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Background

Fluid Resistant Surgical Masks have been implemented in UK personal protective equipment (PPE)
guidelines for COVID-109 for all care sites that do not include aerosol-generating procedures (AGPs).
FFP3 masks are used in AGP areas. Concerns from the ENT and plastic surgery communities out
with intensive care units have questioned this policy. Emerging evidence on cough clouds and health
care worker deaths has suggested that a review is required.

To test the efficacy of Fluid Resistant Surgical Mask with and without adaptions for respiratory pro-
tection. To test the efficacy of FFP and FFP3 regarding fit testing and usage.

A smoke chamber test of 5 min to model an 8-h working shift of exposure while wearing UK guide-
line PPE using an inspiratory breathing mouthpiece under the mask. Photographic data were used
for comparison.

The Fluid Resistant Surgical Mask gave no protection to inhaled smoke particles. Modifications
with tape and three mask layers gave slight benefit but were not considered practical. FFP3 gave
complete protection to inhaled smoke but strap tension needs to be ‘just right’ to prevent facial
trauma. Facial barrier creams are an infection risk.

Surgical masks give no protection to respirable particles. Emerging evidence on cough clouds and
health care worker deaths suggests the implementation of a precautionary policy of FFP3 for all lo-
cations exposed to symptomatic or diagnosed COVID-19 patients. PPE fit testing and usage policy
need to improve to include daily buddy checks for FFP3 users

Introduction

The World Health Organization (WHO) states that
SARS-CoV-2 (COVID-19) is transmitted by: direct
contact, indirect contact of contaminated surfaces
and through inhalation of droplets from sneezing and
coughing [1]. It is known that viral aerosols are also
generated during breathing, talking and coughing [2—
4]. These particles can: travel great distances (7-8 m
from a cough) [5], remain suspended in air for >1 h
[6] and can be inhaled to the bottom of the respiratory
tree [7,8].

The Fluid Resistant Surgical Mask (FRSM) is rou-
tinely used in hospital settings to protect the Health Care
Workers (HCWs) from body fluid splashes. In 2008, the

UK Health and Safety Executive demonstrated that
FRSMs afford the wearer a 6-fold reduction in exposure
to respirable aerosol. In comparison, well-fitting dispos-
able FFP3 masks afforded the wearer 100-fold reduc-
tion in exposure to respirable aecrosols [9]. These findings
have been repeated in the USA with the Occupational
Health and Safety Association finding FRSM cannot be
relied upon to protect workers against airborne infec-
tious agents [10].

On 6 April 2020, WHO published interim guid-
ance on personal protective equipment (PPE) for
HCWs during the SARS-CoV-2 pandemic. These
stated that FRSM should be worn by HCW:s caring for
SARS-CoV2 patients, with the exception of aerosol-
generating procedures (AGPs) [11]. Public Health
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Key learning points

What is already known about this subject:

What this study adds:

sessed or treated.

control.

e Heath care worker personal protective equipment policy for SARS-CoV-2 virus had to be quickly inferred from
influenza, SARS-CoV-1 and MERS-CoV-1 viruses. This provided a weak evidence base for a new infection.

e Surgical masks are designed to protect the patient from the surgeon’s breath and the surgeon from splashes of
bodily fluids, not the wearer from inhalation of airborne particles.

e Personal protective equipment supply problems during the COVID-19 world pandemic have required policy
makers to target aerosol-generating procedures as the main risk requiring FFP3 respiratory protection.

¢ A smoke chamber model was used to compare Fluid Resistant Surgical Mask, FFP2 and FFP3 industrial masks
in a single subject wearing personal protective equipment as per UK policy for COVID-19.

e The surgical mask offered no respiratory protection to smoke size particles. Tape adaptions to the surgical mask
and FFP2 still let in smoke tracer. FFP3 gave complete protection to smoke.

e FFP3 masks need skilled fit testing to prevent facial trauma and reducing doffing risks.

