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AN ASSESSMENT OF ABIOTIC VARIABILITY AND HEAVY 

METAL POLLUTION OF LOWER GANGES DELTA 

ABASTRACT 

 

Heavy metal load is one of the factors causing the deterioration of water quality of 

rivers and anthropogenic activities are the major cause. The Gangetic delta, sustaining 

the Sundarbans mangrove forest at the apex of the Bay of Bengal is recognized as one 

of the most diversified and productive ecosystems in the Indian subcontinent. The 

deltaic lobe is unique for its wilderness, mangrove gene pool, and tiger habitat. 

However, due to intense industrial activities in the upstream zone, and several 

anthropogenic factors, the aquatic phase in the western part of the deltaic complex is 

exposed to pollution from domestic sewage and industrial effluents leading to serious 

impacts on biota. The presence of the Haldia port-cum-industrial complex in the 

upstream region of the lower Gangetic delta (adjacent to the western sector of Indian 

Sundarbans) has accelerated the pollution problem to a much greater dimension. The 

organic and inorganic wastes released from industries and urban units contain 

substantial concentrations of heavy metals. The present article aims to highlight the 

level of selective heavy metals (Cadmium and lead) in the water and plankton 

(Phytoplankton and Zooplankton) collected from twenty sites in the Lower Ganges 

Delta. During the selection process care was taken to get the representative water 

quality data from the all sites to monitor the status of the  delta regarding industrial as 

well as anthropogenic impacts. The assessment of heavy metals was done by using an 

Atomic Absorption Spectrophotometer (AAS). Overall, Pb concentrations in the 

plankton were generally the highest of the twenty study sites. Heavy metals are 

accumulated in the plankton in the following order lead>Cadmium which is similar to 

the order in the ambient estuarine water. Significant spatial variations of heavy metal 

concentrations in estuarine water and plankton were observed between the selected 

sites, which reflect the adverse impact of intense industrialization, unplanned tourism, 

and rapid urbanization on the Ganges Delta and its biotic community, particularly in 

the western Indian Sundarbans. 

Keywords: Heavy metals, River Ganga, West Bengal, Water, Plankton, Delta, 

        Bioconcentration Factor. 

STRACT
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Urban-industrialized economic development has dramatically impacted aquatic 

ecosystems, with a growing number of metals and other pollutants entering them. 

Terrestrially derived metals, of geogenic or anthropogenic origin, drain into rivers and 

streams and accumulate in sediments (Omwene et al. 2018). From an environmental 

point of view, coastal zones can be considered as the geographic space of interaction 

between terrestrial and marine ecosystems that is of great importance for the survival 

of a large variety of plants, animals, and marine species (Castro et al., 1999). Adverse 

anthropogenic effects on the coastal environment include eutrophication, heavy metals, 

organic and microbial pollution, and oil spills (Boudouresque and Verlaque, 2002). The 

discharge of these wastes without adequate treatment often contaminates the estuarine 

and coastal water with conservative pollutants (like heavy metals), many of which 

bioaccumulate in the cells and tissues of resident organisms like plankton, fishes, 

oysters, crabs, shrimps, seaweeds, etc. 

The resident biota can strongly influence the cycling of elements in marine systems. In 

surface pelagic waters, plankton can strongly affect the vertical transport of elements 

(Fowler 1982, Fowler & Knauer 1986). Heavy metals enter the natural aquatic 

environment, by processes of erosion and dissolution of rocks or anthropogenic by 

accidental pollution or improper treatment of industrial and domestic wastewater 

(Agbozu et al 2007). Typical results of human activities have resulted in increased 

levels of heavy metals present in freshwater and among these: cadmium, chromium, 

nickel, lead, manganese, and zinc are the most specific (Farkas et al 2001). 

Plankton has a major role in the food chain of aquatic environments like the rest of 

plants and animal organisms and represents the main food source from the entire food 

chain circle with indirect influence on the human population which is exploiting water 

resources for food. The plankton (phytoplankton and zooplankton) has also the 

tendency to bioconcentrate heavy metals and it is found in all types of aquatic 

ecosystems, with the degree of bioconcentration depending on species and seasonality 

(Roy et al 2010). Marine zooplankton plays a major role in determining the fate of 

metals, especially particle-reactive metals in the water column (Fowler & Knauer 1986, 

Fisher & Fowler 1987). Bioconcentration is a process whereby a substance is taken and 

concentrated by living organisms from their environment and diet and stored in the 

body. It includes the effect on an organism’s internal concentration as a result of the 

organism taking up a chemical via the respiratory surface and skin (uptake), moving it 
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internally (distribution), changing it (metabolism), and returning it to the environment 

(elimination). 

1.1 DESCRIPTION OF RIVER GANGA: 

Water is the key resource required to sustain the life on this planet. The river Ganga is 

the most important river system in India. Due to the copious availability of water 

throughout the year, it has played a major role in the growth of Indian civilization and 

economy (Paul & Sinha, 2013). It accounts for 25% of India's water resources. The 

Ganga is the 20th longest river in Asia and the 41st longest in the world (Source: Philips 

World Atlas). The River Ganges originates in the Gangotri glacier in the Garhwal 

Himalayas at an elevation of 7010m as the Bhagirathi River. At Devprayag, River 

Alaknanda joins Bhagirathi, and the combined stream is known as the Ganges. From its 

origin, the river flows for 2525km before reaching the Bay of Bengal at Ganga Sagar in 

the state of West Bengal, India (Das & Tamminga,2012). The delta of the greater Ganga 

basin is one of the largest in the world and is known by the name Sundarbans after the 

Sundari trees covering an area of 60,000 Sq.km. 

1.1.1 LOWER GANGES DELTA: 

A delta is an area of low, flat land shaped like a triangle, where a river splits 

and spreads out into several branches before entering the sea. The Gangetic delta, 

formed by the depositional activity of the River Ganga is located at the apex of the Bay 

of Bengal. The world’s largest delta, shared by India and Bangladesh, is formed by the 

distributaries of the rivers Ganga and the Brahmaputra (Seidensticker and Hai 1983). 

This delta is located at the northern apex of the Bay of Bengal and its area is confined 

within the Bhagirathi-Hooghly River in the west and the Padma-Meghna estuary in the 

east. The Ganges Delta is also designated as the 'Ganges-Brahmaputra Delta' 

(Miah,1975) or the 'Ganges-Brahmaputra-Meghna Delta' (Pramanik, 1983). This delta 

is a tract of vast alluvial flat roughly resembling the Greek letter “     ” (delta) and 

commences at the off-take of the Bhagirathi near Gaur of Murshidabad district in West 

Bengal (India). The Gangetic delta serves as the lifeline for millions of people, 

inhabiting the mangrove-dominated Sundarbans and the highly urbanized city of 

Kolkata, Howrah, and the newly emerging Haldia port and industrial complex. 

1.1.2 INDIAN SUNDARBANS: 

Sundarbans, world’s largest mangrove forest of 10,000 km2 of areal extent (UNESCO) 

is shared by Bangladesh (60%) and India (40%) with unique biodiversity (Gopal& 
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Chouhan,2006) of 58 mangrove species (Blasco, 1975; Blasco et al., 1996), estuarine 

crocodile (Crocodilus porosus), Water monitor lizard (Varanus salvator), Gangetic 

dolphin (Platinista gangetica), and olive ridley turtle (Lepidochelys olivacea) 260 bird 

species (UNESCO) and a sizable population of Royal Bengal tiger (Panthera tigris). 

Interconnecting of estuaries forms a complex estuarine network are numerous west–

east Cowing channels, canals, and creeks, which are locally known as Khaal (meaning 

a narrow canal or creek) or Gaang and Nadi (both meaning wide rivers). The forest is 

also vulnerable to climate change. A gradual increase in soil salinity and saline water in 

the subsurface forced people to opt for salt-tolerant cropping practices or brackish water 

aquaculture. Climate change has the potential to reduce crop yields by affecting 

agriculture activities as well as the economy. 

1.2 HEAVY METALS: 

Heavy metals are metallic chemical elements naturally found in the earth's crust 

(Jaishankar et al., 2014). The term "heavy metal" Is widely used in scientific literature 

with reference to several elements beginning with beryllium and going up to actinides 

(Nair, 1984). Heavy metals are generally regarded as having an atomic number of 22 to 

92 in all groups from period 3 to 7 in the Periodic Table (Waldichuk, 1974). Heavy 

metals are actually a group of metals or metalloids having an atomic number greater 

than 22 and a specific gravity greater than 5. Examples are copper (Cu), lead (Pb), nickel 

(Ni), cadmium (Cd), mercury (Hg), arsenic (As), zinc (Zn), and chromium (Cr) (Jessica 

et.al.,).  Heavy metals can be found in nearly all parts of the biotic and abiotic 

environment, including water, sediments, plants, animals, and humans (Hui, 2008). 

These heavy metals are naturally occurring in the environment, and some heavy metals 

such as iron and zinc are essential for various biochemical and physiological functions 

of living organisms (Sukdeo, 2010; Jaishankar et al., 2014). However, when their 

concentrations exceed naturally occurring levels, they can be potentially harmful to both 

humans and aquatic life (Moodley et al., 2014). Bioaccumulated heavy metals describe 

the portion of heavy metals ingested by organisms. Bioavailable heavy metals, on the 

other hand, include heavy metal species that are bio-accessible and can be distributed, 

metabolized, eliminated, and bioaccumulated by an organism (Drexler et al., 2003). 

Heavy metals are of particular concern due to their environmental persistence, toxicity, 

and ability to be integrated into food chains (Pati et al., 2013). Heavy metals are not 
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biodegradable and can persist in the environment for an extended period, even after the 

sources of these heavy metals have been removed (Javed and Usmani, 2017). 

 

1.2.1 SOURCES OF HEAVY METAL: 

In aquatic ecosystems, these heavy metals are transported in dissolved or particulate 

form, where sediment and other suspended particles are crucial in heavy metal 

adsorption, desorption, and sedimentation processes (de Souza Machado et al., 2016). 

Heavy metals present in estuaries are typically derived from riverine particulate and 

dissolved heavy metals, point sources such as harbor activities, land runoff, sewage, and 

industrial effluents (de Souza Machado et al., 2016). 

i) NATURAL SOURCES: 

Parent material or rock type is one of the most important natural sources of heavy metal. 

Atmosphere and triggering weathering activities decide the properties and accumulation 

of heavy metals (Nagajyoti et al.,2010). 

ii)  AGRICULTURAL SOURCES: 

An anthropogenic activity leads to change in the natural availability of the heavy metals 

in the natural environment and that is the main cause of contamination. Plants also need 

some heavy metals to grow and for that purpose, farmers use fertilizers, pesticides and 

compost. These activities increase the amount of heavy metals such as Cu, Mn, Cd, Pb, 

Hg, F, As, Cr, etc (Wuana and Okieimen,2011). 

iii)  INDUSTRIAL SOURCES:  

Waste water of industries is also used for irrigation by the farmers and if it is used 

without proper treatment, they will contaminate the soil and water. Industries like 

mining, steel, and paints, etc. are large sources of heavy metals like Cd, Pb, As (Yang 

et al.,2018). 

iv)  DOMESTIC SEWAGE 

Though this is not add much heavy metal to the environment, but it is observed that 

domestic wastewater adds Zn, Cu, Cd, and Pb heavy metals in the soil through irrigation 

(Kim et al.,2015). 

