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1.0  INTRODUCTION

The purpose of this document is to identify microbio-
logical and particulate control concepts and principles
as they relate to the manufacture of sterile pharmaceu-
tical products. It expands substantially upon the first
edition of Technical Report No. 13, Fundamentals of a
Microbiological Environmental Monitoring Program,
published by PDA in 1990. While this publication can-
not possibly supplant the wealth of information pub-
lished on this subject, it provides summary informa-
tion and appropriate references for the reader to con-
sult, if necessary. The objective was to contemporize
the first edition through the utilization of current defi-
nitions, recognition of improved environmental moni-
toring procedures, and equipment.

This document should be considered as guidance; it
is not intended to establish any mandatory or im-
plied standard.

The task force consisted of members representing glo-
bal companies, to ensure that the methods, terminol-
ogy, and practices reflect the procedures utilized glo-
bally. Technical reviews were performed by some of
the more prominent environmental monitoring scien-
tists in the world today.

This document serves as a source on clean room envi-
ronmental test methods, and although some non-viable
particulate and endotoxin testing data are included, its
primary focus is microbiological control. The concepts
for sterile product manufacturing are the most stringent
application, but these concepts can also be applied to
non-sterile product manufacture. The focus is environ-
mental monitoring as it relates to facility control and
compliance. This document was compiled to aid in set-
ting up a program that is meaningful, manageable, and
defendable.

In order to ensure a consistently acceptable production
environment, a comprehensive environmental control
program should be supported by: (a) sound facility de-
sign and maintenance, (b) documentation systems, (c)
validated/qualified sanitization/disinfection procedures,
(d) reliable process controls, (e) good housekeeping
practices, (f) effective area access controls, (g) effec-
tive training, certification/qualification and evaluation
programs and (h) quality assurance of materials and
equipment.

Environmental surveillance is a tool utilized to evalu-
ate the effect of controls on the manufacturing envi-
ronment. A process to assess the clean room and other
controlled environments of a pharmaceutical facility can
serve as an adjunct to the sterility assurance program
for the microbial quality of drugs. The items addressed
in this document include definitions, standards, surveil-
lance support systems, system surveillance, validation
systems, appendices of definitions and typical frequen-
cies and levels, and a bibliography.

2.0 ENVIRONMENTAL CLASSIFICATIONS

The environmental monitoring program should be de-
signed and implemented based on sound scientific prin-
ciples, the need for and the utility of the collected data,
and in conformance with the regulatory requirements
of the government agencies regulating the manufactur-
ing site. Personnel administering environmental moni-
toring programs should be familiar with a variety of
regulatory schemes if they are to be successful in serv-
ing the United States and International product mar-
kets. Efforts at harmonization are underway, and it is
possible that many of the differences in the requirements
for monitoring programs may disappear as the coun-
tries and organizations involved come to some agree-
ment on the overall approach to be taken. Therefore, it
is important to keep up to date on the requirements for
the different countries in which the product will be sold.
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This will ensure that the established program meets the
monitoring requirements of each country. If the intent
is to serve both the United States and the International
markets, the most stringent requirements should be
evaluated as the basis of an environmental monitoring
program.

This section compares published environmental classi-
fications for environmental monitoring in the United
States and the European Union. Although these publi-
cations are similar in many respects, there are impor-
tant differences among them in terms of the informa-
tion each provides.

Federal Standard 209E establishes airborne particulate
cleanliness classes categorized as Class M 1 through
M 7 (SI names). All of the classifications can be ap-
plied to particles ≥ 0.5 µm, while other particle sizes,
e.g., 0.1, 0.2, 0.3 and 5 µm, utilize only some of the
classifications. In the United States, the pharmaceuti-
cal industry classifies production areas as Class 100,
10,000 and 100,000 (M 3.5, M 5.5 and M 6.5, respec-
tively) based on particles ≥ 0.5 µm, the classification
reflecting the number of particles per cubic foot. It
should be noted that the Institute for Environmental
Sciences and Technology (IEST) has recommended that
Federal Standard 209E be retired by the end of 2001 as
a result of the publication of the ISO 14644-1 and
14644-2 documents.

FDA’s 1987 “Guideline on Sterile Drug Products Pro-
duced by Aseptic Processing” discusses environmental
requirements for critical areas (Class 100), in which
sterile drugs are exposed to the environment. This docu-
ment also includes specifications for viable airborne
monitoring for Class 10,000 and Class 100,000 areas.
Viable and non-viable guidance is provided.

USP general information chapter <1116> “Microbial
Evaluation and Classification of Clean Rooms and Other
Controlled Environments” proposes limits for clean
room levels, including air, surfaces, and personnel work-
ing within the clean area. The chapter includes three
classifications that would supplement the current cat-
egories based on non-viable particulate limits.

In the European Union, The Rules Governing Medici-
nal Products in the European Union, (Vol. IV: Good
manufacturing practice for medicinal products) include
an air classification system in Annex 1 under the head-
ing “Manufacture of Sterile Medicinal Products.” Air
quality is classified alphabetically as Grade(s) A through
D, with Grade A being the cleanest. Associated with
each respective grade is the maximum allowable num-
ber of particles per cubic meter.

In addition to these publications, additional guidance
is available through the International Organization for
Standardization (ISO) which is a world-wide federa-
tion of national standard bodies. The work of prepar-
ing international standards is normally carried out
through ISO technical committees. ISO/TC 198 pro-
vides Guidance for Sterilization of Health Care Prod-
ucts and ISO/TC 209 provides Guidance for the Clas-
sification of Airborne Particulate for Clean Rooms and
Associated Controlled Environments. Copies of these
documents can be obtained from American National
Standards Institute (ANSI).

It should be noted that all classifications have a direct
counterpart in the documents prepared by other inter-
national groups. Tables 1 through 3 summarize and com-
pare these specifications.
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3.0 SURVEILLANCE SUPPORT

The data should be collected in a manner that is in con-
formance with Current Good Manufacturing Practices
(CGMP). CGMP states that the personnel supervising
the environmental monitoring program should be com-
petent in the scientific discipline and have appropriate
training and authority. Equipment used should be cali-
brated, systems should be appropriately validated, me-
dia should be properly prepared, and all operational
procedures should be written and followed.

Procedures should include appropriate controls to sup-
port their use. Cleaning, sanitization/disinfection, site
selection, and frequency of testing are key components
to a good environmental monitoring program. Alert and
action levels should be based on individual sample sites,
but one may also choose to specify alert level and ac-
tion levels based on the number of excursions in one
area/system for one sampling period. Establishment of
appropriate alert and/or action levels and a system for
monitoring implies that data obtained are subject to
continual review and that alert and action decisions are
made by designated, authorized personnel qualified to
make such decisions. To effectively execute microbio-
logical surveillance support systems, there should be a
documented system in place for identifying excursions;
in addition, there should be a feedback mechanism for
verification of any action taken in response to data. All
data should be documented and trended.

3.1 Cleaning and Sanitization/Disinfection

Implementation of cleaning and sanitization procedures
is a critical component of overall facility control. Envi-
ronmental monitoring data are used in determining the
effectiveness of these procedures. It is common knowl-
edge that the ideal sanitizer does not exist. Sanitizers
that are effective against vegetative cells may be inef-
fective against spores. Sanitizers or disinfectants that
are effective against spores are usually corrosive to
equipment (e.g., acidified bleach on stainless steel) and
should be used sparingly on an as-needed basis. Selec-
tion of sanitizers may include evaluation of required
contact time, type of microorganisms that are to be
eliminated, confirmation of efficacy, type of surface to
be treated, toxicity, residue, and means of application.
Validation of established cleaning and sanitization pro-
cedures should demonstrate microbial reduction. The

procedures also ensure the effectiveness of removal of
product and detergent residue. The goal is to demon-
strate that routine sanitization procedures, performed
by trained cleaning personnel, consistently result in a
level of microbial control suitable for the intended use
of the area. Sanitization procedures are verified for the
effectiveness of microbial reduction. It is a sound prac-
tice to perform challenge testing of the selected
sanitizers/disinfectants with isolates routinely recovered
by the environmental monitoring program. This estab-
lishes the practical effectiveness of the disinfectants.

3.2 Sample Site Selection

Suitable sample sites vary widely depending on the
clean room design and manufacturing process. Each
process should be carefully evaluated when selecting
sampling sites. The primary purpose of sampling should
be to provide meaningful interpretable data that can help
identify actual or potential contamination problems as-
sociated with specific procedures, equipment, materi-
als, and processes. One should be able to sample those
sites most likely to result in product contamination if
they become contaminated; however, it may be prudent
to identify indicator sites that are near, but not in con-
tact with product.

Factors to consider in selecting sites for routine
surveillance are:

1. At which sites would microbial contamination most
likely have an adverse effect on product quality?

2. What sites would most likely demonstrate heaviest
microbial proliferation during actual production?

3. Should site selection involve a statistical design (e.g.,
following the calculations in Federal Standard 209E)
or should site selection be made on the basis of grid
profiling? Should some sites for routine monitoring
be rotated?

4. What sites would represent the most inaccessible or
difficult areas to clean, sanitize, or disinfect?

5. What activities in the area contribute to the spread
of contamination?

6. Would the act of sampling at a given site disturb the
environment sufficiently to cause erroneous data to
be collected or contaminate product? Should sam-
pling only be performed at the end of the shift?



Note: There are some considerations applicable to
specific types of monitoring; they are described in
the individual monitoring sections of this document.

To establish routine sample sites, action and alert lev-
els, and testing frequency, one should take into consid-
eration the extent of contact or exposure that each ele-
ment of the manufacturing environment has with the
product. Sites having greater opportunity for contrib-
uting bioburden to the product should be sampled and
monitored. Product contact sources may include
compressed gases, room air, manufacturing equip-
ment, tools, critical surfaces, storage containers,
conveyors, gloved hands of personnel, and water.
Examples of non-product contact sources may in-
clude walls, floors, ceilings, doors, benches, chairs,
test instruments, and pass-throughs.

It must be recognized, however, that it may not always
be practical to select a site at the most critical location.
One should consider whether critical site monitoring
would actually increase probability of product contami-
nation. Additionally, critical sites may not be monitored
if there is a low probability of contamination during
processing (e.g., sterilized components which are not
manipulated).

System

• Environmental air (filling line)

• Room air

• Water

• Surface (facility)

• Surface (equipment)

• Compressed air

• Sterility test manifold

• Operator on filling line

• Laminar air flow (e.g., hood)

Site

• Near open and/or filled containers

• Proximal to work area

• Point of use

• Floor, door handles, walls, curtains

• Filling line, control panels, stopper bowl

• Site farthest from compressor

• Port closest to vacuum source

• Finger impressions, at a minimum

• Near high activity areas

Examples of sampling sites.

As pointed out in other sections of this document, there
are many considerations in establishing an appropriate
site for sampling (e.g., facility design, line configura-
tions, validation data, process, historical data, test meth-
odology, etc.). The sites listed in this section may or
may not be applicable to a particular manufacturing
process; factors pertaining to site selection are likely
to be unique to individual facilities.

