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Abstract

To evaluate the qualitative fitting characteristics of FFRs on Iranian people. 62 participants were fit tested qualitatively by four
brands of FFRs, including three imported (A, B, and C) and one domestic (D). The respirators were assigned to the participants
randomly based on the Latin Square design (LSD) using the Moldex® Bitrex® Fit Test Kit. R 3.2.5.0 software was used to
analyze the data. Among the respirators, A and C respirators had the lowest and highest fit test passing rates with 1.60% and
43.50%, respectively. The majority of the participants had medium face sizes (45.20%) and small and long/narrow shapes
(32.20% and 32.30%). There was a significant difference between the passing rate of domestic (D) and imported (C) respirators
(p value<0.001). Factors including respirator brand, style, and gender had significant effects on respirator fit (p value<0.01).
There was a low fit test passing rate of the studied respirators among participants. Furthermore, 19.40% of the participants fell out
of'the NIOSH fit test panel. Therefore, it is required to develop a unique bivariate fit test panel and design the respirators based on
the Iranian facial dimensions. Meantime, manufacturers need to provide various sizes and styles of the respirators to provide
adequate respiratory protection for the users.

Keywords Qualitative fit testing. Filtering face-piece respirators. Respirator features. Subject characteristics. NIOSH bivariate fit
test panel

Introduction There are various studies were performed regarding the

respirators’ performance [2—11]. For instance, Mueller et al.

The most common respiratory hazards consisted of airborne
dusts, fumes, mists, gases, vapors, smoke, etc.

There are situations in which the same that could be ex-
posed by the workforces are also a potential concern to the
non-occupational users, for example, air pollution, wildfires,
indoor mold growth after a flood, and bacteria and viruses. In
addition to the workforces, it is vital to public users to wear
respirators while occurring the epidemic or pandemic infec-
tious disease transmission such as Tuberculosis (TB),
Influenza (e.g., HIN1) or during air pollution. Specifically,
when vaccines are not yet available, the respirator use would
be required [1].
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concluded that both filter efficiency and proper respirator
fitting into the face are vital to provide the optimal protection
[8, 12]. As mentioned, apart from the respirator’s perfor-
mance, the fit of the respirator on the user’s face is also of
great importance in respiratory protection [5, 13, 14].

Fitting characteristics of the respirators became a promi-
nent issue in recent years. It plays a substantial role in the
respiratory protection program (RPP) to verify the adequate
fit of a particular make, model, style, and size of a respirator
into the facial dimensions of the target users. In other means, it
assures that the wearers could don the respirators correctly and
achieve the expected protection during use. Fit testing is man-
dated as a substantial part of the RPP based on the respiratory
protection standards of Occupational Safety and Health
Administration (OSHA) regulation 29 CFR 1910.134 [15,
16], American National Standards Institute (ANSI Z88-10)
[17], and International Organization for Standardization
(ISO) 16,9753 [18]. Since the subject face comes in different
sizes and shapes, it is essential to select a respirator that prop-
erly accommodated the wearers’ anatomical features [19].
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Therefore, it is required to conduct fit testing for all of the
subjects included in the RPP in the process of respirator se-
lection. As reported by some studies, wearers’ training on the
proper donning and doffing of the respirators, remarkably in-
creased the fit test passing rate [20-25].

It should be noted that OSHA included the annual fit test
requirement in the final rule because fit testing not only deter-
mines the adequacy of the face-piece seal but also provides an
opportunity to check the acceptability of respirator fit.
Furthermore, fit testing permits the employee to reduce the
unnecessary discomfort and irritation by selecting the most
comfortable respirator and improves users’ training about
the proper procedures of respirator donning and doffing, as
well, providing the opportunity to detect poorly FFRs is an-
other reason for fit testing [26].

A respirator fit defined as an ability of the respiratory pro-
tective equipment (RPE) to protect the users’ respiratory pro-
tection system from the hazardous inhalational exposure to
chemical particles or gases [19, 27]. Under the traditional
“hierarchy of controls”, RPE is used as the last measure when
process/material substitution; engineering control; and admin-
istrative control have been adopted [19].

