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Engineering Controls

When published in 2004, the engineering control requirements
under USP Chapter <797> led to confusion for many hospital
pharmacists, as the requirements did little to provide definitive
guidance for engineering control performance. The proposed

changes to USP <797>, published in May 2006, expanded upon the original
document’s engineering control requirements and provided much needed
detail regarding the requirements for establishing a sterile compounding envi-
ronment. The proposed changes reduced ambiguity over the needs for air
movement in controlled environments, pressure relationships between engi-
neering controls, HEPA filtration, and testing engineering control perform-
ance during operations. The proposed changes also detail the necessary engi-
neering controls for hazardous drug preparation and include employee safety
as a sterile compounding goal.

Primary and Secondary Engineering Controls
In order to grasp the complexity of the proposed changes, you should first
understand the terms primary and secondary engineering controls. 

� Primary controls for non-hazardous sterile drug compounding include
ISO Class 5 laminar air flow workstations (LAWFs) and compounding aseptic

isolators (CAIs). A CAI is an isolator that meets the definitions and perform-
ance attributes described by the Controlled Environment Testing Association
(CETA) as suitable for sterile compounding. An ISO Class 5 cleanroom may
also be used as a primary control for non-hazardous drug preparation. 

Primary controls for hazardous drug compounding include Class II and III
biological safety cabinets (BSCs) and compounding aseptic containment iso-
lators (CACIs) designed to provide operator protection through containment,
while providing ISO Class 5 air cleanliness. Exhaust air from hazardous drug
compounding primary controls should be vented 100% from the building,
because HEPA filters are not capable of capturing volatile fumes associated
with certain hazardous drugs. Recirculation of these hazardous fumes within
the BSC or isolator should be avoided.

LAFWs, CAIs, BSCs, and CACIs maintain control over the sterile com-
pounding worksite through HEPA-filtered air, the velocity and direction of air
movement, air pressure, and a partial or full enclosure of the critical worksite.
The proposed changes to <797> require that ISO Class 5 air cleanliness be
maintained throughout the compounding process within the primary control. 

Pharmacists should recognize that no primary control is infallible on its
own and can be defeated by inappropriate operator behavior, improper loca-
tion within the room environment, equipment system failures, or poor design.
Primary controls are considered open devices. LAWFs and BSCs are obviously
open, but use specific design elements to provide product protection. When
properly used and placed within the room, they use the unidirectional first air
from the HEPA-filtered supply to maintain the compounding environment. 

CAIs and CACIs use a combination of air movement, filtration, pressure,
and physical separation (enclosure, view window, and gloves) to provide the
desired sterile environment. Although perceived of as closed systems, sterile
compounding isolators are also open to the surrounding environment because
they use pass-through systems to introduce and extract preparations.
According to CETA, air exchange into the isolator from the surrounding envi-
ronment should not occur unless it has first passed through a microbial-reten-
tive filter (HEPA minimum). Properly designed pass-through chambers, using
HEPA filtration, air movement, and pressurization to provide separation
between the main chamber and surrounding room environment, can provide
adequate separation. The proposed changes define CAIs as isolators designed
to maintain an aseptic environment throughout the compounding and mate-
rial-transfer process. Air entering the isolator must first pass through a HEPA
filter to prevent and reduce the infiltration of unwanted particles to the isola-
tor’s main chamber. 

In 2005, CETA participated in a CAI review project along with NIOSH.
The team reviewed CAIs sold for sterile compounding and found that certain
isolator pass-through/transfer chamber designs failed to provide separation
between the room and main chamber. In some cases, these pass-through
chambers lacked HEPA filtration, appropriate pressurization, or sufficient
purge times to protect the main chamber from particle incursion. Some failed
to maintain desirable pressure relationships during routine operations, and
some did not provide hazardous drug containment. 

As a result, CETA developed definitions for isolators used in sterile com-
pounding, along with independent test methods  for both manufacturers and
certifiers to verify isolator performance. These guidelines (available at
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�CAIs and CACIs use a combination of air movement, filtration, pressure, and
physical separation to provide a sterile compounding environment.
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www.cetainternational.org) can also aid
pharmacists in developing procedures for
isolator use, such as the appropriate wait
time between transferring product into
the main chamber and beginning prepara-
tion, the placement of the isolator inside
or outside a cleanroom, and whether the
isolator can be used for hazardous drug
compounding.