What impact this may have on practice or policy:

e Surgical masks give inadequate respiratory protection during the COVID-19 pandemic. Cough clouds, serology
and UK health care workers deaths need to be factored into revised PPE policy. The precautionary principle
and COSHH assessments would suggest FFP3 for all areas where potential COVID-19 patients are being as-

e Occupational hygiene studies are urgently required in community settings such as nursing homes and symp-
tomatic patients home bedrooms for community staff. Occupational medicine and occupational hygiene have
key industrial experience to inform NHS Public Health PPE policy makers.

e FFP3 Fit Testing and policy implementation in the NHS needs to be improved with understanding of mask
design and industrial personal protective equipment experience. Buddy personal protective equipment sys-
tems for personal protective equipment donning and doffing could enhance worker safety and infection

England (PHE) and PPE policies across the UK fol-
lowed WHO to advise FFP3 mask protection only for
AGPs [12].

The evidence for PPE policy came from a weak evi-
dence base during flu and SARS epidemics, with a
limited understanding of SARS-CoV-2 pathogenicity.
The surgical community was quick to raise concerns
about these recommendations, in particular, otolaryn-
gology (ENT), maxillofacial surgery, plastic surgery
and ophthalmology due to their close working proximity
to patients airways. ENT UK and BAOMS (British
Association of Oral and Maxillofacial Surgeons) issued
a guideline at variance from PHE policy, which recom-
mended FFP3 for all throat and nasal examinations on
23 April 2020 and was not restricted to the WHO AGP
list [2,13].

In order to interrogate the effectiveness and usage
of FRSM, FFP2 and FFP3 masks, we developed a
novel smoke chamber model of ‘action research’ during
COVID-19. Smoke particles (0.1 pwm) were used to
simulate SARS-CoV-2 particles (0.12 pm) [14-19].
This study was initially presented to HCWs on videos,
in order to provide an accessible visual understanding
of potential viral aerosol movements through respiratory
PPE, with and without adaptions.

Methods

This study was aimed to contribute qualitative data to
the literature by providing a visual portrayal of the level
of respiratory protection granted to the UK Health and
Social Care workforce during the COVID-19 pandemic.
Each grade of mask and adaptations were investigated
using a smoke chamber model (particle size 0.1 pm)
[18,19] to simulate exposure to SARS-SoV-2 (particle
size of 0.12 pm) [14,15,17,19].

The same test subject was used throughout, sitting in
a resting state wearing NHS PPE according to guide-
lines at the time of test. The single subject and author
J.D.M.D.) recorded informed consent for the test
series. Research governance is guaranteed by their GMC
registration.

The smoke chamber was constructed in a converted
shipping container, measuring 16.3 m?, with exhaust ven-
tilation to clear smoke between runs (Figure 1). Purple
and orange stage smoke was used with 13 g propellant
in 14 mm copper tube, with a detonator, to achieve the
same dose of smoke for each test run, using two doses
per run. All runs were recorded on video (Canon 5D
Mark III, 50 mm Lens EF 50 mm f/1.2L. USM, shot at:
1/160 s at £/5.6 ISO 200).
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Mouthpiece sensor
under mask

Nose blocked

PPE as per NHS
UK guidelines

Figure 1. Smoke chamber design.

Five minutes of intense smoke exposure was esti-
mated to be the equivalent of an 8-h working shift.
Five minutes is 1% of the exposure time during an
8-h shift. So, the model assumes the shift particle ex-
posure was 99-fold less than the dense dose of smoke
used over 5 min. Confined space safety and emergency
plans were in place throughout. A mouthpiece sensor
tube was made from cardboard spirometer tubes cut
to 40 mm * 30 mm diameter. It was covered in FRSM
material with the inside white filter layer outermost in
an exact fashion for all runs, to capture tracer smoke
consistently.

The mouthpiece sensor tube was worn in the subject’s
mouth against the teeth, leaving 30 mm exposed be-
neath the mask during all run combinations. The nostrils
were plugged with gauze. Cliniderm surgical tape and
Sudocrem barrier cream were used to test ‘PPE Hacks’
during short supply.

