
1. Introduction
Airborne transmitted pathogenic infections can cause 
various diseases and severely threaten human health and 
life (1). Indoor pathogens can be transmitted through the 
ventilating, heating, and air conditioning systems. Talking 
for 5 minutes and a cough can produce 3000 droplets, and 
a sneeze can generate 40 000 droplets. Typical bioaerosols 
have a size greater than 1 and smaller than 50 μm (2-4). 
The aerodynamic diameter of the airborne biological 
particles is in the range of 0.001 to 100 µm (5-7). One of the 
main ways of human exposure to these microorganisms 
is inhalation, which may produce various health effects 
such as respiratory disease, acute toxic effects, allergies, 
and cancer (8-11). The hospital staff, patients, and visitors 
are exposed to bioaerosols that can lead to adverse health 
effects (12). The most important microorganisms that can 
cause airborne diseases are listed as follow: Penicillium, 
Aspergillus, Legionella pneumophila, Francisella tularensis, 
Bacillus anthracis, Yersinia pestis, Trichoderma spp., 

Variola virus, and Mycobacterium tuberculosis (13). The 
main goal of hospital managers is the provision of medical 
services for patients; however, they must focus on hospital 
disinfection. The operating rooms (ORs) and protective 
environment rooms (PERs) are important places that 
should be clean and free from pollutants. Positive air 
pressure was used to remove ambient air pollutants 
from ORs and PERs. The PERs have been established to 
hospitalize patients with immunological disorders such 
as AIDS or congenital immune deficiency syndrome. 
These rooms are also used for patients who suffer from 
diabetes, cancer, and heart failure the people who are 
exposed to radiation, and the patients who undergo organ 
transplantation, receive cytotoxic chemotherapy, and use 
analgesic drugs (14,15). To reduce the risk of infection, 
engineering control strategies should be implemented 
(16). A classical solution is filtration or dilution in 
which clean ventilation air is introduced into the room 
to replace any contaminated air (17). Considering the 
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Abstract
Currently, UVC radiation is used in hospitals to eliminate microorganisms and reduce adverse health 
effects in operating rooms (ORs) and protective environment rooms (PERs). The purpose of this study 
was to investigate the effect of UVC irradiation on bioaerosols in ORs and PERs. This experimental study 
was performed in ORs and PERs in a hospital. Bioaerosols were evaluated according to the National 
Institute for Occupational Safety and Health (NIOSH) standard (No. 0800). The samples were collected 
from indoor air of rooms before irradiation and after UVC (254 nm) irradiation for 20 and 480 minutes. The 
sample size of the study was determined to be 432 (216 fungi and 216 bacteria). The difference between 
the mean concentration of bioaerosols in the UVC radiation at two intervals (20 and 480 minutes) was 
significant, which indicates a decrease in the concentration of bioaerosols by increasing the duration of 
UVC radiation. Some bacteria, such as group B Streptococcus, Lactobacillus, and Listeria, were entirely 
killed after 20 minutes of irradiation; however, complete removal of the bacteria such as Staphylococcus 
pneumoniae and Staphylococcus saprophyticus was observed after 480 minutes of UVC irradiation. Fungi, 
such as Alternaria, Stofelim, and Mucor had a 100% reduction after 20 minutes of UVC irradiation, and 
Rhizopus and Aspergillus fumigatus showed a 100% decrease after 480 minutes of UVC irradiation. Other 
isolated fungi such as Cladosporium, Penicillium, Aspergillus niger, Rhodotorula, and Alternaria showed 
a decrease of 75%-98.78%. The ultraviolet (UV) sensitivity of bacterial and fungal bioaerosols depends 
strongly on their type. The results from this study may offer an important understanding of the control of 
indoor bioaerosols using UVC irradiation and help abate the environmental impacts of airborne microbes.
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adverse effects of exposure to indoor airborne pathogens 
on human health, there is a huge demand for efficient 
indoor air disinfection technologies. Air disinfection 
is an imperative part of air treatment processes to 
remove pathogenic microorganisms from the air (18). 
Ultraviolet (UV) radiation is one of the demonstrated 
technologies. Ultraviolet germicidal irradiation (UVGI), 
especially at wavelengths ranging from 180 to 280 nm, 
has been recognized as having strong germicidal effects 
(19). However, studies considering the disinfection 
performance of conventional UVC in the air of hospital 
rooms have barely been reported in the literature (20,21). 

