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What is USP 797?
USP 797 refers to chapter 797 "Pharmaceutical Compounding – Sterile Preparations," in the
USP National Formulary. It is the first set of enforceable sterile compounding standards issued
by the United States Pharmacopeia (USP). The official publication from 2008 is still the current
valid guideline from USP. However an updated publication is in the pipeline and in draft format.
The purpose of USP General Chapter 797 Pharmaceutical Compounding—Sterile Preparations is
to protect the health of patients by reducing the potential for microbial contamination caused
by an unclean environment and endotoxins. Through a series of written guidelines, USP 797
regulates the personnel conducting the compounding process and the process itself.
Millions of medications are compounded each year in the US to meet the unique needs of
patients. Compounding provides access to medication for patients who may not be able to use
commercially available formulations due to dosing requirements, allergies or rare diseases.
Medications that are required to be sterile include those administered through injection,
intravenous infusion (IV), intraocular (injection in the eye) or intrathecal (injection in the spine).
Understanding the risks inherent in sterile compounding and incorporating established
standards are essential for patient safety. Compounded medications made without the
guidance of standards may be sub-potent, super potent or contaminated, exposing patients to
significant risk of adverse events or even death.
USP develops standards for preparing compounded sterile medications to help ensure patient
benefit and reduce risks such as contamination, infection or incorrect dosing.

Introduction
The objective of USP 797 is to describe conditions and practices to prevent harm, including death, to
patients that could result from;
(1) microbial contamination (non-sterility)
(2) excessive bacterial endotoxins
(3) variability in the intended strength of correct ingredients that exceeds either monograph limits for
official articles
(4) unintended chemical and physical contaminants
(5) ingredients of inappropriate quality in Compounded Sterile Preparations (CSPs).
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Contaminated CSPs are Hazardous
Contaminated CSPs are potentially most hazardous to patients when administered into body cavities,
central nervous and vascular systems, eyes, and joints, and when used as baths for live organs and
tissues. When CSPs contain excessive bacterial endotoxins, they are potentially most hazardous to
patients when administered into the central nervous system. Despite the extensive attention in USP 797
to the provision, maintenance, and evaluation of air quality, the avoidance of direct or physical contact
contamination is paramount. It is generally acknowledged that direct or physical contact of critical sites
of CSPs with contaminants, especially microbial sources, poses the greatest probability of risk to
patients. Therefore, compounding personnel must be meticulously conscientious in precluding contact
contamination of CSPs both within and outside ISO Class 5 (see Table 1) areas.
The use of technologies, techniques, materials, and procedures other than those described in USP 797 is
not prohibited so long as they have been proven to be equivalent or superior with statistical significance
to those described in USP 797. The standards in USP 797 do not pertain to the clinical administration of
CSPs to patients via application, implantation, infusion, inhalation, injection, insertion, instillation, and
irrigation, which are the routes of administration. Four specific categories of CSPs are described in USP
797:
1.
2.
3.
4.

Low-risk level
Medium-risk level
High-risk level
Immediate use.

Primarily by requiring the maintenance of sterility when compounding exclusively with sterile
ingredients and components (i.e., with immediate-use CSPs, low-risk level CSPs, and medium-risk level
CSPs) and the achievement of sterility when compounding with nonsterile ingredients and components
(i.e., with high-risk level CSPs).
Some differences between standards for sterile compounding in USP 797 and those for nonsterile
compounding in Pharmaceutical Compounding—Nonsterile Preparations USP 795 include, but are not
limited to, ISO-classified air environments (see Table 1); personnel garbing and gloving; personnel
training and testing in principles and practices of aseptic manipulations and sterilization; environmental
quality specifications and monitoring; and disinfection of gloves and surfaces of ISO Class 5 sources.

The standards in USP 797 are intended to apply to all persons who prepare CSPs and all places where
CSPs are prepared (e.g., hospitals and other healthcare institutions, patient treatment clinics,
pharmacies, physicians’ practice facilities, and other locations and facilities in which CSPs are prepared,
stored, and transported).
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Persons who perform sterile compounding include pharmacists, nurses, pharmacy technicians, and
physicians. These terms recognize that most sterile compounding is performed by or under the
supervision of pharmacists in pharmacies and also that USP 797also applies to all healthcare personnel
who prepare, store, and transport CSPs. CSPs include any of the following:
1. Compounded biologics, diagnostics, drugs, nutrients, and radiopharmaceuticals, including but
not limited to the following dosage forms that must be sterile when they are administered to
patients: aqueous bronchial and nasal inhalations, baths and soaks for live organs and tissues,
injections (e.g., colloidal dispersions, emulsions, solutions, suspensions), irrigations for wounds
and body cavities, ophthalmic drops and ointments, and tissue implants.
2. Manufactured sterile products that are either prepared strictly according to the instructions
appearing in manufacturers’ approved labeling (product package inserts) or prepared differently
than published in such labeling. [NOTE—The FDA states that “Compounding does not include
mixing, reconstituting, or similar acts that are performed in accordance with the directions
contained in approved labeling provided by the product’s manufacturer and other manufacturer
directions [797 / Physical Tests Official May 1, 2018 consistent with that labeling”21 USC 321 (k)
and (m)].
However, the FDA-approved labeling (product package insert) rarely describes environmental quality
(e.g., ISO Class air designation, exposure durations to non-ISO classified air, personnel garbing and
gloving, and other aseptic precautions by which sterile products are to be prepared for administration).
Beyond-use exposure and storage dates or times and Pharmaceutical Compounding—Nonsterile
Preparations USP 795) for sterile products that have been either opened or prepared for administration
are not specified in all package inserts for all sterile products. Furthermore, when such durations are
specified, they may refer to chemical stability and not necessarily to microbiological purity or safety.

