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1 Introduction

Airborne particles are solid or liquid objects that
fall within a cumulative distribution that is based
upon a threshold size. There are primary particles
of chemical reaction origin and secondary particles
produced by thermal condition change. Humans
shed lots of particles, like dead skin particles. Vi-
able particles are living microorganisms such as
bacteria, viruses, yeasts and fungi. Humans also
shed large quantities of viable particles [1]. The
sources of nonviable particles are divided into in-
trinsic and extrinsic origins [2]. Intrinsic contami-
nation comes from the areas of manufacture, pack-
aging, transit and storage. Extrinsic particles are
introduced at the time of pharmaceutical product
reconstitution and usage.

Particles are important in several aspects: fi-
nancially because their presence can affect the
output and the productivity, in the legislative aspect
because the pharmaceutical industry obtain licens-
es when they work with the Food and Drugs Ad-
ministration (FDA) and European Union rules, and
finally because their presence can have repercus-
sions in human health [3]. For example, thrombo-
sis and phlebitis are clinical complications for
which there is evidence of them being caused by
nonviable particle contamination of parenterally
administered pharmaceutical products [4].

Many of the modern high-technology industrial
practices, including aerospace, microelectronics,
medical devices, pharmaceutical and food produc-
tion and recently in the preparation of advanced
medical therapy products comprising cells and tis-
sues, demand cleanliness; specifically, they demand
an absence of particle contamination.

Separate environments called clean rooms have
been developed to keep particle contamination at
controlled levels. Clean rooms are designed to
maximize laminar flow and minimize particle
traps. The installation of an environmental moni-
toring system is recommended in these clean
rooms for any manufacturing process to assure that
production is maintained within the established
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limits for air particles from an environmental per-
spective.These systems should assure the manipu-
lation of products under established limits for air-
borne particles.

Here we describe the fundamental methodolo-
gy required to address both the general and special
issues for assuring appropriate quality of the envi-
ronment, especially in clean rooms of stem cell
banks.

2 Particle detection

The air quality must be monitored to ensure that
the filtration system is working properly and that
no unknown particle generators exist.

In the early days of clean manufacturing pro-
cesses, test filters were examined with a micro-
scope to determine the number and size of the par-
ticles that were being removed from the air. How-
ever, the microscope technique is limited by the
fact that it is a post-contamination assessment
method.

The first particle counting machines were in-
vented in the 1950s.These devices made it possible
to monitor particle contamination levels during the
manufacturing process, allowing quick responses
when contamination levels got too high. Currently,
several types of equipment and instruments such
as cyclones, inertial impactors, optical counters and
filters are available for measuring or classifying
particles.

The particles of interest range in size from less
than 1 μm to about 100 µm. Particles larger than this
can be seen without the need of microscope and
particles smaller than this (0.01 μm) are no conse-
quence to the manufacturing processes. Some par-
ticles can change in size (can become desiccated or
hydrated). Depending on the clean process, parti-
cles of a particular size range may be of interest be-
cause they could cause specific kinds of damage.
Spherical latex particles are used to calibrate a par-
ticle counter.

Channel sizes for aerosol particle counters
range from 0.05 μm to several hundred microme-
ters. The software controlling the number of chan-
nels and the size range of each channel can be pre-
set for the process.

2.1 Optical particle counters

Optical particle counters are composed of an air-
flow, an optical and an electronics system.These in-
struments sample ambient air at a variable flow
rate (e.g., 0.1–1.78 cubic feet/min, CFM) through an
annular omni-directional sampling head and use a

layer of air having a variable flow rate to prevent
deposition of aerosol particles onto optical surfaces
of the instrument. A solid-state light font with a
wide range wavelength is used to illuminate the op-
tical view volume.The instrument collects the light
scattered by the illuminated particles through the
aperture of a photodiode detector [5].

Owing to their high temporal resolution they
have been used in a range of applications such as
monitoring aerosol concentration for occupational
and environmental health purposes [6, 7], studying
impairment of visibility [8, 9], or linking aerosol
dispersal and deposition processes with microme-
teorological factors [10, 11].

