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Abstract

Bangladesh's rapid industrialization, as exemplified by the construction of the National Special Economic Zone,
Mirsarai, increasingly aggravates environmental issues, particularly concerning fine particulate pollution due to
cement-based plants. The current paper provides field measurements of PM-:.s concentrations in three
representative structures: a Ready-mix Concrete Plant, a PC Pile Project Site, and an officers’ Dormitory. Sampling
was done in both indoor and outdoor microenvironments during the morning to afternoon working time from
January to June 2025. The highest PM..s concentration occurred at the Ready-mix Plant's production area
(157.9 ug/ms3), which is much above the WHO (PM2 5 24-hour limit = 25 pg/m?3) and Bangladesh National Ambient
Air Quality Standards (BNAAQS: PM_ 5 24-hour limit = 65 pg/m3). Indoor areas like dormitories and office areas
showed moderate, though still concerning, ranges of 34.1 to 68.2 ug/m? that indicate encroachment of industrial
dust into the workers' environment. The outcome shows great occupational and environmental exposure hazards
and emphasizes the need for targeted mitigation. Enclosure of the sources of dust, local exhaust ventilation,
baghouse filtration, water misting systems, and internal road management are recommended as control strategies.
This case study offers useful baseline data to guide sustainable emission control strategies in Bangladesh's
emerging economic zones and cement-intensive industries.

Keywords: Air Quality Monitoring; PM:.s Pollution; Industrial Emission Control; Ready-mix Concrete Plant;
National Special Economic Zone.

1 Introduction

The rate of industrialization is increasing day by day in Bangladesh, and with that, particularly air problems due
to fine particulate matter (PM..s) are becoming increasingly important to tackle. PM..s is a grave health hazard,
especially in cement-based industries, where suspended particles and dust are usually generated in the air (Zeng et
al., 2021). Previous research studies in Bangladesh have indicated the gravity of the issue in established industrial
zones (Ahmad, Akhter and Haque, 2021),i.e., in Tejgaon Industrial Area, Dhaka, a large-scale study identified
very high PM..s levels with an average of 153 pg/m?, much higher than the World Health Organization's 24-hour
guideline value of 25 pg/m? and the Bangladesh National Ambient Air Quality Standard (BNAAQS) standard of
65 pg/m®. The study identified prominent sources such as road transport, construction dust, and industrial
combustion (Begum et al., 1970). These findings illustrate the need to monitor particulate levels in rapidly
expanding industrial districts before the pollution gets a chance to solidify and is too late to be contained. However,
while research has been conducted in older industrial areas like Tejgaon, there is limited data from newer emerging
industrial areas like the National Special Economic Zone (NSEZ). NSEZ is presently among the largest and most
rapidly evolving economic hubs in Bangladesh, which hosts large quantities of cement-based and heavy industries.
However, no thorough particulate matter assessment has yet been carried out there.

This study addresses that gap by conducting a focused investigation of PM..s concentrations at key locations within
the NSEZ, including a Ready-mix Concrete Plant, a PC Pile Project Site, and an officers’ Dormitory. Sampling
was carried out in working hours in indoor and outdoor microenvironments to measure actual worker exposure.
Sampling locations were chosen to cover both construction activity and residence areas and to give a complete
assessment of the industrial activity contribution to air quality at different locations. Among the main reasons for
selecting Mirsarai as the research site is its newness it has not been the subject of any existing study for PM
analysis, despite having a very high density of workers and growing industrial activity. With a high population of
workers and laborers, the stakes of air quality evaluation from the standpoint of public health are higher,
particularly in terms of long-term exposures to particulate pollution in fine particles (Sumana V, Jemima and Rani,
2016).
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The findings of this study shall not only contribute to the advancement of knowledge acquired by previous studies
in Tejgaon but also serve as baseline information of critical value to guide future mitigation strategies, policy
formulation, and environmentally friendly industrial planning in Bangladesh. Generally, the present research
highlights the necessity for the immediate implementation of dust control methods, ventilation, and worker safety
measures to reduce the harmful impact of PMz.s in new economic zones.