There are two general fit testing methods, qualitative
(QLFT) and quantitative (QNFT). Quantitative fit testing de-
creases the test subjectivity and provides a numerical indicator
of fit called “fit factor” using an instrument to measure the
leakage into respirator (C,,/C;,) while carrying out a set of
standardized exercises [28—30]. Noticeably, this method has
some advantages such as documentation of numerical results,
no chance of user deception [31], and applicable to various
classes of RPE [32]. Nevertheless, it might be time-consum-
ing, expensive and not be easily available [26, 31], required
experienced assessors, probed respirator or sampling adaptor,
and annual factory recalibration [15, 17, 18].

Qualitative fit testing examines the subject’s ability to
taste or smell the challenge agent while conducting the
same set of standardized exercises. Four common chal-
lenge agents were as follows: Bitrex™, saccharin, isoamyl
acetate, and irritant smoke. Similarly to saccharin,
Bitrex™ utilized as a challenge agent for fit testing of
FFRs [33, 34]. Irritant smoke used for high-efficiency
particulate air (HEPA) or P100 filters [15] and isoamyl
acetate (IAA), is widely used for respirators equipped
with organic vapor (OV) cartridges or filters [15, 28].

The quality of a respirator fit to wearers depends on two
factors: The fitting characteristics of a respirator and accuracy
of the proposed fit testing method in order to ensure the ac-
ceptability of the wearers’ fit. Each fit testing method has
specific errors, which in turn, inherent errors could cause the
user’s respirator erroneously considered as a failure. Also, as
the fitting characteristics of a particular respirator improves,
the chance of a user’s respirator considered as a failure and fit
testing error reduces [35].
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Various factors, including respirator features and subject
characteristics, could affect the respirator fit. For instance,
the study conducted by Zhuang et al., showed that the number
of sizes available for a model significantly affect the respirator
fit, otherwise, the unacceptable fit of the respirator might give
mistakenly the wearer reassurance that he/she protected effi-
ciently [36]. Another study by Zhuang et al., represented “as
the time between the fit tests increases, so does the risk of
acceptable fit” [37], confirmed the annual fit testing. Some
researches obtained different results from the effects of the
respirator style on the fit test passing rate [38—40].

Furthermore, some evidence determined that facial anthro-
pometric dimensions differ among ethnics and nationalities
[26, 41, 42].

The NIOSH is responsible for certifying the respirators
with good fitting characteristics to ensure that the users
protected against the inhalational hazards [43]; to do so,
NIOSH developed the bivariate fit test panel based on the face
length and face width dimensions of the U.S. respirator user
population. This panel determines the face size and shape of
the users; more importantly, the correct size of the specific
respirator [44].

Zhuang et al. pointed to the fact that the face length and
face width would be as key facial dimensions for selecting the
best respirator fitted into wearers’ face, besides, face size cat-
egories matched respirator sizing remarkably well [36].
Balkhyour et al. discussed that face shape played an important
role in providing the optimal respirator fitted into the fire-
fighters’ facial dimensions [45]. Oestenstad et al. reinforced
that fit assessment of the different brands of respirators on the
same subject resulted in significant differences in respirator fit
[17]. According to the previous researches, age and gender
have been considered as one of the important factors influenc-
ing the respirator fit [46]. The objective of this research is to
determine the qualitatively fitting characteristics of the FFRs
being tested on Iranian people’s faces.

Methods
Study design

We conducted an experimental study at Shiraz University of
Medical Sciences, Iran in 2018.

Participants

Sixty-two students consisted of 37 females and 25 males with
a mean age of 23.45+4.66 years recruited in the study. The
participants were participated randomly in the study, using
proportional stratified sampling method based on educational
level. The participants were tested in the Industrial Safety
laboratory of the School of Health.
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Ethical features

Ethical clearance was taken from the Research Ethics
Committee of Shiraz University of Medical Sciences (approv-
al code IR.SUMS.REC.1396.191). Before commencing the
study, all participants were provided the verbal and written
informed consent which included the approval code, consent
statement, study purposes and procedures, and right to confi-
dentiality and withdrawal. Before undertaking the investiga-
tion, we gave the participant a description of his/her responsi-
bilities during the test procedure by playing two videos
concerning the steps of QLFT procedure, including sensitivity
test, user seal checks (USCs) and respirator fit testing proce-
dures [35, 47].