The mechanism of the UV irradiation in reducing 
the microorganisms is as follows: after UV radiation to 
microorganisms, it penetrates their cell wall and affects 
the nucleic acids and other vital cellular substances, 
leading to damage and destruction of the cells (22,23). UV 
irradiation can cause damage through the denaturation 
of DNA and RNA. UV affects the inheritance chain and 
avoids the transcription of genetic information. Therefore, 
the DNA of the microorganism cells is destroyed or 
inactivated through the absorption of UV radiation by 
proteins and nuclear nucleic acids (24,25). Studies of the 
effects of photolysis on the removal of microorganisms 
have reported that UVA irradiation has no effect on the 
destruction of fungal spores, while it is effective in killing 
bacteria. Sepahvand et al conducted a study to investigate 
the concentration of fungal bioaerosols associated with 
particulate matter in the indoor and outdoor areas of 
Khorramabad Hospitals. The results showed that the 
infectious disease ward with 101.7 CFU/m3 had the 
highest concentration and the OR with 46.6 CFU/m3 had 
the lowest fungal concentration. According to the results, 
Cladosporium species had the highest frequency (36.75%) 
and Rhodotorula species had the lowest frequency (2.7%) 
(26). In another study, Azimi et al examined bacterial 
bioaerosols in ORs at Shariati Hospital in Tehran. The 
results showed that the mean concentration of total 
bacteria was 211 to 286 CFU/m3 and 208 to 443 CFU/m3 
in the first and second floors. Gram-positive bacteria such 
as Micrococcus, Staphylococcus, and Streptococcus were 
also observed (27).

In this study, the effect of UVC irradiation on isolated 
airborne bacteria was compared after 20 and 480 minutes 
of irradiation for the first time during summer and autumn 
in 2019. Additionally, the effect of UVC irradiation on 
fungal bioaerosols in the air of Imam Khomeini Hospital 
wards in Khalkhal, Iran, was investigated. 

2. Materials and Methods
2.1. Study Area
In this study, the samples were collected from Imam 
Khomeini Hospital in Khalkhal. There were 15 wards, 
including ICU, CCU, laboratory, radiology, CT scan, ORs, 
internal medicine, surgery, pediatrics, women, neonates, 
dialysis, emergency department, clinic, and offices. 
Khalkhal is one of the biggest cities in Ardabil province, 

Iran. It is located at latitude 37.62 and longitude 48.53 and 
situated at an elevation of 1790 m above sea level. 

2.2. Sampling Procedures
This experimental study was conducted to determine 
the effect of UVC (254 nm) irradiation on bacterial and 
fungal bioaerosols in the air of ORs and PERs in the 
hospital for six months from June to December 2019. In 
this study, the Tryptic Soy Agar (TSA) culture medium 
(Merck Co, Germany) containing cycloheximide and 
Sabouraud Dextrose Agar (SDA) culture medium (Merck 
Co, Germany) containing chloramphenicol were used 
to identify and speciate bacterial and fungal bioaerosols, 
respectively (28-30). The cultures were prepared in 
the laboratory environment under sterile conditions 
according to the standards (31,32). They were transferred 
to the desired rooms under sterile conditions. Bacterial 
and fungal bioaerosols were collected according to the 
National Institute for Occupational Safety and Health 
(NIOSH) standard (No.0800) and using a 9 cm-diameter 
plate at each sampling point. The active sampling method 
was used in the present study. In this method, three 
points in four ORs and four PERs were determined for 
sampling. Besides, the concentration of bioaerosols in the 
air of one OR and one PER was determined in the absence 
of the irradiation for the control of bacterial and fungal 
bioaerosols at the same time intervals. 

