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Abstract. Nosocomial infections are one of the major problems in hospitals. Air is one 
source of nosocomial infections. Hospitals are filled with many patients, their families, and 
health workers daily. This large number of people allows the spread of various 
microorganisms through the air in droplets dispersed through breathing, talking, coughing 
or sneezing. This study used passive air sampling or settle plate method to measure the air 
quality in the pulmonary ward, Intensive Care Unit (ICU) and Pediatric Intensive Care Unit 
(PICU) at dr. Zainoel Abidin Hospital (RSUDZA). The air microbial contamination index 
was determined by counting the microbial colonies grown on Nutrient Agar and converted 
to CFU/m3 of air volume using the Polish Standard PN 89/Z-04008/08 Formula. The results 
showed that the air microbial contamination index in the pulmonary ward, ICU and PICU 
exceeded the maximum threshold mentioned in the decree of the Minister of Health of the 
Republic of Indonesia No.1204/SK/X/2004, which was 500 CFU/m3 for the pulmonary 
ward and 200 CFU/m3 for the Intensive Care Units. Although the findings of this study only 
represent the large microbial particles pulled by gravity, the high microbial contamination 
index of each unit trigger air quality alerts. Therefore, adequate air system management and 
periodic monitoring are needed to improve air quality in the wards and intensive care units 
at RSUDZA. 
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INTRODUCTION 

Nosocomial infection or Healthcare-associated infection 
(HAI), also known as hospital-acquired infection, is an 
infection a patient acquired while receiving care in a 
hospital or other healthcare facility. These infections are 
not experienced during admission and may be acquired 
after discharge. Nosocomial infections can occur in 
patients, healthcare workers, and hospital visitors [1]. 
The prevalence of HAI is estimated to be 5.7%-19.2% in 
low and middle-income countries and 7.5% in high-
income countries. Variations in prevalence between 
countries are due to differences in infection prevention 
and control efforts that are implemented [2,3]. 
Nosocomial infections are a critical health issue. Besides 
prolonging the length of stay, it also leads to increased 
resistance of microorganisms to antimicrobials, 
increased financial burden for patients and healthcare 
centers, and increased morbidity and mortality [3,4]. 

A hospital is a dynamic environment where patients, 
doctors, visitors, trainee doctors, administrative and 
medical personnel and other professionals spend a 
significant fraction of their time. The number of patients 
and their health conditions, hygiene practices, and 
activities within the hospital contribute to indoor air 
quality. Indoor air quality is one of the important health 
determinants [5,6]. Indoor air contamination is one of the 
well-known sources of nosocomial infection, 
particularly for patients with immunocompromised 
conditions. The contaminants comprise biological and 
non-biological materials. Biological contaminants, or 
bioaerosol (well-known in clinical settings as droplets), 
are microbial airborne particles such as viruses, bacteria, 
mold spores, algae and other microorganisms. Non-
biological materials are inorganic substances such as 
cigarette smoke and dust from building materials and 
furniture. Hospital indoor environments play an essential 
role in becoming a reservoir and spreading the 
pathogenic microorganisms through breathing, speaking, 
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sneezing, coughing and other activities conducted within 
[7]. The role of the hospital indoor air environment in 
spreading pathogens, especially viruses, was massively 
studied during the COVID-19 pandemic [8]. Previous 
studies reported the major airborne-transmitted 
pathogenic bacteria in hospitals, namely Staphylococcus 
aureus and Mycobacterium tuberculosis, and several 
fungi such as Aspergillus flavus, A. fumigates, Candida 
albicans and Trichoderma [7]. 

The pulmonary ward is very vulnerable to microbial air 
contamination because most patients have respiratory 
diseases. The pathogenic microbes are transmitted to the 
air and surrounding environment through small 
respiratory droplets. For healthy individuals, the airborne 
microbes are not harmful. On the other hand, pathogenic 
and opportunistic airborne microbes can be harmful to 
immunosuppressed patients such as those admitted to the 
Intensive Care Unit (ICU). Therefore, microbial air 
contamination becomes a critical risk factor for hospital-
acquired infections [5].  