Exclusion criteria

The exclusion criteria included the following: allergy to any
substance; getting a cold; (3) nasal congestion; (4) cardiovas-
cular or respiratory diseases (asthma, shortness of breath, dys-
pnea) [48]; stubble and beard; (6) facial deformity or scars; (7)
facial surgery; (8) and plastic or rhinoplasty surgery. If the
participants gave a wrong taste response to the test agent,
Allegro saccharin fit test kit was used to perform the test.

Study procedure

All participants were prohibited from chewing gum, eating,
and drinking (except for plain water) for at least 30 min before
beginning the tests to ensure they could taste the sensitivity
test solution. Meanwhile, the test conductor asked them to
drink only plain water to obtain reliable results. All partici-
pants had a 5-min break to remove any taste’s residue of the
challenge agent, too.

The participants were allocated randomly to the studied
respirators based on the Latin Square Design (LSD). It aims
to randomize the order of respirators being tested which was
labeled randomly as A, B, C, and D, which were presented in
Fig. 1. Totally, 248 qualitative fit tests were conducted on the
participants (62 participants x 4 FFRs =248 qualitative fit
tests).

Fig. 1 Pictures of the studied
FFRs

Measures

All participants were studied over four brands of FFRs which
most widely used in Iran: one of the brands was domestic (D)
and three of them were imported (A, B, and C). The commer-
cial fit solutions were Moldex® Bitrex® Fit Test Kit Part
number 0102 (Moldex Co., Culver, Calif.) contained
0.0135% denatonium benzoate, 94.9865% water, and 5% so-
dium chloride [49] and Allegro®.

saccharin Qualitative Fit test Kit Part Number 2040
(Allegro Industries, Paramount, Calif.) contained < 1% sodi-
um saccharin and > 99% water [30].

The sensitivity test was conducted in accordance with the
protocol contained in the OSHA respiratory protection standard,
regulation 29 CFR 1910.134 [15], to assure that the participant
being tested could detect the taste of acrosolized droplets of a
dilute solution of Bitrex™ which involved placing an enclosure
approximately 12 in. (30.5 cm) in diameter by 14 in. (35.6 cm)
tall over a participant’s head, positioning the enclosure forward (a
gap) about 6 in. (15.25 cm) between the participant’s face and
enclosure window, and having a 0.75 in. (1.9 cm) hole in front of
the participant’s nose and mouth area to help ensure the disper-
sion of the aerosol around the participant’s mouth and accom-
modate the nebulizer nozzle.

To start the intervention, the following steps were taken:
Firstly, prior to conducting the sensitivity test, we instructed the
participant to place the enclosure over the head without wearing a
respirator, breathe only through their mouth slightly open with
tongue extended, and report immediately when he/she could
characterize the taste (not smell) of the challenge agent.

In the second step, the challenge agent was produced in the
enclosure by firmly squeezing the nebulizer bulb. To do so,
using the test solutions, we inserted the ten squeezes of the
nebulizer bulb contained Bitrex™ aerosol into the hole in
front of the enclosure by fully collapsing and expanding the
bulb on each squeeze. In the third step, we asked the partici-
pant if he/she could detect the bitter taste of Bitrex™.
Otherwise, we continued the procedure up to 30 squeezes.
Also, the taste threshold was recorded as 10, 20 or 30 regard-
less of the numbers of squeezes actually completed. In other
words, the threshold level per 1-10, 11-20, and 21-30
squeezes was high (L1), medium (L2), and low (L3), respec-
tively. If the participant was unable to detect the bitter taste
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after 30 squeezes, the sensitivity test considered as a failure,
therefore, we used the saccharin fit test kit. In the fourth step,
the participant underwent the qualitative fit testing of the stud-
ied respirators. Thus, he/she conducted the USC procedures
for at least 5 min before starting the fit test to ensure he/she
properly adjusted those respirators. The features of the studied
FFRs were presented in Table 1.

If any participant consistently wore glasses, we asked him/
her to do put on them during the test to assess whether they
could interfere with respirator fit or not. The participant used
the same enclosure as described in the first step while wearing
the respirator. In the fifth step, a second nebulizer contained
the Bitrex™ fit test solution was used to disperse the aerosol
into the enclosure based on the number of squeezes reported
by the participant during the sensitivity stage.

