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Abstract

The Meghna River, the largest and the widest river in Bangladesh, is important for navigation, irrigation, fish spawning and
shelter, industrial usages, and drinking water sources for millions of people living in nearby areas. The present study illus-
trated the seasonal variation of some physicochemical parameters and the four heavy metals (Cr, As, Cd, and Pb) distribution
in the surface water of Meghna River estuary. It also evaluated the human health risk for adult and children due to directly
contact with the surface water through ingestion and dermal pathways. The ranges of metal concentration in the study area
were found in the descending order as: Cr (0.036-0.054; mean 0.045+0.005) > As (0.012-0.036; mean 0.024 +0.007) > Cd
(0.009-0.050; mean 0.018 +0.012) > Pb (0.007-0.014; mean 0.009 +0.007). In most cases, the concentrations of As, Cr,
Pb, and Cd surpassed the guideline limits of human consumption. However, the one-way ANOVA study revealed that the
average concentrations of the selected metals in the ten sampling sites were not significantly different at a 95% confidence
level. Therefore, it is assumed that the metal contamination in the study area might have been caused due to the anthropogenic
sources along with the natural phenomenon. The distribution of the metal contents and the physicochemical parameters in
the surface water greatly were significantly different concerning both winter and summer seasons at a 95% confidence level.
The evaluated hazard quotient (HQ) and the hazard index (HI) for the investigated metal compounds were in the acceptable
limit (< 1). In addition, the attribution of metal contents did not overweigh the carcinogenic risk (CR) range (10°%t0 107,
and the adults are more susceptible than the children. Although the risk is within the acceptable level, but adequate monitor-
ing aspects should be implemented to control surface water pollution especially for the metal discharge to the river estuary.
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Introduction

A sustainable water quality is one of the crucial envi-
ronmental requirements for any aquatic life (Zhai et al.
2014). Scholars accorded that quality of the surface water
body is also necessary for socioeconomic development,
environmental and ecological balance (Islam et al., 2020).
Accumulation of heavy metals in an aquatic environment
(both fresh and marine) has become a major concern, espe-
cially for developing countries (Ahmed et al. 2015a, b).
Anthropogenic activities, like unplanned industrialization,
excessive use of chemicals, are main causes for the pres-
ence of high levels of metals in the aquatic ecosystems
(Ahmed et al. 2019a). Excess level of the metal attribu-
tion to the aquatic environment can enhance the acute
toxicity that can pose significantly adverse consequences
on the sediment, water quality, and the inhibited aquatic
organisms (Ahmed et al. 2019a; Hossain et al. 2019). For
instance, aquatic organisms like gastropods can experience
many physiological complications, like the development
of ‘imposex’ nature—a phenomenon in which male sex
characteristic develops on female responding to the metal
effluents and other refractory organic accumulated com-
pounds like tributyltin (Guo et al. 2010; Alzieu 2000).

Likewise, human body is to be exposed to the toxic
heavy metals through different pathways like ingestion,
dermal contact and inhalation (Ahmed et al. 2021; Hossain
et al. 2021). Thereby, various long-lasting chronic impacts
like liver damage, respiratory failure, blood circulation,
skin cancer can be occurred that can lead to even death
(Wei et al. 2014). In the aquatic ecosystem, under certain
physiological and environmental conditions, heavy metals
pose their impact in photosynthesis and thereby reduce
the growth and diversity of the phytoplankton community
(Tchounwou et al. 2012). Moreover, the breakdown of pri-
mary producer growth in particular ecosystem ultimately
disrupts the whole trophic transfer systems and the food
web making the living beings in a state of total jeopardize
(Winder and Schindler 2004).

Estuary environment in Bangladesh, a natural bless-
ing, is highly susceptible to anthropogenic impacts (MEA
2005) and prone to soil erosion, natural disasters, and
other environmental pollution. The estuaries are the most
perplexing, highly prolific, and dynamic systems in nature
(Hossain et al. 2019). The discharged untreated municipal
wastes, unprocessed sewages from various industries and
agrochemicals go mixed up with the open water bodies and
thus become very hazardous and toxic. Being persistent in
nature, the metal effluents are potentially bioavailable and
toxic to the aquatic biota in the estuary environment (de
Souza et al. 2016). The aggregation of refractory organic
pollutants and disposed metal contents greatly decline the
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surface water quality making unfit for drinking purpose
(Islam et al. 2015a, b). To assess the adverse impact of
metals in the aquatic environment and human health, it is
necessary to investigate the concentration of metals in the
surface water (Saleem et al. 2015). Hence, the exploration
and quantification of heavy metal loads in the water body
show an effective way to assess the anthropogenic influ-
ence and associated health hazards posed by the extensive
releases of the pollutants to the estuary ecosystems (Zheng
et al. 2008).