� Secondary controls are the environ-
ments leading to and including the ISO
Class 5 primary controls, or more simply
put, the cleanroom and anteroom. The
proposed changes to <797> detail the
specific criteria for secondary control
environments. Cleanrooms, by defini-
tion, must control the generation and

Testing will establish
that your cleanroom
engineering controls
meet requirements

under operating 
conditions and 

perform predictably
and as designed.
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USP <797> and NIOSH-recommended protection of the end-product, the operator, and the environment in the compounding
of hazardous drugs is a demanding task. Regardless of the type of facility and engineering controls employed, two,
equally-important skill sets that must be mastered by compounding personnel are Aseptic, and Containment techniques.
And, because these skills need to be used simultaneously during compounding, they need to be verified simultaneously;
not separately, or after-the-fact.

CHEMOTEQTM is a demanding challenge of Containment/Aseptic technique unparalleled in assuring operator competency
in hazardous drug compounding. Following a review of the SAFE COMPOUNDING of HAZARDOUS DRUGS manual by the
candidate, a comprehensive, 14-step practical challenge is observed and graded (www.valiteq.com > Product Information
Video >Chapter 6. CHEMOTEQ Hazardous Drug Compounding). Successful completion of this practical exercise leads to a
qualitative residue-recovery assay of the surrogate end-products and compounding environment. Then, in order to ‘close
the loop’ on hazardous compounding safety, the sterility-released surrogate pharmacy end-products are delivered to
administering Nursing personnel for an additional challenge of their Containment/Aseptic administration technique.

This additional verification includes normal staging and starting of the admixture and end-products, leading to collection
of a final surrogate end-product representing the infusion through the patient’s catheter. A successful residue-recovery
procedure and sterility-release of this end-product may then represent an institutional continuum of hazardous drug
Containment/Aseptic technique competency throughout the compounding, transport, and administration, or proper
disposal of these drugs. ACPE Continuing Education Credit of 0.4 CEU is available for successful completion of the
CHEMOTEQ Containment/Aseptic Technique Verification System by prior arrangement with Lab Safety Corporation.

If you’re ready, the CHEMOTEQ Containment/Aseptic Technique Verification System is available in 2-test kits, and the
SAFE COMPOUNDING of HAZARDOUS DRUGS manual is available in 3 per pkg, online at www.valiteq.com, or by calling
Lab Safety, toll-free, at 800-433-7698 ... if you can't make CHEMOTEQ, you shouldn't make CHEMO.

ARE YOU READY FOR CHEMOTEQ?

Lab Safety Corporation has been accredited by
the Accreditation Council for Pharmacy Education
as a provider of Continuing Pharmacy Education.



introduction of airborne contamination, using  HEPA-filtered supply air at a
sufficient volume and air pressurization, as well appropriate materials and con-
struction for its walls, ceiling, doors, etc. In some cases the room may use a
line of demarcation instead of walls, doors, and pressurization. In this sce-
nario, properly engineered displacement airflow at a sufficient velocity is
required to protect the preparation area. 

The cleanroom fixtures must have smooth, impervious, seamless, non-shedding,
and cleanable surfaces. Fixtures should be constructed of materials such as stainless
steel or plastic, which enable
cleaning and resist contamina-
tion. Floors should be made of
continuous sheet vinyl with
welded seams and coved joints at
the base of the walls. Walls
should be smoothly sealed with
minimal vertical and horizontal
edge breaks. To promote and
withstand frequent cleaning,
walls should be constructed of
epoxy-finished gypsum board.
Ceilings should be smooth and
designed for cleaning; any tiles
should be caulked in place.
Room enclosure penetrations
caused by electrical and plumb-
ing runs should be sealed at the
edges.

What Controls 
Do I Need?
To determine the engineering
controls needed per the pro-
posed changes to <797>, use the

hazard level of the drugs to be
compounded as a foundation,
and then consider both com-
pounding volume and risk level. 

� Non-Hazardous, Low- 
and Medium-Risk CSPs
Non-hazardous drugs at all
compounding volumes are
identified by low-, medium-, or
high-risk levels. For low- and
medium-risk compounding,
the primary control is the ISO
Class 5 LAFW, CAI, BSC, or
other ISO Class 5 zone used
within an ISO Class 7 clean-
room. The primary control has
HEPA-filtered supply air and
positive pressure to adjacent
spaces at a minimum of 0.02
inches of water column. The
HEPA-filtered air entering the
space must be at a sufficient
volume to provide for ade-
quate filtration and dilution,

achieving at least 30 air changes per hour (ACPH). In some cases, this air
change requirement can be reduced to no less than 15 ACPH from the room
HEPA filter, where re-circulating primary control devices provide added filtra-
tion of the room air and make up the remaining 15 ACPH. 