Before starting, the microbial sampler was calibrated 
using digital calibration at a flow rate of 28.3 (L/min). 
Biological aerosols were sampled using the single-stage 
Anderson Impactor and IGA30 sampling pumps, based on 
the manufacturer’s instructions. At each stage of sampling, 
70% ethanol alcohol was used to clean and decontaminate 
the Anderson single-stage sampler. The sampler was 
located at the height of 120 cm (at the breathing zone) 
above the ground with a distance of more than one meter 
from the walls and barriers at three designated points in 
each room (33). Then, the Petri dish was placed in the 
sampling device, and sampling was performed for 10 
minutes. The desired points were on the side, middle, 
and corner of the rooms as recommended by NIOSH. 
Environmental air parameters such as temperature (°C) 
and relative humidity were also simultaneously recorded 
using a portable instrument (Preservation Equipment 
Ltd, UK) to find the relationship between bioaerosol 
concentration and environmental air parameters. After 
sampling, the plates were wrapped with masking tape 
(as a control to minimize unexpected contamination and 
also to avoid secondary contamination), stored at 4°C 
(using a portable plastic cooler box), and transferred to 
a laboratory. The bacterial samples were incubated in an 
inverted position at 37°C for 24 to 48 hours, while the 
fungal samples were incubated at 25–28°C for 3–7 days 
(28,34-36).

The UVC irradiation source was located in the same 
room for 20 minutes. UVC was generated by six 30 W 
low-pressure mercury lamps (254 nm). Exposure values 
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were reported in µW/cm2 (a distance of 100 cm from the 
lamp). Prior to the use of the UV lamps, they were cleaned 
with alcohol. After UVC irradiation, the sampling from 
the studied points was repeated. Additionally, these steps 
were repeated after 480 minutes of UVC irradiation, and 
the plates were transferred to the laboratory at each stage. 
All steps were repeated three times in each room. A total 
of 432 samples (216 fungi and 216 bacteria) were taken. 
The sample size was calculated as follows: 8 rooms (2 
samples from each room including fungi and bacteria), at 
three time intervals (before irradiation, after 20 minutes 
of irradiation, and after 480 minutes of irradiation), each 
sample of three points of each room was taken according 
to NIOSH 3 standard (No.0800) with three replications.

2.3. Cleaning Operating and Protective Environment 
Rooms
After surgery, ORs and PERs floors were cleaned by the 
wet mopping tools. All of the instruments in ORs and 
PERs, including tables, trays, and beds were cleaned and 
disinfected with the same disinfectant. In addition, ORs 
and PERs were cleaned every Thursday according to the 
following steps: (1) all mattresses, rolls, logo boards, rims, 
and stretchers were rinsed with detergent and water and 
disinfected by Saya Sept-HP, (2) floors, walls, and doors 
were disinfected by Heygen, and (3) suction pump and 
flowmeter were washed with detergent and water and 
disinfected using Saya Sept-HI. After performing the 
mentioned steps, Percidin 1% was used to sterilize the 
surfaces. 

2.4. Quantification and Characterization of Bioaerosols 
The collected bacterial samples were transferred to an 
incubator at 37°C and analyzed after 24 to 48 hours and 
the colonies were then counted using a colony counter. 
Bergey’s manual and biochemical tests were applied for 
the identification of bacterial species (29,37,38).

The collected fungal samples were transferred to an 
incubator at 25°C and analyzed after 3 to 7 days. The slide 
culture method in the electronic microscope (Olympus 
BX60M BF/DF) with a magnification of 100 × and 
400 × was utilized for the recognition of fungal species 
(29,37,38). 

