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Abstract: Polycyclic aromatic hydrocarbons (PAHs) pollution has emerged as a significant environ-
mental issue in Bangladesh in the recent years, driven by both economic and population growth.
This review aims to investigate the current trends in PAHs pollution research, covering sediments,
water, aquatic organisms, air particles, and associated health risks in Bangladesh. A comparative
analysis with PAHs research in other countries is conducted, and potential future research directions
are explored. This review suggests that the research on PAHs pollution in Bangladesh is less well
studied and has fewer research publications compared to other countries. Dominant sources of PAHs
in Bangladesh are fossil fuel combustion, petroleum hydrocarbons, urban discharges, industrial
emissions, shipbreaking, and shipping activities. The concentrations of PAHs in sediments, water, air
particles, and aquatic organisms in Bangladesh were found to be higher than those in most of the
other countries around the world. Therefore, coastal sediments showed higher PAHs pollution than
urban areas. Health risk assessments reveal both carcinogenic and non-carcinogenic risks to residents
in Bangladesh due to the consumption of aquatic organisms. According to this investigation, it can
be concluded that there are considerably higher PAHs concentrations in different environmental com-
partments in Bangladesh, which have received less research attention compared with other countries
of the world. Considering these circumstances, this review recommends that future PAHs pollution
research directions should focus on aquatic ecosystems, shipbreaking areas, air particles, and direct
exposure to human health risks. Therefore, this study recommends addressing the identification
of PAH sources, bioaccumulation, biomagnification in the food web, and biomarker responses of
benthic organisms in future PAHs pollution research.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are among the most widespread and per-
sistent organic contaminants in the environment. PAHs are semi-volatile and have low
water solubility in the environment [1,2]. Among the PAH compounds, 16 PAHs have
been classified as hazardous pollutants by the “United States Environmental Protection
Agency” [3]. Due to the extensive presence of PAHs in the environment, including in the
air, surface water, soils, and biota [4,5], different countries have strict concerns about their
toxic effects on ecosystems and human health [6,7]. Human exposure to PAHs can lead
to various toxic effects such as carcinogenicity, endocrine-disrupting effects, genotoxicity,
neurotoxicity, immunotoxicity, reproductive toxicity, etc. [8–10]. Adverse human health
effects due to PAH exposure encompass cataracts, liver and kidney damage, pulmonary
abnormalities, cancers, reduced immunity, respiratory problems, and symptoms resem-
bling asthma [10]. Studies have shown elevated risks of lung cancer, which are sixteen
times greater among charcoal furnace workers than in the general population. [11]. PAHs
have also been linked tumor growth in mice, leading to cancer, and are linked to adverse
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effects on human pregnancy including abnormal head and weight circumference in new-
borns [12]. PAHs primarily sink into sediments from both natural and anthropogenic
sources, subsequently leading to bioaccumulation in aquatic organisms [13]. The sources
of PAHs in the environment are diverse and intricate, encompassing forest fires, volcanic
eruptions, coal combustion, industrial and wastewater sewage, petroleum and oil leakage,
mining, and transportation [14]. In an anoxic environment, PAHs are resistant to bacterial
degradation [15,16]. However, under favorable or dissolved conditions, PAHs will be
released into the aquatic environment and are bioavailable and bioaccumulated to aquatic
organisms and the food web [17,18].

In the recent years, there has been significant interest in the bioaccumulation capacity
of aquatic organisms and the biotoxicity of PAHs in freshwater, bay area, coastal, and ma-
rine ecosystems worldwide [19,20]. Research efforts have primarily focused on quantifying
PAH concentrations in sediment, water, and aquatic organisms, with particular attention to
source identification, risks, and human health implications [21–27]. Studies conducted in
various countries have consistently found elevated PAH concentrations in aquatic ecosys-
tems compared to global and national averages [13,28,29]. Reported concentrations range
from 200 to 600 ng/g in sediment, 165.58 ng/g to 399.89 ng/g in water, and 18.4 to 398 ng/g
(dry weight) in aquatic organisms [17,30,31]. In developing countries, PAH concentrations
tend to be higher, ranging from 349.8 to 11,058.8 ng/g (dry weight) in sediment, 184.5 to
2806.6 ng/g (wet weight) in water, and 117.9 to 4216.8 ng/g in aquatic organisms [24,32].
Nonetheless, a variety of research on trophic transfer and PAHs biomagnification indicate
that PAHs may biomagnify in the aquatic food web and may eventually have harmful
impacts on human health [33]. Several other studies also suggest the carcinogenic and
non-carcinogenic risks of PAHs in aquatic ecosystems, and the risk studies are the major
concern of PAHs research [34–36]. Moreover, PAHs are also bound to atmospheric fine
particles, causing serious health effects. In developing countries, the concentrations of
PM2.5-bound air particles PAHs were reported as 7.6–180 ng/m3 for Myanmar [28] and
62.17–6606.53 ng/m3 for China [35]. These particles, carrying PAHs, can accumulate in the
human body, leading to direct adverse health effects.

