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Environmental monitoring is adjunct to a sterility assurance program and is used to evaluate the ef-

fectiveness of microbial controls used in the manufacture of sterile pharmaceutical products.

PDA frst published guidance on environmental monitoring in the form of Technical Report No.  1 3  in 

1990,  and revised the guidance in 2001 .  This is the second revision of that guidance.

The task force chose to reference the ISO cleanroom classifcations as benchmark recommendations 

throughout the Technical Report.  However,  cleanroom classifcations expectations are diferent per 

region.  Regulatory and compendial classifcations have been identifed in Tables 3.0-1  and 3 .0-2  for 

the United States of America,  the European Union,  and Japan.  

1 .1  Purpose 
This document was created to aid in the establishment of an environmental control and monitoring 

program that is meaningful,  manageable,  and defendable.  This revision updates microbiological and 

particulate control concepts and principles as they relate to facilities involved in the manufacture of  

sterile pharmaceutical products and other designated controlled environments.  It expands on PDA’s 

2001  revision of Technical Report No.  1 3  to refect substantial changes to regulatory guidelines,  inter-

national standards,  and scientifc advances in environmental monitoring procedures and equipment.  

This document should be viewed as technical guidance;  it is not intended to establish any voluntary 

or mandatory standards.

1 .2  Scope
This document serves as a resource on controlled environmental test methods,  and although some 

nonviable particulate information is included,  the report’s primary focus is microbiological control 

for sterile product manufacturing.  

This document addresses international standards and regulatory guidances,  elements of an environ-

mental monitoring program,  and environmental monitoring by application.  Current guidelines for 

typical environmental monitoring frequencies and levels for pharmaceutical water are covered in the 

appendix.  

1 .2.1  Exclusions

1 .2.1 .1  Bioburden Monitoring

Product or component bioburden monitoring is not considered part of all environmental monitor-

ing programs and is therefore outside of the scope of this technical report.  Incubation media,  times,  

and conditions are also not addressed in this document,  as individual monitoring circumstances and 

requirements will vary and most regulatory expectations are that the sampling conditions should be 

justifed and validated.

1 .2.1 .2  Other Environmental  Control  Support Activities

In order to ensure a consistently acceptable controlled environment,  a comprehensive environmental 

control program should be supported by:  

• Sound facility design and maintenance

• Established documentation systems

• Validated/qualifed sanitization/disinfection procedures

• Reliable process controls

1 .0 Introduction
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• Good housekeeping practices

• Efective area access controls

• Consistent sample collection and analysis

• Efective training,  certifcation/qualifcation,  and evaluation programs

• Quality assurance of materials,  facilities,  and equipment

These support elements are not covered in this technical report.
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Action Level
An established microbial or airborne particle 
level that,  when exceeded,  indicates a process 
is outside of its normal operating range.  A re-

sponse to such an excursion should involve a 

documented investigation and corrective actions 

based on the results of that investigation.  

Alert Level
An established microbial or nonviable particle 

level giving early warning of potential drift from 

normal operating conditions;  not necessarily 

grounds for defnitive corrective action but typi-

cally requires follow-up investigation (1) .

Airborne Particulate Count 
(Total  Particulate Count)
The total number of particles of a specifc size 

per unit volume of air.

Airborne Viable Particulate Count (Total  
Airborne Aerobic Microbial  Count)
The recovered number of colony-forming units 

per unit volume of air.

Aseptic Filling
Part of aseptic processing in which a presteril-

ized bulk product is flled and/or packaged into 

sterile containers and closed in a cleanroom.

Aseptic Processing
Handling of sterile product,  containers,  and/

or devices in a controlled environment in which 

the air supply,  materials,  equipment,  and person-

nel are regulated to maintain (product) sterility.

Bioburden
The total number of microorganisms per unit of  

material prior to sterilization.

Campaign
A series of consecutive production batches manufac-

tured without intervening cleaning and sterilization.

Colony-Forming Unit (CFU)
A single macroscopic colony formed after the 

successful growth of one or more microorgan-

isms to a solid microbiological growth medium.  

Cleaning
Chemical or physical means used to remove soil 

and/or microorganisms from surfaces.

Cleanroom 
A room designed,  maintained,  and controlled to 

prevent particle and microbiological contami-

nation of a drug product or medical device.  A 

cleanroom is assigned and reproducibly meets 

an appropriate air cleanliness classifcation.

Continuous Monitoring
A process of data collection in which conditions 

are monitored continuously throughout the op-

eration.  In most U.S.  applications,  this defnition 

implies “during production.”  

