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Abstract: Criteria air pollutant exposure has always been a major factor that negatively impacts human health
through different pathways. One of the critical concerns is adverse birth outcomes associated with criteria air
pollutant exposure such as low birth weight, preterm births, neonatal mortality, etc. Recent studies show that
criteria air pollutant exposures are strongly associated with the elevated risk of preterm births defined as any
birth occurring before 37 weeks of gestation. Bangladesh is one of the most polluted and has the highest
preterm birth rate compared to other countries of the world. Although numerous global and regional studies
investigate the impacts of criteria air pollutant exposure on preterm births, limited studies are available that
investigated the impacts of the major criteria air pollutants on preterm births in recent years for Bangladesh.
In this study, we employ the criteria air pollution data from the MERRA-2 model and satellite-sensed data
regionally scaled for Bangladesh from NASA Giovanni (version 4.38) coupled with exposure-response
modeling to quantify the impacts of CO, Os, PM2s, SO2, and NO: exposure on preterm births in Bangladesh
during the 2015-2019 period. Based on the air quality analysis, the highest CO, Os, PM25, SOz, and NO2
exposures were observed in 2018 up to 272.8 pg/m? 88.2 ppbv, 62.9 pg/m? 20.5 pg/m3 and 11.6 ppbv
respectively. This elevated amount of criteria air pollutant exposure has had direct implications for the
increased rate of preterm births in Bangladesh. During 2015-2019, CO, Os, PMz2s, SOz, and NO: exposures from
all natural and anthropogenic emissions combinedly caused from 0.18 million [95% confidence interval (95CI):
0.08 — 0.29 million] up to 0.20 million [95CI: 0.08 — 0.32 million] preterm births among 4.3 million annual total
live births each year which indicated a 4.4-4.9% preterm birth rate exclusively attributable to criteria air
pollutant exposure in Bangladesh. Our study is critical for the overall wellbeing of the under-represented
women and children in Bangladesh as it facilitates the quantitative evidence of preterm births caused by major
air pollutant exposure and advocates the reduction of countrywide air pollution and establishment of well-
aware community by facilitating low-cost air quality monitoring system in each household, necessary
reformation of pollution prevention policies & regulations in national level and strict as well as vigilant law
enforcement on human activities that causes air pollution.

Keywords: preterm births; Bangladesh; criteria air pollutants; adverse birth outcomes

1. Introduction

Preterm births (PTB), defined as births before 37 weeks of gestation, is a major adverse birth
outcome (ABO) that has several acute and long-term health effects. PTB is a worldwide public health
concern that very often results in infant morbidity and mortality as well as long-term developmental
impairments such as cerebral palsy, intraventricular hemorrhage, and chronic respiratory distress
(Blencowe et al., 2012, 2013). PTBs account for more than 15 million premature births per year which
corresponds to around 10% of all births globally (WHO, 2022). Complications resulting from PTBs
are the second biggest cause of death in children under the age of five, accounting for almost 1 million
deaths in 2015 (Perin et al., 2022; WHO, 2022). PTB is a major contributor to neonatal death and
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morbidity and is linked to long-term health issues such as chronic lung disease and
neurodevelopmental abnormalities (Beck et al., 2010; McClure et al., 2018).

The prevalence of PTB varies considerably across countries, with rates ranging from 5% in
certain high-income nations to more than 15% in some low- and middle-income countries (Blencowe
et al,, 2013) worldwide. PTB occurrence is disproportionately high in Africa and Asia, where
approximately 85% of global PTBs occur each year (Barros et al., 2010; Beck et al., 2010; WHO, 2012).
The severity of PTBs in Bangladesh is worse than ever as a recent study found that Bangladesh has
the highest PTB rate of 16.2% among all the other countries around the world (Ohuma et al., 2023).
Previous studies have shown that the prevalence of PTBs in Bangladesh is substantially high where
in 2014, the estimated national PTB rate was 19.1% (Chawanpaiboon et al., 2019). A rural cohort study
on mother-live-born baby pairs in Sylhet, Bangladesh, done between 2002 and 2006, found that 19.4%
of newborns were PTBs (Baqui et al., 2013). Another recent research done in the suburban northern
part of Bangladesh found that the overall PTB rate among pregnant women was 14.6% of all live
births (Hossain et al., 2022). All these alarming PTBs rates call for immediate investigation of the
multifaceted risks associated with PTBs in Bangladesh including environmental, socioeconomic, and
physiological stressors in recent years.