Most scientists agree that global PAHs contamination will increase in the future due
to an increasing human population and the industrial revolution [34–36]. This increase
in PAHs pollution in different countries may have more regional-specific effects than
global ones [34–36]. In these circumstances, we should emphasize more research, new
technologies, control measures, and the prevention of PAHs in aquatic and terrestrial
ecosystems.

However, the concern of PAHs pollution research, including distribution, sources,
trophic transfer, biomagnification, and human health risks, has increased globally in recent
times [34–36]. This increasing concern about PAHs pollution research in different countries
is related to national policy and research capacity [37]. Developed countries are more con-
cerned about any kind of pollution than developing countries [37]. This is due to a higher
research capacity, institutes, and governments funding policies in developed countries than
in developing countries [37]. Therefore, knowing the pollution status of certain pollutants
would be crucial for policymakers to invest more research funding in certain topics. In
recent times, several reviews of research have been published about PAHs pollution status,
sources, distribution, bioaccumulation, risks, and future research directions in several envi-
ronmental compartments and ecosystems in different countries [6,7,10,35–40]. Bangladesh
is a developing and densely populated country in Southeast Asia [41]. Bangladesh is the 7th
most populous country in the world with estimated population of about 160 million [41].
More than 1000 people are living per square kilometers throughout the country [42]. Due
to development and industrialization, Bangladesh is intended to become an upper middle
income country by 2031 [42]. Major economic activities are ready made garments (RMG),
textiles, and manufacturing industries [43]. The major sources of PAHs are from the burn-
ing of biomass, industrial discharge, textile wastages, shipbreaking, coal power plants, and
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oil spills. But to our knowledge, there is no review study or status of PAHs pollution in
Bangladesh [44,45].

Therefore, this review study on PAH pollution in Bangladesh is crucial for com-
prehending the current status of PAH pollution research across various environmental
compartments, including sediments, water, air particles, and aquatic organisms. Given the
global significance of PAH pollution and its adverse effects on both the environment and
human health, understanding its dynamics and implications at the local level is crucial.
By identifying current trends, research gaps, and future research directions, this review
can enhance our understanding of PAH pollution. In line with global perspectives, it
is essential to provide a comprehensive overview of PAH pollution and outline future
research directions specific to Bangladesh.

2. Methodology

For this review, we conducted searches using various keywords in databases such
as Web of Science, Google Scholar, and Scopus to gather relevant research articles [46,47].
Keywords like “PAHs pollution”, “PAHs pollution in Bangladesh”, and “PAHs pollution
globally” were employed to retrieve peer-reviewed articles. Additionally, we used specific
country names in combination with the term “PAHs pollution” to search for relevant
publications, such as “PAHs pollution in China”, “PAHs pollution in the USA”, “PAHs
pollution in India”, “PAHs pollution in Pakistan”, and “PAHs pollution in Bangladesh”.
The number of publications was tallied from 2004 to 2022 in the Web of Science database
using the keyword “PAHs pollution globally”. We followed the PRISMA method to select
and include articles for review [46–48]. The selection process is outlined in Figure 1. For
this review, we focused exclusively on peer-reviewed articles indexed in PubMed, Web of
Science, and Scopus databases.
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3. Comparable Progress of PAHs Research

Global polycyclic aromatic hydrocarbon pollution research has attracted considerable
attention in recent times [35–40]. These higher attentions to PAHs research are mostly
related to changes in global socioeconomic growth, anthropogenic activities, and energy
transitions [34]. According to the Web of Science database, about 26,500 research articles
have been published globally that are related to PAHs pollution from 2004 to 2022 [49].
The number of PAHs research publications has been increasing, and considerably more
publications were started in 2012 (Figure 2).
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The number of PAHs pollution research publications is three times higher in present
times than the number of publications in 2004 (Figure 3). These results suggest that the
concern and research on PAHs pollution have considerably increased globally in recent
times. According to the Web of Science, 10 research articles have been published that are
related to PAHs pollution over the last 20 years in Bangladesh (Figure 3).

