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1.0 Introduction (Problem Statement)
During the current COVID-19 pandemic, a critical concern for frontline healthcare workers is the
lack of N95 respirators and personal protective equipment (PPE). The N95 supply in Canada is
limited by shortage of stockpiles, lack of manufacturing capacity, and disrupted global supply
chains. There is a global call for novel solutions to address this crisis [1,2].
At Sunnybrook Health Science Center, physicians, researchers and engineers have developed
a novel N95 equivalent full-face snorkel mask. The Modified Snorkel Mask utilizes off-the-shelf,
reusable snorkel masks equipped with a disposable hospital-grade ventilator filter.
Concurrently, other groups have developed similar mask concepts. Notable groups with similar
design and testing are Pneumask (affiliated with Stanford University) [3] and MasksOn (affiliated
with Harvard University and Google) [4]. Some groups have begun to use their versions of the
snorkel masks in clinical settings. The masks are used as an emergency measure in places
where there are high COVID-19 case burdens and a severe shortage of N95’s.
At Sunnybrook Health Science Center, we have developed a novel reusable full face mask with
an integrated capsule filter in house. We have been focusing on optimizing the design and
comprehensively testing the Modified Snorkel Masks for safety and usability within our unique
integrated research and clinical settings. This was done in anticipation of the eventual need for
backup PPE.
This project summary, covers the important design features and testing that have been
performed. This document also provides a framework for the hospital to consider the clinical
testing and use of these masks in the clinical setting. Further details of each section are
available upon request.
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2.0 Design Features
Mask Components
Important components of the full face mask include an off-the-shelf snorkel mask, an in-line
capsule filter rated at N95 equivalence or higher, a 3D printed Filter Adapter Assembly that
connects the filter to the mask, and a 3D printed Mouth Cap Assembly which uses an O-ring to
seal the front exhaust valve port. Detailed design descriptions and the manufacturing steps to
construct the mask can be found in Appendix 1.

Figure 1. The design consists of the following components :(1) an in-line capsule filter rated at
N95 or higher equivalency (2) 3D printed Filter Adapter Assembly (3) Off-the-shelf snorkel mask
and (4) 3D printed Mouth Cap Assembly.
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Filtered Airflow
The mask is designed to provide a complete seal around the user’s face to force bidirectional
airflow exclusively through the inline filter for filtration. This is achieved by sealing the front
exhaust valve with the Mouth Cap Assembly. This mimics the original intended use of the
snorkel mask underwater with water pressure closing the exhaust valve while the snorkel
extension is above water.
The rationales behind the design:
(1) Exhaling unfiltered air through the exhaust valve increases infectious risk for the
unprotected persons (i.e. patients) surrounding the user in the event the user is
infectious.
(2) The single layer exhaust valve near the mouth is designed for water, therefore it
cannot be relied upon to completely prevent backflow of air. With usage of the mask in
non-water based environments, the backflow of unfiltered air can increase infectious risk
to the user.
(3) The results of End-Tidal Capnography of users performing simulated CPR sessions
do not indicate excessive CO2 buildup (as described in the Pre-Clinical Tests section
below).

Figure 2: Diagrams showing the inhale (left) and exhale (right) airflow pathways of the
Modified Snorkel Mask. Differential pathway prevents fogging.
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Airtight Seal Between Components
All components must be airtight and completely sealed to ensure that only filtered air is being
inhaled and exhaled by the user. Leakage in the components increases infectious risk.
To achieve complete sealing, the following design are included:
● Clear, non-porous material (Accura Clearvue) is used for the 3D printed Filter Adapter
and Mouth Cap
● O-Rings are used to create an airtight closure at the Filter Adapter and the Mouth Cap
attachments to the mask.
● Viton based O-rings are chosen to reduce the risk of chemical degradation during
decontamination or sterilization, especially with Hydrogen Peroxide.
● The clear material allows the compression from the O-Ring to be visualized by the user
● The Filter Adapter’s filter connector is standardized (ISO 5356-1:2015 Anaesthetic and
respiratory equipment — Conical connectors — Part 1: Cones and sockets). This
standard is used by hospital based respiratory equipment to ensure airtight connection.

