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The effect of medical face masks 
on inhalation risk of bacterial 
bioaerosols in hospital waste 
decontamination station
Morvarid Boroumand Alipour 1, Mojtaba Davoudi 1*, Hadi Farsiani 2, Maryam Sarkhosh 1, 
Seyfollah Gharib 3 & Hamid Heidarian Miri 4

There is insufficient research on bioaerosols in hospital waste decontamination stations. This study 
aimed to investigate the effect of three-layer and N95 masks in reducing the inhalation risk of bacterial 
bioaerosols in a waste decontamination station at a teaching hospital. Active sampling was conducted 
on five different days at three locations: the yard, resting room, and autoclave room in three different 
modes: without a mask, with a three-layer mask, and with an N95 mask. Bacterial bioaerosols passing 
through the masks were identified using biochemical tests and polymerase chain reaction (PCR). The 
median concentration and interquartile range (IQR) of bacterial bioaerosols was 217.093 (230.174) 
colony-forming units per cubic meter (CFU/m3), which is higher than the recommended amount by 
Pan American Health Organization (PAHO). The resting room had high contamination levels, with 
a median (IQR) of 321.9 (793.529) CFU/m3 of bacterial bioaerosols. The maximum concentration of 
bioaerosols was also recorded in the same room (2443.282 CFU/m3). The concentration of bacterial 
bioaerosols differed significantly between using a three-layer or N95 mask and not using a mask 
(p-value < 0.001). The non-carcinogenic risk level was acceptable in all cases, except in the resting 
room without a mask (Hazard Quotient (HQ) = 2.07). The predominant bacteria were Gram-positive 
cocci (33.98%). Micrococci (three-layer mask = 51.28%, N95 mask = 50%) and Coagulase-negative 
Staphylococci (three-layer mask = 30.77%, N95 mask = 31.82%) were the most abundant bioaerosols 
passing through the masks. The results obtained are useful for managerial decisions in hospital waste 
decontamination stations to reduce exposure to bioaerosols and develop useful guidelines.
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Bioaerosols refer to biological air pollutants, including both living and non-living particles that have an aerody-
namic diameter of less than 100 µm. Due to their small size, they can enter the respiratory system1–3. Exposure 
to bioaerosols is associated with various health effects, including skin and eye irritation, sick-building syn-
drome, hospital-acquired infections, asthma, lung infections, allergic reactions, and cancer4,5. Activities related 
to waste management, such as collection, storage, transportation, disposal, and treatment, contribute to the 
generation of bioaerosols6,7. Consequently, employees in waste management industries are exposed to high levels 
of bioaerosols8–10. Furthermore, hospitals are recognized as one of the settings where bioaerosols are preva-
lent. Moreover, they generate large amounts of medical waste, which contains substantial loads of bacteria and 
viruses11,12. Although approximately 85% of medical waste is non-hazardous, the remaining 15% is infectious and 
requires special management11,13,14. Proper disinfection and disposal of hospital waste are necessary to prevent the 
risk of environmental pollution and infectious diseases12,14,15. Therefore, each hospital has a waste decontamina-
tion station for the treatment of infectious waste and as a temporary storage facility for non-hazardous waste.

