*‘.'5&\"” AN L,

K
&
S

%Q
2

Journal Home Page:
https://e-journal.unair.ac.id/JKL

(0]}

Jurnal Kesehatan Lingkungan

Vol. 13 No. 1
DOI: 10.20473/jkl.v13il1.2021.9-16
ISSN: 1829 - 7285
E-ISSN: 2040 - 881X

Open Access

ENVIRONMENTAL MANAGEMENT STRATEGY TO CONTROL AIR GERMS IN TJITROWARDOJO

DISTRICT HOSPITAL

Juni Praptiwi'*, Setyo Sri Rahardjo?,
Sunarto Sunarto®

'Doctoral Program of Environmental Science,
Universitas Sebelas Maret, J1. Ir. Sutarmi No. 36A
Kentingan, Surakarta 57162, Indonesia

“Medicine Faculty, Universitas Sebelas Maret, J1.
Ir. Sutarmi No. 36A Kentingan, Surakarta 57162,
Indonesia

Faculty of Mathematics and Natural Sciences,,
Universitas Sebelas Maret, J1. Ir. Sutarmi No. 36A
Kentingan, Surakarta 57162, Indonesia

Corresponding Author*:
juni.praptiwi@gmail.com

Article Info

Submitted : 11 August 2020

In reviewed : 6 November 2020
Accepted : 28 December 2020

Available Online : 31 January 2021

Keywords : Environmental factors, air germs,
patient rooms, management strategy

Published by Fakultas Kesehatan Masyarakat

Universitas Airlangga

Abstract

Introduction: The presence of air germs in the hospital patient rooms is potentially to cause
health problems for patients. This study aimed to identify andanalyze environmental factors
associated with air germs, and formulate environmental management strategi to control air germs
in the patient rooms. Methods: This study was an observational analytic survey, used a mixed
method and a cross sectional design. Data collection was conducted through laboratory tests
and interviews. Data was analysed by pearson correllation test to analyze environmental factors
associated with air germs. The appropriate environmental management strategies was determined
through SWOT analysis (Strength, Weakness, Opportunities, Threats). Results and Discussion:
Several factors related to air germs were temperature (p = 0.032), lighting (p = 0.01) and the
staff knowledge (p = 0.001). Humidity was not significantly related to air germs (p = 0.178),
The results of SWOT analysis indicated that aggressive strategies (Strengths and Opportunities)
were arranging internal hospital policies regarding to air quality management based on the
Ministry of Health, utilizing educational qualifications and knowledge of room staff to support
policy implementation, improving the performance of outsourcing personnel in cleaning services
and maintaining hospitals infrastructure, increasing Inhouse Training activities. Conclusion:
Environmental factors play an important role in the presence of air germs in the patient rooms so
appropriate environmental management strategies are needed to control the presence of air germs.
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INTRODUCTION

Ahealthy hospital environment which is protected
from pollution, is very important to support the patient’s
treatment process. The environment quality must be
monitored and maintained considering that hospital
is a high potential risk area for human health and
environment. Air is one of the environmental components
that plays very important role in the survival of living
things (1). The presence of bacteria in the air of hospital
room comes from biological and non-biological materials
(2). Humans breathe 10 m? of air every day and about
85% - 90% of their life is spent indoors. Air inhaled by
humans contains microorganisms known as bioaerosol,
solid particles or liquid droplets in the air, which contains
viruses, bacteria, fungal spores, bacterial endospores,
pollen or plant tissue fragments (3). Bioaerosol which
contains pathogenic microorganisms inhaled by patients
may worsen the patient’s health condition.