Facial Fit and Seal
The size fitment with a given user’s face is initially determined based on a facial measurement
guide provided by the mask supplier. There are two different sizes for the off-the-shelf snorkel
mask (small/medium and large/extra-large) and various levels of tightness based on the strap
position which can be adjusted by the user.
The effectiveness of fitment and seal is determined based on Qualitative and Quantitative
Occupational Fit Testing (OSHA Standard 1910.134 Appendix A) [4].

Material Choice
All materials within the Modified Snorkel Mask are compatible with decontamination wipes such
as CaviWipes, Hydrogen Peroxide wipes or QUATs (quaternary ammonium compounds).
Accura Clearvue (3D printed material) is compatible with Isopropanol, however testing with
other decontamination solutions is pending. It is also proposed that a limited ageing study of
these materials should be performed. Continuous monitoring during repeated sterilization for
material deterioration is required during clinical use. Modified components (Filter Adapter and
Mouth Cap) were 3D printed with Accura Clearvue material using stereolithography (SLA)
process (Viper Stereolithography Rapid Prototyper).
Accura Clearvue was chosen for the following reasons:
● It is a transparent material, and thus allows the user to visually inspect the compression
line of the O-Ring in order to demonstrate adequate seal (Shown in Appendix B).
● Accura Clearvue is a non-porous material which is required for an air-tight seal.
● Accura Clearvue has been tested to be USP VI compatible.
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3.0 Pre-clinical Tests
Pre-clinical investigations were carried out using the Modified Snorkel Mask to evaluate its
usability and safety.
● Simulation sessions that included CPR, intubation, and protected code blue scenarios
were carried out. These sessions assessed the efficacy of the mask in team and
individual based situations. Other human factors such as mask comfort, mask
preference, user hypercapnia, communication, and safe donning and doffing processes
were assessed.
● Qualitative and quantitative fit tests at Occupational Health were carried out to ensure
adequate seal and filtration in real-life users where facial size and shapes are variable.
● Simulated negative pressure room with nebulized particles was used to assess the
mask’s performance in airborne isolation rooms.
● Particulate filtration efficiency, mask seal, and pressure drop were tested using a
modified version of the NIOSH 42 CFR Part 984:181 Test Method TEB-APR-STP-0059,
using a Scanning Mobility Particle Sizer Spectrometer [5]
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User Hypercapnia Test
Purpose: Full-face snorkel masks with airflow through a single port have the potential to cause
hypercapnia due to dead space inside of the mask. Hypercapnia occurs when abnormally high
carbon dioxide levels occur in the bloodstream. This may cause the user to experience
symptoms such as lightheadedness, dizziness, headaches or in severe cases, become
unconscious or go into respiratory failure. This test evaluates users for any signs of hypercapnia
during CPR.
Method: To test this phenomenon, participants carried out protocols requiring high intensity
(CPR). Their heart rates (beats per minute) and End-Tidal Carbon Dioxide (ETCO2) were
recorded via the mask’s inline filter using a portable capnographer before and after the CPR
session. 8 participants performed at least 1 round of CPR for 2 minutes. 4 participants carried
out 2 rounds of CPR for 2 minutes using a prior version of the mask (from Amazon) after a 6
minute breath session, allowing others to rotate.
Results
Number of Tests

12 (4 Amazon mask, 8 Canadian Tire masks)

Number of Participants

12

Results

None of the participants experienced any
clinical or ETCO measured signs of
hypercapnia (<37mmHg).
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Donning and Doffing Contamination Test (with Glogerm)

Figure 3: Manikin covered in Glogerm to simulate contaminated patient
Purpose: The purpose of this test is to determine if the donning and doffing of the modified
snorkel mask can be performed safely when entering and exiting isolation rooms.
Method: For this test, a Glogerm powder was applied on the manikin to simulate viral particles
on a patient. Glogerm identifies potential areas of contamination during patient care using a UV
light. Users were asked to donn and doff as if entering exiting a room with droplet precautions
but wearing the snorkel mask. This test was performed as part of the code blue scenario,
allowing the user to experience potential real life use of the mask that incorporates the donning
and doffing sequences.
Donning and doffing of the mask is described in detail in section 4.0.
After the doffing, participants were checked for Glogerm contamination using UV light as a
measure for whether the mask can be safely worn in the COVID-19 isolation area. A control was
also performed to demonstrate the appearance of Glogerm on contaminated skin or clothing
Results
Number of Tests