3.3 Sampling Frequency

Monitoring requirements may vary widely in the indus-
try depending on several factors including, but not lim-
ited to, type of manufacturing process or product, fa-
cility/process design, amount of human intervention,
use of subsequent terminal sterilization (including ste-
rility test release versus parametric release), and his-
torical profiles of the microbiological environmental
data. No single sampling scheme is appropriate for all
environments. In addition, changes in sampling fre-
quency, whether temporary or permanent, may be re-
quired based on changes in practices, compendial require-
ments, development of significant microbiological trends,
acquisition of new equipment, or nearby construction of
rooms or utilities. The key is to select monitoring frequen-
cies that can identify potential system deficiencies.

Vol. 55, No. 5, September/October 2001, Supplement TR13, Revised                                                                                 7
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The test frequency per site may be less frequent than
the system or area frequency (e.g., one may choose to
rotate sample sites). Test frequencies for batch-related,
in-process monitoring may differ from those for rou-
tine area monitoring. In many cases, monitoring per-
formed in conjunction with batch production may ful-
fill the requirements for routine area monitoring.

Prior to implementing any reduction in frequency, a
summary of historical data, along with current and pro-
posed sampling frequencies, should be reviewed and
approved by the appropriate Quality Assurance person-
nel. After reduction, data should be reviewed periodi-
cally to determine if the reduced sampling frequency is
still appropriate.

3.4 Alert and Action Levels

Environmental monitoring programs may have action
levels established based on applicable guidelines and
review of historical data. They frequently recommend
that alert levels also be established. Some companies
also choose to set levels for individual clean rooms or
sample sites. Typically, the action levels will be driven
by the regulatory or industry guidelines while the alert
levels may be driven by historical analysis of the envi-
ronmental monitoring data. The application of alert and/
or action levels should follow written procedures and
be employed in a consistent, non-arbitrary manner. To
create consistency in treatment of alert and/or action
levels, logical investigatory and/or corrective action
steps should be pre-specified. Records should show that
any excursion was recognized and that appropriate fol-
low-up occurred.

Once alert and/or action levels have been established,
they should be periodically reviewed as part of routine
trend analysis. They may also be revised to reflect im-
provements, advances in technology, changes in use
patterns, or other changes.

When no regulatory or industry guidelines are provided,
alert and/or action levels may be derived statistically
from historical data. An occasional excursion from these
levels is to be expected at frequencies characteristic for
the specific mathematical model utilized in their deri-
vation. In some situations, only one level may be em-
ployed, with any excursions triggering action. In other
instances, a level may be used with a single excursion
eliciting an alert/action level response and multiple or
sequential deviations requiring action.

These levels are conservative measures designed to sig-
nal potential or actual drift from historical or design
performance characteristics. They are not extensions of
product specifications, but are intended to flag changes
so that corrective action may be taken before product
quality is adversely affected. Not all situations require
use of both alert and action levels.

Since there is no consensus as to the best mechanism to
use for setting these levels, the following are approaches
that have been used successfully within the pharma-
ceutical industry. Where compendial requirements
exist, they supersede the methods used in the fol-
lowing examples.

a.Cut-off Value Approach

All the test data for a particular site are arranged in a
histogram and the alert and action levels are set at
values whose monitoring results are respectively 1%
and 5% higher than the level selected. Other percen-
tiles may be used in establishing levels. A variation
is to take the last 100 monitoring results and use the
95th and 99th percentile values as the alert and ac-
tion levels.

b. Normal Distribution Approach

This approach is best used for high counts only (a
Poisson distribution is used for low counts). The mean
and standard deviation of the data are calculated and



the alert and action levels are set at the mean plus two
and three times the standard deviation, respectively.

c. Non-parametric Tolerance Limits Approach

In this approach, alert and action limits are set using
non-parametric (distribution free) methods. This is
valuable for environmental monitoring data that typi-
cally is not normally distributed, i.e., exhibits high
levels of skewness towards zero counts. For the alert
limit, the tolerance limit was set at a level of γ = 0.95
and P = 0.95. The action limit resulted from a toler-
ance limit set at γ =0.95 and P = 0.99. These limits
allow us to assert with confidence at least 95% that
100(P) or 99% of a population lies below the value,
depicted by the stated limits for the respective data.
For a discussion of this non-parametric procedure,
see “Practical Nonparametric Statistics,” 3rd edition,
by W. J. Conover, page 150.

Other models based on negative binomial, Poisson,
Weibull, or exponential distributions are possible. It may
be appropriate to determine the model that best fits the
data and use that model to set the levels. Typically, con-
tamination in strictly controlled environments does not
fall within a normal distribution. Environmental moni-
toring data may be evaluated to determine the suitabil-
ity of the approaches to level setting.

3.5 Data Management (Data Collection, Analysis,
Approach, and Interpretation)

Routine review and analysis of environmental monitor-
ing data is essential to aid in the interpretation of pro-
cess stability and assess overall control performance.
Management should be kept abreast of trends and the
subsequent state of operations within their facilities.

Based on the large number of samples tested by a given
facility, a computer-based data tracking system is rec-
ommended. Prior to implementation, all database ap-

plications used should be validated/qualified for spe-
cific software applications.

3.5.1 Data Collection

Routine data may be pooled into a designated database
in a consistent record format. The record format should
include (at a minimum): monitoring date, specific sam-
pling locations, sampling methods, colony forming units
(CFU) or non-viable count results, identification per-
formed, product lot information, and current action
level. A manual data entry or image scanner system with
advantages of speed and accuracy can be used to populate
tables. Data integrity must be verified prior to analysis.

3.5.2 Data Analysis

Trends are often difficult to obtain and recognize, given
the low colony forming unit (CFU) result usually ob-
tained with viable environmental monitoring data. His-
tograms, defined as pictorial graphs characterized by a
number of data points that fall within a common fre-
quency, are a valuable tool. Different room classifica-
tions with definite requirements will produce different
histograms. The CFU spread obtained across a Class
100,000 data set will not be observed in a data set from
a Class 100 area. Therefore, each area (or area type)
and accompanying data set must be viewed as distinct. A
mathematical model could be applied not only with the
objective in mind, but also the type of data to be analyzed.

Moreover, data collected in Class 10,000 or 100,000
areas tend to assume distributions. A Class 10,000 fa-
cility may lend itself to an exponential distribution
where the majority of data points can be observed be-
low the mean and thus appear not normally distributed;
and a class 100,000 or non-classified area often dem-
onstrates greater variability around the mean with a
normal distribution. A Class 100 area distribution may
be less obvious where an unsystematic approach, al-
though less powerful, may work best.
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The following table provides some examples of differ-
ent analysis objectives and the associated descriptions
of what the analysis may include.

3.5.3 Data Approach

The following approach describes a generalized method
for data to assess the environmental control:

a. Determine objective of analysis (e.g., site location
alert/action, action level review, management up-
date).

b. Specify data set to be analyzed.

c. Apply data plots such as histograms or pictorial
plots to access the basic data and to determine the
nature of the distribution, if any. Such data plots
can also be used to locate peculiarities such as out-
liers or patterns.

d.Observe the distribution and proceed with the ap-
propriate mathematical model that best fits the over-
all objective. If data conform to a specific distribu-
tion, a parametric mathematical model may be ap-
plied. If the data are not consistent with a particu-

lar distribution, then a non-parametric approach
may be applicable.

e. Typically, an action level at the 99th percentile is
employed. Consistent with the action level at the
99th percentile are the following mathematical
models. Models can only be applied if the charac-
ter of the data assumes a definite distribution.

Action level estimate for a data set reflecting
an exponential or non-normal distribution
= 4.6 x (mean CFU)

Action level estimate for a data set reflecting
a normal distribution = 2.33 σ + (mean CFU)

Note: When the action level is determined at the
99th percentile, an occasional excursion is
expected due to the model applied.

f. Regardless of the statistical model chosen, the ana-
lytical method should be consistent with the data and
documented in the data summary along with results.

Analysis Objective

Using alert/action results to
determine “corrective action”

Determine appropriateness
of current alert/action levels

Management update, with
periodic reporting.  Annual
report to comprise data
summaries as well as process
action level reviews

Determine process capability

Report Description

Plot data over time to observe trends and process variation.
Process control charts can be a useful tool. Modify cleaning,
process or equipment.

Calculate action level from historical data and compare to
current.  Action level derivations may be applied to adjust for
more reasonable levels that are achievable with current operat-
ing procedures. (This may not always be possible if regulatory
requirements are present.)

Routine report may include all monitored facilities/personnel
data summaries with a list of current action levels, list of outliers
and clusters or patterns, identifications, result ranges, sample
totals, new action level derivations, and description of statistical
method used for any calculations applied. Characterizations
should also be included. Process capability and process control
charts are often useful in assessing control/variation.

Perform a quality study to determine specifications. Calculate
action levels based on historical data. Histograms and process
capability charts are useful tools.

Examples of possible analysis objectives and possible report descriptions.
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3.5.4 Data Interpretation

Data generated should be summarized and evaluated to
determine whether the production environment is in a
state of control. Statistical process control is one method
of performing this evaluation.

Trends may show a gradual increase or decrease in the
overall counts observed over time, or a change in flora
or counts on several plates of a particular area on a given
day. Interpretation of the impact of a significant fluc-
tuation in counts or a change in flora should be based
on the experienced judgment of a qualified person.

Some considerations for assessing process state of con-
trol are listed below:

a. In assessing environmental monitoring process re-
liabilit y, derived action levels reflecting higher val-
ues than those currently imposed may be indica-
tive of a process specification that is no longer ap-
propriate. A review of the process may be needed.

b.Several consecutive points or drifts may be con-
sidered to be a pattern or cluster formation that, if
above the alert level, signals a trend that requires
an investigation.

c. Significant fluctuations or jumps in the values for
the process are also significant where recurring
cycles may point to seasonal variations.

d.One or more values markedly higher or lower than
the majority of the data may or may not be process
outliers.

Understanding the potential impact of the results gen-
erated during environmental monitoring is critical to a
successful environmental monitoring program.

3.6 Characterization of Isolates

Characterizing microorganisms recovered from environ-
mental and personnel monitoring is an important part
of surveillance programs. The characterization system
selected by the laboratory should be defined in writing,
including the frequency of characterization and the stan-
dard procedures for the methods.

Initiall y, many isolates may be characterized to estab-
lish a database of the microorganisms found in the area.

Characterization may include any of the following ex-
amples: morphology, Gram stain, automated or manual
identification systems. See Appendix B for additional
information on identification systems.

Not all isolates need to be speciated, but they should be
characterized sufficiently to develop a database. Once
a database is established, the number of isolates char-
acterized may decrease, but routine characterization
should continue to determine whether isolates are part
of the normal microbial flora or represent something
different.