Different types of microorganisms have different
modes of transmission. There are three main routes of
transmission, through air, direct and indirect contact (4).
One type of microorganism can be transmitted through
more than one route. For example, a disease that is
currently spreading called coronavirus disease was
transmitted through direct contact or by sufferers droplet.
A research stated that the coronavirus (Covid19) has
become the largest pandemic affecting 210 countries in
the world (5). The recent outbreak of pandemic diseases
caused by the coronavirus affecting people around
the world to worry because the transmission process
is very fast and the death rate is quite high, including
transmission that occurs in health care facilities. A study
in Wuhan 2020 at two hospitals found that the number of
samples infected with SARS-CoV-2 RNA taken indoors
was higher than those outdoors and the risk was lower in
well-ventilated, opened, and away from the crowd areas
(6). Aresearch conducted in Eastern Iran stated that out
of 14 air or bioaerosol samples taken indoors in hospital
wards, two air samples were positive for SARS-CoV-2 so
that presence in indoor air could be a potential source
of SARS-CoV-2 transmission (7). The incidence of virus
infection is often related to the concentration of particles
that pollute the air (6). For this reason, efforts to create
a healthy, clean, safe and comfortable hospital must be
implemented to prevent the spread of pathogens in the
hospital environment.

Another case that has not been resolved in
hospitals or health care facilities is the incidence of
nosocomial infections or currently known as Healthcare
Associated Infections (HAIs). Healthcare Associated
Infections or infectious diseases in health facilities is a
world health problem which became the main discussion
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at the Asian Pacific Economic Comitte (APEC) meeting
and the Global Health Security Agenda (GHSA) with
the highest case occurring in poor and developing
countries (8). According to WHO, it was found that 9%
of nosocomial infections in the world or about 1.4 million
patients treated were recorded as cases of nosocomial
infection (9). WHO data showed that 15% of inpatients
was exposed to HAIs and 4 - 56% as the cause of
neonatal death with 75% of cases in Southeast Asia and
Sub-Sahara Africa (10). A study showed that 39 — 60%
nosocomial infections occur in Indonesia (11). The most
common nosocomial infections was Surgical Wound
Infection (SWI) or Surgical Site Infection (SSI).

Based on data of "dr. Tjitrowardojo" District
Hospital in Purworejo Regency in 2018, the number of
nosocomial infections, especially Surgical Site Infection
was 5.93%. The standard permitted for the incidence of
nosocomial infection is <1.5% (12). This figure exceeds
the standard, so that improvement efforts is needed,
because it endangers patients and hospital operations
continuity. The incidence of nosocomial infections
will increase the cost and duration of patient care and
cause death (10). The results of air quality test in the
Operating Room of "dr. Tjitrowardojo" District Hospital
in 2018 include Room 1 = 84 CFU/m3, Room 3 = 100
CFU/m3, Room 4 = 90 CFU/m®. These results were not
appropriate to air quality standard requirements in the
Ministry of Health of Republic Indonesia. Regulation
of Ministry of Health of Republic Indonesia No. 7 Year
2019 about Environmental Health of Hospital, namely
the number of germs in operating room air is 10 CFU/m?
(13). Air germs in the hospital environment as the result
of transmission from patients with infectious diseases
through aerosol droplets spread in the air (2). One of
factor causing hospital infection is due to inappropriate
hospital environment condition, which causes a high
number of room air germs. This study aimed to identify
and analyze environmental factors associated with
air germs in the patient’s room and then to determine
environmental management strategies to control the
number of air germs in the patient rooms.

METHODS

The research was carried out from January
to March 2020 at "dr. Tjitrowardojo" District Hospital,
Purworejo Regency, Central Java Province. This
research was an observational analytic surve, with
mixed methods research (a combination of quantitative
and qualitative methods) and a cross sectional design.
The use of mixed methods was intended to complete
the description of the result and to strengthen research
analysis (14).
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The target population were all hospitals in
Purworejo Regency, while the source population was in
the patient rooms of "dr. Tjitrowardojo" District Hospital.
The sampling point was in the patient room where none
of air germ measurement was taken before. It was
important to notice the potential of infection or disease
transmission. The research used purposive sampling
technique. Samples of abiotic and biotic factors were
taken in the VVIP, VIP, Class1, Class 2, and Class 3
rooms with a total of 15 points and taken in 2 repetitions
so the total number was 30 samples. The sample of
social factors was the level of knowledge of staff. The
number of room attendant respondents was determined
using the Slovin formula, so that out of 227 samples 70
respondents were obtained.

