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Abstract  Rapid urbanization and the increasing demand for energy in Bangladesh have propelled grid-based 
power development projects, necessitating a comprehensive examination of their environmental impact on 
biodiversity. The Government of Bangladesh has taken the initiative to develop electrical transmission systems and 
substations development projects; a step-in power sector to achieve the vision of ‘Smart Bangladesh’. This study 
investigates the intricate interplay between environmental parameters and biodiversity specific to grid-based power 
development projects at several locations in Bangladesh. Using a multidisciplinary approach, the study integrates 
environmental monitoring to discern the potential ramifications on territorial ecology. All living beings’ diversity 
depends on temperature rise, acid rain, sea level altitude, soil pollution, storms, water run-off, higher noise level, 
deforestation, and different pollutions that adversely impact project sites. Air pollutants such as sulfur dioxide, 
nitrogen oxide, and ozone level can cause excess levels of acid in surface water and streams which impact soil as 
well as plants and forests. Noise pollution can affect animal behavior and even their physiology. Consequently, it 
results in increased infertility, higher mortality, and intensified migrations of different animal species. This paper 
quantifies air quality, surface water quality, noise level, soil quality at different urban, peri-urban, and rural areas for 
substation projects and the result shows that the project areas are safeguarded of biodiversity during the construction 
period of gird-based power development project. 
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1. Introduction 

Biodiversity is a variation measurement at the genetic 
(genetic variability), species (species diversity), and 
ecosystem (ecosystem diversity) levels. Biodiversity 
safeguards are policies or standards (adopted by regulators, 
project proponents or financiers) that specify biodiversity 
impact mitigation measures. The negotiations under the 
United Nations Framework Convention on Climate 
Change (UNFCCC) for developing countries to reverse 
the carbon loss of forests on their territories. It is 

estimated that for most of the requirements related to 
policy integration, staff time should be provided for one or 
two suitably qualified experts to pull together existing 
information and work on the integration of biodiversity 
safeguards [1]. Among other factors, all living things' 
diversity (biota) depends on temperature, precipitation, 
altitude, soils, stormwater run-off, effluent from project 
sites, and the interactions between existing projects and 
flora & fauna. Important direct drivers affecting 
biodiversity are habitat change, climate change, invasive 
species, overexploitation, and pollution. The main causes 
that lead to the loss of biodiversity in Bangladesh are the 
overexploitation of natural resources, an increase in the 
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population that leads to rapid deforestation, changes in the 
conditions of both land and sea, pollution of air or soil. 
According to reports of the United Nations Conference on 
Environment and Development, Bangladesh has a large 
and rich biodiversity. It is estimated [IUCN 2015] that 
around 1,619 species including 138 mammals, 566 birds, 
167 reptiles, 49 amphibians, 253 freshwater fishes, 141 
crustaceans and 305 species of butterfly species exist in 
Bangladesh [2]. The higher-level of air pollutants such as 
sulfur dioxide can cause excess levels of acid in lakes and 
streams, and damage trees and forest soils; atmospheric 
nitrogen oxide can decrease the biodiversity of plant 
communities and harm fish and other aquatic life; ozone 
levels can damage tree leaves and negatively affects 
scenic vistas in protected [3]. Anthropogenic noise affects 
not only sensitive species directly exposed to intense 
sounds, but also many terrestrial and aquatic animals that 
inhabit very different ecosystems. Noise pollution can 
change animal behavior and even affect their physiology. 
Therefore, reduced reproductive success, higher mortality, 
and intensified migrations among animal species are 
detected. Such disorders can affect biodiversity strongly 
both within the population and ecosystems. Although 
noise responses depend on the species, their negative 
effects on terrestrial animals may begin to appear as low 
as 40 dB [4]. Noise pollution may therefore negatively 
interfere with the competitive behavior of birds and have 
consequences for their evolutionary adaptation [5]. The 
birds do not receive signals of intercourse due to higher 
levels of noise during their evolutionary adaptation. As a 
result, the growth of birds might be hampered due to the 
project site’s higher noise level. On the other hand, 
unwanted sound negatively impacts biodiversity in land 
habitats. On land, sound pollution interferes with the calls 
of many animal species, particularly birds. This impacts 
their ability to communicate for navigation, helping their 
flocks find food and breeding. Organic and inorganic 
contaminants from project wastewater, pathogens, and 
suspended solids from the development project sites may 
affect the local biodiversity of the project area.  The oil & 
grease, heavy metals and lubricant oil may contaminate 
the surrounding water body as well as pollute existing 
project side land (cropland). Polluted land might be 
affected by project side floras as well as crop production.  

