sources of contamination 
in cleanrooms [1; 2; 10; 11]. Other sources 
can be ignored for correctly designed, 
constructed and operated cleanrooms.

For cleanrooms  = 0 and 
equation (7) becomes simpler:

Equation 8

Ventilation efficiency depends on  
air distribution and location of sources 
of contamination and  = 0.7 can  
be assumed for cleanrooms with 
non-unidirectional airflow and good  
air distribution (as assumed in Camfil, J. 
Gustavsson, software for ACR 
calculations).

Simplified general equation  
for cleanrooms
So the following simplification can  
be done for cleanrooms without 
compromising the sense:
-  =0, air infiltration is absent;
-  =1 and  =1, filtration efficiency  
is equal to 100 %;
-  =0 as the number of particles  
that penetrate into the room from  
the surrounding space is negligible  
in comparison with the generation  
of particles inside the cleanroom.

So it can be assumed for practical 
calculations that:

Equation 9

and Equation 2 becomes much simpler:

Equation 10

Equation 10 can be used for calculation 
of both the transitional period and the 
steady state of a cleanroom and can be 
supported by a computer calculation 
program that readily gives curves of 
particle concentration in the air starting 
from the dirty state through recovery 
time to the steady state [1; 2]. It is 
convenient to draw such curves for 
different cases such as occupancy states, 
numbers of personnel, clothes, particle 
generation by equipment and so on. 

Steady state and simple dilution 
equation for cleanrooms
Variable part of Equation 10 can be 
ignored for steady state and particle 
concentration can be described by  
much simpler formula known as the 
balance equation or dilution equation.

Equation 11

All equations above are valid for airflow 
rate in m3/s. 

Transfer to m3/h is needed to 
calculate ACR N:

Equation 12

where
S –  particle generation in a cleanroom, 

particles/s;
N – air change rate, ACR, h-1;
Q – airflow rate, m3/s;
C – particle concentration in cleanroom 
air, particles/m3;

ACR that is necessary to satisfy limit 
for particle concentration, , will be:

Equation 13

where
 – class limit for particle 

concentration, particles/m3;
 – alert limit for particle concentration, 

particles/m3, to maintain cleanliness 
class reliably, it should be lower than 

 with a reasonable safety margin.
The impact of a unidirectional airflow 

zone should be taken into account if 
there is such a zone in the cleanroom.

Examples of ACR calculations are 
given below.

Microbiological contamination
The ACR that is necessary for cleanrooms 
with a specified limit of microbiological 
contamination can be calculated by 
estimating the rate of generation of 
microorganisms from people and from 
equipment as the starting point. If the 
generation of microorganisms by 
equipment and their penetration into 
the cleanroom from the surrounding 
space is negligible, then the concentration 
of microorganisms per m3 of air is  
equal to:

Equation 14

where
 – number of people in a cleanroom;

 – cleanroom volume, m3;
 – air change rate, h-1;
 – number of minutes in 1 hour;

 – number of Colony Forming Units 
generated by a human, CFU/min.

ACR will be equal to:

Equation 15

where
 – maximum allowable concentration 

of microorganisms in air, CFU/m3.

Particle deposition on surfaces
Particle deposition on surfaces can affect 
air cleanliness for particles > 1µm. This is 
relevant for microbiological contamination. 
The mean size of microorganism 
carrying particles (MCPs) has been 
estimated as 12 µm. The effect of 
particle deposition on surfaces becomes 
significant for such particle sizes [9].

Particle deposition is negligible for 
particles < 1 µm, so is not a factor in  
the majority of cleanrooms where 0.5 
µm is the basic particle size for which 
the concentration is normally specified.

The methods of calculating ACR 
shown above can be used to obtain an 
approximate estimate of ACR. At the 
design stage a reasonable safety margin 
should be added.

Flexible procedure for  
ACR estimation
The procedure for estimating ACR (N) 
increases in precision as more data on 
particle generation becomes available 
through each stage of the project, namely 
the design stage, then the testing stage 
and, finally, in operation. This is shown 
diagrammatically in Figure 3 [3].

Design stage
The following should be done at the 
design stage:
• estimate approximately the rate of 

particle generation in the cleanroom;

• specify the alert level  for particle 
concentrations less than the class 
limit  (  < );

• calculate  using the dilution 
equation, Equation 13;

• determine an appropriate safety 
margin factor  > 1 that is necessary 
to take into account the uncertainty 
of the initial data (see below);

• calculate  (and specify  
it in the design).

Testing stage
N1 might be too big, leading to  
excessive energy consumption.

Stage 1

Design stage
(initial estimation of 

ACR)

Define:
1) Particle generation:

- personnel
- equipment

2) Alert limit Clim for 
particle concentration

Calculate N0

Define:
3) Safety margin Smf

Calculate
N1 = Smf ∙ N0

Initial Data (URS):

- cleanliness class required;

- volume of cleanroom;

- number of personnel and kind of equipment;

- kind of clothes;

- recovery time (is it really necessary?)

Stage 2

Testing stage
(in the operational state)

Find
a reduced N2 < N1

which will give the 
required cleanliness 

level

Test:
At different values of 
ACR to determine how 
particle concentration is 
affected by ACR Stage 3

Operation stage
(in the operational state)

Confirm and monitor:
(Clim ≤ Cclass for N2)

Verify 
N2 gives the required 

cleanliness level

Figure 3 – Sequence of actions to determine ACR (N)
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Particle concentration during time t can be calculated using Equation 10:

Note: Time is calculated in seconds.

EU GMP requires the at-rest state to 
be achieved 15-20 minutes after operations 
cease. Table 7 and Figure 4 show that 
this is achieved at ACR = 30 h-1 for the 
given particle generation. At ACR =  
20 h-1, t = 25 minutes. It is possible to 
reduce ACR to 15 h-1 if the recovery time 
can be specified at 40 min or if it is not 
specified at all. Lower ACRs do not 
achieve the required at-rest state in less 
than one hour. 

Example 2 
To show how the quality of clothes affects 
air cleanliness in a cleanroom where 
ACR = 10 h-1. The number of personnel 
is 4 and two types of cleanroom clothes 
are considered in the example [10]:
• normal cleanroom clothes – shirt/

trousers, particle emission rate 104 
particles/s (particles ≥ 0.5 µm); 

• high efficiency cleanroom clothes 
– cleanroom coverall, particle 
emission rate 103 particles/s;

It is assumed that personnel follow 
standard hygiene, behavior, garments 
changing and other requirements.

The cleanroom has the following 
parameters:
• volume V = 100 m3;

• considered particle size ≥ 0.5 µm;

• cleanliness class limit in the 
operational state is ISO 7,  
i.e. C0 = 352 000 particles/m3; 

The starting particle concentration is 
taken as C0= 10000000 = 107 particles/m3 
because a 100:1 reduction in particle 
concentration gives an alert limit of 

100000 = 105 particles/m3. Figure 5 
shows the results of calculations using 
equation 10.