1.2.2 HEAVY METAL AND ITS IMPACT: 
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Here I discussed about heavy metals specially Lead and Cadmium and their harmful 

consequences on humans in brief.  

i) Cadmium (Cd): 

Cadmium is used in television screens, paints, cosmetics, welding, galvanizing steel, 

electroplating, batteries, pesticides, fertilizers, and many other purposes which are 

widely used by people. Cigarette smoking is also one of the sources of cadmium 

exposure to human. Dust containing cadmium and contaminated water play the role of 

conductor of cadmium through the environment to the living. Cadmium is the most 

toxic non-essential heavy metal added into the river by the disposal of cadmium-

containing materials. Cadmium gets accumulated in sediments, particulate matter, and 

water in estuarine ecosystems. Bioaccumulation of cadmium into marine organisms 

depends upon the cadmium compound structures, salinity, and temperature of the 

marine systems (Tamele and Vázquez,2020). 

 The Bay of Bengal is the largest delta and greatest estuary of Bangladesh and India, Cd 

is found to be the major pollutant in the same region that can damage the liver of fish 

and other marine organisms(Lakshmanasenthil et al.,2013). According to World Health 

Organization provisional guidelines, the permissible value of cadmium in water is 0.003 

mg/L (WHO,1984). Higher accumulation of cadmium can harm vitamin D metabolism 

in kidneys with a harmful impact on bones, heart and blood vessels, kidney damage, the 

central nervous system, and other organs(Bernhoft,2013) . 

ii) Lead (Pb): 

 Humans generally get exposed to lead near mining activities due to inhalation in the 

human body. In case of fish and other marine organism, lead is collected indirectly from 

the food chain and directly from contaminated water. Lead is a more toxic heavy metal 

and needs to have control measures on its use. Drinking water and seafood are one of 

the major exposures of lead to humans (Tamele and Vázquez,2020). 

 Lead is found to be tolerable in aquatic systems because it is slightly soluble in saline 

water and shows adaptability. This helps some kind of protection from lead to 

accumulate in the marine organisms (Sall et al.,2020). Lead is harmful to all organs but 

specifically, the lung is the common organ attacked by the higher concentration of lead, 

and possibly results in lung cancer(Mahurpawar,2015).  
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It is harmful for adults and children but children are affected at an even lower level by 

the accumulation of lead. The permissible value of lead in water is 0.02 mg/L 

(WHO,1984). The nervous system is also damaged by the higher amount of lead in the 

body. Infertility in men, premature delivery in women, and miscarriage are also the 

effects of higher levels of lead (Rahman and Singh,2019). 

1.3 PROPOSED STUDY: 

Urban-industrial discharge is the main source of the Ganga River pollution (CPCB 

2013; Yadav and Pandey 2017). According to the Environmental Information System 

(ENVIS), total sewage generation from cities in 5 main states of the Indo-Gangetic 

Plains is ~ 15,435 MLD while the treatment capacity is only 3458 MLD (ENVIS 2016). 

Despite all efforts by the Government of India, the untreated sewage being flushed into 

the river has increased by over ninefold in recent years compared to 1985 (Dwivedi et 

al. 2018). In addition to urban sewage, hundreds of industrial units including textiles, 

electroplating, power plants, sugar mills, distilleries, paper and pulp, and several others 

directly discharge the waste into the river. Water quality and chemistry are strongly 

affected by the discharge of nearby industries (Tampuset al., 2014) and sustainable 

management including effective political and legislative policies (Cojocariuet al., 2011; 

Ndomeet al., 2014). Heavy metals are detected in higher concentrations in mixed 

zooplankton organisms near the coast due to the untreated discharge of many waste 

products from sewage treatment plants close to the coast or near the rivers (Rezai and 

Yusoff, 2011; Robin et al. 2012). 

The practice of discharging waste from industries and untreated domestic sewage into 

the aquatic ecosystem is continually going on that leads to the increase in the 

concentration of heavy metals in river water (Khadse et al., 2008; Juang et al., 2009; 

Sekabira et al., 2010). These heavy metals are not readily degradable in the environment 

and accumulate in the animal and human bodies to a very high toxic level leading to 

undesirable effects beyond a certain limit (Marschner, 1995; Bruins et al., 2000; Sin et 

al., 2001; Otitoloju, 2002; Yabe et al., 2010; Adakole and Abolude, 2012).  Fatal 

diseases such as eyelid edema, renal tumor, nasal mucous membranes, and pharynx 

congestion, increased blood pressure and cardiovascular diseases, osteoporosis, 

nephritis, anuria, cancer, extensive lesions in the kidneys, headache and malfunctions 

of different systems of the body caused by heavy metals have been reported by several 

authors (WHO, 1995; Staessen et al., 1999; FDA, 2005; Ikem and Egiebor, 2005, 
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Chukwujindu et al., 2007). Therefore, monitoring this metal concentration in water and 

plankton is important for the safety assessment of the aquatic ecosystem. Regarding this 

background, this survey monitored the surface water in the lower stretches of the river 

Ganga in West Bengal, India, considering the spatial and temporal variations in heavy 

metal content and also evaluating the status of the river water quality for drinking and 

agricultural irrigation purposes. 

1.4 AIM AND OBJECTIVES: 

The study aimed to find out the concentration of heavy metals in water and plankton 

(zooplankton and phytoplankton genera) in the lower Ganges delta. To achieve the aim 

following objectives were undertaken- 

i) To determine the heavy metals (Cd, Pb,) concentration accumulated in water and 

plankton from the lower Ganges and to assess the bioconcentration factors from 

plankton which is used as an indicator in determining the heavy metal trace from aquatic 

ecosystems. 

ii) To compare the accumulation of heavy metals in water and plankton (phytoplankton 

and zooplankton) in different seasons and different salinity zones. 

iii) To study the plankton diversity based on seasonal variations in the lower Ganges 

delta. 

 

 

 

 

 

 

 

 

 

 

 



 

  

2. REVIEW OF LITERATURE 
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The increasing input of various metals and other toxic materials is putting dominations 

on the water bodies passing through the city and industrial sites, and the sewage turn-

offs into the water bodies is a usual incident in the present pollution scenario. 

Anthropogenic pursuits are the principal cause behind heavy metal pollution in aquatic 

environments. Industrial and urban refusals and atmospheric calamities are seen 

regularly to pollute aquatic ecosystems. In the biogeochemical cycling of nutrients and 

various pollutants in aquatic ecosystems, water and sediment also play a key role. 

Pavements from river drainages and anthropogenic effluents to the water bodies fall 

down the role of sediment in nutrient cycling in riparian ecosystems. The substances 

issued from the erosion of rocks and minerals as well as from industries and other 

human-made polluting activities permeate the sediment phase. That more than 90% of 

the total flux of Phosphorous (P), Nickel (Ni), Manganese (Mn), Lead (Pb), Iron (Fe), 

and Aluminum (Al) are impregnated with sediment fraction in riparian ecosystems 

came into the reckoning. (Martin and Meyback, 1979). 

It is also calculated that the average output of these riverine resources in India is only 

360 kg/km. Indeed, the yields of the riverine resources of India are much higher. The 

yielded potential of the lower reaches of river Ganga is enumerated at 198.3 kg/ha/yr 

whereas the actual yield is 30 kg/ha/yr and thus, only 15.2% of the production potential 

is collected (Sinha, 1999). This fact is due to the decline of the river and the incapability 

of it to serve as a good haunt or birthplace for fish. Once and again the fish spoils from 

the rivers are placed in a favourable light. 

In an aquatic environment, plankton are of great ecological importance. Amongst 

plankton, phytoplankton provide the underlying basis for the food chains within an 

ecosystem as the source of food for zooplankton. They reflect the average ecological 

condition of water and hence may be used as indicators of water quality (Pandey et al. 

1993; Adesalu and Nwanko 2005). Zooplankton play a vital role in energy transfer to 

higher trophic levels, and represent a major food source for many fish species (Shastree 

et al. 1991). Hence, plankton may be a useful bio-indicator of heavy metal pollution in 

an aquatic environment (Pempkowiak et al. 2006). 

 The following review article presents the findings of the work carried out by various 

researchers in the past on the heavy metal pollution of river Ganga. 
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Purushothaman and Chakrapani (2007)  assessed the heavy metals (Cr, Mn, Fe, Co, Ni, 

Cu, Zn, and Pb) associated with different chemical fractions of sediments of the river 

Ganga.  

Sarkar et al. (2007) also analyzed the level of dissolved heavy metals such as Fe, Zn, 

Mn, Cu, Pb, Hg at three ecologically distinct zones along the course of the river Ganga- 

Babughat, Diamond Harbour, and Gangasagar in West Bengal and reported high values 

for Hg and Pb which can be attributed to the discharge from pulp and paper 

manufacturing units and to atmospheric input and runoff of automobile emission. 

Bhattacharya et al.( 2008) studied the accumulation of heavy metals in water, sediment, 

and tissues of different edible fishes at the Rishra-Konnagar region situated on the upper 

stretch of Gangetic West Bengal during 2006-2007. According to them the 

concentration of Zn, Cr, Cu, Cd, and Pb in sediment and water as well as in 

commercially edible fish samples at the sampling station exhibited a unique seasonal 

oscillation. The concentrations of heavy metals follow the trend: Zn > Cr > Cu > Cd > 

Pb. 

Chaturvedi and Pandey (2006) analyzed physicochemical parameters as well as few 

toxic metals of river Ganga at Vindhyachal Ghat of Varanasi. According to their study, 

this site was polluted and the water is not suitable for domestics, irrigation, and other 

purposes. 

Nath and Banerjee (2006) assessed pollution of the Ganga River considering the heavy 

metals (Cu, Pb, Cd, and Zn) in water, soil, benthic macroinvertebrates (Thiara lineate), 

and fish (Rita rita). The overall study reveals that the Ganga River is moderately 

polluted. 

Kar et al.(2008) analyzed various heavy metals such as Fe, Mn, Zn, Cu, Cd, Cr, Pb, and 

Ni from the surface water samples of river Ganga in West Bengal and found a 

significant seasonal variation for Fe, Mn, Cd, and Cr. The presence of different studied 

heavy metals in the surface water of the river Ganga followed the sequence: Fe > Mn 

> Ni > Cr > Pb > Zn > Cu > Cd. 

Gupta et al. (2009)  studied the occurrence and bioaccumulation of several heavy metals 

(Cu, Cr, Cd, Pb, Zn) in the river water, sediment, and the muscles of two catfish species 

procured from the river Ganga at Allahabad. According to them the order of occurrence 
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of different heavy metals is Zn > Pb > Cu > Cr > Cd, respectively. The heavy metals 

analysis in sediment indicated that among the five heavy metals, Zn was maximally 

accumulated followed by Pb, Cr, Cu, and Cd. 

Aktar et al. (2010) analyzed the heavy metal concentrations (Fe, Mn, Cu, Zn, Pb, Cd, 

Cr, and Ni) of surface water at four different locations of the river Ganga around 

Kolkata and evaluated that the studied heavy metals showed no significant variation 

concerning sampling sites as well as discharge points. However, those metals' 

concentrations varied with season, being higher in the rainy season and lower in the 

winter season. 