7

Number of Participants

7

Results

Glogerm was not found on the user’s clothing or skin
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User Simulations - CPR

Figure 4: Simulated CPR performed on a manikin
Purpose: CPR is an essential part of patient care in acute care settings, and it is a known
aerosol generating medical procedure (AGMP). The purpose of this simulation was to determine
if users are able to effectively perform CPR while wearing the Modified Snorkel Mask for N95
equivalent protection.
Method: Participants were asked to perform standalone CPR and CPR as part of a protected
Code Blue cardiac arrest scenario on a manikin while wearing the Modified Snorkel Mask. Users
donned and doffed PPE for airborne protection that included the modified snorkel mask.
This simulation uses a dedicated simulation center with a training manikin (with vital signs and
ability to communicate), monitoring, and therapeutic equipment. Participants included
volunteering clinicians (RNs, RTs, and MDs from cardiology, anesthesia, and ICU).
Results
Number of Tests

12 (8 Canadian tire masks, 4 amazon masks)

Number of Participants

12

Results

All participants were able to perform CPR on the
standardized mannequin without having to stop due
to fatigue, dyspnea, anxiety, or claustrophobia

The Modified Snorkel Mask described here is not approved for clinical use

Revision: 0.2, D
 ate: May 19th 2020

9

User Simulations - Intubation

Figure 5: Simulated endotracheal intubation performed on a manikin
Purpose: Emergency intubation is an essential part of patient care in acute care settings, and it
is a known aerosol generating medical procedure (AGMP). The purpose of this simulation was
to determine if users are able to effectively visualize and perform intubation while wearing the
Modified Snorkel Mask for N95 equivalent protection.
Method: Participants were asked to perform standalone intubation and one participant
(anesthesia) was asked to perform intubation as part of a protected Code Blue cardiac arrest
scenario. Intubation was performed on a manikin while wearing the Modified Snorkel Mask.
This simulation uses a dedicated simulation center with a training manikin (with vital signs and
ability to communicate), monitoring, and therapeutic equipment. Participants included
volunteering clinicians (RTs, and MDs from cardiology, anesthesia, and ICU departments).
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Result:
Number of Tests

7

Number of Participants

7

Results

All participants were able to perform standalone
intubation on the standardized mannequin on first
attempt without difficulties. Intubation was successful
on first attempt during simulated Code Blue.
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User Simulations - Protected Code Blue

Figure 6: Simulated protected code blue performed on a manikin
Purpose: The purpose of this simulation was to determine if users are able to effectively
perform tasks as a team while wearing the modified snorkel mask. This evaluates
communication and team function with users wearing the modified snorkel mask. Protected
code blue is an essential part of acute care and is an aerosol generating medical procedure.
Method: Simulated cardiac arrest due to myocardial infarction was carried out without prior
knowledge among the participants. Volunteering participants included an anesthetist, respiratory
therapist, cardiologist, and cardiac catheterization lab nurses. The participants were asked to
perform a code blue simulation on a training mannequin with vital signs and ability to
communicate, and standard monitoring and therapeutic equipment that are typically available in
an emergency department room.
Results:
Number of Tests

1

Number of Participants

7

Results

All participants were able to properly participate in
the simulation and the simulated patient survived.
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Quantitative Fit Test (OSHA Standard 1910.134 Appendix A)

Figure 7: Quantitative occupational health test. The quantitative fit test uses a custom adapter
or the luer port on the filter to sample the particles inside the mask.
Purpose: To evaluate the facial fit and filtration of a respirator on a user.
Method: OSHA Standard 1910.134 Appendix A [5] outlines the qualitative and quantitative
analysis to examine the fit and effectiveness in filtration of a N95 respirator on the user.
The qualitative test examines possible leakage of the mask based on the user's subjective
detection of aerosolized bitter solution. The quantitative test examines the sealing and filtration
of the mask to the user’s face using particle detection (PortaCount 8030, TSI Inc.).
The quantitative tests examine N95 equivalence and calculate a fit factor based on detecting the
number of particles in the mask with respect to the number of particles outside of the mask. A fit
factor is then calculated based on this ratio. The combined fit factor of the mask is calculated
after the user performs a standard set of movements. The combined fit factor must be higher
than 100+ to qualify as a good fit for N95 masks. A fit factor of 200+ is the maximum score [5].
Results:
Number of Tests