Personnel
Particle generation depends on quality 
of clothes and for particles ≥ 0.5 µm can 
be estimated approximately as [10]:
• 10 000 particles/s for cleanroom 

clothes (shirt and trousers) – see  
also Table 5;

• 1 000 particles/s for good cleanroom 
clothes (overall).

For other particles sizes and types of 
clothes particle generation per second 
can be estimated for cleanroom clothes 
as shown in Table 5 [2]:

The number of particles generated 
varies greatly depending on activity and 
type of clothes. It is possible to reduce 
the number of particles by a factor  
of 10 or 100 with suitable clothes and 
operating procedures.

Equipment
Particle generation by equipment is 
often not known, but some data are 
available [11], see Table 6:

Table 6: Particle generation by equipment

Type of machine 
or equipment

Emission rate of 
particles ≥ 0.5µm
(particles/s)

Vial filling 
machine A

3.3 ∙ 104

Vial filling 
machine B

5 ∙ 102

Blow-fill-seal  
(BFS machine)

Between 102 and 
107 depending  
on type of BFS 
machinery

Six-axis robot:

- unmodified Unmodified:  
4 ∙ 103

- modified to 
reduce emission

Modified robot: 
0.3

Probably it is possible to estimate 
particle generation by piece of main 
equipment as 10 – 100% of human 
generation (good cleanroom clothes). 
Emission of particles from process 
materials/products such as powders 
should not be considered.

Recovery time
The variable part  of Equation 2 
describes the transitional period, when a 
cleanroom is reaching its cleanliness class 
1. after switching on, 
2. after an incident of increased particle 

concentration or
3. after completion of operations  

(i.e. transition from the in operation 
state to the at-rest state2). 

This transitional period will decrease 
if the ACR is increased and can be 
estimated from the recovery time Tr. 
According to ISO 14644-3 recovery time 
is the time for the initial particle 
concentration to reduce to 1/100 of its 
original value. The steady state starts at 
the end of the transitional period and 

 becomes negligible. The transitional 
period is not the same as the recovery 
time which is a measure of the ability of 
the cleanroom to recover. The recovery 
time may be shorter depending on 
circumstances. Particle concentration at 
the steady state gives the cleanroom class.

It is useful to draw graphs using 
Equation 10 that show how particle 
concentration reduces with time 
(Figures 4 and 5) through the 
transitional period up until the steady 
state is achieved. These graphs enable 
the ACR and airflow rate to be 
determined at the design stage if the 
particle concentration limit is specified.

Recovery time can be specified at the 
design stage using:
• normative documents or

• agreement between customer  
and supplier or 

• URS.

Some normative documents  
specify 15–20 min recovery time.

Applying a recovery time to 
applications that are not covered by 

standards or regulations leads to  
huge overconsumption of energy. The 
specification of recovery time must be 
soundly justified, whether it is necessary 
at all or if it is possible to specify longer 
recovery times (e.g. 30; 40; 50 min etc.). 
Short recovery times should be avoided 
in the interests of energy conservation 
unless they are specified in the relevant 
industry standards or required by  
the process.

Specification of recovery time after 
start-up should be based on the working 
schedule of the cleanroom and the 
possibility of switching the cleanroom 
into its operational mode well before  
the start of work.

Particle monitoring can serve to 
detect increases of particle concentration 
and to switch the HVAC system onto full 
power to eliminate contamination quickly.

Examples of air change  
rate calculation
The two examples that follow show how 
the equations are used to calculate the 
air change rate. 

Example 1 
To calculate the air change rate required 
for effective clean-up in an EU GMP 
Grade B cleanroom with the following 
parameters:
• volume V = 100 m3;

• considered particle size ≥ 0.5 µm;

• cleanliness class limit in the 
operational state is ISO 7 = 352 000 
particles/m3 = C0;

• cleanliness class limit in the at-rest 
state is ISO 5 = 3520 particles/m3;

• particle generation for particles  
≥ 0.5µm inside the room S=103 
particles/s;

• air change rates N chosen at 5, 10, 15, 
20, 30 h-1;

Table 5: Particle generation of different sizes by personnel  
with different kinds of clothes, particles/s

Particle size Cleanroom clothes Normal clothes Hard working

≥ 0.1 µm 50 000 100 000 1 000 000

≥ 0.3 µm 20 000 80 000 400 000

≥ 0.5 µm 10 000 50 000 200 000

2. The “at-rest” state is the condition where the installation is installed and operating, complete with production equipment but with no operating 
personnel present. The “in operation” state is the condition where the installation is functioning in the defined operating mode with the specified 
number of personnel working. (EU GMP Annex 1 2008).

Table 7: Reduction of particle concentration in air, particle size 0.5µm, in a function of ACR during time t for the at-rest occupancy state

Time t, min Particle concentration in air for ACR

5 h-1 10 h-1 15 h-1 20 h-1 30 h-1

0 3.52 ∙ 105 3.52 ∙ 105 3.52 ∙ 105 3.52 ∙ 105 3.52 ∙ 105

5 2.66 ∙ 105 1.99 ∙ 105 1.49 ∙ 105 1.11 ∙ 105 6.26 ∙ 104

10 2.01 ∙ 105 1.13 ∙ 105 6.40 ∙ 104 3.65 ∙ 104 1.23 ∙ 104

15 1.53 ∙ 105 6.54 ∙ 104 2.87 ∙ 104 1.31 ∙ 104 3.55 ∙ 103

20 1.17 ∙ 105 3.88 ∙ 104 1.40 ∙ 103 5.86 ∙ 103 2.03 ∙ 103

30 6.97 ∙ 104 1.56∙ 104 5.26 ∙ 103 2.89 ∙ 103 1.72 ∙ 103

40 4.34 ∙ 104 8.40 ∙ 103 3.75 ∙ 103 2.60 ∙ 103 1.71 ∙ 103

50 2.88 ∙ 104 6.16 ∙ 103 3.48 ∙ 103 2.57 ∙ 103 1.71 ∙ 103

60 2.06 ∙ 104 5.46 ∙ 103 3,44 ∙ 103 2.57 ∙ 103 1.71 ∙ 103

t  ∞ 1.03 ∙ 104 5,14 ∙ 103 3,43 ∙ 103 2.57 ∙ 103 1.71 ∙ 103
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Figure 4: Reduction of particle concentration ≥ 0.5 µm in air as a function  
of air change rate during time t in the at-rest occupancy state
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Figure 5 – Particle concentration ≥ 0.5 µm in air for two different qualities of clothes at ACR = 10 h-1
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High efficiency cleanroom garments 
allow a cleanliness level of ISO Class 7 
to be achieved for an air change rate of 
10 h-1 and a recovery time (for a 100:1 
reduction in particle concentration) of 
40 min (if there are no other sources of 
contamination). For normal cleanroom 
clothes ISO class 7 can also be maintained 
but the safety margin is too low. So 
normal cleanroom clothes cannot be 
recommended for ISO Class 7 cleanrooms 
if N = 10 h-1.

