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Common Respirator Fit Testing 
Errors and Solutions

Background:  Roy McKay, Ph.D.
Pulmonary Toxicologist
>35 years of Research, Clinical Practice, and

“Hands-on” Respirator Fit Testing
Respirator Committees:  

Z88.10 (Chair, Respirator Fit Test Methods), 
Z88.2 (Practices for Respiratory Protection)
ANSI Z88 (Respiratory Protection full committee)
AIHA-Respiratory Protection Committee

Research & Publications:
Fit Test Methods, User Seal Checks, Filter Penetration, 
WPF Studies, etc.

Educational Activities:
Fit Testing, Program Requirements, Respirator Selection,
Change-Out Schedules, etc.:

Worker Training:  APR, SAR, SCBA, PAPR,  etc.
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This presentation will not
explain why people fail

respirator fit tests or the 
purpose of fit testing.
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Why do poorly fitting respirators 
pass respirator fit tests?
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Human error
Human behavior
Inadequate training
Lack of supervision
Modification of equipment
Failure to follow-up

Note: This is a partial listing.
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Qualitative Fit Testing

Errors can be specific to:

Common to both

Quantitative Fit 
Testing

R. McKay

It’s up to the employer to provide 
employees with respirators that can 
pass an OSHA accepted fit test.

In the USA
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This means more than 192 brands/models were 
unacceptable because they primarily had 
unreliable fit.  

AIHA Catalyst Summer of 2021

“With respect to poor fitting FFRs one of our hospitals 
tested over 200 different brands/models of FFRs. They 
found only eight (8) that could be reliably used in their 
workforce.” Dr. McKay’s Comment:

Yet, these same models are routinely used elsewhere.  
What does this tell us about the quality of fit testing? 

R. McKay
Note: Photos are for illustrative purposes only and not intended to identify FFRs with good or poor fitting characteristics.
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Respirator Program Checklist

Fit Testing

Training

Did It
Did It
Well

What does an employee think 
when then pass a fit test?
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Dr. McKay’s
Comment

Qualitative Fit Testing (QLFT)
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So What is a Qualitative Fit Test?

Banana oilIrritant Smoke Sweetener or Bitrex

R. McKay

So how does an employee 
wearing an N95 FFR pass a fit 

test with irritant smoke or 
banana oil?

Respiratory Protection Standard
29 CFR 1910.134  Appendix A

R. McKay

(B)(3). Saccharin Solution Aerosol 
The “Sweetener” Test

(B)(4). Bitrex™ Solution Aerosol
The “Bitter” Test

www.OSHA.gov

The test procedures and 
equipment are identical for both.
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When conducting respirator fit testing 
according to OSHA protocols with Sweetener 
(or Bitrex), the minimum number of squeezes 
of the fit test solution, when the respirator 
passes is?

a) 1 - 10
b) 11 - 20
c) 21 - 50
d) 51 - 74
e) 75

QualFit™ Software displayed at bottom right.

R. McKay

Required Number of Squeezes
Assuming Sensitivity Detected at 6 Puffs

5 + 5 Deep breathing
5 + 5 Turning head side to side
5 + 5 Moving head up and down
5 + 5 Talking
5 + 5 Bend over or jog in place
5 + 5 Normal breathing

R. McKay

10 Normal breathing+ 5

= 75 Total squeezes of “Test” solution
+

Weak solution
No respirator worn
Spray into enclosure

Phase 1: Details Taste Threshold Screening

Record number of 
squeezes as 10, 20, or 30

Purpose: To determine if the subject can 
detect the test agent.

If the subject can not detect the taste, try 
a different agent or stop.

Video Using Weak Solution
www.QualFit.net
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With Strong Solution (100x)Phase 2:
Insert nebulizer into the enclosure and spray
10, 20, or 30 squeezes, based on the number of 
squeezes required to elicit a taste response 
during threshold screening.   Then …

R. McKay

QualFit™ Software at bottom right.

Every 30 seconds maintain challenge 
concentration using ½ the number of squeezes.

With Strong Solution (100x)Phase 2:

30.00

R. McKay

Video Using Strong Solution
www.QualFit.net

QualFit™ Software operating at bottom right.

OSHA 1910.134  Appendix A
Required Test Exercises 1 Minute each

1.  Normal breathing
2.  Deep breathing
3.  Turning head side to side
4.  Moving head up and down
5.  Talking
6.  Bend over or jog in place
7.  Normal breathing

R. McKay

Total exercise 
time is

7 minutes
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Incorrect 
number of 
squeezes

• Incorrect number of squeezes
Exercise times < 

1 minute • Exercise times < 1 minute
Skipping 
exercises • Skipping exercises

Incorrect 
Exercises • Using Incorrect Exercises
Equipment • Incorrect Use of Equipment

Human errors cause poorly fitting 
respirator to “PASS”

If the challenge concentration is not
maintained, a poorly fitting facepiece 

can pass.
R. McKay

OSHA 1910.134  Appendix A
7 Required Qualitative Test Exercises

1.  Normal breathing
2.  Deep breathing
3.  Turning head side to side
4.  Moving head up and down
5.  Talking
6.  Bend over or jog in place
7.  Normal breathing

Skipping 
Exercises is a 

common 
practice

1.  Normal breathing
2.  Deep breathing
3.  Turning head side to side
4.  Moving head up and down
5.  Talking
6.  Bend over or jog in place
7.  Normal breathing

Operators confuse OSHA Fast Fit Protocols 
with qualitative fit testing.

QualFit™ Software avoids this common error.
R. McKay

Qualitative Respirator Fit Testing
is the most common method for 

fit testing health care workers.

These errors permit poorly fitting 
respirators to “pass” fit testing.

