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ABSTRACT

Introduction: Exposure to ambient noise and air pollution from road traffic has been associated with an increased
risk of adverse health effects, such as heart disease and mental health. Although recent studies have identified tem-
poral variations of noise and air pollution in urban areas, there has been limited data on the levels within sensitive
areas such as a hospital. Thus, this study presents the scenario of noise and air quality level in the temporal dimen-
sion assessed near a hospital located in the suburban area of Klang Valley, Malaysia. Methods: A-weighting noise
level (dBA) 3M™ Edge™ 5 Personal Noise Dosimeter and PM, . concentration Dusttrak [l Handheld Aerosol Monitor
Model 8523 (pg/m?) were measured simultaneously with a 1-min interval. All measurements were taken from 0700
hrs until 1900 hrs on weekdays and weekends. Results: High noise level (min= 61.1 dBA, max= 62.0 dBA) and
PM, . concentrations (min= 20 pg/m?, max= 29 pg/m’) were observed during morning peak hours on weekdays and
weekends. Noise levels measured are exceeded the Department of Environment (DOE) guideline limit (55 dBA) and
PM, . concentrations complied with the annual standard (35 pug/m?®). We observed moderate correlations between
n0|se and particulate pollution PM, . during weekdays and weekends (r= 0.66, p<0.01). Conclusion: Noise level and
PM, . concentration varied widely over time and could have a negative impact on human health. Our case study rec-
ommends that measurement of both noise and air pollution deserved further investigation to allow detailed exposure
characterisation of this relationship.
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the A-weighted noise level of the car is approximately
70 dBA and can increase to 115 dBA for ambulance
siren (5-6). Generally, floor impacts, transmission by
air between homes, household appliances, and air

INTRODUCTION

The number of vehicles on the road has increased
significantly, and it is now recognised as one of the
dominant sources of noise and air pollution (1). Carbon
Monoxide (CO), Sulphur Dioxide (SO,), and Particulate
Matter (PM) are dominantly emitted from the outdoor
road vehicles from fuel combustion (2). Meanwhile,
the compression and expansion process due to engine
vibrations is considered the primary source of traffic
noise (3). Ambulance, fire engine, and police car sirens
often cause high outdoor noise pollution, despite the
fact that the loud sirens are supposed to help these
vehicles arrive safely and quickly (4). It is reported that

conditioning equipment are considered as indoor noise.
Meanwhile new furnishings and floorings, cleaning
equipment, cigarette smoke, and HVAC systems, such
as chillers, cooling towers, exhaust fans, and filters, are
known as sources of indoor air pollution (4). In addition,
the main sources of indoor noise in hospital are observed
from equipment, alarms and staff activity. Other noise
sources that perceived as most annoying for patients
are from cleaning machines, coughing and talking,
meanwhile alarms and telephones are found annoying
for hospital staff (7). The major indoor pollutant sources
in hospital buildings are occupants and their activities,
building equipment (machines and appliances), and
maintenance (8).
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Hospital is regarded as unique and complex setting
unlike other commercial or public buildings. The indoor
occupants of hospitals including patients, medical staff
and visitors are at a higher risk of health symptoms such
as eye irritation, headaches, coughs, colds, dizziness,
asthma, and respiratory and cardiovascular diseases
from to nosocomial and occupational exposures.
Nosocomial infections, especially fungal infections like
aspergillosis, cause significant morbidity and mortality
in immunocompromised patients (9). Fungal spores
are one of the major types of bioaerosols that can be
transmitted through indoor and outdoor air, visitors,
patients, and air conditioners (10). Air pollutants such
as carbon monoxide (CO), carbon dioxide (CO,), and
particulate matter (PM) can affect hospital workers,
patients, and caregivers who spend longer time indoors
(11). It is reported that long-term exposures should be
considered for hospital workers experiencing symptoms
associated with sick building syndrome (working >5
days per week) (12). Public health consequences of
outdoor air pollution exposure such as PM, . can vary
from shortness of breath to cardiorespiratory diseases
(13).

Excessive noise will affect the psychological and
physiological well-being of patients and healthcare
workers. Acute health effects have been associated with
ambient noise and air pollution from road traffic. An
extreme or high noise exposure might lead to permanent
hearing loss, aggressive behaviour, sleep disruption,
stress, fatigue and hypertension (14-15). Those who
work in noisy environments may experience a temporary
threshold shift, resulting in temporary hearing loss. Noise
pollution has a negative impact on patients including
disturbance of sleep quality, cognitive processing and
speech. It is reported that the hospital’s average noise
level was consistently 59-60 dB(A), exceeding the
recommended guideline. This had resulted in a constant
noise exposure for patients (16).