Abiotic factor samples include temperature,
humidity and lighting. Thermohygrometerwas used to
measure temperature and humidity. Luxmeter was used
to measure room lighting. Biotic factor samples were air
germs in the patient care room. The sampling procedure
was based on the Ministry of Health of Republic
Indonesia. Ministerial Decree of Ministry of Health of
Republic Indonesia No. 1335/MENKES/SK/X/2002
about Operational Standards for Taking and Measuring
Hospital Room Air Quality Samples (15). The method
used in sampling the number of room air germs was the
Microbiological Air Sampler (MAS) method, as a tool
used to calculate the number of indoor air microbes, in
units of CFU/m3. The air quality standard was based on
the Regulation of Ministry of Health of Republic Indonesia
No. 7 Year 2019 about Environmental Health of Hospital,
temperature parameters: 22 - 24 °C, humidity: 45 - 60%,
lighting: 100 - 200 lux, and the number of air germs:
200 - 500 CFU/m3 (13). Measurement of social factors
used a questionnaire that has been tested for validity
and reliability, the knowledge level category divided into
less, moderate, and good. Collecting data to support
the determination of management strategies included
conducting interviews with key persons consisting of
the Head of the Environmental Sanitation Installation,
Facility Maintenance Installation, the Hospital Infection
Prevention and Control Team, the Infection Prevention
Control Nurse (IPCN) and the hospital janitor
coordinator.

The data were analyzed using the Pearson
correlation test to identify and analyze the correlation
between the independent and dependent variables. the
analysis of interviews result was carried out with SWOT
analysis (Strength, Weakness, Opportunities, Threats)
in order to find strategies of environmental management
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in the hospital. In this analysis, internal and external
factors will be identified in order to obtain the value of the
SWOT analysis. Based on the results of SWOT analysis,
the target management strategies were determined
according to the existing conditions.

RESULTS
Samples Characteristics

Based on the data obtained, the temperature was
16.7% meet the requirements and 83.3% did not meet
the requirements. The temperature of treatment room at
the time of measurement ranged from 22 - 31 °C. The
result of humidity measurement was 52 - 75%. Lighting
parameters that meet the requirements were 43.3% and
56.7% did not meet the requirements. The results of light
intensity measurement reached 45.27 - 157.57 lux. The
level of staff knowledge was mostly good as 93.1% and
the moderate level was 6.9%. Most of the respondents
were 94.4% in productive age. Microbiological parameters
in the form of air germs were 30% according to quality
standards and 70% not according to quality standards.
the lowest number of air germs measurement were 100
CFU/m3, while the highest were 7,280 CFU/m?.

Table 1. Variable Frequency Distribution

Variable Mean SD Min Max
gg;g‘gg?;fnff room air 19890 14393 1000 7280.0
Temperature (°C) 28.0 2.6 22.0 31.0
Humidity (%) 67.3 5.9 52.0 75.0
Lighting (lux) 98.9 26.9 45.3 157.6
Officials knowledge scores 23.6 1.5 20.0 27.5

Table 2. Characteristics of Respondents
Variable N %

Sex 70 100.0
Male 12 17.1
Female 58 82.9

Education Level 70 100.0
High School 6 8.6
Diploma 3 29 50.0
Diploma 4/S1 (Undergraduate) 33 97.1
S2 (Graduate) 2 82.9

Age 70 100
<25 years old 7 10.0
25-45 years old 59 84.3
> 45 years old 4 5.7

Table 3. Percentage of Measurement Results for

Environmental Factor Parameters

Percentage (%)

Variable Qualified Unqualified

Temperature (°C) 16.7 83.3

Humidity (%) 16.7 83.3

Lighting (lux) 433 56.7

The number of Air Germs (CFU/m?) 30.0 70.0

Officials Knowledge I(:,O()dj 96.7, Moderate = 3.3,
ess =0
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Correlation Between Variables

Theresults of bivariate analysis usingthe Pearson
correlation test showed that several factors related to air
germs were temperature (p = 0.032), lighting (p = 0.010),
and staff knowledge (p = 0.001), while humidity was
not related to air germs (p = 0.178), but humidity had a
strong positive correlation with temperature (p = 0.000)
and lighting (p = 0.31).