The Meghna River is one of the largest and the wid-
est river systems in Bangladesh (Banglapedia 2015b). It
is important for navigation, irrigation, fish spawning and
shelter, industrial usages (fertilizers and cement) and drink-
ing water sources for nearby thousands of people. The river
is continuously receiving comprehensive havoc of various
metal effluents from mills and industries, such as spinning,
dying, cotton, textile, and steel, along with oil refineries
which are making the river polluted gradually (Hassan et al.
2015). Yet, no systematic research approach concerning the
heavy metal pollution in the surface water of the Meghna
River estuary has been conducted. Bhuyan et al. (2017) con-
ducted an investigation regarding metal concentration, but
the study was confined in only temporal distribution of some
metal components. Moreover, to date, there is no adequate
investigation concerning human health risk due to drink the
contaminated river water by various metal contents. There-
fore, it is very essential to measure the concentrations of
metal contents from the surface water of the Meghna River
estuary to find out the associated ecological and human
health implications. The objectives of the study are: (i) to
evaluate the water quality parameters of the Meghna River
estuary; (ii) to determine the levels of heavy metals in water;
(iii) to assess the status of heavy metal contamination, and
(iv) to evaluate the implication of their risk to human health.

Materials and methods
Description of the study area

The Meghna River is situated in the hilly region, the eastern
part of India, and the upper catchment of the Bay of Bengal.
The river enters into Bangladesh through the Kishoreganj
District. A large number of settlements, towns, ports, and
various businesses center have been launched on the both
sides of the river banks. Narsingdi, Chandpur, Barisal, and
Bhola are the considerable regional towns that are situated
on the river banks. Sixteen kilometers from Shatnol, the
consolidated progression of the Ganges and Brahmaputra-
Jamuna, known as the padma, meets the Meghna at 11 km
wide conversion in the monsoon season close to Chandpur.
Starting from here to southwards, the Meghna is set apart
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as the Lower Meghna, getting perhaps the broadest water-
way and largest estuaries on the planet (Banglapedia 2015a).
The adjoining Bay of Bengal is located in the south fringe
of the river. The physical condition of the estuary is dif-
ficult to describe due to the complexity of various driving
force such as tides, bathymetry, hydrology, and meteoro-
logical conditions (Jakobsen et al. 2002). Tides from the
Bay of Bengal is considered one of the crucial flow features
of the estuary contributing particularly residual circulation
(Azam 2000). The volume of the estuarine discharge is not
known; however, at Chandpur, the mean discharge volume
is around 2.5 million cusecs from June to October and the
average in this time of the year is around 4 million cusecs
(Banglapedia 2015a). Although the river estuary is several
kilometers wide, the water flow in winter season is almost
one eight of it due to the river’s sluggishness. Nevertheless,
the maximum water flow in the rainy season is greater than
5 million cusecs (Banglapedia 2015a). The river estuary is
used to move in various directions by clustering a wood or
steel made engine boats. At present, the study area was con-
sidered as one of the important water reservoirs near the

countryside people across the river. The region is a vibrant
fishing zone and the people living near the bank of the river
use the reservoir as one of the potential sources of drinking
and irrigation purposes. The bed elevation of the study area
displays an offensive bed elevation pattern for the effective
tidal stream complications. Along with these, the estuary
serves as crucial habitats to well-diversified aquatic organ-
isms, navigation routes for many tankers and ships due to
has a decent geographical position.

Sample collection and analysis process and accuracy

Ten water samples with same volume of three replicates
samples have been collected from the ten segmented sites of
the Meghna river estuary (22.457652° latitude, 91.103442°
longitude to 22.708019° latitude, 90.75659° longitude) in
two different seasons, winter (January—March, 2018) and
summer (June—August 2018) (Fig. 1). In winter season
(December—March), the river is relatively dry due to little
precipitation than in summer or rainy reason (April-Octo-
ber) when it is regarded one of the flooded river basin in
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Fig. 1 Sampling sites along the Meghna River estuary, near the Bay of Bengal in Noakhali District, Bangladesh
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Bangladesh. We followed ‘clean hands/dirty hands’ strat-
egies to avoid contamination while sampling (Liu et al.
2019). The collected samples were acidified with 12.5 mL
(2.0 mL/L) of concentrated HNO; (68%, Merck, Germany).
Before that, the three respective samples for each sam-
pling season (winter and summer) were combined to have
a respective composite sample for two different season and
the composite samples were processed for three times inde-
pendently. The acidified samples were refrigerated at 4 °C in
the laboratory. The metal concentration was detected using
an inductively coupled plasma mass spectrometry (ICP-MS,
ELAN9000, PerkinElmer, Germany) at the Chemistry Labo-
ratory of Rapid Action Battalion (RAB), Dhaka, Bangla-
desh, Headquarters. A standard solution for multi-elements
(Merck, Germany) was used to determine the metal concen-
tration in the water samples. Analytical blanks associated
with the standard reference material were run in the similar
way as the samples. Moreover, certified reference material
(CRM 320) supplied by Merck KGaA from Germany was
utilized to qualify the accuracy, precision, and the validity of
data of analytical process. Results from the analytical meth-
ods concerning the metal contents revealed an affirmative
agreement between the reference and analytical values of the
reference materials. The recovery percentage was detected
between 95 and 105% for the all the metal compounds. There
was no additional contamination during analysis procedures,
and the relative standard deviator (RSD) of the replicate
samples was less than 10%.