Hospital also built close to the main roadways with no
buffer zones or proper sound proofing. The situation has
been exacerbated by increased outdoor traffic, heavy
inflow of staff, patients and visitors, and the wailing of
the siren from the ambulance (17-19). Seasonal factors,
dust storms and on-road vehicle emissions have been
linked to elevated outdoor particles and ingress through
the indoor buildings (9). It is also reported that people
who live near busy roads inhale large amounts of
complex pollutant mixtures, and each person reacts
differently to them (20). A study in the Southern region
of Peninsular Malaysia has reported the traffic noise
pollution within sensitive areas, including schools and
hospitals, surpassed the noise limit set by Department
of Environment Malaysia (21). The current guideline of
Malaysia Environmental Noise Controls and Limits (2"
schedule) is set for 60 dBA from 7 a.m to 10 p.m and
55 dBA from 10 p.m to 7 a.m for noise sensitive areas
including school hospital and worship areas. Despite
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numerous reports of exposure to dreadful ambient noise
and air pollution as a result of high traffic capacity in
sensitive areas (10,22), there are few study reported on
the temporal variations of pollution peaks in the hospital
area in different rush hours. Our study examines the
temporal variability of ambient noise and air quality
near a hospital located in Greater Kuala Lumpur.

METHODS AND MATERIALS

Noise and PM, ; measurements were conducted at level
2 of a campus balcony that located approximately 300
m from a government hospital’s main entrance in the
suburban area of Klang Valley (2°58’30”N and 101°
43’10”E) (Figure 1). This government-funded multi-
specialty hospital is located in the district of Sepang,
Selangor and approximately 28 km southeast from Kuala
Lumpur City Centre. There is an on-going construction
project of newly eight-storey building located beside the
hospital at around 430 meters from our sampling point.
The construction site is operated from 8 a.m to 6 p.m,
Monday to Saturday. We observed a plywood barrier
protection which can act as a silencer at the construction
site. We also observed that a water tanker is brought
in to spray water on the affected areas to prevent dust
becoming airborne during afternoon rush-hour.

Google Earth

Fig. 1 : Sampling site for the sampling set deployment (yellow pin).
The yellow pin is the sampling point and red dots (---) denoted the
hospital premise (Source: Google Earth)

A traffic light is also located at the intersection of Jalan
Cempaka and Jalan Hospital Serdang, approximately
80 meters away from the sampling point. Our study site
might be affected by accelerating, queueing or cruising
traffic from the traffic activity. The presence of the tree
and roadside vegetation near the intersection may reduce
pollution impacts near the roadsides. However, given
the study’s spatial resolution, any inferences regarding
the site’s topographic effect on our measurements are
speculative due to the intersection’s complexity. Both
noise and PM,. measurements were carried out in
September of 2020 during working days (n= 5) and non-
working days (n= 3) from 7.00 a.m until 7.00 p.m with

Mal J Med Health Sci 17(SUPP8): 95-100, Oct 2021



a 1-minute interval. Measurement periods were selected
to capture the potential variation in exposure due to the
different traffic profiles during peak and quiet hours.

Noise level measurement

The noise measurement levels were taken by 3M™
Edge™ 5 Personal Noise Dosimeter (3M, Minnesota,
USA). The dosimeter is calibrated each time before
and after measurements following the Manufacturer’s
Manual. The “A” weighted scale was applied in
the sampling observation. The noise dosimeter’s
microphone was set up on a tripod and was positioned at
the height of 1.5 m from the floor surface at the balcony.
The unmanned measurements were taken for 12 hours
without any noise barrier including walls built in front of
at this measuring point. The measurement followed the
sampling protocol provided by ISO 1996-2 (23).

The noise data were then tabulated in the Microsoft
Office Excel Spreadsheet® 2016 to establish the
descriptive statistics such as the average noise level,
maximum (L_ ), and minimum (L__ ) level of noise. The
equivalent sound levels, L, was calculated by using the
following Eq. (1);

@ ()
LAeq=10|og _10 107 *¢t

=1

Where,

n = total number of samples taken;

Li = noise level in dBA of the ith sample and;
t. = the fraction of the total sample taken.

