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Present study revolves around the assessment of basic physicochemical parameters, dissolved PTEs, and
microplastics (MPs) in riverine water to illuminate the policies for better sustainable management
practices in river Hooghly. The samples were analysed in ICP-OES and Cuorescence microscope to
enumerate PTEs and MPs. The distribution of PTEs indicates that highest concentration of Al, Co, and
Cu was in estuarine zone; Cd, Cr, Fe, Mn, Ni, and Pb in mixo-haline zone and Zn in freshwater zone. The
maximum concentration of MPs was observed near Bali Khal, which acts as a sewage canal of the urban
conglomerate of Howrah. Overall, the size of MPs was observed between 150 and 4560 lm with an
abundance frequency of 1000 pieces/m3 near the mouth of the sewers. Dissolved PTEs concentration was
found to be lower than previous works, which can be attributed towards GoI approved Cagship program
‘Namami Gange Mission’. The study emphasizes the necessity of a uniform national water policy for
better management of Indian rivers and estuaries.
Keywords. River Hooghly; potentially toxic elements (PTEs); microplastics (MPs); water quality
management (WQM).

1. Introduction
Fresh riverine water is significant for sustaining
healthy human civilization. In last quadrant of the
century, a large volume of toxic contaminants has
been accumulated in the world’s water reservoirs
(Pozo et al. 2019; Zhou et al. 2020a, b). The rapid

growth of cities with all sorts of modern amenities
and industrial revolution have maximised the
release of semi or untreated urban and industrial
wastewater into freshwater sources (Ghosh et al.
2016). This semi or untreated wastewater and
urban sewages are the major contributors of pollutants like potentially toxic elements (PTEs) and
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microplastics (MPs) in aquatic systems (Cole et al.
2011; Bakshi et al. 2018; Ghosh et al. 2019a; Pozo
et al. 2019). In general, PTEs might be sourced in
rivers from both natural processes like erosion and
rock weathering or from anthropogenic contributions like industrial processes, mining activities,
agricultural and aquacultural waste, municipal
wastewaters, etc. (Ji et al. 2018; Ghosh et al. 2020;
Hoang et al. 2020; Singh et al. 2020). After PTEs
are released in the riverine system, they undergo
multitudinous Cuvial diagenetic processes like
absorption, complexation, Cocculation, precipitation under varied temperature and pressure, and
get accumulated in soil or sediment (Li et al. 2020).
Toxic metals might get accumulated in the soilplant system when agricultural lands get irrigated
with the PTE contaminated riverine water. The
bioavailability and mobility of PTEs generated
from anthropogenic contributions are more than
natural origin, thereby, poses increased degree of
potential threat towards human health and
hygiene (Hoang et al. 2020). However, unlike PTEs
plastics have only anthropogenic contributors like
industrial releases and municipal wastewater (Cole
et al. 2011; Pozo et al. 2019).
Plastics are synthetic organic polymers like nylons
and polyethylene terephthalate (PET), polyvinyl
chloride (PVC), polyvinyl alcohol (PA), polypropylene (PP), polyethylene (PE), polystyrene (PS), and
polyamide (PA) derived from oil or gas by several
optimised inexpensive techniques, which consists
*80% of total marine waste (Cole et al. 2011; Avio
et al. 2015; Auta et al. 2017). Since 1940, the industrial
production of plastic has been increased rapidly due to
its durability, light weight, inert and corrosion-free
nature. In the last decade, the global production of
plastic has been increased by *56% from 230 million
tonnes in 2009 to 360 million tonnes in 2018 (Cole et al.
2011; PlasticsEurope 2019). It was assessed that out of
*2.75 9 1011 kg produced by 192 coastal nations in
2010, about 0.5 9 1010 to 1.27 9 1010 kg of plastic
wastes were deposited in the Cuvial system (Jambeck
et al. 2015). The wastes are subjected to multitudinous
mechanical, chemical, biological and hydrodynamic
processes along with solar ultraviolet radiation in
the aquatic system causing slow disintegration of
plastics into smaller fragments (\5 mm), known as
microplastics (MPs) (Wright et al. 2013). They are
present in several domestic products like synthetic
clothing, toothpaste, facial cleansers, scrubs, and get
into the aquatic environment through domestic and
industrial releases (Cole et al. 2011; Murphy et al. 2016;
Auta et al. 2017).
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MPs are dispersed throughout the global aquatic
system and observed in sediments, shorelines,
beaches, wastewater, and frozen ice (Lusher et al.
2015). As MP beads can easily get mixed in the
aquatic food chain which makes them available for
ingestion and transfer via trophic level by multitudinous aquatic organisms like mussels, zooplanktons, shrimps, Bshes, oyster, and whales
(Lusher et al. 2015; Ferreira et al. 2016; Auta et al.
2017). The study of Sutton et al. (2016) and Fossi
et al. (2016) reported that the ingestion of MPs
might cause false satiations, pathological and
oxidative stress, reduced growth and immune
response, cancer, and reproductive complications
in marine organisms. Moreover, ingested MPs
might cause fatal injuries by sharp objects or
blockage of digestive system (Wright et al. 2013).
They can also adsorb toxic chemicals and PTEs
from the surrounding environment, and MPs will
persist in aquatic environments due to their nonbiodegradable nature (Reisser et al. 2013). Furthermore, large quantities of plastic debris ending up
in the oceans, as studies predict, by 2050 oceans
could have more plastic than Bsh (Auta et al. 2017).
In the last decade, significant attention was
given on the conservation of riverine freshwater
resources in India. In June 2014, Government of
India (GoI) approved its Cagship program ‘Namami Gange Mission’ as an initiative to clean river
Ganga under the budget of $ 3000 million USD
(Chaudhary and Walker 2019). River Ganga is a
significant and spiritual river in India, which serves
as a lifeline for *44% of the Indian population
(Chaudhary et al. 2017). The river is significantly
emphasized in Indian culture and folklore. In order
to provide livelihood for almost half of Indian
population, the river gradually becomes one of the
highly polluted rivers in the world due to rapid
industrialization and unplanned economic growth
(Ghosh et al. 2016; Bakshi et al. 2019; Chaudhary
and Walker 2019). The urban centres and settlements along the bank alone contribute *75% of
total pollution load in the river (Das 2011). Moreover, a study by CPCB (2014) revealed that 29
cities along the bank of river Ganga contribute
*9,30,750 million litres per annum of untreated
waste or eAluent directly into the river. These
untreated municipal wastes or eAluents are the
primary contributor of PTEs and MPs to the river
Ganga and its distributaries like river Hooghly
(Auta et al. 2017; Pozo et al. 2019; Ghosh et al.
2020). Hence, the river Hooghly has gradually
transformed into a cesspool due to constant inCow
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of urban wastewater and industrial eAluents from
upstream cities along the banks of Ganga river
system and also from the cities and towns along its
banks. The major objective of the present study are
as follows: (a) to evaluate the distribution of PTEs
in river Hooghly; (b) to estimate the presence of
MPs in the water of river Hooghly; and (c) to
illuminate the potential sources of contamination
for better sustainable management practices.