Paul and Sinha (2013) investigated the seasonal variations in the Ganga river water 

quality concerning heavy metals (Zn, Pb, Cd, and Cr) contamination in West Bengal. It 

was observed from their study that the concentration of most of these heavy metals was 

much higher than the maximum permissible limits. 

Mukhopadhaya (2003) observed that the Hooghly embouchure passing through the 

industrial cities Kolkata and Howrah assumed a high level of metals in water Cu 237 

µg/l, Cd 80 µg/l, Cr 180 µg/l, Pb 410 µg/l, and Zn 293 µg/l and all the values exceeded 

the USEPA admissible range for aquatic organisms. 

Samanta. et al., (2005) penned the levels of Cd, Cu, Mn, Pb, and Zn ranging from 2-14 

µg/l, 5-19 µg/l, 8-88 µg/l, 17-41 µg/l and 22-37 µg/l respectively while assessing the 

metal concentration in Hooghly and Haldi ( at Haldia ) river waters. The fact explicit 

in the data being compared with the critical criterion continuous concentration (CCC) 

of USEPA was that Cd, Cu, and Pb were present at a frightful rate to discommode the 

aquatic life process at the particular area. 

Nath et al., (2003) highlighted that the mean concentration of Pb 9-410 µg/l and Cd 1-

74 µg/l in the water of seven fjords of Sundarban was above USEPA criteria for aquatic 

organisms where as Cu and Zn concentrations subsisted within allowable extremities. 

Pandey et al., (2010) carried out a study on heavy metal contamination of the Ganga at 

Varanasi in the context of atmospheric deposition. Along a stretch of 20 km length of 

the river they recherché twelve sampling stations. The data showed that the mid-drift 

water of Ganga at Varanasi was irreversibly defiled with heavy metals. The highest 

concentrations of Pb, Cd, Cr, Cu, and Ni at the time of winter and that of Zn in summer 
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were recorded. The all-up concentration of heavy metals in water revealed the 

concentration tendency i.e. Zn>Ni>Cr>Pb>Cu>Cd. The study reported a significant 

positive relationship between the concentrations of heavy metals in water with the pace 

of atmospheric deposition in the respective areas. The study also in relevance to the 

above factor made sensing on the atmospheric water interaction in a polluted 

environment and on the management of water bodies even though located away from 

direct anthropogenic discharges. 

Kar. et. al.,(2008) stepped for assessing heavy metal contamination in water of the river 

Ganga in West Bengal during 2004-05. Berhampur, Palta, Dakshineswar, and Uluberia, 

the four stations to be controlled were chosen for the investigation. 96 water samples 

were amassed in the investigation. More than 92% of the total sample were Fe, Mn, Zn, 

Ni, Cu and Pb detected in the range of 25-5490 µg/l (Fe), 25-2720 µg/l (Mn), 10-370 

µg/l (Zn), 12-375µg/l (Ni), 1- 44µg/l (Cu) and 1-250 µg/l (Pb) respectively. The season-

wise existence of heavy metals observed in water are as follows: Fe in its maximum 

mean concentration (1520µg/l) was noticed in summer, Mn (423µg/l) in monsoon, Cd 

(3µg/l) and Cr (20µg/l) during wintry season. The station-wise presence of the above 

are as follows: Fe (1485µg/l), Zn (85 µg/l), and Cu (6 µg/l) were observed in their 

highest mean concentrations at Palta, Mn (420µg/l) and Ni (54 µg/l) were observed in 

that at Berhampur, Pb (24 µg/l) and Cr (18 µg/l) in their maximum mean concentration 

were observed in the downstream station, Uluberia. Shah et al., (2005) stated that the 

offloading of heavy metal-loaded industrial waste in water might be the principal cause 

behind the highest concentrations of most of the heavy metals (Fe, Zn, and Cu) at Palta. 

After all, in the surface water of the river Ganga, the predominance of various heavy 

metals followed a succession: Fe>Mn>Ni>Pb>Zn>Cu>Cd. A significant correlation of 

Cd and Cr of water with conductivity was shown but a negative correlation was seen 

between Mn and conductivity. 

Gupta et al., (2009) investigated the valency and toxicity of some heavy metals in water. 

They showed that trivalence and hexavalent are the two states of Cr, which are seen 

present in water. The hexavalent state is conceived as massively toxic and is not 

detected in water due to its poor solubility (EPA,1992 and Besser et al.,2001). 

Singh and Mahaver (1998) observed the metal levels at Chirraghat, Tanda, and 

Kattarniaghat National Thermal Power Project (NTPC) in Ghaghara, U.P. They 
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reported that as the fly-ash settled down it did not leave an impact on metal 

concentration in water. Shaikh, M. J., (2013) investigated the depot of heavy metals 

(cadmium, chromium, lead, nickel, and zinc) in water and fish organs of the river 

Godavari at Nathsagar Dam, Maharashtra. They studied two different river belts of 

Godavari in August 2012, one of which (site I) was near the Nathsagar dam and another 

(site II) was at upstream water of the river Godavari, 2 km, away from the Dam. They 

observed the metal concentrations in sampling water in a sequence i.e. 

Ni>Pb>Cd>Zn>Cr. The utmost volume of metal was of Nickel observed in the sample. 

At site I the observed value of Nickel was 7.53µg/l and at site II that of Nickel was 

5.80µg/l. The chromium values were found insignificant at the sites i.e. 1.23µg/l at site 

I and 1.7 µg/l at site II. They opined that the overuse of pesticides and fertilizers in the 

arable belts along the banks of this river causes higher levels of lead cadmium and Zinc 

in the river water.  

Dutta et al., (2005) assessed in their study the impact of lead (Pb) on the water quality 

of river Ganga in West Bengal. Their study showed that in 83% of water samples, the 

Pb content overstepped far the agreeable margin (5µg/l) defined by USEPA (2002). 

Recking of the state of Pb concentration in water, it might be concluded that such river 

water was not suitable for serving drinking purposes. The study put stress on the strict 

and close observation of raw casts into the river. 

Studies by Samanta. et al., (2007) on the content of trace elements of metal in water 

showed that the presence of Pb, Cd, Cu were sufficient to perturb the process of aquatic 

life in the riparian belts. Samanta. S., (2013) conducted a study on the pollution status 

of the river Ganga (Gangotri to Bay of Bengal) being affected by metals and pesticides. 

In their study the midstream of the Ganga (Haridwar to Farakka) catching the effluents 

of several kinds was observed to be drastically polluted with different metals i.e. Cd 0-

28,Cr 2-119, Cu 0-170, Zn 1- 311 µg/l. In conclusion, it was stated that the Ganga river 

water flows in the gulf of pollution and thereby the aquatic organisms are differently 

being jeopardized in accordance with the degree of contamination. 

Singh et al., (2005) led a study on heavy metal concentration in the Gomti River. They 

found in investigation the ranges of metal concentration respectively as Cd (1-5 µg/l), 

Cr (1.5-68.8µg/l), Cu (1.3-4.3µg/l), (7931-139µg/l), Mn (3.8-97.3µg/l), Ni (6.6-

11µg/l), Pb (15.8-27.6µg/l) and Zn (14.4-29.8µg/l). A notable variation in heavy metals 
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concentration in water and sediment samples was also shown in their study. In 

establishing the reason behind this variation they stated that the industrial and sewage 

waste volumes were different at different sampling stations of the river, causing 

concentration variation of heavy metals in the river water. They further showed the 

highest and lowest contamination levels in the case of some metals in water. Fe and Mn 

were shown as the highest contaminating metals in water whereas Cd was the lowest 

contaminating one. 

Damodhar and Reddy (2012) investigated concentrations of heavy metals in water as 

well as species of fish in the river Uppanar at Cuddalore (Tamilnadu). In the results of 

the investigation, it was found that in water the average concentration of the trace metals 

was in such a sequence as Zn>Mn>Pb>Cu>Cd denoting the presence of Zn in the 

highest concentration among other metals. It was also shown study that almost all 

concentrations of heavy metals (Zn, Mn, Pb, Cd, and Cu) in the river water surpassed 

the permissible concentration limits of Indian standards. 

Aktaret al., (2010) conducted a study for 11 months (November 2005 to October 2006). 

In order to assess the quality of surface water of the river Ganga in the region of 

Kolkata. In order to reduce the concentrations (Fe, Mn, Zn, Pb, Cr, and Ni) of heavy 

metal in surface water from two points: a middle stretch of the river and metal 

ejaculating point at each location at four different cantons of Kolkata, where Fe was 

traced out to be in the concentration ranging from 13 to 5490µg/l, Mn, from 22 to 

1780µg/l, Cu from 3 to 33µg/l, Zn from 5 to 293µg/l and Ni from 45 to 240µg/l. 

Besides, the season-wise concentration variance of these was metal was also observed 

in the study where the concentration was found higher in rainy season and lower in 

winter. They broadly found that the surface at different locations of Ganga River almost 

on all sides of Kolkata in West Bengal abounded in essential micronutrients (Mn, Zn 

and Cu). They found that the waste water and excrements conveyed in sewers and slush 

befoul the face water of the river Ganga. That is why they gave a hint the fact that if 

keep particularly Fe, Pb and Mn are within the prescribed safe levels the river water has 

to be brought under a suitable biochemical treatment. 

Ghosh et al., (1983) pursued an investigation on the pollution effect on the Hooghly – 

Matla estuarine system. They found that Hooghly estuary a major part of the estuarine 

system was being affected bit by bit by the massive load of discharges (1.28 million m³ 
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/d) from the industries of the types like tannery, rubber and cycle rim, pulp and paper, 

paints and varnishes, distillery and yeast, rayon and cotton textile, oil refineries, 

petrochemicals, thermal power plants etc. Besides, other contaminating stuffs like 

household discharges and biological rubbishes being freely bio-decomposed, affect the 

oxygen content of the estuary. They found that the estuarine water contained high metal 

concentrations in the industrial zone. High levels of Zn (1248µg/l), Cu (38.1 µg/l), Cr 

(10.3 µg/l), Cd (6.4 µg/l), Pb (124.7 µg/l) and Hg (0.2 µg/l) were observed in the 

industrial and mixed effluent receiving sites of the Hooghly estuary. 

Malik et al,.(2013) studied on a significant freshwater body in Madhya Pradesh is Halali 

Reservoir. The reservoir's water is utilized for aquaculture, agriculture, and drinking. 

During 2006 and 2007, the levels of various heavy metals (such as Cd, Cr, Cu, Ni, Pb, 

and Zn) were assessed in the plankton of Halali Reservoir using inductively coupled 

plasma—optical emission spectrometry. For Cd, Cr, Cu, Ni, Pb, and Zn, the 

corresponding mean concentration ranges were 0.0018–0.0037 µg g-1, 0.0038–0.2257 

µg g-1, 0.0013–0.0228 µg g-1, 0.0011–0.0086 µg g-1, 0.0133–0.0494 µg g-1, and 

0.0130–0.1168µg g-1. At five research sites, the mean concentrations of Cr in the 

plankton were generally the highest among the six metals. The following was the 

typical order of metal concentrations at these five sites: Cr>Zn>Pb>Cu>Ni>Cd. 

