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Table 2. Microbial Limit Testing Strategy for Representative Pharmaceutical and OTC Drug Products Based on Water Activity

Water Activity Greatest Potential
Products (aW) Contaminants Testing Recommended

Nasal inhalant 0.99 Gram-negative bacteria TAMC,* TCYMC, absence of S. aureus and P.
aeruginosa

Hair shampoo 0.99 Gram-negative bacteria TAMC, TCYMC, absence of S. aureus and P.
aeruginosa

Antacid 0.99 Gram-negative bacteria TAMC, TCYMC, absence of E. coli and Salmonel-
la spp.

Topical cream 0.97 Gram-positive bacteria TAMC, TCYMC, absence of S. aureus and P.
aeruginosa

Oral liquid 0.90 Gram-positive bacteria and fungi TAMC and TCYMC
Oral suspension 0.87 Fungi TAMC and TCYMC
Topical ointment 0.55 None Reduced testing
Lip balm 0.36 None Reduced testing
Vaginal and rectal suppositories 0.30 None Reduced testing
Compressed tablets 0.36 None Reduced testing
Liquid-filled capsule 0.30 None Reduced testing
* TAMC = Total aerobic microbial count; TCYMC = Total combined yeast and mold count.
NOTE—The water activities cited in Table 2 for the different dosage forms are representative, and companies are urged to test their individual products
before developing a testing strategy.

Water activity, aW, is the ratio of vapor pressure of H2O in
product (P) to vapor pressure of pure H2O (Po) at the same 〈1116〉 MICROBIOLOGICAL
temperature. It is numerically equal to 1/100 of the relative
humidity (RH) generated by the product in a closed system. EVALUATION  OF  CLEAN
RH can be calculated from direct measurements of partial
vapor pressure or dew point or indirect measurement by ROOMS  AND  OTHER
sensors whose physical or electric characteristics are altered
by the RH to which they are exposed. CONTROLLED  ENVIRONMENTS

The relationship between aW and equilibrium relative hu-
midity (ERH) is represented by the following equations:

The purpose of this informational chapter is to review theaW = P/Po and ERH(%) = aW × 100 various issues that relate to aseptic processing of bulk drug
substances, dosage forms, and in certain cases, medical de-The aW measurement may be conducted using the dew vices; and to the establishment, maintenance, and controlpoint/chilled mirror method.2 A polished, chilled mirror is of the microbiological quality of controlled environments.used as the condensing surface. The cooling system is elec- This chapter includes discussions on (1) the classificationtronically linked to a photoelectric cell into which light is of a clean room based on particulate count limits; (2) micro-reflected from the condensing mirror. An air stream, in equi- biological evaluation programs for controlled environments;librium with the test sample, is directed at the mirror which (3) training of personnel; (4) critical factors in design andcools until condensation occurs on the mirror. The tempera- implementation of a microbiological evaluation program; (5)ture at which this condensation begins is the dew point development of a sampling plan; (6) establishment of mi-from which the ERH is determined. Sample preparation crobiological Alert and Action levels; (7) methodologies andshould be considered as it may affect the water activity level instrumentation used for microbiological sampling; (8) me-of the material tested. Commercially available instruments dia and diluents used; (9) identification of microbial isolates;using the dew point/chilled mirror method or other technol- (10) operational evaluation via media fills; and (11) a glos-ogies need to be evaluated for suitability, validated, and cal- sary of terms. Excluded from this chapter is a discussion ofibrated when used to make water activity determinations. controlled environments for use by licensed pharmacies inThese instruments are typically calibrated using saturated the preparation of sterile products for home use, which issalt solutions at 25°, as listed in Table 3. covered under Pharmaceutical Compounding—Sterile Prepara-
tions 〈797〉.

There are alternative methods to assess and control theTable 3. Standard Saturated Salt Solutions Used to Calibrate microbiological status of controlled environments for asepticWater Activity Determination Instruments processing. Numerical values included in this chapter are
Saturated Salt Solutions ERH (%) aW not intended to represent absolute values or specifications,

but are informational. Given the variety of microbiologicalPotassium sulfate (K2SO4) 97.3 0.973
sampling equipment and methods, one cannot reasonablyBarium chloride (BaCl2) 90.2 0.902
suggest that the attainment of these values guarantees theSodium chloride (NaCl) 75.3 0.753
needed level of microbial control or that excursions beyond

Magnesium nitrate [Mg(NO3)2] 52.9 0.529 values in this chapter indicate a loss of control. The im-
Magnesium chloride (MgCl2) 32.8 0.328 proper application of microbiological sampling and analysis

may cause significant variability and the potential for inad-2AOAC International Official Method 978.18. In: Official Methods of Analysis of
vertent contamination. Sampling media and devices, andAOAC International, 17th edition, AOAC International, Gaithersburg, Maryland.
methods indicated in this chapter, are not specifications but
only informational.

A large proportion of sterile products are manufactured
by aseptic processing. Because aseptic processing relies on
the exclusion of microorganisms from the process stream
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and the prevention of microorganisms from entering open Table 1. Airborne Particulate Cleanliness Classes* (Continued)
containers during filling, product bioburden as well as mi- Class Name Particles equal to and larger than 0.5 µmcrobial bioburden of the manufacturing environment are im-

U.S.portant factors relating to the level of sterility assurance of
SI Customary  (m3) (ft3)these products.
M6 1,000,000 28,300
M6.5 100,000 3,530,000 100,000

Establishment of Clean Room Classifications M7 — 10,000,000 283,000
* Adapted from U.S. Federal Standard 209E, September 11, 1992—“AirborneThe design and construction of clean rooms and con- Particulate Cleanliness Classes in Clean Rooms and Clean Zones.”

trolled environments are covered in Federal Standard 209E.
This standard of air cleanliness is defined by the absolute Importance of a Microbiological Evaluation
concentration of airborne particles. Methods used for the Program for Controlled Environments
assignment of air classification of controlled environments
and for monitoring of airborne particulates are included. Monitoring of total particulate count in controlled envi-
This federal document only applies to airborne particulates ronments, even with the use of electronic instrumentation
within a controlled environment and is not intended to on a continuous basis, does not provide information on the
characterize the viable or nonviable nature of the particles. microbiological content of the environment. The basic limi-