Key Sections of USP 797
• Responsibility of Compounding Personnel
• CSP Microbial Contamination Risk Levels
• Personnel Training and Evaluation in Aseptic Manipulation Skills
• Immediate-Use CSPs
• Single-Dose and Multiple-Dose Containers
• Hazardous Drugs as CSPs
• Radiopharmaceuticals as CSPs
• Allergen Extracts as CSPs
• Verification of Compounding Accuracy and Sterility
• Environmental Quality and Control • Suggested Standard Operating Procedures (SOPs)
• Elements of Quality Control
• Verification of Automated Compounding Devices (ACDs) for Parenteral Nutrition Compounding
• Finished Preparation Release Checks and Tests
• Storage and Beyond-Use Dating
• Maintaining Sterility, Purity, and Stability of Dispensed and Distributed CSPs
• Patient or Caregiver Training
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• Patient Monitoring and Adverse Events Reporting
• Quality Assurance (QA) Program

Responsibility of Compounding Personnel
Compounding personnel are responsible for ensuring that CSPs are accurately identified, measured,
diluted, and mixed and are correctly purified, sterilized, packaged, sealed, labeled, stored, dispensed,
and distributed. These performance responsibilities include maintaining appropriate cleanliness
conditions and providing labeling and supplementary instructions for the proper clinical administration
of CSPs.

Responsibility of Compounding Supervisors
Compounding supervisors shall ensure, through either direct measurement or appropriate information
sources, that specific CSPs maintain their labeled strength within monograph limits for USP articles, or
within 10% if not specified, until their Beyond Use Date (BUD). All CSPs are prepared in a manner that
maintains sterility and minimizes the introduction of particulate matter. A written quality assurance
procedure includes the following in-process checks that are applied, as appropriate, to specific CSPs:
accuracy and precision of measuring and weighing; the requirement for sterility; methods of sterilization
and purification; safe limits and ranges for strength of ingredients, bacterial endotoxins, and particulate
matter; pH; labeling accuracy and completeness; BUD assignment; and packaging and storage
requirements. The dispenser shall, when appropriate and practicable, obtain and evaluate results of
testing for identity, strength, purity, and sterility before a CSP is dispensed.