Characterization of isolates also may be useful in in-
vestigating situations such as positive sterility test re-
sults, positive media fill results, alert and action level
excursions, or introduction of a common organism that
may signal a developing resistance to a sanitizing agent.
A change in the microbial flora or the introduction of a
previously undetected species might signify a change
in a system that should be investigated. Characteriza-
tions can be useful clues as to the possible source of
isolates. For example, Staphylococcus species are com-
monly found on skin and the former Pseudomonas spe-
cies are usually associated with water. (Many of these
species have been re-classified, e.g., Ralstonia pickettei,
Buckholderia cepacia, Sterotrophomonas maltophilia.)

The characterization of microorganisms is qualitative
and relies on scientific training and good judgment.
Microorganisms recovered from production environ-
ments may be highly stressed due to physical factors
such as limited nutrients, contact with chemicals, or
thermal stress. It may be difficult to obtain genus/spe-
cies matches in identification system databases. The da-
tabases for commercial test kits and identification sys-
tems were designed originally for clinical isolates and
may be incomplete with regard to industrial isolates;
this may lead to misidentification of species or uniden-
tifiable isolates. This area is continuing to be devel-
oped and enhanced.

3.7 Investigations/Corrective Actions

When excursions occur, there may be a drift from the
baseline. An investigation is needed to determine what
happened and what should be done to prevent a recur-
rence. Records should show that the excursions were
recognized and appropriate follow-up occurred.



The overall purpose of the investigative action is to es-
tablish, to the greatest degree possible, a cause-effect
relationship between the observed level of environmen-
tal quality and causes for the excursions (i.e., sources
of contamination).

To create consistency in the treatment of excursions,
investigative and/or corrective action steps should be
pre-specified in a written plan. A progression of inves-
tigative/corrective actions or responses may be used in
which sequential or multiple excursions require greater
consideration than single or widely separate excursions.
Li kewise, excursions that occur in areas which are criti-
cal to the manufacturing process may require a more
rigorous investigation and corrective action than those
occurring in areas that are judged less critical to the
integrity of the manufacturing process.

When an alert/action level is exceeded, the following
actions may be appropriate:

• Notify the appropriate management.

- Initiate an investigation to determine the causes
and consequences of the excursion from the
specified operating parameters.

• Perform corrective actions to address the problem,
as needed. (A table of typical corrective actions fol-
lows.)

• Follow-up review to assess effectiveness of correc-
tive action.

The previous listing is not all-inclusive, as these rec-
ommendations are only intended to suggest investiga-
tive activities and corrective actions when sampling and
laboratory failures have been ruled out. Appropriate
corrective actions are dependent upon the individual
facility’s design and process designs.

The reviewer may exert scientific judgment to postpone
any corrective action until the result is confirmed and/
or an investigation has been completed. It may also be
appropriate to provide management with a routine sum-
mary of action level excursions for review. All correc-
tive actions listed include an evaluation of the action
for effect on the product.

3.8 Documentation

The following list includes items to be considered for
documentation records:

a. Date and time of test

b. Test method/procedure reference

c. Activity level at site during test

d Equipment identification

e. Location

f. Area classification

g. Schematics of areas showing sample site locations

h. Sample site (critical or non-critical)

i. Test results

j. Evaluator of results

k. Date results read

l. Alert and/or action level

m. Temperature and duration of incubation

n. Control test results

o. Certification date, validation date, and expiration
date of media used

p. Characterization of contaminants

q. Name of reviewer

r. Reporting of data

s. Review of historical data

t. Change control system

u. Calibration date on instrumentation

v. Methodology, analysis used to specify action/alert
levels

w. System for documenting investigative/corrective
action:

(1) Description of deficiency

(2) Possible cause(s) of problem

(3) Identification of persons responsible for
relevant corrective action

(4) Description of action steps and their
schedule for implementation

(5) Evaluation of effectiveness of action steps
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• Compressed Gas System

• Room Air/HVAC

• Facility Surfaces

• High Purity Water Systems
(WFI, clean steam,
purified water)

• Personnel Gowning
(gowning and gloves)

Typical corrective actions for different systems.

• Repeat test immediately.
• Integrity test the filter.
• Check and, if necessary, replace filter if excursion confirmed on retest.
• Evaluate impact upon processed component and/or product.

• Review level of personnel activity.
• Review/perform air flow patterns/smoke tests.
• Review aseptic technique of personnel.
• Review gowning requirements for area.
• Inspect incoming air filters for leaks in filter and pressure

differential across filter.
• Review room disinfection/sanitization procedures, sanitization

intervals, and disinfectant efficacy.
• Check area pressure differentials, particularly with respect to the

last sanitization.
• Evaluate mechanical equipment in area as possible source

of contamination.
• Evaluate integrity of the room (e.g., peeling paint, cracks in ceiling,

walls, and floor).
• Review risk to product.

• Perform investigation for possible sources of contamination.
• Evaluate sanitization/disinfection practices review cleaning records.
• Review possible unusual events during manufacturing operation.
• Examine areas during usage.
• Verify that controls were not circumvented.
• Review risk of product contact.
• Determine sensitivity of isolate to disinfectants being used.
• Review isolates for occurrence in other types of tests.

• Examine endotoxin and water chemistry data for system.
• Examine bioburden data for other samples or sites in system -

port contamination vs. system contamination.
• Review efficacy of sanitization procedure and schedule.
• Inspect system preventive maintenance records.
• Verify integrity of sample collection and use procedures.
• Inspect system for dead-legs, proper sloping, proper sample port

design and location.
• Evaluate impact upon processed component and/or product.

• Evaluate possible operator impact upon product.
• Review sterility test data.
• Review other environmental monitoring data for area.
• Review preparation and expiry dates for disinfectants used on gloves.
• Identify all morphologically unique isolates (human vs. environmental).
• Evaluate training of operator.
• Interview operator for potential causes.
• Retrain/requalify operator.



4.0 SYSTEM SURVEILLANCE

4.1 Introduction

4.1.1 Terminal Sterilization

The terminal sterilization environmental control pro-
gram is concerned with microbial flora that contributes
to the bioburden and endotoxin content of the product
prior to sterilization. This includes distilled water, ster-
ilizer cooling water, treated water and city water. Air,
surfaces, and microbial levels of containers and clo-
sures are also routinely monitored. While control of the
environment in which the products are prepared is im-
portant, the most critical aspect of the program is the
bioburden of the filled product to be sterilized. Con-
trolling this aspect of the manufacturing process en-
sures that the spore (heat resistant) bioburden levels
presented to the product sterilization cycle do not ex-
ceed the validated capabilities of the process and that
the desired sterility assurance levels are achieved.

4.1.2 Aseptic Filling

The aseptic environmental control program is specifi-
cally designed to determine the number and type of
microorganisms associated with direct assembly or
preparation of product prior to sealing of the filled con-
tainers. The number of sample sites and frequency of
monitoring are generally greater than that monitored
for established terminal sterilization processes. Air,
water, personnel, compressed gases, floors, walls, ma-
chinery, and other surfaces within the filling room are
routinely monitored. Adequate environmental control
is an integral part of the aseptic manufacturing process
and a critical factor in contributing to sterility assur-
ance. A review of the routine environmental control data
should be included in the manufacturing documenta-
tion for aseptically filled products.

4.1.3 Isolation Technology

The environmental control program for aseptic filling
isolator systems may be similar to that used for a con-
ventional aseptic filling operation with the exception
of surface and personnel monitoring. After sufficient
data is collected, routine surface and air monitoring may
not be warranted if a validated sanitization cycle exists

for the interior surfaces of the isolator. However, par-
ticulate air sampling might be performed routinely if
the product might be adversely affected by higher than
normal environmental particulate levels. Surface moni-
toring may be used during initial validation runs to sup-
port the effectiveness of the sanitization cycle and main-
tenance of clean isolator surfaces between sanitization
cycles. If surface monitoring is performed, it should be
done after the completion of filling so as to not introduce
any extraneous contamination or residual growth media
during the filling operation. Monitoring of personnel is
not required for isolator systems, however, monitoring of
isolator gloves/half-suits should be considered.

4.2 Water Monitoring

Water is a widely used substance, raw material, or in-
gredient in the production, processing, and formulation
of many pharmaceutical products. Control of the mi-
crobial quality of water is of great importance in the
pharmaceutical manufacturing facility since it may be
used for formulating product, as well as for various
washing and rinsing processes. Once a water system is
validated and shown to be in a state of control, appro-
priate samples should be taken from the holding and
distribution system to assess the microbiological qual-
ity of the water for its intended use. As pointed out in
other sections of this report, there are many consider-
ations in establishing an appropriate site for sampling
(e.g., facility design, line configurations, validation
data, process, historical data, test methodology, etc.).
For additional information, see the Appendix C.

In the United States, the source or feed water should
meet the requirements of the National Primary Drink-
ing Water Regulations (NPDWR) (40 CFR 141) issued
by the Environmental Protection Agency (EPA). There
is a corresponding EU drinking water standard. These
requirements ensure the absence of coliforms.

Note: the plate count methodologies described below
were obtained from the Standard Methods for the Ex-
amination of Water and Wastewater, 19th edition.

It is recognized, however, that other combinations of
media, time, and temperature of incubation can be ap-
propriate. Recommended methodologies from “Water
for Pharmaceutical Purposes” general information chap-
ter <1231> of USP 24 are described below.
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Drinking Water (City Water and Potable Water)

Residual chlorine in the potable water needs to be neu-
tralized with sodium thiosulfate.

Sampling - Collect samples in a manner consistent with
manufacturing practices. For example, if use points are
routinely flushed prior to use, it is appropriate for
samples to be collected with the same flush cycle. On
the other hand, if use points are not normally flushed,
there should be no flush prior to sample collection. It is
also recommended to sample through hoses and not
directly from the tap if manufacturing practices require
the use of hoses. Do not sample from leaking taps (leak-
ing taps should be repaired prior to use for processing
and testing). Carefully choose distribution system
sample locations to demonstrate microbiological qual-
ity throughout the distribution system. Start microbio-
logical examination of water promptly after collection.
If immediate processing is not possible, refrigerate
samples at 2° - 8°C upon receipt in the laboratory. Time
elapsing between collection and examination generally
should not exceed 24 hours.

Similarly, purified water and water for injection sys-
tems should be monitored at sufficient points and with
sufficient frequency to ensure appropriate microbiologi-
cal quality is maintained throughout the system and at
all points of use.

4.3 Compressed Gas Monitoring

The use of compressed air and compressed gas in asep-
tic environments may adversely affect the environmen-
tal conditions if appropriate precautions, routine test-
ing and critical controls are not designed into the sys-
tem. The following points should be considered:

• Compressed gases used to pressurize or blanket
product in sterile holding tanks should be intro-
duced via hydrophobic vent filters and monitored
at a frequency that assures that the gas does not
challenge the bacterial retention of the filter.

• Compressed air/gas that is used in aseptic environ-
ments should be filtered through sterilizing-grade
filters and tested on a frequency that assures that the
air/gas does not adversely effect the environment.