1.1. Literature Reviews  
Sayed Tariq Uzzaman et al (2024) showed that heavy 

metals (Pb, Cr, & Cd) are considered the top pollutants in 
the aquatic ecosystems because of their harmfulness and 
manifold extended effects on the biological systems in the 
Sundarbans mangrove area [6]. Mohamed Zyadah et al 
(2004) showed the impact of environmental parameters on 
zooplankton and benthic invertebrates of coastal areas of 
Egypt [7]. Clinton D. Francis et al (2009) mentioned that 
higher noise levels have been associated with a decline in 
bird density in specific areas, which is contrary to 
conservation regulations of biodiversity, and noise 
intolerance can result in many species moving away from 
otherwise suitable habitats [5]. Matthew Chidozie Ogwu, 

et al [2024] have mentioned that the effects of air 
pollutants on biodiversity are multifaceted and often 
indirect. Particulate matter, nitrogen oxides, sulfur dioxide, 
ozone, and volatile organic compounds are among the 
primary pollutants implicated in biodiversity decline. 
These pollutants can alter habitat quality, disrupt 
ecosystem functioning, and directly harm organisms 
through physiological stress and toxicity. Additionally, air 
pollutants can exacerbate other environmental stressors, 
such as climate change and habitat loss, further 
compounding their impact on biodiversity. It is reported 
that (2021) air pollutants have direct impacts on birds and 
long-term exposure can cause inflammation, split blood 
vessels, and respiratory failure. Since birds have faster 
breathing rates and are constantly exposed to outdoor air, 
they tend to take in more harmful particles—like PM10 
and PM2.5—than humans [8]. A study exploring the 
collective effect of metal pollution especially lead on the 
body condition of birds and conditions exhibited shorter 
telomeres in bird DNA [9]. Hamm D et al (1967) found 
that extended periods of noise-induced stress reduced egg 
production [10]. On the contrary, McFarlane et al. (1989a) 
reported on noise not having an influence on weight gain, 
food intake, or behavioral traits in broiler chickens [11]. 
Exposure to noise at 100 dB reduced the number of 
attempts needed to induce tonic immobility in broiler 
chickens.  Petr Chloupek et al. concluded that noise 
exposure significantly increased the stress and fearfulness 
in broiler chickens. The effect of different noise levels (80 
dB vs. 100 dB) was not significantly different, although 
the levels of all monitored biochemical indicators were 
higher in the group of broilers exposed to a higher level of 
noise (100 dB) [12]. Yuanning Liang at el. (2020) have 
concluded that ozone pollution is the most detrimental to 
tiny migratory birds – such as sparrows, warblers as well 
as finches and ozone pollution directly harms birds by 
harming their respiratory systems and indirectly harms 
their food sources [13] 

2. Methodology  

2.1. Power Gird Project Area 
The scope of gird project works under this turnkey 

contract is: design, supply, manufacture, quality assurance, 
inspection and testing, delivery, new packing for export, 
insurance, shipment & transport to the site, complete 
construction, installation, jointing, terminating, bonding, 
earthing, painting, setting to work, site testing and 
commissioning, defect liability for all equipment, 
including all civil works of new and the extension and 
renovation of existing 230/132 kV and 132/33 kV 
substations under package 1.1 under PGB PLC. The 
project areas were Dhaka, Feni, Naogaon, Dinajpur, 
Narayangonj, & Bogura district areas. Birulia Power Gird 
Point is very close to Dhaka city area. Naogaon, Bogura, 
Dinajpur and Feni cities are lower populated than the 
Dhaka capital city.  
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Figure 1. Map of grid project locations 

2.2. Air and Noise Level Measurement from 
Grid Point 

During the construction phase and as per the monitoring 
plan, ambient air quality parameters and noise levels were 
measured quarterly from eight study grid point areas.  The 
methods and procedures of BS 7445-1 that are practiced 
when measuring noise in outdoor areas with involvement 
of the procedures; the measurement should be attained 
more than 3.5 m from a reflective structure and the ideal 
measurement height ranges between 1.2 m and 1.5 m at 
the fourth corner of the grid point. 