Baliarsingh et al,.(2010) conducted a study on the accumulation of heavy metal in 

freshwater zooplankton of Paradip (Harbour City) area, Orissa, India which is situated 

on the bank of Mahanadi River. The study area is prone to heavy metal pollution 

because mineral-based industries to zinc, lead, and cadmium are common in and 

around. Heavy metal pollutants are affecting aquatic life in their surrounding waters. 

Water quality analysis of the sampling location has shown concentrations of lead as 

0.06-0.55 ppm, zinc 0.04-0.35 ppm, and cadmium 0.00-0.01 ppm which are beyond the 

BIS permissible limit for drinking water.   

The community that zooplankton inhabits is impacted by heavy metal contamination.  

According to experiments, (i) Cyclocypris globosa, Diaphanosoma sarsi, and Moina 

brachiata were most toxic to Cadmium; (ii) Cyclocypris globosa was more toxic to 

Zinc, whereas Mesocyclops hyalinus was more toxic to Lead. It was discovered that the 

toxicity pattern for zooplankton species was Lead > Zinc > Cadmium.  
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Chinnaraja et al,.(2011) analyzed heavy metals concentration (Co, Zn, Ni, Cd and Pb) 

in sediment, water, plankton, and fish (Mugil cephalus).The samples collected from 

four different sampling areas viz., Pulicate lagoon, Muttukadu Backwater, Cuddalore 

and Nagapattinam in the Bay of Bengal, southeast coast of India. The accumulation of 

heavy metals was discovered to be as follows: Zn > Co > Ni > Pb > Cd in plankton and 

Co > Zn > Ni > Pb > Cd in sea surface water. The study concluded that the planktonic 

organisms are capable of accumulating more heavy metals and transferring it to 

planktivorous fishes. 

Rossi et al,.(2008) monitored the concentrations of copper, lead and cadmium in 

seawater, in suspended particulate matter (SPM) and in bacteria, phyto- and 

zooplankton communities separated from abiogenic particles, over a one year cycle in 

two coupled Mediterranean coastal ecosystems (Little Bay (LiB) and Large Bay (LaB)). 

Metals were present in seawater in the order Cu > Pb > Cd in both bays and showed 

important variations within the same month than among months. 

Rauf et al,.(2018) conducted a study in Uptake and Accumulation of Heavy Metals in 

Water and Planktonic Biomass of the River Ravi, Pakistan. Cadmium concentration in 

the water samples collected from the different sites (rivers and tributaries) varied 

significantly. Cd in the plankton samples collected from the different sites (rivers and 

tributaries)  showed higher contamination. 

Burada et al,.(2014) analyzed the Heavy metals accumulation in plankton and water of 

four aquatic complexes from the Danube Delta area, one of the most important 

Biodiversity Reserve in Europe. To achieve the study they selected six heavy metals 

(cadmium, chromium, nickel, lead, manganese, and zinc). The study was conducted 

during five years (2007-2011) period and the statistical analysis was based on mean 

concentrations, expressed in µg/g. Samples were digested at the Anton Paar microwave 

oven and analyzed by mass spectrometry with inductively coupled plasma (ICPMS). 

High values of bioconcentration factor in plankton (BCF) have been found for 

cadmium. Analyzing the results it was observed that evolution of heavy metal 

bioconcentration in plankton samples during 2007-2011 can be characterized by an 

upward trend in the following order: Cd > Ni >Cr > Zn > Mn> Pb. 

Bhattacharya et al,.(2014) studied on Bioaccumulation of trace elements in dominant 

mesozooplankton(Body size 20–200 lm)  group inhabiting in the coastal regions of 
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Indian Sundarban northeastern part of Bay of Bengal. They conducting the experiment 

in three seasons, namely premonsoon, monsoon and postmonsoon. In total, 50 

copepods were identified (22 families and 43 genera). The dominant mesozooplankton 

species including 9 copepods and an epipelagic chaetognath, exhibited both spatial and 

seasonal variations. Metal concentration exhibited considerable inter-specific 

variations for the copepods and the mean concentrations were: Fe, 1350.2–51118.3 

µg/g; Al, 647.2–73019.1 µg/g; Ni, 32.4–110.3 µg/g; Mn, 122.8–1066.5 µg/g; Pb, 0.04–

97.5 l µg/g; Pb, 10.6– 97.5 µg/g; Cd, 4.2–21.6 µg/g; Cu, 17.4–145.1 µg/g; Zn, 225.7–

1670.9 µg/g; Cr, 21.7–194.3 µg/g; Co, 1.32–111.1 µg/g. Metal concentrations showed 

the following order: Sagitta bedoti > Coryceas danae > Oithona sp. > Eucalanus 

subcrassus > Labidocera euchaeta > Paracalanus parvus > Acartiella tortaniformis > 

Acartia spinicauda > Pseudocalanus serricaudatus. 

Based on the previous discussion, it has been found that the water of river Ganga 

contains enormous amounts of heavy metals and shows that the levels of various heavy 

metals in the river Ganga water and plankton are far above the acceptable 

concentrations. These metals are responsible to several health effects. This study Is 

most important to know the ecological and environmental stress due to the heavy metal 

pollution in plankton. Because the Phytoplanktons are the primary producers and the 

zooplanktons are the primary consumers in the food chain of aquatic ecosystems. The 

whole aquatic life depends on the plankton abundance.  The planktons have been 

affected by Heavy metal toxicity. They accumulate the metals into the cells and forward 

to the higher trophic level.    
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3.1 STUDY AREA: 

The river Ganga (Ganges) originated from two headwaters at an altitude of about 6000 

m in the Garhwal Himalaya, it flows through the Sivalik hills and enters the plains at 

Haridwar. Then it flows southwards, meandering over several hundred kilometers in 

the Indo-Gangetic plains in Uttar Pradesh, Bihar, and West Bengal, ultimately to join 

the Bay of Bengal. 

In India, the Ganges delta is located within the state of West Bengal and the delta begins 

at the Farakka Barrage (CWC and IMD, 2015). About 40 km downstream of Farakka, 

the river splits into two arms; the left arm, Padma, turns eastward and enters Bangladesh 

and the right arm, Bhagirathi, flows southward. After Nabadwip, it is known as 

Hooghly and enters the Bay of Bengal about 150 km downstream of Kolkata. The 

Hooghly River, which is the lower tidal stretch of the Bhagirathi River, flows past the 

megacity of Kolkata and forms a vast mangrove-enriched estuarine delta before 

entering the Bay of Bengal. This is the Indian part of the Sunderbans covering an area 

of about 9630 km2 (Ray et al., 2011). The Ganges delta in West Bengal covers nine 

districts, draining an area of 71,485 km2. On the coast, the Sundarban mangrove forests 

rise up to 2.1m above mean sea level, providing stabilization and enabling the accretion 

of new land. 

3.1.1 SAMPLING SITES: 

To fulfill the aims of the present study, twenty different sites were selected, along the 

stretch of the freshwater zone and saline water zone of Lower Ganges Delta. The 

selected sites were distributed from north (freshwater) to south (marine water).In 

Sundarbans areas, the sites were distributed west to east (estuarine water). The different 

sites are: 

1) KALYANI: Kalyani (Latitude: 22.584213° & Longitude: 88.322102°) is a planned 

city in the Nadia district of West Bengal, India. It’s located in the upper Ganges 

Delta.  It's situated on the eastern banks of the Hooghly River. This site is influenced 

by freshwater. Various factories and developing industries(oil, steel) are located near 

the city. 

2) NAIHATI: Naihati (Latitude: 22.893593° & Longitude: 88.411238°) is a city 

of North 24 Parganas district in the Indian state of West Bengal. It is a part of the upper 

https://en.wikipedia.org/wiki/North_24_Parganas_district
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/States_and_territories_of_India
https://en.wikipedia.org/wiki/West_Bengal
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Ganges Delta, located eastern bank of the Hooghly River. Naihati had a vibrant 

industrial area, mostly known for the jute mill and thermal power stations. This area is 

also notable for fish farming, and rearing of freshwater fish seeds. 

3) BARRACKPORE: This urban area (Latitude: 22.760359° & Longitude: 

88.353001°)  is part of the North 24 Parganas district in the Indian state of West 

Bengal. This freshwater region lies just east of the Hugli (Hooghly) River. The 

CENTRAL INLAND FISHERIES RESEARCH INSTITUTE (CIFRI) is located hear. 

4) BANDEL: Bandel (Latitude: 22.92073° & Longitude: 88.3398483°)  is a town in 

the Hooghly district of the Indian state of West Bengal. It is founded by the Portuguese. 

The famous Dunlop factory and Bandel thermal power station are situated here. This 

urban area is affected by fresh water and is located the west bank of the Hooghly River. 

5) CHANDANNAGAR: Chandannagar (Latitude: 22.861836° & Longitude: 

88.372576°)   is a city in the  Hooghly district in the Indian state of West Bengal. This 

freshwater region is located on the western bank of the Hooghly River, the city was one 

of the five settlements of French India. 

6) SHEORAPHULI: Sheoraphuli (Latitude: 22.77468° & Longitude: 88.33069°) is a 

neighborhood of Hooghly district in the Indian state of West Bengal. It is on the west 

side of the river Hooghly. Mostly jute mills and rubber industries are located here.  

7) KONNAGAR: Konnagar (Latitude: 22.699438° & Longitude: 88.360057°)    is a 

town of the Hooghly district in the state of West Bengal in India.. It is located on the 

west bank of the River Hooghly. Jute mills, iron and steel factories, and leather and 

cloth industries are located on the bank of the river. 

8) BARANAGAR: Barahnagar (Latitude: 22.64010° & Longitude: 88.3617483°)    is 

a city and a municipality in North Kolkata of the Indian state of West 

Bengal. Baranagar is the fifth most densely populated city proper in the world. It is 

situated east of the Hooghly River.  Baranagar is a major industrial center for the 

manufacture of agricultural and industrial machinery, chemicals, castor oil, and 

matches; Baranagar is also home to numerous cotton-processing companies, offset & 

digital printing companies, and book publishers.  

9) BABUGHAT: Babughat (Latitude: 22.564739° & Longitude: 88.338445°)   is one 

of the many ghats built during the British Raj, along the eastern bank of the Hooghly 

https://en.wikipedia.org/wiki/North_24_Parganas_district
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/States_and_territories_of_India
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/Hooghly_district
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/Portuguese_Empire
https://en.wikipedia.org/wiki/Hooghly_district
https://en.wikipedia.org/wiki/States_and_territories_of_India
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/Hooghly_River
https://en.wikipedia.org/wiki/French_India
https://en.wikipedia.org/wiki/River_Hooghly
https://en.wikipedia.org/wiki/North_Kolkata
https://en.wikipedia.org/wiki/Indian_state
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/List_of_world_cities_by_population_density
https://en.wikipedia.org/wiki/Hooghly_River
https://en.wikipedia.org/wiki/Castor_oil
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River. Babughat faces significant pollution challenges. Increasing domestic waste, 

cremation grounds, and idol immersion can reduce the freshwater flow. 