• All compressed air connections which do not af-
fect the air to the workspace should be monitored

with less frequency, however, any connection which
introduces air to the environment should be moni-
tored on a frequency as to assure the conditions of
the environment class.

• A medium used for evaluation and incubation and
rendering evaluations should follow the standard
practice as is done for normal monitoring sites.

4.4 Air Monitoring

A comprehensive environmental monitoring program
should include routine monitoring of both viable and
non-viable airborne particulates. Viable particulates are
generally of most concern in sterile product manufac-
turing environments, however, non-viable particulates
should also be monitored as a reliable indicator of the
proper function of the environmental control systems.
Viable bacteria derived from people are typically asso-
ciated with skin flakes, so higher non-viable particu-
late counts may be indicative of increased viable counts.
Current techniques for monitoring viable particulates
in air are limited by: (a) the equipment available, (b)
the time necessary to demonstrate the presence of mi-
croorganisms in the sample of air taken, (c) the inabil-
ity to re-sample the environment in a timely fashion
when results warrant, and (d) difficulties in continu-
ously monitoring the environment due to considerations
such as drying out of the culture media.

Although the use of high efficiency particulate air
(HEPA) filters to remove particles from the air is a very
effective way to reduce the particle load in an environ-
ment, especially under static conditions, normal activ-
ity levels of equipment and people in a room may greatly
reduce their effectiveness. People are a major contribu-
tor of viable and non-viable particulates to the envi-
ronment. The intent of an airborne environmental moni-
toring program is to determine if there are viable and/
or non-viable airborne particulates in locations that
would allow them to settle on product contact surfaces
and thereby find their way into process intermediates
or final product. FDA expects monitoring under dynamic
conditions (1), however outside of the United States,
static monitoring may be necessary in addition to dy-
namic monitoring to satisfy regulatory requirements.

(1) Roscioli, Nancy A., Carolyn A. Renshaw, Alicia A. Gilbert, Chris-
tina F. Kerry, and Peter G.Probst, “Environmental Monitoring Con-
sideration for Biological Manufacturing,” BioPharm, pp. 32-40, Sep-
tember, 1996.



For most older-model samplers, the sampling volume
is less than one cubic meter. A sampling volume of ten
cubic feet is considered insufficient in Europe. Many
of the newer model samplers are also capable of sam-
pling one cubic meter.

4.4.1 Non-Viable Monitoring

Monitoring of non-viable airborne particulates is a nec-
essary component of an environmental monitoring pro-
gram. Such monitoring demonstrates control of poten-
tial contaminants in the environment to which the prod-
uct, during the manufacturing process, is exposed. Clas-
sification of production areas is generally made based
upon the level of non-viable particulates in the air.

Federal Standard 209E describes, in detail, classifica-
tion of air cleanliness for clean-rooms and clean zones
based on specified concentrations of airborne particu-
lates. It prescribes methods for verifying air cleanli-
ness in the traditional particulate size range(s) and also
with respect to ultra-fine particles. This document has
been commonly referenced with respect to non-viable
particulate monitoring in the pharmaceutical, biologi-
cal, biotechnology, and medical device industries as
well as the electronics industry. More recent publica-
tions on the classification of air cleanliness are the ISO
14644 series of standards on “Cleanrooms and associ-
ated controlled environments,” and ISO 14698 series
of standards on “Biocontamination in a clean room en-
vironment.” Following the publication of the ISO
14644-1 and 14644-2 standards, Federal Standard 209E
is expected to be retired (as a standard for conducting
business with the US government) by the end of 2001.

The 1987 FDA aseptic processing guide recommends
daily monitoring for non-viables during operations, and
in the United States, monitoring non-viable particles
equal to or larger than 0.5 µm during routine manufac-
turing operations is common (exceptions include asep-
tic powder filling operations). Although monitoring
particles in different size ranges may seem prudent,
particles of 0.5 µm and larger are generally recog-
nized as indicators of environmental contamination.
Requirements outside of the United States may also
include monitoring 5.0 µm particles.

A commonly used monitoring method is optical par-
ticle counting. It is based on the principle of passing an

aerosol through a focused light source, which results in
light scattering from single particles by refraction, re-
flection, and diffraction. In this way, both the size, based
on the intensity of the scattered light, and the number
of particles can be measured simultaneously. This
method provides real-time data on the environment and
provides a useful tool to demonstrate that the environ-
ment remains in a state of control with respect to par-
ticulate contamination.

Selection of an optical particle counter for use in a clean
room or other controlled environment is typically based
on such factors as sensitivity, flow rate, particle size
range, portability, data storage capability, alarm capa-
bility, construction, and sanitization compatibilities.
Although there are technical differences between in-
struments from different manufacturers, it is generally
accepted that these instruments are interchangeable.
However, when switching from one manufacturer’s in-
strument to another’s, it may be prudent to assess
whether a change in alert or action levels is indicated,
due to differences in equipment sensitivity.

In addition to portable particle counters, systems have
been developed for permanent installation in manufac-
turing areas to allow continuous monitoring of the
manufacturing process with centralized data storage and
alarm capabilities.

4.4.2 Viable Monitoring

Microbes in air are generally associated with solid or
liquid particles. These particles may consist of a single
unattached cell or more commonly as clumps of organ-
isms. Organisms may adhere to a dust particle or other
“raft,” or, if unattached, exist as a free-floating particle
suspended in the air. These particles may remain sus-
pended in the air for extended periods of time due to
the local air currents. HVAC systems in controlled en-
vironments are designed to remove these particles
through frequent air changes or with unidirectional air-
flow in critical areas.

Although total particulate determinations can be use-
ful in monitoring air quality in a pharmaceutical,
biotech, biological, or medical device facility, viable
airborne contamination is of primary importance in
manufacturing environments that require control of
bioburden in the final product. This is particularly true
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for aseptic production processes, although it applies to
all production processes requiring control of viable
contaminants in the final product (including those used
to manufacture terminally sterilized products).

4.4.2.1 Sites

The principles previously mentioned for site selection
in Section 3.2 are applicable. However, in addition to
these general considerations for sampling site selection,
there are considerations more specifically aimed at air-
borne monitoring. A monitoring location specified for
critical areas (i.e., Class 100, laminar flow) by the 1987
FDA Guideline on Sterile Drug Products Produced by
Aseptic Processing is not more than one foot away from
the work site, and upstream of the air flow, during fill-
ing/closing operations. It is important to consider air
flow patterns in choosing these critical sampling loca-
tions, as well as the introduction of potential contami-
nants by environmental monitoring personnel, equip-
ment, and practices. The potential for contamination of
the product due to the necessity of monitoring must be
considered and avoided.

Additional monitoring locations should be chosen based
upon a defined rationale for the remainder of the room
in which the process is occurring. This can be based
upon initial validation/qualification sampling of the
environment, personnel flow, and processing activity
levels.

4.4.2.2 Methods

The FDA currently expects active air sampling of envi-
ronments on a routine basis to demonstrate control of
possible viable airborne particulates (see reference, Sec-
tion 4.4). Therefore, although useful in some circum-
stances, passive methods such as settling plates are not
generally recommended for such monitoring programs
in the United States. Generally, quantitative sampling
methods are required, with operating levels being de-
fined per unit volume of air.

Presently, several countries outside the United States
require the use of settling plates as well as active air
sampling. Thus, an airborne monitoring program may
require the use of both active and passive air sampling

methods to satisfy the requirements of the countries in
which the final product will be sold. Settling plates may
also be useful for monitoring isolators or laminar air-
flow cabinets.

4.4.2.3 Equipment

A number of types of viable airborne sampling devices
are currently used routinely in the industry, and others
are available for particular uses such as viable particle
size distribution. The most commonly used types of
equipment will be presented here to attempt to provide
an overview of the advantages and disadvantages asso-
ciated with each instrument. These considerations are,
of course, subject to individual interpretation, special-
ized uses, and application to traditional clean rooms or
to barrier/isolation systems.

Generally, active air samplers are used for monitoring
viable airborne contamination levels in production fa-
cilities. These instruments allow the measurement of
known volumes of air, allowing quantification of air-
borne viable contaminants by unit volume of air.

The most widely used instruments are of the solid cul-
ture medium impaction type. These include the follow-
ing categories and representative instruments:

1) Slit Impactors

Slit-to-Agar (STA) Air Sampler

The slit-to-agar air sampler utilizes a revolving agar
plate at a precise distance from a slit-type orifice to
impinge the air sample (and particles) directly onto
the surface of a solid nutrient collection medium.

Advantages:

• Measures a large volume of air

• Time-concentration relationship is available

• Remote sampling probe can be used

• Can be used for sampling compressed gases

Disadvantages:

• Equipment is large and cumbersome

• Some equipment cannot be steam sterilized

• Some systems require 150 mm agar plates



2) Sieve Impactors

Surface Air Sampler

The SAS air samplers operate on the principle that
air is drawn into the unit by means of an impeller, is
drawn over the surface of a contact plate, and is ex-
hausted.

Advantages:

• Convenience

• Speed

• Portability and flexibility

• Self-contained power supply

• Perforated cover plate can be steam sterilized

• Measures a large volume of air

• Uses standard contact plates

• Airflow can be calibrated

Disadvantage:

• Equipment is somewhat cumbersome

Surface Vacuum Sampler

This sampler utilizes a simple stainless steel cham-
ber containing a Petri dish filled with nutrient col-
lection medium. An air sample (and particles) is
drawn across the surface of the plate using a vacuum
source, thereby depositing the particles onto the sur-
face of the solid medium. A centrally installed sys-
tem and a portable system are also available.

Advantages:

• Small size allows relatively easy placement along
filling lines and in small areas and enclosures

• Entire sampling unit can be steam sterilized

• Can be used for sampling compressed gases

• Can be remotely placed in small isolators

• Airflow can be calibrated

• Able to sample large volume of air

Disadvantage:

• Equipment is somewhat cumbersome (with vacuum
source)

3) Centrifugal Impactors

Centrifugal Samplers

These air samplers operate on the principle that air is
drawn into the unit by means of an impeller and the
particles are deposited on the surface of a solid nutri-
ent collection medium (strip) by centrifugal force.

Advantages:

• Convenience

• Speed

• Portability and flexibility

• Self-contained power supply

• Head assembly can be steam sterilized

• Measures a large volume of air

• Airflow can be calibrated

Disadvantages:

• Single source for media strips

• Direct calibration of sampling volume not possible

• Laboratory handling of media strips is atypical (i.e.,
requires more handling inserting and removing the
strip into the head)

• Potential disruption of laminar airflow by turbu-
lent input and exhaust air

4) Filtration

This method uses an air sampler which employs a
vacuum source to draw air through a filter where par-
ticles are collected on the filter.  The filter is asepti-
cally removed for culturing in the laboratory on an
appropriate nutrient medium.