One of the most abundant and hard-to-control environmental stressors is air pollution. Polluted
air is a complex mixture of pollutants like carbon dioxide (CO:), nitrogen oxides (NOx), ozone (Os),
sulfur dioxide (SO2), and fine particulate matter with an aerodynamic diameter of less than 2.5um
(PM2s) etc., which cause chronic health issues globally, particularly among vulnerable groups such
as elderly population, pregnant women and their newborns. Exposure to the polluted air can lead to
an immediate infiltration of the existing pollutants into the placenta which can influence fetal growth
and development (Saenen et al., 2019). Several studies have shown a significant positive association
between air pollution exposure and PTBs during pregnancy (Chen et al., 2021; Dadvand et al., 2013;
Gehring et al., 2011; Han et al., 2018; Partha et al., 2022). According to different epidemiological and
biological research, exposure to air pollution can cause inflammation, oxidative stress, placental
insufficiency, etc. which can contribute to PTBs (Ritz et al., 2007). Elevated pollutant exposure during
pregnancy slightly increased the odds of PTBs in normotensive and hypertensive women, with
different effect modification patterns observed based on gestational age and specific pollutants
(Weber et al., 2019). Women who were exposed to carbon monoxide levels of more than 0.91 ppm
during the last 6 weeks of pregnancy had an increased risk of having PTBs (Ritz et al., 2007). Exposure
to PM2s was found to significantly increase the risk of preterm birth during all trimesters of
pregnancy, with the highest risk observed in the third trimester (Cai et al., 2020; Guo et al., 2018; Sun
et al., 2015). A recent study on asthmatic mothers showed a higher risk of PTBs from NOx, CO, and
SOz exposure during the weeks of 34 to 36, and from Os in week 34 (Mendola et al., 2016). A meta-
analysis also found a significant association between PTB risk and exposure to CO and PM1o (Stieb et
al.,, 2012).

Bangladesh experiences significant air pollution from various sources such as industrial
emissions, transportation, brick kilns, fossil fuels, and biomass burning (Pavel et al., 2021; Salam et
al., 2021; Siddiqui et al., 2020). Bangladesh ranked top among the most air-polluted countries in 2021,
but by 2022 it had dropped to fifth place, as per the World Air Quality Report (IQAir, 2022; World
Bank, 2022). This level of air pollution is extremely harmful to human health, and it may be
contributing significantly to the increasing PTB rates across the country. In recent years, a very
limited number of studies have investigated the association between air pollution exposure and PTBs
in Bangladesh. A recent study focused on the association between air pollution exposure and PTBs
in Bangladesh within Dhaka city only and found linearly increasing PTB rates from 9.0% to 15.2%
across the lowest and highest categories of air quality index (AQI) exposure (Nahian et al., 2023). This
study was initiated to fill this gap by investigating the possible association between PTB rates and air
pollution exposure across Bangladesh in terms of AQI which lacks the investigation of increased risks
of PTB based on the actual air pollutant exposure assessment on a national scale. On top of that, there
is still a very limited amount of knowledge on the comprehensive assessment of the effect of outdoor
exposure of different criteria air pollutants on pregnant women and PTB rates across the entire


https://doi.org/10.20944/preprints202406.1281.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 June 2024 d0i:10.20944/preprints202406.1281.v1

3

country. In this study, we focused on five criteria air pollutants which are CO, Os, PMzs5, SO2, and
NO: and their nationwide quantitative exposure impacts on PTBs in Bangladesh during 2015-2019.

2. Methodology
2.1. Remotely Sensed Data Collection

We collected the global concentration dataset of five major criteria air pollutants i.e., CO, Os,
PMz5, SOz, and NO: during the timeframe of 2015-2019 and used global country mask data to target
the domain of Bangladesh to investigate the regional exposure of the criteria air pollutants and their
quantitative impacts on PTBs in Bangladesh. Table 1 shows the sources of global CO, O3, PM2s, SO,
and NO: concentrations used in this study from various instruments and methods. For the
concentration and exposure of CO, PM:zs, and SO, we relied on the Modern-Era Retrospective
Analysis for Research and Applications, Version 2 (MERRA-2) data products from the Giovanni
(NASA) Earth data website (https:/giovanni.gsfc.nasa.gov/giovanni/) which allows users to search and
download both model and observational Earth science data products from instruments and systems
like MERRA-2, Ozone Monitoring Instrument (OMI), Atmospheric Infrared Sounder (AIRS),
Goddard Earth Observing System (GEOS), Global Land Data Assimilation System Version 2
(GLDAS-2) etc. for different disciplines like aerosols, atmospheric chemistry, hydrology, ocean
biology, water and energy cycle etc. for any timeline between 1984 up until 2023 and a wide range of
spatial and temporal resolution. The MERRA-2 model is an updated atmospheric reanalysis dataset
of its previous version MERRA offered by NASA’s Global Modeling and Assimilation Office
(GMAO) which includes the type of observational data exclusively not accessible to MERRA and
improves the GEOS model by supplying important updates and atmospheric schemes (GMAO, 2015;
Gelaro et al,, 2017). It incorporates satellite radiance data from both operational and research
instruments and utilizes a 3-dimensional variational data assimilation analysis algorithm. The
assimilation of radiation data necessitates meticulous quality control and bias correction procedures.