The following  equation was utilized to calculate the 
bacterial and fungal bioaerosol concentrations in colony-
forming unit per cubic meter (CFU/m3).
CFU/m3 = (1000 × T)/ (28.3 × t) (1)

Where, 1000 is the conversion factor of liter to cubic 
meter, T is the number of bacterial bioaerosols, 28.3 is 
the pump flow rate, and t is the duration of sampling 
(min). 

2.5. Quality Control 
2.5.1. Quality Control of Culture Media
According to previous studies, quality control (QC) 
of culture media is a very crucial parameter for the 
determination of the quality of media (39,40). In this 

study, there was no growth on the two plates at 37°C for 
24 hours (TSA) and at 25°C (SDA) for three days.
2.5.2. Quality Control of Samples
QC of the samples consisted of field blanks and shipping 
blanks. The precision of the measurement was assessed by 
duplicate sampling (40). Hence, one of the main methods 
for QC of samples was field blanks (39,40). The possible 
contamination resulting from the handling of the sample 
media was assessed by analyzing a field blank (39-41). 
Blank values for bacteria and fungi were lower than 5% 
of the post sampling values for all samplers. In addition, 
the sterility of the plates was checked by returning one 
unexposed shipping blank of each medium (TSA and SDA). 
The shipping blank is prepared by taking an unused plate 
(without opening the Petri dish) and submitting it to the 
laboratory with the other samples (40). The sterility of the 
plates was checked and contamination was not observed 
on the shipping blank. The repeatability (precision) of 
sampling and analysis is assessed by duplicate sampling. 
In fact, the reported concentrations of each sampling site 
were the mean of duplicate samples.

2.6. Statistical Analysis
Statistical analysis of this study was performed using 
SPSS version 22.00. The confidence intervals in this study 
were 95%. The one-sample Kolmogorov-Smirnov test 
was utilized to examine the normality of data. The one-
sample ttest was used to compare the difference between 
the mean concentration of bacterial bioaerosols and the 
value recommended by the World Health Organization 
(WHO) (10 colonies for the OR and 100 colonies for other 
wards) (42). Additionally, the one-sample t test was used 
to compare the mean concentration of fungal bioaerosols 
with the value suggested by WHO (10 colonies for the OR 
and 50 colonies for other wards). Moreover, ANOVA was 
conducted to compare bacterial and fungal bioaerosols 
at different times before and after radiation. Multiple 
regression analysis was applied to examine the relationship 
between environmental factors and the concentration of 
bacterial and fungal bioaerosols.

3. Results and Discussion
3.1. Concentration of Bioaerosols in Operating and 
Protective Environment Rooms
A total of 432 samples (216 bacteria and 216 fungi) were 
taken from the air of ORS and PERS. ORs include women’s 
surgery and cesarean section (WSCOR), orthopedic 
operating room (OOR), urological surgery room (UOR), 
and cosmetic surgery operating room (COR). The PERs 
include the internal medicine ward (IMW), women’s 
ward (WW), surgical ward (SW), and pediatrics ward 
(PW). In this study, in terms of bioaerosols in ORs and 
PERs, the frequency and concentration of fungal species 
(13 species) were higher than the observed bacterial 
species (9 species) before UVC irradiation (Table 1). 
Pictures of plates of bacteria and fungi isolates are shown 
in Fig. 1. The results of this investigation showed that the 
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frequency and concentration of fungal species observed 
in the ORs and PERs were higher than the number and 
concentration of bacteria species observed after 20 and 
480 minutes of UVC irradiation. Sarica et al studied the 
microbial quality of the ORs and observed that both the 
number and concentration of bacterial species (10 species) 
were higher than those of the observed fungal species (7 
species) (43). Due to the importance of the risks associated 
with exposure to bioaerosols for patients and medical 

personnel, Abbasi et al focused on the identification of the 
density and diversity of bacterial and fungal bioaerosols in 
different wards and operating theaters; they observed that 
bacterial bioaerosol concentrations were generally higher 
than fungal bioaerosol concentrations at all sampling sites 
(44). It was also found that the percentage of bioaerosols 
in the air would increase in the absence of irradiation. 

