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Abstract

Objectives: Air pollutants in dentistry offices may cause problems for the health of staff and patients. Accordingly, the present study was
performed to the assessment of bacterial bioaerosols and particulate matter (PM) characteristics in the indoor air of dentistry clinics.
Methods: The sampling points were restoration, endodontics, and prosthesis wards. The PM specimens were taken using Grimm Dust
Monitor and the microbial specimens were taken using QuickTake 30.

Results: The maximum and minimum PM10 concentration across the different measure wards occurred as 70.31 and 30.32 ug/m3 in the
Ketabchi Clinic restoration and its endodontics ward, respectively. The total number of bioaerosols was 2079. Gram-positive
Staphylococcus spp.(872), Gram-positive Micrococcus spp.(706), and Gram-negative Bacillus spp.(501) were present in the indoor air. The
results showed a significant relationship for PM1 and PM2.5 in each sampling site.

Conclusion: The low PM and bacterial bioaerosols contamination can be due to the coincidence with coronavirus pandemic, as during

this period, health and hygienic protocols have been strictly observed.

Keywords: Indoor air quality, Dentistry ward, Particulate matter, Bacteria, Bioaerosol.

Introduction

Air pollution was cause for 6.7 million deaths worldwide
in 2016. Around 89% of mortality resulting from air
pollution occurs in developing countries, especially Asia.[!!
In Iran, most air quality studies are related to open-air
environments. Surveying the human activity patterns
indicates that a person spends 87% of their time in
enclosed buildings on average.”’ Changes in the human
lifestyle over time have caused society to live mostly in
vertical enclosed buildings. One of the most important
pollutants in this area is particulate matter (PM).5!

The PM that causes air pollution, regardless of the
chemical name, are categorized based on their size into
total suspended particles (TSPs), PM10 (PM with an
aerodynamic diameter smaller than 10 microns) or large

particles, PM2.5 (PM with an aerodynamic diameter
smaller than 2.5 microns) or fine particles, and PMO0.1 (PM
with an aerodynamic diameter smaller than 0.1
microns).[*! The World Health Organization has classified
air pollution resulting from PM as the most common cause
of mortality worldwide in rank 13.°! Furthermore,
long-term exposure to PM leads to a considerable
reduction of life expectancy, increased risk of developing
cancer, negative effects on the skin, as well as digestive
diseases.**”) PM may contain microorganisms such as
bacteria, viruses, and fungi that can be carried up to far
distances.!’ PM is involved in special mechanisms,
especially the mechanisms of formation and growth of
bacteria, and is heavily associated with microbes, as they
are a survival medium for microorganisms.”) In this
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regard, 80% of air microorganisms can be carried by
PM. 110

The health-care environments, air pollutants in dentistry
clinics such as microbes, suspended particles in the air,
gases, and vapors may cause problems for the health and
well-being of staff and patients.'!! The human oral cavity
functions as a natural pool and habitat for a wide range of
microorganisms.!?
Many methods related to dentistry such as removal of
and dental

prosthesis, plus dental handpieces, air-water (triplex)

caries, periodontal, preparation  with
syringes, and ultrasonic scalers all generate a large volume
of splatter and aerosols.!'* Aerosols can remain in the air
for a long time and may be inhaled; the microorganisms
can also survive until 6 days in the generated aerosols.!'*
Although it has been known that environmental factors
such as water and air can function as microorganism pools
and act as a means of infection transmission, the
information related to microbial contamination and PM
pollution in the dentistry environment is still sparse.!>1°!

Thus, studying and determining the microorganisms as
well as particular matter in the air of such centers would
be a valuable index of the health or pollution status of such
centers. Considering the recommendations of the
American Dentistry Association recommending the
necessity of bringing the indoor air quality of wards to the
standard limit for preventing and controlling the
mentioned damages and to present solutions to enhance
the air quality of dentistry clinics of Kashan University of
Medical Sciences, the present research has investigated the
air status of these centers in terms of microbial as well as
PM pollution (PM1, PM2.5, and PM10). The results
obtained from this research can be helpful in enhancing
the indoor air quality of dentistry clinics by responsible
organizations such as the faculty of dentistry as well as
health-care units.

Objectives

The present study was performed to the assessment of
bacterial bioaerosols and PM characteristics in the indoor
air of dentistry clinics.