The preparation room must be accessed using an anteroom for gowning,
hand-washing, and some storage. The anteroom must be at a positive pressure to
the main pharmacy, and a wall or door must separate the anteroom and clean-
room. A line of demarcation may provide separation and control contamination

Engineering Controls

Non-Hazardous, Low- or
Medium-Risk

Primary Control:
ISO Class 5 LAFW, BSC,
CAI, or Cleanroom/Zone

Secondary Control:
ISO Class 7 room with HEPA supply
air, >30 ACPH (or 15/15 alternate),

0.02” wc positive pressure, and ISO 8
anteroom. Line of demarcation may

be used if 40 fpm is achieved

Alternate:
ISO Class 5 CAI that maintains ISO 5
during compounding operation and

material transfer

Figure 1: Engineering Controls for Non-Hazardous, Low- or Medium-Risk Drug Compounding

Non-Hazardous, High-Risk
Compounding

Primary Control:
ISO Class 5 LAFW, BSC,
CAI, or Cleanroom/Zone

Secondary Control:
ISO Class 7 room with HEPA supply
air, >30 ACPH (or 15/15 alternate),

0.02” wc positive pressure, and ISO 8
anteroom. No line of demarcation 

is permitted

Alternate:
ISO Class 5 CAI that maintains ISO 5
during compounding operation and

material transfer

Figure 2: Engineering Controls for Non-Hazardous High-Risk Drug Compounding
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movement toward the primary control
devices, but only if the displacement airflow
provides adequate HEPA-filtered air flow (at
least 40 feet per minute) from the prepara-
tion side of the line to the anteroom side.

As an alternative to a cleanroom, the pro-
posed changes to <797> allow for the use of
a CAI outside of a cleanroom, but only if it
maintains an aseptic environment during
compounding operations and material
transfer. Pharmacists should require their
certifier to field test the isolator while in
operation (or pseudo-operation) and during
material transfer to establish that ISO Class
5 levels are continually met throughout the
compounding process. (See Figure 1.) 

� Non-Hazardous, High-Risk CSPs
For compounding non-hazardous, high-risk
CSPs, all requirements for low- and
medium-risk level compounding must be
met. In addition, a wall with a door must
separate the anteroom from the clean-
room, and there must be positive air pres-
sure from the preparation room to the
anteroom of at least 0.02 inches of water
column. Use of a line of demarcation and
displacement airflow is not allowed. The
anteroom must have positive pressure in
relation to non-controlled adjacent space.

As an alternative to a cleanroom, the
proposed changes allow for the use of a
CAI outside a cleanroom. Once again, this
is an option only if the isolator maintains
ISO 5 continually during compounding and
material transfer operations. (See Figure 2.) 

Hazardous Drug Compounding 
Hazardous drug compounding must be per-
formed in an environment that protects health
care workers from harm. Consequently, there
is no immediate-use provision in the proposed
changes to allow for compounding hazardous
drugs outside a primary control environment.
Compounding of hazardous drugs must be
performed within an ISO Class 5 primary con-
trol that is properly designed for such activity. 

� Five or More Preparations 
Per Week
Proposed hazardous drug compounding engi-
neering controls vary according to the facility’s
weekly preparation volume, not by its risk
level. For facilities preparing five or more CSPs
per week, the primary control can either be a
BSC or CACI vented 100% to the outside of
the building, where feasible. The BSC or CACI
must be located within an ISO Class 7 prepara-
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tion cleanroom that has HEPA-filtered supply air
and negative pressure relationships to adjacent
spaces at a minimum of 0.01 inches of water col-
umn. The room must achieve at least 30 HEPA-fil-
tered ACPH. This air change requirement can be
reduced to no less than 15 ACPH from the room
supply HEPA filter, if one or more re-circulating pri-
mary control devices make up the remaining 15
ACPH. Because the use of re-circulating primary
control devices for hazardous drug compounding is
not recommended by NIOSH, it is not likely that
the 15 ACPH make-up allowance would be applied
to hazardous drug secondary controls.

Unlike non-hazardous drug compounding, the
preparation room for hazardous compounding
must be accessed using an ISO Class 7 anteroom for
gowning and hand-washing. The anteroom must be
at a positive pressure to all adjacent areas, including
the preparation room. A wall and door must sepa-
rate the anteroom from the preparation room. No
line of demarcation may be used to separate the
spaces, regardless of risk level. 