Controlled Area
An area constructed and operated in such a 

manner that some attempt is made to control 

the introduction of potential contamination (an 

air supply approximating to Grade D may be ap-

propriate),  and the consequences of accidental 

release of living organisms.  The level of control 

exercised should refect the nature of the organ-

ism employed in the process.  At a minimum, the 

area should be maintained at a pressure positive 

to the immediate external environment and al-

low for the efcient removal of small quantities 

of airborne contaminants.

Corrective Action
A response taken to remediate the efect of an 

excursion or product failure.  

Critical  Area/Critical  Zone
An area designed to maintain sterility of mate-

rials where sterilized product,  containers,  clo-

sures,  and equipment may be exposed to the 

environment.

Critical  Surface
A surface within a critical area that may come in 

direct contact with sterilized products,  contain-

ers,  or closures.  

Disinfection
The chemical or physical inactivation of a bio-

burden on inanimate surfaces.  Typically this re-

quires a minimum three-log (3-log) reduction of  

vegetative microorganisms and two-log (2-log) 

reduction for bacterial spore be achieved in vali-

dation (2).  

2.0 Glossary of  Terms
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D-value
The time in minutes at a specifc temperature re-

quired to reduce the population of a specifc micro-

organism by 90% [or one (1) log] in defned condi-

tions [e.g.,  method of sterilization (dry heat versus 

steam), solute, or carrier].  

Dynamic Monitoring
Monitoring of an environment during normal 

operations,  that is,  when the usual equipment 

is operating and personnel are present,  and the 

process or simulated process is ongoing.  Per the 

EU and ISO documents this is synonymous with 

operational condition (including the equipment 

operating and personnel present).  

Environmental  Control  Parameters
Conditions and corresponding measurements as 

associated with facilities and equipment used in 

the control of a manufacturing area that may im-

pact the identity, strength, quality, or purity of a 

product.  Among such parameters are airfow rates 

and patterns, pressure diferentials,  materials and 

personnel fow, temperature and relative humid-

ity, as well as nonviable and viable particulates.

Frequent Monitoring
A process of collecting data in which conditions 

are monitored at a defned frequency not exceed-

ing sixty minutes during operation.  In most U.S.  

applications,  this means “during production.”

Grid Profling
A process of dividing areas of equivalent classifca-

tions into grids for the purpose of uniformly as-

sessing contamination characteristics in that area.  

This process is usually confned to the validation 

of new facilities and not routine monitoring.  

Isolator 

Isolator,  Closed
A decontaminated unit meeting ISO 5  con-

ditions that provides uncompromised,  con-

tinuous,  isolation of its interior from the sur-

rounding environment.  Any air exchange with 

the surrounding environment takes place only 

through microbially retentive flters.

Isolator,  Open
A decontaminated unit meeting ISO 5  condi-

tions that provides uncompromised,  continu-

ous isolation of its interior from the surround-

ing environment.  It may transfer air directly to 

the surrounding environment through open-

ings (e.g. ,  “mouseholes”) that preclude the in-

gress of microbial contamination.  

Microbial  Characterization
The description of microorganisms based on 

their cellular morphology,  Gram reaction,  and 

key diagnostic tests (e.g. ,  Gram-positive coagu-

lase-negative cocci).

Microbial  Classifcation
The arrangement of microorganisms into taxo-

nomic groups based on their similarities and re-

lationships.

Microbial  Identifcation
The determination of the genus,  and species 

when possible,  to which a laboratory or manu-

facturing isolate belongs.

Nonviable
A term used in reference to particulates that are 

not capable of living,  growing,  or developing 

and functioning successfully (“unable to divide”  

or “not capable of reproducing”).

Parametric Release
A sterility release program based on efective 

control,  monitoring,  and documentation of a 

validated sterile-product manufacturing process 

where sterility release is based on demonstrated 

achievement of critical operational parameters 

in lieu of end-product sterility testing (3).

Process Control  Parameters
Conditions and corresponding measurements 

associated with the manufacturing process that 

may afect the identity,  strength,  quality,  potency,  

and purity of a product.  Examples of parame-

ters of concern include bioburden,  process rate,  

weight,  volume,  temperature,  and pressure.

Restricted Access Barrier System (RABS)
Aseptic processing systems (ISO 5) intended to 

substantially reduce human-borne contamination 

within the aseptic environment where sterile prod-

uct, containers, closures, and equipment are ex-

posed by the use of separative devices and defned 

mechanical features and operating procedures (4).
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Risk Analysis
The estimation of the risk associated with the 

identifed hazards (5,6).