Fresh Water Zone
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2. Study area
Ganga is a sacred river in hindu culture, originates
from Gangotri glacier system in the upper Himalayas in Uttarakhand at an altitude of 4100 m. It
travels *2525 km through Bve Indian states, e.g.,
Uttarakhand, Uttar Pradesh, Bihar, Jharkhand
and West Bengal, and discharges into Bay of
Bengal. The drainage basin of river Ganga is
ranked 29th in the world covers 8,61,404 km2,
which is more than one-fourth of the total area of
India (Dwivedi et al. 2018; Chaudhury and Walker
2019). The river bifurcates near Mithipur village
of Murshidabad district, West Bengal into two
branches: (a) Bhagirathi (India) and (b) Padma
(Bangladesh). The Bhagirathi branch of river
Ganga which Cows southward below Nabadwip is
termed as river Hooghly (Ghosh et al. 2016). The
river Hooghly Cows between populous cities like
Kolkata and Howrah. Since the British India period, multitudinous industries like jute, medicinal,
battery, breweries, metallurgical, thermal power
plant, paper and fertilizer have grown alongside
the bank of the river. This industrial surge has
attracted migrant workers from distant places to
settle near the bank of river Hooghly which causes
the growth of unplanned urbanization or urban
expansion at expense of natural habitats. However,
these industries and urban centres have significantly contributed to the gradual deterioration of
riverine water quality. Furthermore, there is a
regular inCow of fertilizer and pesticide mixed runoAs from adjacent croplands and aquacultural
ponds, causing irreversible ecological damages
(Ghosh et al. 2020). It is noteworthy to mention
that the fast growth of port and industrial complex
near Haldia, East Midnapur and special economic
zone at Falta, South 24 Parganas along with proposed GreenBeld deep seaport in Sagar Island
might increase the threat towards local biota from
PTEs and MPs. The river Hooghly was divided
into three zones depending upon the salinity of the
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Figure 1. Study area.