Figure 1. Dust Emission caused by faulty Silo Filter
2 Materials and Method

2.1 Study Area and Timeframe

The study was conducted in National Special Economic Zone (NSEZ), Mirsarai, Chattogram. Field measurements
were carried out during the month of January to June 2025, focusing on morning/afternoon working hours (9:00
AM - 4:00 PM) to capture typical dust activity during peak operations.

2.2 Sampling Locations

Three representative sites were selected based on their functional role and expected PM-.s exposure levels:

Site 1: Ready-mix Concrete Plant (Outdoor area)

Site 2: Ready-mix Concrete Plant Office (Indoor area)

Site 3: PC Pile Project Site (Outdoor area)

Site 4: Officers” Dormitory (Indoor environment)

These locations were chosen to assess both occupational exposure (in active zones) and residential exposure (in
indoor spaces where workers reside). Those are illustrated in Figure 1.

Figure 2. (a) Site 1, (b) Site 2, (c) Site 3, (d) Site 4
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Table 1. Summary of Site Characteristics and Workforce Distributions
Site Key Facilities/Departments Officers  Workers by
Department
Ready-Mix Concrete Batching Plant Units (2), Sub-station, 15 Transit Mixers, 15 Production; 80
(RMC) Plant Vehicles, Heavy Transport. QC: 15
Departments: Production, QC, Electrical, Mechanical, Store, Electrical &
Marketing & Sales. Instrument: 10
Mechanical: 30
Store: 12
PC Pile Project Site Civil Construction, Welding, Steel Fixing, Electrical Work 10 Civil: 110
Mechanical: 45
Electrical: 10
Office Staff: 18
Store: 7

Table l.illustrates the number of workers and officers in each department with site characteristics. It also shows
type of work each department conduct.

2.3 Sampling Locations
e  PMo:.s was measured using a Temtop M2000 2nd CO2 Air Quality Monitor, Air Quality Detector for
PM_5PM10 Particles CO2 HCHO
e Ateach site, data was collected for 2 hours, with readings logged at 10-minute intervals.

2.4 Data Analysis
The collected data was analyzed using the following methods:

e Descriptive Statistics: Mean, maximum, minimum, and standard deviation of PM..s concentrations per
site.

e Standard Comparison: Values were evaluated against the WHO 24-hour guideline (25 pug/m3), BNAAQS
limit (65 pg/m?3), The (USEPA) has a 24-hour standard for PM_s 35 (pug/ms3) (6)

e Spatial Comparison: Indoor (dormitory) vs. outdoor (plant and yard) environments were compared to
examine dust infiltration and exposure differences. The heat maps were generated using GIS-based spatial
interpolation, highlighting the spatial distribution and intensity of PM, s for winter, summer, and monsoon
seasons. (5)

Table 2. Monthly PM:.s Concentration (ug/m?) Across Four Locations in the Mirsarai Economic Zone

NO Location Type Distan Construct Jan Feb Mar Apr May Jun
ce (m) ion
Activity

1 Ready-mix  Outdoor 0 High 191.3 202 215.4 223.2 160.5 120
Plant

2 Ready-mix  Indoor 50 Low 62.5 66.7 68.5 71.4 61.2 55.7
Office

3 PC Pile Outdoor O Very High 109.1 113 123.8 81.7 71.6 65
Project

4 Officers’ Indoor 500 None 36.2 38.4 40 34.7 30.2 28
Dormitory

Table 3. Site Descriptions and Statistical Summary of PM..s Concentrations at Different Monitoring

Std. Deviation

Coefficient of

NO Location Range (ng/ms3) Mean (pg/m3) (ug/m?) Variation (%)
1 Ready-mix Plant (Outdoor) 103.2 185.4 36.86 19.88%
2 Ready-mix Office (Indoor) 15.7 64.33 5.35 8.32%
3 PC Pile Project (Outdoor) 58.8 94.03 22.14 23.54%
4 Officers’ Dormitory (Indoor) 12.0 34.58 4.26 12.31%
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3 Results and Discussion

3.1 Comparison with Standard

ICCEI 2025

This study compares PM..s concentrations in four areas of Mirsarai Ready-mix Plant (Outdoor), Office (Indoor),
PC Pile Project Area, and Officers’ Dormitory over six months (January—June), against 24-hour standards by
WHO, USEPA, and BNAQS.
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Ready-mix Plant (Outdoor) showed the highest pollution, peaking in April (223.1 pg/m3), far exceeding
all standards. The high values reflect the impact of dry weather and heavy construction activity.

