
Vol.:(0123456789)1 3

Applied Water Science (2023) 13:106 
https://doi.org/10.1007/s13201-023-01902-9

REVIEW ARTICLE

Are global influences of cascade dams affecting river water 
temperature and fish ecology?

Shan‑e‑hyder Soomro1,2  · Xiaotao Shi1 · Jiali Guo1 · Senfan Ke1 · Caihong Hu2 · Muhammad Asad3 · 
Shaista Jalbani4 · Haider M. Zwain5 · Parvaiz Khan6 · Muhammad Waseem Boota2

Received: 15 January 2023 / Accepted: 16 February 2023 / Published online: 3 April 2023 
© The Author(s) 2023

Abstract
Global warming is affecting animal populations worldwide, through chronic temperature increases and an increase in the 
frequency of extreme heatwave events. Reservoirs are essential for water security. All watersheds with reservoirs are impacted 
by their construction. These artificial ecosystems controlled by humans change considerably the natural terrestrial and aquatic 
ecosystem and systems and their biodiversity. The rapid increase in population growth, urbanization, and industrialization 
are accompanied by an increase in river discharges, which increases the total amount of pollutants. HMs contamination in 
aquatic environments, as well as the subsequent absorption of HMs into the food chain by aquatic creatures and people, 
endangers public health. Multiple uses of reservoirs promote benefits in terms of economic development, income, and 
employment. HMs in water can be ingested directly by aquatic species like fish and can also be ingested indirectly through 
the food chain; thus, it is much more important and required to conduct frequent monitoring of the aquatic environment. As 
a result, this review summarizes knowledge about the effects of cascade dams on river water temperature and increases on 
the stress physiology of fishes, and adaptation to climate change is also needed to produce more fish without global warming.
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Introduction

The history of dam construction is rich and complex. The 
majority parts, dams are constructed to provide the aims 
of flood prevention, water management, power generation, 
and river navigation. The environmental consequences of 
such dams are considerable, although all need to be care-
fully investigated before being adequately categorized. 
Human engineering infrastructure, on which all survival 
depends, includes the building of large dams. There is a 
variety of advantages for human societies whenever riv-
ers are dammed. Dams and reservoirs can collect water 
to be used afterward, allowing for a steady outflow and 
adequate inflow throughout the year. While utilizing natu-
ral resources to improve human life, it is important to keep 
environmental consequences in mind or under control. 
Dam construction provides challenges and opportunities 
as a part of integrated watershed management (Zhu et al. 
2022). The hydrography and morphological evolution of 
rivers are influenced by changes in flow velocity, water 
quality, temperature, turbidity, particle material, or other 
physicochemical factors whenever dams are closed, and 
rivers are transformed into static reservoirs. The biogeo-
chemical cycles of minerals are significantly disrupted by 
dams, which has consequences for wetland ecosystems, 
estuaries, submerged deltas, and the marine ecosystems 
downstream. Currently, increasingly serious marine bio-
logical and environmental problems are raising the need 
for effective and timely monitoring. Compared with tradi-
tional marine monitoring technologies, UAV remote sens-
ing is becoming an important means for marine monitoring 
thanks to its flexibility, efficiency, and low cost, while still 
producing systematic data with high spatial and temporal 
resolutions (Yang et al. 2022). Excessive reactive N in ter-
restrial and marine ecosystems from large applications of 
fertilizer has impacted the balance of the global N cycle 
and contributed to numerous eco-environmental problems, 
such as widespread eutrophication, hypoxia expansion, 
and increased harmful algal blooms (Lin et al. 2021). The 
recent global warming, both in terms of temperature and 
precipitation, may also increase the harmful consequences 
of dam construction on the biological environment. Fur-
thermore, the global industrial revolution has caused the 
dispersion of toxic compounds into the environment at a 
rate never seen before. Exposure to these pollutants can 
harm human health over the long term, notably via the con-
sumption of plant-based foods and drinks, drinking water, 
or breathing polluted air (Nriagu 1990). The behavior of 
contaminants varies depending on how they are mixed 
with water. Natural self-purification processes destroy 
nonconservative materials, such as organics, certain inor-
ganic, and countless microbes, resulting in a reduction in 