Table 4. Results of Person Correlation Analysis

Independent Variable r p
Temperature (°C) 0.393 0.032
Humidity (%) 0.252 0.178
Lighting (lux) 0.461 0.010
Officials Knowledge -0.595 0.001

Strategy Analysis

In finding the right strategy formulation according
to existing conditions so that it could be applied, a SWOT
analysis was carried out. The SWOT analysis consists
of an analysis of internal and external factors and the
results of the scoring of these two factors can be seen in
the following table:

Table 5. Internal Factor Analysis (IFAS) and External
Factor Analysis (EFAS)

Strength (S) Weight Rank WxR
Standardized Educational Qualification 0.20 2 0.40
Good knowledge levels of the officials 0.30 3 0.90
The availability of unit to maintain and 0.30 4 1.20
monitor the quality of hospital environment
Internal Socialization Events (inhouse 0.20 4 0.80
training)
Total 1.00 3.30
Weakness (W) Weight Rank WxR
Officials Awareness in hand hygiene and 0.27 1 0.27
waste management
Unqualified treatment room design 0.23 2 0.46
Lack of availability of hospital 0.27 1 0.27
infrastructures supporting air quality
management
Monitoring of the physical environment 0.23 2 0.46
and air microbiology.
Total 1.00 1.46
Total of Strength — Weakness 1.84

Opportunities (O)

There is a regulation in the form of the

Weight Rank WxR

Minister of Health’s Decree on Hospital Air 0.30 3 0.90
Quality Management

The performance of outshorching

personnel in cleaning services and hospital

infrastructures maintenance. 0.35 4 1.40
Hospital Accreditation Demand 0.35 4 1.40
Total 1.00 3.7
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Threats (7)

Lack of awareness of visitors in personal

Weight Rank WxR

and environmental hygiene 0.31 ! 0.31
A decreased level of public trust 0.31 2 0.62
An increased incidence in hospital infection 0.38 1 0.38
Total 1.00 1.31
Opportunities
(1.84:239)

Weakness Strength

Threat

Figure 1. Quadrant Position of SWOT Analysis

Based on the table, the quadrant position is
found in quadrant 1 (Strength — Opportunities) with the
following values: (1.84; 2.39) which is an aggressive
strategy. All strengths are utilized properly so that the
existing opportunities can be obtained maximally. The
result of strategy formulation including the preparation
of internal hospital policies regarding air quality
management based on the ministerial decree of Ministry
of Health of the Republic Indonesia, implementation
of established policies, improvement of outsourcing
personnel performance in cleaning services and hospital
infrastructure maintenance, awareness of the hospital
community by Inhouse Training activities, implementation
of air quality monitoring and fulfillment of infrastructure
for air quality management.

DISCUSSION

This study indicated that the presence of air
germs in patient rooms was influenced by several
environmental factors. The number of microorganisms in
the treatment room can be influenced by the conditions of
temperature, humidity, and room lighting (16). The results
showed that temperature was positively correlated with
air germs (p = 0.032), meaning that the higher the room
temperature, the higher the air germs. These results are
in accordance with previous research revealed that room
temperature conditions will affect the presence of airborne
microbes (1). Humidity was not directly correlated with
air germs (p = 0.178). This is supported by a research
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which states that humidity is not related to the presence
of microbes in the air (17). Although humidity was not
related to the number of air germs, humidity had a strong
positive correlation with temperature (p = 0.000). Each
microorganism requires different temperatures, such as
minimum, optimum, or maximum temperature according
to the microorganism conditions. The quality of the indoor
environment is influenced by the temperature conditions
and air flow ventilation (18). Temperature of 26.5-29.5°C
and humidity of 64.5 - 85% are favorable conditions for
the survival and reproduction of microorganisms, while
the undesirable conditions are temperatures of 20-22 °C
and humidity of 30-60% (3).