After that, the participant was trained to perform the fit tests
exercises consisted sequence of normal breathing (NB), deep
breathing (DB), turning head side to side (SS), moving head
up and down (UD), talking (reading the “Rainbow Passage”
loud), bending over (BO), and normal breathing for one min-
ute each. The test conductor replenished the aerosol concen-
tration every 30 s using one half of the initial number of
squeezes used in the sensitivity test (e.g., 5, 10 or 15). If the
participant didn’t report the taste of the fit test agent, the test
was passed. If the taste of the agent was detected at any time
during the fit test, the fit was deemed unsatisfactory [15].

Measurement of facial dimensions

To determine the participants’ face sizes and shapes, they
were measured for two face dimensions based on the
NIOSH bivariate fit test panel, including face length
(Menton-sellion length) and face width (Bizygomatic breadth)
using a calibrated Stainless Steel digital caliper (0—150-mm,
accuracy: 0.01 mm, Model Number HB-101-111, Guanglu®
Digital Caliper Manufacturer Co., Ltd., China). All measure-
ments were made in millimeters to one decimal point, accord-
ing to ISO ISO/TS 16976-2:2010 [36].To decrease the inter-
personal variations, two key facial dimensions were measured
three times by one investigator and mean values were record-
ed. The NIOSH bivariate panel consisted of 10 cells

representing overall subjects’ face size. The mentioned cells
were classified into three groups: small (cells 1-3), medium
(cells 4-7), and large face size (cells 8-10). Also, the face
shapes were categorized as follows: small (cells 1-3), medium
(cells 4,7), long/narrow (cell 6), short/wide (cell 5), and large
(cells 8-10) [50]. Eventually, if the overlapping percent be-
tween the subjects’ facial dimensions and fit test panel cells
computed at least 90%; the NIOSH fit test panel would be
considered appropriate for the Iranian people.

The demographic variables (age and gender, body weight,
and height, facial dimensions), the results of sensitivity tests
(threshold level, pass/fail), respirator features (make, model,
and style), name of the challenge agent (Bitrex™ or saccha-
rin), and results of fit tests (pass/fail) were recorded in the data
sheet.

Statistical analysis

We took repeated measures on the participants and supposed
that the observations were independent, so, Fixed Effect
Logistic Regression (FELR) model was practiced.
Moreover, the Mixed Effect Logistic Regression (MELR)
model including random effects was proposed with the as-
sumption that the repeated observations were correlated [51].
Meanwhile, these models were adjusted for age and gender,
and BMI. Eventually, the results obtained from both FELR
and MELR models were compared with each other.

Additionally, we calculated the Kappa statistics (k) to eval-
uate the significant agreement between the results of fit testing
of'the studied respirators [51] and the Chi-square test was used
to assess the effects of respirator features and subject charac-
teristics on respirator fit. Significant tests were set at an alpha
value of 0.05 (x =0.05). Data analysis were performed using
R 3.2.5.0 software.

Results
Most of the study participants were female. The mean and

standard deviation of the females’ facial dimensions were
greater than those of males (Table 2).

Table 1  Features of studied Filtering Face-Piece Respirators (FFRS) used in the current study

Respirator Code Domestic or Imported Filtering face-piece Face-piece size(s) Style Valved Active Carbon Nose clip Adjustable straps
Level/type pre-filter

A Imported FFP2 OSFA* Cup-shaped Yes Yes No

B NO95/FFP2 Flat-fold Yes

C NO5/FFP2 Cup-shaped No

D Domestic NO99/FFP3 Flat-fold Yes Yes Yes

2 One size fits all
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Table 2 Demographic
characteristics of the study Subject characteristics Gender Total
participants
Male Female
Age, mean = SD (year) 24.11 £ 5.85 22.94 +£3.50 2345 + 4.66
BMI, mean + SD (kg/m?) 23.10 £ 2.90 23.13 £3.71 23.12 +3.38
Face length, mean + SD (mm) 117.16 £ 6.65 119.74 £ 6.60 118.70 £+ 6.60
Face width, mean + SD (mm) 120.16 + 10.92 124.92 + 10.32 123.0 + 10.74

Of the study population, 57 participants characterized the
bitter taste of Bitrex™ and 5 detected the sweet taste of sac-
charin at the threshold screening step.