L..o Lo Lo L, and L, were also calculated. L
maximum is the highest value measured by the sound
level meter over a given period (L_ ). L minimum is the
lowest value measured by the sound level meter over
a given period (L_ ). L, is the noise level exceeded
for 50% of the measurement duration and often used
to indicate the median value of noise. L, is the sound
level at 10 % of the measurement period and act as an
indicator for the upper limit of a range of sounds (etc.,
from road traffic). The value of L, is the noise level at
90% of the measurement period and regarded as the
background noise level. Lsor L, , and L, were calculated
by the following steps in Mlcrosoft Office Excel
Spreadsheet® 2016.

Air pollution monitoring

PM, . measurements were measured using a Dusttrak Il
Handheld Aerosol Monitor Model 8523 (TSI, Minnesota,
USA). This Class | laser-based instrument recorded the
aerosol mass concentrations of particulate airborne.
The built-in integrated pump allows for size-selective
measurement by installing different inlet conditioners.
The 2.5-micrometre inlet was used to acquire PM, . data.
Before each reading is taken, the monitor was set for zero

calibration following the manufacturer’s instructions.
The monitor was positioned at 1.5 m on a table from
the floor surface at the balcony and away from corridor
walkaways inside the campus building.

Data analysis

The data collected were first analysed using Stata 16.0
and Statistical Package for Social Science (SPSS®)
version 25 software for the normality and homogeneity
test. To ascertain the data’s characteristics, it is necessary
to classify them as parametric or non-parametric.
Normality was tested by assessing the Shapiro-Wilk and
Levene's test value. The noise level distribution (p<0.05)
is non-Gaussian, the median is used instead of the mean
as a representative. For the next step in data analysis,
the statistical significance Kruskal-Wallis Test was used.
For the 95 % confidence level, statistical analysis is
considered. Through RStudio®, correlation analysis was
carried out. The Spearman Rank Correlation Coefficient
calculates the relationship between the two parameters
or variables (r). The evaluated parameters will be in
the +1 and -1 ranges representing the strength of the
parameter relationship, where +1 indicates a perfect
positive relationship, -1 indicates a perfect negative
relationship, and 0 indicates no relationship exists. The
equation of r for the sample is defined as Eq. 2;

_ rZhRE-RG). (RG) - R()
VI(EL RG-RED.CILRG) -

R()))

Where,

n = total number of samples taken;

R(x) and R(y) = the ranks of the x and y variables
R(x)) the mean ranks

(R(x)) and (R(y)) =

RESULTS

Variations in the Noise Level and PM25 Concentration
Fig. 2 shows the comparison of noise levels near the
hospital, during the weekdays (working days), and
weekends (non-working days). It is noticeable that the
average levels measured during the weekdays were
higher than those measured on the weekends. However,
both noise measurements on weekdays (62.0 dBA) and
weekends (61.1 dBA) slightly exceeded the limit (60 dBA)
of The Planning Guidelines for Environmental Noise
Limits and Control by the Department of Environment
for 7 a.m to 10 p.m permitted levels (24). Meanwhile,
Fig. 3 shows the comparison of PM, . concentrations
during weekdays (working days) and weekends (non-
working days). In parallel with noise level, PM, . the
concentration measured during weekdays (29 pg/m?) are
higher than those measured on weekends (20 pg/m3),
but both still comply with the limit (35 pg/m?) stated by
The New Malaysia Ambient Air Quality Standard (25).
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Fig. 2 : Comparison of (a) noise (dBA) and (b) air (pg/m?®) levels during
weekdays and weekends
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Fig. 3 : Trend of noise level and PM, . (dBA) concentration (pg/m?)
during weekdays

Hourly Trend of Noise Level and PM, . Concentrations
The hourly trend of noise in the study area varies during
different peak hours (Fig. 3). During weekdays, the high
noise level was found during the morning peak hour,
followed by evening and subsequently, afternoon peak
hour, where the noise levels are 62.5 dBA, 62.4 dBA,
and 61.7 dBA, respectively. During the morning peak
hour, the L __ is observed at 72.5 dBA. Similarly, a high
concentration of PM, . was observed during the morning
peak hour, followed by evening and subsequently
afternoon peak hour, where the concentrations are 65
pg/m?, 35 pg/m?, and 23 pg/m?, respectively. The noise
levels exceeded the permissible limit over the whole
period, while PM, _ concentrations only comply with the
limit during the peak hour of the afternoon.