When comparing the number of research articles published by other countries, it
appears that China has published the most articles related to PAH pollution (Figure 3).
Therefore, surrounding countries like India and Pakistan also had a higher number of
PAHs pollution-related research publications than Bangladesh (Figure 3). These results
indicate that the research on PAHs pollution in Bangladesh is less well studied and has
fewer research publications than in other countries.
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4. Sources of PAHs

PAHs are typically introduced into aquatic and terrestrial ecosystems as a mixture of
pollutants. From a global perspective, the sources of PAHs in the environment are mainly
biological processes, industrial emissions, incomplete combustion of fossil fuels, forest fires,
coal combustion, etc. [13]. The sources of PAHs are different in different countries, based
on their economic conditions, development status, and implementation of pollution control
strategies [13,24,37]. Bangladesh is a developing country with less economic status and
research capacity than developed countries.

The primary sources of PAH pollution in Bangladesh are primarily from fossil fuel
combustion and petroleum contamination [50,51] (Figure 4). In urban river areas, the major
anthropogenic sources include urban runoff, industrial discharge, atmospheric deposi-
tion, and discharge from shipping activities [50,51] (Figure 4). However, in the coastal
areas of Bangladesh, petroleum hydrocarbons are the primary source of PAH contami-
nation [24]. Other anthropogenic and natural sources in these areas encompass oil spills,
wood and coal combustion, boat and shipping activities, as well as land-based pollution
discharge into the aquatic coastal ecosystems [24]. The sources of PAHs in airborne particles
mainly originate from coal combustion, petroleum, and biomass resulting from waste dis-
posal [52]. When comparing sources of PAH pollution in other countries, similar patterns
were identified [53–58]. For instance, in the coastal areas of China, dominant sources of PAH
pollution included coal, wood, and straw combustion. The second-highest major sources
were engine combustion and oil spills [53]. In Nigeria, PAH sources comprised automobile
repair industries, waste dumping, oil spills, and shipbreaking. Similarly, petroleum burning
and transport in Iran, biomass burning in Thailand, oil refineries in Iraq, and petroleum
combustion in India emerged as major sources of PAH pollution in sediments [54–58].
Overall, global sources of PAH pollution exhibited similarities across most countries, with
petroleum contamination being the predominant source in Bangladesh.
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5. PAHs in Sediment

Polycyclic aromatic hydrocarbons (PAHs) are common organic pollutants in sedi-
ments worldwide [54–58]. Due to their hydrophobic characteristics, these compounds are
settled in the sediment of aquatic environments [53]. In aquatic ecosystems, particulate
organic matter is controlled by the sorption of PAHs from the water column, resulting
in sediment deposit [57,58]. The deposition of PAHs in sediment is a continuous process
that can indicate environmental changes in pollutants in sediments over time [59]. In
these circumstances, the research on PAHs in sediment can evaluate the PAHs cycles in
sediments, historical trends, accumulation, and risks to aquatic ecosystems [50–60]. The
studies of PAHs pollution in sediment in Bangladesh suggest that coastal sediment had the
highest PAHs concentration compared to urban and river sediments (Table 1).

Table 1. PAHs concentration (ng/g) in the sediments of Bangladesh and different comparable
countries in the world.

Country Study Sites PAHs Concentration (ng/g) References

Mean Ranges and Maximum

Bangladesh Coastal sediment (summer) 5729 199.9–17,089.1 [24]
Bangladesh Coastal sediment (winter) 4515 349.8–11,058.8 [24]
Bangladesh Urban river sediment 432 45.8–1901 [51]
Bangladesh Dhaka city natural soil 10.93 0.006–911.31 [61]
Bangladesh Buriganga River 351.6 90.7–734.2 [62]
Bangladesh Dhaleswari River 792.9 205.4–1880.3 [62]
China Chinese Lakes 478 5279 [63]
China Erahi Lake 1634.5 939.50–2538.97 [64]
China Laizhou Bay 150.05 99.29–249.82 [65]
China Nenjiang River 2069 76.5–9447 [66]
India Industrial soils 5655.06 1662.90–10,879.20 [58]
India Industrial soils 3256.74 1456.22–5403.45 [58]
India Goa Coastline - 1–875 [67]
Iraq Tigris River - 5619.2–12,793.0 [57]
Iran Anzali Wetland 89.19 8.28–806.64 [68]
Iran Musa Estuary - 67.21–82.92 [69]
Egypt Nile Delta 27.89 4.55–207.48 [70]
Thailand Songkhla Lake - 19.4–1218 [56]
Thailand Nong Han Kumphawapi Lake - 94.5–1112 [56]
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The lowest PAHs concentration was found in urban natural soils in Bangladesh as
indicated in Table 1. Across various studies on PAHs, sediment in Bangladesh demon-
strated a wide concentration range, ranging from 0.006 to 17,089.1 ng/g (16 PAHs priority
compounds by USEPA) (Table 1). When comparing PAH concentrations in Bangladeshi sed-
iment with those in other countries, similar levels were observed in the industrial sediment
of India and the river sediment of Iraq (Table 1) [24,51,56–58,61–70]. However, in most other
countries, sediment PAHs concentrations were lower than those in Bangladesh, suggesting
a higher accumulation or pollution of PAHs in Bangladeshi sediment (Table 1). However,
the mean PAHs concentration of river sediment was lower than that of Chinese lake sedi-
ment and river sediment from Iraq (Table 1). Furthermore, PAH concentrations in urban
areas were lower than those in most other countries. Overall, the PAHs pollution in the
sediment of Bangladesh showed that coastal sediment has the highest PAHs concentration
compared to river and urban sediments. Moreover, sediment PAHs concentrations are con-
siderably higher than in most other countries [51,56–58,60–70]. The dominant compounds
in coastal sediment are the 4-ring PAHs, constituting 52% to 81% of the total concentra-
tions [24]. Consequently, the molecular ratios of PAHs in coastal sediments, specifically the
60% value, indicate a prevalence skewed toward the pyrolytic origin [24]. These results
suggest higher accumulation and pollution of PAHs in Bangladesh’s sediment.