In Table 3, descriptive statistics for fit test results obtained
from the studied respirators were summarized. As can be seen,
the majority of the fit tests were done on the participants,
considered as a failure (84.27%). Interestingly, female partic-
ipants had higher pass rates than males (10.48 vs. 5.24%).

Asillustrated in Fig. 2a, A and C brands had the lowest and
highest fit test passing rates, respectively (1.60 vs. 43.50%).
Cup-shaped respirators had significantly higher pass rates than
the flat-fold ones (71.80% vs. 28.20%) (Fig. 2b). The Chi-
square test was utilized to determine if the proportions of the
qualitative fit tests classified as a pass were different by the
respirator features. Significant differences were observed be-
tween the respirator features and fit test passing rates (p val-
ue<0.003 for respirator brand; p value<0.001 for style).

Table 4 compares the results of the QLFT of imported
respirators against domestic one by FELR. As seen, a signif-
icant difference was revealed between the fit test results of the
C and D brands (p value<0.001). On the other hand, the odds
ratio (OR) for fit test passing rate of the C brand was 11.87
times the OR for the D one. Surprisingly, the male participants
received a statistically lower proportion of passing qualitative
fit tests than female participants (p value<0.01).

However, the observed difference between the passing rate
of'the D brand and face size in this study was not significant. It
means that there were no significant differences between the
participants’ face sizes who passed or failed the fit test. Also,

among the demographic variables, there was a statistically
significant difference between the gender and fit test passing
rate of the D brand.

The comparison of the QLFT results of studied respirators
by MELR is set out in Table 5. As observed, there was a
statistically significant difference between the brands of the
C and D respirators by the fit test passing rates (p val-
ue<0.001). On the other hand, the OR for fit test passing rate
of the C brand was 63.44 times the OR for the D brand.
Moreover, there was no statistically significant difference be-
tween the D brand and face size.

In the present research, due to the existence of sparse data
(low fit test passing rate), the MELR provided the wider bond
than that of FELR for the proposed confidence interval (95%
CI). The Kappa (k) statistics was examined the consistency
between the results of qualitative fit testing of the imported
and domestic respirators were as follow as: [A; 95% CI:
0.31(=0.16-0.79), B; 95% CI: 0.50 (0.12-0.88), C; 95% CI:
0.20 (.042 —0.37)].

Figure 3 points out that most of the participants’ facial
dimensions fell within cells 4-7 of the NIOSH bivariate panel
representing their medium face sizes.

Based on the NIOSH bivariate fit test panel (Fig. 4), most
of the study participants had medium face size (45.20%) and
small and long/narrow shapes (32.20% and 32.30%). Besides,
12 (19.40%) of the study participants fell outside of the
NIOSH bivariate fit test panel. The T-test showed no statisti-
cally significant differences between the mean values of the
male and female participants’ facial dimensions.

Table 3 Subjects with passing or

failing fit test rates by respirator Fit test result Gender Respirator brand >N (%)
brand and gender
A B C D
N (%) N (%) N (%) N (%)
Passed Male 1 (0.40) 0 11 (4.44) 1 (0.40) 13 (5.24)
Female 0 6(2.42) 16 (6.45) 4(1.61) 26 (10.48)
Subtotal 1 (0.40) 6(2.42) 27 (10.89) 5(2.02) 39 (15.73)
Failed Male 24 (9.68) 25 (10.08) 14 (5.64) 24 (9.68) 87 (35.08)
Female 37 (14.92) 31(12.5) 21 (8.47) 33 (13.30) 122 (49.19(
Subtotal 61 (24.60) 56 (22.58) 35 (14.11) 57 (22.98) 209 (84.27)
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Fig. 2 Fit test passing rate by 50
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The highest fit test passing rates corresponded to the par-
ticipants with medium and small face sizes, respectively
(38.50%) and participants with small and long/narrow shapes
(38.50% and 30.80%, respectively) (Fig. 5).

Moreover, the Chi-square test showed no statistically sig-
nificant differences between the participants’ face sizes and
shapes by respirator fit.