We also observed a similar trend of levels of noise and
PM, . during the weekend, however, the levels were
1.45% lower for noise and 32.1% for PM, . compared
to the weekdays observation (Fig.4). This event may
contribute to the reduction of traffic flow within the
campus and hospital during non-working days. During
the morning peak hour, a high noise level was found,
followed by evening and subsequently afternoon peak
hour, where the noise level is 61.7 dBA, 61.0 dBA, and
60.8 dBA, respectively. The morning peak hour showed
the L s at 68.1 dBA. Similarly, a high concentration
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Fig. 4 : Trend of noise level and PM, ; concentrations during weekends

of PM,. was found during the morning peak hour,
followed by evening and subsequently afternoon peak
hour, where the concentration is 38.0 pg/m?, 28.0 pg/
m?, and 12.0 pg/m?, respectively. It is noted that the
morning peak hour on weekdays and weekends had the
highest levels of noise and PM, . concentrations, this
followed by the evening and afternoon peak hours.

Level and PM

Noise 25

Correlation Between
Concentrations

The Spearman correlation coefficient was calculated
using SPSS® version 25 and Rstudio® to determine
the relationship between two parameters in this non-
parametric dataset. Table 1 summarised the correlation
between noise level and PM, . concentrations in the study
area. A loading factor greater than 0.59 is considered
strong, a range of 0.40-0.59 is considered moderate, and
0.39 or less is considered weak (26). Despite differences
in noise reduction and PM, _ concentrations, the results
revealed a moderate correlation between noise level and
PM, . concentration during weekdays and weekends (r =
0.66, p<0.01).

Table I : Correlation coefficient of noise level and concen-
trations during weekday and weekend

Noise PM, . Con-
Parameters 25 =
Level centrations
Week-
day Noise Level 1 0.655*
PM, ; Concentrations 0.655* 1
Week-
end Noise Level 1 0.661*
PM, ; Concentrations 0.661* 1

*Correlation is significant at the 0.05 level (2-tailed).
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DISCUSSION

Our study assessed the variation of noise level and
PM, . concentrations near a public hospital located in
a suburban area of Klang Valley. We found that both
noise level and PM, . concentrations from day time (7
a.m to 7 p.m) of 12 hours measurements were higher
during weekdays compared to weekends. The high level
of noise detected is most likely due to the high volume
of road vehicles passing the main road in front of the
areas (mostly motorcycles and cars) during the week
rather than on weekends, when a statistically significant
difference (p<0.05) exists between weekdays and
weekends. Weekends are a time when both the campus
and the hospital slow down. Naturally, this reduces
traffic flow.

Both noise and PM, . levels were found high during
the morning peak hour, followed by evening and
subsequently afternoon peak hour. Typically, the number
of road vehicles were reported higher in the morning
and the evening peak hours, but lower for the rest of the
noon (27). Cars, motorcycles, and public transportation
from the hospital and nearby campus contributed to
higher noise and PM, . concentrations. Furthermore,
numerous drivers park and stop their vehicles on nearby
road sidewalks and shoulders, causing significant traffic
congestion in the hospital area. Traffic congestion raises
noise levels and is a significant indicator of pollution
dispersion and air pollution caused by excessive traffic,
particularly in urban areas (28).

The traffic noise is generated by the vehicle’s gearbox
caused by vibration transmitted through the gear, and
shaft (29). The presence of a traffic light (approximately
80 metres from the sampling point) may contributed
to the elevated levels of traffic noise and PM, .. When
vehicles reach the traffic light, they will brake and then
accelerate when the light turns green. This braking and
acceleration procedure contributes to the vehicle’s noise
level (17). Increased accelerations, decelerations, stops,
and starts will also increase exhaust emissions and brake
and tyre wear, resulting in particulate emissions.

The significant decrease in PM,_ concentration was
suggested due to the proximity of a parking lot to the
sampling point. Wind speeds are generally higher in
large open spaces (30) due to the lack of obstacles that
obstruct air movement and contribute to the washing out
and dispersion of PM emissions. Despite a significant
reduction in road vehicle density, this results in a
relatively small reduction in noise levels, as increases
in average wind speed significantly increase the sound
levels emanating from an uncontrolled source at a high
elevation (31). The higher PM, . concentrations during
the morning peak hour are related to relative humidity,
which has a significant positive relationship with it (32).
PM concentrations are highest in the morning peak hour
because to the more stable boundary layer, lower height

of the thermal inversion at the surface, and low friction
velocity (33). A nearby construction project may also be
a contributing factor, as construction activities generate
a lot of dust (34). This will increase dust emissions, a
major source of atmospheric particulates (35).