3M 8835 FFP3, Alpha Solway 3030V EN 149:2001,
Cardinal Health AT74535UK Type IIR FRSM and
FRP2V EN149:2001+A1:2009 FFR2R Safety Source
were the masks tested. We deconstructed all the available
masks to consider and record their layers and function
(Figure 2).

Control runs for all masks were conducted with
the mouthpiece sensor below the mask for 5 min
without smoke.

There was a careful routine with glove changing and
a buddy to avoid cross contamination of smoke on exit
and during doffing. The mouthpiece sensor was captured

FFP3 cut away for layers with sensor tube

Smoke exit

in a clean specimen bag for photography. No quantitative
measurements were taken. The results are entirely visual,
by choice, in order to inform HCWs by video image ra-
ther than complex data.

Results

The Fluid-Resistant Surgical Mask Type 11R smoke
test showed heavy contamination with smoke deposits
on the mouthpiece sensor after 5-min exposure. There
was only light purple smoke contamination on the front
surface. This confirmed that unfiltered air is breathed
in from around the edges of the surgical mask during
routine clinical use as instructed in PHE PPE guidelines
(Figure 3) [12].

The control run without smoke showed no smoke de-
posits on the mouthpiece sensor (Figure 3).

We taped up the sides of a single FRSM with sur-
gical tape applied to the face and mask to attempt a seal
(Figure 3).This still showed heavy contamination of the
mouthpiece sensor, but slightly less than the ‘no tape’
run. We also noted heavier purple smoke on the out-
side surface compared to the untaped runs. This would
suggest that despite the smoke being drawn through
the mask, that there were insufficient layers to prevent
smoke getting to the sensor mouthpiece (Figures 2, 3
and 6).

We then layered up three FRSM and applied surgical
tape. This shows less smoke contamination of the sensor
mouthpiece and more staining of the exterior surfaces,
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Respirator

Taxonomy

Figure 2. Mask taxonomy.

TYPE11R Surgical Mask smoke series V 1

Heavy smoke contamination
on sensor

Figure 3. Fluid Resistant Surgical Mask Type 11R adaptions.

but incomplete protection when viewed against the con- a visor instead of the previous disposable goggles. We

trol and FFP3 runs. again found heavy smoke contamination of the mouth-
When PHE PPE policy changed on 21 May 2020 to piece sensor tube.

use a face visor, rather than goggles, with the FRSM, we The surgical tape required a buddy to apply to the

retested the Type 11R with smoke for 5 min underneath face and was painful to remove. We concluded that the
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FFP2 valve respirator

Control run for sensor mouthpiece no smoke ||

Figure 4. FFP2 industrial mask.

FFP3 smoke run

FFP3 control no smoke

Figure 5. FFP3 industrial mask.

Type 11R Fluid-Resistant Surgical Mask did not offer
any protection to smoke size particles in the breathing
zone of the wearer. Even layered up with three layers, the
protection was incomplete and the ‘PPE hack’ was con-
sidered unviable in use (Figure 6). The addition of a visor
to the FRSM added nothing to respiratory protection.

Industrial FFP2 respirators add an exhalation valve
and do not require fit testing. They draw inspiration
through the filter layers rather than being open at the
sides, as in the FRSM (Figures 2 and 4).

The smoke test showed heavy contamination of the
outer surface, suggesting the inspired air is being drawn
through the filter layers, but they are still insufficient to
stop the mouthpiece sensor being contaminated. Adding
surgical tape around the edges resulted in a similar pic-
ture on both the outside surface and the sensor.

We concluded that FFP2 would give inadequate pro-
tection to smoke size particles in a clinical setting because
the inspiration layers (Figures 2 and 4) were insufficient
despite adding a seal like an FFP3.

N A
-“"FP;

t normal use: note fmuke on _sen?or

The FFP3 mask gave complete respiratory protec-
tion when smoke tested, with no contamination of the
mouthpiece sensor when compared to control. We also
noticed heavy contamination of the outside inspiratory
surface filter, which suggested that the three layers de-
sign, including padding (Figures 2 and 5), was effective
against smoke size particles in the health care setting.