Previous studies have investigated bioaerosols in various locations. In composting facilities, there have been 
reports of occupational exposure to high concentrations of endotoxin, A. fumigatus, and actinobacteria/Strep-
tomyces spp.16. High concentrations of airborne bacteria have been found at a sanitary landfill site, ranging 
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from 3179 to 10,883 colony-forming units per cubic meter (CFU/m3) 1. Numerous studies have also investigated 
the concentration and types of bioaerosols in different hospital wards17. For instance, in a hospital, the high-
est and lowest concentrations of bioaerosols were obtained in the lung ward (336.67 CFU/m3) and operating 
room (15.25 CFU/m3)18. Studies have also been conducted to investigate the non-carcinogenic risks associated 
with exposure to bioaerosols. In a waste transfer station, 53 species of bacterial pathogens were identified, 39 
of which were pathogenic to humans. The health risk assessment revealed that workers faced unacceptable 
levels of non-carcinogenic risk19. Inhalation of bioaerosols is a more significant route of exposure compared 
to dermal absorption20,21. The results of a study conducted in a wastewater treatment plant revealed that the 
non-carcinogenic risk associated with inhalation is 105 times higher than that of skin absorption21. In a sanitary 
landfill, the non-carcinogenic risk from exposure to bacterial bioaerosols was estimated to be less than one at all 
sampling locations, with a maximum rate of 0.16 recorded during the summer season10. In addition, to reduce 
exposure to bioaerosols, recommendations such as implementing disinfection methods, improving air ventila-
tion systems, and utilizing personal protective equipment (PPE) have been provided5,9,22. One type of PPE that 
can effectively reduce exposure to bioaerosols is masks23,24. Three-layer masks and N95 masks are two common 
types of face masks used to minimize the inhalation of bioaerosols in healthcare and community settings. Three-
layer masks provide a barrier against larger respiratory droplets; however, their filtration efficiency is 0.04 to 1.3 
times lower compared to N95 masks25,26. N95 masks, on the other hand, are designed to achieve a close facial 
fit and, when subjected to careful testing, efficiently filter at least 95% of very small airborne particles (0.3 μm), 
including bioaerosols25. Understanding the performance and proper usage of these masks can help reduce the 
risks of inhaling bioaerosols and provide guidance to healthcare professionals, policymakers, and the general 
public to make informed decisions. A study found that the filtration efficiency of each mask varied from 82 to 
99%, depending on the level of filtration27. In addition, various modifications have been shown to improve the 
filtration efficiency of commercially available medical procedure masks by 60.3 to 80.2 percent28.

Patients and hospital personnel are exposed to high concentrations of bioaerosols, which can cause respira-
tory diseases and harm the health of employees in occupational settings. The waste decontamination station in 
hospitals is a location with a high concentration of bioaerosols. However, there is a lack of research on bioaerosols 
in this location, and no standard has been proposed for occupational exposure to these biological pollutants 
in this particular setting. Therefore, the present study aimed to determine the effect of medical masks on the 
risk of inhaling bacterial bioaerosols at the waste decontamination station of a hospital. Since such a study has 
not yet been conducted, the data obtained can be valuable for making management decisions, implementing 
control measures to minimize workers’ exposure to airborne bacteria, and serving as a basis for future research 
to establish specific standards for bioaerosol exposure in hospital waste decontamination stations.

Materials and methods
Study design
The study site was the waste decontamination station of one of the teaching hospitals in Mashhad, Iran, with 
824 active beds. The hospital’s daily waste production rate ranged from 1000 to 1200 kg. The waste was collected 
by a group of workers from various wards of the hospital and transported to the waste decontamination station. 
Three workers were engaged in waste management at this facility, working in 24-h shifts every other day with 
no days off. Three locations within the hospital waste decontamination station were selected for sampling: the 
yard where non-hazardous and decontaminated waste was stored; the autoclave room where infectious, sharp, 
chemical, and pharmaceutical wastes were managed, and the workers’ resting room, which was equipped with 
a bathroom, toilet, and kitchen (Fig. 1).

Bioaerosols sampling
Sampling was conducted over five days, following the United States Environmental Protection Agency (US EPA) 
sampling schedule calendar, with a six-day interval between December 2022 and January 2023. Two replicated 
samples5,10 were collected under three different mask conditions: without a mask, with a three-layer mask, and 
with an N95 mask. These samples were collected at each of the three previously mentioned locations, resulting 
in a total of 90 collected samples. Bioaerosols were sampled using a QuickTake 30 Sample Pump at a flow rate of 
14.15 L/min, equipped with a Biostage sampler (BioStage 200 single-stage viable cascade impactor) containing 
plates with a blood agar culture medium supplemented with Cyclohexamide antifungal. The sampling duration 
was 10 min to ensure that the microbial load on plates did not exceed 300 colonies17,32–34. For sampling, the 
biostage was positioned at a height of 150 cm above the ground, which is the average height at which humans 
breathe10,17,32. It was also placed one meter away from walls and obstacles18. For all tests, a single type of best-
selling, publicly available three-layer and N95 mask was used. The three-layer mask consisted of a middle layer of 
melt-blown and two outer layers of spun-bond, while the N95 mask was composed of 5 layers, from the outside 
to the inside: spun-bond, melt-blown, spun-bond (ssmms), melt-blown, and spun-bond. The spun-bond and 
melt-blown are made of polypropylene. The melt-blown fabric plays a crucial role in filtering bacteria, particles, 
and droplets35. During sampling with masks, they were securely attached to the biostage using a metal ring to 
ensure no air could enter through any gaps. In each stage prior to sampling, the equipment was sterilized with 
70% ethanol. The pump flow rate was calibrated using a rotameter. Moreover, meteorological parameters includ-
ing air temperature (temp), relative humidity (RH), and wind velocity (W-velocity) were also recorded using 
humidity and temperature meter (Benetech, GM1362) and digital anemometer (Wintact WT87A) respectively36. 
Collected samples were immediately sealed and transported to the laboratory in a cooled box. Subsequently, 
they were incubated at 37 °C for 24–48 h17.
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Bioaerosols quantification and identification
After incubation, colonies were counted, and the bioaerosol concentrations were quantified in terms of CFU/
m3 3,4. Bacterial purification was performed based on the visual characteristics of the colonies5. Subsequently, 
Gram staining was conducted.