Using a variety of data sources, MERRA-2 incorporates aerosol and meteorological observations
within GEOS-5 (Goddard Earth Observing System Model, v.5) (Buchard et al., 2015; Gelaro et al.,
2017; Yao et al., 2020). Numerous recent studies have utilized MERRA-2 data products to investigate
crucial atmospheric scientific problems, including the variability of meteorological factors, such as
temperature and precipitation, and their influence on weather patterns (Jenwitheesuk et al., 2022;
Ryu & Min, 2021; Zhao et al., 2021). For the time period between January 1, 2015, and December 31,
2019, we extracted two-dimensional, monthly time-averaged PM2s and SO: total surface mass
concentration products from the M2TMNXAER (v5.12.4) dataset (GMAO-M2TMNXAER, 2015), and
CO surface concentration from the M2TMNXCHM (v5.12.4) dataset (GMAO-M2TMNXCHM, 2015)
of MERRA-2 model. PM2s5, CO, and SO: data were extracted with a spatial resolution of 0.5° latitude
x 0.625° longitude. The monthly time-averaged, level 3 Os mole fraction data in the air during both
day (ascending) and night (descending) time were downloaded with a spatial resolution of 1° latitude
x 1° longitude from the AIRS3STM (v7.0) dataset (GES DISC, 2019) from NASA's Atmospheric
Infrared Sounder (AIRS) project available on the Giovanni portal. The AIRS is an advanced grating
spectrometer installed in the Aqua satellite located at NASA'’s second Earth Observing System (EOS)
polar-orbiting platform that measures the infrared radiation emitted by Earth’s atmosphere to
produce vertical profiles of atmospheric temperature, moisture, the concentration of trace gases, etc.
and is capable of tracking the entire vertical distribution of Os, enabling the detection of Os transport
from the upper atmosphere to the lower atmosphere during specific atmospheric occurrences.

As there was limited availability of remotely sensed or in-situ measured open-source NO:
surface concentration data on a global scale, we obtained user-developed monthly time-averaged
global surface NO: concentration data with a spatial resolution of 0.0083° latitude x 0.0083°
longitude (~1 km?) from a recent study of Anenberg et al. (2022). In that study, the authors created a
new dataset of global surface annual average NO: concentrations in 5-year temporal resolution from
1990 to 2010, and then annual temporal resolution from 2010 to 2019. The researchers utilized an
already existing global NO: concentration dataset from a land use regression (LUR) model prepared
by Larkin et al. (2017) which had a spatial resolution of 100 m x 100 m and covered the years 2010-
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2012. The study of Anenberg et al. (2022) discovered high bias in NO2 concentrations for rural areas
in Larkin et al.’s datasets and made some adjustments using surface NO: concentrations obtained
from the OMI satellite. They also compared their NO:2 concentration estimates in urban and rural
areas to monitors in the United States, Canada, and Europe to assess the performance of the
adjustments made in their study to decrease the overall uncertainty and increase the credibility of the
dataset. Overall, for all the extracted concentration datasets for different air pollutants, we used a
filtering algorithm to get rid of any invalid, missing, or non-arithmetic data points and modified the
default resolution of each dataset to 0.1° latitude x 0.1° longitude (10 km X 10 km ) to be constant
with other datasets like the global country mask and live birth data. All the monthly air quality data
of CO, Os, PM2s, SO2, and NO:2 was compiled to prepare the 5-year-annual-average concentration
data for each criteria air pollutant for the years 2015-2019 for the final analysis. All information
regarding the source of remotely sensed data products of the criteria pollutants is provided in Table

1.
Table 1. Sources of remotely sensed datasets of gaseous pollutants for this study.

Criteria Model/Instrument/Study Dataset/Product Spatial Resolution
Pollutants (latitude X longitude)
CcO MERRA-2 M2TMNXCHM (v5.12.4) 0.5° x 0.625°
Os AIRS AIRS3STM (v7.0) 1° x 1°
PM:s MERRA-2 M2TMNXAER (v5.12.4) 0.5° x 0.625°
SO2 MERRA-2 M2TMNXAER (v5.12.4) 0.5° x 0.625°
NO: Anenberg et al. (2022) 0.0083° x 0.0083°