Responsibility of Qualified licensed healthcare professionals
Qualified licensed healthcare professionals who supervise compounding and dispensing of CSPs shall
ensure that the following objectives are achieved:
1. Compounding personnel are adequately skilled, educated, instructed, and trained to correctly
perform and document the following activities in their sterile compounding duties:
A. perform antiseptic hand cleansing and disinfection of nonsterile compounding surfaces;
B. select and appropriately don protective garb;
C. maintain or achieve sterility of CSPs in ISO Class 5 (see Table 1) PEC devices and protect
personnel and compounding environments from contamination by radioactive, cytotoxic, and
chemotoxic drugs (see Hazardous Drugs as CSPs and Radiopharmaceuticals as CSPs);
D. identify, weigh, and measure ingredients; and
E. manipulate sterile products aseptically, sterilize high-risk level CSPs, and label and quality
inspect CSPs
2. Ingredients have their correct identity, quality, and purity.
3. Opened or partially used packages of ingredients for subsequent use in CSPs are properly
stored under restricted access conditions in the compounding facility. Such packages cannot be
used when visual inspection detects unauthorized breaks in the container, closure, and seal;
when the contents do not possess the expected appearance, aroma, and texture; when the
contents do not pass identification tests specified by the compounding facility; and when either
the BUD or expiration date has been exceeded.
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4. Water-containing CSPs that are nonsterile during any phase of the compounding procedure are
sterilized within 6 hours after completing the preparation in order to minimize the generation of
bacterial endotoxins.
5. Sterilization methods achieve sterility of CSPs while maintaining the labeled strength of active
ingredients and the physical integrity of packaging.
6. Measuring, mixing, sterilizing, and purifying devices are clean, appropriately accurate, and
effective for their intended use.
7. Potential harm from added substances and differences in rate and extent of bioavailability of
active ingredients for other than oral route of administration are carefully evaluated before such
CSPs are dispensed and administered.
8. Packaging selected for CSPs is appropriate to preserve the sterility and strength until the BUD.
9. While being used, the compounding environment maintains the sterility or the presterilization
purity, whichever is appropriate, of the CSP.
10. Labels on CSPs list the names and amounts or concentrations of active ingredients, and the
labels or labeling of injections) list the names and amounts or concentrations of all ingredients
(see Labeling). Before being dispensed or administered, the clarity of solutions is visually
confirmed; also, the identity and amounts of ingredients, procedures to prepare and sterilize
CSPs, and specific release criteria are reviewed to ensure their accuracy and completeness.
11. BUDs are assigned on the basis of direct testing or extrapolation from reliable literature
sources and other documentation (see Stability Criteria and Beyond-Use Dating under
Pharmaceutical Compounding—Nonsterile Preparations USP 795).
12. Procedures for measuring, mixing, dilution, purification, sterilization, packaging, and labeling
conform to the correct sequence and quality established for the specified CSP.
13. Deficiencies in compounding, labeling, packaging, and quality testing and inspection can be
rapidly identified and corrected.
14. When time and personnel availability so permit, compounding manipulations and procedures
are separated from post compounding quality inspection and review before CSPs are dispensed.
This chapter emphasizes the need to maintain high standards for the quality and control of
processes, components, and environments and for the skill and knowledge of personnel who
prepare CSPs. The rigor of in-process quality-control checks and of post compounding quality
inspection and testing increases with the potential hazard of the route of administration. For
example, non-sterility, excessive bacterial endotoxin contamination, large errors in strength of
correct ingredients, and incorrect ingredients in CSPs are potentially more dangerous to patients
when the CSPs are administered into the vascular and central nervous systems than when
administered by most other routes.
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CSP MICROBIAL CONTAMINATION RISK LEVELS
The three contamination categories for CSPs described in this section are assigned primarily according to
the potential for microbial contamination during the compounding of
1. low-risk level CSPs
2. medium-risk level CSPs
3. The potential for not sterilizing high-risk level CSPs,
Any of the above would subject patients to risk of harm, including death. High-risk level CSPs must be
sterilized before being administered to patients. The appropriate risk level—low, medium, or high—is
assigned according to the corresponding probability of contaminating a CSP with
1. Microbial contamination (e.g., microbial organisms, spores, endotoxins) and
2. Chemical and physical contamination (e.g., foreign chemicals, physical matter).
Potential sources of contamination include, but are not limited to, solid and liquid matter from
compounding personnel and objects; nonsterile components employed and incorporated before
terminal sterilization; inappropriate conditions within the restricted compounding environment;
prolonged presterilization procedures with aqueous preparations; and nonsterile dosage forms used to
compound CSPs.
The licensed healthcare professionals who supervise compounding are responsible for determining the
procedural and environmental quality practices and attributes that are necessary for the risk level they
assign to specific CSPs. These risk levels apply to the quality of CSPs immediately after the final aseptic
mixing or filling or immediately after the final sterilization, unless precluded by the specific
characteristics of the preparation.

Environmental Quality and Control
Achieving and maintaining sterility and overall freedom from contamination of a CSP is dependent on
the quality status of the components incorporated, the process utilized, personnel performance, and the
environmental conditions under which the process is performed. The standards required for the
environmental conditions depend on the amount of exposure of the CSP to the immediate environment
anticipated during processing. The quality and control of environmental conditions for each risk level of
operation are explained in this section. In addition, operations using nonsterile components require the
use of a method of preparation designed to produce a sterile preparation.

Exposure of Critical Sites
Maintaining the sterility and cleanliness (i.e., freedom from sterile foreign materials) of critical sites is a
primary safeguard for CSPs. Critical sites are locations that include any component or fluid pathway
surfaces (e.g., vial septa, injection ports, beakers) or openings (e.g., opened ampuls, needle hubs)
exposed and at risk of direct contact with air (e.g., ambient room or HEPA filtered), moisture (e.g., oral
and mucosal secretions), or touch contamination. The risk of, or potential for, critical sites to be
contaminated with microorganisms and foreign matter increases with increasing exposed area of the
critical sites, the density or concentration of contaminants, and exposure duration to worse than ISO
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Class 5 (see Table 1) air. Examples include an opened ampul or vial stopper on a 10-mL or larger vial or
an injection port on a package of intravenous solution having an area larger than the point of a needle
or the tip of a syringe. The nature of a critical site also affects the risk of contamination. The relatively
rough, permeable surface of an elastomeric closure retains microorganisms and other contaminants
after swabbing with a sterile 70% IPA pad more readily than does the smoother glass surface of the neck
of an ampul. Therefore, the surface disinfection can be expected to be more effective for an ampul.
Protection of critical sites by precluding physical contact and airborne contamination shall be given the
highest priority in sterile compounding practice. Airborne contaminants, especially those generated by
sterile compounding personnel, are much more likely to reach critical sites than are contaminants that
are adhering to the floor or other surfaces below the work level. Furthermore, large and high-density
particles that are generated and introduced by compounding manipulations and personnel have the
potential to settle on critical sites even when those critical sites are exposed within ISO Class 5 (see
Table 1) air.

