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Abstract

This study evaluates ambient noise levels at 9:15 AM, 6:30 PM, and 3:00 AM across clinical locations in four
Bangladeshi hospitals: two private (Simla Hospital & Diagnostic Centre, Assort Hospital) and two public
(Rajshahi Medical College Hospital, Pabna General Hospital). Using boxplots and heatmaps, we identified
persistent exceedances of WHO guidelines for patient rooms (< 35 dBA) and treatment areas (< 40 dBA), with
emergency wards and operating theatres registering peaks above 80 dBA. Public hospitals exhibited significantly
higher noise burdens than private counterparts, driven by traffic intrusion and intensive care unit equipment
alarms. We propose a combined strategy of site planning, architectural acoustics, and staff-driven protocols to
mitigate noise, improve patient recovery, and enhance staff performance.
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1 Introduction

Hospital soundscapes have emerged as a critical determinant of patient recovery, staff performance, and overall
healthcare quality. Excessive noise in clinical settings acts as a chronic stressor, contributing to sleep
disturbances, cardiovascular irregularities, impaired communication, and elevated annoyance among both
patients and caregivers (Hsu et al., 2012; Joseph, 2007). Despite the well-documented physiological and
psychological impacts of high decibel levels, healthcare environments worldwide routinely exceed recommended
noise thresholds, undermining the therapeutic intent of modern medical facilities (de Lima Andrade et al., 2021;
Hilton, 1986).

Multiple reviews and field studies have highlighted pervasive non-compliance with World Health Organization
(WHO) guidelines across hospital zones. Systematic analyses report mean equivalent sound pressure levels (Leq)
of 70-95 dB(A) in intensive care units and neonatal wards, significantly above the 35-45 dB(A) recommended
for patient areas (Wallis et al., 2019; Joshi & Tada, 2016). Traffic, medical equipment, staff conversations, and
visitor activities rank among the primary noise sources, with road traffic alone producing peaks up to 108 dB in
adjacent urban hospitals (Sarker et al., 2023; Hossain & Shahriar, 2024). Public-sector institutions often exhibit
greater acoustic burdens than private ones, underscoring disparities in infrastructure design and noise-
management protocols (Bagar et al., 2017).

In Bangladesh, emerging evidence underscores the severity of hospital noise pollution but remains fragmented.
Investigations in Pabna and Rajshahi report daytime Leq values between 48 and 80 dB(A), with critical wards
such as obstetrics and mortuaries experiencing the highest peaks (Vinodhkumaradithyaa et al., 2008; Soni &
Jhamar, 2024). Stakeholders frequently lack awareness of the spatial and architectural factors that modulate
sound exposure, and most studies focus on single-site measurements without examining how building orientation
toward roads and markets influences acoustic conditions (Rahman et al., 2016; Islam et al., 2016).

To bridge these gaps, this study undertakes a comparative analysis of continuous sound measurements in
Rajshahi and Pabna general hospitals, explicitly assessing the role of building orientation and proximity to major
noise sources. By mapping spatial variability across wards and correlating noise intensities with urban land-use
patterns, we aim to inform noise-mitigation strategies and sustainable hospital planning in Northern Bangladesh.
Ultimately, our findings will equip designers, policymakers, and healthcare administrators with evidence-based
guidance to foster healing environments aligned with WHO standards.

Hospital noise pollution has been widely studied in international contexts, yet the Bangladeshi healthcare
environment remains underrepresented in this discourse. Prior investigations have typically employed single-site
measurements or captured discrete time intervals, overlooking the continuous fluctuation of sound over full
diurnal cycles. The spatial dimension of noise exposure particularly how building orientation and proximity to
major roads and market areas shape acoustic environments has not been systematically examined in Bangladesh.
Moreover, there is an absence of comparative, multi-center analyses across Northern Bangladesh, meaning
policymakers and planners lack evidence on whether specific urban planning configurations can effectively
mitigate noise burdens in diverse city settings.

This study addresses these gaps through four interconnected objectives:
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- Quantify the spatial and temporal variability of sound levels in Rajshahi and Pabna general hospitals by
implementing continuous day—night noise measurements.