Methods

This cross-sectional study was performed in dentistry
units at Kashan University of Medical Sciences for 6
months. This university has two centers of faculty of
dentistry and Ketabchi Clinic. Each ward of the faculty of
dentistry has 24 units, and Ketabchi Clinic has single-unit
wards. The ventilation system utilized in the faculty is

chiller, but in the Ketabchi Clinic, no special ventilation
system is used. In the first stage, to measure air PM and
perform the total bacterial count, air sampling was
performed. The sampling station in this research was the
indoor air of the faculty of dentistry and Ketabchi Clinic.
To measure the indoor air quality of the dentistry units,
out of the eight available wards, we chose three which had
the maximum density according to the experiences of
dentistry professors.

The sampling points were in restoration, endodontics,
and prosthesis wards. The samplings were performed
during the morning. PM specimens were taken using
Grimm Dust Monitor air sampler (Germany) within 1 h
for each sample, while the microbial samples were taken
through active method through QuickTake 30 air
microbial sampler (Germany) for 15 min.

The total bacterial count, PM count, and PM
concentrations were investigated individually. The utilized
instruments were calibrated for the sampling. To prevent
interference in the treatment process, the air sampling
instruments were placed 1.5 m away from the dentistry
unit. All devices were placed 1 m above the ground level so
that the sitting respiratory region of health-care staff
would be simulated.'”! To cover all days of the week and
to acquire better results, the microbial and PM specimens
were taken within 6 consecutive months, according to the
EPA sampling schedule, 30 days, and each day three
specimens from the indoor environment of restoration,
endodontics, and prosthesis wards of faculty of dentistry
and Ketabchi Clinic. Accordingly, all samples were as
follows:

2 (Microbial and PM samples) x 2 (number of clinics) X
3 (number of studied wards) x 15 (number of days in six
months) =180 (90 microbial samples and 90 PM samples)

After the collection, the microbial samples were
transferred to the microbiology laboratory of the faculty of
medicine within shorter than 2 h. Once the samples were
incubated at 37°C for 18-24 h, the colony count was
counted using a colony count device, after which
Gram-staining was performed on the colonies. All isolated
bacterial agents were tested in terms of appearance, colony
morphology, pigment generation, plus biochemical tests
including oxidase, catalase, mannitol, coagulase,
sensitivity to novobiocin, and bacitracin, while for the
Gram-negative ones, complementary diagnostic tests were
performed including TSI, urease, IMVIC, and SIM. The
PM samples were transferred to the air pollution

laboratory of the faculty of health for analysis.
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Statistical analysis

The normality of bacterial bioaerosols and PM was
investigated and since there was no normality for any of
these variables, Kruskal-Wallis or Mann-Whitney test
was used to investigate the relationship between microbial
variables and particles with the type of section and
sampling location. Bonferroni test was also used as a post
hoc test. To investigate the correlation between two
variables, Spearman test was applied. All statistical
analyses were performed with SPSS (version 16.0, SPSS
Inc, Chicago, IL, USA). A “P-value” less than 0.05 was
considered significant.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki. This study was funded by Kashan
University of Medical Sciences under grant number 98103.
The  ethics code  of  this
IR.KAUMS.NUHEPM.REC.1398.028.

study  was

Results

Across all wards, the mean 1-h concentration of PM10
was higher than PM2.5 and PM1. The maximum and
minimum PM10 concentrations across different measured
wards were 70.31 and 30.32 ug/m3 in the Restoration
Ward of Ketabchi Clinic and the Endodontics Ward of this
PM2.5, the
concentration occurred in the endodontics ward of the
faculty of dentistry as 17.24 pg/m3, and the minimum
concentration was found in the Restoration Ward of
Ketabchi Clinic as 10.82 pg/m3. The mean comparison of

clinic, respectively. For maximum

80

70

PM concentration in the air of different wards of
dentistryclinics of Kashan University of Medical Sciences
is presented in Figure 1.