Particulate matter (SPM, PM2.5, and PM10) monitoring 
was accomplished with a high-volume air sampler, which 
is a vacuum type device that draws air with particulate 
matter through a filter paper. Particles within the range of 
100 to 0.1 microns diameter are ordinarily collected on 
glass fiber filter. The instrument sucks the ambient air 
with a blower at a flow rate that allows suspended 
particles to pass to the filter surface. Some impingers with 
specific absorbing solutions were attached with a high 
volume sampler. The sampler was run within a certain 
period of time for deposited PM on glass filter papers and 
absorbing gaseous pollutants (SO2, NO2, O3, CO). Lead 
was determined by the AAS method from the PM after the 
digestion of filter paper with nitric and perchloric acid. 
EPA’s validated reference test methods for PM (EPA 
Methods 5) measurement. TCM with pararosaniline 
method was used for SO2 measurement and Colorimetry 
method with 540 nm wavelength for the 
spectrophotometric determination of oxide of nitrogen in 
air samples.  UV-visible spectrophotometry at 352 
nanometers (nm) is used to determine ozone in air.  Iodine 
pentoxide acts as an oxidizing agent here and oxidizes 
carbon monoxide to carbon dioxide while being reduced 
to iodine in the process. Iodine is liberated from iodide 

ions when titrated with sodium thiosulfate. About 0.0025 
N sodium thiosulfate is equivalent to 0.056 cc of CO. 

3. Results and Discussion 

Air quality parameters and noise levels were measured 
from the grid project areas from August 2021 to July 2023 
quarterly.  About 8 eight numbers of air quality and noise 
level measurement during period of this above period. 
Microsoft Excel sheet is a digital spreadsheet used for 
calculating, and analyzing data of mean and standard 
deviation. The construction of eight power grid points as 
per plan of power distribution among the Feni, Naogaon, 
Bhulta (Narayangonj), Purbasadipur (Dinajpur), Birulia 
(Dhaka), Barapukuria (Dinajpur), Niamatpur (Naogaon) 
and Bogura. Bangladesh has set ambient air quality 
standards under the Air Pollution Control Rules 2022.  
The standard level of SPM is 200 µg/m3 as per ECR 1997 
and the rest of the air quality parameters [PM10, PM2.5 SO2, 
NO2, lead and ozone (O3)] have been set up in 2022 in lieu 
of environmental conservation rules (1997). It was 
observed that the concentration of air quality parameters 
was within the limit of Bangladesh standards as per air 
pollution control rule 2022. The construction activities of 
eight power grid points have the potential to generate a 
wide range of environmental impacts on ecologically 
valuable receptors (flora & fauna) including designated 
sites, sensitive habitats and protected species. The 
environmental monitoring plan is developed under the 
EMP framework which identifies the power grid project’s 
environmental impacts. The monitoring framework has 
been done during pre-construction stage and the 
construction phase quarterly. As per monitoring 
parameters, air quality and noise level were measured 
during the construction phase of these eight projects. 
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Table 1. Results of SPM, PM10, PM2.5 & SO2 with sampling locations 

Name of 
sampling location Air quality parameters, unit (µg/m3) 

Parameters SPM PM10 PM2.5 SO2 
*AQS 2022 200 150 65 80 

Birulia 108±13 81±17 36.±7 17 ±4 
Barapukuria 98±23 78±21 33±8 20±14 
Purbasadipur 87±9 67±4 30±6 40±5 

Naogaon 104±19 79±12 35±4 16±7 
Niamatpur 80±13 49±10 23±2 11±6 

Bogura 103±18 82±15 37±6 19±8 
Bhulta 105±11 82±12 37±4 16±2 
Feni 93±11 70±11 31±5 17±11 

*AQS=air quality Standard as per air pollution control rules 2022 

Table 2. Results of CO, NO2 Lead & O3 with sampling locations 

Name of 
sampling 
location 

Air quality parameters, unit (µg/m3) 

Parameters CO NO2 Lead O3 
AQS 2022 5000 80 0.5 100 

Birulia 312±25 26±4 0.03±0.01 21±11 
Barapukuria 257±82 24±14 0.02±0.016 22±10 
Purbasadipur 211±13 17±3 0.0175±0.007 25±13 