their concentration (Hao and Wang 2009). Metals may 
poison people and wildlife through hazardous industrial, 
municipality, and urban runoff. For the rise of trace metals, 
particularly heavy metals (HMs), in our rivers, urbaniza-
tion, and industrialization have to be held responsible (Ali 
et al. 2021). Many hazardous chemical components, when 
discharged into the environment, accumulate in marine 
sediments of water bodies, where they may cause health 
problems. The development and existence of living organ-
isms depend on a variety of nutrients (Ali et al. 2019a). 
However, despite their importance, metal nutrients have 
a restricted range of needs, and a severe imbalance in the 
proportions of the elements may cause exposure to high 
amounts of metals, which can cause fish mortality and sig-
nificant illness in humans. Because of this, major, minor, 
hazardous, and trace components in biological and agricul-
tural products are being investigated (Piechota et al. 2013). 
As a result, worldwide scientists are paying close attention 
to metal nutrients in fruit and vegetables, soils, rivers, and 
surrounding ecosystems, as well as the metal contamina-
tion pathways in the dietary food chain, because of these 
complications (Alengebawy et al. 2021). Metals and met-
alloids having a density of over 4 ± 1 g/cm3 are referred to 
as HMs. The HMs include over 50 elements, 17 of which 
have been very hazardous and challenging to the environ-
ment. These HMs are present naturally in the earth's crust, 
where they may be found in natural background quanti-
ties in a variety of environments including soils, rocks, 
sediments, waterways, and microorganisms (Duffus 2002). 
Since HMs cannot be degraded or eliminated, they remain 
in the environment in their unreactive state (Ghosh and 
Singh 2005). Because of technological advancements, the 
growth of companies on or along the banks of rivers has 
become one of the most significant sources of pollution, 
posing health risks to the people who consume tainted 
water and other associated foods (Jadia and Fulekar 2009). 
Therefore, this review summarizes knowledge about the 
effects of temperature increases on the stress physiology 
of fishes and provides a scientific basis for the protection 
of the ecological environment, the impacts of damming on 
flow and thermal regimes, cumulative impacts in cascade 
reservoirs, and adaptation to climate change is also needed 
to produce more fish without global warming.

Scientific route for selection of articles

The present study is based on the articles and reports 
accessed from various Web-based search engines such as 
Research Gate, Academia.edu, Google Scholar, Web of Sci-
ence (WoS), and Scopus. For this review study, keeping the 
research topic in mind, four key terms such as (a) cascade 
reservoir, (b) global warming, (c) fish behavior, (d) river 
water temperature, (e) heavy metals, and (f) fish ecosystem 
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were chosen. These keywords were searched in the Web-
based search engines to find journal articles and reports pub-
lished in the last 3 decades from 1990 to 2022. The search 
strategy and article selection processes are shown in Fig. 1. 
All the articles gathered from the search engines were ini-
tially screened for in-depth review concerning the key terms 
as defined in this study. Hence, this study reviewed those 
articles primarily focused on the effects of river tempera-
ture increases on the stress physiology of fishes, the impacts 
of damming on flow and thermal regimes, and cumulative 
impacts in cascade reservoirs, providing a scientific basis for 
the protection of the ecological environment, and adapta-
tion to climate change is also needed to produce more fish 
without global warming.

Climate change threat to water species

A rise in water temperature increases summer anoxic con-
ditions in deep waters of stratified lakes, thereby impacting 
aquatic biodiversity and egg viability of cold water species 
like yellow perch (Kabel et al. 2012). In watersheds, species 
richness is threatened by climate change, often accelerated 
by human impacts. These impacts are varying between north 
and south regions. Some endemic species are particularly 
vulnerable to environmental change, while others may be 
abundant within their preferred habitat and not endangered 
(Thuiller et al. 2006). Vegetation is variable in sensitivity, 

ranging from negative to positive impacts on agricultural 
species and forests (Gu et al. 2016). Potential species extinc-
tions from climatic change can occur in the boundaries of 
species distributions at lower latitudes. This can occur 
when summer temperatures increase in streams and shallow 
unstratified lakes, and cold water refuges are no longer avail-
able. Also, climatic change has large effects on nearshore 
biotic assemblages. With declining water levels, lakes might 
become separated from their bordering wetlands, and this 
could impact some species (Leibowitz 2003). Johnstone 
et  al. (2016) observe that interactions between climate 
change and disturbance regimes may lead to rapid changes 
in vegetation composition and structure. These interactions 
can be from the early or late arrival of rains in seasonal areas 
of the tropics (Studds and Marra 2007). Climate change 
can also impact forests and macchia species cover, through 
reduced humidity, making it vulnerable to wildfires and 
further reducing the vegetation cover. This in turn acceler-
ates land degradation in arid and semiarid watersheds (Lal 
2012). In water bodies, climate-induced water-level fluc-
tuations can negatively affect the structure of fish habitats 
like reed beds (Jeppesen et al. 2015), and the behavior and 
distribution of fish (Rilov et al. 2007). This can also change 
the physical parameters that influence hypoxia, resulting in 
an overall reduction in the fish stock, and changes in their 
community composition, abundance, and health (Gebreki-
ros 2016). Climate-induced droughts reduce the survival 
and reproduction rate of fish, promote emigration to other 