10

Number of Participants

10

Results

All participants passed the qualitative and
quantitative fit test. 8/10 participants had a combined
fit factor of 200+. One participant did not pass the
initial test but was able to pass the test after change
of mask size.
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Negative Pressure Room Simulation

Figure 8a: Test set-up of the negative pressure room simulation test  Figure 8b: Mannequin
with simulated lungs connected to a ventilator
Purpose: To evaluate how the mask performs on a user when inside a negative pressurized
room (airborne isolation rooms).
Method: This is a simulation to mimic airborne isolation using a negative pressure room and a
mannequin that has simulated exhalation using a ventilator and nebulizer. The ventilator pumps
air through a nebulizer connected to the lungs of the manikin and particles of various sizes are
exhaled via the mouth of the manikin.
The particle count (PortaCount Aerotrack 9303, TSI Inc.) is first used to assess the outside and
inside of the negative pressure room as a control. After, the particle counter is connected to the
mask to assess the number of particles of different sizes that are within the mask. This
measurement was performed with the user in the simulation room before (control count inside
the mask) and during the simulated exhalation of particles (experiment count).
Results:
Number of Tests

1

Number of Participants

1

Results

The result of the particle count showed that the mask was
able to filter out 99.4% of 0.3micron sized particles based
on particle count.
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Particle filtration efficiency and mask leakage test (Modified
NIOSH 42 CFR Part 84:181 [6])

Figure 9a: Manikin head mounted with a small-sized modified snorkel mask Figure 9b: Test
set up with mixing chamber with manikin inside Figure 9c: Scanning Mobility Particle Sizer
Spectrometer (SMPS)
Purpose: This test examines the particle filtration efficiency of the mask and to ensure that the
mask filters at a N95 equivalency.
Method: The mask is placed on a custom made manikin head according to anthropometric
measurements from the National Institute of Occupational Safety and Health [7] along with a
liquid silicon layer to simulate skin. The head is then placed in a pressurized mixing chamber
where steady airflow was drawn through the manikin’s mouth to mimic inhalation at ~30 L/min.
A complete seal is checked with an N100 equivalent filter to ensure there is near zero particle
count within the mask when compared to laboratory air.
Next, nebulized sodium chloride (NaCl) salt particles are introduced into the mixing chamber A
42 channel SMPS (Scanning Mobility Particle Sizer Spectrometer) is used to count and size salt
nanoparticles from 10 nm to 487 nm within the mask. Particle count is also performed within the
chamber outside the mask. The particle filtration efficiency is then calculated based on the
number of particles inside the mask and the number of particles outside the mask in the
chamber. The particle filtration efficiency is then calculated based on the derived NaCl mass,
flow-rate, pressure and particle count (both inside the chamber and inside the mask).
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Results:
Number of Tests

4

Number of
Participants

2 Small Masks
2 Large Masks

Results

All 4 masks passed the N95 equivalency, demonstrating the
masks were able to filter >95% of the NaCl calculated by mass.
See table below for the specific filtration efficiency as calculated
by mass.

No.

Description

*FEmass
(%)

**ΔP
(mmH2O)

Temperature
(Celsius)

Relative
Humidity
(%)

1

CT14S N95 Yellow (Intersurgical)

95.5

-6.8

24.9

39%

2

CT18L N95 Yellow (Intersurgical)

97.5

-9.5

25.2

32%

3

CT21L N95 Yellow (Intersurgical)

95.8

-11.7

24.6

38%

4

CT24S N95 Yellow (Intersurgical)

95.8

-9.3

24.4

49%

NOTES: *Filtration efficiency calculated as a function of particle mass [7]
**Pressure drop across facepiece (mmH2O)
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Particle filtration efficiency and mask leakage test with 24
hour humidity conditioning of filters (Modified NIOSH 42 CFR
Part 84:181 [6]) - Pending formal analysis at DLSPH
To assess the effect of humidity on the in-ling capsule filters used on the mask, four medium
efficiency (N95 equivalent) filters were placed in an enclosed box with KCl solution in 38-40
degrees celsius to generate a relative humidity environment of above 80%. The filters are
suspended by plastic cut-out cups, and are provided caps (also suspended above the filters) to
allow equal distribution of humidity and prevent condensation into the filter membrane (Figure
10). After 24 hours of incubation, the filters were then tested under the same protocol as
described on page 14.