- Assess how hospital building orientation relative to major roads and adjacent market areas influences ward-
level acoustic exposure.

- Evaluate the compliance of recorded noise intensities against national and WHO permissible limits across
critical hospital zones (e.g., emergency departments, operating theatres, general wards).

2 Methodology

This section outlines the step-by-step procedures for noise data collection, processing, statistical modeling, and
spatial visualization, integrating four Bangladeshi hospitals two private (Simla Hospital & Diagnostic Centre,
Assort Hospital) and two public (Rajshahi Medical College Hospital, Pabna General Hospital).

2.1 Study Area and Site Selection

Data were collected at three distinct time points: 9:15 AM, 6:30 PM, and 3:00 AM to capture diurnal and
nocturnal acoustic variations across clinical areas. All measurements adhered to WHO recommendations and
ISO 1996-1:2016 standards for environmental acoustic assessment. Hospitals were purposively sampled to
represent both private and public sectors and varied proximity to major roadways. Private hospitals were chosen
based on established patient-care profiles and ease of site access, while public hospitals reflected higher patient
volumes and documented traffic noise intrusion. Each facility’s floor plan and proximity to arterial roads were
reviewed to identify measurement locations.

2.2 Instrument

UNI-T UT353 Mini Sound Level Meter provides a compact and portable solution for measuring sound levels in
various environments. Users can easily take noise measurements ranging from 30 dB to 130 dB, covering the
most common sound scenarios, maintaining SLM at a height of 1.2 m above floor level, positioned 1 m away
from reflective surfaces.

2.3 Statistical Analysis
Raw Leq values were imported into Python (pandas) and inspected for outliers or missing entries, and Statistical
methods were employed in association with box-plot and heatmap.

2.4 Ethical Considerations

No patient-identifiable data were recorded, and measurements were taken in public service areas only.
Institutional permissions were secured from hospital administrations, and staff were informed of measurement
schedules to minimize disruption.

3 Result and Discussion

Table 1. Noice level of Simla and Assort Hospital

Hospital Time Mean Noise (dB) SD (dB) n
Simla  10:00 AM 72.15 4.60 4
Simla  3:00 PM 74.33 11.96 4
Simla  3:00 AM 58.33 13.32 3
Assort  10:00 AM 69.41 9.01 8
Assort  3:00 PM 61.80 212 2
Assort  3:00 AM 42.00 1.41 4

From Table 1, the sound levels of the two studied hospitals can easily be pictured. Simla Hospital exhibits higher
median levels at 3:00 PM, driven by the emergency ward peak of 86.7 dB. Assort Hospital shows the greatest
variability at 10:00 AM (range: 61.0-89.3 dB) due to high OT values. Nighttime (3:00 AM) measurements are
lower but still exceed recommended thresholds in wards and cabins. Emergency Ward (Simla) and OT (Assort)
emerge as “hotspots,” with sustained levels above 80 dB during operational hours. Radiology & Imaging at
Simla maintains moderate noise (72—75 dB), while ICU/NICU zones at Assort remain relatively quieter but still
above 40 dB. General Ward and Cabin at Assort register 60—65 dB during the day, suggesting significant patient
disturbance.
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Across all sites, diurnal and nocturnal equivalent continuous sound levels substantially exceeded WHO
recommendations (35 dBA for patient rooms, 40 dBA for treatment areas). Simla Hospital recorded daytime
peaks of 86.7 dBA in the emergency ward and nighttime minima of 43 dBA in VIP cabins. Assort Hospital
ranged from 89.3 dBA in the operating theatre to 41 dBA in cabins at 3 a.m. Rajshahi Medical College (Figures
3, 6, and 8) showed the widest variability, with corridor noise spiking at 91.3 dBA during morning rounds and
dipping to 37.8 dBA in ward 15 overnight. The Pabna General Hospital (Figures 1, and 3) exhibited daytime Leq
values between 48 dBA and 63 dBA, with the O.G. ward peaking at 71.9 dBA in the evening period
(Vinodhkumaradithyaa et al., 2008; Soni & Jhamar, 2024).