Discussion

The major objective of this research was to investigate the
qualitatively fitting characteristics of the FFRs on facial di-
mensions. The results showed a very low fit test passing rate
(15.73%) among study participants. This result matches the
results of some conducted studies [16, 18, 39, 52-56]. One of
the possible explanations for this finding could be due to the
size and style of the respirators being tested were not fitted the
study subjects’ facial dimensions. In other words, “One size
does not fit all” and it is necessary to provide more than one of
the respirator models, styles, and sizes for the users to provide
satisfactory protection. Most of the employers believe errone-
ously that respirator with one size will fit all employees, then,
an inappropriately fitted or sized respirator may give the user a
false sense of protection. In that case, it is necessary to
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promote the employers’ knowledge and attitudes regarding
this fundamental problem [57].

Another explanation for the low fit test passing rate among
study participants might be due to the failure performance of
studied respirators’ filters and valves. On the other hand, there
are no valid mechanisms or standards for respirators’ efficacy
testing and certification like the NIOSH in the Iranian market-
places in order to be tested and approved by the authorized
bodies. Therefore, many users might be exposed to potential
hazards while wearing respirators [58].

Another important finding was that the fit test passing rate
of imported (C) respirator was higher than that of the other
respirators including domestic (D) one. This finding is consis-
tent with the findings of two studies conducted in South Korea
[59, 60], stated that the performances of domestic respirators
were inferior to those of imported ones; therefore, they con-
sidered the main reasons for this issue might be attributed to
the inadequacy of the respirator certification program in Korea
including specification of requirements for fit testing and es-
tablishment of fit test panel for face-seal leakage test.
Moreover, Davies et al. supported this finding [61]. A possible
explanation for this might be that each brand of respirator has
specific fitting characteristics [17, 18, 30, 62]. Meanwhile, the
C brand had the inner, soft and flexible layer which named
sealing lip or nosepiece over the nose bridge; while the other

Table 4 Results of fit testing of

domestic (D) against imported (A, Variable Coefficient (3)  95% CI for Coefficient ~ OR' 95% CI for OR
B, and C) respirators by FELR" -
Lower Upper Lower  Upper
Respirator Brand A —0.12 —4.71 0.16 0.18 0.009 1.18
B 0.74 -1.08 1.54 1.24 0.34 4.68
C 247" 1.42 3.71 11.87 4.15 40.86
Subject characteristics ~ Face size ~ —0.005 -0.8 0.17 0.99 0.83 1.19
Demographic Age 0.03 —-0.05 0.12 1.03 0.95 1.12
variables Gender  —1.64" -2.62 -0.74 0.19 007 048
BMI —0.07 —0.20 0.05 0.93 0.81 1.06

*p value<0.001; **p value<0.01
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Table 5 Results of fit testing of

domestic (D) against imported (A, Variable Coefficient (3)  95% CI for Coefficient ~ OR' 95% CI for OR

B, and C) by MELR" —
Lower Upper Lower  Upper

Respirator Brand A —2.49 -5.15 0.18 0.08 0.006 1.19

B 0.34 -1.28 1.96 1.40 0.28 7.12
C 4.15" 2.05 6.25 63.44 775 518.97

Subject characteristics Facesize —0.01 —-0.38 0.35 1.18 0.69 142

Demographic variables ~ Age 0.08 —-0.10 0.26 1.08 0.90 1.29

Gender —2.77%* -4.97 —0.56 0.06 0.007  0.57

BMI —0.06 —0.32 0.19 0.94 0.73 1.21

*p value<0.001; **p value<0.01

brands had no such value. This lead to prevent from face seal
leakage in the nasal area; thus, this respirator was fitted into
face more efficiently. Also, the participants satisfied with
wearing that. Moreover, it seems that the A respirator with
cup style is more appropriate for the Korean, Chinese, or
Japanese users who have short and wide faces than Iranian
ones [26, 63].

Noticeably, the domestic (D) brand like the remained res-
pirators designed based on the non-Iranian anthropometric
databases. Other reasons for poor fitting characteristics of
the studied respirators were related to the design, style of the
respirators, and how to adjust to the subjects’ faces; not only
face sizes. To do so, the quality features of the filter such as
filter typology, the number of filter layers, and poor or well-
fitting characteristics would be considered while using the
respirator [6].