In the air of different wards of dentistry clinics affiliated
with Kashan University of Medical Sciences, colonies
Staphylococcus,
Micrococcus, and Gram-negative bacilli were observed.

ofGram-positive Gram-positive
The Gram-positive bacteria claimed 76% of cases. The
minimum and maximum microbial frequencies were
reported to be associated with the prosthesis ward of the
Faculty of Dentistry and Endodontics of Ketabchi Clinic as
87 and 478 CFU/m3. The Staphylococcus and Bacilli
colonies were higher in the Restoration Ward of Ketabchi
Clinic compared to other wards, but the Micrococcus
colony was more frequent in the restoration ward of the
faculty of dentistry. The fungi were also more frequent in
the Restoration Ward of Ketabchi Clinic. Figure 2 displays
the frequency of microbial and fungal groups in the air of
each ward.

TSP and PM10 were significant in three different wards
of endodontics, restoration, and prosthesis. The results
indicated that the median TSP was significantly lower in
the endodontics ward as compared to restoration
(P=0.003) and prosthesis (P<0.001). Further, the median
PM10 has been significantly lower in the endodontics
ward compared to the restoration (P=0.018) and
prosthesis (P=0.039). The results of post hoc test using
Bonferroni method showed that there was no significant
relationship between Staphylococcus spp., Bacillus spp.,
Micrococcus spp., and fungi for each individual ward
[Table 1].

LhLLL

Prosthesis of Prothesis of Restoration Restoration Endodontics Endodontics

Faculty of Ketabchi
Dentistry Clinic

of Faculty Of of Ketabchi of Faculty of of Ketabchi
Dentistry Clinic

Dentistry Clinic

EPM10 mPM2.5 PM1

Figure 1. Comparing the mean 1-h concentration of particulate matter (PM,, PM,5s, and PM,,) for different wards
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Figure 2. The frequency distribution of microbial and fungal groups in the air of different wards

The results showed a significant relationship for PM1
and PM2.5 in each sampling site. Furthermore, there was
colony, Staphylococcus spp., Bacillus spp., and fungi in the
Ketabchi Clinic and faculty of dentistry [Table 2].

The results showed that the median TSP was significantly
lower in the Endodontics ward of Ketabchi Clinic
compared to endodontics of faculty of dentistry (P = 0.03),
prosthesis of faculty of dentistry (P=0.015), restoration of
faculty of dentistry (P<0.001), restoration of Ketabchi
Clinic (P<0.001), and prosthesis of Ketabchi Clinic
(P<0.001). Further, the median PM10 was significantly
lower in the Endodontics Ward of Ketabchi Clinic
compared to endodontics of faculty of dentistry (P<0.01),
restoration of faculty of dentistry (P<0.04), restoration of
Ketabchi Clinic (P<0.001), and prosthesis of Ketabchi
Clinic (P<0.001). PM2.5 and PM1 were significantly lower
in the Restoration ward of Ketabchi Clinic compared to
the restoration of faculty of dentistry with significance
levels of P=0.03 and P=0.03, respectively. The results
showed that the median colony was significantly higher in
the Endodontics Ward of Ketabchi Clinic compared to the
endodontics of the faculty of dentistry (P=0.015) and
prosthesis of the faculty of dentistry (P=0.001). Further,
the median colony was significantly larger in the

Restoration Ward of Ketabchi Clinic compared to the
prosthesis of the faculty of dentistry (P<0.001). In the
Prosthesis Ward of Ketabchi Clinic, again the median
colony was significantly higher than in the prosthesis ward
of the faculty of dentistry (P<0.001).

However, in the endodontics ward of the faculty of
dentistry, the median colony has been significantly smaller
than in the Prosthesis Ward of Ketabchi Clinic (P<0.001).
For bacillus spp., again the colony has been significantly
smaller in the restoration ward of the faculty of dentistry
compared to the Prosthesis Ward of Ketabchi Clinic
(P=0.03). On the other hand, in the prosthesis of Ketabchi
Clinic, the median bacillus spp. has been significantly
larger than in the prosthesis ward of the faculty of dentistry
(P=0.015). The median fungi were significantly higher in
the Restoration Ward of Ketabchi Clinic compared to the
prosthesis ward of the faculty of dentistry (P=0.03) and
restoration ward of the faculty of dentistry (P=0.04) [Table
3].

To evaluate the interrelationships between the studied
variables with each other, Kolmogorov-Smirnov test was
applied. Then, Spearman correlation test was employed.
Based on the results of this test, no significant relationship
was found between the bacteria in the air and PM (P<0.05).