2.2. Evaluation of Criteria Air Pollutant Datasets

To evaluate the air quality data retrieved from remotely sensed and user-generated data sets
that uses satellite observations (hereafter collectively referred as remotely-sensed data sets), we
collected monthly reports of CO, Os, PM25, SOz, and NO: in-situ observational data during the
timeframe of 2015-2019 supplied by Department of Environment (DoE) of Government of People’s
Republic of Bangladesh (http://case.doe.gov.bd) and compared them with our remotely-sensed datasets
by the means of Bland-Altman plots. Based on this study’s timeframe, continuous DoE monthly
reports for all five criteria air pollutants were only available for the years 2015, 2016 and 2017 so we
compared the remotely sensed data sets with the in-situ data for only those specific years to avoid
uncertainty. Multiple locations all over the country included air-quality stations within Dhaka like
Sangshad Bhaban, Firmgate, Darus-Salam, Gazipur, and outside of Dhaka like Narayangonj; Khulshi,
Chattogram; Agrabad, Chattogram; Red Crecent Campus, Sylhet; Baira, Khulna; Sopura,
Rajshahi; DFO office campus, Barisal supplied the daily-averaged in-situ CO, Os, PM25, SOz, and
NO: data on DoE website which were later used to generate the monthly in-situ data reports and
finally incorporated in this evaluation. Units and time-averaging methods are kept constant between

remotely sensed and in-situ data sets and latitude and longitude indices were calculated based on
the actual latitude and longitude of each physical location of air-quality stations to retrieve the
accurate amount of CO, Os, PMzs5, SOz, and NO: exposure from the remotely sensed data in the
identical time format (yearly, daily, or hourly) of the in-situ measurements. Association between the
remotely sensed data and the field measurements was then computed with the help of Bland-Altman
plots where the y-axis shows the differences in concentrations between each pair of in-situ
observations and remotely sensed data and the x-axis shows the mean of each pair of in-situ
observations and remotely sensed data. Bland-Altman plots help us understand the association
between the in-situ and remotely sensed data by the proximity of each point with respect to the
central mean bias line and upper and lower limits of agreement (LOA) (alternative of 95% confidence
interval) that denotes +1.96 and -1.96 standard deviations (SD) respectively for each criteria air
pollutant.
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2.3. Preterm Birth Calculation from Criteria Air Pollutant Exposure

In this study, we estimated the criteria air pollutant induced PTBs in Bangladesh from 2015 to
2019. An exposure-response model shown in Eqn. 1 is incorporated followed by recent exposure-
response studies (Huang et al., 2021; Partha et al., 2022; Xiong et al., 2022) to calculate the number of
PTBs (Nij) caused by the exposure of each criteria air pollutant in each grid box of longitude (i) and
latitude (j) where BIR;; is the gridded live births in each grid box (i, j), PTBR. is the country-level
baseline of preterm birth rate (PTBR.), and OR;; is the Odds Ratio (OR) associated with each criteria
air pollutant exposure and PTB in each horizontal model grid box of longitude (i) and latitude (j).

1
N;; = BIR;; X PTBR, X {1 ~ (5 )} [1]
LJ

Poverty Mapping of the World version 2.01 supplied by the Center for International Earth
Science Information Network — CIESIN (CIESIN, 2021) at horizontal resolution 2.5 min X 2.5 min
was used to account for the baseline of the live births, BIR;j, in each grid box for 2015. As the actual
estimate of global live births (141.6 Million) reported by the UN — World Population Prospects
(https://population.un.org/wpp/) is different than the CIESIN reported global live births (127.3
Million) for 2015, scaling factors were calculated to reduce underestimation of live births based on
the ratio of total global live births in each respective year from UN reports and from CIESIN data and
multiplied with the CIESIN gridded live birth data to process and create the upscaled gridded live
birth data for the study period (shown in supplemental Figure S1). The country mask of Bangladesh
is then used to calculate the number of live births in each grid box within the domain of Bangladesh.
PTBRc.is derived as the ratio of the prevalence of PTBs in Bangladesh retrieved from the Global
Burden of Disease 2019 dataset (GBD 2019 Risk Factors Collaborators, 2020). and the total number of
live births in Bangladesh in each respective year. Eqn. (2) shows the basic expression of the OR in
each grid box where y denotes the log-linear slope between the exposure of each criteria air pollutant
and the associated PTB, Ci; is the air pollutant concentration in each grid box to which the population
is exposed and Co is the counterfactual concentration of each pollutant below which there are no
health impacts associated with the exposure which is either assumed or retrieved from recent studies.

_ Cij-C
OR;; = e rx[Cij = Col} [2]
[ln(OR)] 3]
L c
The log-linear slope y can be derived using Eqn. (3) where OR is the measured odds of PTB with
the increment of specific air pollutant concentration C. For the measured value of OR in Eqn. (3), we
have incorporated the results from different recent studies that investigated the association of PTB
with CO (Li et al., 2016); Os (Rappazzo et al., 2021); PM2s5 (Sun et al., 2015); SOz (Liu et al., 2019) and
NO: (Llop et al., 2010). Detailed equations for ORijand vy for each criteria air pollutant is given in the
Supplemental section 1.