According to the obtained results from this study, females
fitted to the studied respirators more significantly than males
(p value<0.01). This finding confirmed the findings of previ-
ous works [37, 46]. Gross et al. reported that females’ fit was
depended highly on the respirator’s brand [64]. However,
some researches presented that the males fitted into the studied
respirators than females, which seems that those respirators
were more suitable for males than females [30, 46, 65-67].
The most important reason for the mentioned unconformity
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Fig. 3 Distribution of study subjects in the NIOSH bivariate fit test panel

between the previous studies and current study would be that
the selected respirators were more appropriate for females
who usually have smaller faces than males. Although there
are some contradicted findings regarding this issue, the re-
searches conducted by Oestenstad et al. [17] and Spies et al.
[16], showed no statistically significant differences between
the males and females by respirator fit. Also, the study per-
formed by Fereland et al., indicated that sex did not improve
the fitting of the respirator model [68]. Accordingly, further
works would be useful in order to assess the validity of this
finding.

In this study, the cup-shaped respirators were significantly
fitted into participants’ faces more than the flat-fold ones.
Although this finding differs from some published studies
conducted by Lin, et al. [38], Ciotti et al. [40], and Huh
et al. [66] but this is consistent with the study of Jahangiri
et al. [39]. Notably, Zhuang et al. found that the respirator
style had no significant effect on respirator fit [36]. Among
the evaluated respirators, the consistency between the fit test
results of the B and D respirators was computed as the highest
value (k=0.50; moderate agreement); therefore, it stresses
that the study participants fitted equally the mentioned
respirators.

This study found no statistically significant differences be-
tween the demographic variables including age, BMI and res-
pirator fit. This result supports the study of Danyluk et al. The
reason considered due to the negligible change of people’s
weight while increasing age [38]. In contrast, Zhuang et al.
[42] and McMahon et al. [46] presented that age could affect
the respirator fit. Zhuang et al. stated that the user’s physical
changes while increasing age could have effects on the respi-
rator fitting characteristics, therefore, it supports the OSHA
requirement for annual fit testing [37]. Thereby, Foreland
et al. [68] and Manganyi et al. [69] found that age had no
significant effects on respirator fit. Because of the contradic-
tion among the various studies concerning the effects of age
and BMI on respirator fit, more studies are required to
conduct.
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Fig. 4 Frequency of participants’
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Most of the participants had medium face sizes and small
and long/narrow shapes (45.20%, 32.20%, respectively).
Considerably, 19.40% of the study participants fell outside
of'the NIOSH bivariate fit test panel. This finding is consistent
with the research of Jahangiri. et al. conducted on the Iranian
people (22.50%, out of the panel) [39]. Additionally, some
researches conducted in China, reported the higher propor-
tions of the participants were out of the NIOSH fit test panel
(12-35%, and 26.2%, respectively) [38, 41]. But the other
Chinese study performed by Chen et al., noted that only
5.0% of the subjects were out of the NIOSH fit test panel
boundaries [26].

It should be mentioned that according to the NIOSH study,
the lowest overlapping percent between the subjects’ facial
dimensions and fit test panel cells were considered 90%; as
acceptable [50]. In the present study, the NIOSH fit test panel
is not appropriate for the Iranian people and there is a crucial
need to provide the comprehensive anthropometric database
by measuring the facial dimensions of the Iranian users to
develop a specific and optimal fit test panel.

Fig.5 Frequency of the respirator
fit test passing rate by face size (a)
and shape (b), respectively
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The key limitation of this research was that due to the
subjective nature of QLFT procedure, it is likely that the par-
ticipants erroneously respond to the challenge agent in the
steps of conducting QLFT, that’s why the fit test passing rate
was too low. Another weakness of this study was that only
four brands of OSFA respirators were evaluated, Thereby, it is
possible that various results obtained from the larger groups of
subjects of the different race with combinations of various
make, model, style, and size of the respirators. Future studies
of this issue would be of interest.

Conclusion

Taken together, the main finding from this paper was a low
qualitative fit test passing rate of the respirators among studied
subjects. Moreover, one of the imported respirators were fitted
into face more efficiently than domestic one. Another implica-
tion, high proportions of the participants fell out of the NIOSH fit
test panel cells. Therefore, it is required to not only the design of
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the respirators based on the Iranian facial dimensions, but also,
develop exclusively the bivariate fit test panel for Iranian people.
Meantime, it is confirmed the manufacturers required to prepare
the various sizes and styles of the respirators to provide adequate
respiratory protection for the target users.
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