The author would like to express 
his highest appreciation to John 
Neiger, CACR Editor, for his 
significant editorial contribution.
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activity stops. The decay equation can 
be used to determine the air change rate 
required to satisfy the EU GGMP ‘clean 
up’ requirements, or another specified 
recovery time or recovery rate of 
particles measured by the ISO 14644-3 
recovery test methods.

Decay and recovery rate equations
When people leave a cleanroom and 
machinery is turned off, the concentration 
of particles in the cleanroom air will 
decay. Similarly, when the introduction 
of test particles is stopped during the 
ISO 14644-3 recovery tests, there will be 
a decay of particles over time. These 
decays occur in an exponential way that 
is predicted by the Equation 2, and in 
the manner shown in Figure 1.

Equation 2

Where, C = airborne concentration  
of particles after a given decay time,  
CO = initial airborne concentration  
of particles, N = room air change rate,  
t = decay time 

It is important to note that in Equation 
2 it is the ‘air change rate’ that affects 
the decay rate and not the ‘air supply rate’. 
This is different from the steady-state 
condition, where the particle concentration 
in the operational condition during 
manufacture is determined by the air 
supply rate. The air change rate and  
the air supply rate are related as shown 
below. 

Equation 3

If Equation 2 is rearranged, the 
following equation is obtained 

Equation 4

Or, when logarithms to the base 10 
are used,

Equation 5

It is interesting to note that the right 
hand side of Equations 1 and 5 are 
identical, and therefore the recovery  
rate (n) is equal to the air change rate 
(N) at the test location. 

Equations 4 and 5 can be used to 
calculate the room air change rates (N) 
required by a cleanroom to comply with 
the EU GGMP, or other recovery times 
or rates. How this is done is illustrated 
by the following example, which calculates 
the air change rate for EU GGMP Grade 
B and C cleanrooms, and can be used 
for all Grade B and Grade C cleanrooms 
as long as air mixing is effective.

Calculating air change rates to 
comply with the EU GGMP clean-
up requirements
An EU GGMP Grade B cleanroom is 
being designed with an air supply rate 
of 3.33 m3/s, and the question to be 
answered is whether this air supply  
is sufficient to achieve the clean-up 
requirements given in EU GGMP for a 
Grade B cleanroom. The cleanroom has 
a floor area of 10m x10m and is 3m high 
i.e. the air volume is 300m3, and the air 
change rate is therefore 40 air changes 
per hour. According to the EU GGMP, 
the cleanroom should have a maximum 
concentration during operation of 
particles ≥0.5µm of 352,000/m3, and this 
concentration is taken as the ‘worst 
case’ initial concentration after activity 
stops. The particle concentration given 
in the EU GGMP for particles ≥0.5µm in 
the ‘at rest’ condition is 3520/m3, which 
is the concentration that must be achieved 
at the end of the clean-up test. A recovery 

time of between 15 and 20 minutes is 
given in the EU GGMP as a ‘guidance’ 
time but 15 minutes is used as it is the 
most stringent requirement. Equation 5 
is used, as follows, to calculate the 
required air changes per hour.

If the same calculations are carried 
out for an EU GGMP Grade C room, 
where the maximum ‘operational’ 
concentration is 3,520,000/m3, the ‘at 
rest’ condition is 352000/m3, and a 
clean-up time assumed to be 15 minutes, 
the required air change rate per hour is 9.2.

The air change rates per hour obtained 
for Grade B and C cleanrooms of 18.4 
and 9.2, respectively, are applicable  
to all cleanrooms of the same grade, 
although only if perfect air mixing  
is achieved throughout the cleanroom. 
The next section of this article discusses 
how the result should be modified for 
situations where good air mixing is  
not achieved and there may be less air 
supply at the test location.

Consideration of ventilation 
effectiveness of cleanrooms
If efficient air diffusers are used to 
supply filtered air to a cleanroom, and 
the room air is extracted at low-level 
exhausts around the cleanroom, then, 
as shown by Whyte et al (2014) and 
Lenegan (2014) there will be good air 
mixing between supply and cleanroom 
air. However, if air mixing is not perfect, 
then locations in the cleanroom will 
receive less clean air than average and, 
at that location, the decay of airborne 
particles will be slower than required.

The ventilation effectiveness at a 
location in a cleanroom can be determined 
by measuring the air change rate at the 
test location and comparing it to the 
overall cleanroom average (Whyte et al, 
2014). The ratio of the air change rate  
at the test location to the overall 
cleanroom average is called the Air 
Change Effectiveness (ACE) index.  
It is calculated as follows.

If the air mixing is perfect, the ACE 
index will be 1 but if the test location 
receives more clean air, the ACE index 
will be higher than 1. Locations that 
receive less clean air will have an ACE 
index lower than 1. When the ACE 
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Abstract
The European Union Guidelines to 
Good Manufacturing Practice (EU 
GGMP) includes a recommendation  
for a ‘clean-up’ of airborne particles  
in the cleanroom after completion of 
operations, where the concentration 
should decay by up to 100, or 10 fold,  
in 15 to 20 minutes. When designing a 
ventilation system for non-unidirectional 
airflow EU GGMP Grade B and C 
cleanrooms, it is necessary to determine 
if the proposed air supply rate will be 
sufficient to provide the air change rate 
for the clean-up specified in the EU 
GGMP, and such a method is provided 
in this article. The air change rates for 
other decay times and reductions in 
particle concentrations in cleanrooms 
can also be calculated by this method.

Introduction
Annex 1 of the EU GGMP covers 
various aspects of sterile products 
manufacture, including contamination 
control. It suggests that manufacturing 
cleanrooms will quickly recover from 
the generation of high concentrations of 
airborne particle contamination and 
should ‘clean up’ in 15 to 20 minutes 
(guidance value) after completion of 
operations, to the particle limit stated 
for the ‘at rest’ state. This applies to 
cleanrooms designated Grade B and 
Grade C, which have non-unidirectional 
airflow, but not to Grade A cleanrooms 
which have unidirectional airflow,  
or to Grade D which has no specified 
‘operational’ particle concentration. 
Achieving this ‘clean up’ time is 
considered to demonstrate that the 
cleanroom has a ventilation effectiveness 
that cannot be guaranteed by a simple 
air supply rate specification which 
provides the required airborne 
contamination in the steady-state 
condition. 