Fig. 1  Methodology for selecting the articles
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areas, and extinctions during severe droughts (Rogosch et al. 
2019). Slow-moving, shallow waters are especially vulner-
able to temperature fluctuations. Warmer waters can increase 
fungal, viral, and bacterial infections in fish, increase inva-
sive species, and reduce dissolved oxygen, which results in 
changes to the regional distribution of taxa. Several mac-
roinvertebrates are sensitive to differences of only 3 °C of 
mean summer temperature (Dallas and Rivers-Moore 2012). 
The extension of dry periods resulting from climatic change 
is a critical factor influencing watershed ecosystems. Dry 
periods that are longer than the regeneration times of the 
biota reduce their efficiency to survive and adapt to new 
conditions. Datry (2012) observe that the total invertebrate 
richness decreased linearly, while the invertebrate density 
decreased exponentially with the increasing duration of a 
dry period. The amount and quality of fish refugia in a given 
summer are dependent on the rainfall during preceding years 
(Magalhaes et al. 2007). Changes in runoff and water tem-
perature change the riparian vegetation and influence mac-
rophyte and algal growth (Ghermandi et al. 2009). Lower 
water levels and increased nutrient availability can lead to an 
increase in riparian plant biomass. Climate change impacts 
water temperature, flow regime, channel morphology, and 
sedimentation, which can be major factors in influencing 
invertebrates and fish in rivers (Soomro et al. 2023). The 
pattern of macrophyte abundance responds quickly to water-
level and water quality changes and is a reliable indicator 
of stress (Manzoor et al. 2021). The effects of water-level 
changes on macrophytes are known in cases of reservoir 
floodplains and shallow lakes (Bakker and Hilt 2016), but 
less information is available for natural lakes and watersheds 
(Soomro et al. 2022). Low water levels also affect macro-
phyte abundance and patterns (Leira and Cantonati 2008). 
Interactions between climate change and lake biota are 
complex and species-specific and vary among ecosystems 
(Blois et al. 2013). Climate change affects species diversity 
and composition through the biological invasion of non-
native species that expand in geographical range as tem-
peratures warm (Broennimann et al. 2007). Climate change 
can increase vulnerability to wildfires, especially for slow-
moving species (Lucas et al. 2007). Besides these, climate 
change can lead to irreversible impacts on plant and animal 
species. Approximately 20–30% of plant and animal species 
assessed so far are likely to be at increased risk of extinction 
for increases in global average temperature by 1.5–2.5 °C 
(Wu et al. 2010). In general, climate change will alter the 
ecohydrological conditions of lakes, streams, and rivers 
in most of the regions. In lakes, hydrological changes are 
expressed in terms of more dynamic fluctuations as well as 
overall changes in water level and their impact on eutrophi-
cation (Quan et al. 2022). These changes have direct impacts 
on aquatic and terrestrial biota.

Atmospheric regime of rivers

There are several factors to consider when assessing river tem-
peratures, although they can be categorized into four broad 
categories: air content, geography, river flow, and river bed. 
The heat exchange mechanisms, including phase changes, 
which arise at the water's surface, were also entirely defined 
by atmospheric conditions, making them among the most 
crucial factors. Physical and biogeochemical heterogeneity 
dramatically impacts fluid flow and reactive solute transport 
behaviors in geological formations across scales (Zhang et al. 
2021). Due to its impact on the regional weather, terrain, or 
geographic location situation is also essential. The thermal 
function is mainly affected by stream flow, which in turn is 
primarily influenced by river hydraulics; inflows and outflows, 
water quantity, and river bed thermal conversations or other 
formations of water integrating provide a cooling effect.

Spatial and temporal variability

Each of those reasons influences the overall temperature of 
river systems. For example, it is generally observed that the 
daily average water temperature increases even though moves 
downstream. The temperature of the water is typically iden-
tical to that of the surrounding groundwater (Kurylyk et al. 
2019) and continues to expand as altitude and stream order 
increase. The rise in water temperature is massively greater 
for small streams and rivers than it is for larger ones, indicat-
ing that it is not a constant process. Large-scale changes can 
be observed; however, below the extreme where tributaries 
encounter, there is small-scale variation (Collischonn et al. 
2007), along with bodies of water in which water seeps out 
(Rosenberry and Morin 2004) or at habitat scales (Mayor et al. 
2009). The type of river also can influence how warm or cold 
it is. For instance, Ashmore and Sauks (2006) revealed that 
small, superficial channels in braided rivers that are extremely 
flexible to meteorological conditions could induce the water 
temperature to be extremely high. On the temporal scale, the 
water temperature varies, following both a diel and an annual 
cycle. Because of daily and seasonal changes, the temperature 
of the water is lower in the early hours (at sunrise) and high 
between both the midafternoon and the early evening hours. 
Daily variations are also normally minimal for colder water-
shed tributaries and increase over large tributaries because 
they become less controlled by groundwater and much more 
exposed to meteorological conditions.

