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Abstract: This study evaluated the performance of two respirators, a replaceable particulate respi-
rator (RPR) and a powered air-purifying respirator (PAPR), worn according to non-recommended
methods. Ten subjects wore either an RPR or PAPR according to the recommended method, or
according to a non-recommended method, with a knit cover placed between the facepiece cushion
and face, with a towel placed between the facepiece cushion and face, or with the headband on a
helmet. The leakage rate of each wearing variation was then measured, according to the procedure
for determining the protection factor of respiratory protective equipment, using atmospheric dust
as required by JIS T8150. The average leakage rate for the RPR was 1.82-10.92%, whereas that of
the PAPR was 0.18-0.42%. The performance of the RPR decreased when worn in methods outside
of recommendations; however, there was no significant decrease in the performance of PAPR under
any method of wear. Therefore, a PAPR is recommended for work in which a replaceable or dispos-
able particulate respirator fails to provide sufficient protection against hazardous dust substances,
or for workers who are unable to use a particulate respirator according to the recommended
method owing to the work environment or health conditions.

Key words: Particulate respirator, Powered air-purifying respirator, Leakage rate, Respiratory disease,

Occupational hygiene

Introduction

To prevent a variety of occupational respiratory diseases
caused by hazardous dust substances, fundamental mea-
sures, such as engineering measures, should be prioritized.
If these methods are not viable, measures should be taken
to reduce exposure to hazardous dust substances. The

*To whom correspondence should be addressed.
E-mail: s-sekoguchi@med.uoch-u.ac.jp

©2020 National Institute of Occupational Safety and Health

particulate respirator is used in many workplaces wherein
workers may be exposed to hazardous dust substances and
is highly effective when used appropriately. The appropri-
ate use of the particulate respirator is indicated by the cir-
cular notice: selection and use of a particulate respirator,
issued by Japan Ministry of Health, Labour and Welfare
(MHLW), Labour Standards Bureau'’, or The OSHA
respiratory protection standard in Title 29 of the Code of
Federal Regulations Part 1910.134 for General Industry (29
CFR 1910.134)?, among other standards.

However, a previous study revealed that workers in
dust-generating occupations in Japan did not adhere to the

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License.

(CC-BY-NC-ND 4.0: https:/creativecommons.org/licenses/by-nc-nd/4.0/)
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recommended method of wearing the particulate respira-
tor. Some regular users of particulate respirators placed
fabric between the facepiece cushion and their face,
whereas others wore the headband around a helmet”. The
circular notice of MHLW states that a particulate respirator
should notbe used by placing fabric between the facepiece
cushion and face because of the risk of hazardous dust
substances leaking into the facepiece!’. Moreover, 29 CFR
1910.134 states that the employer shall not permit respira-
tors with tight-fitting facepieces to be worn by employees
who have any condition that interferes with the face-to-
facepiece seal or valve function®. Non-recommended
wearing methods may result in not only acute intoxication
but also respiratory diseases such as pneumoconiosis and
lung cancer, which develop over many years* ¥, In Japan,
approximately 200 new cases of pneumoconiosis are diag-
nosed each year, although the number of individuals being
diagnosed with pneumoconiosis and related symptoms is
currently decreasing®.

Japanese laws and regulations state that a powered air-
purifying respirator (PAPR) must be worn during certain
work activities including tunnel construction, asbestos
removal, and refractory ceramic fiber handling”*. More-
over, in 2018, MHLW published the Ninth Comprehensive
Measures to Prevent Hazards Due to Dust report, which
recommended the use of PAPR for work activities in ad-
dition to those described above!®. The PAPR provides a
high level of protection because it filters the air to a safe
level and eliminates leakages through the face seal'?.
The high flow of air prevents the wearer from entraining
contaminated ambient air'!’. Therefore, a PAPR has the
potential to ensure adequate performance even if adhesion
between the PAPR and the face is impaired—namely,
if workers do not comply to the recommended wearing
methods observed in the workplace that reduce adhesion
between the particulate respirator and the face.

Several studies have been published on respirator per-
formance; however, the majority have been performed on
volunteers or health care workers using N95 filtering face-
piece respirators'>”, Although several studies have been
published on the influence of facial hair'™ '?, no previous
studies have evaluated the performance of a respirator be-
ing worn by non-recommended methods. Therefore, this
study aims to evaluate the performance of a replaceable
particulate respirator (RPR) and a PAPR when they are
being worn by non-recommended methods. This study
also will clarify the combinations of particulate respirator
type and wearing method that maintain an adequate per-
formance.

S SEKOGUCHI et al.

Methods

Study design and participants

A crossover trial was conducted on ten subjects who
provided informed consent prior to participation. Eligible
participants were all healthy adults aged over 18. To pre-
vent contamination of tobacco dust while measuring the
leakage rate, all participants were non-smokers. The sub-
jects were recruited from the University of Occupational
and Environmental Health, Japan, and the group was
composed of eight men and two women. The average age
(SD) for men was 32.1 (4.0) yr and for women 34.0 (5.0)
yr. We prepared a combination of eight experimental pat-
terns and assigned participants to a pattern using a random
mimber table. The study was conducted at the artificial
climate chamber of the University of Occupational and
Environmental Health, Japan, during August and Septem-
ber in 2018. The artificial climate chamber was set to room
temperature conditions (20°C) with a relative humidity of
50%.