According to the EU GGMP, a Grade B 
cleanroom should have a maximum 
concentration of particles ≥0.5µm 
during operation of 352,000/m3 and in 
the at rest condition of 3520/m3, and 
therefore the required maximum drop 
in the concentration of particles during 
‘clean-up’ is 100 fold. In a Grade C 
room, the maximum ‘operational’ 
condition is 3,520,000/m3 and the ‘at 
rest’ condition is 352,000/m3, which is a 
10 fold reduction. Particles ≥0.5µm are 
normally measured during the clean-up 
tests, and not particles ≥5µm, as the 
larger particles give a greater decay rate 
than actually occurs, because of particle 
deposition onto cleanroom surfaces 
caused by gravity (ISO 14644-3:2005 
suggests that test particles should be 
less than 1 µm). The decay time given  
in the EU GGMP for both Grade B and 
C rooms is between 15 to 20 minutes 
and, as a decay time of 15 minutes is  
a more stringent requirement than 20 
minutes, it is the time often applied.

ISO 14644-3:2005 gives two recovery 
tests to determine a cleanroom’s  
ability to recover quickly from a high 
concentration of particles, namely,  
the recovery time and recovery rate.  
Test particles are introduced into the 
cleanroom and the recovery time is 
obtained by measuring the time for the 
airborne particle concentration to decay 
by a factor of 100:1. If the recovery time 
is set at 15 -20 minutes, this test is similar 
to that specified by the EU GGMP for a 
Grade B cleanroom. 

The recovery rate is obtained from 
measurements of the decay of 
concentration of test particles in the 
cleanroom and calculated by Equation 1:

Equation 1

Where, n = recovery rate, t is the time 
elapsed between the first and second 

measurement, C0 is the initial 
concentration, and C is the 
concentration after time t.

The recovery rate and recovery time 
both measure the particle decay and one 
test result can be easily converted to the 
other. No required recovery rate or 
recovery time is specified in ISO 14644-3, 
but the EU GGMP requirement of a 100 
fold particle concentration reduction  
in less than 20 minutes is often applied 
to cleanrooms not regulated by the  
EU GGMP.

When a non-unidirectional airflow 
cleanroom is being designed, the air 
supply rate has to be determined. 
However, it is usually unclear whether 
this air supply rate is sufficient to ensure 
the ‘clean up’ requirements given in the 
EU GGMP. If the calculated air supply is 
insufficient the recovery time will be 
longer than desired and the recovery 
rate slower. It is not until the cleanroom 
is built and manufacturing starts, that 
testing can be carried out, and it would 
be useful if a method was available to 
predict what air supply rate is necessary 
to ensure a specified reduction in 
particle concentration in a given time. 
Carrying out a recovery test provides a 
qualification test that gives confidence 
that the airflow in the non-UDAF 
cleanroom is well designed and will 
provide effective particle removal.

The concentrations of airborne 
contamination in non-unidirectional 
airflow rooms can be calculated by a set 
of equations known as the ‘ventilation 
equations’, and their application to 
cleanrooms has been discussed by 
Whyte, Whyte and Eaton (2012).  
These equations can determine the 
concentrations of particles or microbe-
carrying particles (MCPs) in cleanroom 
air as the particle concentration (a) 
builds up when activity starts, (b) 
remains relatively steady during 
manufacturing, or (c) decays when 
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supplied with 40 air changes per hour
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index is less than the room average i.e. 
˂1, the air change rate will have to be 
increased to achieve the required 
clean-up, recovery time or recovery rate 
at the location under consideration.

It has been shown in a previous 
section of this article that the recovery 
rate (n) is the same as the air change 
rate (N) at the test location, and this fact 
can be used to obtain the ACE index. 
The decay of test particles introduced 
into the cleanroom can be used to 
obtain the recovery rate, which is the 
same as the air change rate at the test 
location. The recovery rate (air change 
rate) at the location can then be 
compared to the overall air change rate 
of the cleanroom and the ACE index 
obtained. Investigations carried out by 
Whyte et al (2014) showed that in 
non-unidirectional airflow cleanrooms, 
with effective air diffusers fitted, the 
ACE index is unlikely to be less than 0.7. 
An ACE index of 0.7 can therefore be 
used to compensate for lower air change 
rates that might occur at some locations 
in this type of cleanroom. 

The air change rate required to 
produce the correct ‘clean up’ in an EU 
GGMP Grade B cleanroom with perfect 
air mixing was previously calculated  
to be 18.4/h. Applying an ACE index 
correction factor of 0.7, the minimum  
air change rate per hour to ensure the 
correct clean-up should be increased 
from 18.4 to 26.3. For a Grade C 
cleanroom, where a 10 fold reduction 
within 15 minutes is required, the air 
change rate per hour should be 
increased from 9.2 to 13.

The air supply rate should now be 
checked in the example to make sure 
that it is sufficient. In the example, an 
air supply rate of 3.33m3/s, which is 
equivalent to an air change rate of 40  
air changes per hour, was thought to  
be appropriate. This is greater than the 
required air changes for the clean-up, 
and the proposed air supply rate is 
therefore sufficient.

Discussion and Conclusions 
It is necessary when designing non-
unidirectional airflow cleanrooms to 
ensure that the air supply rate will be 
sufficient to (a) achieve the correct 
particle concentration in the cleanroom 
in the steady-state condition, (b) control 
the heat gains in the cleanroom (c) 
compensate for room air leakage and 
process air exhaust, and (d) provide the 

correct ‘clean-up’ performance. The 
correct air supply rate will be that  
which is needed to provide for the most 
demanding of the four parameters.  
It has been previously difficult to 
calculate the air supply rate needed for 
the clean-up requirements of Annex 1 of 
the EU GGMP, or another recovery rate 
or time. This article describes a method 
to calculate the clean-up requirement.

If the cleanroom has to comply with 
the EU GGMP and be capable of 
reducing the airborne concentration in  
a Grade B cleanroom by a 100 fold in 15 
minutes, then, if there is perfect mixing 
of supply and room air, an air change 
rate per hour of 18.4 is sufficient. If the 
cleanroom is a Grade C, an air change 
rate per hour of 9.2 is required. These 
two air change rate assume that the 
supply and room air are perfectly mixed 
and that no location within the 
cleanroom receives less clean air than 
other location. Good air mixing can  
be achieved by means of efficient air 
diffusers and low level extracts around 
the cleanroom. Poor air mixing will 
require more air to be supplied to  
the cleanroom but when efficient air 
diffusers filters and low level extracts 
are used, an ACE index of 0.7 will 
compensate for non-uniform air mixing. 
This will result in a required increased 
air change rate for an EU GGMP Grade 
B cleanroom of 27 per hour and for a 
Grade C cleanroom 13 per hour.