The bacterial bioaerosols that passed through the three-layer and N95 masks were isolated and mainly iden-
tified using biochemical tests, such as cultivation in TSI and SIM culture medium, mannitol, DNase, catalase, 
oxidase, coagulase, bile esculin, urease, citrate, and resistance to bacitracin and optochin10,33. If identification 
at the species level was not possible, the polymerase chain reaction (PCR) technique was employed. Deoxyri-
bonucleic acid (DNA) extraction was performed using the boiling method. The concentration of the extracted 
DNA was determined by measuring the optical density (OD) using a spectrophotometric method with ultra-
violet (UV) light37. For the PCR technique and amplification of 16S rDNA, the primers 27.F (27.F 5`AGA​GTT​

Figure 1.   The location of sampling points29–31.
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TGA​TCC​TGG​CTC​AG-3`) and 1492.R (1492.R 5`-TAC​GGY​TAC​CTT​GTT​ACG​AACTT-3`) were used37,38. A 
mixture of 1 µl of each diluted forward and reverse primer, 2 µl of template DNA, 10 µl of master mix, and 11 µl 
of injected distilled water was prepared inside a microtube. Then, the microtube was placed in a Mastercycler 
gradient Eppendorf device.

The amplification program was set as follows: 1 cycle of initial denaturation at 95 °C for 5 min, followed by 
30 cycles consisting of a secondary denaturation step at 94 °C for 45 s, an annealing step at 55 °C for 1 min, an 
extension step at 72 °C for 1.5 min, and one final extension at 72 °C for 5 min38. Then, the amplification product, 
along with the 100 bp ladder, was loaded onto a 1.5% agarose gel, and electrophoresis was performed. Then, the 
bands were observed using a UV transilluminator. If they appeared clear, the amplified DNA was sequenced, 
and the resulting sequence was searched in the National Center for Biotechnology Information (NCBI) database 
to determine the type of bacteria3,38.

Health risk assessment
People can be exposed to bioaerosols through skin absorption, inhalation, and ingestion routes33. Since the 
risk of the ingestion route is rare, previous research has predominantly focused on the risks associated with 
inhalation and skin contact21. In this study, the aim was to investigate the effect of masks on the inhalation risk 
of bioaerosols; therefore, only the inhalation route was considered. The non-carcinogenic risk associated with 
bacterial bioaerosol was evaluated based on previous studies. The concentration of bioaerosols allows for the 
calculation of the Average Daily Dose (ADD) using Eq. 1.

In this formula, ADDinh represents the average daily dose from the inhalation route (CFU/(kg.day)), C denotes 
the concentration of the pollutant (CFU/m3 for bioaerosols), IR stands for inhalation rate (m3/day), EF is the 
exposure frequency (days/year), ED indicates exposure duration (years), BW represents body weight (Kg) and 
AT is is the averaging time (days)3,10,20,21,33,39,40.

To assess the non-carcinogenic risk of bioaerosols, the Hazard Quotient (HQ) was calculated using Crystal 
Ball software. HQ is defined as the ratio of the ADD to the Reference Dose (RfD) for chronic exposure (Eqs. 2 
and 3)1,20,33,40:

RfC (CFU/m3) represents the reference concentration for bioaerosols. The RfC upper limit values are not 
available for bioaerosols41,42. In such cases, a reference value of 500 CFU/m3 was considered based on previous 
studies1,3,10,39,40,43. HQ > 1 indicates a significant and concerning potential risk of non-carcinogenic effects that 
should not be ignored. However, HQ ≤ 1 suggests that the risk is at an acceptable level, meaning that non-carci-
nogenic hazards are unlikely to be a concern3,33,39,40. The values used to assess the inhalation risk of bioaerosols 
for adults in this study are presented in Table 1:

Statistical analysis
The concentration of bioaerosols, temprature, RH, and W-velocity were described using the mean (stanard 
deviation (SD)) and median (interquartile range (IQR)) for the levels of face masks. Quantitative variables were 
analyzed using relative frequency and represented as column charts. The consistency of distribution of quantita-
tive variables with a normal distribution was explored using the Shapiro–Wilk test. The association of bacterial 
bioaerosols with temprature, RH, and W-velocity was assessed using Spearman’s rank correlation coefficient and 
ilusterated in a heatplot. The association of bacterial bioaerosols with location was examined using Kruskal–Wal-
lis test. The effect of medical face masks on bacterial bioaerosols was examined using quantile regression as an 
alternative to traditional linear regression, aiming to have regression coefficients as an effect measure and mitigate 

(1)ADDinh =

C × IR × EF × ED

BW × AT

(2)HQ =

ADDinh

RfD

(3)RfD =

RfC × IR

BW

Table 1.   Values used to assess the inhalation risk of bioaerosols for adults.

Parameter Value Reference

IR 
(

m3

day

)

20 44,45

(

days
year

)

 EF 365 This study

ED (years) 12

24
×30 This study

BW (kg) 70 44,46

AT (days) 365 × 30 This study

RfC 
(

CFU
m3

)

500 1,3,10,39,40
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assumptions associated with linear regression models. P-value less than 0.05 was considered as statistically sig-
nificant. Statistical analyses were performed using Stata SE version 18.

Declaration of Generative AI and AI‑assisted technologies in the writing process
During the preparation of this work the authors used wordvice.ai in order to improve readability and language. 
After using this tool, the authors reviewed and edited the content as needed and takes full responsibility for the 
content of the publication.

Results and discussion
Bioaerosol concentrations
According to the Shapiro–Wilk test, the concentration of bioaerosols, temperature, RH, and W-velocity were 
found not to follow a normal distribution (Table 2). The median (IQR) of bacterial bioaerosols concentrations 
for different locations were as follows:193.388 (126.323) CFU/m3 for the yard, 321.9 (793.529) CFU/m3 for the 
resting room, and 230.269 (160.773) CFU/m3 for the autoclave room (Table 3). However, the Kruskal–Wallis test 
revealed that these differences were not statistically significant (p-value = 0.412). It was expected that the work-
ers’ resting room would have lower contamination levels. However, it was found that the resting room had high 
contamination levels, with a median (IQR) of 321.9 (793.529) CFU/m3 of bacterial bioaerosols. The maximum 
concentration of bacterial bioaerosols was also recorded in the same room (2443.282 CFU/m3). The contamina-
tion in the resting room can be attributed to various factors, including its small size, the presence of workers 
in contaminated clothing, unsanitary conditions, lack of periodic disinfection, absence of a proper ventilation 
system, and the building’s old age5,17,47–49. The decreased number of bacterial bioaerosols in the autoclave room, 
compared to the resting room, can be attributed to factors such as the high temperature and pressure around the 
autoclaves, the use of six 1400 rpm fans for air ventilation, and the open doors that facilitate natural ventilation. 
In comparing the autoclave room and the yard, it can be observed that the presence of more infectious waste 
and its greater displacement in the autoclave room led to a higher concentration of bioaerosols6. On the other 
hand, the yard was an open space with a lower temperature, and there was less displacement of hospital waste 
in this area. As a result, this location registered the lower level of bacterial concentration. The findings of other 
studies also demonstrate that the concentration of bacterial bioaerosols in indoor air is higher than in outdoor 
air, which confirms the results of the present study5,33,50,51.

Currently, there is no established international standard for bioaerosols. However, the Pan American Health 
Organization (PAHO) recommends limits for bacterial bioaerosols in healthcare facilities. The recommended 

Table 2.   Meteorological parameters.