This study aims to determine the Index of Microbial Air 
Contamination (IMA) in the pulmonary ward, ICU and 
Pediatric Intensive Care Unit (PICU) at dr Zainoel 
Abidin Hospital (RSUDZA), Banda Aceh, Indonesia. dr. 
Zainoel Abidin Hospital, is a provincial hospital known 
for its high occupancy rate and dynamic healthcare and 
academic activities. To our knowledge, the hospital has 
not yet implemented a monitoring system for indoor air 
quality. Although the Infection Prevention and Control 
(IPC) program has been established in RSUDZA, air 
quality monitoring and management still need to be part 
of the program that is prioritized to be periodically 
conducted and evaluated. The present study employed a 
passive air sampling method, which is recognized for its 
simplicity and cost-effectiveness. Additionally, the 
standardization of IMA calculations enhances the value 
of this approach in assessing the microbiological quality 
of indoor air within hospital settings. 

METHODOLOGY 
The Index of Microbial Air Contamination (IMA) was 
determined using a passive air sampling method or settle 
plates. The IMA measurement was conducted at 
pulmonary ward, PICU and ICU. The study protocol has 
been approved by The Research and Development 
Committee of RSUDZA. Nutrient agar (NA) was used as 
media to grow the microbes. Nutrient agar is one of the 
recommended growth media for microbial air 
monitoring because it is a medium with low selectivity. 
It can grow various microorganisms such as bacteria, 
yeasts and moulds [9]. There was no further 
identification or determination of specific microbes. 
Therefore, other differential media were not used in the 
present study.  

The minimum number of plates or sampling locations 
was determined based on The International Standard 
Organization (ISO) 14644-1 formula. 

𝑁! = √𝐴…….(1) 

𝑁! is the minimum number of plates or sampling 
locations 

A is the area of the clean room 

The area of pulmonary ward, ICU, and PICU were 363 
m2, 250 m2, and 208 m2, respectively. Therefore, based 
on the above formula, the number of plates or sampling 
locations for Pulmonary Ward, PICU and ICU were 19, 
14 and 16. The 90 mm plates contained Nutrients Agar 
(NA) were distributed in several locations of each clean 
room using the 1/1/1 rule: 1-hour exposure, 1 m above 
the floor, and 1 m away from walls or any major 
obstacles [10, 11]. The plates were placed in the room 
corridors. The air sampling was carried out once in a 
parallel manner in each room at 10 AM. The exposed 
plates were transferred to the laboratory using a cooler 
box (at 4°C) and incubated for 24 hours at 37°C, and the 
growth colonies were counted using a colony counter. 
The number of colonies was converted to CFU/m3 or air 
using the Polish Standard PN 89/Z-04008/08 formula 
[12]. 

CFU/m3 = "	$	%&,&&&
(	$	)	&.+

 ........(2) 

a is the number of colonies on plates/Petri dish 

p is the surface of the plates/Petri dish (πr2) 

t is the time of exposure (minute) 

The Index of Microbial Air Contamination corresponds 
to the CFU/m3. The results were later assessed based on 
the maximum threshold stated on the decree of the 
Minister of Health of the Republic of Indonesia 
No.1204/SK/X/2004 [13]. 

RESULTS AND DISCUSSION 

The present study used the passive air sampling method 
or settled plates to determine the IMA. The index has 
been recognized as a standardized parameter to measure 
microbial contamination. Upon implementation, the 
threshold values vary and depend on the specific 
environment and geographic region. The IMA threshold 
values in Indonesia are based on the Decree of the 
Minister of Health of the Republic of Indonesia 
No.1204/SK/X/2004 [13].  