The FFP3 layers of inspiratory protection with a reli-
able seal gave complete respiratory protection to the user
when compared against FRSM Type 11R and FFP2 res-
pirator in our smoke test model.

Our own clinical experience found that FFP3 respir-
ator supplies were limited in surgical practice. We were
aware that small size FFP3 respirators were in short
supply for female faces and colleagues at fit testing were
being advised to tighten their masks to the level of ex-
periencing pain to gain a seal. We also became aware of
colleagues using FFP3 reporting facial trauma around
the area of the mask seal. We therefore ran a second
series of orange smoke tests to consider face fit during
COVID-109.

We found that the normal ‘just enough tension’ gave
complete protection with no smoke deposits on the
mouthpiece sensor tube. We then tried an ‘overtightened
to pain level’ of face fit with the FFP3 mask.

The mouthpiece sensor remained clear of smoke de-
posits but we observed distortion of the seal shape and
we observed capillary skin trauma over the left cheek
(Figure 6).

We considered usage of a barrier cream to mitigate the
reported facial trauma. Sudocrem was applied to the FFP3
respirator seal. The smoke test showed no contamination
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Sensor mouthpieces from smoke tests

FFP3 series __/

FFP3
NO TAPE

>

FFP 2

NO TAPE
TYPE lIR

TAPED

FFP2 series

FFP2
TAPED

Surgical mask series @

TYPE lIR
NO TAPE

Figure 6. Sensor mouthpieces from smoke tests and barrier cream.

of the mouthpiece sensor when compared with the no
smoke and smoke control runs. However, we identified
a major hazard at doffing. The white cream had spread
around the face during donning and achieving a face fit
seal (Figure 6). This left barrier cream deposits out with
the mask seal area in the epicanthic region, close to the eye
sockets. The barrier cream would be exposed to virus par-
ticles, which could adhere to the sticky surface. Indeed a
few traces of smoke particles were observed medial to the
eye. SARS-CoV-2 particles would pose a substantial in-
fection risk to the HCWs when washing the barrier cream
off the face after doffing the mask. SARS-CoV-2 virus is
considered transmissible through conjunctiva [20].

Discussion

This qualitative study used smoke particles to simu-
late respirable size SARS-CoV-2 particles. It showed
that Fluid Resistant Surgical Mask Type 11R, in usual
usage, does not offer respiratory protection to the
HCWs.

FFP2 respirators also failed to give adequate protec-
tion against smoke sized respiratory particles. However,
disposable FFP3 respirators gave complete protection
against smoke sized respirable particles.

We give visual confirmation for HCWs and policy
makers of existing quantitative data in the literature
[9,10] on the lack of protection against inspired aerosol
afforded by surgical masks compared to industrial FFP3
respirators.

% )

TYPEIIR X3
TAPED

Tape to seal edges

Barrier cream
on FFP3 seal

st

Facial capillaries

We tested ‘PPE hacks’ which could potentially en-
hance FRSM during the PPE supply issues experienced
during the COVID-19 pandemic [21,22]. However,
none have been found secure or safe enough to recom-
mend for clinical practice.

We also explored the experience of FFP3 fit testing,
for front line clinical staff. We confirmed that FFP3 mask
strap tension needs to the ‘just right’ for an effective seal,
in order to reduce face trauma [22].

We raise the potential infection hazard of barrier
creams applied to the face in an attempt to reduce facial
skin trauma.

We accept the fundamental limitations of our study
with no quantitative measurements, but find the visual
evidence compelling. Feedback from HCWSs on our
videos, published on YouTube, has suggested that they
now understand how the masks work, in a manner not
possible from technical publications. We present our
smoke tests as a qualitative study which has explored
PPE themes during COVID-19.

Our model uses mouth breathing with a blocked
nose, which is not physiological. The 5-min intense
smoke exposure may not mimic the dynamics of an 8-h
shift exposure with changing stress, heat and exercise
patterns.

The evidence base for UK COVID-19 PPE policy is
weak [4]. Policy extrapolates from influenza and SARS,
but excluded evidence from norovirus aerosol sampling,
despite evidence that SARS-CoV-2 may have faecal viral
transmission [20,23,24]. It is understood that there was
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no occupational medicine or occupational hygiene input
to UK PPE policy.

