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Airflow Smoke Pattern Testing  
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Introduction 

Various standards covering sterile operations, including USP <797>¹, the FDA Aseptic Processing 
Guidance2, and state boards of pharmacy, require an airflow visualization study to prove that the 
primary engineering controls (PEC) are suitable for the intended activity and that compounders 
understand how to utilize first air during aseptic manipulation. In USP <797>, dynamic airflow smoke 
pattern testing is required as part of the routine certification interval—every 6-months. However, 
pharmacies should avoid the “checked box” mentality of this important test and take advantage of the 
benefits this test provides to the compounding staff.  

Who should perform airflow smoke pattern testing? 
USP <797> states that facilities must be independently certified using the requirements of the chapter. 
Because airflow smoke pattern testing is listed as a specific certification test, pharmacies must use 
reputable certification companies to administer testing on all ISO Class 5 devices every six months. 
CriticalPoint recommends that pharmacies engage with certifiers who follow the guidelines of CETA’s 
CAG-014 – Airflow Visualization Study (AVS)3. CETA CAG-014 is a performance guideline and 
supplements common regulatory requirements such as USP and local board of pharmacy inspectors 
regarding smoke study testing.  

However, there are opportunities for designated persons (DPs) to learn more about how to perform 
these tests with their compounding staff on their own. This does not replace the smoke studies required 
by <797> for certification compliance. Instead, performing in-house testing provides the freedom to 
perform as needed and practicality to the pharmacy’s workflow process. Airflow smoke studies provide 
a visual aid to the invisible. Without the introduction of a smoke medium, it’s impossible to reveal 
undesirable airflow characteristics of poorly placed items and equipment that may otherwise negatively 
impact the direct compounding area (DCA). In addition, smoke also helps identify incorrect aseptic 
technique that can be quickly rectified (in real time) as the test is supervised during training. 

Taking the time to learn how to perform smoke studies in-house has invaluable advantages beyond 
certification. CriticalPoint recommends that smoke studies be performed during operational process 
verification when performing staff training on media fill and compounding technique, and the 
placement and use of automated compounding devices (ACDs).  

Before considering in-house testing, pharmacies should initially work with their certifiers to determine 
the best compounding process while working in unidirectional airflow. Certifiers and pharmacies 
working together can share insights from one another’s perspectives. Pharmacy personnel may share 
their knowledge about compounding activities using their procedures, while certifiers can provide 
insight on airflow behavior in PECs. Together, they observe how the airflow behaves during 
compounding to verify that appropriate airflow behavior washes over the critical site. 

https://trchealthcare.com/
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Airflow smoke pattern testing concepts  
Airflow smoke pattern testing should be performed under both static and dynamic conditions. Static 
airflow smoke pattern testing highlights proper placement of the PEC within the facility and the 
placement of equipment and components to demonstrate minimal disruption of outside airflow 
influences. Anytime a compounding process changes or a PEC or equipment is moved, smoke testing 
must be performed to verify the location is appropriate.  

A dynamic airflow smoke pattern test is used to train and instruct compounding personnel in proper 
aseptic technique for every type of PEC in which they work. Working in a horizontal-flow laminar airflow 
workbench (LAFW) is different from 
working in a vertical-flow biological 
safety cabinet (BSC) or restricted 
access barrier system (RABS). Airflow 
must be traced from the entrance 
plane (the HEPA filter diffuser screen) 
across the direct compounding area 
(DCA) to the exit plane. The DCA is the 
area within the PEC where critical 
operations are conducted. 

Elements of airflow pattern concepts 
• The entrance plane in a horizontal-flow LAFW is the HEPA filter at the rear of the work surface. The exit 

plane is the area behind the operator. Air must be traced from the HEPA filter diffuser screen, across 
the critical sites in the DCA, to and across the operator; and the air should not reflux (reverse flow) 
into the work area after passing through it.  

• The entrance plane in a vertical-flow unidirectional airflow device is the HEPA filter diffuser screen 
above the work surface. In a unidirectional vertical-flow PEC, the diffuser screen will traverse the 
entire entrance plane from the front wall to the back wall and from side wall to side wall. The exit 
plane in a vertical-flow device is the work surface. For example, BSC vertical air must be traced from 
the diffuser screen, across the critical sites in the DCA, to and into the air grilles at the front and rear 
of the work surface of the device.  

• The air in the center of the work area at the BSC work surface is typically the worst airflow in many 
devices. 

• In BSCs, the area where air is being drawn closest to the front intake grille is often the best airflow 
within the vertical-flow device. 

• In both vertical and horizontal airflow, the airflow through the DCA must be shown to be smooth and 
without turbulence and updrafts.  

• Air must be shown to sweep across the critical site. 

• Air flowing out of the HEPA filter diffuser screen is considered “first air” until it hits an obstruction 
such as an IV bar, the operator’s hands, vials, bags, and other supplies. First air must be shown to 
exist at all critical sites. 

https://trchealthcare.com/
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This video presents dynamic smoke pattern testing in horizontal and 
vertical airflow. You will see the characteristics of the smoke sweep 
smoothly over the critical site at the DCA with no airflow disruptions or 
backstreaming. This visual demonstration proves that first air is effectively 
being delivered to the critical site in each type of airflow with the aid of 
proper aseptic technique. 