The application of Federal Standard 209E to clean rooms tation of particulate counters is that they measure particles
and other controlled environments in the pharmaceutical in- of 0.5 µm or larger. While airborne microorganisms are not
dustry has been used by manufacturers of clean rooms to free-floating or single cells, they frequently associate with
provide a specification for building, commissioning, and particles of 10 to 20 µm. Particulate counts as well as micro-
maintaining these facilities. However, data available in the bial counts within controlled environments vary with the
pharmaceutical industry provide no scientific agreement on sampling location and the activities being conducted during
a relationship between the number of nonviable particulates sampling. Monitoring the environment for nonviable par-
and the concentration of viable microorganisms. ticulates and microorganisms is an important control func-

The criticality of the number of nonviable particulates in tion because they both are important in achieving product
the electronic industry makes the application of Federal compendial requirements for Particulate Matter and Sterility
Standard 209E a necessity, while the pharmaceutical indus- under Injections 〈1〉.
try has a greater concern for viable particulates (i.e., micro- Microbial monitoring programs for controlled environ-
organisms) rather than total particulates as specified in Fed- ments should assess the effectiveness of cleaning and sani-
eral Standard 209E. A definite concern for counts of total tization practices by and of personnel that could have an
particulates in injectable products exists in the pharmaceuti- impact on the bioburden of the controlled environment. Mi-
cal industry (see Particulate Matter in Injections 〈788〉). crobial monitoring, regardless of how sophisticated the sys-

The rationale that the fewer particulates present in a clean tem may be, will not and need not identify and quantitate
room, the less likely it is that airborne microorganisms will all microbial contaminants present in these controlled envi-
be present is accepted and can provide pharmaceutical ronments. However, routine microbial monitoring should
manufacturers and builders of clean rooms and other con- provide sufficient information to ascertain that the con-
trolled environments with engineering standards in estab- trolled environment is operating within an adequate state of
lishing a properly functioning facility. control.

Federal Standard 209E, as applied in the pharmaceutical Environmental microbial monitoring and analysis of data
industry is based on limits of all particles with sizes equal to by qualified personnel will permit the status of control to be
or larger than 0.5 µm. Table 1 describes Airborne Particulate maintained in clean rooms and other controlled environ-
Cleanliness Classes in Federal Standard 209E as adapted to ments. The environment should be sampled during normal
the pharmaceutical industry. The pharmaceutical industry operations to allow for the collection of meaningful data.
deals with Class M3.5 and above. Class M1 and M3 relate Microbial sampling should occur when materials are in the
to the electronic industry and are shown in Table 1 for com- area, processing activities are ongoing, and a full comple-
parison purposes. It is generally accepted that if fewer par- ment of operating personnel is on site.
ticulates are present in an operational clean room or other Microbial monitoring of clean rooms and some other con-
controlled environment, the microbial count under opera- trolled environments, when appropriate, should include
tional conditions will be less, provided that there are no quantitation of the microbial content of room air, compres-
changes in airflow, temperature, and humidity. Clean rooms sor air that enters the critical area, surfaces, equipment,
are maintained under a state of operational control on the sanitization containers, floors, walls, and personnel garments
basis of dynamic (operational) data. (e.g., gowns and gloves). The objective of the microbial

monitoring program is to obtain representative estimates of
bioburden of the environment. When data are compiled

Table 1. Airborne Particulate Cleanliness Classes* and analyzed, any trends should be evaluated by trained
personnel. While it is important to review environmental re-Class Name Particles equal to and larger than 0.5 µm
sults on the basis of recommended and specified frequency,U.S.
it is also critical to review results over extended periods toSI Customary  (m3) (ft3)
determine whether trends are present. Trends can be visual-M1 — 10.0 0.283 ized through the construction of statistical control charts

M1.5 1 35.3 1.00 that include alert and action levels. The microbial control of
M2 — 100 2.8 controlled environments can be assessed, in part, on the
M2.5 10 353 10.0 basis of these trend data. Periodic reports or summaries

should be issued to alert the responsible manager.M3 — 1,000 28.3
When the specified microbial level of a controlled environ-M3.5 100 3,530 100

ment is exceeded, a documentation review and investiga-M4 — 10,000 283 tion should occur. There may be differences in the details of
M4.5 1,000 35,300 1,000 the investigation, depending on the type and processing of
M5 — 100,000 2,830 the product manufactured in the room. Investigation should
M5.5 10,000 353,000 10,000 include a review of area maintenance documentation; sani-
* Adapted from U.S. Federal Standard 209E, September 11, 1992—“Airborne
Particulate Cleanliness Classes in Clean Rooms and Clean Zones.”
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tization documentation; the inherent physical or operational Microbiological sampling has the potential to contribute
parameters, such as changes in environmental temperature to microbial contamination due to inappropriate sampling
and relative humidity; and the training status of personnel techniques. A formal personnel training program is required
involved. Following the investigation, actions taken may in- to minimize this risk. This formal training should be docu-
clude reinforcement of training of personnel to emphasize mented for all personnel entering controlled environments.
the microbial control of the environment; additional sam- Management of the facility must assure that all personnel
pling at increased frequency; additional sanitization; addi- involved in operations in clean rooms and controlled envi-
tional product testing; identification of the microbial con- ronments are well versed in relevant microbiological princi-
taminant and its possible source; and an evaluation of the ples. The training should include instruction on the basic
need to reassess the current standard operating procedures principles of aseptic processing and the relationship of man-
and to revalidate them, if necessary. ufacturing and handling procedures to potential sources of

Based on the review of the investigation and testing re- product contamination. This training should include instruc-
sults, the significance of the microbial level being exceeded tion on the basic principles of microbiology, microbial physi-
and the acceptability of the operations or products ology, disinfection and sanitation, media selection and prep-
processed under that condition may be ascertained. Any in- aration, taxonomy, and sterilization as required by the
vestigation and the rationale for the course of action should nature of personnel involvement in aseptic processing. Per-
be documented and included as part of the overall quality sonnel involved in microbial identification will require spe-
management system. cialized training on required laboratory methods. Additional