2.1.1 Laser particle counters
The modern optical particle counters are instru-
ments based on the principle of light scattering
from particles (Fig. 1). It is a real time instrument
that is typically used to measure particles above
0.05 μm in diameter. A laser light source is used to
illuminate the particles. Helium-Neon lasers are
the classic example in particle counters, but solid
laser diodes are now the most widely used laser due
to their smaller size, lighter weight and longer
mean time between failures. The light source
shines through an optical block, inside which are
mirrors and either one or more photo detectors.
Sampled air is drawn through the laser beam by a
small vacuum pump. The particles in the air, pass
through the laser beam, the laser light interacts
with particles and is scattered (the light undergoes
a directional change) (Fig. 1). The photo detector
converts the burst of light energy from each parti-
cle into a pulse of electrical energy. By measuring
the height of the signal and referencing it to the
calibration curve it can determine quantity. Howev-
er, laser particle counters do not directly count par-
ticles. They count flashes of light scattered by par-
ticles. Moreover, these devices do not count every
particle in the room. Due to this, they must be used
to provide a statistically valid sample that is repre-
sentative of the average air in the rest of the room.

The interaction of light and particles depends
upon the particle composition, its refractive index
and the difference between that particle and the
background medium. The collecting optics is typi-
cally a parabolic mirror with a very high reflectivi-
ty (>95%) at 632.8 nm wavelength. Some particles
are more reflective than others and cause more
light to be scattered onto the photo detector.

Aerosol particle counters are calibrated for size
by sampling known size monodispersed (i.e., single
size) polystyrene latex spheres nebulized into the
flow of high efficiency particulate air/ultra effi-
ciency particulate air (HEPA/ULPA) grade filtered



© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 3

air. The instrument is adjusted for each test parti-
cle size used and a calibration curve is generated
within the instrument. The sizing response from
real life particles is therefore referenced by the in-
strument as an equivalent to a perfectly spherical
latex sphere and counted in one particular size
range (or channel). An example of the laser sensor
that we use (Airnet 510®) is shown in Fig. 2.

2.1.2 Variant technologies of optical particle counters
There are several technological variations that can
be used in the design of a particle counter. These
depend on the kind of particle counter and the task
to which it will be applied. Scattering particle coun-
ters measure the amount of light reflected by a par-
ticle traversing the beam; extinction particle coun-
ters backlight the viewing volume and measure the
shadow particles cast on the photo detector. Volu-
metric particle counters look at all the media that is
sampled; in situ or in position particle counters look
at only a small portion of the total of the media that
is sampled.

2.2 Impaction counters

Due to simple design, rugged structure and easy
operation, the impactors remain one of the most
popular pieces of aerosol measurement equip-
ment. Impactors use the mechanism of inertial
impaction to deposit particles onto impaction sur-
faces. Impactors classify particles in the size range
of 0.1–20 μm.These devices are based on the prin-
ciple that when the airflow changes direction, rel-
atively large particles continue moving forward
due to their inertia, while small particles because
of their small inertia, can follow the stream lines

and are not deposited. Impaction devices use the
inertia properties of particles to carry out collec-
tion, forcing the air to pass through a sharp turn
after leaving an orifice at high velocity. An im-
pactor separates the aerosol particles into two size
fractions. The inertial impactor was first designed
and operated by May in 1945 [12], and several
types of impactors are now used for different ap-
plications.

Conventional inertial impactors have some dis-
advantages, such as overloading of particles, re-en-
trainment of collected particles into the air stream
and particle loss by deposition to inter-stage walls.
To overcome these limitations, virtual impactors
were proposed [13].

2.2.1 Cyclones
These devices are a special type of impactor in
which the impaction (on the side walls of the cy-
clone) is combined with the gravitational settling of
the large particles. The effect is that the large par-
ticles are trapped before they reach the collecting
filter, thus giving a cut-off size dependent on the
size, geometry and air flow velocity through the cy-
clone. Cyclons often have the advantage of being
both small and cheap but still accurate enough for
most modern requirements.

2.2.2 Virtual dichotomous impactor
This type of impactor uses a virtual impaction stage
to separate between sizes, permitting the particles
to continue down to be collected on a filter. It is a
two-stage impactor dividing the particles into two
size ranges, 10–2.5 μm and less than 2.5 μm.

2.2.3 Cascade impactors
These kinds of impactors consist of a number of
impactor stages connected in series with decreas-
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Figure 1. Schematic photograph of the light scattering mechanism in a
laser particle counter. The particles in the air pass through the laser beam,
and the light interacts with the particles and is scattered. The light under-
goes a directional change (the red lines in diagram show this) (Obtained
with permission from Particle Measuring Systems, www.pmeasuring.com).