Advantages:

• Measures a large volume of air

• Wide choice of filter media and pore sizes avail-
able

• Use of gelatin membrane filters may be useful to
overcome desiccation of collected microorganisms

• Filter holder is sterilizeable
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• Airflow can be calibrated

• Usable in isolators

Disadvantages:

• Membranes with collected samples must be placed
on nutrient media for enumeration of viable mi-
croorganisms

• Equipment is somewhat cumbersome

5) Liquid Impingement

In this method, air is delivered through a tube whose
outlet is submerged beneath a liquid collection me-
dium. Viable particles are impacted into the liquid
medium while the gas phase rises and is removed from
the system.

Advantages:

• Allows samples with high viable counts since liq-
uids can be diluted before sampling

• Allows choice of collecting medium such as Phos-
phate Buffered Saline (PBS) or media (media may
require anti-foaming agent)

• Measures vegetative cells and spores

• Vegetative cells are more apt to survive in the liq-
uid media

• Inexpensive

Disadvantages:

• High velocity impingement could destroy vegeta-
tive cells

• Sample handling may cause contamination

• Breakable glass components

6) Settling Plates or Liquid Media

This method involves the use of settling or fallout
plates. There is a minimum and maximum time for
use that must be determined/qualified. This method
of air sampling utilizes a simple system of solid nu-
trient collection medium in a Petri dish, which is di-
rectly exposed to environmental conditions. Particles
in the air settle out on the agar surface where they
can be counted directly, after incubation. In general,
settling plates are used in conjunction with active
(volumetric) air sampling to yield a broader picture
of the environment.

In the settle bottle, a liquid medium is used rather
than an agar, which minimizes desiccation during ex-
tended sampling times. With the advent of isolation
technology, the use of settling plates and bottles are
becoming more prevalent due to their smaller size.

Advantages:

• Ease of use

• Economical

• Virtually any media can be used

• Small size allows relatively easy placement along
filling lines and in small areas and enclosures such
as biosafety hoods

• Allows “continuous” monitoring over prolonged
periods of time by changing plates

• No power connection required

• Settle bottles are essentially impervious to poison-
ing by sterilizing gases used in isolators

Disadvantages:

• Generally considered semi-quantitative at best for
settle plates, (+) or (-) for settle bottles

• Microbial count cannot be correlated with air vol-
ume

• Particle deposition is affected by the size of the par-
ticles, temperature, and flow/volume of air pass-
ing across its surface

• Plates can desiccate if left exposed for too long a
period

4.4.3 Surface Monitoring

4.4.3.1 Introduction

In addition to conducting viable air monitoring to de-
termine the microbial bioburden surrounding the manu-
facturing operations, surface monitoring is conducted
to determine the microbial bioburden of surfaces within
the manufacturing area as well as on equipment and
product contact surfaces.

4.4.3.2 Methodology/Test Method

The method of testing should be considered when the
sampling plan is established. Care should be taken to
consider the limitation in accuracy and reproducibility



when choosing a method; influential factors include
suitability for the surface type, criticality of the sur-
face, and the type of information provided. The type of
media used will influence the detection of representa-
tive flora from the sample site. Neutralizers may be
added in the media to inactivate surfaces treated with
chemical disinfectants.

The basic methods include contact plates, swabs and
surface rinses. Each provides data that can be used to
determine the impact (if any) on product quality. Test-
ing methods can provide qualitative or quantitative in-
formation. Also, the accuracy of the sampling is im-
pacted by the collection and handling of samples so
proper training is essential to an effective sampling and
testing program.

4.4.3.2.1 Contact Plates

Contact plates are commonly used because they are easy
to use and they provide quantitative results. The plates
are typically 50mm in diameter and are filled so that
the media forms a dome. The media may contain a neu-
tralizing agent, depending upon its intended use. The
surface of the media is pressed against a flat surface,
resulting in a sampled area of approximately 25 cm2.
The sample plate is then placed in the incubator for the
required period of time. Colonies, if present, are counted
at the end of the incubation. Some of the disadvantages
of this method are: (a) it is not suitable for irregular
surfaces, (b) if the media is wet, microorganism
confluence can occur, and (c) media residue must be
removed from the sample site.

4.4.3.2.2  Flexible Films

Media can be deposited on a flexible substrate which
can be used in an identical manner to that employed for
contact plates. These films can also provide a defined
sampling area. The surface of the media is pressed
against a flat surface. The exposed film is then placed
in the incubator for the required period of time. Colo-
nies, if present, are counted at the end of the incuba-
tion. Some of the disadvantages of this method are:

(a) it is not suitable for irregular surfaces, (b) if media
is wet, microorganism confluence can occur, and (c)
media residue must be removed from the sample site.

4.4.3.2.3  Swabs

This method is employed for equipment and irregular
surfaces for which contact plates are not suitable. This
method can be used on flat surfaces, provided a tem-
plate is used to define the sample size – usually ap-
proximately 2 inches x 2 inches (approximately 25 cm2).

Types of swabs that can be used for this method in-
clude cotton, Dacron™, and calcium alginate materials
with the appropriate diluent. The cotton and Dacron™
swabs can be used to provide qualitative results by plac-
ing the used swab into broth media. They also can be
used quantitatively and allow for diluting highly con-
taminated samples. Calcium alginate swabs, used with
transport media, allow for the dissolving of the swab
fiber, thus releasing the organisms into the solution for
plating. Quantitative samples can be tested by the pour
plate or membrane filtration method. Some disadvan-
tages to this method are: (a) technique and sampling
can affect results, and (b) requires manipulation to cul-
ture the sample.

4.4.3.2.4  Surface Rinse Method

This method is best used for large surface areas where
the interior surface bioburden needs to be determined.
This includes kettles, equipment trains, and tanks. Ster-
ile water is typically the fluid that comes in contact with
the interior surfaces; it is then collected and tested by
membrane filtration to yield a quantitative result. Some
disadvantages are: (a) it is not suitable for many appli-
cations, (b) it requires extensive manipulations, and (c)
techniques and sample processing can affect results.

Surface monitoring is a critical part of a viable envi-
ronmental monitoring program that is employed to en-
sure the effective control of the aseptic processing area.
The design of the program requires knowledge of the
process in order to provide a meaningful sampling plan.
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4.5    Personnel Monitoring

4.5.1    Description

Personnel are a primary source of contamination in an
aseptic environment. It is therefore essential that all
employees entering an aseptic environment be carefully
selected and adequately trained so they can perform
their required tasks in a well-disciplined manner. This
training should include personal hygiene, an introduc-
tion to microbiology, aseptic techniques, and gowning.
After an individual has been trained, routine microbio-
logical monitoring of garments and finger impressions
should be completed to assess the ongoing practice of
aseptic technique.

4.5.2   Training/Certification of Personnel for
  Aseptic Manufacturing Area

Training/certification of aseptic area personnel may
include but is not limited to, the following subject areas:

a.Personal hygiene/habits

• Cleanliness of hair, skin, fingernails, and clothing

• No make-up, nail polish, sculptured fingernails,
glue-on nails, gum, candy

• No eating, drinking, chewing, or smoking

b. Illness

• Report all colds, flu, infections, wounds, or sun-
burn

• Report all disease or chronic skin conditions

c. Clothing

• Dedicated plant or area uniforms required

• No watches or protruding jewelry

• Protective clothing required

d. Introduction to microbiology

• Common sources of microorganism types

e. Introduction to aseptic techniques

f. Gowning practices

• Personnel are documented to properly gown (i.e.,
not add contamination) via gowning certification.

• Gowning certification may include additional
sampling sites beyond those routinely monitored
– the forehead, mask, neck area, back of head,
garment zipper, arms, fingers.

• Routine monitoring may include garment
samples from both forearms, and finger impres-
sions from both hands. Overall profiles may also
be evaluated.

g. Participation in media fills to demonstrate aseptic
skill level.

All training and certification activities should be docu-
mented and kept as part of the employee file.

4.5.3   Retraining

Gowning Certification
If samples from garment or finger impressions (dabs)
exceed the alert/action level, the employee should be
retrained on all appropriate procedures and re-certi-
fied before entry into the aseptic area is approved.

Routine Monitoring
If samples from garment or finger impressions ex-
ceed the action level, it may require that the employee
should be retrained on appropriate procedures and re-
sampled at the earliest possible time. If a trend of
over alert/action level occurrences develops, further
corrective action, which may include complete re-cer-
tification or reassignment to new duties outside the
aseptic area, may be considered.

Annual retraining and re-certification should occur for
all employees required to work in an aseptic environ-
ment. In addition, all employees involved in aseptic
manufacturing should participate in a process simula-
tion test (media fill) at least annually. All retraining and
re-certification activities should be documented and
kept as part of the employee file.

4.6 Product or Component Bioburden

Product or component bioburden monitoring is not con-
sidered part of all environmental monitoring programs.
Bioburden testing is performed on a non-sterile prod-
uct to determine its microbial load. The intended use



of the product, the nature of the product (growth pro-
moting product which is held during processing), or the
manufacturing process used may dictate the establish-
ment of acceptance levels and the exclusion of objec-
tionable microorganisms. Listed below are some fac-
tors that may impact product or component bioburden:

• Raw material source: Bioburden may range from
very high (derived from natural sources) to zero.

• Water: It is often the highest volume raw material
in product formulations.

• Components: Various grade glass or plastic compo-
nents can be obtained either sterile or non-sterile.

• Manufacturing environment: It should not adversely
affect product quality.

• Processing of formulation: Formulations incorpo-
rating filtration steps or requiring heating for dis-
solution may reduce bioburden. Other manufactur-
ing steps such as timed storage at ambient tempera-
ture may increase bioburden.

• Equipment: The equipment used and its level of
cleanliness will impact final product bioburden.

• Antimicrobial activity: The presence of preserva-
tives and the antimicrobial properties of the raw
materials used will determine the formulation sus-
ceptibility to contamination.

• Water activity: Water activity (a determinant in pre-
servative selection) is an indicator of formulation
susceptibility to contamination.

4.6.1 Determination of Product or Component
Bioburden

Product or component bioburden levels may be deter-
mined through various test methods. Some methods are
listed below:

Pour plating
Spread plating
Membrane filtration
Most Probable Number (MPN)
Automated rapid microbiology systems

The test method used will be based on the level of sen-
sitivity necessary to: (a) meet the established accep-

tance criteria, and (b) neutralize any anti-microbial
property that may be inherent to raw materials or as a
result of added preservatives. Some automated rapid
microbiology systems give higher counts than manual
methods, since they may include counts of non-
culturable or injured organisms.

All relevant factors must be considered when establish-
ing acceptance criteria for product and component
bioburden. An acceptable bioburden level is that which
does not adversely affect product quality.

For many terminally sterilized products, bioburden
counts alone do not provide sufficient information. It
also may be necessary to assess the thermoresistance,
or D-value, of the bioburden. Total bioburden counts
that are within limits may cause a significant problem
if the bioburden exceeds the thermoresistance antici-
pated for the sterilization model.

D-values can be determined using sophisticated equip-
ment (thermoresistometer) with square wave heating,
with heat-up and cooling times less than or equal to 10
seconds. For routine screening of bioburden, a heat
shock or boiling water test can be used to rule out the
presence of organisms exceeding a predetermined D-
value.