A controlled environment such as a clean zone or clean training on the management of the environmental data col-
room is defined by certification according to a relevant lected must be provided to personnel. Knowledge and un-
clean room operational standard. Parameters that are evalu- derstanding of applicable standard operating procedures is
ated include filter integrity, air velocity, air patterns, air critical, especially those standard operating procedures relat-
changes, and pressure differentials. These parameters can af- ing to corrective measures that are taken when environmen-
fect the microbiological bioburden of the clean room opera- tal conditions so dictate. Understanding of regulatory com-
tion. The design, construction, and operation of clean pliance policies and each individual’s responsibilities with
rooms varies greatly, making it difficult to generalize re- respect to good manufacturing practices (GMPs) should be
quirements for these parameters. An example of a method an integral part of the training program as well as training
for conducting a particulate challenge test to the system by in conducting investigations and in analyzing data.
increasing the ambient particle concentration in the vicinity The major source of microbial contamination of controlled
of critical work areas and equipment has been developed by environments is the personnel. Contamination can occur
Ljungquist and Reinmuller.1 First, smoke generation allows from the spreading of microorganisms by individuals, partic-
the air movements to be visualized throughout a clean ularly those with active infections. Only healthy individuals
room or a controlled environment. The presence of vortices should be permitted access to controlled environments.
or turbulent zones can be visualized, and the airflow pattern These facts underscore the importance of good personal
may be fine-tuned to eliminate or minimize undesirable ef- hygiene and a careful attention to detail in the aseptic
fects. Then, particulate matter is generated close to the criti- gowning procedure used by personnel entering the con-
cal zone and sterile field. This evaluation is done under simu- trolled environment. Once these employees are properly
lated production conditions, but with equipment and gowned—including complete facial coverage—they must be
personnel in place. careful to maintain the integrity of their gloves and suits at

Proper testing and optimization of the physical character- all times. Since the major threat of contamination of prod-
istics of the clean room or controlled environment is essen- uct being aseptically processed comes from the operating
tial prior to completion of the validation of the microbiolog- personnel, the control of microbial contamination associated
ical monitoring program. Assurance that the controlled with these personnel is one of the most important elements
environment is operating adequately and according to its of the environmental control program.
engineering specifications will give a higher assurance that The importance of thorough training of personnel work-
the bioburden of the environment will be appropriate for ing in controlled environments, including aseptic tech-
aseptic processing. These tests should be repeated during niques, cannot be overemphasized. The environmental
routine certification of the clean room or controlled environ- monitoring program, by itself, will not be able to detect all
ment and whenever changes made to the operation, such events in aseptic processing that could compromise the mi-
as personnel flow, processing, operation, material flow, air- crobiological quality of the environment. Therefore, periodic
handling systems, or equipment layout, are determined to media-fill or process simulation studies to revalidate the pro-
be significant. cess are necessary to assure that the appropriate operating

controls and training are effectively maintained.

Training of Personnel
Critical Factors Involved in the Design and

Aseptically processed products require manufacturers to Implementation of a Microbiological
pay close attention to detail and to maintain rigorous disci- Environmental Control Programpline and strict supervision of personnel in order to maintain
the level of environmental quality appropriate for the steril- An environmental control program should be capable ofity assurance of the final product. detecting an adverse drift in microbiological conditions in aTraining of all personnel working in controlled environ- timely manner that would allow for meaningful and effec-ments is critical. This training is equally important for per- tive corrective actions. It is the responsibility of the manu-sonnel responsible for the microbial monitoring program, facturer to develop, initiate, implement, and document suchwhere contamination of the clean working area could inad- a microbial environmental monitoring program.vertently occur during microbial sampling. In highly auto- Although general recommendations for an environmentalmated operations, the monitoring personnel may be the control program will be discussed, it is imperative that suchemployees who have the most direct contact with the criti- a program be tailored to specific facilities and conditions. Acal zones within the processing area. Monitoring of person- general microbiological growth medium such as Soybeannel should be conducted before or after working in the Casein Digest Medium should be suitable in most cases.processing area. This medium may be supplemented with additives to over-
1 Interaction Between Air Movements and the Dispersion of Contaminants: come or to minimize the effects of sanitizing agents, or of
Clean Zones with Unidirectional Air Flow, Journal of Parenteral Science and antibiotics if used or processed in these environments. The
Technology, 47(2), 1993. detection and quantitation of yeasts and molds should be
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considered. General mycological media, such as critical for products that are aseptically processed than for
Sabouraud’s, Modified Sabouraud’s, or Inhibitory Mold Agar products that are processed and then terminally sterilized.
are acceptable. Other media that have been validated for The determination and quantitation of microorganisms resis-
promoting the growth of fungi, such as Soybean–Casein Di- tant to the subsequent sterilization treatment is more critical
gest Agar, can be used. In general, testing for obligatory than the microbiological environmental monitoring of the
anaerobes is not performed routinely. However, should con- surrounding manufacturing environments. If the terminal
ditions or investigations warrant, such as the identification sterilization cycle is not based on the overkill cycle concept
of these organisms in sterility testing facilities, more frequent but on the bioburden prior to sterilization, the value of the
testing is indicated. The ability of the selected media to de- bioburden program is critical.
tect and quantitate these anaerobes or microaerophilic mi- The sampling plans should be dynamic with monitoring
croorganisms should be evaluated. frequencies and sample plan locations adjusted based on

The selection of time and incubation temperatures is trending performance. It is appropriate to increase or de-
made once the appropriate media have been selected. Typi- crease sampling based on this performance.
cally, incubation temperatures in the 22.5 ± 2.5° and
32.5 ± 2.5° ranges have been used with an incubation time

Establishment of Microbiological Alert andof 72 and 48 hours, respectively. Sterilization processes used
to prepare growth media for the environmental program Action Levels in Controlled Environments
should be validated and, in addition, media should be ex-
amined for sterility and for growth promotion as indicated The principles and concepts of statistical process control
under Sterility Tests 〈71〉. In addition, for the Growth Promo- are useful in establishing Alert and Action levels and in re-
tion test, representative microflora isolated from the con- acting to trends.
trolled environment or ATCC strain preparations of these An Alert level in microbiological environmental monitoring
isolates may also be used to test media. Media must be able is that level of microorganisms that shows a potential drift
to support growth when inoculated with less than 100 col- from normal operating conditions. Exceeding the Alert level
ony-forming units (cfu) of the challenge organisms. is not necessarily grounds for definitive corrective action,

An appropriate environmental control program should in- but it should at least prompt a documented follow-up inves-
clude identification and evaluation of sampling sites and val- tigation that could include sampling plan modifications.
idation of methods for microbiological sampling of the An Action level in microbiological environmental monitor-
environment. ing is that level of microorganisms that when exceeded re-