Our results also indicate a similar correlation between
noise level and air pollutants with other studies (36-38).
A previous study observed that noise could potentially
confound correlations between air quality in traffic
and health outcomes where the 1-week average noise
measurements, L and L, , were moderately associated
with levels of PM, . (r= 0.45-0.51) (39). Furthermore,
noise data were strongly correlated with PM, . (p<0.05),
indicating their control effects at the 95% confidence
interval, likely because such pollutants are more
localised from the source of emission. Similarly,
noise and ultrafine particulate matter levels exhibited
moderate correlations were observed in three middle-
sized cities in Europe (37). Both noise and air pollutions
are often correlated with one another as they originated
from the same source (i.e traffic) (36). A relationship
between noise and vibration is explained when the
sound field vibrates the air particles, causing them to
vibrate and travel at varying amplitudes (38). Also, in
the Mutual Scattering Effect, the particle surface scatters
part of the incident noise vibration wave, resulting in a
scattered wavefield of slightly damped longitudinal and
transverse waves (40).

Nevertheless, meteorological factors influence pollutant
dispersion. For example, the wind speed intensity and
turbulence influence each other (41) by increasing
dispersion (42). A previous study on the downwind factor
showed a 25% increase in UFP concentrations (43). Our
study had some limitations, such as limited number
of sampling days. Our study also did not examine the
effect of weather on noise or PM, . concentrations for
example wind speed, relative humidity and temperature.
However, to minimise meteorological conditions on
any of these parameters, no measurements were made
on rainy or windy days in our study. Future research
could also include seasonal variations by monitoring
temporal changes of meteorological factors with noise
and air pollution. Monsoonal winds are important when
studying the seasonal effect on air pollutants, especially
in Malaysia. Malaysia has two monsoon seasons:
southwest (June-September) and northeast (November—
March) (44).

Another limitation presented in our study is the traffic
flow data. We did not perform the traffic count for the
sum of motorcycles, light-duty gasoline vehicles, light-
duty diesel trucks, and heavy-duty diesel trucks that
passed by the nearest roadside to our sampling site.
It is recommended that a qualitative and quantitative
assessment of typical traffic behavior and data at each
location can be performed during peak flow times,
using on-site observations and the typical traffic flow
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representation. During peak flow periods, traffic should
be classified as either accelerating, cruising, or queuing (a
combination of idling and accelerating). This is similar to
the work done by Beckwith et al. 2019 (45). We also did
not assign the environmental noise measurements to the
different sources that generated nearby to our sampling
location. Future research should include environmental
noise monitoring employing source classification, such
as audio recording and time-activity diary.

CONCLUSION

Our simple set of monitoring indicates that the averaged
noise level during weekdays and weekends exceeded
the Department of Environment’s Planning Guidelines
for Environmental Noise and Control (2019) for daytime
(55 dBA) for sensitive areas such as institutional and
hospital areas (24), posing a risk to human health. On
the contrary, PM, . concentrations during weekdays and
weekends comply with the limit (35 pg/m?) stated by
The New Malaysia Ambient Air Quality Standard 2020
(NMAAQS). The noise level and PM, . concentration
trend indicated that the morning peak hour had the
highest levels, followed by evening and afternoon
peaks. These are the times that correspond to rush hour.
Unlike morning and evening peak hours, we observed
a decrease in pollution during afternoon peak due to
lower road density (dominantly motorcycles and cars).

Our findings suggest that people who work or spend
most of their time outside (i.e. outdoor workers) are
more susceptible to noise and air pollution than people
who live away from major traffic zones. Both pollutions
are likely to be harmful to the health of nearby residents,
pedestrians, cyclists, and outdoor workers. However,
the indoor environments of the hospital can be affected
from the outdoor sources including construction and
traffic noise and air pollutants. It is suggested that using
an external active silencer can help reduce construction
noise because the exhaust noise is reduced inside the
external ducts before it enters the air. Also, constructing
traffic noise-air emission barriers may help reduce noise
levels by blocking, absorbing, and deflecting sound
waves while lowering pollutant concentrations by
deflecting upward airflow. In the sensitive zone such
as hospital or school, it is critical to carefully plan the
infrastructure and to enforce stricter vehicle movement,
traffic management, and air quality monitoring
regulation. Our results showed that there exists a
moderate correlation between both noise levels and
PM, . concentrations (r= 0.66). It is critical to understand
the variability and differences in correlations between
noise and air pollution levels over area and time in
order to evaluate potential confounding or interactions
that could alter exposure-response calculations used to
inform policy interventions (46). Future study should be
able to conduct an extensive analysis of temporal and
spatial variations for both noise and air pollution in
order to characterise a personal exposure assessment.
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