river water: (a) freshwater zone (salinity \0.5);
(b) mixo-haline zone (0.5 \ salinity \ 10); and
(c) estuarine zone (salinity [10) (Bgure 1). Ten
random sampling locations were selected in the
freshwater zone, four each in mixo-haline and
estuarine zones for the estimation of water quality
in terms of basic physicochemical parameters
and PTEs. The samples for the estimation of
microplastics were collected from 10 random sampling locations in the freshwater zone of the river.
The details of the sampling locations are given in
supplementary table S1.
3. Sampling and preservation
The major problems associated with sampling are
unbiasness and integrity of sampling locations. We
collected water samples from 18 sampling locations
in river Hooghly. In each sampling location, water
samples were collected from a depth of *15 cm
with Van Dorn water sampler during low tide in
winter 2018 to evade dilution of PTEs, MPs and
other parameters due to intrusion of sea water.
Moreover, water sample was collected thrice in
triplicate *50 m apart from each other. The
samples were collected in pre-cleaned polythene
air-tight sampling bottles. Some of the physicochemical parameters of water like pH, electrical
conductivity (EC) and dissolved oxygen (DO)
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were estimated on the spot using a Hannah multiparameter water quality probe (HI-9829–13102).
A portion of the sample was stored in an ice box
to estimate some physicochemical parameters like
total hardness, alkalinity, chemical oxygen demand
(COD) and salinity. Few drops of conc. HNO3 were
added as preservative to the remaining water
samples for analysis of PTEs. The geographical
coordinates of the sampling locations were marked
using a GPS.
We have also collected water samples from 10
sampling locations, upstream and downstream of
Kolkata to estimate MPs. The surface water was
collected with a 10 L stainless-make water collector
to avoid any kind of contamination from the bed
sediment. 100 L of collected water was sieved
through a 100-lm steel sieve. All visible macroobjects were removed with the help of forceps and
the residue sample was kept in a 15-ml glass vial.
All the samples were collected in triplicate with
utmost precautions to prevent any kind of crosscontamination. Pre-cleaned water collector, glass
vial, sieve and other equipments were kept overnight in 2% HNO3 solution and washed with distilled water. Samples were preserved with 4%
formalin solution and stored at 48C for further
analysis of MPs.

3.1 Laboratory analysis for basic physicochemical
parameters and potentially toxic elements
(PTEs)
Basic surface water quality parameters like total
dissolved solids (TDS), salinity, hardness, alkalinity and chemical oxygen demand (COD) and total
dissolved PTEs (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni,
Pb and Zn) were estimated following the methods
described in APHA (2017). All the reagents and
chemicals used are procured from Merck, Germany. The PTEs were measured in an inductivelycoupled plasma optical emission spectrometer
(ICP-OES) (Thermo Fisher iCAP 7400 ICP-OES).
The limit of detection of PTEs (Al, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb and Zn) in ICP-OES are (25, 0.19,
0.32, 1.4, 0.99, 3.1, 0.28, 1.1, 3.2 and 0.2) lg/L,
respectively. We have used certiBed standard reference material (SRM 1643f) in water in triplicate,
procured from National Institute of Standard and
Technology (NIST) to ensure the quality control,
precision and accuracy of the experiment. Analytical accuracy and precision were observed as
94.9–104.4% and \2.5% relative standard
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deviation for all measured PTEs, respectively. The
details of the procedure of PTE estimation and
quality control data were given in supplementary
tables S2 and S3.
3.2 Laboratory analysis for microplastics (MPs)
The 15 ml of sieved water sample was incubated
overnight at room temperature in darkness with
30% of hydrogen peroxide to remove the organic
substances (Yan et al. 2019). In the study, we used
H2O2 as an oxidising agent because of its capability
of rapid dissolution of organic substances. After
incubation, the resulting solution was Bltered using
Whatman Filter Paper-42 (pore size: 2.5 lm;
diameter: 25 mm). The Blter paper was dried at
room temperature and stained with Nile red stain
(5 mg/L) (SRL-47353; CAS No.: 7385-67-3). The
Nile red stock solution (5000 mg/L) was dissolved
in acetone and stored in an amber colour container.
The working solution was prepared by diluting the
stock solution by n-hexane. Each Nile red stained
Blter paper was observed under Cuorescence
microscope (Olympus IX 71, Olympus Corporation, Tokyo, Japan) with Cuorescein isothiocyanate
(FITC) Blter set at excitation and emission wavelength of 535–560 and 515–565 nm (Shim et al.
2016). A blank Blter paper was also stained, dried
and observed under Cuorescence microscope to
ensure the quality of the data obtained by Cuorescence microscopy (Bgure 2). Bright green Cuorescence of MPs was easily spotted and recognized
without any background staining in samples containing spiked microplastics, whereas any sort of

Figure 2. Comparison of Cuorescence observed in blank and
samples containing spiked microplastic after staining with Nile
red.
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Cuorescence was not observed in blank Blter paper
(Bgure 2).
3.3 Statistical analysis
The physicochemical parameter and dissolved
PTEs concentration of water were statistically
analysed. Pearson product correlation coefBcients
and analysis of variance (ANOVA) single factor
method along with post-hoc comparison test, i.e.,
least significant difference (LSD test) were performed in software SPSS (V16.1) to understand the
variation in characteristics and relationship
between the different analysed parameters.