The methods used for identification of isolates should be quires immediate follow-up and, if necessary, corrective
verified using indicator microorganisms (see Microbial Enu- action.
meration Tests 〈61〉 and Tests for Specified Microorganisms Alert levels are usually based upon historical information
〈62〉). gained from the routine operation of the process in a spe-

cific controlled environment.
In a new facility, these levels are generally based on prior

Establishment of Sampling Plan and Sites experience from similar facilities and processes; and at least
several weeks of data on microbial environmental levels

During initial start-up or commissioning of a clean room should be evaluated to establish a baseline.
or other controlled environment, specific locations for air These levels are usually re-examined for appropriateness at
and surface sampling should be determined. Consideration an established frequency. When the historical data demon-
should be given to the proximity to the product and strate improved conditions, these levels can be re-examined
whether air and surfaces might be in contact with a product and changed to reflect the conditions. Trends that show a
or sensitive surfaces of container-closure systems. Such areas deterioration of the environmental quality require attention
should be considered critical areas requiring more monitor- in determining the assignable cause and in instituting a cor-
ing than non-product-contact areas. In a parenteral vial fill- rective action plan to bring the conditions back to the ex-
ing operation, areas of operation would typically include the pected ranges. However, an investigation should be imple-
container-closure supply, paths of opened containers, and mented and an evaluation of the potential impact this has
other inanimate objects (e.g., fomites) that personnel rou- on a product should be made.
tinely handle.

The frequency of sampling will depend on the criticality
of specified sites and the subsequent treatment received by Microbial Considerations and Action Levels for
the product after it has been aseptically processed. Table 2 Controlled Environments
shows suggested frequencies of sampling in decreasing or-
der of frequency of sampling and in relation to the criticality Classification of clean rooms and other controlled environ-
of the area of the controlled environment being sampled. ments is based on Federal Standard 209E based on total

particulate counts for these environments. The pharmaceuti-
cal and medical devices industries have generally adopted

Table 2. Suggested Frequency of Sampling on the Basis of Criti- the classification of Class 100, Class 10,000, and Class
cality of Controlled Environment 100,000, especially in terms of construction specifications

for the facilities.Frequency of
Although there is no direct relationship established be-Sampling Area Sampling

tween the 209E controlled environment classes and microbi-Class 100 or better room designations Each operating shift
ological levels, the pharmaceutical industry has been using

Supporting areas immediately adjacent to Each operating shift microbial levels corresponding to these classes for a number
Class 100 (e.g., Class 10,000) of years; and these levels have been those used for evalua-

Other support areas (Class 100,000) Twice/week tion of current GMP compliance.2  These levels have been
Potential product/container contact areas Twice/week shown to be readily achievable with the current technology

for controlled environments. There have been reports andOther support areas to aseptic processing Once/week
concerns about differences in these values obtained usingareas but non-product contact (Class
different sampling systems, media variability, and incubation100,000 or lower)
temperatures. It should be recognized that, although no sys-

As manual interventions during operation increase, and as tem is absolute, it can help in detecting changes, and thus
the potential for personnel contact with the product in- trends, in environmental quality. The values shown in Tables
creases, the relative importance of an environmental moni-

2 NASA, 1967—Microbiology of Clean Rooms.toring program increases. Environmental monitoring is more
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3, 4, and 5 represent individual test results and are sug- Slit-to-Agar Air Sampler (STA)—This sampler is the instru-
gested only as guides. Each manufacturer’s data must be ment upon which the microbial guidelines given in Table 3
evaluated as part of an overall monitoring program. for the various controlled environments are based. The unit

is powered by an attached source of controllable vacuum.
The air intake is obtained through a standardized slit below

Table 3. Air Cleanliness Guidelines in Colony-Forming Units which is placed a slowly revolving Petri dish containing a
(cfu) in Controlled Environments (Using a Slit-to-Agar Sampler nutrient agar. Particles in the air that have sufficient mass

or Equivalent) impact on the agar surface and viable organisms are al-
lowed to grow out. A remote air intake is often used tocfu per cubic cfu per cubic minimize disturbance of the laminar flow field.Class* meter of air** feet of air

Sieve Impactor—The apparatus consists of a container de-SI U.S. Customary
signed to accommodate a Petri dish containing a nutrient

M3.5 100 Less than 3  Less than 0.1 agar. The cover of the unit is perforated, with the perfora-
M5.5 10,000 Less than 20  Less than 0.5 tions of a predetermined size. A vacuum pump draws a
M6.5 100,000 Less than 100  Less than 2.5 known volume of air through the cover, and the particles in

the air containing microorganisms impact on the agar me-* As defined in Federal Standard 209E, September 1992.
dium in the Petri dish. Some samplers are available with a** A sufficient volume of air should be sampled to detect excursions above

the limits specified. cascaded series of containers containing perforations of de-
creasing size. These units allow for the determination of the
distribution of the size ranges of particulates containing via-
ble microorganisms, based on which size perforations admitTable 4. Surface Cleanliness Guidelines of Equipment and Facili- the particles onto the agar plates.ties in cfu in Controlled Environments

Centrifugal Sampler—The unit consists of a propeller or
cfu per Contact turbine that pulls a known volume of air into the unit and

Class Plate* then propels the air outward to impact on a tangentially
SI U.S. Customary placed nutrient agar strip set on a flexible plastic base.
M3.5  100  3 (including floor) Sterilizable Microbiological Atrium—The unit is a variant of
M5.5  10,000  5 the single-stage sieve impactor. The unit’s cover contains

uniformly spaced orifices approximately 0.25 inch in size.10 (floor)
The base of the unit accommodates one Petri dish contain-* Contact plate areas vary from 24 to 30 cm2. When swabbing is used in
ing a nutrient agar. A vacuum pump controls the move-sampling, the area covered should be greater than or equal to 24 cm2 but

no larger than 30 cm2. ment of air through the unit, and a multiple-unit control
center as well as a remote sampling probe are available.

Surface Air System Sampler—This integrated unit consists
of an entry section that accommodates an agar contactTable 5. Surface Cleanliness Guidelines in Controlled Environ-
plate. Immediately behind the contact plate is a motor andments of Operating Personnel Gear in cfu
turbine that pulls air through the unit’s perforated cover

Class cfu per Contact Plate* over the agar contact plate and beyond the motor, where it
Personnel is exhausted. Multiple mounted assemblies are also
Clothing & available.