Total exercise time becomes 2-3 minutes, not 7.
The person being fit tested doesn’t know the test 
was administered incorrectly nor does the 
employer.

R. McKay

Ensures all seven, 1-minute 
exercises are conducted 
with the correct number of 
squeezes for each exercise, 
at the proper time, and in 
the proper order.

www.QualFit.net

QualFit Software

Exercise 
Time 

Remaining

Calculates 
number of 
squeezes to 
deliver for 

each exercise

QualFit™ software was 
developed to resolve this 
problem.

R. McKay

QualFit™ Software

The software automates and 
tracks each step of the fit 
testing procedure and provides 
a printed report. 

www.QualFit.net

The printed report complies 
with OSHA’s recordkeeping 
requirements.

R. McKay

Benefits of QualFit™ Software Include

General Features:
Automatically calculates the number of squeezes of fit test solution to be used, based upon threshold screening results.
Automatic timing for all OSHA required exercises.
Displays current exercise to ensure proper exercise sequence.
Visual and audible prompts notify operator when next aerosol delivery is needed.
Calculates and displays number of squeezes to deliver initially and for subsequent exercises.
Prompts operator to replenish aerosol challenge concentration at required time intervals.

Includes drop-down menus for respirator make, model, style, and size.
Avoids re-entry of commonly entered information and minimizes spelling errors.
Retains previous operator name, minimizing data entry.
Search capability for previously tested subjects.  Eliminates spelling errors and increases efficiency.
Records the specific exercise when the challenge agent is detected, if subject fails the fit test.
If subject fails the fit test, has quick link feature to change respirator make, model and/or size, if needed.
Results are automatically saved at the conclusion of the fit test.

Report Features:
Provides a written report satisfying OSHA record keeping requirements, including:
Subject name & ID.
Name or initials of the fit test operator.
Respirator make, model, style, and size
Company name and/or location.
Protocol and test agent used for fit testing.
Exercises used, duration of exercises, and results for each exercise maneuver.
Records and prints threshold screening results.
Clearly identifies overall result as Pass or Fail.
Automatically saves results.
One click to print a report.
Report can also be emailed to test subject, program manager, supervisor, etc.

www.QualFit.net
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OSHA says: “To produce the 
aerosol, the nebulizer bulb is 
firmly squeezed so that it collapses 
completely, then released and 
allowed to fully expand.”

R. McKay

But, OSHA doesn’t tell you the 
speed at which it should be 

squeezed?
Both affect aerosol output.

OSHA doesn’t specifically mention 
that excessive tilting of the 
nebulizer affects aerosol output.

R. McKay

“Insert the nebulizer nozzle 
into the opening at the front of 
the hood and direct the aerosol 
into the void between the side 
of the respirator and the hood.”

OSHA doesn’t specify where to 
direct the aerosol output.
ANSI/AIHA and ISO both do.
ANSI/AIHA Z88.10-2010 “Fit Test

Methods”, says:

R. McKay R. McKay

Quantitative Fit 
Testing

Errors with:

AccuFIT 9000TSI PortaCount 
Model 

8030/8038

TSI PortaCount 
Model 8048

Valve 
removed

Tubing Kinked

R. McKay

R. McKay

Usually kinks 
can’t be seen 
when hidden
behind inhalation 
valve.
For this photo 
the inhalation 
valve was 
removed.

Source: Roy T. McKay, Ph.D.

Clip swiveled after donning causing sample tube to kink with 
Falsely High Fit Factors

R. McKay

Source: Roy T. McKay, Ph.D.

Source: Roy T. McKay, Ph.D.
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Notice 
location 
of clip.

Little dead space with many FFRs
Nose or chin occludes sample

Sample probe blocked during inhalation
More common with flexible FFRs

R. McKay

Falsely High Fit Factors with FFRs

Why do poorly fitting respirators 
pass respirator fit tests?

R. McKay

Qualitative Fit Testing
Quantitative Fit Testing

Errors:

Common to both

When the sunlight strikes raindrops in the air, 
they act like a prism and form a rainbow. The 
rainbow is a division of white light into many 
beautiful colors. These take the shape of a long 
round arch, with its path high above, and its two 
ends apparently beyond the horizon. There is, 
according to legend, a boiling pot of gold at one 
end. People look, but no one ever finds it. When a 
man looks for something beyond reach, his friends 
say he is looking for the pot of gold at the end of 
the rainbow.

R. McKay

Rainbow Passage

R. McKay

This was just the tip of 
the iceberg

Many other reasons why poorly fitting 
respirators pass a fit test.

If you’re a 
fit test 

operator:
Take a class

If you wear 
a 

respirator:

Check 
credentials 

of the 
operator

R. McKaywww.QualFit.net

What is QualFit™ Software?

Instructional Videos

Comprehensive training video:
Qualitative fit testing using sweet 
and bitter solutions

https://youtu.be/FxpVsm3OhLY

Go to:  www.QualFit.net and select the “Documents & Resources”
tab at the top of the screen, or go to my YouTube channel:

https://youtu.be/RwdMfrQXdTY
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Respirator Training Courses
Go to:  www.DrMcKay.com

Overview of Respiratory Protection
Fit Testing Workshop (2-days)
Respirator Selection
Cartridge Change Out Schedule Workshop
Fit Testing Refresher & Advanced Topics
Fit Testing Workshop Quantitative
Fit Testing Workshop Qualitative
Respirator Program Administrator Training

R. McKay

For training course information
www.DrMcKay.com

For information about QualFit™ Software©

www.QualFit.net

Questions? Roy@DrMcKay.com

QualFit Software

R. McKay

The End

Roy T. McKay, Ph.D.
Professor Emeritus

Dept. of Environmental & Public Health Sciences

University of Cincinnati
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