4. Results and discussion
4.1 Characterization and regulation of
physicochemical properties of water
The physicochemical parameters of any aquatic
system were governed by the combination of
multitudinous physical, chemical, biological, and
anthropogenic processes (Mitra et al. 2018). The
statistical distributions of the examined physicochemical parameters of river Hooghly are given in
Bgures 3 and 4. The measured physicochemical
parameters of river Hooghly in freshwater zone,
mixo-haline zone and estuarine zone vary in the
range of 7.4–7.8, 7.6–7.7, 7.4–7.6 for pH;
188.3–649.3, 471.7–1055.7, 1545.3–1639.1 lS/cm2
for EC; 0.08–0.29, 1.9–8.8, 16.2–22.5 for salinity;
448.7–939.9, 983.0–1632.6, 1439.8–1913.6 mg/L
for TDS; 93.4–192.2, 302.0–775.3, 1545.3–1639.1
mg/L for hardness; 158.0–444.7, 559.0–737.3,
729.7–1062.6 mg/L for alkalinity; 3.7–4.8, 3.7–4.4,
3.9–4.5 mg/L for DO; 27.8–47.8, 30.3–35.8,
26.2–39.3 mg/L for COD, respectively.
pH is an indicator of aquatic health and severity
of pollution in the aquatic system. It is a significant
physicochemical parameter that governs the suitability of water for usage in drinking and irrigation
purpose (Sßener et al. 2017). The slight change in
pH can be correlated with the release of ions and
decrease in solubility of metals in aquatic system
(Singh and Kumar 2017). Elevated or alkaline pH
causes change in taste of water, aAects teeth,
mucous membrane and aquatic life (Narasimha
et al. 2014; Seth et al. 2016). The observed pH
in river Hooghly is subalkaline (7.4–7.8) that is
within the prescribed limit for safe drinking water
as per WHO guidelines and Indian Standards and
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supports the region’s natural aquatic life (WHO
2011; BIS 2012). However, the observed pH was
higher in downstream than upstream, might be
because of the strong tidal inCux and accumulation
of released wastewater from the upstream industrial region (Matta et al. 2017).
The average measured EC, TDS, salinity, hardness and alkalinity value also shows steep increase
towards the mouth of the river and suggests that
without treatment, the water of river Hooghly is
not appropriate for drinking (WHO 2011; BIS
2012). Moreover, in the downstream because of
high salinity and hardness, the water of river
Hooghly is also unBt for irrigation of agricultural
lands (Seth et al. 2016). The Pearson correlation
analysis indicates strong relationship between EC,
TDS, salinity, hardness and alkalinity (0.804 \ R2
[ 0.968; p \ 0.001) (table 1). Except for pH, DO,
and COD, the calculated ANOVA results indicate
statistically significant variation in the measured
physicochemical parameters like EC, TDS, salinity, hardness and alkalinity between the sampling
locations of different zones of river Hooghly at
99.995% conBdence level (table 2). Post-hoc analysis also supports the Bndings that EC, TDS,
salinity, hardness and alkalinity, show significant
variation between freshwater, mixo-haline and
estuarine regions (LSD test; p \ 0.05) (supplementary table S5).
The increased water salinity is mainly because
of the dissolution of salt deposits and seawater
intrusion. The prolonged exposure to saline water
may lead to osteoporosis, hypertension, asthma and
nephrological disorders (McCarty 2004). However,
the elevated hardness in river Hooghly might be due
to the presence of cations like Ca2+, Mg2+, Fe2+,
Mn2+ and anions HCO3 , CO32 . The water of river
Hooghly is very hard, suggesting prolonged exposure
may lead to heart and nephrological disorders (Napacho and Manyele 2010; BIS 2012). Higher TDS in
the downstream might be because of sediment resuspension from the intertidal mudCats in river
Hooghly (Batabyal et al. 2014). TDS also plays a
crucial role in regulating the water hardness and
osmoregulation in aquatic organism (Seth et al.
2016). The increased alkalinity in the downstream
mixo-haline and estuarine zone than upstream
freshwater zone might be due to the excessive presence of HCO3 , CO32 and OH constituents (Ghosh
et al. 2019b). The DO value suggests that in river
Hooghly hypoxia condition does not prevail (Satpathy et al. 2013). Furthermore, higher COD values in
the upstream freshwater zone of river Hooghly might
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Figure 3. Box–Whisker plots of distribution of physicochemical parameters in different regions of river Hooghly. All the boxes
represent the 25th percentile and the 75th percentile of elemental concentration, and the whiskers express the minimum and the
maximum coefBcients (5% and 95%), while the line within the boxes shows the median. Outliers are represented with ‘x’ mark.
(a) pH; (b) electrical conductivity; (c) total hardness; and (d) total dissolved solid.