Particulate respirator

The PAPR selected for testing was the BL-321S (Koken
Ltd., Japan). The selected PAPR was tight-fitting, with a
half facepiece and a breath-synchronized airflow system.
The performances of this PAPR were as follows. Motor
blower capacity: large airflow volume type (over 138 L/
min), leakage rate: B class (less than 5.0%), filtering ef-
ficiency: PL 1 (Over 95.0%). The RPR selected for testing
was 1180-05 (Koken Ltd., Japan). The filtering efficiency
of this RPR was RL 2 (Over 95.0%). This RPR consisted
of a half facepiece and a single filter, a similar shape to
BL-321S.

Wearing variations

The subjects wore either an RPR or a PAPR according
to either the recommended method or one of the methods
previously observed in the workplace®. In a previous
study, 39% of participants indicated that they placed
something between the facepiece cushion and their face; a
knit cover was the most commonly used item, followed by
towels”. Furthermore, 50% of participants reported that
they wore the headband of the particulate respirator over
a helmet’ . Therefore, four wearing methods were imple-
mented in this study (Fig. 1): the recommended method
(where the headband is placed on the area from the parietal
region to the occipital region, with nothing between the
facepiece cushion and the face) (R); K, where a knit cover
is placed between facepiece cushion and the face; T, where

Industrial Health 2020, 58, 573580
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a towel is placed between the facepiece cushion and the
tace; and H, where the headband is placed over a helmet.

Measurement procedure

In this study, the performance of the respirator was
assessed by the leakage rate. The leakage rate was mea-
sured according to the procedure for the determination of
protection factor of respiratory protective equipment using
atmospheric dust provided by JIS T8150: the guidance for
the selection, use, and maintenance of respiratory protec-
tive equipment™”,

Although the procedure for measuring the leakage rate
was specified in JIS T8159: the procedure for measuring
the leakage rate of respiratory protective equipment,
it was technically and economically difficult to perform.
Therefore, JIS T8150 was adopted in this study.

The measurement procedure of JIS T8150 was as fol-
lows (Fig. 2):

1) The measurer showed the subjects the relevant par-
ticulate respirator and explained how to put it on.

2) With the subjects wearing the particulate respirators,
the measurer connected the particulate respirators to the
measurement devices with the attached sampling tubes.
The subjects adjusted the strap to find the optimal wearing
position with minimal leakage. The measurer helped as
appropriate.

3) The subjects wore the particulate respirator and
performed five actions (normal breathing, deep breathing,
turning head side-to-side, moving head up and down, and
speaking). The subjects performed each action for | min.
The measurement device measured the concentration of
atmospheric dust inside and outside the particulate respira-
tor.

4y The measurer asked the subject questions related to
their impression of the experiment, their physical condi-
tion, ete., before the measurement ended.

To minimize individual differences, the subjects wore
the particulate respirator while looking in a mirror. The
tightness of the strap was measured with a Sensor Inter-
changeable Amplifier (force gauge) (eZT, IMADA CO.,
LTD, Japan) and adjusted so that the force of the particu-
late respirator strap applied to the participants’ head was
approximately equal. The force of the lower strap applied
to the participants’ skin was adjusted to 1.0-2.0 Newton
(N).

Calculation of leakage rate
According to JIS T8150, the leakage rate was calculated
by dividing the concentration within the particulate respi-

Fig. 1.
replaceable particulate respirator as an example.
R: Recommended: the respirator headband is placed on the area from

Photographs depicting different wearing methods, using a

the parietal region to the oceipital region, with nothing between the fa-
cepicce cushion and face. K: Knit: a knit cover is placed between the
facepicce cushion and face. T: Towel: a towel is placed between the face-
piece cushion and face. H: Helmet: the headband is worn over a helmet.
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Wearing variations

Particulate Replaceable Particulate Respirator Powered Air-Purifying Respirator

respirator {RPR} (PAPR)

Wearing . P

methods Recommended (R) | Knit (K) | Towel (T) |Helmet (H) | Recommended (R) | Knit (K) | Towel (T) | Helmet (H)

Measure the leakage rate during the following actions  (performed for | min each)
Normal breathing — Deep breathing — Turning head side to side — Moving head up and down — Speaking
Fig.2. Outline of the study.

rator (Ni) by the concentration outside of it (No)*”:

Leakage rate = Ni/No*100 (%)

The leakage rate of the five actions was measured for
each wearing variation. Then, the arithmetic average of the
leakage rates of the five actions was defined as the leakage
rate of that wearing variation. For example, the average
leakage rate for the PAPR worn according to the recom-
mended method (R) was referred to as PAPR-R. All other
leakage rates used the same notation format as previously
described.

The leakage rate was measured using MT-03 (Sibata
Scientific Technology Ltd., Japan). A widely-used OSHA-
accepted quantitative fit testing has been primarily con-
ducted previously using PortaCount (TSI Inc., USA), an
instrument that measures the aerosol concentrations inside
and outside the respirator using the principle of condensa-
tion nuclei counting®®. Unlike the PortaCount, the MT
series utilizes an optical particle counting principle, based
on the light scattering from aerosol particles®. The light
scattering can be described as follows™; sample air sur-
rounded by sheath air that has been generated by passing
through the HEPA filter is transferred to the detector
where it is illuminated by a light beam (semiconductor
laser) which is perpendicular to the direction of its path,
resulting in the scattering of light. The magnitude of scat-
tered light is proportional to the size of the particles. The
scattered light is detected by a photodiode after being
condensed by a lens. The intensity of the photocurrent in a
pulse in proportion to the scattered light is compared with
that obtained in the calibration using a polystyrene latex,
with the diameter of standard particles being 0.7 pm. A
previous study stated that the MT series adequately quanti-
fied a respirator fi'?,

The MT-03 quantified the air particles present inside
and outside the particulate respirator sampled at 1 I/min.