4.6.2 Parametric Release and Bioburden

The acceptance of parametric release by the FDA in
1985 increased the importance of bioburden testing,
characterization, and resistance of recovered microor-
ganisms. FDA Compliance Policy Guide 7132a.13 issued
in 1987 details the necessary criteria for parametric
release. As defined in the policy guide, parametric re-
lease is a sterility release procedure based upon effec-
tive control, monitoring, and documentation of a vali-
dated sterilization process cycle in lieu of release based
upon end-product sterility testing.

Major emphasis is placed on the resistance of recov-
ered spore formers. Recovered spore formers with
greater resistance than the indicator organism used in
the cycle validation would render the batch non-sterile
in terms of the guidance.
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4.6.3 In-Process Testing

In-process environmental monitoring samples may be
taken to evaluate:

• The ability of the equipment to perform within
specified environmental quality standards

• Operator ability to maintain area cleanliness dur-
ing process operations

• Effectiveness of cleaning for the facility and its
equipment

This monitoring is typically performed in areas and
during operations where product is potentially exposed
to environmental or operator contamination, however,
it is not always included for closed systems since the
results may not have a correlation to product impact.

Process-related monitoring may include surface and air
sites near aseptic connections or product transfer steps.
The manufacturing operations monitored may occur in
an open room, under laminar flow, or within a “closed”
system. Sites should be chosen to demonstrate process
integrity in both “open” and “closed” processes. Sample
sites and levels also should be chosen to provide mean-
ingful data about a given operation. As an example, non-

viable particle counts taken during loading of powdered
media into a vessel in a Class 100,000 area may not
provide data that is indicative of process quality. Non-
viable particle counts taken during aseptic processing op-
erations (excluding powders) in Class 100 areas may pro-
vide more valuable information about process control.

The subsequent purification/bioburden reduction steps
in a process may also impact the degree to which in-
processing testing is warranted. Test frequencies for
batch-related, in-process monitoring may differ from
those for routine area monitoring. In many cases, envi-
ronmental monitoring performed in conjunction with
batch production activities may fulfill the requirements
for routine area monitoring.

Surface and viable air samples that select for the host
organism may be appropriate in a fermentation/recov-
ery process area. This data may help to demonstrate
process integrity and/or cleaning effectiveness during
a product changeover.

The following table describes examples of different ac-
tivities and possible sampling locations. The table is
not meant to be all inclusive.
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PROCESS

• Fermentation/Primary
Recovery

• Purification

• Formulation

• Filling and Finishing
Operations

Process-related environmental monitoring activities and locations.

PROCESS ACTIVITIES TO
CONSIDER MONITORING

• Inoculation of inoculum scale-
up vessels

• Inoculation of fermenter
• Homogenization of harvest

material
• Product transfer operations

(harvest of product)

• Loading of process vessels,
chromatography columns

• Collection of fractions
• Pooling of fractions

• Loading of formulation vessel
• Addition of components

during formulation
• Sterilizing filtration process

• Before filling (pre-fill)
• Fill line set-up
• During filling
• Mechanical intervention

on fill line
• Loading of lyophilizer
• After filling (post-fill)

LOCATIONS TO MONITOR

• Connection points on transfer lines
• Near seals and gasket on fermenter
• Near pistons on homogenizer
• Near centrifuges
• Sterile additions/sampling ports

• Air and surfaces near process activities
where the product is exposed to the
environment

• Bench of laminar flow unit
• Near fraction collection unit
• Loading port of chromatography column

or ultrafiltration skid

• Opening of formulation vessel
• Point of aseptic connection from formula-

tion vessel to sterile bulk tank

• Fill room and adjacent support rooms
which constitute the aseptic suite

• Fill line at set-up during interventions
• Areas of operator activity
• Fill line during filling
• Near container staging
• At the filling nozzles
• Near the stoppering mechanism
• At the lyophilizer loading door
• HEPA-filtered transfer carts
• Fill line and aseptic suite surfaces

post-fill
• Operator gowns and gloves at end of

shift; include janitorial staff
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4.7 Environmental Monitoring During Routine
Sterility Testing

Background
Sterility testing facilities should be designed and oper-
ated in an equivalent manner to aseptic processing ar-
eas. Environmental monitoring should be conducted in
an active mode during each shift, with alert and action
limits set that are comparable to those used in aseptic
process areas in the manufacturing plant. Monitoring
should be conducted to demonstrate continuous micro-
bial contamination control, consistent technician per-
formance and to obtain information concerning the pos-
sible source of the microorganisms associated with ste-
rility failures.

Air Monitoring
Options include active samplers and/or settling plates.
Air settling plates may be exposed on the work area
during the sterility testing.

Surface Monitoring
The work surface and items that are not terminally ster-
ilized should be routinely monitored using contact plates
or surface swabs.

Personnel Monitoring
Gloves and gowns of personnel conducting the sterility
tests should be routinely monitored.

Trend Analyses
In general, the recommended guidelines for Class 100
aseptic processing area can be employed as action lev-
els. Alert levels may be set using historic monitoring
data. Trend analysis should be undertaken by sterility
test location and sampling site. Corrective action, in
terms of review of environmental controls, sanitization,
and technician training should be standardized in re-
sponse to out-of-trend results. The environmental moni-
toring data should be compared to the first-stage steril-
ity failures by sterility test location, product, and steril-
ity testing technician.

5.0 VALIDATION/QUALIFICATION OF
ENVIRONMENTAL MONITORING
SYSTEMS

Under the scope of environmental monitoring, valida-
tion/qualification is required for classified environments

and clean utilities, such as compressed gases and high
purity water systems, depending upon the intended use.
The specific validation requirements are specified in
many regulatory and industry guidelines. For this docu-
ment, validation and qualification are considered syn-
onymous.

The validation requirements, including acceptance cri-
teria, are typically described in procedures that are spe-
cific for each process or system being validated. An
overview of some validation considerations is included
in this section.

When the process or equipment design is changed or
replaced, a partial or full validation may be required
before the process can resume. Routine monitoring usu-
ally can continue under the same conditions as those
under the original validation. Some companies choose
to perform periodic revalidation or requalification, while
others manage through a change control process to de-
termine when revalidation is required.

5.1 Environment/HVAC Systems

Testing of classified environments within which the
aseptic filling process is performed is divided into two
basic types: static and dynamic. Environmental valida-
tion testing under static and dynamic conditions is per-
formed to determine the ability of the system to pro-
vide an environment of acceptable quality.

The static condition provides for the monitoring of the
area with all HVAC systems in operation, with all equip-
ment in place, and with no personnel present. Perfor-
mance tests executed under static conditions serve as
baseline information to demonstrate that the areas can
maintain a high quality environment with no personnel
activity. Static testing also ensures that the environment
is of acceptable quality prior to dynamic testing.

Testing under dynamic conditions provides for the moni-
toring of the area with all HVAC systems in operation,
equipment in operation, and operational personnel
present. The dynamic testing demonstrates that the area
can maintain a high quality environment during routine
manufacturing conditions. Prior to validating the com-
plete environment/HVAC system, it is assumed that the



individual pieces of HVAC equipment have been vali-
dated.

Typical tests include:

a. Cleaning and sanitizing/disinfecting procedures uti-
lize microbial surface monitoring to evaluate the
effectiveness of the cleaning procedure to reduce
the microbial level. (Cleaning and sanitization may
be validated either separately or as part of the same
protocol.)

b. Airborne non-viable particle count testing is per-
formed to demonstrate that the manufacturing en-
vironment is maintained at a particle count level
within the specified limits under both static and
dynamic conditions.

c. Airborne viable particle count tests are performed
to demonstrate that the airborne bioburden is within
specified levels under both static and dynamic con-
ditions.

Additional tests may be performed to verify the correct
operation of the HVAC system and of the clean room.

5.2 Utilities

Utility systems are usually qualified initially and again
when a substantial change has taken place. Since most
companies trend the data from these systems on an on-
going basis, periodic requalification is frequently not
performed. Alternatively, there are periodic reports as-
sessing the trending data.

5.3 Validation of Aseptic Processes – Media Fills
(Process Simulation Tests)

Media fills are useful in assessing the quality and pro-
cess capability of aseptic process conditions and tech-
niques in the manufacture of drug and diagnostic prod-
ucts by simulating aseptic processing, using microbio-
logical growth media in place of product. Media fills
are a good way to assess the total system for produc-
tion and environmental monitoring.

Initial performance qualifications are conducted to vali-
date new products, processes, or changes to filling op-
erations. Initial process simulation tests should be per-

formed after equipment qualification and sterilization
validation is completed. Environmental monitoring data
must also show that the room is functioning in the de-
sired level of control. At least the same level of envi-
ronmental monitoring performed for production should
be performed during a media fill. Some regulatory agen-
cies have specified detailed lists of environmental data
to be collected during the media fill.

Routine performance requalifications are required to be
performed for each aseptic process and filling line as
well as each container/closure system. Typically, rou-
tine media fills are performed at least every six months.
All personnel who may be in an aseptic area should take
part in a process simulation test at least annually. Ef-
fective aseptic processing programs need to address the
following:

• Worst Case/Interventions

• Media Growth Promotion Testing

• Incubation duration, temperature, and orientation
of filled units

• Documentation

• Acceptance Criteria

• Investigation and Corrective Actions

For additional details, the reader is referred to PDA
Technical Report No. 22, “Process Simulation Testing
for Aseptically Filled Products,” PDA Technical Report
No. 24, “Current Practices in the Validation of Aseptic
Processing – 1996,” PDA Technical Report No. 28,
“Process Simulation Testing for Sterile Bulk Pharma-
ceutical Chemicals,” the 1987 FDA Guideline on Ster-
ile Products Produced by Aseptic Processing, and the
1994 FDA Guidance for Industry for the Submission of
Documentation for the Sterilization Process Validation in
Applications for Human and Veterinary Drug Products.

6.0 CONCLUSION

The Task Force believes that this document can assist the
reader in establishing the fundamentals of an environmen-
tal monitoring program related to facility control and com-
pliance. Its intent was to serve as an aid in setting up a
meaningful, manageable and defendable program.
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NOTES:



7.0 BIBLIOGRAPHY

1. Abdou, M. A. F., “Determination of Airborne Mi-
croorganisms in a Pharmaceutical Plant using Stan-
dard, Elective and Selective Culture Media,”
Pharm. Tech. 4: 93-100, (1980).

2. Agalloco, J. P. and B. M. Gordon, “Current Prac-
tices in the Use of Media Fills for the Validation of
Aseptic Processing,” J. Parenter. Sci. Technol., 41:
128-141, (1987).

3. Anderson, A. A., “New Sampler for the Collection,
Sizing, and Enumeration of Viable Airborne Par-
ticles,” J. Bacteriol., 76: 471-484, (1958).

4. Angelotti, R., J. L. Wilson, W. Litsky, and W. G.
Walter, “Comparative Evaluation of the Cotton
Swab and RODAC Methods for the Recovery of Ba-
cillus subtilis spore Contamination from Stainless
Steel Surfaces,” Health Lab. Sci., 1: 289-296, (1964).