Statistical analysis

The mathematical calculations were performed using the
Microsoft Excel 16 (Microsoft Corporation, USA). To iden-
tify the degree of substantial correlations among the selected
variables, Spearman correlation analysis was adopted. Both
the correlation and the principal component analysis (PCA)
were executed using Origin 9.5 (OriginLab Corporation,
USA). The principal component analysis (PCA) is a multi-
variate statistical analysis method that is frequently used to
simplify large, complex data sets and identify correlated var-
iables (i.e., possible common sources) without damaging the
main components. The purpose of the PCA is to reduce the
number of variables that explain the total variance within the
data. Moreover, the significant difference (p <0.05) among
the metals and the physicochemical features in water sam-
ples was tested individually for each seasons by one-way
ANOVA using SPSS (IBM, USA). The normality test among
the elements was conducted by the Kolmogorov—Smirnov
and the Shapiro—Wilk, whereas the homogeneity test of the
data was checked by means of the Levene’s test (Ahmed
et al. 2019a, b). The Kruskal-Wallis test was employed for
the non-normally and non-homogeneous variables (Sun
et al. 2015). On the other hand, the two-way hierarchical
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cluster (heat map) analysis was tailored by the use of Origin
9.5 (OriginLab Corporation, USA).

Determination of metal pollution

To determine the pollution load in the study area, pollution
load index (PI) was employed for different pollutants. The
index represents a cumulative effect of elements in water
sample (Bhattacharya et al. 2015). The PI is estimated by
calculating the sum of the ratio of metal concentration
against the recommended standard guideline (Liu et al.
2011) as per Eq. [Eq. (D]

5 Cn
Pl = 250 1)
where Cn is the concentration level of a particular metal and
St is the standard guideline limit in Bangladesh proposed by
the Department of Environment (DoE) as As: 0.05 mg/L,
Cd: 0.005 mg/L, Cr: 0.05 mg/L, and Pb: 0.05 mg/L (DoE
1997). The estimated PI values have been represented on a
six-category drinking water quality ranking based on the
degree of anthropogenic influences of the selected elements
studied (Mitra et al. 2018): PI < 0.3 denotes class 1 (very
pure), 0.3 <PI< 1 denotes class 2 (pure), 1 <PI<2 denotes
class 3 (slightly affected), 2 < PI <4 denotes class 4 (mod-
erately affected), 4 <PI <6 denotes class 5 (highly affected),
and PI> 6 denotes class 6 (tremendously affected).

Risk assessment
Estimated daily intake

The risk assessment of the selected elements was carried out
to identify the exposure level and the tendency of the ele-
ments accumulates in the human body (Mitra et al. 2018). In
this case, two distinct exposure pathways were considered:
ingestion (through an intake of water) and dermal (through
skin contact) (Yuan et al. 2014). The US Environmental
Protection Agency (US EPA) has established a formula to
determine the human health hazard index for the targeted
exposure pathways—ingestion and dermal absorption (Liu
et al. 2013; USEPA 1989).

CN x EF x ED x IR

EDI (ingestion) = BWt < AT 2)

CN x SA x KC x EF x ED x ET x ABS
BWt x AT x 10°

EDI (dermal) =

3)
where CN is the metal concentration (mg/kg); EF is the
exposure frequency: 365 d/y (USEPA 2011a,b); ED is the
exposure duration: 70 (adult) and 6 (child) (USEPA 2002);
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IR is the ingestion rate: 30 L/d; (USEPA 2002); BWt is the
body weight of the individuals: 70 for adults and 15 for
children (USEPA 1991); AT is the average time for the ele-
ment: 365 X ED d (non-carcinogenic elements) and 365 x 70
(carcinogenic elements) (USEPA 2011a,b); SA is the skin
surface area for the exposure contact: 5700 cm?/d (adult),
2800 cm?/d (child) (USEPA 2011a,b); KC is the factor of
permeability for dermal contact: 0.001 cm/h; ET is the expo-
sure time: 24 g/d; ABS is the fraction of dermal absorption:
0.03 (for As) and 0001 (other metals) (USEPA 201 1a,b); 10°
is the conversion factor (USEPA 2002).

Non-carcinogenic risk assessment

The degree of risk exposures of the metal contamination of the
elements to the human health was estimated by calculating the
hazard quotient (HQ) and hazard index (HI) equations (Saha
etal., 2017):

EDI,
HQ,, = ﬁ% €]
HI = ZHQ,,, Q)

where EDI is the estimated daily intake of the element from
water (mg/kg/d) for the ingestion and dermal contact; R;D
is the reference dose of each element for the selected path-
ways of adult and children, provided by the USEPA as As:
0.0003, Cd: 0.001, Cr: 0.003, and Pb: 0.0035 for ingestion,
and As: 0.012x 107, Cr: 0.015x 10~ and Pb: 0.42x 107
for dermal contact (USEPA 2010a, b). R:D of Cd was con-
sidered for only oral value. The observed value which is
higher than 1 reveals that the receptors will experience the
non-carcinogenic health effect (Hossain et al. 2018). Moreo-
ver, HI > 1 determines the long-term hazardous health effect
that should be inspected properly (Singh and Kumar 2017;
Zhao et al. 2018).

Carcinogenic risk assessment

A carcinogenic risk is to be assessed to determine the devel-
opment of cancer of an individual for a particular carcinogen
(Ahmed et al. 2021). The results deliberate the risk of exposure
due to the available specific slope factor (CSF) of carcinogens
(USEPA 2014).