3.2. Bacteria Aerosols 
Table 2 presents the genus and the mean number 
of bacteria observed in the ORs and PERs before 
irradiation (a) and after 20 (b) and 480 (c) minutes of 
UVC irradiation. The bacterial genera found in the ORs 
were Staphylococcus epidermidis, group D Streptococcus, 
group A Streptococcus, Staphylococcus saprophyticus, 
Staphylococcus pneumoniae, Staphylococcus aureus, group 
B Streptococcus, Lactobacillus, and Listeria. In addition, 
before UVC irradiation, Staphylococcus epidermidis 
was the most frequently observed bacteria (65.93%), 
and Listeria (0.44%) was the least frequently observed 
bacteria (Table 1). On the other hand, the Staphylococcus 
epidermidis was the only bacterium found in all rooms. 
Staphylococcus aureus, Lactobacillus, and Listeria groups 
were found only in one of the rooms. The concentration of 
bacterial bioaerosols was higher in the WSCOR and OOR 
(Table 2). In the study conducted by Tolabi et al, it was 
found that intraoperative concentrations of bacterial and 
fungal bioaerosols in the indoor air of the OOR, IMW, and 
OPW were significantly higher than their preoperative 
concentration (45). In a study conducted by Hoseinzadeh 
et al, the highest and lowest averages of bioaerosol density 
were obtained from Shahid Beheshti and Fatemieh 
hospitals (36.18 CFU/m3 vs. 24.03 CFU/m3), respectively. 
The highest and lowest concentrations of bioaerosols 
were found in PEW and ORs wards of the hospital, 
respectively (46). The results of bacterial sampling in the 
ORs and PERs before UVC radiation and after 20 and 480 
minutes of irradiation are shown in Fig. 2. UV irradiation 
intensity was measured and recorded using the MIC98028 
UV radiometer at the sampling points (a distance of 100 
cm from the lamp). The effective irradiation density 
in the UVC range was 1600 µW/cm2. As can be seen, 
Staphylococcus epidermidis had the highest concentration 
of isolated bacteria before UVC irradiation and after 20 
and 480 minutes of UVC irradiation.

In general, the concentration of bacterial bioaerosols 
decreased after UVC irradiation, and the decrease in 
percentages of bacteria after 20 and 480 minutes of 
UVC irradiation was represented in Fig. 3. As shown 
in Fig. 3, some bacteria, such as group B Streptococcus, 
Lactobacillus, and Listeria, were entirely killed after 20 
minutes of irradiation; however, complete removal of 
the bacteria such as Staphylococcus pneumoniae and 
Staphylococcus saprophyticus was observed after 480 
minutes of UVC irradiation. Group A Streptococcus 
and group D Streptococcus had 95% removal efficiency 
after 480 minutes of UVC of irradiation. Staphylococcus 

Table 1. Percentage of Isolated Bacteria and Fungi in the ORs and PERs before 
UVC Irradiation

Percent

Bacteria

Staphylococcus epidermidis 65.93

Group D Streptococcus 9.73

Group A Streptococcus 8.41

Staphylococcus saprophyticus 4.87

Staphylococcus pneumoniae 4.42

Staphylococcus aureus 3.10

Group B Streptococcus 2.21

Lactobacillus 0.88

Listeria 0.44

Fungi

Cladosporium 38.60

Penicillium 24.12

Aspergillus niger 16.67

Rhodotorula 8.77

Aspergillus flavus 3.26

Curvularia 1.54

Alternaria 1.54

Drechslera 1.32

Rhizopus 1.32

Aspergillus fumigatus 0.88

Stofelim 0.88

Oculanium 0.66

Mucor 0.44

Fig. 1. Pictures of Plates of Bacterial and Fungal Isolates.
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epidermidis and Staphylococcus aureus showed 76.88% and 
85.50% reduction after 480 minutes of UVC irradiation, 
respectively. Kuhn reported that the difference in the 
concentration of epidermidis bacteria after exposure to 
UVA irradiation was significant compared to the 
absence of irradiation; he stated that UVA radiation 
could kill 80% of this bacterium because of the oxidative 
destruction of microorganisms by UVA irradiation. In 
the study conducted by Chuaybamroong et al, the effect 
of UVA irradiation on the removal of microorganisms 
was investigated. According to their results, there was 
a significant difference in the concentration of Bacillus 
subtilis using conventional HEPA filters in the presence 