The calculations in the previous 
paragraph assume the airborne 
concentration during operational 
conditions is the maximum acceptable 
by the EU GGMP, and the shortest 
decay time of 15 minutes. However,  
it would be unusual to find that the 
airborne concentration in the operational 
condition was as high as the maximum 
allowed by the EU GGMP and, therefore, 
the required drop in particle concentration 
would be less than 100-fold. This would 
require a lower air change e.g. a 10 fold 
drop instead of a 100 fold would half the 
air change rate. Similarly, if a ‘clean up’ 
time of 20 minutes instead of 15 minutes 
is acceptable, then the air change rate 
can also be reduced. The air change rate 
for these less stringent requirements can 
be calculated by the method described 
in this article. 

Cleanrooms that are not regulated 
by the EU GGMP may have similar 
clean-up requirements to those that are 
regulated, or may have different clean-up 

requirements, or may specify a required 
particle decay in terms of recovery time 
or recovery rate. Where the specification 
differs from that of the EU GGMP, 
Equations 4 or 5 can be used to calculate 
the required air change rate, and an 
example of how this is carried out is 
given in this article.

References
1. Lenegan N (2014). Diffuser 

performance in cleanrooms. Clean 
Air and Containment Review, Issue 
18, pp8-14.

2. Whyte W, Whyte WM and Eaton T 
(2012). The application of the 
ventilation equations to cleanrooms: 
Part 1; The equations. Clean Air  
and Containment Review, Issue 12, 
pp4-8.

3. Whyte W Ward S Whyte WM and 
Eaton T (2014). Decay of airborne 
contamination and ventilation 
effectiveness of cleanrooms. 
International Journal of Ventilation, 
13(3), pp211-219.

4. ISO 14644-3: 2005. Cleanrooms and 
associated controlled environments. 
Part 3: International Organization 
for Standardization, Geneva, 
Switzerland.

5. EU GGMP (2008). The rules 
governing medicinal products in the 
European Union –Volume 4 -EU 
guidelines to good manufacturing 
practice – medicinal products for 
human and veterinary use – Annex 1 
–Manufacture of sterile medicinal 
products. European Commission, 
Brussels.

Full biographical notes for  
W (Bill) Whyte are on page 10.

Tim Eaton, B.Sc. (chemistry), is  
Sterile Manufacturing Specialist at 
AstraZeneca. His full biographical 
notes may be found in CACR20 
(October 2014) on page 9.

Nigel Lenegan, B.Eng., C.Eng., 
MCIBSE, is founder and managing 
director of Energy & Carbon 
Reduction Solutions. His full 
biographical notes may be found  
in CACR18 on page 13.

Complete solutions for HEPA filter, 
cleanroom and safety cabinet testing

DOP Solutions
• Aerosol Generators and Photometers for HEPA Filter Testing 
• Facility Monitoring Systems (with Lighthouse and Kimo)
• Service and Calibration (inc. Mobile Lab)
• Instrument Hire
• Consumables and Accessories
• Consultancy and Technical Support

Academy for Cleanroom Testing (ACT)
• Clean Air and Containment Systems Testing – Range of Courses

KIMO Instruments 
• Anemometers, Flowhoods, Manometers, Thermometers, Hygrometers
• Akivision Software for Laboratory Monitoring Systems
• Sensors, Transmitters, Displays and Data Loggers

LIGHTHOUSE Worldwide Solutions
• Handheld and Portable Particle Counters (for Air, Liquid and Gas)
• Remote Particle Counters for Facility Monitoring Systems
• Wireless Monitoring for Environmental and Laboratory Monitoring
• LMS Software for Particle and Environmental Monitoring Systems

For more information 
contact 01462 676446,  
sales@dopsolutions.com 
www.dopsolutions.com

DOP Ad.indd   1 17/01/2012   20:39

Ruskin Air Management continues to 
expand with the integration of clean 
air system manufacturer Envirco.
Envirco manufactures a complete 
range of clean air systems including 
the MAC 10 Fan Filter Unit for critical 
technology processes requiring ultra 
clean environments across a diverse 
range of manufacturing sectors.
We’re here to help you.
We know that when we put our heads 
together the results of shared and 
joined up thinking can be very beneficial.
We are here to empower you with 
the knowledge, to select the correct 
product for the right application.
Contact us at sales@ruskinuk.co.uk

www.ruskinuk.co.uk

actionair naco

TrionAir Diffusion

Airolution Envirco



www.cleanairandcontainment.com Clean Air and Containment Review | Issue 26 | April 2016 2726 Clean Air and Containment Review | Issue 26 | April 2016 www.cleanairandcontainment.com

StandardsStandards

decided that standards that cover 
cleanliness attributes should include the 
test methods for testing those attributes. 
For example ISO 14644-1:2015 includes 
a reference method for classification of 
air cleanliness by particle concentration. 
However a cleanroom has many other 
supporting attributes that require testing 
and it is these are covered by ISO 14533-3:

• Air pressure difference test

• Airflow test

• Airflow direction test and visualization

• Recovery test

• Temperature test

• Humidity test

• Installed filter system leakage test

• Containment leak test

• Electrostatic and ion generator tests

• Particle deposition test

• Segregation test

To learn the status of all the standards 
in the ISO 14644 series, please see Table 1.

Update on the ISO 14644/14698 series  
of standards – April 2016
John Neiger 

The ISO 14644 series of cleanroom 
standards has taken a major step forward 
with the publication last December of 
ISO 14644-1:2015 and ISO 14644-2:2015. 
These two standards were described in 
an article by Gordon Farquharson in  
the previous issue of this journal. Now 
is an appropriate time to review all the 
standards in the series and this is done 
in Table 1.

Before we look at Table 1, it might  
be useful to take an overview including 
how the standard development process 
takes place and the ground covered by 
these particular standards.

The ISO Technical Committee that is 
responsible for these standards, ISO  
TC 209 was formed in 1993 with the 
objective of developing an international 
standard for particle cleanliness that 
could supersede all the national 
standards that were in existence at the 
time, including the UK’s BS 5295 and 
US Federal Standard 209E. (I have 
always been told that the allocation  
of the number 209 to the new TC was 
pure coincidence). With a common 
international standard for particle 
cleanliness, everyone would be talking 
the same language. 

The role of the national standards 
bodies changed at the same time. 
Hitherto they had been responsible for 
producing national standards. Now they 
became bodies whose main responsibility 
was to discuss the national view on 
international standards and to appoint 
technical experts and nominate 
convenors to the ISO working groups. 
You can see from Table 1 that TC 209 
has almost as many working groups as 
the number of standards it is now 
responsible for. It is a condition of ISO 
membership that when an ISO standard 
is published, the corresponding national 
standard has to be withdrawn.

After six years of work, the first 
standard in the series to be published 
was ISO 14644-1:1999. Part 2 followed 

in 2000 and Part 3 in 2005. One of the 
rules of ISO is that standards have to  
be put forward for periodic review every 
five years. Part 1 thus came up for periodic 
review in 2005 and it is a measure of the 
massive amount of time needed (for 
discussions, compromises, new iterations 
and new drafts) that it took a total of ten 
years for the new version to be agreed 
and published!