CR, = CSF, X EDI, (6)

CR = CR; @)

n

i=1

where CR,; is the carcinogenic risk for each element for the
specific pathways; CSF, is the slope factor for the particu-
lar metal that defines the probability of progressing cancer
(Adamu et al. 2015). CSF can vary for different pathways
(Kamunda et al. 2016) as As: 1.5 mg/kg/day, Pb: 0.0085 mg/
kg/day, and Cd: 6.3 mg/kg/day for ingestion, and As: 1.5 mg/
kg/day, Pb: 0.0085 mg/kg/day, and Cd: 15 mg/kg/day for
dermal contact (Cancer 2011; USEPA 2011a,b). The accept-
able limit for lifetime exposure of CR varies from 107 to
107 (Yin et al. 2015; USEPA 2000). The CR value greater
than 10~ indicates the probability of potential carcinogenic
risk (Hu et al. 2017; USEPA 2010a, b).

Results and discussion
Physicochemical properties

The physicochemical parameters are considered vital fea-
tures for their significant consequence on the water quality
standards. Furthermore, aquatic lives depend on the quality
of water, and also suffer in the long run due to the decrepi-
tude of water quality. The seasonal variation of different
physicochemical properties (temperature, pH, DO, hard-
ness, ammonia, and salinity) of the Meghna River estuary
water samples is presented in Table 1. We observed that
there was no significant difference for the physicochemi-
cal parameters in water sample collected from the differ-
ent sampling points of the river at a 95% confidence level
(Fat=0.949 < F_;,=1.697; p=0.535).

Temperature is one of the remarkable external factors
that may influence the survival of aquatic life (O’Connor
et al. 2007). A significant temperature fluctuation (p <0.05)
was observed between the two seasons of study: The summer
is warmer (28.9-33.7 °C) than the winter (20.2-23.5 °C).
The mean water temperature (26.5 °C) stayed within the
maximum permissible limits of WHO (25 and 30 °C). The
pH was higher in winter than the summer, and the average
pH was observed at 7.92 and 8.26 during the summer and the
winter seasons, respectively (Table 1). The maximum per-
missible levels of pH, set by the EQS for Bangladesh water
quality standards (EQS 1991), in industrial discharged water,
water for fish culture, and drinking purposes are 6.0-9.5,
6.5-8.5, and 6.5-8.5, respectively. From our present study,
it is clear that the average pH of the Meghna River estuary
water remained below the safe limit concerning the EQS
standard. The salinity is a measure of salt content in water
samples; in terms of salinity, water can be divided into three
basic classes: freshwater, brackish water, and marine water.
The salinity range of the study area generally belongs to
the brackish water range, distinctive from the marine (> 13
ppt) or freshwaters (< 0.05 ppt). In the Meghna River estu-
ary, the mean salinities were observed as 8.98 and 9.34 ppt
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in the summer and winter seasons, respectively. The high-
est value of water hardness (700 mg/L) was detected in the
sample site, S4 during the winter study. This was rather
a high value, which was attributed to an elevated level of
water salinity. The lowest water hardness (300 mg/L) was
measured during the summer season in the sample site, S5
(Table 1) which was also attributed to a low salinity load.
The dissolved oxygen (DO) is an indication of available gas-
eous oxygen present in the water body, which is important
for the very survival of aquatic life. The DO level of water
gives a quick assessment of the purity of water. However,
the DO level of water decreases with increasing temperature
(Barnett et al. 2004). In our present study, the highest level
(8.6—-13.42 mg/L) of DO was recorded during the winter
observation, and the summer study represented the lowest
value (5.37-11.66 mg/L). The relatively low DO level in
the summer season could be attributed to the low precipita-
tion rate and an increase in water temperature. Also, slow
oxygen production by aquatic organisms, a high rate of
microbial activity, and a speedy decomposition of organic
matter may result in a smaller value of DO in the summer
season. According to EQS (1991) prescription, the minimum
admissible level of DO for drinking water, fisheries culture
water, industrial zone water, and water used for irrigation
purposes are 6.0, 4.6, 5.0, and 5.0 mg/L, respectively. The
DO (5.37-13.42 mg/L) levels at all the study locations in the
Meghna River estuary were observed comparatively higher
than that of good quality water. Apart from elemental spe-
cies, the presence of ammonia in the aquatic body draws
attention for several reasons. Ammonia, the primary form of
gaseous ammonia (NH;), is basically toxic, and at a concen-
tration of 0.53-22.8 mg/L, it exhibits toxicity to freshwater
organisms. However, plants that grow in water are more tol-
erant of ammonia than animals, but invertebrates are more
tolerant than fish. The hatching and the growth rates of fishes
may be affected by the toxicity of ammonia. Aquatic organ-
isms will face severe toxic effects of ammonia (NHj;) if the
concentration exceeds 0.05 mg/L. In our present study, the
concentration of dissolved ammonia was found to vary from
0.16-0.57 mg/L, which was high enough to pose adverse
effects on aquatic life.