and absence of UVA irradiation (47). Pal et al performed 
a study to evaluate the inactivation of gram-negative and 
gram-positive bacteria using fluorescent light. Their study 
showed that UVA irradiation (at 4.28 mW/cm2) had a 
significant effect on the inactivation of Bacillus subtilis, 
and the rate of destruction of this bacterium was about 
0.1279 per minute (48).

3.3. Bacterial Interrelationships
In Table 3, the results of multiple regression analysis, 
which was used to investigate the relationship between 
environmental factors and bacterial bioaerosol 
concentration, were represented. As illustrated, there was 

Table 2. Type of Bacteria Observed in the ORs and PERs Before and After 20 and 480 Minutes of UVC Irradiation (CFU/m3) 

WSCOR OOR UOR COR IMW WW SW PW

Type of Bacteria a b c a b c a b c a b c a b c a b c a b c a b c

Staphylococcus 
epidermidis

33 25 10 36 29 12 15 7 5 31 10 3 20 11 3 17 6 2 8 4 1 13 7 4

Group D 
Streptococcus

- - - - - - 7 4 1 - - - 4 - - 11 6 - 2 1 - - - -

Group A 
Streptococcus

12 9 - 2 1 - 2 1 - 4 3 - - - - - - - - - - 3 1 -

Staphylococcus 
saprophyticus

- - - 7 4 - 2 1 - - - - 4 1 - - - - - - - - - -

Staphylococcus 
pneumoniae

1 1 - 3 1 - 1 - - 1 - - 5 - - - - - - - - - - -

Staphylococcus 
aureus

- - - - - - - - - - - 8 5 1 - - - - - - - - -

Group B 
Streptococcus

- - - - - - - 1 - - 4 - - - - - - - - - - -

Lactobacillus 2 - - - - - - - - - - - - - - - - - - - - - - -

Listeria - - - - - - - - - - - - - - - - - - 1 - - - - -

Total 48 35 10 48 35 12 27 13 6 37 13 3 45 17 4 28 12 2 11 5 1 16 8 4

Note: (a) Before irradiation, (b) 20 min after irradiation and (c) 480 minutes after irradiation.

Fig. 2. Concentration of Isolated Bacteria Before UVC Irradiation and After 20 and 480 Minutes of UVC Irradiation.
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no significant correlation between bacterial concentration 
and environmental factors (temperature and humidity) in 
ORs and PERs before and after UVC irradiation (20 and 
480 minutes) (P > 0.05). These results were probably due to 
minor fluctuations in temperature and humidity in hospital 
wards. The comparison of the results of this research with 
other studies is indicative of the presence of agreement 
between our results and other similar studies (49,50). Unlike 
the present study, Li et al have reported that the indoor 
temperature had a significant correlation with bioaerosols 
compared to relative humidity (51); they demonstrated that 
at higher temperatures and relative humidity, the growth 
of microorganisms increases (52). Obbard et al conducted 
a study in hospitals of Singapore and found that there was 
a significant relationship between bacterial concentration, 
population density, and humidity (53).