3. Results & Discussion

3.1. Evaluation of Remotely Sensed Criteria Air Pollutant Exposure against In-Situ Observations

Based on our air quality analysis, the annual average CO concentration ranged from 0.031-0.033
pg/m? with maximum estimates ranging from 240.8-272.8 pg/m? during the 2015-2019 study period
with the highest and lowest concentrations observed in 2018 and 2019 respectively. A similar peaking
trend was observed for the surface concentrations of Os, PM2s, SOz, and NO: with the highest
concentrations observed as 88.2 ppbv, 62.9 ug/m?, 20.5 ug/m?, and 11.6 ppbv respectively in the year
2018. This peaking trend in 2018 can be explained by the increase of key emissions sources in
Bangladesh which mainly are brick-burning kilns, vehicle exhausts, industrial emissions, open waste
burning, and large-scale construction work in that particular year. The Clean Air and Sustainable
Environment project (CASE, 2020) under the Department of Environment in Bangladesh reported the
number of brick kilns as around 4959 in 2013, which increased by 61.3% in 2018 up to 8000, which
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might have caused this increased amount of air pollutant exposure in that particular year.
Furthermore, according to the CASE project, the number of total vehicles registered up to June 2018
was about 619654, indicating a 67.6% increase compared to 2013. Click or tap here to enter
text.Additionally, recent construction megaprojects in Bangladesh like the Padma bridge, roads &
highway projects, railway & airport expansion projects along with the alarmingly growing industrial
sector also contributed to these highest concentrations of criteria air pollutants in 2018. Based on
trend analysis of the surface concentration of each criteria air pollutant, CO, SOz, and PM2s5 exposure
are observed to decrease by 9.4%, 10.1%, and 0.5% respectively in 2019, whereas the concentration of
O3, and NO: increased by 1.42% and 8.5% compared to 2015.

Figure 1 shows the spatial distribution of five year-average surface concentrations of CO, Os,
PM25, SOz, and NOz. The figure demonstrates that CO, Os and PM2s had more severe exposure in
Bangladesh during the study period compared to exposure to SO2, and NO:z The massive air
pollutant exposure in India also has a substantial effect on the exposure in those adjacent areas of
Bangladesh, for which PMzsexposure is observed to be higher in the northwestern and southwestern
regions near the border and Os in the northern portion of Bangladesh. However, CO and SO:
exposure was observed to be the highest in southwestern districts of Bangladesh such as Chuadanga,
Satkhira, and Jashore, Khulna whereas a dispersed NO:2 exposure of moderate concentration has been
observed all over the country. Specifically for Bangladesh, the major sources of PM:2s are dust
emissions from brick kilns and construction sites (The Third Pole, 2018). According to a recent study
in Bangladesh, motor vehicles, power plants, and other combustions sources are the primary
contributors to CO, and NO:z emissions (Haque et al., 2017), whereas combustions of sulfur containing
fuels such as coal, and diesel in industrial and energy sectors are the key sources of SOz emissions.
Os is basically formed in the atmosphere through a reaction of volatile organic compounds (VOCs)
emitted from vehicle tailpipes, paints, and solvents with nitrogen oxides (NOx) from various sources,
facilitated by sunlight. It is to be noted that the major industrial zones are Dhaka, Narayanganj,
Gazipur, Khulna, Chittagong, and Rajshahi regions (Sabur et al., 2012), therefore the exposure of
criteria air pollutants are observed to be more severe in these regions.
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Figure 1. Regional spatial distribution of 5-year average surface concentrations of criteria air
pollutants in Bangladesh during 2015-2019 for (a) CO, (b) Os, (c) PM2s, (d) SOz, and (e) NO:
respectively.

Figure 2 shows the validation of the remotely sensed data of surface concentrations of CO, Os,
PMz25, SOz, and NO2 used in this study against in situ observations in terms of Bland-Altman plots
along with the 95% confidence interval (CI) and (+) 1.96 standard deviation (SD). The mean bias of
the remotely sensed surface concentration of CO, Os, PM2s, SO2 and NO: during 2015-2019 is
observed as 932.9 pg/m3, -72.6 ppbv, 10.9 ug/m3, 1.8 pg/m3 and 12.6 ppbv with a SD of 798.2 ug/ms3,
4.2 ppbv, 23.9 ug/m3, 8.6 ug/m3 and 16.6 ppbv respectively.

The Bland-Altman plots in Figure 2 demonstrate a good agreement with 95% confidence
between most of the in-situ and remotely sensed data points for each criteria air pollutants associated
with the exact locations as majority of the data points lie within their respective limits of agreement
(LOA). Even though there are some outliers, they represent a very small portion of the whole sample
size. Majority of the in-situ and remotely sensed data points are in a close proximity of their respective
mean bias line indicating the remotely sensed data is overall observed to be in well agreement with
the in-situ data for each of the criteria air pollutants.