Figure 2. A laser particle counter located in our clean rooms. (Obtained
with permission from Particle Measuring Systems)
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ing cut-off diameter. The cut-off diameter in each
stage depends on the air velocity and geometry of
the stage.The impactors often have up to some ten
stages ranging from a cut-off diameter on the first
stage of 10–30 μm to a diameter of 0.1 μm or lower
on the backup filter at the end. This gives the op-
portunity to analyze a number of small size inter-
vals.

2.3 Filtration counters

The most common method of separation, measure-
ment or classification of particles is the filtration
technique, which can be carried out with equip-
ment that is relatively inexpensive and small
enough to be attached to an employer for several
hours. Filter media currently used include fibrous
filters made of glass or cellulose, porous membrane
filters made of cellulose esters, metals, polyvinyl
chloride,Teflon or other plastics, and capillary pore
membranes made of polycarbonate. Most filters
collect particles with an efficiency rate in excess of
99% for all particle sizes, and thus are not able to
classify particles by size. The major considerations
in selecting the filtration medium for a particular
sampling task are the compatibility of the filter
with the analytical method to be used, the particle
capacity of the filter, and the resistance to air flow
through the filter [13].

3 Environments and clean rooms

The mechanisms by which airborne particles can
be captured or deposited on surfaces are inertial
impaction, direct interception, Brownian motion,
electrostatic attraction and gravitational settling
[14]. Moreover, there are three ways to control par-
ticles in the clean rooms: by eliminating existing
particles in the environment, by preventing the im-
portation of new particles into the process envi-

ronment and by preventing the generation of new
particles by the manufacturing process. In this
sense, another mechanism for particle removal is
filtration [15]. In clean rooms, the air particles pass
through a filter.A filter can accumulate a lot of par-
ticles and is typically replaced before it is saturat-
ed. The optimal method of particle management is
to preserve laminar flow wherever possible, in the
hope that as many particles as possible can be
swept through the filter.

At the moment, there are two air filtration stan-
dards in current use: HEPA filtration that typically
remove 99.99% of particles of ≥ 0.3 μm; and ULPA
filtration that removes 99.999% of the particles of
≥ 0.12 μm [16, 17].

3.1 Classification of clean rooms and mini-environments

Separated environments called clean rooms have
been developed to maintain controlled levels of
particle contamination. In these rooms, the filters
are usually installed in the ceiling and air returns
are installed on the floor. Moreover, other clean
room methods to avoid contamination include the
wearing of caps, overshoes, gloves and protective
gowns. A recent trend has been to use mini-envi-
ronments, which are small clean rooms with inter-
nal robotic arms or integral rubber gloves. In some
cases it is possible to install a mini-environment in
a lower grade clean room instead of building a new
facility.

The International Standards Organization [18]
establishes standard classes of air cleanliness for
clean rooms and clean zones based on specified
concentrations of airborne particulates (Table 1).
The clean areas are classified in accordance with
the required environmental characteristics. Four
grades,A–D, can be distinguished based on the size
and the concentration of airborne particles, and
different grades apply to different stem cell bank
operations, as described in Table 2 [19].

Table 1. Clean room classifications and selected airborne particulate cleanliness classes for clean rooms (International Standard Organization 14644-1).

ISO classification Maximum concentration limits (particles/m3 of air) for particles equal to and larger 
no. (N) than the considered sizes shown below

0.1 μμm 0.2 μμm 0.3 μμm 0.5 μμm 1 μμm 5 μμm

ISO class 1 10 2 
ISO class 2 100 24 10 4
ISO class 3 1000 237 102 35 8
ISO class 4 10 000 2370 1020 352 83
ISO class 5 100 000 23 700 10 200 3520 832 29
ISO class 6 1 000 000 237 000 102 000 35 200 8320 293
ISO class 7 352 000 83 200 2930
ISO class 8 3 520 000 832 000 29 300
ISO class 9 35 200 000 8 320 000 293 000
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3.2 Clean room evaluation and certification

These installations are certified after construction
or after significant changes. Certification is carried
out to guarantee that the clean rooms have met the
legislation requirements for a statistically valid
maximum concentration of specified-size airborne
particles. A clean room can be certified as built (if
the classification was established with the clean
room fully constructed and ready to use, but with-
out equipment or personnel in the room); at rest (if
the classification was established with the equip-
ment installed and operating but without person-
nel within the facility); and at operation (if the clas-
sification was established with the room in normal
operation).