10) BUDGE BUDGE:  Budge Budge (Latitude: 22.496255° & Longitude: 

88.18984°)    is a port town on the Hooghly River's eastern bank. This town is part of 

the Lower Ganges delta, influenced by the low saline water. Different types of 

industries are located hear. Bharat Petroleum, jute mills, asbestos factories leather 

industries, and many more. 

11) DiamondHarbour: DiamondHarbour (Latitude: 22.174763° & Longitude: 

88.197237°)   is a municipality of the South 24 Parganas district in 

the Indian state of West Bengal. It is situated on the eastern banks of the Hooghly 

River. This area is operated by Kolkata Port Trust. Many oil tanker ships and cargo 

ships are passed daily throughout the year.  

12) KAKDWIP: Kakdwip (Latitude: 22.8821704° & Longitude: 88.163988°) is a 

town in the South 24 Parganas district of West Bengal, India, located on the eastern 

banks of the Hooghly River. The entire district is situated in the Ganges Delta. It is a 

brackish water zone. The estuary mouth is too large hear. Cargo ships and 

transportation ships passed daily in this place. 

13) NUMKHANA: Numkhana (Latitude: 22.761095°  & Longitude: 88.236952°) is a 

grampanchyate in the South 24 Parganas district of West Bengal, India, located on the 

eastern banks of the Hooghly River. The salinity of this area is very high, fish harbor 

textile industries are located here. 

14) PATHARPRATIMA: Patharpratima (Latitude: 22.795772° & Longitude: 

88.361851°) is a village and a gram panchayat within the jurisdiction of the South 24 

Parganas district in the Indian state of West Bengal. It is an island village in the lower 

Ganges delta. 

15) BAKKHALI: Bakkhali (Latitude: 22.559572° & Longitude: 88.266720°) is a 

famous tourist spot, located in the South 24 Parganas district in the Indian state of West 

Bengal. River Hooghly(Ganga) meets the Bay of Bengal in this place. The salinity is 

much higher than other sites.  

 16) CANNING: Canning (Latitude: 22.3022211° & Longitude: 88.266720°) town of 

the South 24 Parganas district in the Indian state of West Bengal. It is situated on the 

western banks of the Matla River. The entire district is situated in the Ganges 
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Delta with numerous islands in the southern part of the region. The area borders on 

the Sundarbans National Park and a major portion of it is a part of the Sundarbans 

settlements. Big fishing trawlers and fishing vessels are seen here. 

17) GOSABA: It is a flat low-lying area in the South Bidyadhari plains. Gosaba 

(Latitude:22.16455° & Longitude:88.797214°)   River is a tidal estuarine river in and 

around the Sundarbans in the South 24 Parganas district in the Indian state of West 

Bengal. The Gosaba River, formed by the confluence of the Raimangal and 

the Matla rivers, has a broad estuary to the sea (Bay of Bengal). 

18) BASANTI: Basanti (Latitude: 22.2048059° & Longitude: 88.7107533°) is a gram 

panchayat within the jurisdiction the South 24 Parganas district in 

the Indian state of West Bengal. Basanti is one of the main deltaic islands in 

the Sundarbans region, bounded by the Matla and Vidyadhari rivers. 

19) DAYAPUR: Dayapur (Latitude:22.13335° & Longitude:88.842347°) is a rural 

village in South 24 Parganas district, West Bengal, India. Dayapur Island is located in 

the heart of the Sundarbans. The entire island is situated in the Ganges Delta with 

numerous islands in the southern part of the region. It is a flat low-lying area in the 

South Bidyadhari plains. 

20) JHARKHALI: Jharkhali (Latitude:22.019268° & Longitude:88.682077°) lies on 

an island in the South 24 Parganas district of West Bengal. This area is known as the 

Sunderbans, a vast river delta straddling India and Bangladesh. There is a network of 

rivers, channels and creeks that shift with the tides and the seasons. These are lined with 

mangrove swamps. 

The selected sampling sites belong to distinctive geo-graphic, geomorphic, and 

hydrological settings with variations of energy domains characterized by wave-tide 

climate. The sites have diverse human interferences with a variable degree of exposure 

to heavy metal pollution. 

3.2 SAMPLE COLLECTION:  

The samples were collected at one meter away from the river bank and a depth of one 

meter in the water. The samples were taken during high tide. The samples were 

collected from twenty different locations of the Lower Ganges Delta during two 
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seasons(Winter and Summer). Samples were always collected between 08:00 h to 03:00 

h 

3.2.1WATER SAMPLE COLLECTION: 

The surface water samples were collected (from 15/01/2024-25/03/2024) seasonally 

(Summer and Winter) from twenty sites distributed on the eastern and western flank of 

the Lower Ganges Delta. The samples were collected with metal-free high-density 

polyethylene acid-washed bottles. On each site, water samples (approx. 100 ml .) were 

filtered through a cellulose acetate membrane filter (pore diameter 0.45 µm) and 2 ml 

65% nitric acid (Merck) were added after that, water samples were transferred in 

polyethylene flasks, and they were immediately transported to the laboratory at ±4 °C. 

The temperature and salinity of water were measured on board, using a thermometer 

(mercury, 0–100°C) and salinometer(Model No-HI98319) respectively. The pH of the 

water was measured by a digital pH meter (Model No. 101 E).  

3.3.2 PLANKTON SAMPLE COLLECTION: 

Plankton samples were collected from twenty different stations using a standard 

plankton net (48µm) through vertical hauls from the upper layer of 10 cm. Collected 

plankton samples were divided into two parts. The first part was transferred to buffered 

formalin for detailed qualitative analyses and the other part was placed in a small nylon 

sieve and was thoroughly rinse with Milli-Q water to remove salts. To avoid any 

possible entrainment of elements on the surface of the planktonic organisms, each 

plankton sample was washed three times with distilled water for the elimination of fine 

particulates of trace elements of terrigenous origin (Demina et al., 2009; Rentería-Cano 

et al., 2011). Then it was kept deep frozen(-20°C) for heavy metals analyses in the 

laboratory. 

3.3 SAMPLE ANALYSIS:  

Both samples were analyzed using an Atomic Absorption Spectrophotometer (AAS) 

(Perkin–Elmer, Graphite Furnace). 

3.3.1 HEAVY METAL ANALYSIS IN WATER: 

The concentration of dissolved metals was determined in water by solvent extraction 

using ammonium pyrrolidine dithiocarbamate (APDC) and methyl isobutyl ketone 
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(MIBK) as a standard method (APHA, 1989). A 1% aqueous solution of APDC 

(Eastman Chemicals) was prepared daily and purified by shaking with an equal volume 

of MIBK, separating the phases, and filtering the lower aqueous phase. Since APDC is 

only slightly soluble in MIBK whereas metal complexes are highly soluble, the reagent 

is easily purified in this manner. Reagent grade MIBK was used throughout without 

further purification. Ammonium acetate (Sigma, Mumbai) buffer (5N) was prepared 

and metallic impurities were removed by adding a few milliliters of APDC solution and 

extracting with MIBK. The dissolved metals were simultaneously extracted from 

filtered water samples by chelation with APDC followed by MIBK extraction according 

to the method described in the literature (Ferrer et al., 2000; Brooks et al., 1967; 

Koirtyohanm and Wen, 1973; Murakami et al., 1992). All experiments were carried out 

in a pH range of 2–6. Extractions were done in a separatory funnel shaken for 2 min. 

by hand with 50 ml of aqueous volume, 1 ml of APDC solution, and 10 ml of MIBK. 

When the highest possible accuracy was required the organic phase was placed in a 10 

ml volumetric flask and diluted to volume with water-saturated MIBK. This eliminated 

the error caused by variation in the volume of organic phase lost because of solubility. 

The concentration of the dissolved metals was measured in a graphite-furnace Atomic 

Absorption Spectrophotometer (Perkin–Elmer, Graphite Furnace). Standardization was 

based on a two-point calibration procedure, using a multi-element standard (J.T. Backer, 

Inc. Phillsburg NJ) as the high standard, and double distilled water (zero metal 

concentration) as the low standard. Standardization of the instrument was repeated after 

every three sets of seawater extracts to minimize the effect of instrument drift. Distilled 

water and a check standard were also included in the analysis sequence. 

3.3.2 WATER QUALITY ANALYSIS: 

The abiotic factors (pH, salinity, water temperature) were measured by using a multi-

parameter probe. 

a) pH and temperature 

 pH and temperature were measured by using pH meter (HI98107), pH/Mv/ºC/ºF) by 

digital probe meter.  

Principle: 

pH is the negative logarithm of the hydrogen ion concentration in a solution. 
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Procedure 

 pH was measured using a digital pH meter by the principle of potentiometry. The 

instrument was calibrated by a solution of known pH value (pH 4.01,7.01,10.01) before 

analyzing the sample. 

After collecting the water sample the pH meter dipped 2 cm in the water and waited for 

3 to 4 minutes till the readings were stabilized. Note down the readings. Switch off the 

instrument, and thoroughly wash the tubes with distilled water. Clean it by tissue paper 

and keep it for the next analysis. 

b) Salinity: 

Salinity was measured by using a Salinometer (HI98319), ppt) by digital probe meter.  

Principle: 

A salinometer generally works by passing an electric current through any known mass 

of water. Since salt water conducts electricity much more easily than pure water the 

salinity content of water can be easily calculated. Because the Salinometer meter is also 

known as a conductivity meter. 

Procedure 

Salinity was measured using a digital Salinometer by the principle of Conductivity. The 

instrument was calibrated by a solution of known Salinity value (35 ppt) before 

analyzing the sample. 

After collecting the water sample the salinometer dipped 2 cm in the water and waited 

for 3 to 4 minutes till the readings were stabilized. Note down the readings. Switch off 

the instrument, and thoroughly wash the tubes with distilled water. Clean tissue paper 

and keep it for the next analysis. 

3.3.3  HEAVY METAL ANALYSIS IN PLANKTON: 

 The frozen plankton sample was kept out of the freezer and the water adhering to the 

samples was removed by placing the sieve on good-quality filter paper, without any 

contamination. The frozen samples were lyophilized and homogenized. Then a 0.5 g 

sub-sample was taken and subjected to wet digestion (HNO3:HClO4 = 3:1; v/v). Excess 

of acids was evaporated and the dry residue was dissolved in 10 cm3 of HNO3 (0.1 
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mol/dm3 ) solution. Metals, in the so obtained solutions, were analyzed by means of 

atomic absorption spectrometry (a model Video 11E Thermo Jarrel Ash spectrometer 

was used). Either electrothermal (Cd, Ni, Cr, Co, Pb) or flame (Fe, Zn, Mn–

acetylene/air; Al–acetylene/nitrous oxide) atomization was applied. Blanks were run in 

parallel with actual samples. 

3.4 PLANKTON IDENTIFICATION 

The collected plankton samples were analyzed under the stereosome microscope. 

Differentiate based on phytoplankton and zooplankton. Take 50 microgram sample 

using the micropippet and make a slide for the qualitative analysis.  

3.5 BIOCONCENTRATION FACTOR:  

The bioconcentration level depends on the nature of the chemical compound, species, 

duration of exposure, concentration in water, and its accumulation level in plankton 

(Ivanciuc et al 2006). With the bioconcentration factor definition, the bioaccumulation 

factor represents the ratio between the element concentration in tissue and in the water. 