Despite this good agreement, in-situ Os concentrations from DoE, Bangladesh require additional
curation as they were observed to be only up to 12.3 ppb, whereas the actual and remotely sensed Os
concentrations are much higher in this region, resulting in an overestimation of the actual O3
concentrations by our remotely sensed data. This overestimation is due to the underestimation of
actual Os concentrations by the in-situ monitoring devices. A recent report published by the
Department of Environment (DoE) of Bangladesh under the CASE Project (DoE, 2018) indicated that
the Os concentrations in Bangladesh were at-least above 20 ppb during the study period, indicating
that the in situ Os observation data reported in the monthly DoE reports may either be entered
incorrectly or the averaging method of daily Os concentration may be different than the remotely-
sensed data averaging method. A wide variation was also observed in stationary Os observations
within each day including numerous zero values. Additionally, observation data were missing for a
large number of days which resulted in a reduced estimation of in situ Os concentration. For all these
reasons, in situ Os concentrations are observed to be lower compared to our continuous monthly-
averaged remotely sensed data. We further observed estimates of Os concentrations similar to our
remotely sensed data in other studies for Bangladesh during this period and found that the 17-year
(2003-2019) average Os concentration was observed as 51.42 + 1.82 ppbv (Pavel et al., 2021). Despite
this limitation of in-situ Os data from DoE, Bangladesh, we incorporated it to point out the reporting
error in the dataset and to be consistent in terms of in-situ data source while validating the remotely
sensed data. It should be noted that remotely sensed data for each air pollutant was considered for
2015, 2016, and 2017 only for which the continuous in-situ data were available.
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Figure 2. Bland-Altman plots of surface concentrations of criteria air pollutants during 2015-2017
between observations and remotely sensed data (observations minus remotely sensed data) in
Bangladesh for (a) CO, (b) Os, (c) PM2s, (d) SOz, and (e) NO:z respectively.

3.2. Preterm Births in Bangladesh Associated with Criteria Pollutant Exposure

Figure 3 shows the spatial distribution of 5-year average annual total PTB attributable to long-
term CO, Os, PMzs, SOz, and NO:z exposure in Bangladesh during 2015-2019 period. The spatial
distributional plots reveal that PM25, CO, and Os exposure possess a serious potential of causing
substantial PTBs at locations spread all over the country, especially within the central region of
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Dhaka, whereas the effect of SO2 and NO: exposure are comparably low. Despite the higher impacts
of CO, Os, and PM:zsexposure on PTBs all over the country, lower impacts are still observed in Figure
3(a)-3(c) in the southern regions including the coastal and hilly districts of Bangladesh like Bagerhat,
Patuakhali, Khagrachari, Rangamati, Bandarban etc. mostly due to the less numbers of emission
sources like manufacturing industries and low population density in this region (Khatun et al., 2021).
However, PTBs attributable to SO: exposure are observed higher in the western districts of
Bangladesh e.g., Rajshahi, Kushtia, Jhenaidah, Jessore, Satkhira along with the common hotspot,
Dhaka, when compared to the rest of the districts with low to no PTBs observed in the hilly districts
of Bangladesh. The western districts of Bangladesh possess moderate number of industries, moderate
to higher density of population along with higher-than-average SO: exposure which explains the
elevated impacts of SOz exposure on PTBs in this region. Impacts of NO2 exposure on PTBs in
Bangladesh are observed to be more sporadic than spatial similar to its surface concentration
distribution shown in Figure 1(e) that contributes to a much lesser estimate of PTBs compared to
other criteria air pollutants. The site-specific PTB estimates are shown in Figure 4 for locations spread
all over the country that experience higher than average air pollution and are continuously monitored
by DoE, Bangladesh for major criteria air pollutant exposure throughout the year (detailed estimates
shown in supplemental Table S2). Highest PTBs associated with synergistic exposure of CO, Os, PM2s,
SOz, and NO: are observed in overly dense locations like Farmgate, Dhaka; Agrabad, Chattogram;
Narayangonj; Khulshi, Chattogram ranging as 1133-1253; 984-1081; 666-732 and 411-452 respectively
during the study period. Individual exposure impact analysis at these locations shows that PM2s
exposure had the highest contribution in causing PTBs followed by Os, CO, and SO: exposure where
NO:2 exposure had no impact most likely due to different locations other than the abovementioned
locations being hotspots for NO:2 exposure.
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Figure 3. Regional spatial distribution of 5-year average annual total PTB attributable to long-term (a)
CO, (b) O3, (c) PMzs, (d) SOz, and (e) NO2 exposure respectively during 2015-2019 for Bangladesh.
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Figure 4. Number of total PTBs at specific locations attributable to long-term CO, Os, PMz2s, SOz, and
NO: exposure during 2015-2019 for Bangladesh.