Naogaon 225±47 23±7 0.025±0.013 20±8 
Niamatpur 157±44 15±8 0.0125±0.007 20±8 

Bogura 245±40 24±7 0.025±0.011 22±10 
Bhulta 308±62 26±3 0.03±0.015 27±14 
Feni 234±76 23±5 0.019±0.008 19±9 

 

 

 
Air pollution can harm birds in many ways, including 

lung damage, reduced egg production, and DNA 
mutations. Birds are particularly vulnerable to air 
pollution because they breathe in and out oxygen in one 
breathe. The pollutants; organic pollutants, sulfur dioxide, 
and nitrogen dioxide affect both species diversity and 
population density and the effect of higher noise affects 
the chromosomes of the bird [9]  
Effect of PM on Biodiversity 

Air pollutants cause morphological and physiological 
changes in the avian respiratory system leading to 
noticeable respiratory distress and an increased 

susceptibility to respiratory infections in birds. Due to 
their faster breathing rate and greater time spent in open-
air environments, birds inhale more airborne particles, or 
particulate matter (PM), than humans. The pollutants 
mentioned in the Air Pollution Control Rule 2022 might 
not be for the standard level for birds. Extra-fine particles, 
especially those less than PM2.5 microns in diameter, are 
small enough to reach the deepest branches of the lungs. 
Effect of PM2.5 is more effective than PM10 on the bird 
respiratory [14]. It is concluded from the above statement 
that birds’ respiratory system is more prone to be affected 
by PM2.5 compared to SPM and PM10 
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Effect of Gaseous Pollutants on Biodiversity 
The concentration level of CO higher than 425 ppm 

(531,250 µg/m3), it is plausible that other atmospheric 
contaminants (NO2, SO2, O3, and PM) might also be able 
to pass through the egg’s layered surface and affect bird 
embryos’ [14]. However, the level of eight grid point 
areas was found lesser than above mentioned level.  

NOx and SO2 react with water vapor in the air to form 
sulfuric and nitric acid which when deposited in wet (rain) 
or dry (dew drop) form contribute to acid deposition and 
soil acidification. Acid deposition is thought to promote 
the accumulation of metals in birds, potentially by 
enhancing the solubility of elements like aluminum. 
Additionally, exposure to acid rain disrupts calcium and 
phosphorus metabolism, elevates stress hormone 
production, reduces appetite, slows developmental rates, 
and impairs reproductive performance. Acid deposition 

and heavy metal uptake of soils near the grid point 
projects often disrupt the plant and invertebrate 
communities on which birds rely to meet their dietary 
needs. However, various avian species may struggle if air 
pollution impacts the abundance or quality of food 
resources [14]. The levels of SO2 and NOx were lower 
which indicates that acid rain with lower pH did not occur 
at the grid point areas. The level of NOx, CO and SO2 
might not affect the bird’s health due to acid rain at the 
grid point area. Quail exposed to higher concentrations of 
O3 (1.50 ppm or 3170µg/m3) were more affected. 
Individuals in this treatment group exhibited a significant 
decrease in the number of ciliated cells in the trachea and 
bronchi. The level of ozone was found to level of 27 
µg/m3, indicating that there was no chance of affecting 
ozone to aviation health.  
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Table 3. Results of noise levels at grid point area 

Name of 
sampling 
location 

Noise Level (dBA) 

Grid side SEC NEC SWC NWC 
Birulia 59±4 61±3 58±4 59±3 

Barapukuria 58±3 61±4 56±3 58±4 
Purbasadipur 59±3 62±4 56±3 58±4 

Naogaon 58±6 59±2 58±8 57±6 
Niamatpur 52±6 50±4 53±7 52±5 

Bogura 52±5 54±5 51±4 54±3 
Bhulta 51±4 52±4 54±5 53±5 
Feni 51±4 52±6 54±6 54±7 

Noise pollution control rules 2006 
Silence zone (Day Time, 7 am to 7 pm) 45 dBA 

Residential zone (Day Time, 7 am to 7 pm) 50 dBA 
Mixed Zone (Day Time, 7 am to 7 pm) 60 dBA 

Commercial Zone (Day Time, 7 am to 7 pm) 70 dBA 
Industrial Zone (Day Time, 7 am to 7 pm) 75 dBA 