4 Data integration and analysis

A monitoring system should be used to allow all of
the particle counters, samplers, manifolds, environ-
mental sensors and other equipment to communi-
cate with each other and with a central monitoring
station. This will allow the collection and analysis
of particle data, and the correlation of particle
counts with events.

Some companies (e.g., Particle Measuring Sys-
tems, CO, USA) have developed facility-monitoring
systems that are controlled by a computer with
special software that allows the operator to observe
the system in action. The computer can be config-
ured to trigger alarms, generate reports and ana-
lyze data (Fig. 3).

4.1 Facility-monitoring system computer and software

A facility-monitoring system provides operational
personnel with information on the performance of
the clean room facility.The main purpose of the fa-
cility-monitoring system is to notify and record any
alarm conditions that may arise during the course
of production or while the facility is unoccupied.
This consists of a personal computer (PC) connect-
ed to a range of distributed data acquisition mod-
ules. The data acquisition modules provide a
method of connecting to clean room mounted sen-
sors to monitor temperature, differential pressure,
relative humidity, airflow and conductivity (Fig. 4).
Each room within the clean room facility would be
monitored for each parameter, with alarm limits
applied to notify users of “out of limits” operation.
Airborne particles are monitored in a similar man-
ner but with special laser particle counters. The
data acquisition modules and the particle counters
are connected to the PC via communication cables,
with the PC located in the facility control room. A
local printer provides alarm printouts and graphic
reports. A local area network connection may also
be available to network data to other remote PCs
and for recording of the logged data. A facility-
monitoring system that is networked needs to in-
clude access controls so that only computer sys-
tems that have been granted permission can access
the system. The PC is furnished with software for
an integrated supervisory control and data acquisi-
tion system.This software could provide trends, re-
ports, data logging, alarms and calculations. All
monitored parameters are displayed on the PC
screen with a graphic of the facility. Real time val-
ues are shown next to the relevant areas with
alarms highlighted as a color change or flashing
red.

Biotechnol. J. 2008, 3 www.biotechnology-journal.com

Table 2. Airborne particulate classification (Obtained from [19])a)

Grade Typical cell-banking activity Maximum permitted number of particles/m3

At rest In operation

0.5 μμ 5 μμ 0.5 μμ 5 μμ

A “Open processes”: Culture passage and media changeb) 3.500 1 3.500 1
B Clean rooms in which grade A zones are located 3.500 1 350.000 2.000
C Clean areas for less critical work, e.g., service corridors 350.000 2.000 3.350.000 20.000
D Laboratory entry and change areas to grade C zones 3.350.000 20.000 ND ND
U Ancillary work and storagec) ND ND ND ND

a) A and B are equivalent to US * 100 and SI ** M3.5; C is equivalent to US 10 000 and SI M5.5 and D is equivalent to US 100 000 and SI M6.5; ND: not defined.

b) For cell culture work, grade A zones are most commonly achieved using biological safety cabinets or “isolators”.

c) Processes that produce particles that cannot be contained, such as liquid nitrogen storage vessels, may also need to be housed in a clean but unclassified area.

* US 100, 10.000, 100.000 are the clean room classification from the United States.

** SI M3.5, M5.5, M6.5 are the clean room classification from the Standard Industry.
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The acquired data are logged to the PC disk to
create daily files for the production facility. Daily
production files may be displayed graphically as a
trend graph to show that no out of limit conditions
have occurred during production. Facility-monitor-
ing systems that are installed into pharmaceutical
facilities require such systems to be validated.

5 Selection of an airborne particle counter

The selection of a particle counter device will de-
pend on the monitoring environment, monitoring
purposes, desired flow rate and particle size cho-
sen. Moreover, certain factors are routinely consid-
ered for any particle counter purchase, such as a
price, warranty, quality and expected laser lifetime.
All airborne-particle counters sample air at speci-
fied volumetric flow rates (e.g., 0.1–1.78 CFM). To

meet most contamination specifications, particle
counters must sample defined volumes of air; this
provides confidence in the particle data and is of-
ten stated as statistical significance. The ISO stan-
dards prescribe limits for contamination; in most
cases the ISO limits are available for common par-
ticle sizes such as 0.1, 0.3, 0.5 and 5 μm.