After measuring the air outside the particulate respirator
for 17 s, the instrument measured the air inside for 17 s.
The time taken for the dust remaining in the pipe at the
start of the measurement to be replaced when switching
the measurement path was set to 10 s. Therefore, the full
time required for one measurement was approximately
1 min. The particles measured by the device were atmo-
spheric dust with a particle size of at least 0.5 pm. During
the measurement, incense sticks were burned to maintain
a level of dust in the environment greater than the recom-
mended sampling rate of 1,000 particles/3 s, for the MT-
03.

The concentration within the particulate respirator was
measured by sampling the air inside the facepiece using a
tube joint set fixed to both the sampling tube and particu-
late respirator. The concentration outside the particulate
respirator was measured by sampling air using a sampling
tube fixed with a string hung from the ceiling so that the
end of it was close to the particulate respirator.

In this smdy, the allowable leakage rate was set to less
than 5.0% in accordance to the specified leakage rate of
the PAPR (B class).

Statistical methods

We used a linear mixed model (LMM), with the leakage
rate (leakage rate for each action and each wearing varia-
tion) as the objective variable. Among the explanatory
variables, the random factor was the survey participants
and the fixed factors were participant sex, actions, wear-
ing variations, and the interaction between the actions
and wearing variations. We used the Bonferroni method
for multiple comparisons. All statistical analyses were
conducted using IBM SPSS advanced statistics 23.0, The
significance level was set to 0.05.

Industrial Health 2020, 58, 573580
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Ethics approval

The ethics and informed consent procedure for this
study were approved by the Ethics Committee of Medical
Research, University of Occupational and Environmental
Health, Japan (Receipt No. H30-058). Informed consent
was obtained in writing from all participants.

Results

The main effect of the wear variation was its significant
effect on the leakage rate (F[7, 359]=36.26, p<0.001). On
the other hand, participant sex (F[1, 359]=1.058, p=0.304),
actions (F[4, 359]=0.977, p=0.420), as well as the interac-
tions between the actions and the wearing variations (F[28,
359]=0.418, »=0.997) did not have any significant effect
on the leakage rate.

The RPR leakage rates for RPR-R, RPR-K, RPR-T, and
RPR-H were 1.82% (range: 0.27-4.63%), 10.92% (range:
5.15-26.05%), 6.39% (range: 3.19-13.17%), and 3.19%
(range: 0.31-18.79%), respectively. On the other hand,
for PAPR-R, PAPR-K, PAPR-T, and PAPR-H, the PAPR
leakage rates were 0.18% (range: 0.07-0.49%), 0.23%
(range: 0.07-1.08%), 0.42% (range: 0.09-1.07%), and
0.23% (range: 0.08-0.75%), respectively. The 5% leakage
rate (i.e., the allowable leakage rate range) was exceeded
by 100%, 50%, and 10% for RPR-K, RPR-T, and RPR-
H, respectively; however, this value was zero for RPR-R,
PAPR-R, PAPR-K, PAPR-T, and PAPR-H (Fig. 3).

Additionally, multiple comparisons of the leakage rates
as a function of the wearing variation were made, The
results obtained showed that the leakage rate of RPR-R
was significantly lower than those of RPR-K and RPR-T
(p<0.001 for both cases), while the leakage rate of RPR-
K was significantly higher than that of any other wearing
methods (p<0.001). Additionally, the leakage rate of RPR-
T was significantly higher than those of RPR-H (p=0.014),
PAPR-R, PAPR-K, PAPR-T, and PAPR-H (p<0.001
for the four cases), and the leakage rate of RPR-H was
significantly higher than those of PAPR-R, PAPR-K, and
PAPR-H (p=0.030, p=0.035, p=0.035, respectively). Other
combinations showed no significant differences.

Discussion

When using RPR according to the recommended meth-
od (RPR-R), the leakage rate was below 5% (the allowable
range of leakage rate), confirming that RPR was effective
for the prevention of hazardous dust substances when used
appropriately.
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Fig. 3. Leakage rate of each wearing variation.

(n=10) Vertical axis shows the leakage rate (%) and horizontal axis
shows the wearing variations. Logarithmic scale on vertical axis is
used to provide a clear presentation of results. The horizontal line on
the graph indicates a leakage rate of 5.0%. RPR: replaceable particulate
respirator; PAPR: powered air-purifying respirator; -R: worn according
to the recommended method; -K: worn with a knit cover between the
facepiece cushion and face; -T: worn by placing a towel between the
facepiece cushion and face; -H: worn with the headband on a helmet.

When using RPR with a knit cover or towel between
the facepiece cushion and face (RPR-K and RPR-T), the
leakage rate exceeded 5%. Moreover, the leakage rate for
prolonged use in the workplace is likely to be higher than
that of this study. Thus, workers subject to these wearing
variations could be exposed to hazardous dust substances.
This result supports the circular notices of MHLW and 29
CFR 1910.134, which state that the particulate respirator
should not be worn with a condition that interferes with
the face-to-face piece seal?.

There was no significant difference between the leak-
age rate when wearing the RPR with a helmet (RPR-
H) and wearing the RPR according to the recommended
method (RPR-R). However, this result may not accurately
reflect workplace conditions as in this study, the strap was
adjusted so that the force of the particulate respirator strap
applied to the head was almost equal; however, in the
workplace, the force of the strap on the skin is likely to be
different for every individual. Thus, if the particulate respi-
rator is not donned and adjusted correctly, the respirator fit
may deteriorate due to the displacement of the headband.
Additionally, as the headband is not made according to
the shape and size of a helmet, the headband may slip off.
This may also occur if a particulate respirator is worn with
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a helmet for a long period of time. Therefore, the leakage
rate of wearing RPR with a helmet may not be as low as
the results of this demonstrate in an actual workplace. Fur-
ther research on this aspect is required; however, wearing
RPR with a helmet is not currently recommended.