 

Effect of Higher Noise Level on Biodiversity 
Construction work is one of the main contributors to 

noise pollution where the noise produced is in long term 
period and with mixture of varies type sound [14]. Noise 
plays significant role in shaping bird ecology: larger 
species that communicate with low-frequency calls may 
be driven out of noisy environments, while smaller birds 
can persist by using higher-frequency signals that travel 
more effectively through the noise. [16]. An analysis of 
calls from 529 bird species revealed that those with low-
frequency songs were often masked by urban noise and 
consequently disappeared from urban environments, 
whereas species with higher-pitched calls were able to 
remain. Further research on 322 migratory and resident 
bird species found that anthropogenic noise pollution 
(ANP) influenced song complexity, with forest-breeding 
species exhibiting simpler songs compared to non-forest 
breeders. Interestingly, song complexity tended to increase 
with rising levels of noise pollution [9]. Additionally, 
background noise levels exceeding 45 dB have been 
shown to significantly reduce the likelihood of detecting 
birds within a 60-meter range [17]. 

For a bird to detect a sound, it must be 24–30 dB above 
the ambient noise level. Studies have shown that declines 
in the population densities of woodland and grassland bird 
species occur at noise thresholds between 45 and 48 dB, 
respectively. Moreover, the most sensitive species in these 
habitats exhibit population declines at even lower noise 
levels, ranging from 35 to 43 dB [19]. Songbirds appear to 
be particularly sensitive to subtle sound levels, akin to 
those typically found in a library reading room (~30 dBA) 
[19]. The higher noise due to be four locations have traffic 
noise due to heavy vehicles passed through Birulia-Savar 
Road, Dinajpur-Rangpur Road, Naogaon-Shantahar road, 
and Barapukria-Parbotipur road. The noise levels were 
found at eight locations which were higher dimensions of 
thresholds limit of noise level. These noise levels might be 
hampered to the avian health around the project boundary. 
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4. Conclusion 

This is clear evidence that birds are impacted by 
exposure to a range of airborne pollutants, particularly 
gases and particulate matter like PM2.5. Air pollution in 
birds leads to respiratory issues, increased detoxification 
efforts, heightened stress, immune suppression, behavioral 
alterations, and reduced reproductive success. These 
demographic consequences result from both the direct, 
toxic effect of exposure to air pollution and habitat 
degradation resulting from poor air quality at the eight-
construction grid point areas. The PM2.5 levels varied 
from 31 to 36 µg/m3 at the eight grid point areas which 
might be affected to the bird respiratory system.  

The results of noise level might be degraded habitat 
quality with a significant proportion of migrating birds 
avoiding a stopover site, primarily younger birds than 
adult birds, and body condition during a stopover is 
negatively affected. The noise level above 45 dBA might 
be hampered by the nearby project area faunas. However, 
noise levels of greater than 45 dBA were found at the 
eight grid point areas. As per Air Pollution Control Rule 
2022, the air quality parameters at eight power grid points 
were within the standard limit of the government of 
Bangladesh. According to Noise Pollution Control Rule 
2006, the noise were levels at eight grid point areas within 
the limit of the Residential zone and mixed zone of noise 
levels. The noise levels might be hampered on avian to the 
negative impact at all the eight grid point areas. The 
government of Bangladesh has already taken initiatives to 
construct grid points outside the city area. Future studies 
should work to identify which species across the project 
area may be most sensitive to air pollution and noise 
pollution   Future studies on how air pollution impacts 
birds, especially endangered ones, could help shape 
conservation efforts, and improve the way we manage 
wild bird populations. The average air pollutant levels and 
higher noise level were found at Birulia and Barapukuria. 
Higher level of air pollutants at Birulia grid point might be 
contributed by Dhaka city air pollutants levels and noise 
level, because Birulia grid point is very near to Dhaka city. 
Higher level of air pollutants at Barapukuria grid point 
might be contributed by 525 MW Barapukuria Thermal 
Power Plant air pollutants levels and noise level, because 
this grid point Barapukuria is situated within boundary 
wall of the coal power plant. Although the measured 
pollutants remain within national limits, noise levels 
above 45 dBA may still threaten avian diversity. 
Relocation of substations away from ecologically sensitive 
areas and periodic biodiversity monitoring are 
recommended. 
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