When a particle counter is selected for clean
room certification, it is important to consider addi-
tional factors. Of these, sensitivity and flow rate are
the most important parameters, both of which de-
termine the sampling time required to complete
certification at the desired level of cleanliness. To
determine what sensitivity and flow rate are need-
ed for certifying a set of clean rooms, the sample
volume required and the resulting sampling time
must also be considered. Values for each ISO class
have been derived from the equation: minimum
volume (M3) ≥ 20 particles/maximum concentra-

Figure 3. Schematic representation of the Pharmaceutical Net software. This figure shows the graphic reports, the data displayed on the screen, and other
data that can be obtained from this software. (Obtained with permission from Particle Measuring Systems).
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tion.The next step is to calculate the time required
for a specific counter to collect the sample data
(ISO 14644-1 1999). Moreover, particle counter sat-
uration must also be considered. The sensitivity of
an airborne particle counter is the size of the small-
est particle the unit can detect; the flow rate of a
particle counter is the rate at which its pump draws
the sample air through the sample chamber.

When the primary application is clean room
certification, monitoring a clean room in accor-
dance with ISO clean room classifications requires
the particle counter specification for maximum
concentration to exceed ISO limits. For validation
and certification purposes, a 0.1-μm counter is rec-
ommended for ISO class 1 and 2 environments.

Choosing between continuous and frequent
clean room monitoring is a choice of economics and
infrastructure. Continuous monitoring requires
constant sampling.This method constantly gathers
data, so events are not missed. Sample intervals can
be any duration, but shorter sample intervals will

give better time resolution. On the other hand, fre-
quent monitoring requires sampling at specified
time intervals not exceeding 60 min during opera-
tion. Particle counter choices for these applications
are diverse and plentiful. Factors to consider are
particle size, flow rate, and communication options.
If a clean room has network ports, a particle count-
er with networking capability could be select.

The best method to detect particle periodically
is dedicated particle counters, but if the need is to
measure the trend of events, a manifold system can
be an effective solution [20]. Manifold system is a
device that has several incoming air hoses and one
outgoing air hose. However, the manifold particle
system cannot reliably transport and count parti-
cles much larger than 5 μm.

The isokinetic probes capture a sample from
moving air and this allows an accurate normalized
particle count. The portable aerosol counters use
an isokinetic probe at the end of a hose. Moreover,

Biotechnol. J. 2008, 3 www.biotechnology-journal.com

Figure 4. Schematic view of our facility monitoring system. The data acquisition modules are connected to clean room sensors to monitor airborne parti-
cles, temperature, humidity, differential pressure and light alarms. These data acquisition modules are connected to a PC. Airnet, Lasair, and Enode are
registered trademarks of Particle Measuring Systems, Inc.
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a high-pressure diffuser adapts an aerosol particle
counter to analyze inert pressurized gases.

On the other hand, testing filters might require
specialized particle counters. Aerosol spectrome-
ters use more than 32 channels for particle size dis-
tinction and resolution [21]. These spectrometers
provide the most detailed information about parti-
cle sizes and distributions. Standard 0.1- or 0.3-μm
particle counters can monitor filters and valves and
are usually installed upstream and downstream of
the valve filter. Detecting penetrating particles re-
quires a particle counter with a least 0.3 μm sensi-
tivity for HEPA filter testing and 0.1 μm sensitivity
for ULPA filter testing.

Laboratory testing applications do not typically
need to meet ISO clean room requirements. Parti-
cle counter selection depends on the components
being tested in the laboratory; it must define the
critical particle size limit and the maximum con-
centration limits.

Pharmaceutical manufacturers are only inter-
ested in 0.5- and 5.0-μm particles. If a pharmaceu-
tical laboratory contains heavy concentrations of
hydrogen peroxide, a particle counter with resilient
coating and high maximum sampling concentra-
tions is recommended. Fan decks and aerospace
launch facilities require robust enclosures that
provide better resistance to damaging external
conditions.