3.4. Fungal Aerosols 
As observed in Tables 1 and 4, the fungi, including 
Cladosporium (38.60%), Penicillium (24.12%), and 
Aspergillus niger (16.67%), were detected in all rooms 
before UVC irradiation. Table 4 presents the genus and 
the mean number of fungi observed in the ORs and 
PERs before irradiation (a) and after 20 (b) and 480 (c) 
minutes of UVC irradiation. Faure et al sampled and 
analyzed the indoor air of 17 ORs and hematological units 
for eight years. They reported that there were various 
fungal species in the ORs including Penicillium species 
(28.4%), Cladosporium species (15.6%), and Aspergillus 

species (6.6%) (54). As seen in Table 4, the results of the 
present study are similar to their results. The fungi such 
as Rhizopus, Curvularia, Alternaria, Rhodotorula, and 
Aspergillus flavus were observed in some of the rooms. 
Mucor was observed only in UOR before UVC irradiation. 
Aspergillus fumigatus and Stofelim were observed in the 
IMW. Oculanium was only found in WW.

Fig. 4 shows the concentration of fungi in ORs and 
PERs before UVC radiation and after 20 and 480 minutes 
of irradiation. The UV radiometer at the sampling 
points (a distance of 100 cm from the lamp) showed that 
the effective irradiation density in the UVC range was 
equivalent to 1600 µW/cm2. This figure also shows that 
the highest number of fungal colonies in the air of the ORs 
and PERs studied belonged to Cladosporium at all three 
sampling times, followed by Penicillium, Aspergillus niger, 
Rhodotorula, Aspergillus flavus, Drechslera, Rhizopus, 
Oculanium, Aspergillus fumigates, Alternaria, Stofelim, 
Curvularia, and Mucor, respectively.

Fungal bioaerosols also decreased after UVC radiation, 
and the percentage of the decrease in the concentration 
of fungi, after 20 and 480 minutes of UVC irradiation, 
was shown in Fig. 5. Fungi, such as Alternaria, Stofelim, 
and Mucor had a 100% reduction after 20 minutes of 
UVC irradiation, and Rhizopus and Aspergillus fumigatus 
showed a 100% decrease after 480 minutes of UVC 
irradiation. Other isolated fungi such as Cladosporium, 
Penicillium, Aspergillus niger, Rhodotorula, and Alternaria 
showed a decrease of 75%-98.78%.

Fig. 3. The Decrease Percentage of Bacteria After 20 and 480 minutes of UVC Irradiation.

Table 3. The Results of Multiple Regression Analysis Used to Investigate the Relationship between Environmental Factors and Bacterial Bioaerosol Concentration 
in ORs and PERs

ORs P Value PERs P Value

Temperature before UVC irradiation 0.823 Temperature before UVC irradiation 0.682

Moisture before UVC irradiation 0.868 Moisture before UVC irradiation 0.870

Temperature after 20 minutes of UVC irradiation 0.715 Temperature after 20 minutes of UVC irradiation 0.904

Moisture after 20 minutes of UVC irradiation 0.599 Moisture after 20 minutes of UVC irradiation 0.869

Temperature after 480 minutes of UVC irradiation 0.476 Temperature after 480 minutes of UVC irradiation 0.760

Moisture after 480 minutes of UVC irradiation 0.366 Moisture after 480 minutes of UVC irradiation 0.819
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Table 4. Type of Fungi Observed in the ORs and PERs before and after 20 and 480 minutes of UVC Radiation (CFU/m3) 