Sampling modes Meteorological parameters Mean (SD) Median (IQR) Min Max P-value of Shapiro–Wilk test

Without mask

Temperature (°C) 15.366 (6.741) 14.4 (11) 3.4 27.4 0.185

RH (%) 36.936 (6.824) 35.9 (9.2) 24.7 52.5 0.866

W-velocity (m/s) 0.114 (0.143) 0 (0.27) 0 0.34  < 0.001

3-layer mask

Temperature (°C) 14.953 (6.508) 14.4 (11.7) 3.4 25.2 0.072

RH (%) 36.753 (8.019) 36.35 (14.5) 24.2 55 0.431

W-velocity (m/s) 0.82 (0.141) 0 (0.25) 0 0.4  < 0.001

N95 mask

Temperature (°C) 14.773 (6.316) 13.35 (11) 4.1 26.7 0.127

RH (%) 37.003 (7.783) 38.75 (13.1) 32.2 49.6 0.174

W-velocity (m/s) 0.077 (0.145) 0 (0) 0 0.45  < 0.001

Table 3.   Concentration of bacterial bioaerosols.

Bacterial bioaerosols concentration location Sample size Mean SD Median IQR

Without mask

Yard 10 214.034 153.640 193.388 126.323

Resting room 10 668.145 812.474 321.9 793.529

autoclave room 10 199.543 126.493 230.269 160.773

total 30 360.574 515.87 217.093 230.174

3-layer mask

Yard 10 13.675 10.409 9.831 14.869

Resting room 10 19.145 18.952 13.698 11.956

autoclave room 10 23.336 33.046 16.512 5.188

total 30 18.719 22.365 13.675 13.27

N95 mask

Yard 10 18.264 26.756 3.206 40.847

Resting room 10 18.46 14.051 17.245 23.897

autoclave room 10 38.468 76.397 13.237 29.878

total 30 25.064 46.773 13.237 27.364
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limits are less than 10 CFU/m3 for very clean areas, between 10 and 100 CFU/m3 for relatively clean areas, and 
between 100 and 200 CFU/m3 for other areas52. The concentration of bacterial bioaerosols in the studied hospital 
waste decontamination station, with a median and IQR of 217.093 (230.174), exceeded the recommended levels 
set by PAHO (100 to 200 CFU/m3).

During the sampling period, the temperature, RH, and W-velocity were in the ranges of 3.4 to 27.4 °C, 32.2 to 
55%, and 0 to 0.45 m/s, respectively (Table 2). The highest temperature was recorded in the resting room, while 
the lowest temperature was obtained in the yard. Moreover, the highest levels of humidity and W-velocity were 
also recorded in the yard. The correlation between the concentration of bacterial bioaerosols and meteorologi-
cal parameters was assessed using Spearman’s rank correlation coefficient. The p-values for temperature, RH, 
and W-velocity were found to be 0.056, 0.316, and 0.429, respectively. Consequently, no statistically significant 
association was observed between the bacterial bioaerosol concentrations and meteorological variables. The 
related heatplot can be seen in Fig. 2. In Ghanbarian’s study, a statistically significant difference was found 
between bioaerosol concentrations in cold and hot seasons32. Conversely, Valedeyni Asl’s study showed no 
substantial correlation between bacterial concentration and environmental temperature and humidity53. Meh-
rasabi’s research revealed a statistically significant relationship between bacterial bioaerosol concentration and 
air temperature but found no significant relationship with air pressure and humidity54. Fang’s study confirmed a 
notable correlation among bacterial bioaerosols and temperature, pressure, and ozone levels7. Yousefzadeh’s study 
recorded no correlation between relative humidity, temperature, and bacterial concentration and suggested that 
this might be due to the limited range of changes in the sampling interval18. Hosseini’s study demonstrated that 
there was no substantial statistical correlation between bacterial bioaerosol concentration and both humidity and 
temperature55. The absence of a statistically significant relationship between bacterial bioaerosol concentrations 
and meteorological variables might be attributed to the limited sampling time and the restricted range of changes 
in these variables in the current study. However, considering the varying findings regarding the influence of 
temperature and humidity on bioaerosol concentrations, it is essential to conduct further research on this topic18. 
Sampling was conducted during the cold season. The use of heating equipment in the resting room resulted in 
higher temperatures compared to other sampling points. According to the findings of Bragoszewska’s study, the 
increased air circulation and resuspension caused by the heating equipment led to the highest concentration of 
bacterial bioaerosols in this location51.

Mask Effects on bioaerosols
The concentration of bacterial bioaerosols under different sampling conditions with respect to mask usage is pre-
sented in Table 3. The concentration of bacteria in the sampling condition without a mask was noticeably higher 
than in the conditions where a three-layer mask or N95 mask was used23. As shown in Table 4, the quantitative 
regression coefficients for the three-layer mask and N95 mask were -210.257 (p-value < 0.001) and -210.604 
(p-value < 0.001), respectively, indicating that the use of these masks effectively reduced the concentration of 
bioaerosols. However, due to the overlap of confidence intervals in quantile regression, no statistically significant 
difference was observed between the two types of masks.