5. Avallone, H. L., “Clean Room Design, Control and
Characterization,” Pharm. Eng., 46: 33-34, (1982).

6. Avallone, H. L., “Control Aspects of Aseptically
Produced Products,” J. Parenter. Sci. Technol., 39:
75-79, (1985).

7. Bacteriological Analytical Manual (BAM) for
Foods, Chapter IV, Aerobic Plate Count, Food and
Drug Administration, (Aug. 1978).

8.Bailey, P. V. and R. Hodgson, “Monitoring the
Causes of Clean Room Contamination,” Man.
Chem. Aerosol News, 65, Sept. 1979.

9. Berry, J. M., D. A. McNeill, and L. D. Witter, “Ef-
fect of Delays in Pour Plating on Bacterial Counts,”
J. Dairy Sci., 52: 1456, (1969).

10. Bond, R. G., M. M. Halbert, K. M. Keenan, H. D.
Putnam, O. R. Ruschmeyer, and D. Vesley, “De-
velopment of a Method for Microbiological Sam-
pling of Surfaces, with Special Reference to Reli-
ability,” Final report under contract PH-86-182,
Division of Hospital and Medical Facilities, Bu-
reau of State Services, Public Health Service, U.S.
Department of Health, Education and Welfare,
Washington, DC, (1963).

11. Brachman, P. S., et al., “Standard Sampler for Assay
of Airborne Microorganisms,” Science, 144: 1295,
(1964).

12. Cannon, R. Y., et al., “Microbiological Tests for
Equipment, Supplies and Water,” Standard Meth-
ods for the Examination of Dairy Products, 13th
ed., J. Hausler, Ed., Am. Publ. Health Assoc., pp.
188-194, (1965).

13. Cole, W. R. and H. R. Bernard, “Quantitative Air
Sampling,” Surgery, 51: 658-662, (1962).

14. Committee on Microbial Contamination of Surfaces
of the Laboratory Section of the American Public
Health Association, “A Cooperative Microbiologi-
cal Evaluation of Floor-Cleaning Procedures in
Hospital Patient Rooms,” Health Lab. Sci., 7: 256-
264, (1970).

15. Collings, C. H., and P. M. Lyne, Microbiological
Methods, Univ. Park Press, Baltimore, MD, (1970).

16. Cox, C. S., The Aerobiological Parkway of Micro-
organisms, John Wiley and Sons, Inc., New York,
NY, (1987).

17. Cundell, A. M., R. Bean, L. Massimore, and C.
Maier, “Statistical Analysis of Environmental
Monitoring Data: Does a Worst Case Time for
Monitoring Cleanrooms Exist?” PDA J. Pharm.
Sci.& Tech. 52(6): 326-330, (1998).

18. Dell, L. A., “Aspects of Microbiological Monitor-
ing for Nonsterile and Sterile Manufacturing Envi-
ronments,” Pharm. Technol., 3: 47-51, (1979).

19. Development of a Method for Microbial Sampling
of Surfaces with Special Reference to Reliability,
Bureau of State Services, Public Health Service,
Dept. of HEW, Univ. of Minneapolis, MN 55455,
(July 1963).

20. “Environmental Microbiology and the Control of
Microbial Contamination,” Spacecraft Sterilization
Technology, NASA SP-108, 51-86, (1965).

28                                                                                                   PDA Journal of Pharmaceutical Science and Technology



Vol. 55, No. 5, September/October 2001, Supplement TR13, Revised                                                                                 29

21. Favero, M., J. J. McDade, J. A. Robertsen, R. K.
Hoffman, and R. W. Edwards, “Microbiological
Sampling of Surfaces,” J. Appl. Bacteriol., 31: 336-
343, (1968).

 22. Fifield, C. W. and T. J. Leahy, Disinfection, Steril-
ization and Preservation, 3rd ed., Lea and Febiger,
Philadelphia, PA, pp. 125-153, (1965).

23. Food and Drug Administration, “Guidance for In-
dustry for the Submission of Documentation for
Sterilization Process Validation in Applications for
Human and Animal Drug Products,” (November
1994).

24. Federal Standard 209E, “Airborne Particulate
Cleanliness Classes in Cleanrooms and Clean
Zones,” Institute for Environmental Sciences,
(1992).

25. Frieben, W. R., “Control of the Aseptic Processing
Environment,” Am. J. Hosp. Pharm., 40: 1928-1935
(1983).

26. Gaison, E. L., “Controlling Microbiological Con-
tamination: Standards, Techniques, and a Case
Study,” Med. Dev. Diag. Ind., 10(2): 34-39, 66,
(1988).

27. Groschel, D. H., “Air Sampling in Hospitals,” N.Y.
Acad. Sci., 0353: 230-240, (1980).

28. “Guideline on Sterile Drug Products Produced by
Aseptic Processing,” FDA Center for Drugs and
Biologics and Office of Regulatory Affairs,
Rockville, MD, 33035, (1987).

29. Hall, L. B. and M. J. Hartnett, “Measurement of
the Bacterial Contamination on Surfaces in Hospi-
tals,” Pub. Health Rep. 79: 1021-1024, (1964).

30. ISO 14644-1, “Classification of air cleanliness,”
International Organization for Standardization,
(1997).

31. ISO 14644-2, “Specifications for testing and moni-
toring to prove continued compliance with ISO
14644-1,” International Organization for Standard-
ization, (2000).

32. Jones, W., K. Morring, P. Morey, and W. Sorenson,
“Evaluation of the Anderson Viable Impactor for
Single State Sampling,” Am. Ind. Hyg. Assoc., 45:
294-298, (1985).

33. Kaye, S. “Efficiency of Biotest RCS as a Sampler
of Airborne Bacteria,” J. Parenter. Sci. Technol., 42:
147-152, (1988).

34. Kraidman, G., “The Microbiology of Airborne Con-
tamination and Air Sampling,” Drug and Cosmetic
Industry, 116: 4045, (1975).

35. Levchuk, J. W. and A. G. Lord, “Personnel Issues
in Aseptic Processing,” Biopharm., 34-40, (Sept.
1989).

36. Lord, T., “Microbes and cGMP,” Pharm. Technol.,
13: 36-38, (1989).

37. Loughhead, H. O. and J. A. Moffett, “Air Sampling
Techniques for Monitoring Microbiological Con-
tamination,” Bull. Parenter. Drug Assoc., 25: 261-
265, (1971).

38. Lu, A., L. J. Alto, and M. G. Prusia, “Reliability of
the Settling Plate Methods in Monitoring Laminar
Air-Flow Benches,” Am. J. Hosp. Pharm., 40(2):
271-273, (1983).

39. Macher, J. M. and M. W. First, “Personal Air Sam-
plers for Measuring Occupations Exposures to Bio-
logical Hazards,” Am. Ind. Hyg. Assoc. J., 45: 76-
83, (1984).

40. McCoy, W. F. and J. W. Costerton, “Fouling Biofilm
Development in Tubular Flow Systems,” Dev. Ind.
Microbiol., 23: 299-324, (1982).

41. McCullough, K. Z., “Environmental Factors Influ-
encing Aseptic Areas,” Pharm. Eng., 7: 17-20,
(1987).

42. McDade, J. J., M. S. Favero, and G. S. Michaelson,
“Control of Microbial Contamination,” NASA Na-
tional Conference on Spacecraft, Sterilization Tech-
nology, Pasadena, CA, (1965).



43. Michaelsen, G. S., O. F. Ruschmeyer, and D. Vesley,
“The Bacteriology of Clean Rooms,” NASA, CR-
890, (1967).

44. Millipore, “Detection and Analysis of Contamina-
tion,” ADM-30, (1965); ADM-40, (1965).

45. Mistalski, T. S. “Microbiological Contamination
Troubleshooting,” Pharm. Eng., 7: 13-16, (1987).

46. “NASA Standard Procedures for Microbiological
Examination of Space Hardware, No. NHB 5340.2,
“National Aeronautics and Space Administration,
Washington DC, 1967.

47. “NASA Standard Procedures for Microbiological
Examination of Space Hardware, No. NHB
5340.1A,” National Aeronautics and Space Admin-
istration, Washington, DC, (1968).

48. “NASA Standards for Clean Rooms and Work/Sta-
tions for the Microbially Controlled Environment,”
NGB 5340.2,” National Aeronautics and Space Ad-
ministration, Washington, DC, p. 21, (1967).

49. “NASA Standard Procedures for the Microbiologi-
cal Examination of Space Hardware, NHB
5340.IB,” National Aeronautics and Space Admin-
istration, Washington, DC, pp. 6-11, (Feb. 1980).

50. Parenteral Drug Association, Inc., “Validation of
Aseptic Filling for Solution Drug Products,” Tech-
nical Monograph No. 2, 11-12, Philadelphia, PA,
1980 (reprinted 1987).

51. Parenteral Drug Association, Inc., “Process Simu-
lation Testing for Aseptically Filled Product,” Tech-
nical Report No. 22, (1996).

52. Parenteral Drug Association, Inc., “Current Prac-
tices in the Validation of Aseptic Processing –
1996,” Technical Report No. 24., (1998).

53. Parenteral Drug Association, Inc., “Process Simu-
lation Testing for Sterile Bulk Pharmaceutical
Chemicals,” Technical Report No. 28, (1998).

54. PDA/IES Joint Conference on Cleanroom and Mi-
croenvironments “Environmental Monitoring of
Viables: Surface Testing the Program and Applica-
tions,” (February 1992).

55. Phillips, G. B., “Sterility Testing Environment:
Equipment and Facilities,” Soc. In Microbiol., Spec.
Publ. 4, (1969).

56. Phillips, G. B. and R. S. Runkle, “Microbiological
Air Sampling,” Biomedical Applications of Lami-
nar Airflow, CRC Press, Cleveland, OH, 39-50,
(1973).

57. Puleo, J. R., M. S. Favero, and N. J. Peterson, “Use
of Ultrasonic Energy in Assessing Microbial Con-
tamination on Surfaces,” Appl. Microbiol., 15:
1345, (1967).

58. Quality Control Reports, “The Gold Sheet,” F-D-
C Reports, Inc., Chevy Chase, MD, Vol. 18: No.
11, (Nov. 1984).

59. Quison, R., I. W. Gibby, and M. J. Foster, “A Neu-
tralizing Medium for Evaluating the Germicidal Po-
tency of the Quaternary Ammonium Salts,” Am. J.
Pharm., 320-323, (1946).

60. “Recommended Practice for Testing Clean Rooms,”
Institute of Environmental Sciences RP-CC-006.2,
Mount Prospect, IL, (1997).

61. Richard, J., “Observations on the Value of a Swab
Technique for Determining the Bacteriological State
of Milking Equipment Surfaces,” J. Appl. Bacteriol.
49: 19-27, (1980).

62. Russel, M. P., R. N. Purdie, J. A. Goldsmith, and I.
Phillips, “Computer-assisted Evaluation of Micro-
biological Control Data,” J. Parenter. Sci. Technol.,
38: 98-102, (1984).