Office (Indoor) levels were lower but still exceeded WHO standards throughout, with April being the
highest (71.4 pg/m3), indicating indoor exposure due to outdoor dust infiltration.

PC Pile Area peaked in March (123.8 pg/m?3) and dropped to 65 pg/m?3 by June, showing seasonal

influence and reduction in construction activity during early monsoon.

Officers’ Dormitory had the lowest values but still crossed WHO and USEPA limits in most months,
likely due to its proximity to construction zones
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Figure 3. Monthly PM:.s concentrations (Jan—June) at four sites: PC Pile Project, Ready-mix Plant (outdoor),
Officers’ Dormitory, and Ready-mix Office (indoor), compared with national and international air quality

standards.
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3.2 Seasonal variation
Winter Season:

During winter, PM2 s concentrations were comparatively higher than in other seasons, with the peak range of 178—
196 pg/m3. Ready-mix Office (Indoor) and Officers’ Dormitory (Indoor) were mostly in moderate concentrations
with distinct red-orange patches on the heat map, whereas Ready-mix Office (Outdoor) and the PC Pile Project
(Outdoor) were higher with green to yellow. The increased PM s concentrations during winter can be attributed to
reduced atmospheric dispersion, inversion of temperature, and increased local industrial emissions.

Summer Season:

The summer heat map reveals a spatial shift of the hotspots of pollution. Ready-mix Office (Outdoor) is the
strongest zone, designated by a pink to white hotspot as 199-219 pg/m3. In contrast, Officers’ Dormitory (Indoor)
exhibited relatively weaker concentrations compared to the winter, due to higher atmospheric mixing and wind
dispersion during the summer. The exposure points outdoors are more variable, and this suggests that construction
and dust resuspension are key contributors in the summer.

Monsoon Season:

Monsoon season presents a clear reduction in PMy s concentration, with the maximum being in 127-140 pg/ms3, far
lower than summer and winter. The spatial pattern reveals that Ready-mix Office (Outdoor) remains the primary
hotspot but with much reduced intensity compared to summer. Chemical Dormitory (Indoor) and PC Pile Project
(Outdoor) present predominantly blue and cyan patches, signifying better air quality. The autumnal seasonal fall
is in harmony with enhanced wet deposition, where precipitation effectively cleanses particulate matter from the
atmosphere.

Overall Seasonal Trend:

Seasonal comparison confirms the peaks of PMys during winter, followed by summer, and the least during
monsoon, as compared to the normal air pollution trends in South Asian industrial zones. Indoor locations,
particularly Ready-mix Office (Indoor), capture persistent exposure risks, demonstrating the importance of
ventilation and proximity to source emissions. Heat map visualization points out the spatial heterogeneity of PM2.5
patterns and stresses the importance of season-based mitigation strategies for working and residential locations at
Mirsarai. This seasonal trend is illustrated in Figure 3.
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PM 2.5 CONCENTRATION ( MONSOON)
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Figure 4. Seasonal spatial distribution of PM.s concentrations (Winter , Summer, and Monsoon) across the study
area, generated using ArcGIS interpolation.

4 Conclusion

The majority of data above the WHO and BNAQS criteria, suggesting substantial air quality concerns, especially
in industrial and outdoor locations; PM..s concentrations peaked during the dry season (January—April) and fell
from May with the start of the monsoon months. Despite being relatively improved, indoor air quality remained
beyond permissible levels, indicating inadequate protection from outdoor pollutants. The raw material stockyard
and cement silo are two major sources of dust. Inadequate filter systems lead to silo emissions during cement
unloading; routine maintenance is required. A shelter over the stockyard and raw materials kept in SSD condition
can lower emissions; a high clay percentage in aggregates increases dust.

In order to prevent respiratory problems, staff and workers should be urged to use sanitary masks. Frequent water
spraying in production zones and car parking areas can greatly reduce dust dispersion. By covering materials after
use and routinely cleaning equipment, dust control in the PC Pile Project region can be enhanced. Dust reduction
during transportation is achieved by employing tarpaulin-covered sand trucks and delivering stone in SSD
condition.
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