Determination of metal concentrations

The distribution of heavy metal concentrations during
the two seasons in the surface water from the Meghna
River estuary is presented in Table 1. Cumulatively, the
result revealed that the average dissolved metal concen-
tration in both seasons was the following the order of
Cr> As > Cd > Pb, respectively. Moreover, the concentration
range for Cr, As, Cd, and Pb was as follows: 0.036-0.054
(mean 0.045 +0.005), 0.012-0.036 (mean 0.024 + 0.007),
0.009-0.050 (mean 0.018 +£0.012), and 0.007-0.014 (mean

0.009 +0.007) considering for all seasons, respectively.
Being a non-essential element, Pb can cause many adverse
health complications, like neurotoxicity and nephrotox-
icity (Garcia-Leston et al. 2010). Almost in all sampling
sites on the Meghna River estuary, except S8 and S9, the
concentration of Pb was attributed to be higher extent in
the winter season in comparison with the values found in
the summer season. However, the variation of the Pb con-
centration in both seasons had no significant difference
(p>0.05). The paired student #-test showed that there was
no statistically significant difference for Pb concentration
(tya =2.24 <t 4. =2.26, p=0.052) between two seasons in
Meghna River estuary at a 95% confidence level. Compara-
tively, the mean concentration of Pb ranges from 0.0051 to
0.0185 mg/L (Tables 1 and 2). This study that the average
Pb concentration for this study was lower than the recom-
mended value (0.01 mg/L) set by WHO (1993). Reversely,
the average Pb concentration was higher than the crite-
rion continuous concentration value (0.0025 mg/L) set by
USEPA (2009) and world average background concentra-
tions (0.0002 mg/L) value (Klavin$ et al. 2000), which are
presented in Table 2.

Cadmium (Cd) is believed to be an element that is able
in producing chronic toxicity, even presenting at a concen-
tration of near 1 mg/kg (Ahmed et al. 2021). Moreover, Cd
is considered potentially more lethal in comparison with
other available metals in aquatic body (Rahman et al. 2012).
The maximum mean concentration of Cd in the Meghna
River estuary was observed in the winter season. It was
assumed that the immobilized deposits flushing down the
river might have been caused for such concentrations of
Cd in the investigated area (Rahman et al. 2019a, b). Waste
streams discharged from various industrial processes, such
as metallurgical alloys, porcelains, metal electroplating, pho-
tographic materials, dye works, and textile silk-screening
industries, were responsible for the presence of high extent
of Cd in wastewaters (Rahman and Islam 2009). The concen-
trations of Cd in the Meghna River estuary were observed
as 0.0057-0.0152 and 0.0116-0.0921 mg/L in the summer
and winter seasons, respectively. The paired student #-test
showed that there was no statistically significant difference
for Cd concentration (fy,,=2.01 <t.,4.=2.26, p=0.076)
between two seasons in Meghna River estuary at a 95%
confidence level. However, the highest concentration of Cd
was observed in S10, which was four times higher compared
to other samples. As per the WHO guideline, the maxi-
mum permissible concentration of Cd in drinking water is
0.003 mg/L (WHO 1993). In almost all of the analyzed sam-
ples, the concentration of Cd in the Meghna River estuary
was found well above the maximum recommended values
set by WHO (1993), USEPA (2009) and world average back-
ground concentrations value (Klavins et al. 2000) (Table 2).
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Table2 A comparison on the concentration of metals studied with that of other study groups

Estuary, Location As (mg/L) Cr (mg/L) Cd (mg/L) Pb (mg/L) References
Meghna River Estuary 0.024 0.045 0.018 0.009 This study

Yellow River Estuary, China 0.16-5.89 (2.59) NA 0.10-1.90 (0.66) 0.42-13.3 (5.61) Wang et al. (2018)
Yellow River Estuary, China 0.43-1.40 (0.92) NA 1.10-3.22 (0.68) 0.22-1.33 (0.51) Tang et al. (2010)
Yangtze River Estuary, China NA NA 0.08-0.09 (0.08) 2.28-2.43 (2.36) An et al. (2010)
Pearl River Estuary, China 0.16-8.18 (2.55) NA 0.0015-0.30 (0.12)  0.19-4.58 (1.61) Zhang et al. (2013)
Yalujiang Estuary, China 3.8-11.3 (6.36) 0.113-0.14  0.05-0.41 (0.20) 12.3-29.9 (17.95) Lietal. (2017)
Kaohsiung Harbor area, China 0.8-10 ND ND ND-0.6 Lin et al. (2013)
Port Jackson, Australia NA NG NA 0.006-0.104 Hatje et al. (2003)
Guideline limit

CCC (Criterion continuous concentration)  0.15 0.011 0.00025 0.0025 USEPA (2009)
CMC (Criteria maximum concentration) 0.34 0.016 0.002 0.065

WHO (World Health Organization) 0.01 0.05 0.003 0.01 WHO (1993)
Bangladesh drinking water standards 0.05 0.05 0.0005 0.05 ECR (1997)
Background concentrations, world average =~ NG NG 0.00002 0.0002 Klavins et al. (2000)

Cr is one of the strong oxidizing agents with a corrosive
and oxidizing appearance that to be more poisonous and
widely used in corrosion control, tanning, plating, pigment
production (Hossain et al. 2021). The water samples from
the Meghna River estuary showed the maximum concentra-
tion of chromium (Cr) in the winter season (0.058 mg/L)
and the minimum concentration was detected in summer
(0.054 mg/L). A significant difference for Cr concentra-
tion in the Meghna River estuary between winter and
summer season was observed by the paired student #-test
(ty=2-52 <?.4i4ic=2.26, p=0.032) at a 95% confidence
level. However, the highest Cr concentration was observed
in S4, and the lowest one was in S5. The WHO recom-
mended maximum concentration of Cr in drinking water
is 0.05 mg/L (WHO 1993). It was apparent that the water
samples had a Cr concentration well above the WHO recom-
mended value (Table 2).