There are more than 1,400 species of infectious
organisms that are known to be pathogenic to humans
and capable of causing disease in animals and plants
(19). Staphylococcus aureus and Staphylococcus albus
are the most commonly bacteria that cause infections
in hospitals (20). The most bacteria in the ICCU Room
at Bengkulu Hospital is Acinetobacter (2). A study
showed thattemperature of 28 °C, Aspergillus grew well
(21). Another study stated that Streptococcus sp. and
Enterobacter cloacae can grow optimally at 37 °C (22).

At the research location, the patient rooms for
class 2 and class 3 were not air-conditioned, but it had
fan installed to keep the room not too hot and humid.
Actually the use offan is not good for indoor air quality
because it will scatter dust and bioaerosol in the room.
It was proven that the number of air germs exceeded
the specified standards in class 2 and 3 patient
rooms that. This statement could be strengthened by
previous research that the number of microbes in non-
air conditioning rooms was greater than the number
of microbes in air-conditioned patient rooms (23). the
visitation hours was observed , showed an increase in
the number of occupants so that the activities were also
dense and the air circulation was not smooth and stuffy.
This condition has potential to increase room temperature
and humidity and the number of air germs. This is in line
with research states that high levels of human activity
and behavior of opening and closing doors have a major
influence on the air quality of the operating room (24).

Good aircirculation in the room requires adequate
ventilation so that fresh air exchanged . The need for
indoor ventilation in a good hospital is 15% of the floor
area (25). In non-air conditioning rooms, for smooth air
circulation, windows and ventilation should be maximally
open during the day. However, in this study there were
several windows in the non-air conditioning room which
position was closed so the air circulation is not smooth,
there was no change in clean air in the room. In a study,
stated that the air flow in the room was influenced by the
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difference in temperature and air pressure because the
air would flow from a place with a higher temperature
and pressure to a lower temperature through ventilation
holes and windows (26). Lack of indoor air exchange will
lead to accumulation of indoor air contaminants which
can cause health effects, such as building related illness
(BRI) and sick building syndrome (SBS) (27). SBS is a
result of trapped air pollutants and higher humidity levels
indoors (28).

Temperature and humidity are two interrelated
factors which, if they are not in accordance with the
standard, will cause a high number of air germs. The
increasing of humidity causes the increased microbial
content because the cells on the surface are moved
by water particles (1). Adequate ventilation is required
to stabilize indoor air conditions. It is necessary to add
electric ventilation as well as a combination of natural
and electric in the room with lack of natural ventilation.
Installation of exhaustfans is very helpful for airexchange,
but in research location, there is no installation of exhaust
fan in each patient room. Air conditioning systems must
be designed with a standard installation design, equipped
with sound absorbers, air intake and exit control systems,
special filters, disinfectants resistance so that easy to
clean and rust resistant (29). the unproperly maintained
of HVAC (heating, ventilation, and air conditioning)
system will make microbial contamination worse and
cause disease transmission (30).

The correlation between lighting and air germs in
the patient care rooms is shown by the value of p =0.010
with a positive correlation which means thatthe higher
light intensity, the higher presence of air germs. This
study is in line with previous studies stated that there was
a significant correlation between lighting and the number
of air germs (17). Sunlight is very beneficial for life. The
warmth of the morning sun is more comfortable for our
bodiesthan day light. therefore it is highly recommended
that morning sunlight can penetrates into the room.
Inadequate sunlight penetration into the room will cause
microbial growth and a lack of natural lighting. A dark
room due to lack of sunlight has the potential for germs
(16). UV light emitted at a wavelength of 254 nm is able
to deactivate germs by damaging their DNA (30).

In this study, showed that 65% of the treatment
rooms used artificial lighting, room with closed windows
had less sunlight penetration and therefore less effective
inkilling germs. Strategies to brighten the roomischoosing
bright colors of walls, floors and furnitures, installing a
drop ceiling, lowering the ceiling position and adding
lights (25). Simple ways to a better lighting in non-air
conditioning room is opening the windows and curtains
wide, while for an air-conditioned room, opening the
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windows and the curtains in the morning when sunlight
appearsai least once a day. Lighting can affect patient
comfort and help hospital staff carry out all activities in
caring patients (31).