There are many reasons why workers wear respirators
using methods outside the guided recommendations. For
example, knit covers are used to reduce discomfort, such
as pressure on the face®). Towels are also used for this rea-
son and for protection from the radiant heat of fumaces”,
Some workers may wear the headband on a helmet to
reduce the difficulty of removal®’, With respect to knit cov-
ers, it has been reported that the absence of supervisors’
instructions increases the use of it*?. The circular notice of
MHLW states that employers shall provide workers with
sufficient education and training on how to properly wear
and use a particulate respirator and how to check the con-
tact between the facepiece cushion and face!. Moreover,
29 CFR 1910.134 states that the employer shall establish
and implement a written respiratory protection program
with worksite-specific procedures”. Tt has been reported
that education regarding accurate respirator fit and usage
resulted in improvements in the levels of leakage rate®,
To prevent exposure to hazardous dust substances, it is
necessary to ensure that sufficient education by the em-
ployer is provided.

When using a PAPR, the leakage rates of the three non-
recommended wearing methods were below 5%. Com-
pared to the average leakage rate for RPR worn according
to the recommended method (1.82%), those for the PAPR
worn with a knit cover between the facepiece cushion and
face (0.23%), with a towel between the facepiece cushion
and face (0.42%), or with the headband on a helmet
(0.23%) were all lower. Because the inside of a PAPR is
under positive pressure, it may be possible to maintain the
performance of the respirator even if adhesion between
the PAPR and the face is impaired. These results may be
equally applicable to any PAPR with the same character-
istics as the PAPR used in this study. The result of this
study suggests that a PAPR may be more effective than an
RPR for preventing a variety of occupational respiratory
diseases. The use of a knit cover is permitted when there
is a high risk of dermopathy and when the cover conforms
to particulate respirator fitting requirements”. We suggest
that PAPR should be used preferentially for work where
a replaceable or disposable particulate respirator will not
provide sufficient protection against hazardous dust sub-
stances, or for workers who have to use a knit cover and
other adjustments because of the health conditions. Nota-

S SEKOGUCHI et al.

bly, with the exception of work activities that require the
use of a PAPR, few workers are using PAPR™. One reason
for this is that PAPR is more costly than replaceable or
disposable particulate respirators. Therefore, further stud-
ies of the benefits that outweigh the cost disadvantages
with regards to PAPR are required.

Limitations and Future Research Directions

This study has several limitations. First, only one type
of RPR and PAPR was used in this study; hence, it may be
necessary to extend this analysis to multiple types of the
particulate respirators. Moreover, the particulate respira-
tor, knit cover, and towel were all unused; however, these
items are typically used for long periods in the workplace.
The impact of equipment deterioration on the performance
of the respirator should be a subject for future investiga-
tion. Regarding the wearing method, to minimize the effect
of the individual’s ability to accurately fit the respirator,
the subjects wore the particulate respirator while looking
in a mirror; if the examiner noticed an abnormality such as
a twisted strap, the subject was asked to remove the partic-
ulate respirator and re-attach it. Therefore, actual leakage
rates may vary according to the individual’s ability to fit
it accurately. It is also important to verify the leakage rate
of an actual worker who has received no advice on how to
attach the equipment.

Conclusion

This study evaluated the performance of two types of
respirators, RPR and PAPR, worn according to methods
that contrast widely circulated recommendations. The
performance of the RPR was reduced when commonly
non-recommended wearing methods were adopted; how-
ever, the PAPR performance did not exhibit a significant
decrease with the different wearing methods. Therefore,
a PAPR is recommended for work where a replaceable or
disposable particulate respirator fails to provide sufficient
protection against hazardous dust substances or for work-
ers who are unable to use a particulate respirator according
to the recommended method because of the work environ-
ment or health conditions. These findings have important
practical applications for the health and safety of workers
exposed to hazardous dust in the workplace.
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Abstract

Objectives: The aim of this study was to clarify the current status of respiratory protection and associated problems
among workers engaged in dust-generating work, including the type of respiratory protective equipment (RPE)
used, methods for wearing RPE, and awareness of respiratory protection. Methods: We surveyed 212 male workers
involved in dust-generating work from 10 plants on the current status and problems associated with respiratory pro-
tection. The survey inquired about work environment, type of RPE used, methods for wearing RPE, and knowledge
of respiratory protection. Questions about methods for wearing RPE inquired about the position of the headband
and placement of something like fabric between the face-piece cushion and face when wearing RPE. Analyses
were performed using simple tabulation of each question item. Results: A total of 53.3% of RPE used by par-
ticipants were replaceable filter dust masks and 19.3% were disposable dust masks. Of the workers who regularly
used replaceable filter RPE, 50.0% wore the headband around the helmet. Meanwhile, 27.4% placed a knit cover
between the face-piece cushion and their faces, and 11.0% used a towel instead of a knit cover. A total of 69.5%
of workers who placed fabric between the face-piece cushion and their face perceived that “there was no problem
with respiratory protection”. Conclusion: We found that workers engaged in dust-generating work used a variety
of methods for wearing RPE. Workers should be provided with appropriate education on respiratory protection and
instruction on appropriate methods for wearing RPE in the workplace.