Being pervasive, arsenic (As) is potentially toxic, and a
trace amount can cause chronic toxicity to animals. Both
anthropogenic and natural processes contributed to make
a widespread distribution of As in an aquatic environ-
ment. Therefore, concentration of As followed a similar
trend observed for other metal contents: The winter sea-
son showed a higher concentration than that of the sum-
mer season but distribution was not significantly different
(p>0.05). The winter season displayed As concentration of
0.01159 to 0.0385 mg/L. The sample S4 demonstrated the
highest concentration of As, while the sample S10 showed
the lowest value. The allowable maximum concentration of
As for potable water is 0.05 mg/L, suggested by Bangla-
desh Center for Advanced Studies (BCAS), (BCAS 1998),
whereas the WHO endorsement is 0.01 mg/L (USEPA 1996;
WHO 1993). It is mentionable that the mean concentration
of As in the present study area exceeded the WHO guideline
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provision and the USEPA guideline, although the value was
below the BCAS threshold limit.

The concentrations of dissolved heavy metals have been
compared with other notable estuaries along with their
respective recommended standards (Table 2). We could see
clearly that the concentration range of Cr in the Meghna
River Estuary is higher than that of the value found in the
Yalujiang Estuary (Li et al. 2017), a bit lower compared to
other locations (Table 2). The concentration ranges of As,
Cd, and Pb in the present study do not follow a definite trend
to be compared with other estuaries.

Sources of contamination

The adopted Kolmogorov—Smirnov and Shapiro—Wilk tests
revealed that the distribution of metals over the entire zones
of study followed a non-normal distribution curve. The Lev-
ene’s test indicated that the variables were in line with a
non-homogeneity dispersion (p <0.05) pattern. Along with
these distribution scenarios, the Kruskal-Wallis test revealed
our investigation as a non-normal and non-homogeneity
distribution of elements. Overall, the metal concentrations
were significantly different along the study sites concerning
both winter and summer seasons (p <0.05). The correla-
tions among the measured water quality parameters with that
of the concentrations of metals were authenticated and are
represented in Table 3. Correlation between physicochemi-
cal parameters and metal concentrations was represented to
identify the influential factor to the metal elements (Wei
et al. 2018). The correlations have been categorized into
two groups: positive and negative (Ahmed et al. 2019a; Saha
et al. 2016a, b). The concentration of As was found to cor-
relate positively and significantly with salinity (r=0.246),
but negatively correlated with temperature (r=— 0.800).
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Table3 The Spearman order rank correlation coefficient among the physicochemical parameters of heavy metals and surface water in the

Meghna River Estuary, Noakhali, Bangladesh

Temp pH DO Hardness Ammonia Salinity As Cr Cd Pb
Temp 1
pH —0.253* 1
Do 0.286%* 0.071 1
Hardness —0.155 0.396%** 0.644%* 1
Ammonia  0.209* 0.255 —0.252% —0.049 1
Salinity — 0.269* —0.166 —0.287* — 0.406%** -0.133 1
As — 0.800%** —0.085 -0.35 —0.098 —0.155 0.246* 1
Cr —0.203* 0.543%* 0.227* 0.431%** — 0.329%* 0.025 0.143 1
Cd - 0.207* - 0.297* 0.177 0.257* — 0.475%* — 0.466%* 0.263* - 0.077 1
Pb —0.226* 0.277* 0.006 -0.21 0.154 —0.091 0.301%* 0.045 —0.351 1
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
The concentration of Cr is positively correlated with pH -1.0 0.5 0.0 0.5 1.0
(r=0.543), DO (r=0.277), and hardness (r=0.431), ' ' ' ' '

3 415

whereas it was negatively correlated with temperature
(r=-0.203) and ammonia (r=— 0.329). The Cd content
in surface water was negatively correlated with temperature
(r=-0.207), pH (r=— 0.297), ammonia (r=— 0.475), and
salinity (r=— 0.466), but positively correlated with hard-
ness (r=0.227). The concentration of Pb was also positively
correlated with pH (r=0.277), whereas a negative correla-
tion was observed with temperature (r=— 0.226). In fact,
the temperature was negatively correlated with all the tested
metals. The pH was significantly and positively correlated
with Cr and Pb, but demonstrated a negative correlation with
Cd. Again, the DO also showed a positive correlation with
Cr. Likewise, the hardness was positively correlated with
both Cr and Cd, while the ammonia was negatively corre-
lated to the concentration of the metals. The water salinity
was positively correlated with As, but inversely correlated
to Cd. We observed that temperature had negligible impact
for all metal attribution to the water body. However, pH, DO,
and hardness showed a considerable influential effect to Cr
than that of Cd and Pb.

The principal component analysis (PCA) was conducted
to determine the correlation and retrospective sources of
the tested elements (Ahmed et al. 2019a, b). The corre-
sponded PCA was executed following rotated component
plot concerning the loadings depicted in Fig. 2. The PCA
plot was based on the eigenvalues which was greater than
1, and the relations were apparent. In Fig. 2, all the metal
contents moved toward the positive direction of the axis AX
1, which revealed that they were associated each other (Wei
et al. 2018). The executed PCA resulted in two correspond-
ing factor, PC 1 and PC 2 with the cumulative variance of
70.24%. PC 1 contributed for 47.17%, while PC 2 rendered
23.07% of total variance. PC 1 was dominated by As due to
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Fig.2 Principal component analysis (PCA) of the selective metals
along the study area (Noakhali District, Bangladesh)