A study has shown that N95 masks are more effective than three-layer masks in preventing the penetration 
of NaCl aerosols. Furthermore, within the various groups of N95 and three-layer masks, types with higher filtra-
tion capacity and better fitting characteristics also provide greater protection against biological aerosols56. The 
influenza virus had passed through eight types of surgical masks studied by Booth. However, all masks were 
found to be effective in reducing exposure to the influenza virus. The amount of reduction varied depending on 

Figure 2.   Heatplot depicting the Spearman’s rank correlation coefficient for the association of bacterial 
bioaerosols with meteorological parameters.
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the design of the mask, ranging from 1.1 to 55 times57. The filtration efficiency of commercially available medical 
procedure masks can be improved by 60.3 to 80.2 percent through various modifications. These include tighten-
ing the ear loops, using rubber bands to reduce gaps at the top and bottom of the mask, and placing a cut-out 
piece of nylon stocking over the mask to seal any remaining gaps28.

In this study, we employed a comparable approach to evaluate the effectiveness of a three-layer mask and an 
N95 mask when used with the Biostage sampler during sampling. We securely attached the masks to the biostage 
using a metal ring, ensuring that air only passed through the mask layers without any gaps. This setup allowed 
us to assess the impact of the masks. The absence of a statistically significant difference between these two mask 
types suggests that both a high-quality three-layer mask and an N95 mask are equally effective in reducing bac-
terial bioaerosol penetration into the respiratory system. This means that when it comes to preventing bacterial 
entry, focusing on proper mask fit and sealing to prevent air leakage is more effective than simply increasing the 
number of mask layers. It is important to note that factors such as mask design and proper placement on the 
face may influence the effectiveness of different types of masks.

In the future, it is recommended that studies be conducted on the design of masks, including investigating 
the impact of the number of layers and proper positioning on the face to prevent air leakage around the mask, 
in order to further assess the reduction of bacterial bioaerosol transmission.

Bioaerosols composition
The predominant bioaerosols in our study were Gram-positive cocci (33.98%), followed by Gram-positive bacilli 
(30.29%), Gram-negative bacilli (24.27%), and Gram-negative cocci (8.54%) (Fig. 3a). Previous studies have also 
reported a high frequency of Gram-positive cocci5,54,58,59, which are commonly found in the environment and are 
a prevalent part of the flora on human skin, hair, and mucous membranes51,55. Moreover, their high resistance 
to environmental stress contributes to their abundance in indoor environments, particularly hospitals5,27,33. In 
contrast, gram-negative bacteria show less resistance to environmental conditions due to their fragile cell wall 
and may break during sampling60. Therefore, a microorganism’s ability to persist as a bioaerosol is linked to its 
surface biochemistry61. Among the passing bacteria from masks, 8 different types of bacteria were identified. In 
both types of masks, Micrococci and Coagulase-negative Staphylococci (SCN) had the highest frequency (Fig. 3b).

These findings are consistent with previous research that has also reported a significant prevalence of Coag-
ulase-negative Staphylococci and Micrococci59. Staphylococci and Micrococci are part of the normal human flora, 
derived from the skin, hair, and clothing of individuals. As a result, the majority of airborne bacteria present 
in the hospital environments belong to these types5,55,58,62. According to Gizaw’s study, the presence of Staphy-
lococcus aureus and Streptococcus pyogenes, two highly pathogenic bacterial species, is prevalent across various 
departments within hospitals63. Staphylococci show good resistance to antibiotics. Moreover, they are found in 
abundance on human skin, making them easily spread in hospitals. They are also a significant cause of skin, 
blood, urinary, and respiratory infections5,18,54. Infections attributed to Staphylococci can be transmitted through 
contact with an infected person or the patient’s belongings, such as clothes, towels, sheets, etc. Additionally, hos-
pital personnel can also act as carriers of these bacteria18,55. Although Coagulase-negative Staphylococci possess 
low toxicity, they are one of the most important causes of infection in high-risk groups33.