6. PAHs in Water

The distribution of PAHs concentrations in the water column exists both in dissolved
and particulate forms [71]. Consequently, the percentage of dissolved PAHs concentrations
is higher than the particulate forms of PAHs in the water column [71]. The partitioning
behavior of PAHs is primarily controlled by their hydrophobicity in the water column [71].
Specifically, dissolved forms of PAHs are predominantly composed of lower molecular
weight of PAHs, while particulate PAHs are mostly associated with higher molecular weight
PAHs [71]. In aquatic environments, PAHs are mainly introduced through various path-
ways, including atmospheric transport, rainfall, runoff, and industrial discharge [38]. The
dissolved form of PAHs is toxic and readily bioavailable to aquatic organisms; consequently,
it directly impacts aquatic ecosystems [71]. Globally, many countries express concerns about
PAH pollution in aquatic environments, leading to a considerable volume of research pub-
lications on PAH pollution and associated risks in aquatic ecosystems [57,62,68,69,72–80].
However, research papers specifically addressing PAH concentrations or pollution in the
water of Bangladesh are limited in the context of global research publications (Table 2).

Table 2. PAHs concentration (ng/L) in the water of Bangladesh and different comparable countries
in the world.

Country Study Sites PAHs Concentration (ng/L) References

Mean Ranges and Maximum

Bangladesh Buriganga River 9619.2 2794.2–26,086.8 [62]
Bangladesh Dhaleswari River 1979.1 878.7–3836 [62]
Iraq Tigris River - 567.8–3750.7 [57]
Iran Anzali wetland 78.31 5.14–253.37 [68]
Iran Musa Estuary 0.36 0.14–0.66 [69]
China East Liao River 436.99 396.42–624.06 [72]
China Yangtze River 123.9 40.90–334.7 [73]
China East Lake 36.95 22.87–73.65 [74]
China Laizhou Bay 1178 277–4393 [75]
China Hangzhou Bay 220 98.9–510 [76]
India Hindon River 27.4 1.64–73.4 [77]
India Yamuna River 22.1 1.98–93.0 [77]
Saudi Arabia Jeddah Coast 360 151–748 [78]
Nigeria Ikpoba River (wet period) - 310,000–1,230,000 [79]
Nigeria Ikpoba River (dry period) - 420,000–1,960,000 [79]
Romania Olt River dam - 1.3–46.2 [80]
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Only one research article addressing PAHs pollution in water columns has been
published in Bangladesh, as outlined in Table 2. These research comparisons suggest
that there is relatively less studied about PAHs pollution in the aquatic environment in
Bangladesh compared to other countries worldwide (Table 2). According to the available
research, the concentration of PAHs in river water in Bangladesh ranged from 878.7 to
26,086.8 ng/L (16 PAHs priority compounds by USEPA) [62]. The average concentrations
of PAHs in water in Bangladesh were higher than those reported in most studies from
other countries (Table 2). Specifically, the concentrations of PAHs in the water of the
Anzali Wetland (Iran), Tigris River (Iraq), Musa Estuary (Iran), Yangtze River (China), East
Lake (China), Hindon River (India), and other comparable study sites were considerably
lower than those in Bangladesh (Table 2). Nigeria was the only country with a higher
PAHs concentration level than Bangladesh (Table 2). These findings suggest that PAHs are
contaminating the water in Bangladesh’s aquatic ecosystems. In the Nigeria study area,
possible sources of higher PAHs in the water included vehicular exhaust, automobile repair
shops, and micro-plant industries, which are also comparable sources in Bangladesh, where
higher concentrations of PAHs in water were detected. According to this comparative
research and research concern, there is a higher level of PAHs pollution in the water in
Bangladesh, with relatively less research attention dedicated to this issue compared to
other countries.