The result showed that the IMA of the pulmonary ward 
(Figure 1), ICU (Figure 2) and PICU (Figure 3) at dr. 
Zainoel Abidin Hospital had exceeded the threshold 
values, which were 500 CFU/ m3 for the medical ward 
and 200 CFU/m3 for the intensive care units (ICU and 
PICU). Although some plates contained CFU/m3 below 
the threshold, the general assessment showed the 
dominance of high IMA on other plates (94.7% in the 
pulmonary ward, 62.5% in the ICU, and 64.3% in the 
PICU). The number of colonies of each plate and the 
CFU/m3 were provided in a supplementary file. 

Previous studies have revealed the use of the passive air 
sampling method in determining airborne microbial 
contamination. Several issues regarding the method 
standardization have been resolved by using the 
standardized plate size, length of exposure and position, 
well known as the 1/1/1 scheme [11]. Although some 
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studies reported the trends of higher CFU/m3 calculated 
based on the conversion of CFU/plate, IMA 
measurements using the settle plates method are still 
reliable, especially with other advantages, namely 
economic and ease of use [14]. 

Hospitals are complex and dynamic environments, with 
a wide range of pathogenic microorganisms risk due to 
indoor pollution sources, such as contaminated surgical 
equipment and infected patients [15]. The infected 
patients originate more bioaerosol through coughing, 
sneezing and breathing than normal individuals. Thus, 
occupants and their activities, i.e. walking, talking, and 
breathing, are the primary sources of indoor microbial 
pollution. The airborne microbe concentration in the 
indoor air is also highly dependent on the nature and the 
performance of the building's ventilation system. 
Insufficient or inadequate ventilation may contribute to 
the buildup of higher indoor microbial load and other 
pollutants [16]. 

Based on the observation, three major factors contributed 
to the high IMA values in the pulmonary ward: 
inadequate ventilation, minimum indoor lighting and a 
high number of occupants. The pulmonary ward relies on 

a mechanical ventilation system (air conditioners), 
unaccompanied by an exhaust system. However, this 
setup results in inadequate indoor air circulation. 
Moreover, the lack of natural ventilation (openable 
windows) worsened indoor air quality. Without adequate 
ventilation, bioaerosol from patients, guests and hospital 
staff were entrapped and circulated in the room. This 
condition will further increase the risk of infection, 
especially respiratory infections. Although air is not a 
suitable medium for microbial multiplication and 
persistence, previous studies revealed evidence of 
microbial survival in the air with sufficient support from 
abiotic factors, such as temperature, relative humidity, 
insulation and the inadequate maintenance of the 
ventilation system [7]. The pulmonary ward used both 
lamps and windows as indoor light sources. However, 
the room still appeared dim. A previous study showed 
that light contributes to air quality by affecting humidity. 
The presence of ultraviolet influenced the bioaerosol 
concentration in indoor and outdoor environments since 
the light exposure was harmful to airborne microbes 
[7,15].  

 

 
Figure 1. The IMA values at pulmonary ward. The black dots represented the CFU/m3 on each plate. The red line 

denoted the threshold value based on the Decree of the Minister of Health of the Republic of Indonesia 
No.1204/SK/X/2004. 

 

 
Figure 2. The IMA values at ICU. The black square represented the CFU/m3 on each plate. The red line denoted 

the threshold value based on the Decree of the Minister of Health of the Republic of Indonesia 
No.1204/SK/X/2004. 
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In addition to ventilation and lighting, indoor air quality 
is also affected by the density of people in the room. A 
room occupied by many people with different health 
conditions will increase exposure to the risk of 
infections. When the sampling was taken, 23 patients 
occupied the pulmonary ward. The medical staff and the 
patient's family members were also present. Moreover, 
the pulmonary ward was very crowded in the evening 
since guests and family members fully occupied it. A 
room occupied by many people has a higher IMA than 
an empty or unoccupied room. The high number of 
occupants increases the release of carbon dioxide (CO2), 
and the gas will accelerate the breathing or respiration 
rate, resulting in a greater bioaerosol release. Therefore, 
the number of occupants is one of the factors causing the 
high IMA [17]. Airway infections can occur through 
droplet transmission caused by large droplets produced 
by expiratory events such as coughing and sneezing [18]. 
The pulmonary ward treated patients who predominantly 
suffer from lung diseases such as Chronic Obstructive 
Pulmonary Disease (COPD) and pneumonia. Both of 
these diseases cause patients to cough and sneeze 
frequently, causing the release of droplets into the air, 
which will cause air contamination by microorganisms. 