Non‑carcinogenic risk assessment
As the primary goal of this study was to examine the impact of masks on the potential risk of inhaling bacterial 
bioaerosols, the risk assessment focused solely on the inhalation exposure route. Generally, the amount of HQ 
resulting from the inhalation route is much higher than that from the skin absorption route20,21. In all sampling 
locations and different mask usage modes, except for the resting room, where sampling was done without a mask, 
the HQ derived from inhalation was below one. This indicates that the potential non-carcinogenic effects are 
unlikely to pose an important concern. According to Fig. 4, the use of three-layer or N95 masks reduced the HQ 
level by 3.14 to 69 times. The findings of Yan’s study, conducted at a wastewater treatment plant, revealed that 
the use of PPE by workers and residents could minimize health risks by at least one order of magnitude, while 
utilizing higher-grade PPE could further enhance risk reduction23.

In contrast, the HQ value was recorded as 2.07 in the resting room during sampling without a mask, indicating 
a concerning level of potential risk and non-carcinogenic effects. Under these conditions, appropriate control 
measures should be taken to mitigate the risk. Although the use of three-layer masks and N95 masks reduced 
the HQ value to 0.05 and 0.04, respectively, in the resting room, certainly, masks are not being used in this area. 
Consequently, implementing control measures will be of greater importance in the resting room. For example, 
it is possible to improve conditions by establishing an efficient ventilation system, removing excess items from 
the resting room, separating the area for workers to change clothes from the resting room, carrying out regular 
disinfections, and prohibiting the entry of contaminated items into this space. The amount of HQ from the 

Table 4.   Concentration of bacterial bioaerosols in different mask sampling modes (CFU/m3).

Bacterial bioaerosols 
concentration Regression Coefficient P-value Mean (SD) Median (IQR)

P-value of Shapiro–Wilk 
test

Without mask Reference 360.574 (515.87) 217.093 (230.174)  < 0.001

3-layer mask -210.257 (-296.548 , -123.965)  < 0.001 18.719 (22.365) 13.675 (13.27)  < 0.001

N95 mask -210.604 (-297.465 , -123.742)  < 0.001 25.064 (46.773) 13.237 (27.364)  < 0.001
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inhalation route in a municipal waste sanitary landfill was estimated to be less than one at all sampling locations, 
with a maximum recorded value of 0.16 during the summer season10. Two other studies also found that the HQ 
from the inhalation route was higher during summer than in winter7,39. The evaluation of non-carcinogenic 
risks associated with bioaerosols in the biochemical tank of an urban wastewater treatment plant and a hospital 
wastewater treatment station showed that the HQ was below one at all sampling locations. Nevertheless, the 
non-carcinogenic risk posed by the hospital wastewater treatment station was greater than that of the urban 
wastewater treatment plant due to the higher bacterial concentration3.

Our study demonstrated that both three-layer masks and N95 masks effectively reduce inhalation risk of 
bacterial bioaerosols in hospital waste decontamination stations. This finding holds important implications for 
healthcare workers who are daily exposed to potentially infectious bioaerosols. The use of masks as effective 
PPE by healthcare workers considerably reduces their risk of inhaling bioaerosols and potential infection from 
harmful bacteria, improving overall safety and health, and reducing infection spread within healthcare settings. 
It is worth noting that this study only evaluated two types of masks (three-layer and N95), so the findings may 
not apply to other types of masks or respiratory protective equipment. Further research in this area could be 
beneficial.

The findings of this study can be used as a valuable resource for educational purposes and provide a founda-
tion for establishing and executing efficient preventive strategies to mitigate bioaerosol-related health hazards 
threats in hospitals’ waste decontamination stations ultimately promoting public health protection.

Conclusion
The concentration of bacterial bioaerosols in the hospital waste decontamination station exceeded the limit set 
by the PAHO guidelines. Gram-positive cocci were the most abundant phenotype and Micrococci and Coagulase-
negative Staphylococci were the most prevalent species passing through the masks studied. The results showed 

Figure 3.   (a) Frequency of bacterial bioaerosols; (b) Frequency of bacterial bioaerosols passing through masks.
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that three-layer masks or N95 masks can significantly reduce the number of airborne bacteria and the risk of 
inhalation exposure. According to the findings, a three-layer mask can be as effective as an N95 mask in pre-
venting the entry of bacterial bioaerosols if air entry is prevented from around the mask. Furthermore, it was 
discovered that the non-carcinogenic risk associated with inhaling bacterial bioaerosols in the resting room is 
at a concerning level and requires corrective action.

Data availability
The datasets generated during and analyzed during the current study are available from the corresponding author 
on reasonable request.
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