7. PAHs in Air Particles

In the atmospheric environment, PAHs are generated from incomplete combustion, coal
burning, biomass burning, vehicle emissions, and e-waste recycling [81]. Due to the variations
in physiochemical properties, PAHs are distributed in both particulate and gaseous forms in
the environment [81]. The particulate PAHs are bound with aerosolized particles, and these
particles have an aerodynamic diameter of less than 2.5 µm (PM2.5) [81]. During inhalation,
PM2.5 particles with PAHs can be deposited in the lungs, which have higher aryl hydrocarbon
receptor activities than coarse air particles [81]. So, the monitoring of PM2.5-bound PAHs is
very important for assessing human health risks. Bangladesh is one of the top countries in the
world with the highest annual average of aerosolized particles (PM2.5) in the air [82]. The air
quality in Bangladesh is notably unhealthier than most of the other countries in the world [82].
However, the research focus on PAHs in air particles in Bangladesh is comparatively less
studied than in other countries globally, as indicated in Table 3.

Table 3. PAHs concentration (ng/m3) in the air particle of Bangladesh and different comparable
countries in the world.

Country Study Sites PAHs Concentration (ng/m3) References

Mean Ranges and Maximum

Bangladesh Urban and rural area - 3.6–22.4 [52]
Bangladesh Urban and rural area (winter) - 4.8–28.4 [52]
Bangladesh Urban and rural area (monsoon) - 2.7–30.5 [52]
Bangladesh Bola Island (Bay of Bengal) 58.8 15.52–81.26 [83]
Bangladesh Shipbreaking area, Chittagong - 55–5778 [84]
Bangladesh University of Dhaka (Urban area) 63.6 36.3–148 [81]
China Three Gorges Reservoir 66.63 - [85]
China Hefei (urban area) (2019–2021) - 0.01–9.56 [86]
China Xian (urban area) 70 9.1–136.6 [87]
Nigeria Benin (automobile repair area) 519.51 638.78 [88]
Nigeria Cotonou (urban area) 2 [89]
Poland Coastal area (urban region) 5.22 0.45–54.02 [90]
India North-east side (air particles) 157.17 20.44–729.10 [91]
India North-east side (PM2.5) 87.68 29.36–220.49 [91]
India Varanasi (urban area) 33.1 24.1–44.6 [92]
Russia Southern Baikal region 20 31–50 [93]
Iran Shiraz (urban area) 159.8 31.12–453.10 [94]
Iran Shahryar city (industrial area) 23.25 3.94–41.30 [54]
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Only four research articles have been published on PAHs in air particles in Bangladesh,
focusing on their concentration, sources, and associated risks [52,81,83,84]. According to these
research studies, rural and urban areas had lower PAHs concentrations than shipbreaking areas
(Table 3). The islands of the Bay of Bengal showed a medium range of PAH concentrations in
air particles but higher than urban and rural areas (Table 3). In Bangladesh, the concentration
of PAHs in air particles ranges from 2.7 to 5578 ng/m3 in urban, rural, and shipbreaking areas
(Table 3). Comparing PAH concentrations in air particles with other countries, urban and
rural areas in Bangladesh demonstrated similar levels to Hefei (China), Conotou (Nigeria), the
coastal urban region (Poland), Varanasi (India), and Shahryar (Iran) (Table 3). However, in
shipbreaking areas, PAH concentrations in air particles in Bangladesh were notably higher than
in other countries [52,54,81,84–94]. This comparison suggests that shipbreaking areas could be
among the most PAH-contaminated air particle zones in Bangladesh. In summary, the status of
PAHs research in air particles indicates that Bangladesh has conducted fewer studies compared
to other countries, yet it possesses the highest concentrations of PAHs in air particles.