Environmental management strategy, based on
SWOT analysis, suggest to carry out routine monitoring
of parameters and then evaluated for improvement.
Patient rooms are equipped with air quality monitoring
devices so that it can be checked and read immediately.
An information board is provided in each room regarding
the required temperature, humidity and lighting standards
so that it can be read by every staff. Improving the air
circulation system and adding ventilation includes
installing exhaust fan in each patient room. The activities
are adjusted to the guidelines that have been regulated
by the central government, and then the hospital compiles
policies according to the conditions and capabilities they
have.

The next research variable is the staff
knowledge. The results showed that the knowledge of
staff was related to the number of room air germs with
a negative correlation (p = 0.001), meaning that the
better the knowledge level of thestaff, the lower room
air germs. Staff with good knowledge will try to provide
good service to patients. Having high knowledge can
foster positive behavior and increase awareness of staff
in an effort to prevent infection (32). The staff will keep
the room clean, comfort the room atmosphere, maintain
personal hygiene but staff with low level of knowledge
will be less concerned about various things including
environmental cleanliness and personal hygiene which
impact the high number of air germs in the treatment
room. In a study, explained that knowledge is not
enough. It must be supported by changing habits, ways
of thinking and innovations that make progress (33).
The knowledge level is influenced by the education level
so that a person can understand, learn something, and
shape a perspective and mindset (34).

Hand hygiene is an example of good behavior
and needs to be improved because it is the main method
in preventing hospital infections (35). staff who have
good knowledge will also carry out routine hand hygiene.
Based on the monitoring data of the Hospital Infection
Prevention and Control Team in January 2020, the
compliance of care room staff in hand hygiene reached
85%, the standard was 100%, meaning that there were
still 15% did not comply with hand hygiene. The results
showed that the level of staff knowledge was good, but
not all staff had implemented good actions and practices
because there were still staff who had not complied with
hand hygiene. Increasing the implementation of hand
hygiene can reduce the incidence of contamination in
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the work area from 32% to 8% which in turn can reduce
the incidence of nosocomial infections (4).

A study stated that the transmission or spread
of germs could be caused by unhealthy and unclean
behavior of staff while providing services to patients
(35). Thus, education and personal hygiene monitoring,
especially the hand hygiene of staff, should be carried
out regularly. Hand washing has been proven as an effort
to prevent the spread of infection (33). Provision of hand
hygiene facilities will also support the staff compliance
properly. Various studies have reported that adherence
to hand hygiene significantly reduced the number of
Methicillin-Resistant Staphylococcus Aureus (MRSA)
infections in various hospital units (36).

The strategy can be applied in overcoming
problems related to the knowledge level of staff is holding
In House Training on environmental management
for hospital and outsourcing staff, especially those
related to hospital air quality management. In house
training activities will periodically increase the level
of knowledge and behavior of staff. Janitors are given
the latest knowledge and practices on how to clean
environment that does not cause aerosols and aseptics
and to use recommended disinfectants in accordance
with scientific and technological developments in health
and environmental fields. The policies formulated and
established by the hospital must be implemented by all
hospital staff.
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CONCLUSION

Environmental factors have an important role
in the presence of air germs in the patient room. Each
environmental parameter is connected each other most
of the parameters of temperature, humidity, and room
lighting still exceeded the standards required in the
ministerial decree of Ministry of Health of the Republic
Indonesia, while most of the staff knowledge level or
96.7% was good. In order to optimize environmental
conditions, it is necessary to make an effort to manage
the hospital environment properly. alternative strategy
is offered to solve the problem of high air germs in
patient rooms, namely environmental management on
controlling the number of air germs in patient rooms. The
hospital internal policy formulation program includes
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implementing of established policies, improving the
performance of outsourcing personnel in cleaning
services and maintenance of hospital air management
facilities, increasing awareness of the hospital
community with inhouse training activities, implementing
programmed air quality monitoring and fulfilling the
facilities and infrastructure for air quality management.
In this study, the samples used were limited and had not
yet examined. other researchers are suggested to use
more samples and identify the bacteria.
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