Keywords: dust-generating work, education, occupational health, personal protective equipment, respiratory pro-
tection, methods of wearing respiratory protective equipment
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Introduction

Appropriate measures should be taken to improve the
work environment, practices, and conditions of work-
places in which workers may be exposed to hazardous
dust substances. If this is not possible, workers should
wear appropriate respiratory protective equipment (RPE),
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which is used to prevent a variety of occupational respira-
tory diseases caused by exposure to hazardous dust sub-
stances in the workplace. In Japan, RPE use is mandatory
as specified in the Ordinance on Industrial Safety and
Health".

Studies have reported the occurrence of occupational
respiratory diseases resulting from inappropriate use and
management of respiratory protection. Cases of acute and
chronic respiratory discascs have been attributed to inad-
equate or lack of RPE use™. Inappropriate use and man-
agement of RPE may result in not only acute intoxication
but also respiratory diseases, such as pneumoconiosis
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and lung cancer, that develop over many years. Pneu-
moconiosis, in particular, is one of the most important
respiratory discases, and preventive measures have been
implemented in accordance with several laws in Japan®”.
While the number of individuals being diagnosed with
pneumoconiosis and its complications is decreasing,
approximately 200 new cases per year of pneumoconiosis
have been diagnosed recently”. Therefore, the improve-
ment of dust exposure prevention measures s necessary.
In 2018, the Ministry of Health, Labour and Welfare
(MHLW) published the 9th Comprehensive Measures to
Prevent Hazards Due to Dust, which made thorough and
proper use of RPE one of the priority measures in dust
exposure prevention in the workplace”.

The Ordinance on Industrial Safety and Health indi-
cates that workers should be educated on the handling
of personal protective equipment (PPE) in the event
that they may be exposed to harmful substances”. The
notification on the selection and use of dust masks by the
MHLW details the appropriate and inappropriate meth-
ods for wearing dust masks and the use of fit checkers'”.
Inappropriate wearing of RPE may result in reduced
respiratory protection because of the reduced contact
between the RPE and the face. While workplace patrol
by industrial health staff and health officers has identified
occasional cases of improper wearing of RPE, few reports
have surveyed the current status of respiratory protection
in workplaces.

Here, we surveyed the types of RPE used by workers
engaged in dust-generating work, the methods for wear-
ing RPE, and awareness regarding respiratory protection.
The aim of this study was to examine the present status
of respiratory protection and the associated problems for
workers engaged in dust-generating work and to deter-
mine the necessary measures related to RPE to prevent
respiratory diseases due to dust.

Methods

Study design and setting

This was a cross-sectional study on respiratory protec-
tion using a questionnaire conducted in 10 plants of nine
participating manufacturing companies in Japan. In addi-
tion, an on-site investigation was conducted sequentially
after the questionnaire to improve the reliability of the
questionnaire data. Using the categories provided by the
Japan standard industrial classification'”, the participating
companies were categorized into the following indus-
tries: manufacture of iron and steel (n=2); manufacture
of petroleum and coal products (n=1); manufacture of
chemical and allied products (n=1); manufacture of
ceramic, stone, and clay products (n=1); and manufac-
ture of fabricated metal products (n=4). Regarding the
number of workers, one factory had more than 1,000
workers, four had between 50 to 500, and five had less

than 50. The study period ranged from July until Decem-
ber 2018.

Participants and procedures

We distributed the original questionnaire regarding
respiratory protection to 284 male workers at the par-
ticipating companies who used RPE daily. We obtained
informed consent for participation in the study from 212
participants (response rate, 74.6%), and data from all
these participants were included in the analysis. We sub-
sequently conducted an on-site investigation based on the
responses.

Questionnaire

The questionnaire included questions about partici-
pants’ basic work-related duties, the types of RPE used,
the method for wearing RPE, and participants’ awareness
regarding respiratory protection (Supplementary Figure
1). The questionnaire was developed by gathering opin-
ions from eight occupational physicians,

Questionnaire items on basic work-related characteristics

Participants were asked about their company and divi-
sion name, nature of dust-generating work according
to the Japan standard occupational classification'”, the
period of engagement in dust-generating work, and the
number of working days per week and working hours per
day spent in dust-generating workplaces at the time of
this study. In addition, participants were asked whether
or not they had received training on methods for wearing
RPE and assessment of the RPE leakage rate.

Questionnaire items on the type and method for wearing
RPE

Participants were asked about the type, manufacturer,
and model numbers of RPE that they used regularly
(referred to as regular-use RPE). The options provided for
the type of RPE were: disposable dust mask, replaceable
filter dust mask, gas mask with dust-preventing function
(replaceable filter mask), gas mask (replaceable filter
mask) without dust-preventing function, powered air-
purifying respirator (PAPR), supplied-air respirator, and
other.

For workplaces in which both dust and harmful gas are
generated, the notification by the MHLW'™"™ suggests
first choosing a gas mask with dust protection, although
it also suggests selecting a gas mask as an alternative
option. Therefore, we included a “gas mask without
dust-preventing function” as an option. Questions on the
methods for wearing RPE enquired about the position
of the headband and placement of something like fabric
between the face-piece cushion and face when wearing
the RPE. The position of the headband included four
options that were depicted in the images: on the area
from the parietal region to the occipital region (parietal-
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occipital region) (most appropriate method), on the area
from the occipital region to the posterior neck (occipital-
posterior neck region), on the helmet, and other positions.
Participants who selected the last option were requested
to indicate the position of the headband on the image
on the answer sheet. The options for the placement of
something between the face-piece cushion and face when
wearing RPE were: none (most appropriate method), knit
covers (Supplementary Figure 2), towels, and other.