Lighthouse Worldwide Solutions to monitor critical sites for non-viable particle
monitoring
Critical Sites generally in compounding are ISO 5 locations such as Biological Safety Cabinets, Laminar
Airflow Cabinets and any location where the product is at risk of contamination meaning locations
where the product is exposed. For non-viable monitoring there are a few options depending on the size
of the facilities operation and number of critical sites.
1. For Critical Sites less than 10 it is economical to use portable particle counters and the model
recommended is the ApexZ50 based on its advanced technology and flowrate. The ApexZ50
offers many advantages to compounding facilities and can be integrated into LMS Express RT
monitoring software and into a paperless system where all the data can be uploaded
automatically to secure file servers over the network using WiFi or hardwired Ethernet
connections. Refer to our Knowledge Center for further information on the full capabilities of
ApexZ technology.

Copyright Lighthouse Worldwide Solutions Inc., c 2019

Technical Paper

2. For Critical Sites with over 10 locations to be sampled it is recommended to use remote particle
counters and LMS Express RT monitoring software. This automatic system can sample nonviable and also viable particulates as well as environmental sensors such as pressure sensors,
room temperature/humidity and product storage temperatures.

ISO Class 5 Air Sources, Buffer Areas, and Ante-Areas
The most common sources of ISO Class 5 (see Table 1) air quality for exposure of critical sites are
horizontal and vertical LAFWs, CAIs, and CACIs. A clean room (see Microbiological Control and
Monitoring of Aseptic Processing Environments á1116ñ) is a compounding environment that is supplied
with HEPA or HEPA-filtered air that meets ISO Class 7 (see Table 1), the access to which is limited to
personnel trained and authorized to perform sterile compounding and facility cleaning. A buffer area is
an area that provides at least ISO Class 7 (see Table 1) air quality. Figure 1 is a conceptual representation
of the placement of an ISO Class 5 (see Table 1) PEC in a segregated compounding area used for low-risk
level CSPs with 12-hour or less BUD. This plan depicts the most critical operation area located within the
PEC in a designated area (see definition of Segregated Compounding Area) separated from activities not
essential to the preparation of CSPs. Placement of devices (e.g., computers, printers) and objects (e.g.,
carts, cabinets) that are not essential to compounding in the segregated area should be restricted or
limited, depending on their effect on air quality in the ISO Class 5 (see Table 1) PEC.
Copyright Lighthouse Worldwide Solutions Inc., c 2019
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Figure 1. Conceptual representation of the placement of an ISO Class 5 PEC in a segregated
compounding area used for low-risk level CSPs with 12-hour or less BUD.
Figure 2 is a conceptual representation of the arrangement of a facility for preparation of CSPs
categorized as low-, medium-, and high-risk level. The quality of the environmental air increases with
movement from the outer boundary to the direct compounding area (DCA). Placement of devices in
ante-areas and buffer areas is dictated by their effect on the designated environmental quality of
atmospheres and surfaces, which shall be verified by monitoring (see Viable and Nonviable
Environmental Sampling (ES) Testing). It is the responsibility of each compounding facility to ensure that
each source of ISO Class 5 (see Table 1) environment for exposure of critical sites and sterilization by
filtration is properly located, operated, maintained, monitored, and verified

Figure 2. Conceptual representation of the arrangement of a facility for preparation of CSPs categorized
as low-, medium-, and high-risk level
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Placement of devices (e.g., computers, printers) and objects (e.g., carts, cabinets) that are not essential
to compounding in buffer areas is dictated by their effect on the required environmental quality of air
atmospheres and surfaces, which shall be verified by monitoring (see Viable and Nonviable
Environmental Sampling (ES) Testing). It is the responsibility of each compounding facility to ensure that
each source of ISO Class 5 (see Table 1) environment for exposure of critical sites and sterilization by
filtration is properly located, operated, maintained, monitored, and verified.