63. Salo, S. A., Laine, S., Alanko, M. Sjoberg, and G.
Wirtanen, “Validation of the microbiological meth-
ods Hygicult Dipalide Contact plate and swabbing
in surface hygiene control: A Nordic collaborative
study,” J. AOAC Intl., 83(6):1357-1364, (2000).

30                                                                                                   PDA Journal of Pharmaceutical Science and Technology



Vol. 55, No. 5, September/October 2001, Supplement TR13, Revised                                                                                 31

64. Sorenson, R. L., “Contamination Control in Phar-
maceutical Manufacturing,” Contamination Control
Seminar, (Jan. 22-24, 1986), Chicago, IL.

65. Sorenson, R. L. “Contamination Control in Phar-
maceutical Manufacturing,” Proc. 32nd Annual
Technical Meeting of the Institute of Environmen-
tal Sciences, pp. 565-567, (1986).

66. Standard Practice for Establishing Performance
Characteristics for Counting Methods in Bacteri-
ology, ASTM #D3870-79, (1979).

67. Standard Procedures for the Microbial Examina-
tion of Space Hardware, NASA Planetary Quaran-
tine Office, Andrew D. Eaton, Lenore S. Clesceri,
Arnold E. Greenberg, editors, (June 1966).

68. Sykes, I. K., “Microbial Aspects of Environmental
Control in the Manufacture of Pharmaceuticals, Part
2,” Br. J. Pharm. Pract., 5: 7-13, (1983).

69. Tetzlaff, R., “Regulatory Aspects of Aseptic Pro-
cessing,” Pharm. Technol., 8: 39-44, (1984).

70. Tsuji, K., “Evaluation of Environmental Monitor-
ing for Steri le Pharmaceutical Production,”
Automat. Microbiol. Immuno., 157-167, (1975).

71. Turner, A. G. and N. F. Hill, “Calibration of the
Anderson 2000 Disposable Air Sampler,” Am. Ind.
Hyg. Assoc., 36: 447-451, (1975).

72. Tyler, M. E., E. L. Shipe, and R. B. Painter, “Bac-
terial Aerosol Sampler,” I. “Development and
Evaluation of the All-Glass Impinger,” II. “Devel-
opment and Evaluation of the Ship Sampler,” III.
Comparison of Biological and Physical Effects in
Liquid Impinger Samplers,” Appl. Microbiol., 7:
337-362, (1959).

73. United States of America v. Bioclinical Systems,
Inc., et al., Civ. No. JFM-87-401, U.S. District
Court, D. Maryland, (June 29, 1987).

74. United States Pharmacopeial Forum <1116>, “Mi-
crobiological Evaluation of Clean Rooms and Other
Controlled Environments,” (November- December,
1997).

75. United States Pharmacopeia XXI, The United
States Pharmacopeial Convention, Inc., Rockville,
MD, pp 1156-1159, 1351,(1985). Also updates
XXII (1990) and XXIII (1995).

76. Waldheim, B. J., “Microbiological Control of Clean
Rooms,” Pharm. Eng., 8: 21-23, (1988).

77. Whyte, W. and L. Niven, “Airborne Bacteria Sam-
pling: The Effect of Dehydration and Sampling
Time,” J. Parenter. Sci. Technol., 40: 182-188,
(1986).

78. Whyte, W., “Settling and Impaction of Particles into
Containers in Manufacturing Pharmacies,” J.
Parenter. Sci. Technol., 35: 255-261, (1981).

79. Whyte, W., “Sterility Assurance and Models for
Assessing Airborne Bacterial Contamination,” J.
Parenter Sci. Technol., 40: 188-197, (1986).

80. Whyte, W., P. V. Bailey, and R. Hodgson, “Moni-
toring the Causes of Clean Room Contamination,”
Man. Chem. Aerosol News, 65-81, (Sept. 1979).

81. Wiskanen, A. and M. S. Pohja, “Comparative Stud-
ies on the Sampling and Investigation of Microbial
Contamination of Surfaces by the Contact Plate and
Swab Methods,” J. Appl. Bacteriol., 42: 53-63,
(1977).

82. Wolf, H. W., P. Skalig, et. al., “Sampling Micro-
biological Aerosols,” Public Health Monograph,
#60-USHEW, (1964).



8.0 APPENDICES

APPENDIX A:  Definitions

Essential to understanding this document is an appre-
ciation of key environmental monitoring concepts. Defi-
nitions have been provided to help clarify the concepts.
Some of the definitions vary between companies; how-
ever, the definitions described below are consistent for
uses within this document.

Action Level
A level that, when exceeded, indicates a process has
drifted from its normal operating range. A response to
such an excursion should involve a documented inves-
tigation and corrective action.

Alert Level
A level that, when exceeded, indicates a process may
have drifted from its normal operating condition.  Alert
levels constitute a warning, but do not necessarily war-
rant corrective action.

Aseptic Filling
Part of aseptic processing where a pre-sterilized prod-
uct is filled and/or packaged into sterile containers and
closed.

Aseptic Processing
Handling sterile materials in a controlled environment,
in which the air supply, materials, equipment and per-
sonnel are regulated to control microbial and particu-
late contamination to acceptable levels

Barrier
A processing system which provides for some measure
of separation between the critical zone and operating
personnel.

Colony Forming Unit (CFU)
A single macroscopic colony formed after the introduc-
tion of one (or more) microorganism(s) to a microbio-
logical growth medium.

Cleaning
Chemical or physical means used to remove soil and/or
microorganisms from surfaces.

Continuous Monitoring
A process of data collection where conditions are moni-
tored continuously. In most United States applications,
this definition implies “during production.” For ISO ap-
plications, this means twenty-four hours per day, seven
days a week.

Controlled Area
Area where unsterilized product, in-process material,
and containers/closures are manufactured or prepared.
Different types and levels of controlled areas exist and,
depending on their function, different class designations
and resulting conditions are maintained.

Corrective Action
A response taken to an excursion or failure.

Critical Area
Area where sterilized products or containers/closures
are exposed to the environment.

Critical Surface
Surfaces within critical areas that may come in direct
contact with sterilized products or containers/closures.

Critical Zone
The surfaces or areas within a barrier that may come in
direct contact or close proximity with sterilized prod-
ucts or containers/closures.

Disinfection
Chemical or physical inactivation of pathogenic micro-
organisms on inanimate surfaces.

D-value
The time, in minutes, at a specific temperature required
to reduce the microbial population by 90% (or one [1]
log) in defined conditions, e.g., method of sterilization
(dry heat versus steam), solute, carrier, etc. It may also
be referred to as thermal death time or lethality.

Dynamic Monitoring
Monitoring of an environment during normal operations,
e.g., equipment operating, personnel present, and the
process or simulated process is ongoing. Per the EU
and ISO documents, this is synonymous with opera-
tional condition.
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Environmental Control Parameters
Conditions and corresponding measurements as asso-
ciated with facilities and equipment utilized in the
manufacturing process which may impact the identity,
strength, quality, or purity of a product. Among such
parameters are air flow rates and patterns, pressure dif-
ferentials, materials and personnel flow, temperature
and relative humidity, as well as non-viable and viable
particulates.

Frequent Monitoring
A process of collecting data where conditions are moni-
tored at least once per hour. In most United States ap-
plications, this means during production. In most ISO
applications this means twenty-four hours per day, seven
days per week.

Grid Profiling
A process of dividing areas of equivalent classifications
into “grids” for the purpose of uniformly assessing con-
tamination characteristics in that area.

Heat Shock
A process where bacterial cultures are subjected to a heat
stress (usually 80° C - 100° C) which causes heat-resis-
tant spores to form, if the culture can produce spores.

Isolator
A flexible or hard-sided system which completely en-
closes an aseptic area. Access to the manufacturing or asep-
tic area is through glove ports/half suits or by access doors
uniquely designed to maintain aseptic conditions.

Manufacturing Process
Manufacturing operations including, but not limited to,
materials handling, product processing, fabrication and
formulation, product filling and packaging, as well as
sampling, testing, and inspection support functions.

Non-Viables
A term used in reference to particulates, which are not
capable of living, growing, or developing and function-
ing successfully; “unable to divide.”

Parametric Release
A sterility release procedure based upon effective con-
trol, monitoring and documentation of a validated ster-
ilization process cycle in lieu of release based upon end-
product sterility testing.

Process Control Parameters
Conditions and corresponding measurements associated
with the manufacturing process which may have a po-
tential for impact on the identity, strength, quality, po-
tency and purity of a product. Examples of parameters
of concern include bioburden, process rate, weight,
volume, temperature, and pressure.

Risk Analysis
A determination made to assess the hazards and conse-
quences associated with an occurrence.

Sanitization
Reduction of microbial contaminants to safe levels as
judged by Public Health requirements.

Spore
A bacterial form highly resistant to adverse conditions.

Static Monitoring
Monitoring of the environment in the absence of nor-
mal operations, i.e., no equipment operating and no
personnel are present - at rest. For Medicines Control
Agency (MCA) regulated companies, this includes the
equipment operating when no personnel are present. Per
the EU and ISO standards this is synonymous with at
rest.

Sterilization
Destruction of all microorganisms by exposure to
chemical or physical agents, or to ionizing radiation.

Terminal Sterilization
A process where the drug product is sterilized in its
final container.

Trend Analysis
A review performed either routinely or in response to
an alert or action condition. This review provides an
analysis of specific environmental monitoring data.

Vegetative Cell
A cell type that does not have the ability to protect it-
self from adverse conditions.

Viable
Capable of living.



Note: Not intended to be all-inclusive.

Viable Air Samplers
Biotest Diagnostics Corp. (RCS, RCS Plus)
Veltek Associates, Inc. (SMA)
International pbi (SAS, SAS Super 90)
Sartorius (MD-8)
New Brunswick Scientific (STA)
Mattson-Garvin. Barrimundi (STA)

Corp.
Millipore (MAIRT)

Particle Counters
Climet
Met One, Inc.
Particle Measuring Systems (PMS)
HYIAC/ROYCO
TSI
Biotest Diagnostics
LaSair

Microbial Identification Systems
BioMerieux Vitek, Inc. (Vitek)
MIDI, Inc. (MIDI)
Biolog PE Applied Biosystems
Qualicon™, a DuPont Subsidiary
API
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TOC Analyzers
Anatel
Sievers
Shimadzu

Isolators/Barriers
La Calhene, Inc.
The Baker Company
Containment Technologies Group, Inc.
Despatch Industries
Isolation Technologies, Inc.
Kuhlman Technology
Laminar Flow, Inc.
Liberty Industries
Plas Labs, Inc.
Clestra Cleanroom
TSI
HEMCO
Machine Kinetics M Braun
Merrick

Rapid Counting Methods
Chemunex Scan RDI Celsis

Data Reporting/Trending Software
Compliance Software Solutions

APPENDIX B: Equipment Manufacturers and Suppliers
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