Figure 10. 24-hour humidity pre-treatment of filters
No.

Description

Filtration
efficiency by
mass (%)

1

CT14S N95 Yellow (Intersurgical)

95.3

2

CT18L N95 Yellow (Intersurgical)

97.3

3

CT21L N95 Yellow (Intersurgical)

97.3

4

CT24S N95 Yellow (Intersurgical)

97.9

NOTES: *Filtration efficiency calculated as a function of particle mass [7]
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Usability Survey
Purpose: The usability survey was done to evaluate human factors.
Method: A survey was sent out with the following questions (see below) .
● Rate the following human factors on a scale of 1 to 10 (1 is the worst, 10 is the best)
○ Face comfort
○ Breathing ease
○ Procedure ease
○ Visibility
○ Communication
○ Ease of Donning
○ Ease of Doffing
● How long would you tolerate a N95 for?
● How long would you tolerate the Modified Snorkel Mask for?
Results:
Total Number of Surveys

7 surveys total

Types of Masks

Two sizes of Canadian Tire masks (Small/Medium and
Large/Extra-Large)

Results

The averages for the results are the following:
● Rate the following human factors on a scale of 1 to
10 (1 is the worst, 10 is the best)
○ Face comfort: 6.3/10
○ Breathing ease: 6.6/10
○ Procedure ease: 7.3/10
○ Visibility: 8.5/10
○ Communication: 5/10
○ Ease of Donning: 8.4/10
○ Ease of Doffing: 8.7/10
● How long would you tolerate a N95 for? 1.9 hours
● How long would you tolerate the Modified Snorkel
Mask for: 2.75 hours
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4.0 Proposed Donning and Doffing Protocol with
Between patient Cleaning Procedure
Introduction
Personal protective equipment protects the mucous membranes, skin and clothing from contact
with infectious agents. This document is meant to outline the procedure of donning and doffing
the Modified Snorkel Mask. This document does not replace the need to follow basic infection
control measures such as hand hygiene. The choice of personal protective equipment should be
based on a risk assessment as per your local hospital’s guidelines.
Note: If at any point you feel that you have contaminated your hands, please perform hand
hygiene before continuing with donning or doffing PPE.

Donning Procedure
1. Inspect the Modified Snorkel Mask
- Install the inline filter

- Check seals on the filter adapter
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- Inspect the mouth cap assembly for a
good seal

- Check faceplate for any defects or
condensation

- Adjust straps to pre-assessed tightness

2. Perform Hand Hygiene
- Follow hand hygiene protocol as
outlined by your hospital’s local policy

3. Don gown
- Place each arm into the gowns sleeve,
opening at the back
- Secure the ties at the waist and neck

4. Put on surgical cap

As per your hospital’s local policy
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5. Don the Modified Snorkel Mask
5a. Variation 1
- Place your chin on the chin rest of the
mask

- Pull the straps up and over your head

- Slide your head forward into the mask
and secure the straps behind your head
and under your ears
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5b. Variation 2
- Un-snap the side straps from the mask
- Place your mask securely onto your
face
- Fasten the side straps, ensure they are
secure
- Tighten straps, this may also be easier
performed before putting on the mask
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6. Check seals
- Seal test: Obstruct the filter output with
your hand and perform deep inspiration
to detect any “hissing” leakage ensuring
there is no air leakage at the silicon facial
gasket. If there is no leakage, there
should be a cessation of one’s ability to
breath while the filter port is completely
covered.