Facility Design and Environmental Controls
Compounding facilities are physically designed and environmentally controlled to minimize airborne
contamination from contacting critical sites. These facilities shall also provide a comfortable and welllighted working environment, which typically includes a temperature of 20° or cooler, to maintain
comfortable conditions for compounding personnel to perform flawlessly when attired in the required
aseptic compounding garb. PECs typically include, but are not limited to, LAFWs, BSCs, CAIs, and CACIs,
which provide an ISO Class 5 (see Table 1) environment for the exposure of critical sites. PECs shall
maintain ISO Class 5 (see Table 1) or better conditions for 0.5-µm particles (dynamic operating
conditions) while compounding CSPs.
Secondary engineering controls such as buffer areas and ante-areas generally serve as a core for the
location of the PEC. Buffer areas are designed to maintain at least ISO Class 7 (see Table 1) conditions for
0.5-µm particles under dynamic conditions and ISO Class 8 (see Table 1) conditions for 0.5-µm and larger
particles under dynamic conditions for the ante-areas. Airborne contamination control is achieved in the
PEC through the use of HEPA filters. The airflow in the PEC shall be unidirectional (laminar flow), and
because of the particle collection efficiency of the filter, the “first air” at the face of the filter is, for the
purposes of aseptic compounding, free from airborne particulate contamination. HEPA-filtered air shall
be supplied in critical areas (ISO Class 5, see Table 1) at a velocity sufficient to sweep particles away from
the compounding area and maintain unidirectional airflow during operations. Proper design and control
prevents turbulence and stagnant air in the critical area. In situ air pattern analysis via smoke studies
shall be conducted at the critical area to demonstrate unidirectional airflow and sweeping action over
and away from the product under dynamic conditions.
The principles of HEPA-filtered unidirectional airflow in the work environment shall be understood and
practiced in the compounding process in order to achieve the desired environmental conditions. Policies
and procedures for maintaining and working within the PEC area shall be written and followed. The
policies and procedures will be determined by the scope and risk levels of the aseptic compounding
activities utilized during the preparation of the CSPs. The CSP work environment is designed to have the
cleanest work surfaces (PEC) located in a buffer area. The buffer area shall maintain at least ISO Class 7
(see Table 1) conditions for 0.5-µm and larger particles under dynamic operating conditions. The room
shall be segregated from surrounding, unclassified spaces to reduce the risk of contaminants being
blown, dragged, or otherwise introduced into the filtered unidirectional airflow environment, and this
segregation shall be continuously monitored.
For rooms providing a physical separation through the use of walls, doors, and pass-throughs, a
minimum differential positive pressure of 0.02- to 0.05-inch water column is required. For buffer areas
not physically separated from the ante-areas, the principle of displacement airflow shall be employed.
This concept utilizes a low pressure differential, high airflow principle. Using displacement airflow
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typically requires an air velocity of 40 ft per minute or more from the buffer area across the line of
demarcation into the ante-area. The displacement concept shall not be used for high-risk
compounding.4 The PEC shall be placed within a buffer area in such a manner as to avoid conditions that
could adversely affect their operation.
For example, strong air currents from opened doors, personnel traffic, or air streams from the HVAC
systems can disrupt the unidirectional airflow in open-faced workbenches. The operators may also
create disruptions in airflow by their own movements and by the placement of objects onto the work
surface. The PEC shall be placed out of the traffic flow and in a manner to avoid disruption from the
HVAC system and room cross-drafts. Room air exchanges are typically expressed as ACPHs. Adequate
HEPA-filtered airflow supplied to the buffer area and ante-area is required to maintain cleanliness
classification during operational activity through the number of ACPHs. Factors that should be
considered when determining air-change requirements include number of personnel working in the
room and compounding processes that generate particulates, as well as temperature effects. An ISO
Class 7 (see Table 1) buffer area and ante-area supplied with HEPA-filtered air shall receive an ACPH of
not less than 30.
The PEC is a good augmentation to generating air changes in the air supply of an area but cannot be the
sole source of HEPA-filtered air. If the area has an ISO Class 5 (see Table 1) recirculating device, a
minimum of 15 ACPHs through the area supply HEPA filters is adequate, providing the combined ACPH is
not less than 30. More air changes may be required, depending on the number of personnel and
processes. HEPA-filtered supply air shall be introduced at the ceiling, and returns should be mounted
low on the wall, creating a general top-down dilution of area air with HEPA-filtered make-up air. Ceilingmounted returns are not recommended.
All HEPA filters should be efficiency tested using the most penetrating particle size and should be leak
tested at the factory and then leak tested again in situ after installation.5 Activities and tasks carried out
within the buffer area shall be limited to only those necessary when working within a controlled
environment. Only the furniture, equipment, supplies, and other material required for the compounding
activities to be performed shall be brought into the area, and they shall be nonpermeable, nonshedding,
cleanable, and resistant to disinfectants. Whenever such items are brought into the area, they shall first
be cleaned and disinfected. Whenever possible, equipment and other items used in the buffer area shall
not be taken out of the area except for calibration, servicing, or other activities associated with the
proper maintenance of the item.
The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in the buffer area shall be
smooth, impervious, free from cracks and crevices, and nonshedding, thereby promoting cleanability
and minimizing spaces in which microorganisms and other contaminants may accumulate. The surfaces
shall be resistant to damage by disinfectant agents. Junctures of ceilings to walls shall be coved or
caulked to avoid cracks and crevices where dirt can accumulate. If ceilings consist of inlaid panels, the
panels shall be impregnated with a polymer to render them impervious and hydrophobic, and they shall
be caulked around each perimeter to seal them to the support frame. Walls may be constructed of
flexible material (e.g., heavy gauge polymer), panels locked together and sealed, or of epoxy-coated
gypsum board. Preferably, floors are overlaid with wide sheet vinyl flooring with heat-welded seams and
coving to the sidewall.

Copyright Lighthouse Worldwide Solutions Inc., c 2019

Technical Paper
Dust-collecting overhangs, such as ceiling utility pipes, and ledges, such as windowsills, should be
avoided. The exterior lens surface of ceiling lighting fixtures should be smooth, mounted flush, and
sealed. Any other penetrations through the ceiling or walls shall be sealed. The buffer area shall not
contain sources of water (sinks) or floor drains. Work surfaces shall be constructed of smooth,
impervious materials, such as stainless steel or molded plastic, so that they are easily cleaned and
disinfected. Carts should be of stainless steel wire, nonporous plastic, or sheet metal construction with
good quality, cleanable casters to promote mobility. Storage shelving, counters, and cabinets shall be
smooth, impervious, free from cracks and crevices, non-shedding, cleanable, and disinfectable; their
number, design, and manner of installation shall promote effective cleaning and disinfection.