The bioconcentration factor was calculated for all twenty study sites using on the 

following formula: 

 

 

 

3.6 STATISTICAL DATA  ANALYSES: 

Data analyses were done by using IBMSPSS 25 software. Anova and t-tests were used 

as a tool to study the significant differences among heavy metals, sites, and seasons. 
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The study aimed to investigate the heavy metal concentration (Cd, Pb) in water and 

plankton of the lower Ganges delta area from twenty different sites in two distinct 

(Winter and summer) seasons. 

4.1 PHYSICOCHEMICAL PROPERTIES OF WATER: 

In the in situ condition the water quality parameters, namely pH, Salinity and 

Temperature, were measured for each study site. 

4.1.1 pH: 

The pH of the water samples was measured during the sample collection. The average 

pH was highest in Chandannagar (8.14±0.318) and lowest in the Naihati (4.47±4.90) 

region. The detailed data regarding the pH levels throughout the study are presented in 

Figure 4.1.1. 

4.1.2 SALINITY: 

The salinity of the water samples was measured during the sample collection. The 

salinity was highest in the Jharkhali (26.7000±0.70)  area and lowest in the Kalyani to 

Budge Budge area (0.2000±0.00). The detailed data regarding the salinity levels 

throughout the study are presented in Figure 4.1.2. 

4.1.3 TEMPERATURE: 

The temperature of the water samples was measured during the sample collection. The 

mean temperature was highest in the Pathar Pratima (25.6000±5.79) region and lowest 

in the Basanti site (22.7500±5.72). The detailed data regarding the temperature 

throughout the study are presented in Figure 4.1.3. 

4.2 HEAVY METAL: 

4.2.1 HEAVY METAL CONCENTRATION IN WATER AND PLANKTON OF  

WINTER SEASON  

Seasonal variations of heavy metals concentration in water and plankton are shown in 

Table 4.2.1 and Table 4.2.2. In the winter season, the Cadmium water concentration 

was higher in the Numkhana (14.77 µg/l) area and lower in the Basanti (2.35 µg/l) area. 

The Lead concentration of water was higher in Bakkhali(16.78 µg/l) area and lower in 

the Chandannagar(4.14 µg/l) region. 
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In the summer season, the Cadmium concentration of plankton was higher in the 

Kalyani(7.19 µg/g) area and below the detection level in the Barrackpore area. The lead 

concentration of plankton was higher in the Budge budge(10.49 µg/g) area and below 

the detection level in the Barrackpore area. 

4.2.2 HEAVY METAL CONCENTRATION IN WATER AND PLANKTON 

        (SUMMER SEASON ) 

Seasonal variation of heavy metals concentration in water and plankton are shows in 

table 4.2.3 and table 4.2.4. similarly In the summer season, the Cadmium water 

concentration was higher in Numkhana(14.94 µg/l) area and lower in Basanti(2.06 µg/l) 

area. The Lead concentration of water was higher in the Bakkhali(16.84 µg/l) area and 

lower in the Chandannagar(4.2 µg/l) region. In the summer season, the Cadmium 

concentration of plankton is higher in the Kalyani (7.21 µg/g) area and below the 

detection level in the Barrackpore area. The lead concentration of plankton was higher 

in the Budge budge (10.63 µg/g) area and lower in the Barrackpore (0.02 µg/g) area. 

4.3 BIOCONCENTRATION FACTOR: 

Tables 4.3.1 and 4.3.2 depict the following results 

• Cadmium (Cd) Concentration: The average concentration in water was 12.82 

µg/l, and in plankton, it is 5.35 µg/g. 

• Lead (Pb) Concentration: The average concentration in water is 11.63435 µg/l, 

and in plankton, it is 8.1 µg/g. 

• Bioaccumulation Factor: For Cadmium (Cd), the factor was 0.374473826, and 

for Lead (Pb), it is 0.444544166. These factors represent the ratio of the 

concentration of the heavy metal in plankton to that in water. 

4.4 PLANKTON DIVERSITY: 

Table 4.4.1 illustrated that the plankton were found from the lower Ganges Delta during 

the study period. Total 35 phytoplankton species and 25 zooplankton species are found. 
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4.5 STATISTICAL ANALYSIS 

Statistical analysis of the obtained results of heavy metal concentration in 

water in water and plankton was done by using IBM SPSS 25 software. 

4.5.1 STATISTICAL ANALYSIS BETWEEN SEASONS 

The statistical analysis between two seasons in the lower Ganges Delta there was no 

significant difference in the mean values of cadmium and Lead between two different 

seasons in water and plankton P>0.05 at the significance level of 95%. The significance 

values are illustrated in Table 4.5.1a to 4.5.1 b  

4.5.2 STATISTICAL ANALYSIS BETWEEN SAMPLING SITES 

The statistical analysis concluded a significant difference in the mean values of 

cadmium and Lead between different sites in water and plankton P<0.05 at the 

significance level of 95%. The significance values are depicted in table 4.5.2 
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Table 4.1: Mean physicochemical parameters of the water in two different seasons. 

Sites pH Salinity Water Temperature 

Kalyani 7.96 ± 0.47 0.1000±0.00 23.35000±7.00 

Naihati 4.47±4.90 0.1000±0.00 23.4000±5.09 

Barrackpur 7.97±0.18 0.1000±0.00 23.2500±5.02 

Bandel 7.95±0.544 0.1000±0.00 24.2000±7.77 

Chandannagar 8.14±0.318 0.1000±0.00 23.2500±5.44 

Sheoraphuli 8.08±0.318 0.1000±0.00 23.00004.66 

Konnagar 7.93±0.240 0.1000±0.00 24.9500±7.42 

Barahnagar 7.68±0.0919 0.1000±0.00 24.2000±4.94 

Babughat 7.76±0.353 0.1500 ±0.07 24.7500±7.42 

BudgeBudge 7.89±0.495 0.2000±0.00 23.8000±6.50 

Diamond Harbour 7.85±0.325 2.4000±2.26 23.9500±3.88 

Kakdwip 7.97±0.106 12.2000±1.41 25.4500±7.00 

Numkhana 8.04±0.077 19.0500±4.03 25.1000±6.08 

Pathar Pratima 8.01±0.127 18.3000±5.79 25.6000±5.79 

Bakkhali 8.12±0.014 26.5000±1.13 25.2500±5.72 

Canning 7.99±0.0.028 25.7500±1.48 22.7500±4.89 

Basanti 7.99±0.04 25.7500±0.84 22.7500±5.72 

Gosaba 7.86±0.07 23.6500±2.05 24.7500±4.71 

Dayapur 7.9550±0.06 25.1000±2.05 24.2000±5,23 

Jharkhali 7.9650±0.14 26.7000±0.70 24.9000±5.09 
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Table 4.2.1: HEAVY METAL CONCENTRATION IN WATER AND PLANKTON 

(WINTER SEASON ) 
 

WATER PLANKTON 

LOCATION Cd µg/ml Pb µg/ml Cd µg/g Pb µg/g  
     

Kalyani 8.21 8.41 7.19 6.18 

Naihati 10.34 5.14 5 7.2 

Barrackpur 8.24 14.76 BDL BDL 

Bandel 10.24 10.24 1.21 7.12 

Chandannagar 8.21 4.14 0.42 8.58 

Sheoraphuli 6.47 9.47 4.98 3.95 

Konnagar 8.23 9.24 1.21 3.18 

Barahnagar  12.14 6.14 2.95 2.12 

Babughat 14.26 13.49 2.95 2.15 

BudgeBudge 11.68 15.14 5.39 10.49 

Diamond Harbour 12.45 12.47 2.97 2.95 

Kakdwip 14.47 14.25 1.07 8.07 

Numkhana 14.77 14.21 5.21 7.96 

Pathar Pratima 4.84 14.87 2.92 8.08 

Bakkhali 12.65 16.78 5.51 7.92 

Canning 6.41 14.21 6.88 0.15 

Basanti 2.35 14.37 1.15 7.92 

Gosaba 6.47 13.41 2.98 8.47 

Dayapur 10.24 6.47 5.08 1.15 

Jharkhali 4.19 14.36 4.98 0.18 

            BDL:Bellow the Detection Level 
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Table 4.2.2: HEAVY METAL CONCENTRATION IN WATER AND PLANKTON  

(SUMMER SEASON)  

LOCATION WATER PLANKTON 

 
Cd µg/ml Pb µg/ml Cd µg/g Pb µg/g 

Kalyani 7.93 8.49 7.21 6.2 

Naihati 10.51 5.2 4.89 7.09 

Barrackpur 7.96 14.84 BDL 0.021 

Bandel 9.96 10.32 1.14 7.05 

Chandannagar 8.38 4.2 0.44 8.6 

Sheoraphuli 6.19 9.55 4.91 3.88 

Konnagar 7.95 9.32 1.14 3.11 

Barahnagar 11.86 6.22 2.97 2.14 

Babughat 14.43 13.55 2.84 2.04 

BudgeBudge 11.85 15.2 5.53 10.63 

Diamond 

Harbour 

12.17 12.55 2.9 2.88 

Kakdwip 14.64 14.31 0.96 7.96 

Numkhana 14.94 14.27 5.35 8.1 

Pathar Pratima 4.56 14.93 2.94 8.1 

Bakkhali 12.82 16.84 5.35 8.1 

Canning 6.13 14.19 6.9 0.17 

Basanti 2.06 14.45 1.17 7.94 

Gosaba 6.19 13.49 2.91 8.4 

Dayapur 10.41 6.53 4.97 1.04 

Jharkhali 4.36 14.42 4.87 0.07 

BDL:Bellow the Detection Level 
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Table 4.3.1 Bioconcentration factor of the winter season  

Site water 

Cd_ 

µg/ml 

plankton 

Cd_µg/ml 

water Pb_ µg/l plankton 

Pb_µg/g 

Kalyani 8.21 7.19 8.41 6.18 

Naihati 10.34 5 5.14 7.2 

Barrackpur 8.24 0 14.76 0 

Bandel 10.24 1.21 10.24 7.12 

Chandannagar 8.21 0.42 4.14 8.58 

Sheoraphuli 6.47 4.98 9.47 3.95 

Konnagar 8.23 1.21 9.24 3.18 

Barahnagar  12.14 2.95 6.14 2.12 

Babughat 14.26 2.95 13.49 2.15 

BudgeBudge 11.68 5.39 15.14 10.49 

Diamond 

Harbour 

12.45 2.97 12.47 2.95 

Kakdwip 14.47 1.07 14.25 8.07 

Numkhana 14.77 5.21 14.21 7.96 

Pathar Pratima 4.84 2.92 14.87 8.08 

Canning 6.41 6.88 14.21 0.15 

Basanti 2.35 1.15 14.37 7.92 

Gosaba 6.47 2.98 13.41 8.47 

Dayapur 10.24 5.08 6.47 1.15 

Jharkhali 4.19 4.98 14.36 0.18 

Bakkhali 12.65 5.51 16.78 7.92 

Mean Value  9.343 3.5025 11.5785 5.191 

Bioconcentration 

Factor 

 
0.374879589 Bioconcentration 

Factor 

0.448330958 
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Table 4.3.2 Bioaccumulation factor of summer season 