the high loading of 46.44%, whereas Pb controlled over PC
2 with the high loading of 51.12%. Also, the components
were plotted associated with the sites which response values
were related to the components. We observed that the corre-
sponded value of the metal components in the PCA plot was
greater than 0.000 except Cd. Meanwhile, As and Pb were
exhibited the significant variance; therefore, axis 1 might
be considered to be influenced by anthropogenic activi-
ties. Components Pb and Cr confined in the first quadrant,
Cd was in second quadrant, and As ran in fourth quadrant.
Therefore, the anthropogenic activities were influencing
the water quality deterioration regarding the metal contents
along with the natural origins (Wei et al. 2018). Generally,
As, Cr, and Cd are being used in fertilizers, electroplat-
ing, nickel-cadmium batteries, cadmium remaining alloys,
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foils, oils, etc. (Mathivanan and Rajaram 2014). As has also
long-term usage as an element in fungicides and algaecides
(Burgos-Nufiez et al. 2017), widely applicable to agricultural
practices. In battery industries, for instance, chemical plants
use Cd to manufacture and discharge wastages that contain
a high level of Cd contents (An et al. 2010). On the other
hand, historically, Pb is well known as an anti-corrosive ele-
ment, and used in painting purposes in steels and mills, as
well as an anti-knocking agent in gasoline and diesel fuels
(Abdollahi et al. 2013). Apart from oil leakage from boat
and steamers, motor exhausts contribute a large amount of
Pb in the water body (Mathivanan and Rajaram 2014). It has
been suggested that the industrial activities heavily contrib-
uted to PC 2.

The cluster analysis is mostly used for the presentation
of similar group of items at the sampling site against the
observed parameters with respect to special variability
(Hossain et al. 2018; Li et al. 2009). A similar group of

Values

As cd Pb Cr

Fig.3 Two-way hierarchical cluster heat map of the metal concentra-
tion along with the sampling sites

site is presented in a cluster group, and the dissimilar site
is plotted in another cluster group to identify the specific
areas to portray the extent of contamination (Sundaray et al.
2011). In the present study, the two-way hierarchical clus-
ter heatmap as well as dendrogram, developed by the Ward
linkage method with Euclidean distance, was prepared, and
the result is depicted in Fig. 3. In the vertical portion, the
dendrogram provided two clusters: As, Cd, and Cr had been
confined in cluster 1, and Pb was displayed in cluster 2,
which mostly conformed in line with the PCA result. Such
findings strongly confirmed a similar origin of the selected
metal elements. In contrast, the horizontal dendrogram ren-
dered three clusters, where S1, S9, S3, and S7 imparted to
cluster 1; cluster 2 imported S2, S8, S5, and S6 sites, and
finally, S10 was confined to cluster 3.

Estimation of the pollution load in the study area

The pollution status can be identified by the assessment of
the seasonal PI to express the current status of contamina-
tion in the study area. The results are represented in Table 4
where the cumulative PI values were ranged from 2.61 (in
S3) to 4.24 (in S8) with a mean of 3.33 in the summer sea-
son, and 3.63 (in S10) to 5.52 (in S4) with a mean of 4.45
in the winter season. Among the investigated metals, Cd
expressed a relatively higher level of contamination (3.58)
at S9 in the winter season. In the result, on an average meas-
urement, 50% of all sites were moderately affected, and the
remaining 50% were highly affected by the metals that sur-
passed the respective contamination line.

Health risk assessment
Estimation of daily intake (EDI)

To determine the adverse effect on human health through
the two distinct routes (ingestion and dermal contact), metal

Table 4 The seasonal and the

. . . Sites  As (Pli) Cr (PIi) Cd (PIi) Pb (PIi) PI (cumulative)
cumulative pollution load in the
study area Summer Winter Summer Winter Summer Winter Summer Winter Summer winter
S1 0.27 0.54 0.76 1.1 2.56 2.46 0.1 0.19 3.69 4.29

S2 0.65 0.43 0.65
S3 0.32 0.69 0.97
S4 0.73 0.72 1.07
S5 0.44 0.56 0.86
S6 0.55 0.77 0.64
S7 0.27 0.43 0.82
S8 0.38 0.63 0.67
S9 0.28 0.62 0.92
S10  0.24 0.23 0.82
Mean 0.41 0.56 0.82

1.15 2.38 2.94 0.17 0.26 3.85 4.78
0.96 1.14 2.31 0.18 0.37 2.61 4.34
1.1 1.62 3.54 0.13 0.15 3.55 5.5

0.59 1.32 2.32 0.13 0.19 2.76 3.67
1.05 2.26 2.8 0.14 0.23 3.59 4.84
1.03 1.54 2.14 0.17 0.15 2.8 3.74
0.99 3.04 2.76 0.15 0.12 4.25 4.51
0.85 1.98 3.58 0.16 0.15 3.33 52

0.84 1.69 2.42 0.14 0.14 2.9 3.64
0.97 1.95 2.73 0.15 0.19 3.33 4.45
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concentration in the surface water was concerned (Mitra
et al. 2018). The EDI value for the selective pathways
for different age groups is presented in Table 5. The table
reflected that the adults exhibited the relatively higher EDI
values through ingestion and dermal routes, which had been
organized in the descending order: Cr (1.91x 107°) > As
(1.05x107) > Cd (5.01 x 107%) >Pb (3.66x 107°) (for
ingestion) and As (1.43x107%)>Cd (8.72x107'")>Pb
(1.67x107%) > Cr (18.72x 107'") (for dermal contact). On
the other hand, the trend of EDI for children was as follows:
Cr (1.91x107)>Pb (1.71x107°)> As (4.19% 10°%) > Cd
(2.01x107%) (for ingestion) and As (2.81 x 107y>Cd
(4.49x10%)>Pb (3.28x107%)> Cr (2.00x 107'%). The
results revealed that Cr expressed the highest value for both
adult and children through the ingestion route, but for the
dermal route, As showed the maximum values for all con-
sumers. In terms of metal intake, the ingestion route plays
the vital role in the EDI, which was comparable to the results
observed by Alves et al. (2014), Saha et al. (2017), and Mitra
et al. (2018).