Placement of Primary Engineering Controls
PECs (LAFWs, BSCs, CAIs, and CACIs) shall be located within a restricted access ISO Class 7 (see Table 1)
buffer area (see Figure 1), with the following CAI/CACI exceptions below: • Only authorized personnel
and materials required for compounding and cleaning shall be permitted in the buffer area. •
Presterilization procedures for high-risk level CSPs, such as weighing and mixing, shall be completed in
no worse than an ISO Class 8 (see Table 1) environment. • PECs shall be located out of traffic patterns
and away from room air currents that could disrupt the intended airflow patterns. CAIs and CACIs shall
be placed in an ISO Class 7 (see Table 1) buffer area unless they meet all of the following conditions: •
The isolator shall provide isolation from the room and maintain ISO Class 5 (see Table 1) during dynamic
operating conditions, including transferring ingredients, components, and devices into and out of the
isolator and during preparation of CSPs. • Particle counts sampled approximately 6 to 12 inches
upstream of the critical exposure site shall maintain ISO Class 5 (see Table 1) levels during compounding
operations. • Not more than 3520 particles (0.5 µm and larger) per m3 shall be counted during material
transfer, with the particle counter probe located as near to the transfer door as possible without
obstructing the transfer.6 It is incumbent on the compounding personnel to obtain documentation from
the manufacturer that the CAI/CACI will meet this standard when located in environments where the
background particle counts exceed ISO Class 8 (see Table 1) for 0.5-µm and larger particles. When
isolators are used for sterile compounding, the recovery time to achieve ISO Class 5 (see Table 1) air
quality shall be documented and internal procedures developed to ensure that adequate recovery time
is allowed after material transfer before and during compounding operations. If the PEC is a CAI or CACI
that does not meet the requirements above or is a LAFW or BSC that cannot be located within an ISO
Class 7 (see Table 1) buffer area, then only low-risk level nonhazardous and radiopharmaceutical CSPs
pursuant to a physician order for a specific patient may be prepared, and administration of the CSP shall
commence within 12 hours of preparation or as recommended in the manufacturer’s package insert,
whichever is less.

Viable and Nonviable Environmental Sampling (ES) Testing
The ES program should provide information to staff and leadership to demonstrate that the PEC is
maintaining an environment within the compounding area that consistently ensures acceptably low
viable and nonviable particle levels. The compounding area includes the ISO Class 5 (see Table 1) PEC
(LAFWs, BSCs, CAIs, and CACIs), buffer areas, ante-areas, and segregated compounding areas.
Environmental sampling shall occur as part a comprehensive quality management program and shall
occur minimally under any of the following conditions:
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• as part of the commissioning and certification of new facilities and equipment;
• following any servicing of facilities and equipment;
• as part of the re-certification of facilities and equipment (i.e., every 6 months);
• in response to identified problems with end products or staff technique; or
• in response to issues with CSPs, observed compounding personnel work practices, or patientrelated infections (where the CSP is being considered as a potential source of the infection).

Environmental Nonviable Particle Testing Program
A program to sample nonviable airborne particles differs from that for viable particles in that it is
intended to directly measure the performance of the engineering controls used to create the various
levels of air cleanliness, for example, ISO Class 5, 7, or 8 (see Table 1). Engineering Control Performance
Verification: PECs (LAFWs, BSCs, CAIs, and CACIs) and secondary engineering controls (buffer and anteareas) are essential components of the overall contamination control strategy for aseptic compounding.
As such, it is imperative that they perform as designed and that the resulting levels of contamination be
within acceptable limits. Certification procedures such as those outlined in Certification Guide for Sterile
Compounding Facilities (CAG-003-2006)7 shall be performed by a qualified individual no less than every
6 months and whenever the device or room is relocated or altered or major service to the facility is
performed. Total Particle Counts: Certification that each ISO classified area, for example, ISO Class 5, 7,
and 8 (see Table 1), is within established guidelines shall be performed no less than every 6 months and
whenever the LAFW, BSC, CAI, or CACI is relocated or the physical structure of the buffer area or antearea has been altered. Testing shall be performed by qualified operators using current, state-of-the-art
electronic equipment with results of the following: • ISO Class 5: not more than 3520 particles 0.5 µm
and larger size per cubic meter of air for any LAFW, BSC, CAI, and CACI; • ISO Class 7: not more than
352,000 particles of 0.5 µm size and larger per cubic meter of air for any buffer area; • ISO Class 8: not
more than 3,520,000 particles or 0.5 µm size and larger per cubic meter of air for any ante-area. All
certification records shall be maintained and reviewed by supervising personnel or other designated
employees to ensure that the controlled environments comply with the proper air cleanliness, room
pressures, and ACPHs.