be because of the inCow of urban sewage along with
industrial wastewater and surface rub-oA (Pati et al.
2014).
4.2 Distribution and regulation of PTEs
River Hooghly Cows amidst cities Kolkata and Howrah, which are densely populated along with the
presence of several industries. The municipal and
industrial wastewaters from these two cities are the
major contributor of PTEs in river Hooghly. A large
volume (4 9 108 m3) of PTE containing liquid eAluent
is inCuxed into the river at regular interval from the
adjoining urban conglomerates like Kolkata and
Howrah (Mukhopadhyay et al. 2006). The statistical
descriptions of the examined PTEs in river Hooghly
are depicted in Bgures 5 and 6. The measured PTEs
in different segments of river Hooghly, viz., freshwater zone, mixo-haline zone and estuarine zone are
ranged between (6379.9–14800.0, 9993.4–14500.0,

8158.1–10800.1) lg/L for Al; (3.6–9.1, 6.8–13.0,
5.6–9.4) lg/L for Cd; (13.2–44.1, 22.0–41.1,
19.0–44.1) lg/L for Co; (15.1–45.1, 24.9–45.3,
24.1–41.70) lg/L for Cr; (31.4–71.9, 33.5–73.6,
36.5–70.5) lg/L
for
Cu;
(5577.9–18000.0,
9299.47–12300.1, 7030.7–10200.0) lg/L for Fe;
(116.7–258.8, 162.5–269.6, 121.2–280.8) lg/L for
Mn; (30.9–67.1, 35.6–70.2, 28.6–47.9) lg/L for Ni;
(9.5–30.4, 11.6–19.3, 8.1–19.2) lg/L for Pb;
(47.9–97.9, 52.2–71.9, 37.7–100.1) lg/L for Zn,
respectively. The mean observed highest concentration of Al, Co, and Cu was observed in estuarine zone;
Cd, Cr, Fe, Mn, Ni, and Pb in mixo-haline zone; Zn in
freshwater zone. The upstream freshwater zone of
river Hooghly was comparatively less contaminated
with PTEs than mixo-haline and estuarine zones
which can be attributed to the release of urban and
industrial wastewater into the upstream of river
Hooghly that accumulates in the lower regions
(Kumar et al. 2019).
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Figure 4. Box–Whisker plots of distribution of physicochemical parameters in different regions of river Hooghly. All the boxes
represent the 25th percentile and the 75th percentile of elemental concentration, and the whiskers express the minimum and the
maximum coefBcients (5% and 95%), while the line within the boxes shows the median. Outliers are represented with ‘x’ mark.
(a) Dissolved oxygen; (b) chemical oxygen demand; (c) salinity; and (d) alkalinity.

The Pearson correlation analysis indicates
strong relationship among the dissolved PTEs (Al,
Cd, Co, Cu, Cr, Fe, Mn, Ni, Pb, and Zn) (p \ 0.01;
p \ 0.05) (supplementary tables S7, S8 and S9).
Except for Ni and Zn, the estimated ANOVA
result suggests statistically significant variance in
the measured PTE concentrations amidst different
zones of river Hooghly at 99.95% conBdence level
(supplementary table S4). Post-hoc analysis also
reveals significant variation for most of the studied
PTEs except Zn between the freshwater, mixohaline and estuarine regions (LSD test; p \ 0.05)
(supplementary table S5). The mean concentrations of PTEs are observed to be in the following
order in freshwater, mixo-haline and estuarine
zones: Cd\ Pb \Co\Cr\Cu\Ni\Zn\Mn\
Fe\Al; Cd \Pb \Co\Cr\Ni\Cu \Zn \Mn
\Fe\Al and Cd\ Pb \Cr\Co\Ni\Cu\ Zn
\ Mn \ Fe \ Al, respectively. The higher standard deviation of PTE concentration suggests
greater inCuence of anthropogenic activity on the
distribution of toxic elements (Cai et al. 2015).
However, strong tidal inCux in river Hooghly

homogenizes the PTE distribution (Stucker and
Lyons 2017). The mean concentration of Al and Fe
are abundant in all the examined samples because of
their crustal abundance (Mitra et al. 2018). The
concentration of Al, Cd, Fe, Ni, and Pb were found
to exceed Indian standards for drinking and surface
water (IS 10500: 2012 and IS 2296: 1982), and WHO
standards for drinking water (WHO 2011; BIS 2012)
by 47.8, 2.4, 29.9, 2.2, and 1.5 folds, respectively.
The processes that involve and regulate the
enrichment of PTEs in water column includes Cocculation, formation of organic ligands, oxy-hydroxides, and aluminosilicates. The abundance of PTEs
like Al and Fe in water column are not only because
of the release of huge load of industrial and urban
wastewater from adjacent Al and Fe alloy industries, dumping of garbage including Al containing
foils, electrical wires, and cans (Mitra et al. 2018),
but also due to crustal abundance and geological
processes like weathering, and erosion of upstream
Precambrium metamorphic rocks on which the river
Cows (Heroy et al. 2003). The prevalence of dissolved PTEs like Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn
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Table 1. Pearson correlation analysis of studied physicochemical parameters.
pH
pH
EC
Hardness
TDS
DO
COD
Salinity
Alkalinity

EC

1
0.14
0.1
0.066
0.025
0.025
0.056
0.152

Hardness

1
0.941**
0.804**
0.055
0.14
0.956**
0.863**

1
0.830**
0.052
0.076
0.968**
0.884**

TDS

DO

COD

Salinity

Alkalinity

1
0.017
0.055
0.820**
0.923**

1
0.141
0.002
0.08

1
0.049
0.155*

1
0.865**

1

*Correlation is significant at 0.05 level (2-tailed).
**Correlation is significant at 0.01 level (2-tailed).