Non-carcinogenic risk assessment

Hazard quotient (HQ) The HQ for the measured four ele-
ments from the river stream through two exposure path-
ways is presented in Table 5. Results revealed that the
HQ from both ingestion and dermal pathways was <1 for
all group aged people. The findings also indicated that the
consumption of metals from the surface water exhibited
the acceptable HQ limits; hence, people would not expe-
rience adverse health effect. The mean of HQ values for
adults has been organized as follows: As (3.49 X 10> Cr
(6.38x1073)>Cd  (5.01x102)>Pb (3.66x107%) (for
ingestion), and As (1.19x10™)>Cd (2.29x10)>Pb
(3.97x107)>Cr (1.33%x107) (for dermal route). For the
children group, the hierarchical of HQ values were found as:
Pb (1.71x107%)>As (1.40x1072)>Cr (6.38x107)>Cd
(2.01x 1073 (Table 5). Nevertheless, the children from S4
site were exposed to the maximum HQ (3.47 x 1072) due to
the intake of As through the dermal contact.

Hazardindex (HI) The non-carcinogenic risk due to intake of
As, Cr, Cd, and Pb through ingestion and dermal routes was
assessed for the two age groups and represented in Fig. 4a,
b. The calculated HI for adult ranged from 8.87x 107 to
2.45% 107! with the mean of 1.70x107!. The highest HI
value (0.245) was observed in S6, and the lowest one was
found in S10. Meanwhile, the children exhibited the high-
est HI value (0.079), which was exposed to S4, whereas
the lowest value (0.040) was observed in S10. The results
implied that the adults were more sufferer than the children.
Moreover, on an average, the HI of adults was 2.70-fold
higher than the children. However, the cumulative HI val-

ues through all exposure pathways were in the acceptable
threshold limit (HI< 1) for all concerned age groups. The
results demonstrate that the consumers would not suffer the
non-carcinogenic health effect due to drink of the surface
water from the study area.

Carcinogenic risk Carcinogenic risk (CR) of As, Cr, Cd,
and Pb was evaluated for all consumers and potential path-
ways, presented in Table 5 and shown in Fig. 4c, d. The
range of CR for As, Cd, and Pb was 1.05x 107°-3.17 x 107°,
2.53x107-3.92x10°, and 1.13x107'°-5.03x10°%,
respectively, for adults and children; the CR of metals
range 2.05x107-9.28x107°, 4.97x1078-1.57x 107> and
2.22x107'-2.35x107. The result indicated that the inges-
tion route was also the dominant pathway of metal exposure
to human body than that of the dermal contact. A similar
observation was found by Mitra et al. (2018). The total life-
time exposure of CR for the adult and the children through
different pathways remained within the acceptable guideline
range (107°-107% (Fig. 4c, d). Hence, the children and the
adult, fortunately, would not pose any serious carcinogenic
health risk due to a bulk consumption of surface water from
the Meghna River estuary. However, the adults were found
2.54 times susceptible to carcinogenic risk than the chil-
dren. Actually, mostly 90% of risk concern was estimated
due to the intake of water containing As (USEPA 1993). In
addition, the inorganic form of As is termed as the potential
carcinogenic agent compared to the organic form (Zhong
et al. 2018), and at least 10% of total As can be evaluated as
in inorganic state (Baki et al. 2018).

Conclusion

The highest concentration level was observed for Cr,
followed by As, Cd, and Pb. The distribution of metal
elements was significantly different. The present study
suggested that the source of metal contamination in the
Meghna River estuary was the anthropogenic and natural
origins. Also, the physicochemical features, like tempera-
ture, pH, DO, hardness, ammonia, and salinity of the water
samples represented significant variance along the study
area. The attribution of metal contamination to adult and
children was concerned for ingestion and dermal pathways.
People taken up more Cr than any other metal through the
ingestion route; on the contrary, As was taken through
dermal pathway at a high extent. The results showed that
the adults were exposed to more non-carcinogenic impact
than the children. However, values of HQ and HI of the
considered local community were found less than unity
(<1). Therefore, people living near the study area would
not experience the non-carcinogenic health risk. Based on
the suggested guideline range of 107 to 107*, the cancer
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Fig.4 Hazard index of adults and children along with the river estuary (a, b) and carcinogenic risk of nearby dwellers of the selected sites (c, d)

risk (CR) levels from the study area were in the acceptable
limit for lifetime exposure to the metal contents. How-
ever, the authors would like to recommendation to adopt
proper inspection regarding the water quality deterioration
through heavy metal intrusion to the Meghna River estuary
due to the increasing states of the metal attribution from
various anthropogenic activities.
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