SI U.S. Customary Gloves Garb Gelatin Filter Sampler—The unit consists of a vacuum
M3.5 100  3  5 pump with an extension hose terminating in a filter holder
M5.5 10,000 10 20 that can be located remotely in the critical space. The filter

consists of random fibers of gelatin capable of retaining air-* See in Table 4 under (*).
borne microorganisms. After a specified exposure time, the

Methodology and Instrumentation for filter is aseptically removed and dissolved in an appropriate
diluent and then plated on an appropriate agar medium toQuantitation of Viable Airborne
estimate its microbial content.Microorganisms

Settling Plates—This method is still widely used as a sim-
ple and inexpensive way to qualitatively assess the environ-It is generally accepted by scientists that airborne microor-
ments over prolonged exposure times. The exposure ofganisms in controlled environments can influence the micro-
open agar-filled Petri dishes, or settling plates, is not to bebiological quality of the intermediate or final products man-
used for quantitative estimations of the microbial contami-ufactured in these areas. Also, it generally is accepted that
nation levels of critical enviroments.estimation of the airborne microorganisms can be affected

One of the major limitations of mechanical air samplers isby instruments and procedures used to perform these as-
the limitation in sample size of air being sampled. Wheresays. Therefore, where alternative methods or equipment is
the microbial level in the air of a controlled environment isused, the general equivalence of the results obtained should
expected to contain not more than three cfu per cubicbe ascertained. Advances in technology in the future are
meter, several cubic meters of air should be tested if resultsexpected to bring innovations that would offer greater pre-
are to be assigned a reasonable level of precision and accu-cision and sensitivity than the current available methodology
racy. Often this is not practical. To show that microbialand may justify a change in the absolute numbers of organ-
counts present in the environment are not increasing overisms that are detected.
time, it might be necessary to extend the time of samplingToday, the most commonly used samplers in the U.S.
to determine if the time of sampling is a limiting factor orpharmaceutical and medical device industry are the impac-
not. Typically, slit-to-agar samplers have an 80-liter-per-min-tion and centrifugal samplers. A number of commercially
ute sampling capacity (the capacity of the surface air systemavailable samplers are listed for informational purposes. The
is somewhat higher). If one cubic meter of air is tested, thenselection, appropriateness, and adequacy of using any par-
it would require an exposure time of 15 minutes. It may beticular sampler is the responsibility of the user.
necessary to use sampling times in excess of 15 minutes to
obtain a representative environmental sample. Although
there are samplers reported to be capable of very high sam-
pling volume rates, consideration in these situations should
be given to the potential for disruption of the airflow pat-
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terns in any critical area or to the creation of a turbulence Liquid Media* Solid Media*

that could increase the probability of contamination. Tryptone saline Soybean-casein digest agar
For centrifugal air samplers, a number of earlier studies Peptone water Nutrient agar

showed that the samples demonstrated a selectivity for
Buffered saline Tryptone glucose extract agarlarger particles. The use of this type of sampler may have
Buffered gelatin Lecithin agarresulted in higher airborne counts than the other types of
Enriched buffered gelatin Brain heart infusion agarair samplers because of that inherent selectivity.

When selecting a centrifugal sampler, the effect of the Brain heart infusion Contact plate agar
sampler on the linearity of the airflow in the controlled zone Soybean-casein medium
where it is placed for sampling should be taken into consid- *Liquid and solid media are sterilized using a validated process.
eration. Regardless of the type of sampler used, the use of a

These media are commercially available in dehydratedremote probe requires determining that the extra tubing
form. They are also available in ready-to-use form. Whendoes not have an adverse effect on the viable airborne
disinfectants or antibiotics are used in the controlled area,count. This effect should either be eliminated or, if this is
consideration should be given to using media with appropri-not possible, a correction factor should be introduced in the
ate inactivating agents.reporting of results.

Alternative media to those listed can be used provided
that they are validated for the purpose intended.

Methodology and Equipment for Sampling of
Surfaces for Quantitation of Viable Microbial Identification of Microbial Isolates from theContaminants in Controlled Environments Environmental Control Program
Another component of the microbial environmental con-

The environmental control program includes an appropri-trol program in controlled environments is surface sampling
ate level of identification of the flora obtained from sam-of equipment, facilities, and personnel gear used in these
pling. A knowledge of the normal flora in controlled envi-environments. The standardization of surface sampling
ronments aids in determining the usual microbial floramethods and procedures has not been as widely addressed
anticipated for the facility being monitored; evaluating thein the pharmaceutical industry as the standardization of air
effectiveness of the cleaning and sanitization procedures,sampling procedures.3  To minimize disruptions to critical
methods, and agents; and recovery methods. The informa-operations, surface sampling is performed at the conclusion
tion gathered by an identification program can also be use-of operations. Surface sampling may be accomplished by
ful in the investigation of the source of contamination, espe-the use of contact plates or by the swabbing method. Surface
cially when the Action levels are exceeded.monitoring is generally performed on areas that come in

Identification of isolates from critical areas and areas im-contact with the product and on areas adjacent to those
mediate to these critical areas should take precedence overcontact areas. Contact plates filled with nutrient agar are
identification of microorganisms from noncritical areas. Iden-used when sampling regular or flat surfaces and are directly
tification methods should be verified, and ready-to-use kitsincubated at the appropriate time for a given incubation
should be qualified for their intended purpose (see Criticaltemperature for quantitation of viable counts. Specialized
Factors Involved in the Design and Implementation of Environ-agar can be used for specific quantitation of fungi, spores,
mental Control Program).etc.

The swabbing method may be used for sampling of irreg-
ular surfaces, especially for equipment. Swabbing is used to Operational Evaluation of the Microbiologicalsupplement contact plates for regular surfaces. The swab is Status of Aseptically Filled Products in Cleanthen placed in an appropriate diluent and the estimate of

Rooms and Other Controlled Environmentsmicrobial count is done by plating of an appropriate aliquot
on or in specified nutrient agar. The area to be swabbed is

The controlled environment is monitored through an ap-defined using a sterile template of appropriate size. In gen-
propriate environmental monitoring program. To assure thateral, it is in the range of 24 to 30 cm2. The microbial esti-
minimal bioburden is achieved, additional information onmates are reported per contact plate or per swab.
the evaluation of the microbiological status of the controlled
environment can be obtained by the use of media fills. An

Culture Media and Diluents Used for Sampling acceptable media fill shows that a successful simulated prod-
uct run can be conducted on the manufacturing line at thator Quantitation of Microorganisms
point in time. However, other factors are important, such as
appropriate construction of facilities, environmental monitor-The type of medium, liquid or solid, that is used for sam-
ing and training of personnel.pling or quantitation of microorganisms in controlled envi-

When an aseptic process is developed and installed, it isronments will depend on the procedure and equipment
generally necessary to qualify the microbiological status ofused. A commonly used all-purpose medium is
the process by running at least three successful consecutiveSoybean–Casein Digest Agar when a solid medium is
media fills. A media fill utilizes growth medium in lieu ofneeded. Other media, liquid or solid, are listed below.
products to detect the growth of microorganisms. Issues in
the development of a media fill program that should be
considered are the following: media-fill procedures, media
selection, fill volume, incubation, time and temperature, in-
spection of filled units, documentation, interpretation of re-
sults, and possible corrective actions required.