7. Put on gloves

Doffing Procedure
1. Remove gloves

2. Perform hand hygiene

As per your hospital’s local policy
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3. Remove gown

4. Perform hand hygiene
5. Remove Modified Snorkel Mask
5a. Variation 1
- Place hands behind your head and grip
the straps firmly

As per your hospital’s local policy

- Pull the straps away from your head
and then lift over the head
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- Let the mask fall forward away from
your face
- Place the mask faceshield down on a
flat surface

5b. Variation 2
- Unsnap the clasps on both sides

- Hold the mask faceplate firmly in one
hand and pull the straps up and over
your head
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- Grasps the straps firmly in both hands

- Pull the straps forward and let the mask
fall forward from your face
- Place the mask’s faceshield down on a
flat surface

6. Perform hand hygiene
7. Remove surgical cap
8. Perform hand hygiene
9. Clean/disinfect Modified Snorkel
Mask

As per your hospital’s local policy
As per your hospital’s local policy
As per your local hospital’s guidelines
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5.0 Proposed Cleaning and Disinfecting Protocols
There are two cleaning protocols outlined for the modified snorkel mask:
(1) Cleaning and disinfecting protocols DURING a shift. This is for the user to take off in
between cases or during breaks. This includes wiping down the mask properly with a
caviwipe.
(2) Cleaning and disinfecting protocols AFTER a shift to be carried out by a designated
cleaning group. This includes proper procedures in how to handle and dispose the mask
after doffing
For detailed instructions, please see Appendix C and D.
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Appendix A - Detailed Design Description
Off-the-Shelf snorkel mask (donated by Canadian Tire)

Figure 13: Original SeaClear Off the Shelf Mask from Bestway distributed by Canadian Tire
The mask used is an off the shelf mask from Canadian Tire that is available in Small/Medium
(Part number: 81-0194) and Large/Extra-Large (Part number: 81-0193) sizes. The off-the-shelf
component consists of polycarbonate and silicone parts. Specific components include the
following: a silicone gasket that allows for a full seal around the user’s face, a clip-on snorkel
extension, anti-fogging valves and an exhaust valve (Figure 13).
According to the manufacturer, the mask has been designed to internally direct inhalation and
exhalation airflow to ensure unidirectional flow through the front eye covering, thus preventing
fogging (Figure 13).

Modified Full Face Mask Assembly
The modified mask design (Figure 1) replaces the clip-on snorkel extension and the exhaust
valve.
● The clip-on snorkel and its original O-ring are replaced with a Filter Adapter Assembly.
The assembly is composed of a 3D printed Filter Adapter and enlarged Viton O-ring. A
Viton O-ring is used to ensure minimal risk of chemical degradation of the O-ring. An
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●

enlarged version of the O-ring is chosen to improve dimension tolerances to ensure a
complete seal.
The exhaust valve is replaced with the 3D printed Mouth Cap Assembly, which uses an
O-Ring to seal off the exhaust valve port. Leaving the exhaust valve unsealed increases
the infection risk for both the user and unprotected people surrounding the user. The
Mouth Cap Assembly ensures all airflow travels exclusively through the in-line
anesthesia filter located at the snorkel head.

Filter Adapter Assembly
The Filter Adapter Assembly has been designed to connect a typical ventilator capsule filter to
be in-line with the snorkel port of the snorkel mask. The ventilator connection is designed to ISO
standard: ISO 5356-1:2015 Anaesthetic and respiratory equipment — Conical connectors —
Part 1: Cones and sockets [8].
The Filter Adapter Assembly consists of two parts: (1) Filter Adapter (2) a Viton O-Ring. The
assembly seal is produced by the O-Ring between the adapter and the snorkel port, with a clip
securely holding the axial position of the adapter on the mask.
The manufacturer’s O-Rings have been replaced with Viton O-Rings because they are various
chemical cleaning agents to prevent degradation. The Filter Adapter is 3D printed with Accura
Clearvue using a stereolithography (SLA) process. The O-Ring is also thicker than the original
O-Ring that comes with the off the shelf mask (Original: 2 mm, Current Design: 2.5 mm) to
accommodate for tolerance stack-up of the Filter Adapter and the mask’s snorkel port.
Accura Clearvue was chosen for the following reasons:
- It is a transparent material, and thus allows the user to visually inspect the compression
line of the O-Ring in order to demonstrate adequate seal (Figure 14)
- Accura Clearvue is a non-porous material which is required for an air-tight seal.
- Accura Clearvue has been tested to be USP VI compatible.