Inadequate ventilation also contributed to IMA at the 
ICU and PICU. The rooms were provided with manual 
and centrally operated air conditioners and exhaust 
systems. However, the instruments showed inadequate 
maintenance of the ventilation system, particularly the 
area surrounding the ceiling cassette of central air 
conditioner units. The units appeared damp due to the 
water absorption. This type of damage increases the 
humidity of the indoor environment and supports fungal 
growth [16]. 

In accordance with the Decree of the Minister of Health 
of the Republic of Indonesia Number 
1204/MENKES/SK/X/2004, the ventilation system in 
hospitals must meet several minimum standards, 
including sufficient and regular maintenance of the 

ventilation system, the presence of exhaust in each room 
placed at the end of the ventilation, the room ventilation 
system provides with two High-Efficiency Particulate 
Air (HEPA) filters, periodic monitoring of air quality at 
least once in  6 months and air cleaning using ultraviolet 
light, namely Ultraviolet germicidal irradiation (UVGI) 
once per month [13]. 

Heating, ventilation and air-conditioning (HVAC) have 
been known as the widely used ventilation system, 
especially in "high-risk" indoor environments such as 
hospitals, particularly ICUs. The main functions of this 
system are heating, cooling, humidifying and de-
humidifying, filtering, ventilating and air distribution. 
However, previous studies showed that the improper 
function of HVAC caused the spread of airborne 
microbes such as Aspergillus, Methicillin-resistant 
Staphylococcus aureus (MRSA) and Clostridium 
difficile [5,19]. In order to ensure the optimal 
performance of HVAC, some critical aspects need to be 
maintained, including the temperature, relative humidity 
(below 60%), proper filtration and pressurization, air 
change (outside air/total) per hour and air distribution 
pattern. All of these aspects are adjustable and depend on 
the type of clean rooms. Proper handling and gradual 
maintenance of the HVAC system and indoor air quality 
monitoring are also essential in reducing IMA [20]. 
Previous studies revealed the use of air-decontamination 
technology, namely ZeBox. ZeBox is a non-ionizing 
electric field that captures naturally charged microbes 
from the air and exposes them to engineered 
microbicidal surfaces. The electric field, the unique 
three-dimensional structure of the surface and the 
microbicidal substances worked synergistically in 
inactivating a broad spectrum of microbes [21]. The 
efficacy of ZeBox in clinical settings has been reported 
as it was able to reduce 90% of airborne and 75% of 
surface bacterial load on ICUs [22]. The discovery of this 
promising air-decontamination technology offers 
expectancy in the control of nosocomial infections. 

 

 

 
Figure 3. The IMA values at PICU. The black triangle represented the CFU/m3 on each plate. The red line denoted 
the threshold value based on the Decree of the Minister of Health of the Republic of Indonesia No.1204/SK/X/2004 
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CONCLUSION  

This study revealed the use of passive air sampling in 
determining IMA in the pulmonary ward, ICU and PICU 
at dr. Zainoel Abidin Hospital, Banda Aceh. These 
rooms represented the high-risk room for bioaerosol 
formation and the most vulnerable communities at the 
hospital. The IMA values exceeded the maximum 
threshold based on the national standards for medical 
wards and intensive care units. dr. Zainoel Abidin 
Hospital's existing air system must be comprehensively 
evaluated. Future improvements in the air ventilation 
system are necessary in order to prevent nosocomial 
infections. There are several limitations in this study as 
follows: 1) this study only exposed the number of 
colonies without the identification of the airborne 
microbes; 2) there were no measurements of temperature 
and relative humidity at the time the measurements 
occurred; 3) the settle plate method only captured the 
large particles. Large particles have a slow Brownian 
motion. Hence, they are easily pulled by gravitational 
forces, and 4) the measurement of IMA was only carried 
out once. Therefore, the results cannot fully describe the 
dynamics of IMA and its determinants. 