Getting the most out of smoke pattern testing  
A dynamic airflow smoke pattern test can be the best aseptic technique training tool in your training and 
process setup arsenal. You can use these tests to: 

1. Determine how to place materials within the PEC to minimize turbulence. 

2. Differentiate the area within the PEC where sterile materials are unwrapped before placement in 
the DCA. 

3. Demonstrate that the air from the particle-generating unwrapping process does not migrate into 
the DCA. 

4. Demonstrate that the air that passes over the critical sites flows into the air returns or past the 
operator and does not flow back into the DCA. 

5. Demonstrate how hands must be positioned in vertical airflow versus horizontal airflow. 

6. Demonstrate how vials, syringes, and other equipment and supplies used in compounding must be 
manipulated to ensure first air at the critical site. 

Smoke pattern testing is used to determine how to position equipment in the vicinity of the DCA and is 
listed as a requirement in USP <797>, Section 4.5 Placement and Movement of Materials.  

• Large, especially flat objects like the base of an ACD will create turbulence. Use static airflow 
smoke pattern tests to position objects in a manner that mitigates the turbulence and prevents 
turbulent airflow from affecting the DCA. Air must flow over, across, and under all objects. Often, 
feet or risers must be installed to create a gap between ACDs (or other large, flat objects) and the 
work surface.  

• For many years, Baker and NuAire sold LAFWs with a lip at the back of the work surface. These units 
can be retrofitted with a diffuser screen from the manufacturer that will eliminate turbulence 
caused by this lip. If you have one of these units that has not been retrofitted with a diffuser screen, 
there is a zone of turbulent airflow on the work surface. An EM 2400 compounding device placed in 
this LAFW will create a significant area of turbulence, and if the air cannot flow under the 
compounder, it will roll over the top of it in a very turbulent manner. This will prevent first air at the 
critical sites on top of the compounder. Installing feet on the bottom of the compounder that raise it 
above this turbulent zone will greatly reduce the refluxing air.  

• The return grilles in a vertical-flow PEC must be kept clear, but these grilles should be exploited 
when positioning large objects. Air is more efficiently pulled across an object than blown across it. 
Positioning an object close to the returns without blocking them will promote a sweeping action 
over and away from the critical sites.  

• There is no design template for smoke pattern testing. Airflow smoke pattern testing is intended to 
find the “correct” airflow for the type of compounding conducted. For many ACDs, this may take 

Click the photo to view the video 

https://trchealthcare.com/
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some trial and error until the placement is just right for appropriate airflow behavior. The final 
placement of the compounder and applicable work instructions for setup, breakdown, placement, 
and operation will need to be added to internal SOPs. 

Documenting the airflow smoke pattern test  
There is some confusion surrounding whether airflow smoke pattern tests must be video-recorded. 
CAG-014 Airflow Visualization Study – states that video recording is the method of documentation. 
However, while USP <797> requires the test be documented, it does not provide specifics. In order to 
properly document that the device is suitable for the intended task and that compounders properly 
exploit first air, CriticalPoint recommends pharmacies require their certifiers to provide video evidence 
of dynamic airflow smoke pattern tests. We also recommend that static testing be video-recorded to 
confirm the proper placement of PECs in the room and equipment and components on the work deck. 

• Regulators expect to see that every PEC has been properly integrated into the facility and that 
compounders use first air and display proper aseptic technique. We suggest that compounders 
demonstrate these skills in every type of PEC in which they compound, but that does not mean you 
need a video of every individual in every PEC. Just use it as a training tool. 

• Elaborate video equipment is not required. A contemporary 
cellphone camera can be used to video-record the test. Avoid 
GoPro fisheye lenses. In our experience, fisheye lenses are 
great for capturing live-action scenes; however, slow and 
intricate detail that requires precise angles is not captured 
well using an ultrawide-angle (fisheye) lens. If a cellphone is 
used, it must be vigorously and thoroughly wiped with an EPA-
registered one-step bactericidal disinfectant cleaner and 
followed by wiping with sterile IPA. The person charged with 
recording the video must be aware that their hands (and the 
phone) are highly contaminated and must refrain from placing 
the phone or their hands on ISO 5 or ISO 7 surfaces. 

• Practice is needed to determine the best camera angles to 
show the smoke effect inside the PEC. Often it is not clear 
what the video was designed to reflect. This can be avoided 
by making sure the smoke is flowing where the work is being 
done and that the angle confirms the flow is where you see it when standing at the PEC. Remember, 
angles are important to consider when capturing dynamic airflow demonstrations. Each PEC and 
compounding personnel is different. Choosing the appropriate material and shot angle is critical to 
ensure effective video documentation. 