Since a media fill is designed to simulate aseptic process-
ing of a specified product, it is important that conditions3The Sixteenth Edition of Standard Methods for the Examination of Dairy Prod-

ucts (the American Health Association) provides a section on surface during a normal product run are in effect during the media
sampling. fill. This includes the full complement of personnel and all

the processing steps and materials that constitute a normal
production run. During the conduct of media fill, various
predocumented interventions that are known to occur dur-
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ing actual product runs should be planned (e.g., changing An Overview of the Emerging Technologies for
filling needles, fixing component jams). Advanced Aseptic ProcessingAlternatively, in order to add a safety margin, a combina-
tion of possible conditions can be used. Examples may in- Because of the strong correlation between human involve-clude frequent start and stop sequences, unexpected repair ment and intervention and the potential for product con-of processing system, replacement of filters, etc. The qualifi- tamination in aseptic processing, production systems incation of an aseptic process need not be done for every which personnel are removed from critical zones have beenproduct, but should be done for each processing line. Since designed and implemented. Methods developed to reducethe geometry of the container (size as well as opening of the likelihood of contamination include equipment automa-the container) and the speed of the line are factors that are tion, barriers, and isolator systems. Facilities that employvariable in the use of an aseptic processing line, appropriate these advanced aseptic processing strategies are already incombination of these factors, preferably at the extremes, operation. In facilities where personnel have been com-should be used in the qualification of the line. A rationale pletely excluded from the critical zone, the necessity forfor products used should be documented. room classification based on particulate and environmentalThe 1987 FDA Guideline on Sterile Drug Products Pro- microbiological monitoring requirements may be signifi-duced by Aseptic Processing indicates that media-fill runs be cantly reduced.done to cover all production shifts for line/product/ The following are definitions of some of the systems cur-container combinations. This guideline should be considered rently in place to reduce the contamination rate in asepticnot only for qualification media-fill runs, but also for peri- processing:odic reevaluation or revalidation. Media fill programs should

Barriers—In the context of aseptic processing systems, aalso simulate production practices over extended runs. This
barrier is a device that restricts contact between operatorscan be accomplished by doing media-fill runs at the end of
and the aseptic field enclosed within the barrier. These sys-production runs.
tems are used in hospital pharmacies, laboratories, andIn general, an all-purpose, rich medium such as Soybean
animal care facilities, as well as in aseptic filling. Barriers mayCasein Broth that has been checked for growth promotion
not be sterilized and do not always have transfer systemswith a battery of indicator organisms (see Sterility Tests 〈71〉)
that allow passage of materials into or out of the systemat a level of below 100 cfu/unit, can be used. Isolates from
without exposure to the surrounding environment. Barriersthe controlled environment where aseptic processing is to
range from plastic curtains around the critical productionbe conducted may also be used. Following the aseptic
zones to rigid enclosures found on modern aseptic-fillingprocessing of the medium, the filled containers are incu-
equipment. Barriers may also incorporate such elements asbated at 22.5 ± 2.5° or at 32.5 ± 2.5°. All media filled con-
glove ports, half-suits, and rapid-transfer ports.tainers should be incubated for a minimum of 14 days. If

Blow/Fill/Seal—This type of system combines the blow-two temperatures are used for incubation of media filled
molding of container with the filling of product and a seal-samples, then these filled containers should be incubated for
ing operation in one piece of equipment. From a microbio-at least 7 days at each temperature. Following incubation,
logical point of view, the sequence of forming thethe medium-filled containers should be inspected for
container, filling with sterile product, and formation and ap-growth. Media filled isolates are identified by genus and,
plication of the seal are achieved aseptically in an uninter-when possible, by species in order to investigate the sources
rupted operation with minimal exposure to the environ-of contamination.
ment. These systems have been in existence for about 30Critical issues in performing media fills are the number of
years and have demonstrated the capability of achievingfills to qualify an aseptic process, the number of units filled
contamination rates below 0.1%. Contamination rates ofper media fill, the interpretation of results, and implementa-
0.001% have been cited for blow/fill/seal systems whention of corrective actions. Historically, three media-fill runs
combined media-fill data are summarized and analyzed.during initial qualification or start-up of a facility are con-

ducted to demonstrate consistency of the aseptic processing Isolator—This technology is used for a dual purpose.
line. The minimum number of units to demonstrate a con- One is to protect the product from contamination from the
tamination rate of not more than 0.1%, which is the crite- environment, including personnel, during filling and closing,
rion for acceptance of a successful media-fill run, is at least and the other is to protect personnel from deleterious or
3,000. It should be emphasized that many firms in the toxic products that are being manufactured.
United States and other countries are filling more than Isolator technology is based on the principle of placing
3,000 units in a single media-fill run.4  Pilot plant facilities previously sterilized components (containers/products/clo-
used for preparing small clinical lots may use smaller media sures) into a sterile environment. These components remain
fills. sterile during the whole processing operation, since no per-

A number of international documents (i.e., ISO and EU- sonnel or nonsterile components are brought into the isola-
GMP) have also cited an expectation of zero positives out of tor. The isolator barrier is an absolute barrier that does not
3,000 media filled units at the 95% confidence level. How- allow for interchanges between the protected and unpro-
ever, it is recognized that repeated media runs are required tected environments. Isolators either may be physically
in order to confirm the statistical validity of the observed sealed against the entry of external contamination or may
contamination rate for the process. be effectively sealed by the application of continuous over-

PDA Technical Monograph Number 17,4 “A Survey of pressure. Manipulations of materials by personnel are done
Current Sterile Manufacturing Practices,” indicated that via use of gloves, half-suits, or full suits. All air entering the
many manufacturers believe that their aseptic processes are isolator passes through either an HEPA or UPLA filter, and
capable of contamination rates below 0.1%. exhaust air typically exits through an HEPA-grade filter. Per-