Table 2. ANOVA
parameters.

results

for

studied

physicochemical

F
pH
EC
Hardness
TDS
DO
COD
Salinity
Alkalinity
Degree of freedom

2.01
1.06E+03
564.11
255.324
1.025
0.614
575.758
411.099
Between Group 2
Within Groups 159
Total 161

Sig.
0.137
0.005
0.005
0.005
0.361
0.542
0.005
0.005

might have sourced from multitudinous societal
practices like industrial and agricultural practices.
However, Cd might be sourced from atmospheric
deposition from upstream coal-based thermal power
plant near Titagarh, Kolaghat, and Haldia, coal Cy
ash, alloy industries, and industrial waste incineration; Co from natural weathering and erosion of
upstream rocks and industrial releases; Cr from
natural chemical weathering of rocks, releases from
tanneries and textile industries near Kolkata; Cu
from storm water run-oA, corrosion of copper alloy
containing pipelines from urban settlements, discharge from alloy industries, and pesticides from
adjacent agricultural lands; Mn from adjacent paper
and pulp mill near Falta, Titagarh and Tribeni,
thermal power plants, discharges of refrigeration
and welding industries; Ni from paints, glass and
ceramic industries, alloy industries and battery
recycling unit; Pb from burning of fossil fuel, paints,
discharges from adjacent battery industry and surface run-oA; Zn from fertilizer mixed agricultural
run-oA from adjacent Belds, immersion of idols and
paints (Shezilli et al. 2006; Giri and Singh 2014;

Ghosh et al. 2016, 2019a, c; Karamanov et al. 2018;
Mitra et al. 2018; Bakshi et al. 2017, 2019; Zhou
et al. 2020a, b).
The PTE concentration observed in the present
study was compared with the previous works on
different rivers of India and other distributaries of
river Ganga. The concentration of dissolved PTEs
is found to be much higher than the other rivers of
India except Kabini river (table 3). When compared with past data of river Hooghly, except for
Cd, Co, Cu in mixo-haline and estuarine zones, Ni
in freshwater and mixo-haline zones, and Zn are
observed to be lower than the Bndings of Mitra
et al. (2018); except for Cd and Zn, the observed
values are lower than Bhattacharya et al. (2015).
However, the concentration of Zn is three times
lower than Sarkar et al. (2007). This reduction in
PTEs concentration might be attributed towards
GoI approved Cagship program ‘Namami Gange
Mission’. Furthermore, when Bndings were compared with the data of river Padma, the concentration of PTEs are found to be very low which
might be because of more freshwater inputs from
the upstream tributaries. The elevated concentration of PTEs in river Hooghly is not only because of
increasing anthropogenic contribution, but also for
natural Cuvial dynamics. The Ganga river system
of which river Hooghly is a part, is a major contributor of sediment and metal Cuxes to the ocean,
which is highest among all the estuaries (Samanta
and Dalai 2018). Furthermore, the water is not
only used for drinking and bathing purpose after
proper treatment in facilities located at the bank of
river Hooghly, but also used to irrigate adjacent
agricultural and aquaculture Belds, where PTEs
can be bio-magniBed through the food chain. The
regular uptake of PTEs through the food chain and
drinking water may have detrimental eAects on
human and animal health (Ugulu et al. 2019).
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Figure 5. Box–Whisker plots of distribution of potentially toxic elements in different regions of river Hooghly. All the boxes
represent the 25th percentile and the 75th percentile of elemental concentration, and the whiskers express the minimum and the
maximum coefBcients (5% and 95%), while the line within the boxes shows the median. Outliers are represented with ‘x’ mark.
(a) Al; (b) Cd; (c) Cu; (d) Co; and (e) Cr.

(a)

(c)

Fresh water Mixo-haline
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Figure 6. Box–Whisker plots of distribution of potentially toxic elements in different regions of river Hooghly. All the boxes
represent the 25th percentile and the 75th percentile of elemental concentration, and the whiskers express the minimum and the
maximum coefBcients (5% and 95%), while the line within the boxes shows the median. Outliers are represented with ‘x’ mark.
(a) Fe; (b) Mn; (c) Ni; (d) Pb; and (e) Zn.
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Table 3. Comparison with different riverine systems.
Al