Table 1. Description of PM;, PM, s, PMio, TSP and Colony, Staphylococcus spp., Bacillus spp., Micrococcus spp., fungi for each ward

Ward

Variable - - - Total P-Value
Endodontics Restoration Prothesis

° 113.27 (86.59, 115.62 (77.27, 103.98 (62.44,

- TSP 64.52 (44.41,107.75) <0.001
.L; 155.95) 170.33) 143.02)

St

-E S 61.13 (35.70, 56.12 (35.49,

= = PMj 36.71 (23.33, 60.27) 56.48 (32.83,73.91) 0.009
s g 79.07) 79.94)
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14.41 (10.55,

PM, .5 13.01 (6.44,17.93)  13.47 (9.45, 18.05) 17.67) 13.71 (10.03,17.67)  0.886
13.57 (9.78,

PM, 12.44 (6.16,17.11)  12.78 (9.05, 17.37) 169%) 13 (9.49, 16.93) 0.931
_ Colony 18 (10,30.75) 15 (7.25, 34.25) 17 (5,27) 17 (8,30) 0.731
S Staphyl
2 apiytococcus 8 (0,15) 15 (5,25) 5(0,15) 6.5 (0,15) 0.566
ig spp-
F-‘% Bacillus spp. 5 (0,5) 8 (3,13) 5(0,5.75) 5(0,5.75) 0.979
o M'
g rerococeus 0(0,0) 0(0,0) 0(0,0) 0(0,0) 0.818
“3 Spp.
&  Fungi 8 (5,10) 10 (3,18.5) 5 (3,10.75) 6.5 (3,13) 0.261

Table 2. Description of PM;, PM,s, PM;o, TSP and Colony, Staphylococcus spp., bacillus spp., micrococcus spp., fungi for each

sampling site

Variable R .Samplmg Site : Total P-Value
Ketabchi Clinic Faculty of Dentistry

° TSP 108.30(53.09, 148.22) 101.65(71.17, 138.33) 103.98(62.44, 143.02) 0.968
:: PM;, 57.99(31.06, 78.57) 55.34(33.32, 71.54) 56.48(32.83,73.91) 0.675
32 g PM..; 12.94(8.76, 15.55) 15.73(10.23, 20.12) 13.71(10.03, 17.67) 0.039
E E PM, 12.29(8.23, 14.48) 15.29(9.74, 19.39) 13(9.49, 16.93) 0.032
Colony 23(14.5,35.5) 10(3,18) 17(8,30) <0.001

- Staphylococcus spp. 8(0,25) 3(0,13) 6.5(0,15) 0.008

5 £ Bacillus spp. 5(5,10) 0(0,5) 5(0,5.75) <0.001
E § Micrococcus spp. 0(0,0) 0(0,0) 0(0,0) 0.306
S £ Fungi 8(5,18) 5(3,10) 6.5(3,13) 0.003

Table 3. Description of PM;, PM, 5, PMyo, TSP and Colony, Staphylococcus spp., bacillus spp., micrococcus spp., fungi for each

ward and for both in total

Variable Particulate matter Bacterial Bioaerosols
Sampling Staphylococcus  Bacillus  Micrococcus .
i TSP PMio PM..5 PM, Colony Fungi
Site spp. spp. spp.
Endodontics 57.88 16.43 15.74
103.83 (82.47, 11 8
of Faculty of (50.82, (10.71, (10.41, 10 (0,13) 3(0,5) 0 (0,0)
121.11) (8,18) (3,10)
Dentistry 70.64) 22.00) 21.15)
Endodontics 30.90 10.49
f Ketabchi 48.26 (43.22, (20.81 11.22 (6.25, (5.90 30 8(0,25) 5(5,10) 0(0,8) 8
ot Retabeht 63.72) ob 15.44) 7 (13,43) ’ ’ ’ (5,10)
Clinic 34.23) 14.58)
Restorati 56.63 17.04 15.85
estoration — 103.98 (73.97, 5
of Faculty of 144.58) (29.99, (10.38, (10.00, 8 (3,18) 0(0,13) 0(0,5) 0(0,5) (3,10)
Dentistry ' 75.63) 20.43) 19.97) ’
Restoration 121.81 (8659 69.60 10.08 9.50 (7.61 18 18
i ) 7 57.63, 8.091, ’ N 8 (5,25 8(0,13 0 (0,0
of Ketabchi 158.85) ( ( 13.23)  (13,38) (5:25) 19 ©0 (5,25)
Clinic 86.70) 13.85)
Prosthesis of 39.78 11.20
Faculty of 8202 (6536, (32.83 11.80 (7.65, (7.27 5(3,10) 3(0,5) 0(0,5) 0(0,0) °
aculty o 168.23) ©% 17.62) - ’ ’ ’ ’ (3,10)
Dentistry 55.91) 16.81)
Prothesis of 140.19 68.63 13.70
. 14.62(12.94, 23 8
Ketabchi (111.52, (56.33, (12.29, 13 (0,20) 5 (5,8) 0(0,13)
- 17.82) (18,33) (3,18)
Clinic 173.78) 79.99) 17.30)
Total 103.98 56.48 13.71 13 17 6.5 (0,15) 5 0(0,0) 6.5
° (62.44,143.0)  (32.83,73.9)  (10.03,17.6)  (9.49,16.9) (8,30) T (0,5.75) ’ (3,13)
P value <0.001 <0.001 0.022 0.022 <0.001 0.070 <0.001 0.042 0.015
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Discussion