 Site water Cd_ 

µg/l 

 plankton 

Cd_µg/g 

water  

Pb_ µg/l 

plankton 

Pb_µg/g 

Kalyani 7.93 7.21 8.49 6.2 

Naihati 10.51 4.89 5.2 7.09 

Barrackpur 7.96 0 14.84 0.021 

Bandel 9.96 1.14 10.32 7.05 

Chandannagar 8.38 0.44 4.2 8.6 

Sheoraphuli 6.19 4.91 9.55 3.88 

Konnagar 7.95 1.14 9.32 3.11 

Barahnagar  11.86 2.97 6.22 2.14 

Babughat 14.43 2.84 13.55 2.04 

BudgeBudge 11.85 5.53 15.2 10.63 

Diamond 

Harbour 

12.17 2.9 12.55 2.88 

Kakdwip 14.64 0.96 14.31 7.96 

Numkhana 14.94 5.35 14.27 8.1 

Pathar Pratima 4.56 2.94 14.93 8.1 

Canning 6.13 6.9 14.19 0.17 

Basanti 2.06 1.17 14.45 7.94 

Gosaba 6.19 2.91 13.49 8.4 

Dayapur 10.41 4.97 6.53 1.04 

Jharkhali 4.36 4.87 14.42 0.07 

Bakkhali 12.82 5.35 16.84 8.1 

Mean Value  9.265 3.4695 11.6435 5.17605 
     

Bio accumulation Factor 0.374473826 0.444544166 
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Table 4.4 Plankton Diversity 

 

 

 

 

1 Spirogyra sp

2 pediastrum symplex

3 Frazilaria pectinalis

4 Mycrocystis aeruginosa

5 Coelastrum sphaericum

6  Phormidium lucidum

7  Odontella mobiliensis

8 Coscinodiscus excentricus

9 Oscillatoria subbrevis

10 Leptocylindrus danicus

11 Nitzschia linearis

12 Scenedesmus acutus

13 Staurastrum longipes 

14 Thalassiosira decipiens 

15 Thalassiothrix frauenfeldii 

16 Nitzschia minima

17 Bacillaria paxillifera 

18 Navicula gregaria

19 Actinastrum hantzschii 

20  Pandorina morum 

21 Cyclotella meneghiniana

22 Pediastrum duodenarium

23 Surirella fastuosa

24  Lyngbya confervoides 

25 Ditylum brightwelli

26 Skeletonema costatum

27  Pleurosigma angulatum 

28 Gyrosigma acuminatum 

29 Detilam sol

30 Ceratium tripos

31 Ceratium trichoceros

32 Fritschiella sp

33 Volvox

34 Anabaena

35 porticalis

Phyplankton diversity
1 Moina

2 Nauplias

3 egg carring Cyclopx 

4 Prawn Nauplius

5 Annelid larvae

6 Pseudodiaptomas cinctus

7 bivalve larvae

8 copedite sage of copepod

9 pseudodiaptomas sp

10 Bestiolina sp

11 Euterpina acutiforms

12 Bestiolina similis

13 Pleurobranchia globosa

14 Zoonosagitta bedoti

15 Pseudodiaptomas serricaudatus

16 megalopa laevae

17 Parvocalanas sp

18 Paracalanas parvas

19 Accarshia spinicoda

20 Oithona bravicornis

21 Accarshia tonsa

22 Paracalanas aculetus

23 Acartialla tortaniformis

24 Bipineria larvae

25 Icthyoplankton

Zooplankton diversity
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Table 4.5.1 Independent t-test between two seasons and the heavy metal 

concentration in water and plankton 

Independent Samples Test 

  

t-test for Equality of Means 

t df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

Cd_water Equal 

variances 

assumed 

0.068 38 0.946 0.07800 1.14790 

Cd_plankton Equal 

variances 

assumed 

0.048 38 0.962 0.03300 0.68911 

Pb_plankton Equal 

variances 

assumed 

0.014 38 0.989 0.01495 1.08524 

Pb_water Equal 

variances 

assumed 

-0.054 38 0.957 -0.06500 1.21157 

 

 

 

 

 

 

Table 4.5.2 : Anova test between Heavy metal and sites  

Veriables 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Cd_water 500.212 19 26.327 933.414 0.00 

Cd_plankton 180.384 19 9.494 2495.114 0.00 

Pb_water 557.795 19 29.358 12492.604 0.00 

Pb_plankton 447.465 19 23.551 5908.343 0.00 
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 Table 4.5.3 Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (Water) 

 Site 
Significance level 

 

Cd Pb  

Kalyani 

Naihati 0.00 0.00  

Barrackpore - 0.00  

Bandel 0.00 0.00  

Chandannagar - 0.00  

Sheoraphuli 0.00 0.00  

Konnagar - 0.00  

Barahnagar 0.00 0.00  

Babughat 0.00 0.00  

Budge Budge 0.00 0.00  

Diamond Harbour 0.00 0.00  

Kakdwip 0.00 0.00  

Numkhana 0.00 0.00  

Patharpratima 0.00 0.00  

Canning 0.00 0.00  

Basanti 0.00 0.00  

Gosaba 0.00 0.00  

Dayapur 0.00 0.00  

Jharkhali 0.00 0.00  

Bakkhali 0.00 0.00  
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Table 4.5.4 Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (water) 

Site 
Significance level 

 
Cd Pb  

Naihati 

Barrackpore 0 0.00  

Bandel - 0.00  

Chandannagar 0.00 0.00  

Sheoraphuli 0.00 0.00  

Konnagar 0.00 0.00  

Barahnagar 0.00 0.00  

Babughat 0.00 0.00  

Budge Budge 0.00 0.00  

Diamond Harbour 0.00 0.00  

Kakdwip 0.00 0.00  

Numkhana 0.00 0.00  

Patharpratima 0.00 0.00  

Canning 0.00 0.00  

Basanti 0.00 0.00  

Gosaba 0.00 0.00  

Dayapur - 0.00  

Jharkhali 0.00 0.00  

Bakkhali 0.00 0.00  

 

Table 4.5.5  Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites.(water) 

Site 
Significance level 

Cd Pb 

Babughat 

Budge Budge 0.00 0.00 

Diamond Harbour 0.00 0.00 

Kakdwip - 0.00 

Numkhana - 0.00 

Patharpratima 0.00 0.00 

Canning 0.00 0.00 

Basanti 0.00 0.00 

Gosaba 0.00 -  

Dayapur 0.00 0.00 

Jharkhali 0.00 0.00 

Bakkhali 0.00 0.00 
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Table 4.5.6 Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (water) 

Site Significance level 

Cd Pb 

Numkhana Patharpratima 0.000 0.000 

Canning 0.000 - 

Basanti 0.000 - 

Gosaba 0.000 0.000 

Dayapur 0.000 0.000 

Jharkhali 0.000 - 

Bakkhali 0.000 0.000 

 

Table 4.5.7  Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (plankton) 

Site Significance level 

Cd Pb 

Canning Basanti 0.000 - 

Gosaba - 0.000 

Dayapur 0.000 0.000 

Jharkhali 0.000 - 

Bakkhali 0.000 0.000 

 

Table 4.5.8 Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (plankton) 

Site Significance level 

Cd Pb 

Basanti Gosaba 0.000 0.000 

Dayapur 0.000 0.000 

Jharkhali 0.000 - 

Bakkhali 0.000 0.000 
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Table 4.5.9 Multiple comparison (Tukey HSD) between Heavy metal based Study 

sites. (plankton) 

Site Significance level 

Cd Pb 

Dayapur Jharkhali 0.000 0.000 

Bakkhali 0.000 0.000 

 

 

 

 

 



 

PLATE V 
 

 

 

Figure 4.1.1: pH of water in two seasons 

 

 

Figure  4.1.2: Salinity of water in two seasons 

 



 

PLATE VI 
 

 

Figure  4.1.3 Temperature of water in two seasons 
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Figure4.2.1Cadmium and Lead concentration of water 

 



 

PLATE VII 
 

 

Figure 4.2.2: Cadmium and Lead concentration of Plankton 

 

 

 

Figure 4.2.3 Cadmium and Lead Concentration in Water 
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PLATE VIII 
 

 

Figure 4.2.4 Cadmium and lead concentration of Plankton 

 

 

 

 

 

 

 

 

 

 

 

 



PLATE IX 

 

 

 

 

 

 

Figure 4.4.1 Leptocylindrus danicus Figure 4.4.2 Surirella fastuosa 

Figure 4.4.4 Nitzschia minima Figure 4.4.3 Coscinodiscus excentricus 

Figure 4.4.5 Ceratium tripos Figure 4.4.6 Ditylum brightwelli 



PLATE X 

 

 

 

 

 

 

Figure 4.4.7 Pediastrum symplex Figure 4.4.8 Mycrocystis aeruginosa 

Figure 4.4.9 Odontella mobiliensis Figure 4.4.10 Thalassiothrix 

frauenfeldii 

Figure Error! No text of specified style in 

document.4.4.11 Pediastrum duodenarium 

Figure 4.4.12 Frazilaria pectinalis 



PLATE XI 

 

 

 
Figure:4.4.13  Sabellarid Larvae 

 
 
 

 
  

 
 

 

Figure4.4.14 Bestiolina sp 

Figure4.4.15 Zoonosagitta bedoti Figure 4.4.16 Accarshia spinicoda 

Figure 4.4.17 Paracalanas aculetus Figure 4.4.18 Copepod nauplii 



 

  

5. DISCUSSION 
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Urban-industrialized economic development has dramatically impacted aquatic ecosystems, 

with a growing number of metals and other pollutants entering them. Terrestrially derived 

metals, of geogenic or anthropogenic origin, drain into rivers and streams and accumulate in 

sediments (Omwene et al. 2018). From an environmental point of view, coastal zones can 

be considered as the geographic space of interaction between terrestrial and marine 

ecosystems that is of great importance for the survival of a large variety of plants, animals, 

and marine species (Castro et al., 1999). 

The resident biota can strongly influence the cycling of elements in marine systems. In 

surface pelagic waters, plankton can strongly affect the vertical transport of elements 

(Fowler 1982, Fowler & Knauer 1986). Heavy metals enter the natural aquatic environment, 

by processes of erosion and dissolution of rocks or anthropogenic by accidental pollution or 

improper treatment of industrial and domestic wastewater (Agbozu et al 2007). With this 

understanding, the results obtained in the present study are being discussed here. 

It was clear from the results obtained from the study the mean temperature of the two seasons  

showed that the variation in temperature across the different sites. The results were found to 

conform with the investigation carried out in different fishes of the Gangetic river system in 

Varanasi where a wide variation was reported by Mishra. et .al,.(2022). the higher 

temperature was observed during summer due to a clear atmosphere, greater solar radiation, 

and low water level. Variation recorded in the present study in water temperature is attributed 

to seasonal including differential solar radiation(Ozaki et al., 2003).In addition, Temperature 

variation is an important factor in the riverine and estuarine ecosystems for variation in DO 

levels. Surface water temperature was clearly temporal with summer recording higher values 

followed by winter. In addition, tidal nature also played a major role in temperature variation 

as shown in the Gulf of Kutch waters by Vetamony et al.,(2007). 