Cd

Padma river, Bangladesh
Rivers of India
Brahmani–Koel river
Kabini river

Co
2

3

8.7

Gomti river
Kali river

5.2

Swarnamukhi river
Godavari river

0.99

Cr

Present study
Freshwater zone
Mixo-haline zone
Estuarine zone

8977.5 6.1
11478.7 9.2
9117.6 7.8

20

199

Zn

References

10.9
6.7
481.8
21800 27400 63500

30.3
24.8
21700

1.7

31.6
5400

100

30

20

70

59

79

Sundaray (2010)
Hejabi et al.
(2011)
Gupta et al.
(2014)
Malik and Maurya
(2014)
Patel et al. (2018)
Hussain et al.
(2017)

10.12

30
42.8

170
180

260

20.2

185.8

204.4

813
500

56.05

2.06 17.18 60.88
3
40
50

47.34
2000

55109
300

43.2
49.8
51.1

8453.6 180.4
10484.3 217.4
8725.4 184.5

26.3
32.4
30.7

40

44

41.56

23.2
30.5
31.9

Pb

Jolly et al. (2013)

20

15

Ni

7.26

13

0.64

Mn

1.5

Previous study on river Hooghly
River Hooghly

55458
200

Fe

8.14

60

River Hooghly and
Sundarban coastal water
River Hooghly
Water Quality Standard

Cu

Figure 7. Distribution of microplastics in different sampling
locations in freshwater zone of river Hooghly.

4.3 Evaluation of abundance and distribution
of microplastics
The distributions of identiBed microplastics in
river Hooghly are shown in Bgure 7. MPs are
observed in all of the analysed water samples in
the river Hooghly. The abundance of MPs was

20
17.29 4.11

94

29.3

190.3 Sarkar et al.
(2007)
48.4 21.25 58.94 Bhattacharya
et al. (2015)
41.42 30.49 54.84 Mitra et al. (2018)
20
10
3000 WHO (2011) and
BIS (2012)
44.5
48.0
38.1

16.6
15.5
12.5

64.2
61.7
62.0

ranging from 153 to 2069 pieces/m3 (Bgure 7). The
distribution of microplastics depends on multitudinous factors like precipitation, artiBcial barriers, wastewater treatment plants, proximity of
sewers and sewage canals (Sruthy and Ramasamy
2017; Amrutha and Warrier 2020). The maximum
concentration of MPs was observed near the sampling location (MP5), located in the mouth of Bali
Khal, which acts as a sewage canal of the urban
conglomerate of Howrah. The sampling locations
MP8, MP9 and MP10, where the abundance of
microplastics is greater than 1000 pieces/m3, are
located near the mouth of the sewers which carries
wastewater of the city. The shape and size of the
identiBed microplastics are shown in Bgures 8, 9
and 10. The physical estimation showed that the
size of the microplastics varied between 150 and
4560 lm. The shapes of MPs were observed as
lines, spheres, Bbres, beads and fragments. In the
present study, the green emission Cuorescence was
clear enough to identify the MPs particles after
Nile red staining. It was observed in the study that
the microplastics with large surface areas with
irregular shapes were stained more brightly with
Nile red than spherical and Blamentous MP
particles.
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There are several studies, e.g., Wang et al. (2017),
Kataoka et al. (2019), Amrutha and Warrier (2020),
which report a comparatively higher abundance of
microplastics in riverine water near the densely populated modern urban, and industrial centres and indicate a stronger relation between population growth and
abundance of MPs. The river banks are also heavily
littered with plastic waste materials. The storm water
run-oA due to excess rainfall and atmospheric deposition can transport plastic waste into the river
(Dris et al. 2017). Moreover, there are several bathing
ghats and religious places on both banks of river
Hooghly. Pilgrims and local inhabitants prefer to bath
and wash their clothes made up of synthetic materials,
like polyethylene, polyester, or nylon in these ghats,
which add up microBbres (Amrutha and Warrier
2020). River Hooghly ends in the Bay of Bengal like
other major rivers, possibly discharges high amounts of
plastics particles (high magnitude during monsoon),
hence long-term threats to pelagic and benthic biota,
indeed more studies are needed in this concern.

4.4 Policy framework for better water quality
management
River Hooghly was profoundly aAected by contamination and environmental degradation
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because of excessive anthropogenic contributions
(Guzzetti et al. 2018; Ghosh et al. 2019c). The river
and its tributaries are overexploited because of
elevated demands for clean energy and irrigational
water. Several dams and reservoirs have been
constructed to regulate the stream Cow causing
disturbance among the species (Ghosh et al. 2020;
Raha et al. 2020). Every year economy worth US$
*1265 million was lost alone in Asia PaciBc region
because of marine litters (Bruch et al. 2016).
However, policy framework in regulating pollution
in river Hooghly was primarily focused on waste
management strategies. International treaties and
rules impose obligations on state as a stakeholder
to take proper mitigative measures to address
threats and risks associated with PTE laden marine litters (Schroeder 2010). It is the dominion of
the countries to exploit their natural resources
within their own environmental legislation and
policies without causing harm to the environment
of any other country (Raha et al. 2020). In the last
Bve decades, several international conventions
were held to address the elevated pollution in
aquatic resources. The United Nation Conventions
on the Law of the Sea 1982, Basel convention 1989
and Stockholm Convention 2001 are the most significant international regulations to reduce marine
plastic pollution. Moreover, London Convention

Figure 8. Shapes of microplastics identiBed in Cuorescence microscope in different sampling locations (MP1–MP4) in freshwater
zone of river Hooghly.
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Figure 9. Shapes of microplastics identiBed in Cuorescence microscope in different sampling locations (MP5–MP8) in freshwater
zone of river Hooghly.