8. PAHs in Aquatic Organisms

In aquatic ecosystems, PAHs can be accumulated by aquatic organisms due to their
lipophilic and hydrophobic characteristics [53]. In addition, the log KOW (partitioning
coefficient) of PAHs also has a significant influence on PAHs accumulation in aquatic
organisms [53]. PAHs with a lower log KOW can easily be accumulated by aquatic organisms
compared to PAHs with a higher log KOW [95]. However, the bioaccumulation, trophic
transfer, and biomagnification patterns of PAHs are related to the log KOW of PAHs [53,95].
In aquatic ecosystems, PAHs with higher log KOW can be easily transferred to higher
trophic levels than PAHs with lower log KOW [95]. This is because PAHs with higher
log KOW have lower biodegradability than other lower KOW PAHs, resulting in higher
biomagnification in the food web [95]. So, research about PAHs in aquatic organisms is
very important to identify the possible toxic effects of PAHs on aquatic biota as well as
human health risks due to the consumption of aquatic organisms [53,95]. In Bangladesh,
the research regarding PAHs in aquatic biota and their risks to human health is very
limited and does not have much concern for this topic [32,96]. Only two scientific research
articles have been published about PAHs in aquatic organisms and human health risks
in Bangladesh [32,96]. Globally, the PAHs in aquatic organisms’ research publications are
comparatively lower than in sediment research publications [49]. In addition, China has a
higher number of publications that are related to PAHs in aquatic organisms and their risks
to human health [49]. According to research in Bangladesh, PAHs concentrations in coastal
aquatic organisms were in the range of 117.9 to 4216.8 ng/g (16 PAHs priority compounds
by USEPA) [32]. A comparable finding was found at Laizhou Bay in China (Table 4).

Table 4. PAHs concentration (ng/g) in aquatic organisms of Bangladesh and different comparable
countries in the world.

Country Study Sites PAHs Concentration (ng/g) References

Mean Ranges and Maximum

Bangladesh Coastal areas (summer) - 117.9–4216.8 [32]
Bangladesh coastal areas (winter) - 184.5–2806.6 [32]
China Laizhou bay 1760 - [53]
China Laizhou bay 6599 - [53]
China Lake Chaohu 157 18.4–398 [17]
China Nansi lake - 67.3–533.9 [4]
China Yellow river estuary - 196.40–558.87 [95]
Nigeria Okuli river - 13.4–19.6 [97]
Nigeria Okuli river - 11.70–24.20 [97]
Nigeria Ogun river 40.39 - [98]
Nigeria Eleyele river 72.84 - [98]
Iraq Derbendikhan reservoir - 98–1271 [99]
Morrocco Mediterranean coast 359.57 18.29–939.17 [100]
Morrocco Atlantic coast 372.08 251–615.685 [100]
India Sundarbans mangrove - 43.3–541 [101]
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When comparing PAH concentrations in aquatic organisms with those in other coun-
tries, the data strongly indicates a significantly higher accumulation or concentration of
PAHs in aquatic organisms in Bangladesh (Table 4) [4,17,32,53,95,97–101]. This finding
suggests a substantial anthropogenic input of PAHs into aquatic ecosystems in the country.
Major sources of PAHs in these ecosystems include petroleum, petroleum combustion,
industrial emissions, shipping and port activities, and urban discharges [32]. In summary,
while PAH research on aquatic organisms in Bangladesh may be less extensive compared
to other countries, the available data reveal a higher concentration of PAHs in aquatic
biota. This highlights the need for increased attention to the sources and impact of PAHs
on aquatic ecosystems in Bangladesh.

9. Risks to Human Health

The risks of PAHs are linked to human consumption through dietary fish, meats, and
their byproducts [96]. Therefore, direct exposure to PAHs is another route of risk to human
health [102]. It is well documented that the toxic effects of PAHs, including carcinogenicity,
teratogenicity, and mutagenicity, are due to the consumption of aquatic organisms [53]. So,
it is very important to monitor the human health risks of PAHs through the consumption of
aquatic species. Globally, there has been a considerable increase in the human health risks
of PAHs research in aquatic ecosystems. However, in Bangladesh, only two research articles
have been published about the potential risks of PAHs due to the consumption of aquatic
organisms [32,96]. The research related to PAH risks to humans in Bangladesh suggests
very limited studies about PAHs risks [32,96]. Compared with other countries’ research
articles, it has been suggested that there is less research than other countries (Table 5).

Table 5. The possible health risks of PAHs in Bangladesh and other comparable countries of the world.