Figure 5 demonstrates the 5-year trend of the total annual PTBs imputable to CO, Os, PMz2s, SO,
and NOzexposure along with 95% confidence interval error bars. The histogram indicates that PM2s
exposure caused the highest amount of PTBs observed as 0.092 millions (95% CI: 0.028-0.134 millions)
in 2018, followed by Os, CO, SOz, and NO: exposure up to 0.056 millions (95% CI: 0.030-0.084
millions), 0.041 millions (95% CI: 0.016-0.065 millions), 0.007 millions (95% CI : 0.001-0.024 millions)
and 0.003 millions (95% CI: 0.002-0.004 millions) respectively over the five year study period. The
total number of live births in Bangladesh from CIESIN, 2021 data ranged from 4.29 — 4.30 M which is
within the 2-factor range of live births reported as 3.13 M by UNICEEF for Bangladesh (UNICEEF, 2024).
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Figure 5. Regional annual total PTB attributable to long-term CO, Os, PM2s, SOz, and NO: exposure
respectively during 2015-2019 for Bangladesh. Error bars represent 95% confidence intervals.

Based on the 5-year trend analysis, PTBs attributable to CO, Os, PM2s, and SO2 declined in 2019
by 7.9%, 5.9%, 7.4%, and 26.9% respectively compared to 2015, whereas NO2-induced PTB increased
by 17.4%. Similar patterns of percentage changes were observed in the trends of each air pollutant
exposure (shown in supplemental Table S1) over the five years, where annual average CO, Os, PM2s,
and SO2 exposure decreased by 2.4%, 0.34%, 2.7%, 15.2% but NO:2 exposure increased by 0.81% in
2019 compared to 2015. Majority of the air pollution exposure and associated PTBs decreased in 2019
due to the reduction in vehicle emissions and the implementation of several air pollution control
policies in Bangladesh. According to Climate and Clean Air Coalition (CCAC), Bangladesh has been
reducing vehicle emissions since 2015 by importing diesel fuels with a lower sulfur content, imposing
restrictions on the importation of used cars that are over four years old, and enforcing emission
standards for petrol and diesel usage according to the Euro 1 and Euro 2 standardization_protocol
(Climate & Clean Air Coalition, Bangladesh). Additionally, the reduced estimates of PTBs in 2019 is
attributable to the numerous effective air pollution controlling measures those have been adopted
under the CASE project. Furthermore, the enactment of the ‘Brick Manufactures and Kiln
Establishment Control Act 2013" from July 1, 2014, aimed at controlling emissions from brick kilns,
has further aided in the reduction of air pollution that ultimately contributed to the reduced impacts
on PTBs.

Additionally, the total number of live births and preterm birth rate from all causes in each year
over the study period was almost constant, indicating that the decrease in PTBs in 2019 is due to the
reduction of air pollutant exposure. The similar patterns of reduction in both air pollutant exposure
and the number of PTBs also indicate a strong association of the elevated risks of PTBs with air
pollutant exposure where other variables (such as live births and preterm birth rate) were constant.

With the highest number of PTBs observed in 2018, the annual total PTBs due to the synergistic
exposure of CO, O3, PM25, SOz, and NO: ranged from 0.18 million (95% CI: 0.08-0.29 million) up to
0.20 million (95% CI: 0.08-0.32 million) (details in supplemental Table S3), which indicates that
around 4.14-4.55% of the total live births were preterm due to synergistic exposure of CO, O3, PM2s,
SOz, and NO: in Bangladesh during the study period. On top of that, criteria air pollutant exposure
combinedly caused around 21.81-23.96% of the total PTBs from all causes in Bangladesh which
indicates air pollution exposure is one of the major causes of PTBs in Bangladesh. Due to the
unavailability of recent nationwide cohort studies investigating the PTBs associated with major
criteria air pollutant exposure, we evaluate our findings by comparing to a recent study by Partha et
al., 2022 which found similar estimates of PTBs as 0.073 M (95% CI: 0.042-0.097 M) with 5.6% live
births being PTBs in Bangladesh associated to another set of air pollutant exposure i.e., benzene,
toluene, ethylbenzene and xylene (BTEX) in 2015.