Sanitization
Reduction of microbial contaminants to safe lev-

els as judged by public health requirements for 

the specifc country.

Spore
A bacterial dormant form that is highly resis-

tant to adverse conditions.  Fungal spores are not 

highly resistant;  their susceptibilities are closer 

to vegetative microorganisms.

Static Monitoring
Monitoring of the environment in the absence 

of normal operations.  This includes having the 

equipment installed and operational when no 

personnel are present.  Per the EU and ISO stan-

dards,  this is synonymous with “at rest.”

Sterilization
Validated process used to render product free 

from viable microorganisms (7).

Strain
A specifc isolate of a species that is maintained 

in pure culture and is serotypically,  genotypical-

ly,  or chemotaxonomically characterized to dif-

ferentiate it from other strains of the same spe-

cies.  The strain is representative of the species 

and provides a reference for the species based on 

its historic isolation,  characterization,  and depo-

sition in recognized culture collections.

Terminal  Sterilization
The application of a lethal agent to sealed,  fn-
ished drug products for the purpose of achiev-
ing a predetermined sterility assurance level 
(SAL) of usually less than 10-6  (i.e. ,  a probabil-
ity of a nonsterile unit of less than one in a 
million).  A process where the material is steril-
ized in its fnal packaged confguration.

Trend Analysis
A review performed in response to an alert or 

action condition.  This review provides an analy-

sis of specifc environmental monitoring data to 

identify adverse trends.

Vegetative Cell
Cells in an actively growing state.  Some micro-

organisms can only be vegetative,  while others 

are sporeformers and can be in a vegetative or 

spore (dormant) state.

2.1  Acronyms
API  — Active pharmaceutical ingredient

HEPA Filter — High-efciency particulate air flter

VBNC — Viable but not culturable
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3.0 Environmental  Classifcations:  

Regulatory Expectations

An environmental monitoring program should be designed and implemented in conformance with the re-

quirements of the government agencies regulating (mandatory requirements) the manufacturing site and in-

ternational standard-setting organizations (e.g., some mandatory or legally enforceable and some voluntary).  

If the intent is to serve the international markets,  the most stringent requirements should be evalu-

ated as the basis of an environmental monitoring program.

This section compares regulations instituted for environmental monitoring by these authorities and 

standards setting organizations:

• ISO (voluntary)

• U.S.  FDA

• U.S.  Pharmacopiea (mandatory)

• European Pharmacopoiea (mandatory)

• European Commission

• MHLW ( Japan)

• Japan Pharmacopiea (mandatory)

• World Health Organization

Although the regulations and guidelines are similar to each other in many respects,  there are impor-

tant diferences among them in terms of the information each provides,  particularly with respect to 

cleanroom classifcations.

The most commonly accepted international cleanroom standard is ISO 14644-1 ,  Cleanrooms and As-

sociated Controlled Environments—Part 1 :  Classifcation of Air Cleanliness,  1999 (8).  ISO class desig-

nations are based on the number of particles greater than a specifed size (0.1–5  μm) per cubic meter 

of air sampled.  ISO 14644-1  defnes classes from 1  to 9,  with ISO 1  being the cleanest.  ISO classes 5  

through 8 are used in the pharmaceutical industry for sterile-product manufacture and other areas 

where airborne particulate control is required.  

Some international and national bodies have based their cleanroom requirements for sterile manu-

facturing on the ISO standard,  thus its use here as the benchmark for other regulations and standards.  

The USP has adopted the ISO cleanliness classes in USP <1116> Microbial Control and Monitoring 

of Aseptic Processing Environments  (9).  

No international regulation or consensus standard except for the People’s Republic of China requires 

ISO-class cleanrooms for the manufacture of all types of nonsterile products.  China requires ISO 8  

tested at rest for areas where nonsterile product is exposed during manufacture.  However,  the EU 

GMP regulations require ISO 8 classifcation for the manufacture only for inhalants.  In other jurisdic-

tions,  frms are free to apply the ISO classes to nonsterile manufacturing or to specify equivalent or 

modifed conditions based on their product requirements.  