Bacterial aerosols in dentistry can move as longas 100 cm
horizontally. Further, bacterial aerosols can remain in the
air for more than 20 min posttreatment.!'! The average
number of Bacillus spp. in the present study was smaller
than the mean reported by Kedjarune et al.!'! In the study
by Al Maghlouth et al., as with the present study,
Staphylococcus spp. and Micrococcus spp. were observed,
but Bacillus spp. was not reported. Furthermore, in this
study, Staphylococcus spp. was the dominant one, which is
in line with the present research.?” The bacteria of the air
in dentistry according to Zemouri et al.’s study included
three colonies observed in the present study, i.e,
Staphylococcus spp., Micrococcus spp., and Bacillus spp.2!
In the study by Soltanian et al., the greatest microbial
contamination was observed in the periodontics ward.!?
In the study by Lasemi et al., the contamination level of the
morphology ward was larger than other wards.? In the
research by Malakootian et al, the contamination level of
the endodontics ward was higher than in other wards.*!
However, in the present study, the highest microbial
contamination was found in the endodontics ward of
Ketabchi Clinic.

Dentistry involves the use of dentistry tools such as
turbine burs, drills, ultrasonic scalers, as well as abrasion
and air polisher units, which generate aerosols.!'*! In our
study, PM10 was higher in the Restoration Ward of the
Ketabchi Clinic compared to other wards, which can be
due to the extensive use of various dentistry instruments.
Hobson et al. concluded that the use of different methods
in dentistry causes initial elevation of PM10, and 30 s
following initiation of the course of treatment, the
generation of dental aerosols becomes constant.?’!
Furthermore, unsuitable ventilation and nonuse of
high-volume suction can also be effective. Nulty et al.
showed that an external high-volume extraction device
could reduce the number of aerosol particles during
dentistry operations.?? Bates et al. concluded that the use
of high-volume suction was effective in keeping the aerosol
levels low and could improve the working environment for
patients and dentists.

Further, ventilation has a considerably positive influence
on aerosol distribution.” In the present study, the median
PM2.5 in the prosthesis ward of the faculty of dentistry and
clinic was 11.80 and 14.62 ug/ma3, respectively, which have
been far lower than the values in Arsal et al. study.?*/ In the
study of Liu et al., the highest PM1, PM2.5, and PM10
concentrations were observed in the periodontal ward, and
the minimum in the patient waiting area.!'”’ However, in
the present study, the highest PM10 concentration was

found in the Restoration Ward of Ketabchi Clinic, and the
maximum PM2.5 and PM1 in the endodontics ward of the
faculty of dentistry.

Conclusions
The results
relationship between the bacteria in the air and PM. The

indicated there was no significant
Endodontics Ward of Ketabchi Clinic has the maximum
number of bacteria, while the Restoration Ward of this
clinic contained the maximum number of fungi. The mean
PM10 concentration in the Restoration Ward of Ketabchi
Clinic and the mean concentrations of PM2.5 and PM1
were higher in the endodontics ward of the faculty of
dentistry compared to other wards. The low PM and
bacterial bioaerosols contamination can be due to the
coincidence with coronavirus pandemic, as during this
period, health and hygienic protocols have been strictly
observed and the number of patients has been limited.
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