Figure 14: Filter-Adapter O-Ring being compressed properly to form a good seal.
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Mouth Cap Assembly

Figure 15: Assembled Mouth Cap Assembly with labelled components
The Mouth Cap Assembly is designed to seal off the exhaust valve port (with the valve
removed) of the mask as shown in Figure 1. It uses a hex screw and a thumb nut to pull the
mouth cover against an O-Ring compressing it against the flat exterior face of the mask as
shown in Figure 15. This creates an airtight seal.
The mouth cover has been designed to use a Viton O-Ring which is resistant to various
cleaning chemicals. The cap also contains a slot to rotationally fix the Hex Screw allowing for
the hex screw to be held stationary while the thumb nut is rotated during assembly and
disassembly.
The diameter of the mouth cover is sized such that the O-Ring is kept relatively centered with
respect to the exhaust valve port. Therefore, the O-Ring will always align with the material
around the exhaust valve port ensuring a seal.

The Modified Snorkel Mask described here is not approved for clinical use

Revision: 0.2, D
 ate: May 19th 2020

31

Appendix B - Work Instructions for Modified Snorkel
Mask
Assembly Description
This document details the work instruction to assemble the Modified Snorkel Mask.
The work instructions are broken up into the following:
I.
Filter Adapter Assembly
II.
Mouth Cap Assembly
III.
Mask Assembly with Filter

Components of Modified Snorkel Mask

Figure 16 Individual components for Modified Snorkel Mask assembly. Refer to table below.
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Modified Snorkel Mask Assembly Parts
#

Description

Qty

1

Off the Shelf Snorkel Mask

1

2

Filter Adapter

1

3

Mouth Cap O-Ring

1

4

Mouth Cap

1

5

Mouth Cap Screw

1

6

Mouth Cap Thumb Nut

1

7

In-Line Anaesthesia Filter

1

Filter Adapter Assembly
1

Slide the Top O-Ring onto the snorkel extension.
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2

Push the Filter Adapter firmly onto the top snorkel extension by applying even
pressure.

Mouth Cap Assembly
1

Push the Mouth Cap O-Ring into the Mouth Cap. Ensure that there is a snug fit
and that the Mouth Cap O-Ring sits in the circular groove.
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2

Insert the head portion of the Mouth Cap Screw into the hole of the Mouth Cap.
Slide the Mouth Cap Front Screw so that the screw head is in the center of the
Mouth Cap.
3

Attach the Mouth Cap Assembly to the mask by inserting the screw through the
mouthpiece’s hole on the Off-The-Shelf Snorkel Mask.
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4

Fasten the Mouth Cap to the mask by screwing on the Mouth Cap Thumb Nut.
Hand tighten the thumb nut.

Front Seal Inspection
1) Tighten the Mouth Cap Thumb Nut on the inside of the mask.
2) Inspect the Mouth Cap O-Ring to ensure that there is continuous compression around
the circumference of the Mouth Cap O-Ring.
3) If there is any area where the O-ring is not pushing up against the plastic, disassemble
the Mouth Cap Assembly from the mask and reassemble it to the mask. If there are still
breaches in the seal, then do not continue to assemble the Modified Snorkel Mask.

Figure 17: O-Ring seal at the front and back of the mask
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Filter Adapter Assembly Inspection
1) Inspect seal around the Top O-Ring:
a) Confirm that the O-Ring is compressed and creates a continuous seal around the
entire perimeter of the inner face of the Filter Adapter without any air breaches.
This is shown by a darker region along the center of the O-Ring as shown in
Figure 18. If the seal is not complete and has air breaches then do not continue
to assemble the Modified Snorkel Mask.

Figure 18: Example of the O-Ring compressed and creating a continuous seal around the
perimeter of the inner face of the Filter Adapter without any air breaches
2) Ensure that the clip is on the outside of the silicone skirt of the mask and the adapter’s
plastic clip has snapped in place onto the extension’s latch (shown in Figure 18)
a) Confirm that the clip portion of the Filter Adapter is on the exterior of the silicone
skirt of the mask’s top nozzle and not in between the silicone gasket and hard
plastic of the mask.
b) If the clip is between the silicone gasket and the hard place, then detach and
reattach the filter adapter of the mask.