It is important to note that ISO does not specify the operating state of the area being classifed (i.e. ,  as 

built,  at rest,  or in operation),  nor does it specify the particle size thresholds to be employed.  In addi-

tion,  the ISO standard deals only with total particulate count and does not discern between viable and 

nonviable particles.  These decisions are left to the regulating or advisory body to specify.  Therefore,  

each regulatory or standard-setting body has comparable but somewhat diferent applications of the 

ISO standard.  In general,  however,  the international pharmaceutical community has provided guid-

ance according to the following scheme (in operation):

•	 ISO 5:  Aseptic processing zone; sterile product and/or packaging component is exposed. Unidirectional

airfow required

• ISO 7:  Area immediately surrounding the aseptic processing zone (ISO 6 may be employed but is

neither required nor recommended)

• ISO 8:  Nonsterile formulation,  materials,  and component preparation;  flling area for terminally

sterilized product
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The European Union (as specifed in EU GMPs Annex 1 ) and the World Health Organization (as 

specifed in WHO/TRS 957 Annex 4) both use an alphabetic classifcation of Grades A to D (10,11).  

For each grade,  a ≥0.5  µm and ≥5  µm particle count limit is specifed (see Table 3.0-1  for details).  In 

addition,  these limits are set for both “at rest”  and “in operation”  states.  Thus,  each grade has up to 

two corresponding ISO classes,  as follows:  

• Grade A:  ISO 4.8 at rest and in operation

• Grade B:  ISO 5  at rest,  ISO 7 in operation

• Grade C:  ISO 7 at rest,  ISO 8 in operation

• Grade D:  ISO 8 at rest,  undefned in operation

Note that the Grade A ISO equivalent is Class 4.8 based on the reduced maximum count of particles 

≥5.0 μm per cubic meter from 29 (ISO 5) to 20 (ISO 4.8).  

Japan has adopted similar classifcations in its Guidance on the Manufacture of Sterile Pharmaceutical Prod-

ucts by Aseptic Processing.  One minor diference is that the Japan guidance refers to the Grade A classi-

fcation as ISO 5  rather than ISO 4.8,  although the limit for particles ≥5  µm technically corresponds to 

ISO 4.8.  The Japan Pharmacopeia also uses the Grade A–D classifcation but does not specify counts 

≥5.0 µm and refers to the U.S.  FDA guidance for equivalency in operation (12).  

For the United States,  the FDA’s 2004 Guidance for Industry Sterile Drug Products Produced by Aseptic Process-

ing: Current Good Manufacturing Practice and USP General Information Chapter <1116> Microbiological 

Control and Monitoring of Aseptic Processing Environments both discuss the application and environ-

mental requirements for cleanrooms used for aseptic processing (9,13).  These include ISO Classes 5–8 and 

their corresponding Federal Standard 209E classes (e.g.,  ISO 5/Class 100).  Limits are set only for particles 

≥0.5 µm. Both are silent on the state of the area to be tested but clearly imply areas to be “in operation.”

NOTE:  Both the FDA guidance and USP mention ISO Class 6 as being applicable to the area imme-

diately surrounding the critical aseptic processing zone (ISO 5).  However,  both stop short of recom-

mending this application.Federal Standard 209E has been retired;  however,  the FDA guidance still 

uses the class references defned therein.

ISO 14644-1  not only defnes the airborne particulate levels for the various ISO classes but also speci-

fes the sample plan for classifying an area.  The International Organization for Standardization pub-

lished a revision to ISO 14644-1  in 2010 in the form of a Draft International Standard.  This version is 

not fnalized and has yet to be formally recognized by the international pharmaceutical regulatory 

community.  However,  it contains two signifcant changes that are likely to remain in the fnal version 

that environmental monitoring experts should be aware of.  First,  the sampling plan for area classif-

cation has been changed to provide a higher statistical assurance of room performance.  Second,  the 

particulate limit at ≥5.0 µm for ISO Class 5  has been deleted due to the difculty in measuring such 

low counts accurately.  Firms are advised to monitor the development of the revised ISO Standard 

14644-1  and also to stay abreast of changing regulations as a result of these revisions.  

Common factors among the various guidelines and regulations described earlier include the require-

ment that the most critical ISO 5  zone,  where aseptic conditions must be maintained,  requires unidi-

rectional airfow.  ISO 14644-1  describes unidirectional fow as 0.45  meters per second (90 ft/min) plus 

or minus 20% measured 150 to 300 mm from the supply flter face.  (Note that EU Annex 1  recom-

mends this measurement be taken as close to the work surface as practical)  (10).  

In addition, all of the authorities recommend an air pressurization scheme to ensure airfow from the 

cleaner zone to the less clean.  The broadly acceptable guidance value is a diferential pressure (ΔP) of 

10–15 Pa (0.04–0.06 inches H
2
O) between zones of difering class.  Several of the guidance documents 

describe the use of air locks to maintain this diferential while doors are in use.  Where an ISO 5 unidirec-

tional zone is placed within an ISO 6 or ISO 7 background, this pressure diferential is not required (10).
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