Pressure Differential Monitoring
A pressure gauge or velocity meter shall be installed to monitor the pressure differential or airflow
between the buffer area and the ante-area and between the ante-area and the general environment
outside the compounding area. The results shall be reviewed and documented on a log at least every
work shift (minimum frequency shall be at least daily) or by a continuous recording device. The pressure
between the ISO Class 7 (see Table 1) and the general pharmacy area shall not be less than 5 Pa (0.02
inch water column). In facilities where low- and medium-risk level CSPs are prepared, differential airflow
shall maintain a minimum velocity of 0.2 meters per second (40 feet per minute) between buffer area
and ante-area.

Environmental Viable Airborne Particle Testing Program
The risk of contaminating a CSP prepared under low-risk level and medium-risk level conditions is highly
dependent on proper hand hygiene and garbing practices, compounding personnel aseptic technique,
and the presence of surface contamination, assuming that all work is performed in a certified and
properly functioning ISO Class 5 (see Table 1) PEC and secondary engineering controls, ISO Class 7 (see
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Table 1) buffer area, and ISO Class 8 (see Table 1) ante-area. High-risk level CSPs pose the greatest
threat to patients because compounding personnel are tasked with the requirement of processing
nonsterile components and devices in order to achieve sterility. A sampling program in conjunction with
an observational audit is designed to evaluate the competency of compounding personnel work
practices, allowing for the implementation of corrective actions on an ongoing basis (see Personnel
Training and Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection
Procedures). Sampling Plan: An appropriate environmental sampling plan shall be developed for
airborne viable particles based on a risk assessment of compounding activities performed. Selected
sampling sites shall include locations within each ISO Class 5 (see Table 1) environment and in the ISO
Class 7 and 8 (see Table 1) areas and in the segregated compounding areas at greatest risk of
contamination (e.g., work areas near the ISO Class 5 [see Table 1] environment, counters near doors,
pass-through boxes). The plan shall include sample location, method of collection, frequency of
sampling, volume of air sampled, and time of day as related to activity in the compounding area and
action levels. Review of the data generated during a sampling event may detect elevated amounts of
airborne microbial bioburden; such changes may be indicative of adverse changes within the
environment. It is recommended that compounding personnel refer to Microbiological Control and
Monitoring of Aseptic Processing Environments (1116) and the CDC’s “Guidelines for Environmental
Infection Control in Healthcare Facilities, 2003” for more information.

Growth Medium:
A general microbiological growth medium such as Soybean–Casein Digest Medium shall be used to
support the growth of bacteria. Malt extract agar or some other media that supports the growth of fungi
shall be used in high-risk level compounding environments. Media used for surface sampling must be
supplemented with additives to neutralize the effects of disinfecting agents (e.g., TSA with lecithin and
polysorbate 80).

Viable Air Sampling:
Evaluation of airborne microorganisms using volumetric collection methods in the controlled air
environments (LAFWs, CAIs, clean room or buffer areas, and ante-areas) shall be performed by properly
trained individuals for all compounding risk levels. Impaction shall be the preferred method of
volumetric air sampling. Use of settling plates for qualitative air sampling may not be able to determine
adequately the quality of air in the controlled environment. The settling of particles by gravity onto
culture plates depends on the particle size and may be influenced by air movement. Consequently, the
number of colony-forming units (cfu) on a settling plate may not always relate to the concentrations of
viable particles in the sampled environment. For low-, medium-, and high-risk level compounding, air
sampling shall be performed at locations that are prone to contamination during compounding activities
and during other activities such as staging, labeling, gowning, and cleaning. Locations shall include zones
of air backwash turbulence within LAFW and other areas where air backwash turbulence may enter the
compounding area (doorways, in and around ISO Class 5 [see Table 1] PEC and environments).
Consideration should be given to the overall effect the chosen sampling method will have on the
unidirectional airflow within a compounding environment. For low-risk level CSPs with 12-hour or less
BUD prepared in a PEC (LAFWs, BSCs, CAIs) that maintains an ISO Class 5 (see Table 1), air sampling shall
be performed at locations inside the ISO Class 5 (see Table 1) environment and other areas that are in
close proximity to the ISO Class 5 (see Table 1) environment during the certification of the PEC.
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Air Sampling Devices:
There are a number of manufacturers of electronic air sampling equipment. It is important that
personnel refer to the manufacturer’s recommended procedures when using the equipment to perform
volumetric air sampling procedures. The instructions in the manufacturer’s user’s manual for verification
and use of electric air samplers that actively collect volumes of air for evaluation must be followed. A
sufficient volume of air (400 to 1000 liters) shall be tested at each location in order to maximize
sensitivity. The volumetric air sampling devices need to be serviced and calibrated as recommended by
the manufacturer. It is recommended that compounding personnel also refer to Methodology and
Instrumentation for Quantitation of Viable Airborne Microorganisms under Microbiological Control and
Monitoring of Aseptic Processing Environments á1116ñ, which provides more information on the use of
volumetric air samplers and volume of air that should be sampled to detect environmental bioburden
excursions.