Since the most critical source of contamination in the acetic acid and hydrogen peroxide vapor are commonly
clean room is the personnel, visual documentation that can used for the surface sterilization of the isolator unit’s internal
be helpful in correlating production activities to contamina- environment. The sterilization of the interior of isolators and
tion events during media fills is encouraged. The widespread all contents are usually validated to a sterility assurance level
use of isolator systems for sterility testing has demonstrated of 10−6.
that elimination of personnel does reduce contamination in Equipment, components, and materials are introduced
aseptic handling. into the isolator through a number of different procedures:

use of a double-door autoclave; continuous introduction of4 A Parenteral Drug Association Survey (Technical Monograph 17) showed
components via a conveyor belt passing through a steril-that out of 27 respondents, 50% were filling more than 3,000 units per run.
izing tunnel; use of a transfer container system through a
docking system in the isolator enclosure. It is also necessary
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to monitor closely an isolator unit’s integrity, calibration, of the product into the container and its closure under
and maintenance. microbiologic critically controlled conditions.

The requirements for controlled environments surround- Air Sampler—Devices or equipment used to sample a
ing these newer technologies for aseptic processing depend measured amount of air in a specified time to quantitate the
on the type of technology used. particulate or microbiological status of air in the controlled

Blow/Fill/Seal equipment that restricts employee contact environment.
with the product may be placed in a controlled environ- Air Changes—The frequency per unit of time (minutes,
ment, especially if some form of employee intervention is hours, etc.) that the air within a controlled environment is
possible during production. replaced. The air can be recirculated partially or totally

Barrier systems will require some form of controlled envi- replaced.
ronment. Because of the numerous barrier system types and Action Levels—Microbiological levels in the controlled en-
applications, the requirements for the environment sur- vironment, specified in the standard operating procedures,
rounding the barrier system will vary. The design and oper- which when exceeded should trigger an investigation and a
ating strategies for the environment around these systems corrective action based on the investigation.
will have to be developed by the manufacturers in a logical Alert Levels—Microbial levels, specified in the standard
and rational fashion. Regardless of these strategies, the ca- operating procedures, which when exceeded should result
pability of the system to produce sterile products must be in an investigation to ensure that the process is still within
validated to operate in accordance with pre-established control. Alert levels are specific for a given facility and are
criteria. established on the basis of a baseline developed under an

In isolators, the air enters the isolator through integral fil- environmental monitoring program. These Alert levels can
ters of HEPA quality or better, and their interiors are steril- be modified depending on the trend analysis done in the
ized typically to a sterility assurance level of 10−6; therefore, monitoring program. Alert levels are always lower than Ac-
isolators contain sterile air, do not exchange air with the tion levels.
surrounding environment, and are free of human operators. Bioburden—Total number of microorganisms detected in
However, it has been suggested that when the isolator is in or on an article.
a controlled environment, the potential for contaminated Clean Room—A room in which the concentration of air-
product is reduced in the event of a pinhole leak in the suit borne particles is controlled to meet a specified airborne
or glove. particulate Cleanliness Class. In addition, the concentration

The extent and scope of an environmental microbiological of microorganisms in the environment is monitored; each
monitoring of these advanced systems for aseptic processing Cleanliness Class defined is also assigned a microbial level
depends on the type of system used. Manufacturers should for air, surface, and personnel gear.
balance the frequency of environmental sampling systems Clean Zone—A defined space in which the concentration
that require human intervention with the benefit accrued by of airborne particles and microorganisms are controlled to
the results of that monitoring. Since barrier systems are de- meet specific Cleanliness Class levels.
signed to reduce human intervention to a minimum, remote Controlled Environment—Any area in an aseptic process
sampling systems should be used in lieu of personnel inter- system for which airborne particulate and microorganism
vention. In general, once the validation establishes the effec- levels are controlled to specific levels, appropriate to the ac-
tiveness of the barrier system, the frequency of sampling to tivities conducted within that environment.
monitor the microbiological status of the aseptic processing Commissioning of a Controlled Environment—Certifica-
area could be reduced, as compared to the frequency of tion by engineering and quality control that the environ-
sampling of classical aseptic processing systems. ment has been built according to the specifications of the

Isolator systems require relatively infrequent microbiologi- desired cleanliness class and that, under conditions likely to
cal monitoring. Continuous total particulate monitoring can be encountered under normal operating conditions (or
provide assurance that the air filtration system within the worst-case conditions), it is capable of delivering an aseptic
isolator is working properly. The methods for quantitative process. Commissioning includes media-fill runs and results
microbiological air sampling described in this chapter may of the environmental monitoring program.
not have sufficient sensitivity to test the environment inside Corrective Action—Actions to be performed that are in
an isolator. Experience with isolators indicates that under standard operating procedures and that are triggered when
normal operations pinhole leaks or tears in gloves represent certain conditions are exceeded.
the major potential for microbiological contamination; Environmental Isolates—Microorganisms that have been
therefore, frequent testing of the gloves for integrity and isolated from the environmental monitoring program.
surface monitoring of the gloves is essential. Surface moni- Environmental Monitoring Program—Documented pro-
toring within the isolator may also be beneficial on an infre- gram, implemented through standard operating procedures,
quent basis. that describes in detail the procedures and methods used

for monitoring particulates as well as microorganisms in
controlled environments (air, surface, personnel gear). The

GLOSSARY program includes sampling sites, frequency of sampling,
and investigative and corrective actions that should be fol-

Airborne Particulate Count (also referred to as Total Par- lowed if Alert or Action levels are exceeded. The methodol-
ticulate Count)—Particles detected are 0.5 µm and larger. ogy used for trend analysis is also described.
When a number of particles is specified, it is the maximum Equipment Layout—Graphical representation of an asep-
allowable number of particles per cubic meter of air (or per tic processing system that denotes the relationship between
cubic foot of air). and among equipment and personnel. This layout is used in

Airborne Viable Particulate Count (also referred to as the Risk Assessment Analysis to determine sampling site and
Total Airborne Aerobic Microbial Count)—When a number of frequency of sampling based on potential for microbiologi-
microorganisms is specified, it is the maximum number of cal contamination of the product/container/closure system.
colony-forming units (cfu) per cubic meter of air (or per Changes must be assessed by responsible managers, since
cubic foot of air) that is associated with a Cleanliness Class unauthorized changes in the layout for equipment or per-
of controlled environment based on the Airborne Particulate sonnel stations could result in increase in the potential for
Count. contamination of the product/container/closure system.