The NHS has never before had to consider widespread
fatalities in health and social care staff by an infective
agent beyond HIV, hepatitis or rare imported patho-
gens such as Ebola. The Health and Safety at Work Act
has required actions by employers ‘as far as reasonably
practical’ since 1974 [24]. The Control of Substances
Hazardous to Health Regulations (COSHH) have been
in place since 1988 [24].

It is suggested in UK PHE PPE policy, that the main
mode of transmission of COVID-19 is via droplet spread
and that SARS-CoV-2 transmission via aerosol is only
a concern during specified AGPs. AGP areas require
FFP3 and all other areas must use a FRSM. The risk of
transmission via AGPs is deemed high enough to war-
rant FFP3 respiratory protection, eye protection, face
shield and gown, regardless of whether the patient has
symptoms; any AGP should be treated as if COVID-19
positive irrespective of status. Droplets (5-10 um) and
aerosol particles (<5 um) are determined by an arbitrary
cut-off. Of note, cardiopulmonary resuscitation, chest
physiotherapy and swabbing the respiratory tracts of pa-
tients with suspected or confirmed COVID-19 are cur-
rently not classed as AGP [12].

The UK ENT community had early warnings from
colleagues abroad and altered their clinical guidelines be-
yond AGPs to recommend FFP3 for all nose and throat
examinations [13]. ENT then had an early consultant
death. All other UK surgical specialties followed [25].

Analysis of 119 HCW deaths in UK [26] found no
mortality in staff afforded FFP3 protection in ‘high risk’
intensive care and anaesthetics settings. The reported
HCW COVID-19 deaths were working in locations clas-
sified as ‘low risk’ including general practice, ambulance
staff, care home workers, general wards and emergency
departments, where PPE policy provides FRSM. Young
women working in the NHS have twice the risk of death
from COVID-19 compared to their general population
counterparts [26]. There have now been 247 HCW
deaths reported in the UK [27].

SARS-CoV-2 is transmissible via aerosol and survives
as fomites on surfaces for up to 72 h [6,14]. Greatest
seroconversion rates (34%) have been found in NHS
housekeeping staff, followed by those working in acute
medicine (33%) and general internal medicine (30%)
[28].

Emerging evidence on cough clouds demonstrated a
range of respirable particle size projecting 7 m without
an ‘aerosol-generating procedure’ [5]. UK Government
guidelines advise the public to stay 2 m apart with so-
cial distancing, to reduce SARS-CoV-2 transmission,
while HCWs providing patient care at intimate distances
from coughing patients with confirmed COVID-19 are
wearing only FRSM. Previous work has confirmed viral
content (papillomavirus and HIV) within surgical smoke

and documented operator contraction of a papilloma
virus using carbon dioxide laser [29].

No air sampling has been published from community
locations. Community nursing homes have small rooms.
Intimate care is usually delivered with closed windows
while showering and toileting care are given in the same
space. Nursing homes in the UK are a major locus of
COVID-19 care and worker deaths [27,30].

A COSHH risk assessment grid with a ‘possible’ out-
come of death in an employee with a ‘low’ likelihood of oc-
currence still requires maximum worker protection with
PPE as the last resort in the industrial context [24]. The
precautionary principle applies to provide the best PPE
available [14,15]. The Fluid Resistant Surgical Mask is
clearly lacking from our analysis and we advocate a com-
plete shift of UK PPE policy for COVID-19 to require
FFP3 in all clinical areas in hospital and community lo-
cations, where COVID-19 is suspected or where care is
being given within the coughing zone of the patient.

The new evidence on cough clouds, the analysis of
HCW deaths and our visual evidence on the failure in
respiratory protection from the FRSM suggests early
review of PPE guidance in settings out with ‘aerosol-
generating procedures’ zones. The precautionary prin-
ciple enshrined in COSHH would suggest FFP3 for all
areas where HCW are assessing or caring for patients
with SARS-CoV-2.
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