Lighthouse Worldwide Solutions to monitor critical sites for viable particle
monitoring
The Active Count air sampler and Remote Active Count (RAC) are two solutions we recommend for
compounding facilities. Both instruments meet ISO 14698 requirements which outlines the
requirements of an air sampling device. With a resolution down to 1µm and simple user interfaces. The
Active Count is a small easy to use portable device which has availability of different flow rates
depending on model. The AC100H is well suited for compounding facilities with low volume critical
sample locations and easily fits into BCS’s and LAFs. The RAC is suitable in larger facilities and connect to
LMS Express RT monitoring software where it can be part of a complete monitoring system with ApexR
remote particle counters and our range of environmental sensors.
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Air Sampling Frequency and Process:
Air sampling shall be performed at least semiannually (i.e., every 6 months) as part of the re-certification
of facilities and equipment. If compounding occurs in multiple locations within an institution (e.g., main
pharmacy, satellites), environmental sampling is required for each individual compounding area. A
sufficient volume of air shall be sampled and the manufacturer’s guidelines for use of the electronic air
sampling equipment followed. Any facility construction or equipment servicing may require that air
sampling be performed during these events.

Incubation Period:
At the end of the designated sampling or exposure period for air sampling activities, the microbial
growth media plates are recovered and their covers secured (e.g., taped), and they are inverted and
incubated at a temperature and for a time period conducive to multiplication of microorganisms. TSA
should be incubated at 30° to 35° for 48 to 72 hours. Malt extract agar or other suitable fungal media
should be incubated at 26° to 30° for 5 to 7 days. The number of discrete colonies of microorganisms are
counted and reported as cfu and documented on an environmental sampling form. Counts from air
sampling need to be transformed into cfu per cubic meter of air and evaluated for adverse trends.

Action Levels, Documentation, and Data Evaluation:
The value of viable microbial sampling of the air in the compounding environment is realized when the
data are used to identify and correct an unacceptable situation. Sampling data shall be collected and
reviewed on a periodic basis as a means of evaluating the overall control of the compounding
environment. If an activity consistently shows elevated levels of microbial growth, competent
microbiology personnel shall be consulted. Any cfu count that exceeds its respective action level (see
Table 2) should prompt a re-evaluation of the adequacy of personnel work practices, cleaning
procedures, operational procedures, and air filtration efficiency within the aseptic compounding
location. An investigation into the source of the contamination shall be conducted. Sources could
include HVAC systems, damaged HEPA filters, and changes in personnel garbing or work practices. The
source of the problem shall be eliminated, the affected area cleaned, and resampling performed. Counts
of cfu are to be used as an approximate measure of the environmental microbial bioburden. Action
levels are determined on the basis of cfu data gathered at each sampling location and trended over
time. The numbers in Table 2 should be used only as guidelines. Regardless of the number of cfu
identified in the pharmacy, further corrective actions will be dictated by the identification of
microorganisms recovered (at least the genus level) by an appropriate credentialed laboratory of any
microbial bioburden captured as a cfu using an impaction air sampler. Highly pathogenic
microorganisms (e.g., Gram-negative rods, coagulase positive staphylococcus, molds and yeasts) can be
potentially fatal to patients receiving CSPs and must be immediately remedied, regardless of cfu count,
with the assistance of a competent microbiologist, infection control professional, or industrial hygienist.
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Table 2. Recommended Action Levels for Microbial Contamination* †(cfu per cubic meter [1000 liters] of
air per plate)

Monitoring Controlled Storage Areas
To ensure that product potency is retained through the manufacturer’s labeled expiration date,
compounding personnel shall monitor the drug storage areas within the compounding facility.
Controlled temperature areas in compounding facilities include controlled room temperature, 20° to 25°
with mean kinetic temperature 25°; controlled cold temperature, 2° to 8° with mean kinetic
temperature 8°; cold temperature, 2° to 8°; freezing temperature, −25° and −10° if needed to achieve
freezing, and the media-specific temperature range for microbial culture media. A controlled
temperature area shall be monitored at least once daily and the results documented on a temperature
log. Additionally, compounding personnel shall note the storage temperature when placing the product
into or removing the product from the storage unit in order to monitor any temperature aberrations.
Suitable temperature recording devices may include a calibrated continuous recording device or a
National Institute of Standards and Technology (NIST) calibrated thermometer that has adequate
accuracy and sensitivity for the intended purpose, and it shall be properly calibrated at suitable
intervals. If the compounding facility uses a continuous temperature recording device, compounding
personnel shall verify at least once daily that the recording device itself is functioning properly. The
temperature-sensing mechanisms shall be suitably placed in the controlled temperature storage space
to reflect accurately its true temperature. In addition, the compounding facility shall adhere to
appropriate procedures of all controlled storage spaces to ensure that such spaces are not subject to
significantly prolonged temperature fluctuations as may occur, for example, by leaving a refrigerator
door open too long.

Summary
For USP 797 Lighthouse Worldwide Solutions has you covered with a full range of environmental
monitoring products and services. Ensure your business continuity and ensure you meet tight
regulations and partner with the right contamination control supplier.
Our range of Monitoring Systems, remote ad portable viable and non-viable sensors are best in class and
we have ay awards to back that up.
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