ACKNOWLEDGMENT 

The authors would like to thank Dr. Zainal Abidin 
Hospital and the staff in pulmonary ward, ICU and 
PICU. 

REFERENCES 

[1] World Health Organization [WHO]. 2022. Member 
States Information Session on Infection Prevention 
and Control (IPC). Available from: 
https://apps.who.int/gb/MSPI/pdf_files/2022/03/Ite
m1_07-03.pdf 

[2] Voidazan S.; Albu S.; Toth R, Grigorescu B.; 
Rachita A.; Moldovan I. 2020. Healthcare 
associated infections—a new pathology in medical 
practice. Int J Environ Res Public Health. 17 (3). 
DOI: 10.3390/ijerph17030760. 

[3] Raoofi S.; Kan FP.; Rafiei S.; Hosseinipalangi Z.; 
Mejareh ZN.; Khani S., et al. 2023. Global 
prevalence of nosocomial infection: A systematic 
review and meta-analysis. PLoS One. 18 (1 January) 
1–17. DOI: 10.1371/journal.pone.0274248. 

[4] World Health Organization. 2002. Prevention of 
hospital-acquired infections World Health 
Organization. 72. Available from: 
https://iris.who.int/bitstream/handle/10665/67350/
WHO_CDS_CSR_EPH_2002.12.pdf. 

[5] Bonadonna L.; Briancesco R.; Coccia AM.; Meloni 
P.; La Rosa G, Moscato U. 2021. Microbial air 
quality in healthcare facilities. Int J Environ Res 
Public Health. 8 (12).  
DOI: 10.3390/ijerph18126226. 

[6] World Health Organization [WHO]. 2009. WHO 
guidelines for indoor air quality : dampness and 
mould. Copenhagen. Available from: 
https://iris.who.int/bitstream/handle/10665/164348/
9789289041683-eng.pdf?sequence=1 

[7] Kumar P.; Kausar MA,; Singh AB.; Singh R. 2021. 
Biological contaminants in the indoor air 
environment and their impacts on human health. Air 
Qual Atmos Heal. 14 (11) 1723–36. DOI: 
10.1007/s11869-021-00978-z. 

[8] Wang CC.; Prather KA.; Sznitman J.; Jimenez JL.; 
Lakdawala S. S.; Tufekci Z, et al. 2021. Airborne 
transmission of respiratory viruses. Science. 373 
(6558). DOI: 10.1126/science.abd9149. 

[9] A Working Group of The Scottish Quality 
Assurance Specialist Interest Group. 2004. 
Guidelines on Test Methods for Environmental 
Monitoring for Aseptic Dispensing Facilities. 
Available from: 
https://elsmar.com/pdf_files/Environmental 
Monitoring For Aseptic Dispensing Facilities.pdf 

[10] Pasquarella C.; Pitzurra O.; Savino A. 2000. The 
index of microbial air contamination. J Hosp Infect. 
46 (4) 241–56. DOI: 10.1053/jhin.2000.0820. 

[11] Haig C. W.; Mackay W. G.; Walker J. T.; Williams 
C. 2016. Bioaerosol sampling: Sampling 
mechanisms, bioefficiency and field studies. J Hosp 
Infect. 93 (3) 242–55.  
DOI: 10.1016/j.jhin.2016.03.017. 

[12] Stryjakowska-Sekulska M.; Piotraszewska-Pająk 
A.; Szyszka A.; Nowicki M.; Filipiak M. 2007.  
Microbiological Quality of Indoor Air in University 
Rooms. Polish J Environ Stud. 16 (4) 623–32. DOI: 
10.12980/APJTB.4.2014C807. 

[13] The Ministry of Health of the Republic of 
Indonesia.2004. Decree 
No.1204/MENKES/SK/X/2004 on The Health 
Requirements of Hospital Environment. The 
Ministry of Health, Republic of Indonesia. 1–64.  