• The video must show where the smoke enters the DCA as it crosses the critical site and prove that it 
does not reflux into the DCA after exiting. 

Choice and use of an appropriate smoke source  
Think of Goldilocks when choosing the source of smoke...  

o Too much smoke creates a large mass of white smoke that distorts the view and misrepresents 
what is occurring at the critical site. Refluxes and updrafts are masked by the sheer mass of 
smoke.  

https://trchealthcare.com/


CriticalPoint Pearls of Knowledge 
 

 
 © 2024 TRC is a registered trademark of Therapeutic Research Center. TRC and all associated names and service marks,  
 including TRC, are restricted and reserved for Therapeutic Research Center use. TRCHealthcare.com P a g e  5 | 6 

o Too little smoke does not show up well on video. You will not be able to discern the smoke from 
the background and will not be able to prove a lack of turbulence and updrafts.  

o Through years of trial and error, we have found that the “just-right” amount of smoke is best 
produced by ventilation smoke tubes and a small air pump. 

Larger fog generators, such as the °C Breeze, are available from Degree Controls, Inc. These units 
create a high volume of fog that can potentially mask some turbulence and are, therefore, best used on 
larger ISO Class 5 systems and not the standard-size PECs most often found in compounding 
pharmacies. 

The equipment required to perform a smoke pattern test is not expensive and is easy to obtain. 
Ventilation smoke tubes with a battery-operated aquarium pump, tubing, and connectors are all you 
need.  

1. Ventilation tubes and bulb 
• Dräger (appropriate for BSCs and RABSs only) can be purchased online direct from Dräger, 

through Grainger (bulbs, plugs, and tubes) or SKC Inc. (air current kit).  

• Mine Safety Appliances (MSA) are appropriate for all PECs and can be purchased online from 
Grainger and Medline 

2. Battery-operated aquarium pump 
• PetSmart: Top Fin® battery-operated aquarium air pump 

• Amazon: Uniclife portable battery-operated aquarium air pump 

3. Aquarium tubing and regulator 
• Grainger: smoke tubes 

• PetSmart: aquarium air pump 

• Amazon: regulator 

• Amazon: tubing  

Summary 
Ultimately, it’s the pharmacy’s responsibility to meet and maintain certification compliance. Engage 
with reputable certification vendors to ensure all elements of certification are met and properly 
documented. The ability to perform in-house testing significantly improves your initial and ongoing 
training programs. Training has consistently been proven to be more effective if methods of visual 
feedback are incorporated, such as through dynamic airflow smoke pattern testing.  

Once pharmacy personnel are familiar with the process and procedures required to test and have the 
training to recognize desirable and undesirable characteristics of airflow in the DCA, the team may 
begin performing the airflow smoke pattern testing in-house. Remember, there is no one-size-fits-all 
approach to airflow smoke pattern testing. A lot of it is trial and error when finding the “sweet spot” in 
the DCA. Anyone familiar with sterile compounding can do it provided they can identify the best place to 
compound within the work zones of the PEC. 

https://trchealthcare.com/
http://www.degreec.com/en/airflow-sensing-products/development-use/c-breeze.html
https://www.draeger.com/en-us_us/Products/Air-Flow-Tester
https://www.grainger.com/product/DRAEGER-Smoke-Tube-Kit-3YEW5
https://www.skcinc.com/products/draeger-air-current-test-kit
https://www.grainger.com/product/MSA-Smoke-Tube-Kit-4LP18
http://www.medline.com/product/Ventilation-Smoke-Tube-Kits-by-Mine-Safety-Appliances/Z05-PF86914
https://www.petsmart.com/top-fin-battery-operated-aquarium-air-pump-16833.html?cgid=6000031&bvroute=Reviews%2FshowHelpfulCritical&bvstate=pg:2/ct:r
https://www.amazon.com/Uniclife-Aquarium-Battery-Operated-Airline-Portable/dp/B07B64TQJC/ref=sr_1_5?keywords=Uniclife%2Bportable%2Bbattery-operated%2Baquarium%2Bair%2Bpump&qid=1681910198&sr=8-5&th=1
https://www.grainger.com/product/MSA-Smoke-Tube-Kit-4LP18
https://www.petsmart.com/top-fin-battery-operated-aquarium-air-pump-16833.html?cgid=6000031&bvroute=Reviews%2FshowHelpfulCritical&bvstate=pg:2/ct:r
https://www.amazon.com/Estone%C2%AE-Adjustable-Regulator-Aquarium-Universal/dp/B00MQKV1BY/ref=sr_1_2?ie=UTF8&qid=1493811288&sr=8-2&keywords=fish+tank+pump+regulator
https://www.amazon.com/Standard-Airline-Tubing-Accessories-25-Feet/dp/B0002563MW/ref=pd_bxgy_199_img_2?_encoding=UTF8&pd_rd_i=B0002563MW&pd_rd_r=3SATV4284H63MGTKW221&pd_rd_w=q994R&pd_rd_wg=DGxAJ&psc=1&refRID=3SATV4284H63MGTKW221
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