When a standard is proposed for 
development, it has to go through a 
number of stages:
1. A new work item proposal (NWIP)  

is submitted to the TC for vote.

2. A working group (WG) is set up by 
the TC to prepare a working draft 
(WD). The TC then decides if the WD 
can be put forward as a committee 
draft (CD).

3. The CD is then developed into a draft 
international standard (DIS) on which 
ISO P-members 1 vote and also make 
technical comments. These comments 
must be fully responded to by the WG 
and a final draft international 
standard (FDIS) prepared.

4. The FDIS is then voted on by ISO 
P-members. The FDIS is expected  
to be technically correct and only 
editorial comments are accepted.

5. A positive vote on the FDIS allows 
the standard to be published.

All the 14644 standards listed in 
Table 1 are at various stages in this 
process including the NWIP stage. If the 
two biocontamination control standards 
(ISO 14698 Parts 1 and 2), which also 
come under ISO TC 209, are included, 
there are a total of 17 standards covering 
various aspects of cleanrooms, either 
published or under consideration or 
under development or under review.  
Six of these cover cleanliness attributes:
• Particle concentration in the air and 

on surfaces 

• Chemical concentration in the  
air and on surfaces

• Nano-scale particles in the air

• Microbial particles 

Other standards cover:
• Test methods

• Design construction and start-up

• Operations 

• Vocabulary (withdrawn – see Table 1)

• Separative devices (clean air hoods, 
gloveboxes, isolators and mini-
environments

• Cleaning of surfaces to achieve 
defined levels of cleanliness in terms 
of particle and chemical classifications

• Assessment of suitability of equipment 
and materials for cleanrooms by 
airborne particle concentration

• Assessment of suitability of equipment 
and materials for cleanrooms by 
airborne chemical concentration

• Code of practice for improving energy 
efficiency in cleanrooms and clean 
air devices

• Specification of requirements for 
particle deposition monitoring

Given the proliferation of cleanliness 
attributes, TC 209 decided that a cleanroom 
is a cleanroom only if it can be classified 
according to ISO 14644-1, i.e. by particle 
concentration, the other cleanliness 
attributes being secondary. If one of 
these other cleanliness attributes is the 
one that matters, then the area is not a 
cleanroom or a clean zone but a controlled 
environment. The definition of ‘controlled 
environment’ is a ‘defined zone in which 
sources of contamination are controlled 
by specified means.’ 

The titles of most of the other 
standards are self-explanatory, but the 
Test methods standard, ISO 14644-3, 
warrants further explanation. TC 209 

Table 1: Summary of the status of all the standards in the IO 144644 series of cleanroom standards

Standard/WG No Title: Cleanrooms and associated 
clean environments

Status

ISO 14644-1:2015 
WG1

Part 1: Classification of air  
cleanliness by particle concentration

New standard published in December 2015. Note that there 
is a new definition for ‘cleanroom.’ See also article by 
Gordon Farquharson in CACR25 (January 2016).

ISO 14644-2:2015 
WG1

Part 2: Monitoring to provide  
evidence of cleanroom performance 
related to air cleanliness by particle 
concentration

New standard published in December 2015. Note new title 
and focus on monitoring. The UK version of this standard, 
published by BSI, has a National Forward and an additional 
Annex with recommendations for periodic tests to demonstrate 
continued compliance with ISO 14644-1. See also article by 
Gordon Farquharson in CACR25 (January 2016).

ISO 14644-3:2005 
WG3

Part 3: Test methods Being revised. CD has now been approved for registration  
as DIS. The revision will cover tests for supporting 
attributes (airflow velocity, pressure etc.) but not tests  
for cleanliness attributes.

ISO 14644-4:2001 
WG4

Part 4: Design construction  
and start-up

Systematic review is now proceeding following the appointment 
of convenor. The revised standard will consider cleanliness 
by particle concentration and by other cleanliness attributes. 
An important element will be guidance on airflow rates based 
on dispersion rates. Much of this work has already been done 
by WG 13 in connection with Part 16 and it hoped that this 
will transfer into Part 4, although there is a timing problem 
as Part 16 is a long way ahead of the revision of Part 4.

ISO 14644-5:2004 Part 5: Operations Current

ISO 14644-6:2007 
WG6

Part 6: Vocabulary Withdrawn. The hoped for online vocabulary (constantly 
updated) for committee use does not yet exist. Definitions 
are already included in the individual Parts but there is no 
central control.

ISO 14644-7:2004 
WG7

Part 7: Separative devices (clean  
air hoods, gloveboxes, isolators and 
mini-environments

Current. 

ISO 14644-8:2013 
WG8

Part 8: Classification of air cleanliness 
by chemical concentration (ACC)

Current

ISO 14644-9:2012 
WG9

Part 9: Classification of surface  
particle cleanliness

Current 

ISO 14644-10:2013 
WG8

Part 10: Classification of surface 
cleanliness by chemical concentration

Current

ISO 14644-12 
WG10

Part 12: Classification of air cleanliness 
by nanoscale particle concentration

This standard has passed its DIS stage. TC 209 has decided 
that it should be a monitoring standard The latest DIS does 
not include a table of classes.

ISO 14644-13 
WG12

Part 13: Cleaning of surfaces to achieve 
defined levels of cleanliness in terms of 
particle and chemical classifications

The three month DIS ballot has been initiated. Not everyone 
is enthusiastic about this standard as most of the cleaning 
methods listed are applicable to components rather than 
cleanroom surfaces, so it is more a process standard than a 
cleanroom standard.

1. ISO’s full members (member bodies) can decide if they would like to be a participating member (P-member) of a particular TC or an observing 
member (O-member). P-members participate actively in the work and have an obligation to vote on all questions submitted to vote within the 
technical committee. O-members follow the work as observers; they receive committee documents and have the right to submit comments and  
to attend meetings, but cannot vote.
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 Temperature Mapping 

 LEV systems to HSG258  

 Compressed air testing  

 Microbiological sampling  

 

 

To find out more or discuss your requirements,  

Contact (0)1252 372333 or sales@chts.co.uk 

www.chts.co.uk 
 

Offices in Farnborough, Glasgow and Dublin. 

 

 (Established 1986) @CrowthorneHitec  Crowthorne Hi-Tec Services BS EN ISO 9001 Registered  

Standard/WG No Title: Cleanrooms and associated 
clean environments

Status

ISO 14644-14 
WG11

Part 14: Assessment of suitability  
of equipment and materials for 
cleanrooms by airborne particle 
concentration 

The FDIS is awaited for formal approval (voting).