Salinity acts as a limiting factor in the distribution of living organisms and its variation 

caused by dilution and evaporation influences aquatic fauna (Gibson,1982). Salinity is 

considered to be the prime factor among the environmental variables infracing the dynamic 

nature of the postal waters by the freshwater inflow in the prevailing temperature. Salinity 

influences several processes such as dissolution dispersion and dilution in the sea water due 

to high dissolved salt content and higher density. In prison study, higher concentrations of 

sanity were recorded mostly during the summer season. Higher salinity during pre monsoon 
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were also reported from Godavari estuary by Sastry and Chandramohan(1990)and from Bay 

of Bengal (Mitra et al,.(1990). 

The pH is one of the very significant chemical characteristics of all waters which explains 

ecological characteristics of aquatic systems. It can be toxic in itself at a certain level and is 

also known to influence the toxicity as well of hydrogen sulfide, Cyanides heavy metals, and 

ammonia(Klontz,1993) .The hydrogen ion concentration gates change with time due to the 

changes in temperature, sanity, and biological activity the general trend of pH observed in 

the current world was alkaline throughout the study for two seasons. Due to the buffering 

capacity of seawater and freshwater generally pH ranges from 7.3 to 8.3 in the lower Ganges 

delta. Highly acidic PH noted only once from BabuGhat during(8.03)  the study could be 

due to the influence the industrial discharges. In conformity, the present study observed a 

range of 7.3 to 8.3 along the Riverine and coastal waters of the lower Ganges Delta. Kataria 

(1995) pointed out that a suitable range of pH is necessary for fish survival in water bodies 

and acid water reduces the appetite of fish and their growth . 

In an aquatic ecosystem, heavy metals are serious aquatic pollutants and there are take 

accumulation in aquatic ecosystems beyond safe limits would cause direct consequences to 

the aquatic food chain and ultimately to the human being. According to Anazawa et al (2004), 

aquatic pollution has become a major serious concern due to discharges of industrial waste 

in aquatic habitats. 

Lead and cadmium have been reported to be the most injurious to aquatic life. Heavy metals 

are persistent in surface water in the form of colloidal particulate and dissolve forms. The 

present investigation revealed the mean concentration of cadmium and Lead  in water of 

lower gages delta from 20 sampling sites fluctuated significantly in the summer and winter 

season and the study showed a high significance between the heavy metals and the sites. The 

distribution of heavy metals followed the order Lead >cadmium in water during the present 

study based on the reserve opting it could be glanced that late is common heavy metals that 

is added to the water of lower gages delta through industrial effluent and urban discharge. 

The level of heavy metals is higher than the permissible limit recommended by USEPA 

(1986) this might be attributed to a huge amount of raw sewage, agriculture and industrial 

wastewater discharge into the water bodies and a similar observation was revealed by 

Hardmann at al,.(1994)  
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The present study evaluated Cd, Cr levels and abundance for all genera of phyto- and 

zooplankton as bio-indicator of metallic pollution for 20 sampling sites of the lower Ganges 

delta, which has been documented here for the first time, as several previous studies in 

Bhattacharya et al (2014)  conducted on Sundarban Mangrove Wetland any data on the 

abundance in terms of biomass production in these major phyto- and zooplankton genera. 

Metal uptake and planktonic abundance in phyto- and zooplankton genera collected from 20 

sampling sites including both river sites and tributaries has been conducted as a holistic 

investigation (based on all the sites) for the first time, as in previous studies (Javed, 1999; 

Javed and Hayat, 1999; Mahmood et al., 2000; Javed, 2006; Mitra at al (2014) only small 

number of planktonic genera from fewer sites have been documented, whereas present study 

confirms the overall status of metal toxicity in all genera of plankton inhabiting in Lower 

Ganges Delta. 

The present study reveals heavy metal accumulation in these water bodies that caused a 

decrease in the abundance of plankton, which is very important for ecosystem functioning 

since plankton could become food for other organisms and might also lead to metal 

bioaccumulation in food chains (Akhtar et al., 2005; Javed, 2006). The highest accumulation 

of Cd in the aquatic food chain would be hazardous to secondary consumers 

(Ruangosomboon and Wongrat, 2006). 

Levels of Cd in the plankton samples collected from all sites were significantly varied. 

Present study revealed significant variations in mean levels of Cd and Pb and heavy metal 

both in river water followed the order as Cd>Pb. Bahnasawyet al. (2011) reported plankton 

abundance and observed an increasing metal trend as zinc> copper>lead>cadmium. This 

trend may be attributed to the huge plankton surface area as compared to their mass (Ravera, 

2001). . Elmaci et al. (2007) reported that the quantity of heavy metals in plankton depends 

on their concentration in water and partially on sediment. 

Bioconcentration factor of heavy metal trace in plankton from the 20 sites of the lower 

Ganges Delta. The bioconcentration factor was highest in lead (0.44)  and lowest in cadmium 

(0.37).Puttaiah and Kiran (2008) reported that Pb was a highly accumulating metal in 

plankton of a waste-fed lake of India. Analyzing the results it was observed that evolution of 

heavy metal bioconcentration in plankton samples during winter and summer can be 

characterized by an upward trend in the following order: BCFCd > BCFPb. Considering the 
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results, the bioconcentration factor can be used as a tool to describe the bioconcentration of 

heavy metals in a polluted aquatic environment.  

It was observed that phytoplankton from Lower Ganges Delta is generally dominated by 

diatoms, especially in the winter season and the flowering water with diatoms is dominated 

by a wide range of taxa. Cyanobacteria grow in abundance in summer. Blooms of 

cyanobacteria and diatoms are not unique mutual. Other taxa (Cryptophyte and 

Chrysophyte) are much less abundant. Zooplankton is also rich and is represented mainly by 

rotifers and copepod crustaceans and cladocerans. Common phytoplankton species were 

diatoms species: Asterionella sp., Synedra acus, Fragilaria sp., followed by common 

cloroficee: Scenedesmus quadricauda, Pediastrum duplex and cianoficee: Anabaena sp., 

Oscillatoria sp. Common zooplankton species were: Daphnia sp., Eurycercus sp., 

Simocephalus sp., Sida sp., Diaphanosoma sp., Holopedium sp., Leptodora sp., Bosmina sp. 

(cladocerans). 

Copepods were encountered throughout the study in all stages of development. Numerical 

phytoplankton growth entails also an increasing number of zooplankton populations; such 

rotifers thrive early in the same time with diatoms and cladocerans and copepods later, soon 

after the emergence and development of blue-green algae. 

ANOVA was done to determine if there was any significant difference in metal concentration 

in water and plankton. Since the P<0.05 at a 95% level of significance, it can be concluded 

that a significant difference was found in metal concentration among the sites in water. 

 Tukey HSD test was done to determine the significant difference in heavy metal 

concentration of plankton and sites. Since the P<0.05 at a 95% level of significance, it can 

be concluded that a strong significant difference was found in the heavy metal concentration 

of the sites in plankton. 

 An independent t-test was done to determine if there is any significant difference in metal 

concentration in the winter and summer seasons. The p> 0.05 at 95% level of significance, 

it can be concluded that there is no significant difference between the seasons with respect 

to heavy metal concentration in water and plankton. 

 

 



 

 

 

  

6. SUMMARY AND RECOMMENDATIONS 
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6.1 SUMMARY 

In recent years, heavy metal pollution in water bodies has attracted the attention of the 

scientific community not only from the viewpoint of public health as related to water 

supplies but also for the damage to aquatic life. These heavy metals are introduced in the 

aquatic system from both natural and anthropogenic sources. Unplanned urbanization, 

increasing industrialization and indiscriminate use of synthetic chemicals in agriculture are 

the main causes of heavy metal pollution in the aquatic environment, leading to the 

deterioration of water quality and depletion of aquatic biota. The findings of the study are 

expected to support management decisions with regard to pollution abatement in lower 

Ganges delta. The outcome of this two-season or three month study is summarized and 

concluded with appropriate recommendations. 

The lower Ganges delta is a vast region where the Ganges River meets the Bay of Bengal. It 

encompasses parts of Bangladesh and the Indian state of West Bengal. This deltaic region is 

characterized by its intricate network of distributaries, tidal mangrove forests (such as the 

Sundarbans), and fertile agricultural land. The delta is subject to seasonal flooding, which 

replenishes the soil and supports rice cultivation. Heavy metals, such as lead (Pb), 

manganese (Mn), chromium (Cr), and cadmium (Cd), are prevalent environmental 

contaminants. They can originate from both natural sources and human activities. 

The present work attempted to monitor the pollution status of the Lower Ganges Delta in 

two levels water and plankton which occupy the base level of the food chain. 

The investigated water parameters were temperature,salinity, and pH. Two heavy metals 

cadmium and lead were selected for the study from water and plantar seasonally am spatially 

from the selected sampling sites. Observe the plankton diversity in each area, and calculate 

the bio concentration factor of plankton. 

Temperature ranges from 14°C to 34°C.Maximum in Patharpratima and minimum in Basanti 

area. The salinity was highest in the Jharkhali (26.7000±0.70)  area and lowest in the Kalyani 

to Budge Budge area (0.2000±0.00). pH was highest in Chandannagar (8.14±0.318) and 

lowest in the Naihati (4.47±4.90) region. In the winter and summer season, there was no 

significant difference found within the heavy metal concentration and sites. Multi-species 

diversity of plankton were observed under the microscope. Calculate the bioaccumulation 

factor of plankton and depict that the lead concentration is higher than the cadmium 

concentration(Pb>Cd). The statistical test was done using my IBM SPSS 25 software. 



 

44 
 

The outcome of the present study reveals that Pb and Cd were higher than the permissible 

limit of international standards (BIS and WHO) (BIS, 1993; WHO, 2017) for drinking water, 

in the lower Ganges delta in Kolkata district, which indicates that Ganga water in this place 

is not suitable for direct consumption. Proper water treatment plants are required. 

Babughat,Budgr budge , and Bakkhali were the most polluted sites, due to toxic metals like 

lead and cadmium get accumulated in aquatic lives like plankton. In conclusion, higher 

concentrations of metals found in the water and plankton samples collected from the lower 

Ganges Delta area, receiving wastewater discharges of industries and urban areas have 

adversely affected the phyto- and zooplankton genera residing in metal-polluted ecosystems. 

Strict mitigation measures must be implemented to minimize concentration of heavy metals 

in water and plankton as heavily loaded communal wastewater would become food for other 

organisms and ultimately metallic toxicity will reach to other highest trophic levels, such as 

fish. Due to the toxic effect of heavy metals on the abundance of the planktonic population, 

phyto- and zooplankton can be utilized as bio-indicators of metallic pollution.  

6.2 RECOMMENDATIONS 

Recommendations are made based on the findings of the present work. 

❖ It will be advantageous to establish a monitoring station in the basin to regulate 

industrial anthropogenic activities that lead to the contamination of water and 

plantain.  

❖ Periodic determination of other heavy metals in lower gages delta could be 

undertaken to keep a watch on their levels in the aquatic ecosystem.  

❖ More research should be taken up on Plankton and other organisms. 

❖ The government should take steps To control the untreated influence and sewages 

flowing through the River Ganga. 
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