Awareness of respiratory protection

Participants were asked several questions about their
awareness of respiratory protection, including whether or
not they were following workplace guidelines regarding
methods for wearing RPE, and what they thought about
their own method of wearing RPE in terms of respiratory
protection. The response options were: it is correct, it is
incorrect, and no idea. Participants who chose the second
response were requested to provide a reason.

On-site investigation

An on-site investigation was conducted to obtain
detailed information on wearing RPE that was difficult
to investigate using the questionnaire. Of the 10 plants,
8 agreed to the on-site investigation. This survey was
started on July 2018 and was conducted sequentially
after the questionnaire was completed in each plant. The
investigators spent approximately half a day per factory
observing the environment in which the participants actu-
ally worked when wearing RPE and checking the use of
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RPE. We also interviewed some participants to confirm
the actual use of RPE.

Analysis

Simple tabulation was performed for each question
item. Some types of RPE, such as full-face masks and
disposable masks, did not allow for variations in how
they could be worn because their structures were fixed.
Therefore, relevant question items were analyzed only
among participants who regularly used replaceable filter
half-masks (replaceable filter dust masks, gas masks,
and gas mask with dust-preventing function). For assess-
ment of the awareness of respiratory protection, only
participants who regularly used replaceable filter masks
were analyzed for the same reason. Participants were
cross-tabulated for their awareness of RPE protection and
the method by which they wore the RPE.

Ethics approval

This study was approved by the Ethics Committee of
Medical Research, University of Occupational and Envi-
ronmental Health, Japan. We explained the benefits and
disadvantages of participating in this study to the partici-
pants to ensure that they made an informed decision.

Results

Basic work-related characteristics
Of the 212 participants, 70 (33.0%) worked in the
manufacture of iron and steel, 55 (25.9%) in the manufac-

Table 1. Basic work-related characteristics (n=212)

Ttems

Type of Industry
Manufacture of iron and steel
Manufacture of fabricated metal products
Manufacture of chemical and allied products

n (%)
70 (33.0%)
55 (25.9%)
40 (18.9%)

Manufacture of petroleum and coal products 38 (17.9%)
Manufacture of ceramic, stone, and clay products 9 (4.2%)
Type of occupation
Manufacturing facility control and monitoring workers (metal products) 79 (37.3%)
Product manufacturing and processing workers (metal products) 55 (25.9%)
Manufacturing facility control and monitoring workers (except metal products) 41 (19.3%)
Product manufacturing and processing workers (except metal products) 37 (17.5%)
Years of dust generating work
Less than 1 7 (3.3%)
1-4 41 (19.3%)
5-9 44 (20.8%)
10-19 59 (27.8%)
Over 20 59 (27.8%)

No response

Days of dust generating work per week
Less than 3
34
5
No response

2 (0.9%)

13 (6.1%)
24 (11.3%)
172 (81.1%)

3 (1.4%)
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ture of metal products, and 40 (18.9%) in the manufacture
of chemical and allied products. Regarding the type of
occupation, 79 participants (37.3%) were manufacturing
facility control and monitoring workers (metal products),
55 (25.9%) were product manufacturing and processing
workers (metal products), and 41 (19.3%) were manu-
facturing facility control and monitoring workers (except
metal products).

Participants had spent an average of 14.3 years con-
ducting dust-generating work, and 55.7% of participants
had conducted such work for more than 10 years. Partici-
pants spent an average of 4.9 days per week performing
dust-generating work in the current week, and 81.1% of
participants worked more than 5 days per week (Table 1).
They spent an average of 5.0 hours per day conducting
dust-generating work.

Concerning education, 158 participants (74.5%) had
been previously educated about respiratory protection,
and 56 participants (26.4%) had previously tested the
leakage rates of RPE in the workplace.

Type and method for wearing RPE by the participants
As regular-use masks, 113 participants (53.3%) used
replaceable filter dust masks, 41 (19.3%) used disposable

Table 2. Types of respiratory protective equipment used by
participants (n=212)

Type of respiratory protective equipment n (%)
113 (53.3%)
41 (19.3%)
30 (14.2%)

Replaceable filter dust mask
Disposable dust mask
Replaceable filter gas mask

Replaceable filter gas mask with dust protection 21 (9.9%)
Powered air purifying respirator (PAPR) 0 (0.0%)
Supplied-air respirator 0 (0.0%)
Other respiratory protective equipment 0 (0.0%)
No response 7 (3.3%)

dust masks, 30 (14.2%) used replaceable filter gas masks,
and 21 (9.9%) used replaceable filter gas masks with
dust protection. None of the participants used PAPR as a
regular-use mask (Table 2). In the on-site investigation,
we confirmed that both replaceable filter gas masks with-
out dust protection and replaceable filter gas masks with
dust protection were used in workplaces in which dust
and large amounts of harmful organic gas were generated.
Additionally, we noted that a few participants used PAPR
when handling large amounts of heavy metal dust.

To examine methods for wearing RPE, we analyzed the
position of the RPE headband. Given that the most appro-
priate position of the headband depends on the type of
RPE being used, we only analyzed participants who regu-
larly used replaceable filter half-masks (n=164). Seventy
participants (42.7%) wore the headband on the parietal-
occipital region, 82 (50.0%) wore it on the helmet, 8
(4.9%) wore it on the occipital-posterior neck region, and
1 (0.6%) wore it on a cloth wrapped around the head. In
the on-site investigation, we observed some participants
who wore the RPE on their welding hood.