Figure 10. Shapes of microplastics identiBed in Cuorescence
microscope in different sampling locations (MP9–MP10) in
freshwater zone of river Hooghly.

1972 and International Convention for the
Prevention of Pollution from Ships 1973/1978
prohibited the state and ship to dump the garbage

into the maritime aquatic resources (Goldberg
2011; Raha et al. 2020).
The present study infers that the pollution in
river Hooghly comprises both organic and inorganic pollutants originated from multitudinous
point and non-point sources (Chaudhary and
Walker 2019; Ghosh et al. 2019b). However, initiatives to protect the sanctity and cleanliness of
river Ganga can be traced back to its roots in the
colonial period. The agreement of 1916 ‘Ganga
Mahasabha’ was signed for the elementary right
of the Hindus for the uninterrupted Cow of the
river Ganges. In 1986, GoI launched Ganga
Action Plan (GAP) covering 25 Class I cities that
spread across Uttar Pradesh, Bihar and West
Bengal to improve the riverine water quality by
preventing, diverting, and treating urban municipal sewage and chemical waste from identiBed
industrial units. In 2009, GoI declares river Ganga
as National River and established the National
Ganga River Basin Authority u/s 3(3) of the
Environment Protection Act (1986) (Chaudhary
and Walker 2019). Moreover, in 2014, GoI launched Namami Gange Mission to achieve long-term
objectives, programs based on suggestions of
Ganga River Basin Management Plan, which is
a consortium of seven Indian Institute of
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Technology to formulate a long-term management
plan (IIT-Consortium 2015). Alongside cleansing
mechanism of polluted streams, the basic policies to
regulate water pollution are legislative.
The Water (Prevention and Control of Pollution) Act (1974) and Environmental Protection
Act (1986) play a pivotal role in the regulation of
contamination status of aquatic resources of India
(MoEFCC 1974, 1986). GoI established Central
Pollution Control Board and State Pollution Control Board u/s 3 and 4 of Water (Prevention and
Control of Pollution) Act (1974) to exercise the
duties assigned to the board under the act. However, the status quo of the river suggested that
there is a slight improvement in the water quality
from the past. Programs initiated for the abatement of pollution must be transparent with
accountability. Dialogues must be initiated with
the local stakeholders for better and sustainable
management practices. Furthermore, with the
gradual increase in population pressure in cities,
GoI must develop an uniform national water policy
and initiatives must be taken to enhance the
number of urban sewage and wastewater treatment
facilities along with capacity enhancement of
established treatment plants.

5. Conclusion
Water is a significant natural resource, crucial for
maintaining human health and hygiene. The
study has potentially shown the status of elemental and microplastic contamination in river
Hooghly. pH of river Hooghly is slightly alkaline,
but the mean observed EC, TDS, salinity, hardness and alkalinity value showed steady increase
towards the downstream. The mean concentration
of Al, Cd, Fe, Ni, and Pb were observed to exceed
the Indian standards for drinking and surface
water. The distributions of MPs are observed
throughout the river Hooghly and abundance was
found between as low as 153 pieces/m3 to as high
as 2069 pieces/m3. The physical evaluation
reveals that the size of MPs was ranged between
150 and 4560 lm. The distribution of PTEs and
microplastics depends on several anthropogenic
and natural factors like erosion, precipitation,
embankments, eAluent treatment plants, proximity of sewers and sewage canals, magnitude of
industrial releases, and hydrodynamic condition.
Our study indicates that without treatment the
water of river Hooghly is appropriate neither for

drinking nor for irrigational purposes. The present
study also attempted to give an overview of existing
policies and legislations, international conventions,
and GoI programs related to the mitigation of pollution in the Ganga river system. There are ample
number of opportunities for stakeholders, policy
makers and researchers to combat the elevated PTE
and microplastic contamination. The lack of scientiBc
knowledge and inadequate communication between
the policy makers and local stakeholders are the
major cause behind the dumping of garbage in the
river Hooghly. Hence, to mitigate pollution in river
Hooghly, governmental organizations and non-governmental organizations must co-operate with each
other to conduct successful community outreach
programs to make local stakeholders aware of waste
minimization techniques and various policies for
pollution abatement. Furthermore, the present work
indicates the necessity of a uniform national water
management policy along with community outreach
programs to impart environmental responsibility
among the participants.
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