As an alternative, you can use an ISO Class 5 CACI in an unclassified room, as
long as that room achieves at least 12 ACPH and negative pressure relationships
to adjacent spaces at a minimum of 0.01 inches of water column. (See Figure 3.)

Fewer Than Five Preparations Per Week
For hazardous drug compounding volumes lower than five preparations per week,
the proposed changes allow the facility to use a BSC or CACI outside a cleanroom.
The isolator must maintain ISO Class 5 conditions during compounding operations

and transfers. The BSC or CACI must be located within a separate room devoted to
hazardous drug preparation. This room must provide at least 12 ACPH, but no neg-
ative room pressure is required. However, in order to meet this provision when using
just a BSC or CACI, a second tier of containment through the use of a closed-system
vial transfer device (CSTD) is required. (See Figure 4.) 

Hazardous Drug Storage
Hazardous drugs, regardless of preparation volume or risk, must be stored in

a room that is separate from
non-hazardous drug storage.
This room must provide at
least 12 ACPH, be at a nega-
tive pressure of 0.01 inches of
water column to adjacent
areas, and provide continuous
general exhaust to the outside
of the building. 

Testing and Verification
The proposed changes to
<797> refer to published clean-
room industry guidelines and
other guidance for testing
cleanroom and engineering
control performance verifica-
tion. Testing will establish that
your cleanroom engineering
controls meet requirements
under operating conditions
and perform predictably and
as designed. The proposed
changes are prescriptive in
nature, identifying the neces-
sary controls and challenges
that determine if the equip-
ment actually works during

Hazardous Drugs: 
Five or More Per Week

Primary Control:
ISO Class 5 Class II or III BSC
or CACI vented 100% out of
the building (where feasible).

Secondary Control:
ISO Class 7 room with HEPA supply

air, 30 ACPH, 0.01” wc negative 
pressure, and ISO Class 7 anteroom.
No line of demarcation is permitted.

Primary Control:
ISO Class 5 CACI that maintains

ISO 5 during compounding oper-
ation and material transfer and is
vented 100% out of the building

(where feasible).

Figure 3: Engineering Controls for Compounding Five or More Hazardous Drugs Per Week

Secondary Control:
Room with >12 ACPH, 0.01” wc nega-

tive pressure.

Pharmacists should 
recognize that no primary
control is infallible on its

own and can be defeated
by inappropriate operator

behavior, improper 
location within the room 
environment, equipment 

system failures, or 
poor design.

Engineering Controls
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dynamic conditions. For exam-
ple, isolators and cleanrooms
should be tested during prepa-
ration and transfer conditions.
Installed HEPA filters for both
primary and secondary con-
trols should be challenge
tested to verify the filtration
system is leak-free, rather than
assuming they work based
upon point-in-time particle lev-
els. Testing during more strin-
gent operational conditions
will aid in verifying that the
controls provide an environ-
ment that protects the compounding process.

Conclusion
With an understanding of engineering controls, pharmacists can avoid costly
mistakes by specifying their needs up front, rather than discovering post-pur-
chase that the controls in place fail to perform as required. After all, cost-effec-
tive alternatives are only a savings if they actually work. However, avoid being
lulled into a false sense of security; even the best engineering controls will not
overcome bad human practices. Aseptic technique, proper conduct, and
employee training are critical to providing favorable sterile compounding out-
comes. Relying exclusively on engineering controls without correcting bad prac-

tices is like expecting a good car design to fix a bad driver; it could be an acci-
dent waiting to happen. �

Carl J. LaBella, BS, MBA, is president and chief operating officer of CSI Testing,
Inc., a cleanroom and controlled environment testing firm based in Plymouth,
Minnesota. LaBella is a board member of the Controlled Environment Testing
Association, and a member of the American Biological Safety Association,
Institute of Environmental Sciences and Technology, International Society of
Pharmaceutical Engineering, and American Society of Health-System
Pharmacists. He received a BS from the University of Wisconsin, Madison, and
an MBA from the University of St. Thomas, in St. Paul, Minnesota.

Hazardous Drugs: 
Fewer Than Five Per Week

Primary Control:
ISO Class 5 BSC/CACI

that maintains ISO 5 dur-
ing compounding and
material transfer. The

CACI and BSC are
vented 100% out of the

building (where feasible).

Secondary Control:
Separate Room

Room >12 ACPH
Negative pressure room is
not reqired if CACI or BSC
are used with CSTD sec-
ond tier containment.

Figure 4: Engineering Controls for Compounding Fewer than Five Hazardous Drugs Per Week
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