ISO 14644-15 
WG11

Part 15: Assessment of suitability  
of equipment and materials for 
cleanrooms by airborne chemical 
concentration

The DIS is awaited for formal approval (voting).

SO 14644-16 
WG13

Part 16: Code of practice for  
improving energy efficiency in 
cleanrooms and clean air devices

Work is proceeding apace and the DIS is being prepared. 
Airflow calculations are likely to be moved to Part 4.

ISO 14644-17 
WG13

Part17: Specification of requirements 
for particle deposition monitoring

Proposal for new project has been received (NWIP) and is 
being voted on.

ISO 14698-1:2003 
WG2

Biocontamination control.  
Part 1: General principles  
and methods

The NWIP for revising this poorly used standard was 
rejected but the work is being picked up by CEN 243 WG 5. 
At the moment the scope in CEN is wider than just 
cleanrooms and includes hospitals, biotechnology and the 
food industry. The working title is ‘Biocontamination 
control.’ 

ISO 14698-2:2003 
WG2

Biocontamination control. Part 2: 
Evaluation and interpretation of 
biocontamination data

The same applies as to ISO 14698-1:2003
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NewsNews

Review your fumigation protocols with 
Crowthorne Hi-Tec Services 
Fumigation of safety cabinets and containment laboratories has been under the 
microscope recently. The most commonly used agent, formaldehyde, has been 
confirmed as a carcinogen by the HSE and both it and its most likely long term 
replacement, hydrogen peroxide, are both affected by EU Biocidal Products 
Regulations restricting their sale.

In the immediate term, you can continue to use formaldehyde for cabinet and 
room fumigation, although in the longer-term its use is likely to be banned.

With increased scrutiny of fumigations, this will be a ‘hot topic’ during HSE 
inspections over the next year or so, so it is best to be prepared. Therefore now is the 
time to review your fumigation procedures, protocols, risk assessments, staff 
training, training records and calibration records for monitoring equipment.. 

If you need assistance with regard to regulations compliance or conducting your 
review, Crowthorne Hi-Tec Services can help; contact us on +44 (0)1252 372333 or 
sales@chts.co.uk.

Clean Room Construction Ltd follows  
up at University of Leeds
CRC has been awarded the construction phase for three new Transmission Electron 
Microscopy (TEM) rooms in a £½ million fast-track scheme at the university. Work 
has started on site and the contract follows CRC’s successful completion of an 
Electron Beam close control room for the university.

Richard Rowe, CRC’s Projects Director, said: “CRC has a successful track record 
of designing and building leading-edge facilities for top universities and we are 
proud to be working with Leeds on this prestigious project.”

CRC has appointed Barry Haines as Projects Manager.  
Barry, 36, was formerly the Contracts Manager at Wozair Ltd.

Managing Director Steve Lawton, said: “Barry’s 
appointment after another record-breaking year for CRC 
enables us to plan for future growth while maintaining our 
commitment to quality and first class customer service which 
has earned us this success to date.”

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

Cleanzone 2016:  
Registration is off to a good start
The next Cleanzone will be taking place on 8 and 9 November 2016 in Frankfurt am 
Main. Providers of cleanroom products and services have been able to register for 
the international trade fair and congress since February. Ruth Lorenz, Vice President 
Technology & Production at Messe Frankfurt, is pleased by the strong demand: “As 
a result of the large number of registrations we have already received and the high 
level of interest from within the industry, we have every expectation that Cleanzone 
will continue its growth in 2016. The continued development of the trade fair is 
being powered in particular by the incessant growth of clean production facilities 
around the world.” At the last Cleanzone, 88 exhibitors from 12 countries were on 
hand to present their innovations to 731 trade visitors from 32 countries. The 
market’s warm reception for the trade fair in 2015 is highlighted by the high level of 
satisfaction among exhibitors (83%) and visitors (91%).

For more information and to register as a visitor or an exhibitor please visit  
www.cleanzone.messefrankfurt.com/

Cleanroom 
Guangzhou  
2016 set up 
ready to go
Sponsored by Guangdong 
Association of Cleanroom Technology 
GACT and supported by Chinese 
Contamination Control Society 
(CCCS) and International 
Confederation of Contamination 
Control Societies(ICCCS), 2016 
Guangzhou International Cleanroom 
Technology & Equipment Exhibition 
(Cleanroom Guangzhou 2016) will 
take place in Poly World Trade Center 
Expo(PWTC Expo)during 13th-15th, 
May. It is a free to attend show and 
registrations are invited online.

In February 2016, the Organizing 
Committee invited two well-known 
professionals in cleanroom 
technology, Koos Agricola, Chairman 
of the ICCCS Standard and Education 
Committee, and John Neiger,  
Editor of United Kingdom Clean 
Air and Containment Review, to  
be official advisors to the exhibition. 
Koos and John both wish the 
organisers every success for the 
2016 exhibition. 

Mae Law, Overseas Organiser 
for the exhibition, reports that over 
100 exhibitors will be displaying at 
the exhibition, of which 18% are 
either from overseas or represent 
overseas companies. Attendance is 
expected to surpass last year’s total 
of 3,600 visitors. 

Mae writes “The 2016 exhibition 
will be more wonderful with your 
participation!”

For more information on 
Cleanroom Guangzhou 2016 please 
visit http://www.clcte.com/index.
php?lang=en

Air Techniques International acquires 
DOP Solutions and the Academy for 
Cleanroom Testing 
Letchworth Garden City, UK, 9 March 2016 – Air Techniques International (ATI) 
announces that it has acquired DOP Solutions, a United Kingdom based manufacturer 
of aerosol photometers and generators and the Academy for Cleanroom Testing 
(ACT), a provider of training and education services. With these acquisitions, ATI 
expands the breadth of its cleanroom testing products and services and strengthens 
its position in Europe to support customers and partners in the region.

Since 1988, DOP Solutions has been a leader in clean air testing with a range of 
aerosol detection and generation instruments and accessories including positive 
injection pumping systems, aerosol injection ports, sparge pipes and smoke generators. 
The Academy for Cleanroom Testing grew from a heritage of providing theory and 
practical training for cleanroom testing based on proven techniques and industry 
standards such as ISO 14644 and EN 12469/NSF 49.

Tim Triggs, co-owner and director of DOP Solutions and ACT will lead ATI’s 
business operations in the geographic region from Europe to India. “By combining 
with ATI we gain the support and experience of a highly-respected global company, 
reinforcing our growth initiative in our core business. We also look forward to 
helping our customers benefit from ATI’s product range including filter testing and 
ChemBio defense,” said Triggs.

“ATI has begun an exciting period of new growth and expansion,” said Ron 
Adkins, President of ATI. “We will bring innovative new products and services to 
our global customers and expand our application expertise to better serve their 
needs. The acquisition of DOP Solutions and ACT supports this strategic direction. 
We believe there is a strong fit, and our combined capabilities will create significant 
value for our customers.”