Type of Fungi
WSCOR OOR UOR COR IMW WW SW PW

a b c a b c a b c a b c a b c a b c a b c a b c

Cladosporium 24 22 2 19 14 6 30 23 2 19 10 4 28 15 5 30 20 11 20 4 2 25 17 7

Penicillium 11 5 1 13 5 3 18 8 - 32 16 12 7 1 - 14 6 1 20 4 - 19 9 2

Aspergillus 
niger

8 6 1 11 7 - 6 4 - 31 12 6 7 - - 13 5 3 7 1 - 6 - -

Rhodotorula 8 5 - 7 1 - - - - - - - 4 1 - 4 1 - 23 5 1 - - -

Aspergillus 
flavus

- - - 2 1 - 3 - - 7 2 1 - - - 1 1 - - - - 6 - -

Drechslera - - - - - - - - - - - - - - - - - 7 2 1 - - -

Curvularia - - - - - - - - - 2 2 1 - - - 5 - - - - - - - -

Alternaria - - - 7 - - - - - - - - 2 - - - - - - - - 6 - -

Rhizopus - - - - - - - - - 2 1 - - - - - - - 5 1 - - - -

Aspergillus 
fumigatus

- - - - - - - - - - - - 5 2 - - - - - - - - - -

Stofelim - - - - - - - - - - - - 5 - - - - - - - - - - -

Oculanium - - - - - - - - - - - - - - - 5 2 1 - - - - - -

Mucor - - - - - - - - 2 - - - - - - - - - - - - - -

Total 51 38 4 59 28 9 57 35 2 95 43 24 58 19 5 72 35 16 82 13 4 62 26 9

Note: (a) Before irradiation, (b) 20 minutes after irradiation, and (c) 480 minutes after irradiation.

Fig. 4. Concentration of Isolated Fungi before UVC Irradiation and after 20 and 480 minutes of UVC Irradiation.

Fig. 5. The Decrease Percentage of Fungi after 20 and 480 minutes of UVC Irradiation.
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Chuaybamroong et al (47) and Chotigawin et al (55) 
stated that the application of UVA alone had little effect 
on the eradication and destruction of Aspergillus and 
Penicillium. In their study, the difference in concentration 
of Aspergillus and Penicillium was tested after UVA 
irradiation at 0.85 mW/cm2 and no significant result 
was obtained. Nevertheless, in the present study, the 
UVC irradiation of 1600 µW/cm2 was used for 20 and 
480 minutes, and the difference in concentration of 
these two fungi was significant at both time intervals. 
Therefore, differences in the type, intensity, and duration 
of irradiation may be the reason for this inconsistency. 
As known, the UVC beam has a shorter wavelength 
and higher energy compared to the UVA; therefore, it 
has a more destructive effect than the UVA. According 
to a study by Nhung et al, UVA radiation is effective in 
destroying vegetative cells due to its low intensity. In 
contrast, UVC has a significant effect on the destruction 
of spores due to its higher intensity (56). 

3.5. Fungi Interrelationships
Multiple regression analysis was also applied to examine 
the relationship between environmental factors and 
fungal bioaerosol concentration (Table 5). The results in 
this table revealed that there is a weak and non-significant 
correlation between fungal bioaerosol concentrations 
and environmental factors (temperature and humidity) 
in ORs and PERs (P > 0.05). In different studies, different 
results have been obtained about the relationship between 
fungal bioaerosols and environmental parameters such 
as temperature and humidity (51). However, it seems 
that by increasing the irradiation time, the temperature 
increases and the humidity decreases, which may reduce 
the concentration of fungal bioaerosols. It may be due to 
slight changes in ambient temperature and humidity.

4. Conclusion
The active sampling method seems to be an appropriate 
approach for the determination of the relative 
concentration of bioaerosols in hospital air. The results of 
the present study showed that Staphylococcus epidermidis, 
group D Streptococcus, group A Streptococcus, 
Cladosporium, Penicillium, and Aspergillus niger are the 
most commonly observed bioaerosols in hospital wards. 
According to the results, it can be concluded that UVC 
radiation has a significant effect on bacterial and fungal 

bioaerosols in the ORs and PERs. The concentration 
of bioaerosols was decreased by increasing irradiation 
time. The removal efficiency of the microorganisms 
by UVC irradiation depends on the type, intensity, and 
irradiation time. To determine the effective intensity of 
UVC radiation, conducting studies on the concentration 
of microorganisms at different intensities of UVC 
irradiation is recommended. Increasing the efficiency 
of UV irradiation and reducing the concentration of 
microorganisms in the air may decrease the rate of 
hospital infections, which can be achieved through 
integrated management such as multi-layer rotation in the 
environment for more exposure to microorganisms or the 
use of LED UV lamps. 
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