Country Study Sites Target Hazard Quotient References

Carcinogenic Non-Carcinogenic

Bangladesh Coastal areas Yes Yes [32]
Bangladesh Urban areas No Yes [96]
China Laizhou Bay Yes Yes [53]
China Chaohu Lake Yes Yes [17]
China Nansi Lake Yes Yes [4]
China Yellow River Estuary Yes Yes [4]
Nigeria Okuli River Yes Yes [97]
Nigeria Ogbese River Yes Yes [97]
Nigeria Ogun River Yes Yes [98]
Nigeria Eleyele River Yes Yes [98]
Morrocco Mediterranean Coast No No [100]
Mexico Caleta Lagoon No Yes [103]
Italy Po River basin No Yes [104]

This review suggests the potential for both carcinogenic and non-carcinogenic risks
associated with PAHs in Bangladesh due to the consumption of aquatic species, as indicated
by various risk criteria and indices (Table 5). These indices were potentiality of cancer
risks, target hazard quotient and target cancer risks. This study evaluated the European
Union recommended permissible maximum level of BaP and the USEPA recommended
potency equivalent concentration (PEC) of total PAHs relative to BaP to understand the
dietary exposure of PAHs through the consumption of aquatic organisms [32]. Similar
comparable human health risks were found in different countries, especially in China and
Nigeria (Table 5). In contrast, developed countries showed non-carcinogenic to no risk of
PAHs to human health (Table 5). In summary, the assessment of human risks associated
with PAHs indicates a relatively lower level of concern in Bangladesh compared to other
countries. However, it is noteworthy that both carcinogenic and non-carcinogenic risks of
PAHs to human health were observed in Bangladesh.
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10. Future Research Directions and Recommendations

Globally, due to industrial development and increasing human populations, the an-
thropogenic input of PAHs is increasing in aquatic ecosystems [38]. Bangladesh is one of
the world’s most densely inhabited developing nations [105]. According to the report of
the World Bank, industrial development is increasing in Bangladesh, and higher amounts
of industrial pollutants are entering the terrestrial and aquatic ecosystems without proper
treatment [105]. Due to industrial discharge, aquatic ecosystems such as rivers and coastal
areas are the major hotspots of PAHs pollution in Bangladesh [60,62]. However, very lim-
ited research about PAHs pollution has been conducted on these ecosystems in Bangladesh
compared to other countries (Tables 1 and 2). So, we recommend more research on PAHs
pollution in rivers and coastal ecosystems in Bangladesh in different environmental com-
partments such as sediment, water, and aquatic organisms. Moreover, the prospective
research directions for PAHs pollution in Bangladesh would be to quantify sources [70], dis-
tribution [70], spatial and temporal distribution [65], environmental fate [38], dissolved and
particulate phases [106], toxicity [38], sediment core [63], and residue concentrations [107].

Bangladesh is one of the top countries to produce freshwater and marine fish [108].
Additionally, Bangladesh contributes approximately 2% to the global wild capture fisheries,
encompassing both marine and freshwater environments [108]. Fish is the main food for
about 160 million Bangladeshi people. However, there is very limited research about the
risks of PAHs to human health due to the consumption of fish from rivers, lakes, and marine
ecosystems (Tables 4 and 5). As a result, we recommend more research on PAHs pollution
on freshwater and marine fish to evaluate the possible risks due to the consumption of these
fish species. Researchers are mostly concentrated on carcinogenic and non-carcinogenic risks
and concentrations of PAHs in aquatic tissues [38]. In Bangladesh, subsequent research is
needed to reveal the specific toxic nature of PAHs to aquatic tissues and their food web [38].
These studies include bioaccumulation [53], biomagnification [17], biotransformation [109],
trophic dynamics [53], endocrine disruption [110], and metabolomics responses [111].

The shipbreaking industry is an important sector to provide raw materials for steel
industries in Bangladesh [112]. Bangladesh is one of the top destinations for recycling
ships [113]. Ship recycling industries are mostly developed in the coastal areas of Bangladesh,
especially in the Chittagong Division. In 2022, Bangladesh recycled 122 ships, which is the
second-highest number among all the countries in the world (Figure 5).
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In 2023, Bangladesh was anticipated to remain a prominent destination for ship re-
cycling activities [113]. According to the shipbreaking platform, 582 ships were recycled
globally, of which 197 (about 34%) were dismantled in Bangladeshi shipyards [113]. The data
indicate increasing trends in ship scrapping in Bangladesh. During ship recycling, a large
number of pollutants, such as oils, asbestos, metals, PAHs, and persistent organic pollutants,
are released into the aquatic environment, which is a threat to aquatic biota as well as local
residents [84]. But only one research article has been published from shipbreaking areas and
it is showed higher amounts of PAHs in sediment than other coastal areas of Bangladesh [84].
Therefore, researchers are mostly prioritized to monitor the sediment and air pollution in
shipbreaking areas in Bangladesh [84]. But more scientific research and monitoring are
essential to quantifying the toxicity of PAHs, mostly the tissue-specific toxicity of PAHs
in the benthic and sediment-dwelling organisms in shipbreaking areas [114,115]. These
research directions include multi-tissue molecular responses, genomic effects, development
effects, and physiological changes due to PAHs pollution in the shipbreaking areas [114,115].
Moreover, direct exposure to PAHs can also pose a serious risk to shipbreaking workers [116].
But there has been no research about the direct exposure risk to PAHs for shipbreaking
workers. Several studies suggest that direct exposure to PAHs can lead to carcinogenicity,
mutagenicity, developmental dysfunction, and sexual dysfunction in humans [106]. In
these circumstances, we argue that subsequent research is needed to evaluate the health
risks, including cancer [117], B-cell IgE production [118], DNA damage [119], and human
hormonal dysfunction [120] of local residents as well as shipbreaking workers.