To learn more about the new ATI, please visit www.atitest.com. For more 
information about DOP Solutions and ACT, please visit www.dopsolutions.com , 
e-mail timtriggs@dopsolutions.com or call +44 (0) 1462 676446. 

BioClean™ Pharma Covers – protecting 
your product processing from 
environmental impurities 
Manufactured from Tyvek® , BioClean™ 
Pharma Covers provide a breathable 
microbial barrier against environmental 
impurities during product storage, 
transportation or processing. The form-
fitted covers have high quality elastic for a 
secure seal, are autoclavable and available 
in a large range of sizes - ideal for pipes, 
beakers, media bottles, flasks and even 
stopper bowls. Lint-free, moisture and 
puncture resistant, these covers are 
essential for critical environments where 
product protection is paramount.

For more information on BioClean 
Pharma Covers or other accessories in the 
range, please visit  
www.bioclean.com. To request your free samples please  
contact us on info@bioclean.com or +44 (0) 1638 663338.

Pharminox 
Isolation wins  
its largest order  
yet for isolator 
sleeves
Pharminox Isolation Ltd is pleased 
to announce the largest single order 
so far received for their isolator 
sleeve and cuff assemblies. No less 
than 103 assemblies have been 
ordered by Azbil Telstar UK Ltd a 
leading UK isolator manufacturer, 
to be fitted onto a large suite of 
production isolators, destined for  
a pharmaceutical company in the 
North of England. The double-layer 
sleeves offer a comfortable jersey 
weave on the operator side, but a 
smooth, sanitary natural PVC layer 
on the isolator side. The telescopic 
cuff rings will accept a variety of 
gloves to suit the process and the 
operators, while glove changes  
can be made with the isolator in 
positive or negative pressure mode, 
without break of containment, if  
the need arises. Pharminox sleeves 
and cuffs are widely used in both 
aseptic (sterile) and high containment 
(toxic / pathogenic) applications in 
the UK and abroad.

For any more information please 
visit www.pharminox-isolation.com 
or contact Dr Helen Hale on  
01954 267 359 or at  
helen@pharminox-isolation.com
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Training courses/Life-linesEvents and training courses

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)

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

2016 Event Location

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 31 Airflow Measurement and Testing (Letchworth, UK)

June 1 HEPA Filter Testing (Letchworth, UK)

June 2-3 Microbiological Safety Cabinet 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

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

antexpo

April 26 Cleanrooms Conference - ISO 14644-1&2:2015, London, UK BSI

April 28 2nd Seminar & Workshop on the Introduction of ISO 14644-1:2015 
& ISO 14644-2:2015, Dublin, Ireland

ICS

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

May 13-15 Cleanroom Guangzhou Exhibition 2016, Guangzhou, China Guangzhou Grandeur 
International Exhibition 
Group

June 9 Sterile Products Manufacture,  
Nr. Manchester Airport, UK

PHSS

September 5-6 SYMPOSIUM 2016, The 45th R3 Nordic Symposium  
and Exhibition, Copenhagen, Denmark

R3Nordic

September 6 PHSS Annual Conference 2016 in association  
with UCL Q3P, London, UK

PHSS

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

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)

Note that:
• All CTCB-I courses run by ACT at Letchworth, UK, are under the auspices of ICS (Irish Cleanroom Society)
• ICEB and CTCB-I certifications are explained on the ICS, ICEB and CTCB-I websites

Life-lines
Courtesy of Susan Rogers

War doesn’t determine who’s right, 
just who’s left.

A fine is a tax for doing wrong.  
A tax is a fine for doing well.

The early bird gets the worm, but  
the second mouse gets the cheese.

Isn’t Disney World a people trap 
operated by a mouse?

The best advice for teenagers is,  
leave home now while you still  
know everything.

How is it possible to have a civil war?

The 50-50-90 rule: Anytime you have 
a 50-50 chance of getting something 
right, there’s a 90% probability you’ll 
get it wrong.

The things that come to those that 
wait may be the things left by those 
who got there first.

Logic is the art of going wrong  
with confidence.

The definition of insanity is doing  
the same thing over and over again, 
but expecting different results. 

(A. Einstein).

http://www.dopsolutions.com/coursedates.html
mailto:koosagricola%40home.nl?subject=
http://www.cleanrooms-ireland.ie/training/
http://cleanzone.messefrankfurt.com/frankfurt/en/visitors/willkommen.html
http://www.iest.org/Meetings/ESTECH
http://shop.bsigroup.com/Navigate-by/Conferences/Conferences/Now-Booking/2016-04-26-Cleanrooms-Conference/Cleanrooms-Conference/
http://bit.ly/1DMFvtj
http://www.cleanrooms-ireland.ie/events/
http://bit.ly/1VnInHi
http://bit.ly/1qkZmPt
http://bit.ly/239cmWb
http://isccbrazil2016.com/US/
http://bit.ly/1GUyl5F
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Cleanroom-Basics
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/Taking-Charge-of-Electrostatic-Contamination
http://www.iest.org/Contamination-Control-Institute/CCI-Learning-Center/CCI-Course-Catalog/Cleanrooms-HVAC-Systems-Design-and-Engineering
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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.
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www.helapet.co.uk     |     E: sales@helapet.co.uk

T: +44 (0) 1582 501980

Helapet are dedicated to supplying sterile 
and non-sterile consumable products used 
in the aseptic production of medicines and 
pharmaceuticals.   

Our quality service provision is supported by 
free sampling and our experienced account 
management team, committed to providing 
the best level of one-to-one customer care, 
advice and support.

Your partner in medical and cleanroom consumables

Publicity Guide 

Farhana Karmali,
Dispensing

Saagar Gohil,
Dispensing

Grant O’Neill,
Titration in Quality Control lab

Hasinaa Patel,
Dispensing

Alison MacDonagh, 
Accessing automated dispensing machine 

Caroline Lawrence,
Inputting medicinal products to automated dispensing machine

Jaymi Teli,
Aseptic preparation of medicinal product

Ingrid Xiques-Ramos,
Preparation of sterile cytotoxic medications

Jenny Morris, 
Examining medicinal leeches

Ganesh Vengadasalam,
Reconstituting antibiotic powder

Russell Ahmed,
Spraying products into cytotoxic preparation room

Lionel Biu,
Dispensing

See us at the  
Clinical Pharmacy Congress  
on April 22nd-23rd 2016, 
Excel London

stand  J18

http://shop.bsigroup.com/
mailto:grand1%40grahw.com?subject=
http://www.clcte.com
mailto:maelaw%40163.com?subject=


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

© 2015 Ecolab All rights reserved 8013.6.B/10.15

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

8013.6B This Is What Safety Looks Like A4.indd   1 18/12/2015   11:40
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