Figure 19:. Filter Adapter’s clip snapped into place and on the outside of the silicone gasket.
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Appendix C - Procedures for Cleaning and
Disinfecting Modified Snorkel Mask DURING a Shift
Should disinfect Modified Snorkel Maske when the following occurs:
● Before going onto break
● If the mask has become soiled
● When existing a patient care area
● Between OR/Procedures
Reminders:
● The Modified Snorkel Mask can be kept on while providing clinical care to multiple
patients
● While wearing the mask, refrain from touching the silicon gasket of the mask to ensure
that the inside of the mask is not contaminated
● Perform hand hygiene before and after donning and doffing the mask
● If the mask is damaged or it becomes difficult to breath, report this to your supervisor
Prolonged use of any respirator may cause irritation to the face, barrier creams are available.
Please see your supervisor or Occupational Health for further details.
User:
1. Remove gloves, perform hand hygiene and replace with a new pair. Don gloves.
2. Take a disinfectant wipe and place onto a clean surface.
3. Doff the Modified Snorkel Mask as outlined in Section 4.0: Proposed Donning and
Doffing Procedures.
4. Place Modified Snorkel Mask onto the disinfectant wipes and ensure filters are facing
down.
5. Pick up the Modified Snorkel Mask by grabbing onto the disinfectant wipe.
6. Take another disinfectant wipe and thoroughly wipe the inside of the Modified Snorkel
Mask. If the wipe is saturated, wring out the excess solution. Wait for 3 minutes.
7. Invert the Modified Snorkel Mask (outside facing up). Wipe the outside of the Modified
Snorkel Mask.
8. Wipe the surface of the capsule filter cartridge
9. Wipe down the head straps and buckles.
10. Wait 3 Minutes and remove any residual disinfectant by wiping the Modified Snorkel
Mask with a damp cloth.
11. Remove gloves using glove-to-glove and skin-to-skin technique. Perform hand hygiene.
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Appendix D - Procedures for Cleaning and
Disinfecting Modified Snorkel Mask AFTER a Shift
User:
1. Perform hand hygiene and don gloves.
2. Using a disinfectant wipe, wipe the surface of the filter being careful not to get the filter
media wet. If the wipe is saturated, wring out the excess liquid.
3. Remove filter and place into a clean zip lock bag. Dispose the filters in a designated
location.
4. Place the Modified Snorkel Mask into the bin.
Designated / Centralized Cleaning Group (Immersion Method)
1. Prepare cleaning and disinfecting solutions .
2. Collect Modified Snorkel Mask from the designated location.
3. Disassemble the Modified Snorkel Mask by removing the Mouth Cap, the Filter Adapter ,
head straps and other pieceparts (screw, O-Ring and thumbnut) from the Modified
Snorkel Mask. Inspect the components, if any part is damaged do not use the Modified
Snorkel Mask and report this to your supervisor.
4. Immerse the Modified Snorkel Mask components into the cleaning solution. Use a soft
sponge or brush to clean the surfaces.
5. Rinse thoroughly with fresh warm water. Water temperature should not exceed 49˚C
6. Immerse respirator components (head straps, Mouth Cap, Filter Adapter and snorkel
mask) in the disinfectant solution. Allow components to soak for the minimum contact
time.
7. Rinse, thoroughly with fresh warm water. Water temperature should not exceed 49˚C.
8. Air-dry in a non-contaminated area (location to be determined by occupational health).
9. Once dry, re-assemble the Modified Snorkel Mask (as per instructions in Appendix B)
and store in a plastic bag provided, an area away from contamination.
10. Place Modified Snorkel Mask downwards. Ensure the silicone gasket is not distorted by
contact with other objects during storage. Do not hang Modified Snorkel Masks by
headbands.
Preparing cleaning solution for Modified Snorkel Mask respirators:
● Mix warm water with a neutral detergent. (Do not use cleaners containing lanolin or other
oils or solvents as this may damage the face piece) .
○ The following disinfectants are approved by the CDC for use against
SARS-CoV-2
○ Disinfectant
■ Bleach
■ 70% IPA
■ Quaternary Ammonium
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