[14] Viani I.; Colucci M. E.; Pergreffi M.; Rossi D.; 
Veronesi L.; Bizzarro A. et al. 2020. Passive air 
sampling: The use of the index of microbial air 
contamination. Acta Biomed. 91 92–105. DOI: 
10.23750/abm.v91i3-S.9434. 

[15] Asif A.; Zeeshan M.; Hashmi I.; Zahid U.; Bhatti M. 
F. 2018. Microbial quality assessment of indoor air 
in a large hospital building during winter and spring 
seasons. Build Environ. 135 (December 2017) 68–
73. DOI: 10.1016/j.buildenv.2018.03.010. 

[16] Hassan A.; Zeeshan M. 2022. Microbiological 
indoor air quality of hospital buildings with different 
ventilation systems, cleaning frequencies and 
occupancy levels. Atmos Pollut Res. 13 (4). DOI 
10.1016/j.apr.2022.101382. 

[17] Ibrahim F.; Samsudin E. Z.; Ishak A. R.; Sathasivam 
J. 2024. The relationship between occupant 
behaviour and indoor air quality in Malaysian 
hospital outpatient departments: A multistage cross-
sectional study. Heliyon. 10 (14). DOI: 
10.1016/j.heliyon.2024.e34454. 

[18] Wei X.; Ma X.; Tian F.; Wei Z.; Zhang L.; Hu K. 
2024. Sampling and analysis methods of air-borne 
microorganisms in hospital air: a review. 
Biotechniques. 76 (8) 395–404. DOI 
10.1080/07366205.2024.2372939. 

[19] Dimitroulopoulou S.; Dudzińska M. R.; Gunnarsen 
L.; Hägerhed L.; Maula H.; Singh R., et al. 2023. 
Indoor air quality guidelines from across the world: 



The measurement of microbial air contamination index in the pulmonary ward, intensive care unit and pediatric intensive care ... 
(Tristia Rinanda, Sakdiah Sakdiah, Rima Ristianti, Vonna Yunira, Feby Vania, and Andika Citra Buana) 

 ____________________________________________________________________________________________________________________  

Vol. 24 | No. 3 | October 2024| DOI: 10.24815/jn.v25i1.43797       6 

An appraisal considering energy saving, health, 
productivity, and comfort. Environ Int. 178 
(August). DOI 10.1016/j.envint.2023.108127. 

[20] Saran S.; Gurjar M.; Baronia A.; Sivapurapu V.; 
Ghosh P. S.; Raju G. M., et al. 2020. Heating, 
ventilation and air conditioning (HVAC) in 
intensive care unit. Crit Care. 24 (1) 1–11. DOI 
10.1186/s13054-020-02907-5. 

[21] Phadke K. S.; Madival D. G.; Venkataraman J.; 
Kundu D.; Ramanujan K. S.; Holla N., et al. 2021. 
Novel non intrusive continuous use ZeBox 
technology to trap and kill airborne microbes. Sci 
Rep. 11 (1) 1–9. DOI 10.1038/s41598-021-02184-4. 

[22] Nagaraj S.; Chandrasingh S,; Jose S.; Sofia B.; 
Sampath S.; Krishna B., et al. 2022. Effectiveness of 

a novel, non-intrusive, continuous-use air 
decontamination technology to reduce microbial 
contamination in clinical settings : a multi-centric 
study. J Hosp Infect. 123 15-22.  
DOI: 10.1016/j.jhin.2022.02.002. 

 

 

How to cite this article:  
Rinanda, T., Sakdiah, S., Ristianti, R., Yunira, V., Vania,  F., 
and Buana, A.C. (2025). The measurement of microbial air 
contamination index in the pulmonary ward, intensive care 
unit and pediatric intensive care unit at dr. Zainoel Abidin 
hospital, Aceh, Indonesia. Jurnal Natural, 25(1), 1-6. 