3.3. Significance, Uncertainties, and Limitations

Our study is the first approach in Bangladesh to quantify the number of total PTBs attributable
to major criteria air pollutant exposure at the country level in recent years. Our study presents the
scientific evidence of how CO, Os, PM2s, SOz, and NO2 exposures negatively cause adverse birth
outcomes in terms of quantitative estimation of the total PTBs attributable to each of these air
pollutants both individually and synergistically. The study emphasizes on the harmful impacts of
criteria air pollution exposure on adverse birth outcomes in a least-developed and overpopulated
country like Bangladesh, and specifies which criteria air pollutant exposure is more likely to cause
PTBs along with spatially analyzing the possible hotspots for major air pollutant exposure and the
associated PTBs. By circulating such key information, this study will facilitate a robust foundation
for policymakers and governments to identify and control the specific criteria air pollutants with
elevated risks of PTBs as well as to develop tailored pollution prevention policies for pregnant
women at the identified hotspot locations to reduce the maternal exposure as well as the preterm
birth occurrence. However, one of the main gaps in our study is the uncertainty of the odds ratios for
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each of the criteria air pollutant exposure incorporated from different cohort studies since there have
been a very limited amount of cohort studies investigating the odds ratio associating air pollutant
exposure and preterm birth, particularly for Bangladesh. To overcome this limitation, our study has
considered cohort studies within close geographical proximity mostly done in Asian countries to
match the socioeconomical, behavioral, and lifestyle statuses along with pollution-control policies
and accessibility to information and health services. Additionally, no other factors other than air
pollutant exposure were considered while calculating PTBs in our study although we acknowledge
that other important factors such as maternal age, number of previous births, mental and physical
health status, behavioral traits, parity, marital status, employment status, education level, etc. play a
very critical role in the occurrence of PTBs. Furthermore, additional uncertainties may remain as our
study does not take the date of conception into consideration and does not analyze the trimester-
specific pollution exposure and its impacts on the odds of PTBs which is more of an epidemiological
research concern. The principal purpose of this study is to investigate the quantitative occurrence
PTBs in Bangladesh considering the five criteria air pollutant exposure, live births, PTB rate and
prevalence of PTBs during 2015-2019.
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4. Conclusions

In this study, we have employed five major criteria air pollutant exposure data from the
MERRA-2 model and satellite-sensed data regionally scaled for Bangladesh from NASA Giovanni
(version 4.38) coupled with exposure-response modeling to quantify the total number of PTBs
associated with the stand-alone as well as synergistic exposure of CO, Os, PM2s5, SOz, and NO2 in
Bangladesh during the 2015-2019 period. During this study period, the highest exposure of CO, O3,
PM:2s, SOz, and NO: were observed in 2018 up to 272.8 pg/m3, 88.2 ppbv, 62.9 pg/m?, 20.5 pg/m?, and
11.6 respectively. These elevated pollutant exposures combinedly caused from 0.18 million (95% CI:
0.08-0.29 million) PTBs up to 0.20 million (95% CI: 0.08-0.32 million) PTBs over 5 years of the study
period which attributes to 4.14% to 4.55% of total live births, and 21.81% to 23.96% of total preterm
birth in Bangladesh from all causes. Despite this alarming statistics, the number of PTBs attributable
to majority of the criteria air pollutant exposure, specifically CO, Os, PMz2s, and SOz, decreased by
7.9%, 5.9%, 7.4%, and 26.9% where the number of PTBs attributable to NO:z exposure increased 17.4%
in 2019 compared to the year 2015 which is supported by the declining trend of annual average CO,
Os, PM25, and SOz exposure by 2.4%, 0.34%, 2.7%, 15.2% and inclining trend of annual average NO:
exposure by 0.81% in 2019. These declining trends of PTBs associated with reductions in criteria air
pollutants exposure suggest solid association between criteria air pollutant exposure and the
associated preterm births. Our study also reveals the hotspots of PIBs attributable to criteria air
pollutant exposure through spatial mapping & analysis and concluded that the most densely
populated city, Dhaka, experienced the highest number of PTBs along with other major hotspots like
Rajshahi, Rangpur, Khulna, Jessore, Chittagong, and Comilla. Our study also indicated that hilly and
coastal districts of Bangladesh e.g., Khagrachari, Bandarban, Rangamati, Patuakhali, Bagerhat
experienced lesser impacts of criteria air pollutant exposure on the occurrence of PTBs.

The implications of the findings of this study emphasize the urgent need for the implementation
of effective air pollution prevention policies to reduce the risks and occurrence of PTBs all over the
country and to promote better neonatal health. Although the primary focus of this study is to quantify
preterm birth associated with criteria air pollutant exposure only, we acknowledge that other
important factors, such as maternal age, marital status, health status, number of previous babies,
behavioral aspects, employment status, parity, education level, etc. contributes significantly to the
elevated risk of PTBs. Therefore, further analysis and comprehensive studies can be carried out in
establishing a quintessential model to best predict the association between criteria air pollutants
exposure including all the above-mentioned factors and their corresponding PTBs in Bangladesh.
This study also necessitates the urgent need for a complete and thorough epidemiological study
analyzing the odds of PTBs associated with five major criteria air pollutant (i.e., CO, Os, PM:s, SO,
and NOz2) exposure expanded all over the country of Bangladesh.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org., Figure S1.
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