We also examined whether participants placed some-
thing like fabric between the face-piece cushion and
face. Given that some types of RPE may not allow place-
ment of a piece of fabric between the face-piece cushion
and face, we only evaluated participants (n=164) who
regularly used replaceable filter masks. One hundred par-
ticipants (61.0%) responded that they did not place any-
thing between the face-piece cushion and face, while 64
(39.0%) responded that they did. As for the type of fabric,
45 (27.4%) used a knit cover, 20 (11.0%) used towels,
and 1 (0.6%) used a non-woven mask (a replaceable mask
layered over a non-woven mask) (Table 3). All partici-
pants who used towels were working in the manufacture
of iron and steel. During the on-site investigation, we
identified the reasons for wearing knit covers and towels.
Some participants who used knit covers reported doing

Table 3. Methods of wearing replaceable filter masks (n=164)

n (%)

Position of the headband
On the parietal-occipital region (most appropriate method®) 70 (42.7%)
On the helmet 82 (50.0%)
On the occipital-posterior neck region 8  (4.9%)
On the cloth wrapped around the head 1 (0.6%)
No response 3 (1.8%)

The fabric placed between face-picce cushion and face

None (most appropriate method”)
Knit cover

Towel

Nonwoven mask

100 (61.0%)
45 (27.4%)
18 (11.0%)
1 (0.6%)

* Most appropriate methods of wearing indicated by the Ministry of Health, Labour
and Welfare and the personal protective equipment (PPE) manufacturers in Japan.
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so to prevent the development of a rash due to the use of
a replaceable filter RPE. However, many stated that they
used the knit cover to relieve the discomfort associated
with wearing the mask. Reasons for the use of towels
included protecting the face from heat radiation and hot
materials, with many participants using flame-retardant
towels.

Awareness of respiratory protection

Of the 212 participants, 172 (81.1%) responded that
they followed workplace protocols regarding methods for
wearing RPE, 36 (17.0%) responded that they used their
own methods for wearing RPE, 3 (1.4%) did not provide
a response, and 1 (0.5%) provided an invalid response
because it was an incorrect response method. Of the 212
participants, 156 (73.6%) believed that their method for
wearing RPE was correct (in terms of respiratory protec-
tion), 18 (8.5%) indicated that their method was incorrect,
33 (15.6%) replied “I don’t know.” and 5 (2.6%) did not
provide a response.

A total of 164 participants who regularly used replace-
able filter masks were also analyzed. Of these, 114 par-
ticipants (69.5%) believed that their method of wearing
RPE was correct, 17 (10.4%) indicated that their method
was incorrect, 29 (17.7%) replied “I don’t know", and 4
(2.4%) did not provide a response. Of the 114 participants
who thought their method for wearing RPE was correct,
29 (25.4%) wore the headband on the parietal-occipital
region and did not place anything between the face-picce
cushion and face, which is indicated by the MHLW and
PPE manufacturers in Japan as the appropriate method.
In contrast, 56 participants (49.1%) wore the headband
on the helmet and 27 (23.7%) used a knit cover. Of the 17
participants who believed that their method for wearing
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RPE was incorrect, 2 (11.8%) actually wore it correctly,
10 (58.8%) wore the headband on the helmet, and 7
(41.2%) placed a towel between the face-piece cushion
and their face (Table 4). The following were the reasons
why the participants were using the incorrect method
while wearing RPE despite recognizing that their method
is incorrect: “to relieve discomfort” in 9 (52.9%), “to
relieve shortness of breath” in 3 (17.6%), and “difficulty
detaching the RPE” in 1 (5.9%) participant.

Discussion

In this study, more than half of the participants had
engaged in dust-generating work for more than 10 years.
The average number of days spent conducting dust-gen-
erating work was 4.9 per week. This suggests that most
participants were frequently exposed to dust. Approxi-
mately 75% of participants had previously been educated
about respiratory protection, and approximately 25% had
tested the leakage rate of RPE. Pneumoconiosis and its
complications are known to be caused by very long-term
exposure to dust'™. To help prevent pneumoconiosis,
it is necessary to improve current measures, including
providing regular education on respiratory protection and
protective equipment,

The most frequently used RPE was the replaceable
filter dust mask. followed by the disposable dust mask.
No participants regularly used the PAPR, and some work-
places used PAPR only during specific operations, such
as when handling large amounts of heavy metal dust.
Japanese laws and regulations state that PAPR must be
worn during certain work, including tunnel construction,
asbestos removal, and handling of indium compound .
In this study, no participants were engaged in these types

Table 4.  Awareness of respiratory protection according to the methods of wearing respiratory protective equipment

Position of the headband of RPE

On the parietal-occipital region

(most appropriate method") Knit cover

Towel

On the occipital-posterior neck region
Knit cover

On the helmet
Knit cover
Towel
Other

On the cloth wrapped around head

No response None

Fabric placed between the face-
piece cushion and face

None (most appropriate method”) 29 (25.4%)

None (most appropriate method") 2 (1.8%)

2
3
2
0
0
None (most appropriate method”) 43 (37.7%) 2
3
5
0
0

None (most appropriate method")

How do you think about your own method of wearing
RPE in terms of respiratory protection?