The distribution of PAHs in the environment is influenced by various physiochemical
properties, leading to their presence in both particulate and gaseous forms [81]. Particulate
PAHs typically adhere to aerosolized particles with aerodynamic diameters of less than
2.5 µm (PM2.5). Bangladesh ranks among the countries with the poorest air quality globally,
primarily due to elevated levels of PM2.5 concentrations in the atmosphere [82]. From 2018
to 2021, Bangladesh consistently exhibited the highest PM2.5 concentrations compared to
other countries [82] (Figure 6). In 2022, the average PM2.5 concentrations in Bangladesh
were 13 times higher than the WHO global air quality guideline value (Figure 6). The
presence of PAHs bound to air particles poses significant risks to human health through
respiratory system deposition, with coal and biomass combustion representing the primary
sources of particulate PAHs in the environment.
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In recent years, Bangladesh has witnessed the establishment of several coal power
plants, leading to increased emissions of PAHs during electricity production [105]. Ad-
ditionally, the rising trend of ship recycling is expected to contribute to higher levels of
particulate PAHs in the air within shipbreaking areas [52]. But researchers in Bangladesh
have predominately focused on identifying sources (molecular diagnostic ratios), distribu-
tion, and human health risks of PAHs in air particles [52,81,83,84]. In comparison to other
countries, a very limited number of research articles have been published about PAHs in
air particles in Bangladesh (Table 3). Given this scenario, we recommend more research
about PAHs in air particles, including shipbreaking areas and urban areas, which could be
the possible hotspot of particulate-bound PAHs in Bangladesh. Therefore, we recommend
subsequent research is needed to identify the molecular distribution and gas-to-particle
partition of PAHs in air particles through the technique of compound-specific stable carbon
isotopes [87]. The human health risks of air particles, including lung cancer risks [121],
lung cell toxicity [122], lung cell alternation, and genetic instability [123], should be focused
in the future on Bangladesh. Overall, future research directions for addressing PAH pollu-
tion in Bangladesh should include investigations into aquatic ecosystems, with a focus on
quantifying risks to fish, biomagnification within the food web, sediment pollution status
in shipbreaking areas, responses of benthic organisms to PAH pollution, direct exposure
risks of PAHs in urban areas, and air pollution status in urban and shipbreaking areas.

11. Conclusions

This review aims to explore the research trends of PAHs pollution in various environ-
mental compartments in Bangladesh, including sediment, water, aquatic organisms, and
air particles. A comparative analysis is conducted with PAHs research in other countries,
and prospective future research directions for PAHs in Bangladesh are considered. The
findings of this review indicate a scarcity of PAHs pollution research in Bangladesh com-
pared to other countries. While only 10 research articles have been published on PAHs
pollution in Bangladesh, the global count stands at approximately 26,500 research papers.
The higher accumulation of PAHs in sediments, water, aquatic tissues, and air particles in
Bangladesh suggests elevated anthropogenic inputs of PAHs in different environmental
media. The major sources of PAHs pollution identified in the study include fossil fuel
combustion, petroleum hydrocarbons, urban discharges, industrial emissions, shipbreak-
ing, and shipping activities. Coastal sediments exhibited higher PAHs concentrations than
urban sediments, emphasizing the need for increased attention to PAHs pollution in coastal
areas in future research. Notably, aquatic organisms and air particles in Bangladesh con-
tained higher PAHs concentrations compared to other comparable countries globally. There
is also a potential higher carcinogenic risk associated with PAHs due to the consumption of
aquatic species. Additionally, air particles in shipbreaking areas contained higher PAHs
concentrations than in other areas of Bangladesh, suggesting that shipbreaking areas could
be significant hotspots for PAHs pollution in the country. In conclusion, this review high-
lights the importance of future research focusing on the adverse effects of PAHs pollution
in aquatic ecosystems, shipbreaking-related PAHs pollution, and air particle-associated
PAHs pollution. Moreover, the direct exposure of PAHs to humans and their adverse effects
on human health risks should be investigated in Bangladesh in the future.
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