Patients’ physiological and psychological responses to sustained noise are well documented: elevated blood
pressure, sleep fragmentation, and stress—arousal states undermine recovery trajectories (Joseph, 2007; Hsu et al.,
2012). Night-time levels above 40 dBA in general wards and cabins observed in all four hospitals threaten the
circadian rest-activity cycle, potentially prolonging hospitalization. Staff performance likewise suffers; high-
decibel alarms, equipment noise up to 90 dBA in ICUs, and conversational chatter generate cognitive overload
and fatigue (Hilton, 1986; Raghuwanshi et al., 2024).
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Figure 1. Box Plot of sound levels at different locations in Pabna General Hospital
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Figure 2. Box Plot of sound levels at different locations in Rajshahi Medical College Hospital
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Heatmap of Noise Levels by Location and Time
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Figure 3. Heat Map of sound levels at different locations in Pabna General Hospital
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Figure 4. Heat Map of sound levels at different locations in Rajshahi Medical College Hospital
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Comparative analysis confirms public hospitals bear a heavier noise burden than private counterparts. Mean
morning Leq in Rajshahi Medical College (figure 2 and 4) exceeded that in Simla and Assort by 3-5 dBA, a
statistically significant difference consistent with Wilcoxon rank-sum findings reported by Bagqar et al. (2017).
Traffic-induced noise exacerbates this disparity; proximity to major road corridors yields baseline intrusion of
65-75 dBA outside facades, permeating into emergency corridors and wards (Alam et al., 2006; Sarker et al.,
2023). Public facilities sited along arterial roads thus face compounded external and internal noise sources.

Key contributors to the internal acoustical environment include medical machinery, staff communication, visitor
movement, and door operations. In line with Joshi & Tada (2016), neonatal and pediatric wards in public
hospitals exhibited Leq values up to 76 dBA during peak shifts, driven by incubator alarms and monitoring
equipment. This resonates with Wallis et al. (2019), who emphasize the predominance of bedside measurements
in intensive care acoustics research.

Mitigation strategies must address both macro- and micro-scale noise origins. Site planning relocating new
hospital wings at least 60 m from arterial roads can reduce traffic intrusion by up to 10 dBA (Alam et al., 2006).
Internally, the installation of sound-absorptive ceiling panels, acoustic door seals, and padded flooring can
attenuate reverberant noise by 5-15 dBA (Joseph, 2007). Staff training on alarm management, visitor-flow
control, and low-noise protocols further curbs non-essential sound (Soni & Jhamar, 2024; Islam et al., 2016).
Despite these islands of progress, enforcement gaps remain. Continuous noise monitoring using A-weighted
slow-response sound level meters should be embedded within hospital quality assurance frameworks, as
advocated by Akmal et al. (2019) and de Lima Andrade et al. (2021). Future studies ought to include
patient-reported outcome measures to correlate objective decibel metrics with subjective well-being and recovery
indices, thereby closing the loop between acoustical environment and clinical impact.

4 Conclusions

The ambient noise levels in all four Bangladeshi hospitals consistently exceeded WHO recommendations for
patient rooms (< 35 dBA) and treatment areas (< 40 dBA) at morning, afternoon, and night measurements.
Emergency wards, operating theatres, and corridors emerged as acoustical hotspots, with peaks surpassing 80
dBA. Public hospitals recorded significantly higher noise burdens driven by traffic intrusion and intensive care
equipment alarms than private facilities, confirming sectoral disparities in the internal and external noise
environment.

These findings underscore the urgent need for integrated acoustic management strategies within hospital design
and operation. Site planning that increases setbacks from arterial roads, installation of sound-absorptive materials
(ceiling panels, floor mats, door seals), and staff protocols on alarm management and visitor flow can
collectively reduce noise by up to 15 dBA. Embedding continuous noise monitoring into hospital
quality-assurance frameworks will ensure sustained compliance and facilitate data-driven improvements.

Future research should evaluate the efficacy of targeted interventions on both objective sound metrics and
patient-reported outcomes, thereby bridging the gap between environmental acoustics and clinical recovery
trajectories. Longitudinal studies with extended sampling periods and inclusion of diverse clinical units will
further inform policy guidelines and accreditation standards aimed at optimizing the hospital acoustic
environment.
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