It is correct. It is incorrect. 1 don’t know.
(n=114) (n=17) (n=29)

n (%) n (%) n (%)

(11.8%) 6 (20.7%)

15 (13.2%) (17.6%) 7 (24.1%)

6 (5.3%) (11.8%) 0 (0.0%)

(0.0%) 2 (6.9%)

3 (2.6%) (0.0%) 0 (0.0%)

(11.8%) 7 (24.1%)

9 (7.9%) (17.6%) 4 (13.8%)

4 (3.5%) (29.4%) 1 (3.4%)

0 (0.0%) (0.0%) 1 (3.4%)

0 (0.0%) (0.0%) 1 (3.4%)

3 (2.6%) 0 (0.0%) 0 (0.0%)

" Most appropriate methods of wearing indicated by the Ministry of Health, Labour and Welfare and the personal protective equipment

(PPE) manufacturers in Japan.
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of work, so they had no legal obligation to use PAPR.
Given that PAPR is generally more effective than other
dust masks for preventing respiratory impairment, it
is desirable for workers to wear PAPR not only when
conducting work that mandates its use but also when con-
ducting other dust-generating work in which workers are
frequently exposed to high dust concentrations'”. How-
ever, PAPR is associated with a higher cost than other
dust masks, which may be one reason why it is not more
commonly used. We propose that appropriate PAPR use is
important for respiratory protection in the future.

We surveyed participants using replaceable filter RPE
about their preferred wearing method, including the
position of the headband and placement of something
like fabric between the face-piece cushion and face. We
found that 50% of participants wore the headband on the
helmet, which is a higher rate than that of those wear-
ing it on the parietal-occipital region. One reason for a
large number of participants wearing the headband on the
helmet may be a difficulty with removal. Recently, most
replaceable half-masks have now been made such that
they are easy to temporarily remove when the headband
is worn under a helmet. However, due to differences in
methods for removal among replaceable half-masks, it is
important for workers to choose a suitable type of RPE
and to be provided with appropriate instruction on the
correct method for use at worksites.

A total of 39% of participants indicated that they
placed something between the face-piece cushion and
face. A knit cover was the most commonly used, followed
by towels. Face-pieces with knit covers are permitted
only when there is a high risk of dermopathy and when
the cover conforms to RPE fitting requirements. We
found that knit covers were used to reduce discomfort,
such as pressure on the face. Towels were also used for
this reason, and as protection from radiant heat from
furnaces. To ensure that workers receive appropriate
respiratory and heat protection, it is necessary to identify
measures to protect the body from heat while maintaining
adequate respiratory protection, rather than prohibiting
the use of towels completely.

Of the participants who reported that they were using
the correct method for wearing RPE, approximately 25%
were, in fact, wearing the RPE using the appropriate
method indicated by the MHLW and PPE manufacturers.
Additionally, 75% of all participants received education
regarding respiratory protection and 80% were wearing
RPE according to their workplace protocol. In this study,
we investigated the implementation of education, but did
not examine the contents of the education or its com-
prehension among recipients. Therefore, the education
provided may not have been sufficient for participants
to fully understand the appropriate methods for wearing
RPE. The Occupational Safety and Health Administra-
tion in the United States indicates that a fit test must be

conducted before workers use RPE in the workplace, and
that a retest must be performed at least every 12 months
to ensure that the RPE fit is still appropriate'. The
Health and Safety Executive in the United Kingdom also
provides criteria for fit testing for RPE use'”. In Japan,
while the Occupational Safety and Health Regulations
indicate that employers must educate workers and new
employees or when there are changes to employees’ work
duties, it does not require fit testing of RPE, including
measurement of the leakage rate. There may, in reality,
be little opportunity for workers to confirm the fitting
of their method of wearing RPE. It may be important
and effective to conduct quantitative mask fit tests that
include leakage rate measurements using a mask fitting
tester™, or qualitative mask fit tests, including evalua-
tion using saccharin aerosol’” at worksites, as doing so
will raise workers’ awareness of the proper methods for
wearing RPE and respiratory protection. In addition, in
accordance with the guidelines for “selection, use, etc.
of dust masks” issued by the MHLW Labor Standards
Bureau of Japan'”, employers should appoint a person to
manage the use of RPE in the workplace. This person is
responsible for selecting appropriate RPE and for provid-
ing instructions about the most appropriate method for
wearing the RPE according to the work environment and
relevant guidelines”.

When proper use is difficult due to personal factors,
such as health conditions, several measures can be taken.
For example, the worker can be relocated to a non-dust-
generating worksite or to worksites where the personal
dust exposure level is sufficiently low when the worker
is wearing a disposable mask or an RPE-attached knit
cover, or wearing a face-shield type PAPR. In any case,
employers should consult an occupational physician or
respiratory protection specialist regarding methods for
improving the work environment, work condition and
practice, and health management.

Limitations and future direction

This study has several limitations. First, all workplaces
that participated in the questionnaire were classified
into appropriate manufacturing industries according to
the Japan standard industrial classification'”; therefore,
there could have been sampling bias. In addition to the
manufacturing industry, other industries, such as min-
ing, quarrying, gravel picking, and construction, also use
RPE. Given that there are likely differences in the use
and methods for wearing RPE among industries, it may
not be possible to generalize the results to all industries
or workplaces. Second, because the self-administered
questionnaire is slightly complication, it is possible that
participants did not completely understand the meaning
of the questions. Third, while this study revealed that
RPE was worn in a variety of ways in the field, it was not
clear to what extent these methods impaired protection.
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We plan to measure and evaluate the leakage rate for the
various methods for wearing RPE identified in this study.

Conclusion

Workers who engaged in dust-generating work used
a variety of methods for wearing RPE, some of which
may be reducing the effectiveness of the RPE. Our results
suggest that work-related environmental factors and
insufficient education regarding methods for wearing
RPE may be leading to insufficient respiratory protection.
Therefore, appropriate education, including background
on respiratory protection and appropriate methods for
wearing RPE, and fit tests should be conducted in the
workplace to improve respiratory protection for workers.
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