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Abstract

: The Kaveh Industrial Estate spans 3,000 hectares near Saveh and
operates continuously. A residential area housing over 2,500 inhabitants is situated
directly adjacent to it. Assessing and mapping environmental noise exposure is
critical for understanding exposure levels and supporting urban planning and
environmental management. This study aimed to evaluate and spatially analyze
noise pollution in the adjacent residential zone during the fall and winter of 2024—
2025.

: Following a preliminary assessment based on ISO 1996-
1:2016 guidelines, 49 measurement locations were selected. The equivalent
continuous A-weighted sound pressure level (Leq) was measured at each site using
a TES-1358 sound level meter. Data were processed in Excel and analyzed spatially
using ArcGIS Pro.

: Spatial analysis revealed that 88% of the residential area exceeded 65 dB
during the day, and 96% exceeded 55 dB at night. The mean Day-Night Sound Level
(DNL) was 71 dB. Only a minimal portion of the area exhibited nighttime levels
near or below the 45 dB permissible limit.

: The findings indicate that the residential area adjacent to Kaveh
Industrial Estate is exposed to noise levels exceeding standard limits in most
locations, particularly at night when sound levels in many zones surpassed 65 dB.
The uneven spatial distribution of noise indicates the influence of local sources and
a lack of effective sound barriers. These results underscore the need for
environmental reconsideration of industrial areas and the implementation of control
measures such as noise walls, green buffers, nighttime operation limits, and
continuous monitoring.
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Introduction

Noise pollution is a growing environmental
health concern in both developed and
developing countries, adversely affecting
human health, social well-being, and quality of
life. While occupational noise exposure is
well-documented, the burden on residential
areas adjacent to industrial zones has received
less attention in Iran. Chronic exposure to
elevated noise levels has been linked to
physiological and psychological disturbances,
including hearing impairment, sleep disorders,
annoyance, cardiovascular stress, and reduced
cognitive performance. The World Health
Organization (WHO) recommends that
average sound levels in residential areas
should not exceed 55 dB(A) during the day and
45 dB(A) at night to protect human health.
The Kaveh Industrial Estate, located
approximately 10 km northeast of Saveh and
120 km southwest of Tehran, spans nearly
3,000 hectares. It is one of the largest
industrial estates in Iran. A residential
neighborhood of about 111 hectares, housing
over 2,500 residents, lies directly north of the
industrial estate. Given the industry's
continuous 24-hour operations and the lack of
physical barriers or substantial buffer zones,
this community is at significant risk of
exposure to industrial noise. Despite clear
public  health implications, systematic
assessments of environmental noise in such
settings are scarce in Iran. Therefore, the
present study was designed to evaluate the
spatial ~ distribution and  severity  of
environmental noise in the residential area
adjacent to the Kaveh Industrial Complex
using field measurements and GIS-based
spatial analysis.

Methodology

This descriptive cross-sectional study was
conducted in winter 2025 (February) in the
111-hectare residential area north of the Kaveh
Industrial Estate in Saveh, Iran. A preliminary
pilot study at eight random points across six
time intervals informed the final sampling
strategy. Based on ISO 1996-1:2016 and
Iranian standards (approximately one station
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per 5 hectares), 50 measurement stations were
systematically distributed across northern,
central, and southern zones.

At each station, the equivalent continuous
sound level (Leq) was measured for 15
minutes during three daytime periods
(morning, afternoon, evening) using a
calibrated TES-1358 sound level meter (A-
weighting, slow response). Measurements
were taken under free-field conditions, 1.3
meters above ground level, with wind shields
and away from reflective surfaces. GPS
coordinates were recorded for each point.
Data from the 49 final stations (1 excluded due
to instrumentation error) were processed in
Microsoft Excel. Spatial analysis and
interpolation were performed in ArcGIS Pro
using the Inverse Distance Weighting (IDW)
method. Separate noise contour maps were
generated for daytime (Ld: 07:00-22:00),
nighttime (Ln: 22:00-07:00), and the Day-
Night Average Level (DNL). A differential
map (Ln — Ld) was also created to analyze
nocturnal noise attenuation.

Results

Spatial analysis confirmed significant noise
pollution. The daytime noise map (Ld)
indicated that over 88% of the area exceeded
65 dB, far above the 55 dB standard. The
highest intensities (75-85 dB) were
concentrated in the northeast. The nighttime
map (Ln) revealed a more critical situation:
96% of the area exceeded 55 dB, with no zones
below the 45 dB threshold. Substantial zones,
particularly in the east and center, recorded
nighttime levels from 65 to 76 dB.

The frequency distribution of Day-Night
Average Sound Level (DNL) measurements
indicated that the majority of the 49
monitoring stations recorded levels between
69 and 78 dB(A), with a mean DNL of 71 dB
and a median of 72 dB. Only three stations
recorded DNL values below 59 dB(A),
indicating widespread chronic exposure to
elevated noise levels throughout the
neighborhood. The differential map (Ln — Ld)
showed a highly variable nocturnal attenuation
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of 3 to 15 dB across the area, insufficient in
many zones to reduce exposure to acceptable
levels.

Discussion

This study confirms that the residential area
bordering the Kaveh Industrial Complex is
subject to severe and chronic environmental
noise pollution, with levels exceeding
permissible standards both during the day and
at night. The nocturnal exposure is particularly
alarming, reaching up to 76 dB in many
arecas—31 dB above the WHO nighttime
guideline.

The heterogeneous spatial distribution,
characterized by clear acoustic "hotspots"
nearest the industrial facilities, underscores the
impact of localized sources and the absence of
effective noise mitigation infrastructure. These
results are consistent with the findings of
previous studies in Iran and globally, which
have documented elevated noise levels in
urban and industrial areas. Utilizing GIS
combined with IDW interpolation provided a
detailed visual representation of noise
exposure, which was critical for pinpointing
areas in need of targeted intervention.

From a public health perspective, the
documented exposure is concerning. WHO
guidelines associate long-term exposure to
DNL values above 70 dB with increased risks
of hypertension, cardiovascular disease, and
sleep disorders. Given that most of the
measurement stations in this study recorded
DNL values above this threshold, resident
health is potentially at significant risk.

Conclusion

This study provides clear evidence of
pervasive noise pollution in the residential
community adjacent to the Kaveh Industrial
Complex, with levels consistently surpassing
safety standards. The majority of the
neighborhood experiences noise levels far
exceeding national and international safety
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thresholds for both daytime and nighttime
periods. GIS-based spatial analysis effectively
identified high-risk zones, particularly in the
eastern and northeastern sectors, underscoring
the importance of targeted mitigation efforts
and intervention.

The results highlight an urgent need for
comprehensive noise management.
Recommended measures include:

1. Installing engineered acoustic barriers
(noise walls) between industrial and residential
areas.

2. Establishing dense green buffer zones
to provide natural sound attenuation.

3. Implementing policies to restrict
nighttime industrial operations in noise-
sensitive zones, especially during nighttime
hours.

4. Enforcing updated and stricter noise
emission regulations for industries in mixed-
use environments.

4. Enforcing updated and stricter noise
emission regulations for industries in mixed-
use environments to ensure compliance and
accountability among industrial operators

5. Developing a real-time environmental
noise monitoring network to inform urban
policy and planning.

Urban planning for industrial cities must
integrate  environmental noise  impact
assessments as a standard component. The
methodology and findings of this research
provide a framework for policymakers and
urban planners to design and implement
effective noise mitigation strategies in similar
settings.
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