Aseptic Processing—A mode of processing pharmaceuti- Federal Standard 209E—“Airborne Particulate Cleanliness
cal and medical products that involves the separate steriliza- Classes in Clean Rooms and Clean Zones” is a standard ap-
tion of the product and of the package (containers/closures proved by the Commissioner, Federal Supply Services, Gen-
or packaging material for medical devices) and the transfer eral Service Administration, for the use of “All Federal Agen-

cies.” The Standard establishes classes of air cleanliness
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based on specified concentration of airborne particulates. viable microorganisms. Absolute sterility cannot be practi-
These classes of air cleanliness have been developed, in gen- cally demonstrated without testing every article in a batch.
eral, for the electronic industry “super-clean” controlled en- Sterility is defined in probabilistic terms, where the likeli-
vironments. In the pharmaceutical industry, the Federal hood of a contaminated article is acceptably remote.
Standard 209E is used to specify the construction of con- Swabs—Devices provided that are used to sample irregu-
trolled environment. Class 100, Class 10,000, and Class lar as well as regular surfaces for determination of microbial
100,000 are generally represented in an aseptic processing status. The swab, generally composed of a stick with an
system. If the classification system is applied on the basis of absorbent extremity, is moistened before sampling and used
particles equal to or greater than 0.5 µm, these classes are to sample a specified unit area of a surface. The swab is
now represented in the SI system by Class M3.5, M5.5, and then rinsed in sterile saline or other suitable menstruum and
M6.5, respectively. the contents plated on nutrient agar plates to obtain an

Filter Integrity—Testing that ensures that a filter func- estimate of the viable microbial load on that surface.
tional performance is satisfactory [e.g., dioctyl phthalate Trend Analysis—Data from a routine microbial environ-
(DOP) and bubble point test]. mental monitoring program that can be related to time,

Material Flow—The flow of material and personnel enter- shift, facility, etc. This information is periodically evaluated
ing controlled environments should follow a specified and to establish the status or pattern of that program to ascer-
documented pathway that has been chosen to reduce or tain whether it is under adequate control. A trend analysis is
minimize the potential for microbial contamination of the used to facilitate decision-making for requalification of a
product/closure/container systems. Deviation from the pre- controlled environment or for maintenance and sanitization
scribed flow could result in increase in potential for micro- schedules.
bial contamination. Material/personnel flow can be
changed, but the consequences of the changes from a mi-
crobiological point of view should be assessed by responsi-
ble managers and must be authorized and documented.

Media Growth Promotion—Procedure that references
Growth Promotion under Sterility Tests 〈71〉 to demonstrate
that media used in the microbiological environmental moni- 〈1117〉 MICROBIOLOGICAL BEST
toring program, or in media-fill runs, are capable of support-
ing growth of indicator microorganisms and of environmen- LABORATORY PRACTICES 
tal isolates from samples obtained through the monitoring
program or their corresponding ATCC strains.

Media Fill—Microbiological simulation of an aseptic pro-
cess by the use of growth media processed in a manner
similar to the processing of the product and with the same INTRODUCTIONcontainer/closure system being used.

Out-of-Specification Event—Temporary or continuous Good laboratory practices in a microbiology laboratoryevent when one or more of the requirements included in consist of activities that depend on several principles: asepticstandard operating procedures for controlled environments technique, control of media, control of test strains, opera-are not fulfilled. tion and control of equipment, diligent recording and evalu-Product Contact Areas—Areas and surfaces in a con- ation of data, and training of the laboratory staff. Because oftrolled environment that are in direct contact with either the inherent risk of variability in microbiology data, reliabil-products, containers, or closures and the microbiological ity and reproducibility are dependent on the use of ac-status of which can result in potential microbial contamina- cepted methods and adherence to good laboratorytion of the product/container/closure system. Once identi- practices.fied, these areas should be tested more frequently than non-
product-contact areas or surfaces.

Risk Assessment Analysis—Analysis of the identification MEDIA PREPARATION AND QUALITY
of contamination potentials in controlled environments that CONTROLestablish priorities in terms of severity and frequency and
that will develop methods and procedures that will elimi-
nate, reduce, minimize, or mitigate their potential for micro-
bial contamination of the product/container/closure system. Media Preparation

Sampling Plan—A documented plan that describes the
procedures and methods for sampling a controlled environ- Culture media are the basis for most microbiological tests.
ment; identifies the sampling sites, the sampling frequency, Safeguarding the quality of the media is therefore critical to
and number of samples; and describes the method of analy- the success of the microbiology laboratory. Media prepara-
sis and how to interpret the results. tion, proper storage, and quality control testing can ensure

Sampling Sites—Documented geographical location, a consistent supply of high-quality media.
within a controlled environment, where sampling for micro- It is important to choose the correct media or compo-
biological evaluation is taken. In general, sampling sites are nents in making media based on the use of accepted
selected because of their potential for product/container/clo- sources or references for formulas. The manufacturer’s
sure contacts. formula and instructions for preparation routinely accom-

Standard Operating Procedures—Written procedures pany dehydrated media and ready-made media. Because
describing operations, testing, sampling, interpretation of different media types may have different preparation re-
results, and corrective actions that relate to the operations quirements (e.g., heating, additives, and pH adjustment), it
that are taking place in a controlled environment and auxil- is important to follow these instructions to ensure prepara-
iary environments. Deviations from standard operating pro- tion of acceptable media quality. A certificate of analysis
cedures should be noted and approved by responsible describing expiration dating and recommended storage
managers. conditions accompanies ready-made media, as well as the

Sterile Field—In aseptic processing or in other controlled quality control organisms used in growth-promotion and se-
environments, it is the space at the level of or above open lectivity testing of that media.
product containers, closures, or product itself, where the po- Water is the universal diluent for microbiological media.
tential for microbial contamination is highest. Purified Water is most often used for media preparation, but

Sterility—Within the strictest definition of sterility, an arti- in certain cases the use of deionized or distilled water may
cle is deemed sterile when there is complete absence of

Official from May 1, 2011
Copyright (c) 2011 The United States Pharmacopeial Convention. All rights reserved.

Accessed from 122.192.255.14 by laboratorios3 on Mon Mar 21 20:43:22 EDT 2011