When choosing a particle counter, factors such
as whether the gas is reactive (e.g., hydrogen, oxy-
gen) and its pressure range must be known. These
gases require a special particle counter stored in-
side a containment vessel. Particle sizing can differ
with pressure and the composition of gas, so that
gas particle counters must account for these vari-
ables. Non-reactive gases (e.g., argon, helium) have
different monitoring requirements to provide accu-
rate measurements, and particle counting is pres-
surized. Another option for non-reactive gas mon-
itoring is to connect a high-pressure diffuser that
dilutes the gas sample with ambient air that pro-
vides humidity that prevents degradation of the
particle counter optics and plumbing.

After choosing the type of monitoring method
desired, the next step is to determine how many
particle counters are needed. The total number of
locations required by ISO can be calculated by de-
termining the area of the clean room (in m2) and
findings its square root [18].These locations should
be evenly distributed and mounted at work height
(76 cm). However, clean room operators should
evaluate their processes and the sensitivity of their
product to contamination to determine the number
of sampling locations required.

6 Specific particle-monitoring requirements
in stem cell bank installations

The requirement for environmental contamination
control has become an important component of a
range of industries including aerospace, microelec-
tronics, medical devices, pharmaceuticals and food
production. In surgical procedures, contamination
control has already been an important issue [22],
and in the preparation of human cell, tissue and
cellular and tissue-based products, environmental
control has now become a requirement under new
national guidance for tissue banks [23, 24].The Eu-
ropean directive on human tissues will enforce
these requirements for environmental control
starting in 2006 [25].

The FDA [26] requires human cell, tissue, and
cellular and tissue-based product establishments
to follow the good tissue practice [27] that governs
the methods used and the facilities and controls
used for the manufacture of human tissue and cel-
lular and tissue-based products. In section 1271 of
the 21 Code of Federal Register (CFR) about human
cells, tissues, and cellular and tissue-based prod-
ucts, these rules require facilities to establish and
maintain procedures to adequately control and
monitor environmental conditions and to provide
proper conditions for operations.These regulations
were created to improve protection of public
health. It must provide environmental control for
activities or systems related to the temperature and
humidity levels, ventilation and air filtration, clean-
ing and disinfecting of rooms and equipment to en-
sure aseptic processing operations and mainte-
nance of equipment used to control conditions nec-
essary for aseptic processing operations. Moreover,
it must inspect each environmental control system
periodically to verify that the system, including
necessary equipment, is adequate and functioning
properly. It must monitor environmental conditions
where these conditions could reasonably be ex-
pected to cause contamination or cross-contamina-
tion of cell products or equipment, or accidental ex-
posure of human cell and tissue products to com-
municable disease agents. Where appropriate, it
must provide environmental monitoring for mi-
croorganisms. Finally, it must document and main-
tain records of environmental control and monitor-
ing activities.

The primary purpose of these requirements is
to prevent the contamination of tissues or cellular
products. The regulations specify that the ventila-
tion and air filtration system require monitoring.
Standard monitoring procedures should include
particle counting and air velocity monitoring with-
in the clean zone and differential pressure moni-
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toring between adjacent areas. Monitoring pro-
vides controls for products directly exposed to the
air quality of the clean zone, and it also protects ad-
jacent rooms from cross-contamination. Moreover,
each establishment should determine the microor-
ganisms that may exist in its facilities and design its
monitoring program accordingly, like our recently
published environmental monitoring guidance
[19].

This manuscript can help as an initial guide for
the introduction of an environmental monitoring
program in clean rooms of stem cell research cen-
ters. It also can help in establishing the special
needs in these kinds of installations with respect to
environmental issues, like appropriate air quality
for cell banking activities, controls to be carried out
in these clean rooms and some aspects of air parti-
cle monitoring.

7 Conclusions

The processing of many products, such as pharma-
ceutical and food products, microelectronic prod-
ucts, medical devices, and recently, stem cell prod-
ucts for application in human therapy, requires a
physical environment in which air quality (i.e.,
number of airborne particles) is controlled to min-
imize risk of contamination. The most important
component in environmental monitoring should be
the choice of the environmental monitoring system
and the introduction of a plan for a regular per-
formance testing of key elements (e.g. air particle
monitors, filter integrity, air flow).

The environmental monitoring for these appli-
cations must be robust, readily interrogated for
trend analysis and cost effectiveness. The design
and introduction of an environmental monitoring
system associated with an environmental monitor-
ing program is vital to assure the maintenance of
acceptable conditions in clean rooms throughout
all routine activities to avoid the final contamina-
tion of products and the preservation of human
health.
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