River heat exchange processes

The regional and temporal variability of the temperature 
of the water is often determined by the aspects mentioned 
earlier; however, while modeling the river ecosystem, it's 
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also important to consider either hydraulic forces or heat 
transfer mechanisms. Long-range precipitation forecasting 
is crucial for flooding control and water resources manage-
ment. At least in sections that continue to flow tributaries, 
thermal effluent, and water extractions are negligible, and 
heat exchange transpires at the air/water surface and the 
streambed/water boundary. Numerous different factors, such 
as rain and turbulence, can be taken into account, but their 
impacts are generally not as big as those of the above fac-
tors. Friction can be essential, particularly in the autumn and 
winter months according to some research findings (Caissie 
2006). Recently, a variety of machine learning models for 
river water temperature forecasting and precipitation were 
used worldwide (i.e., step-wise linear regression, random 
forest, XGBoost, feed-forward neural networks, recurrent 
neural networks). Liu et al. (2020) introduced a runoff gen-
eration framework for semiarid and semi-humid watersheds. 
In prior studies, the algorithm for every kind of energy at 
the air–water interface, precipitation was presented (Liyana-
Arachchi et al. 2014; Müller et al. 2021; Wu et al. 2015) and 
therefore is easy to figure out using meteorological data from 
the meteorological station. Such energy components are 
strongly connected to river thermal processes and the physi-
cal processes that change the temperature of river water. For 
example, Research indicates that solar radiation constitutes 
the most significant component of the total energy flux, indi-
cated by net long-wave emission and evaporation heat trans-
fer (Sinokrot and Stefan 1993). Although convective heat 
exchange comprises a relatively small portion of the total 
energy flux, it is not in any respect negligible. Such flows 
have been evaluated in studies to focus exclusively on river 
temperatures. Notably, showed that (Webb and Zhang 1997) 
heat loss and gain in the Rivers are controlled by radiation 
emitted. Analyses such as these emphasized the importance 
of radiation and, through extension, riparian vegetation, the 
latter of which protects streams from excessive heat.

Consequences of damming on river flow 
and thermal regimes

Dam hydrologic alterations

Rivers are essential to aquatic biota and ecosystem func-
tions because they perform a key role in the global water 
and biogeochemical system (Sabater 2008). Consequently, 
increasing dam construction has a profound effect on river 
flow dynamics (Ali et al. 2019b; Tang et al. 2016). In certain 
situations, dams are used to control water levels in rivers by 
reducing the high flows, offsetting low values, or storing 
and diverting the water downstream. Thus, the downstream 
river's flow regimes can be altered seasonally so water flow 
maxima were mitigated and dry-season low flows are sig-
nificantly increased (Mezger et al. 2021). Dams can alter 

river flows over time, which has significant effects on river 
discharge, habitat, and ecological processes (Lehner et al. 
2011). To construct hydropower sustainably and to effec-
tively maintain reservoirs, an understanding of river flow 
patterns is required. Dams have changed flow regimes in 
various basins, as explored in recent research over the recent 
decade (Zhang et al. 2009). Hydrological investigations 
over a long period (Dimitriadis et al. 2021) and techniques 
for composite modeling (Willems and Vrac 2011) are fre-
quently used to assess the effects of dam-induced variations 
to flow. In a basin, the consequences of single or cascad-
ing dams on flow trends at the regional scale are widely 
known to exist (Poff et al. 2007; Pringle 2001), in contrast 
to the challenges caused by climate change (Boulange et al. 
2021). By evaluating the pre-impoundment time toward the 
post-impoundment time, it is clear that dams change and 
homogenize regional flow regimes (Poff et al. 2007). Sea-
sonal hydrological sensitivity to dam discharge (Lajoie et al. 
2007) and basin- or world-scale changes were gradual due 
to the effects of climate change (Gorczyc et al. 2017). The 
fundamental correlation between flow changes and river 
temperature regimes or water quality is an important and 
challenging issue.

Dam‑induced changes in river thermal regime

Water quality and the migration of aquatic species both are 
influenced by the temperature regimes of rivers, which has a 
significant effect on the overall health of aquatic life (Huang 
and Izumiya 2003). The temperature regime of rivers can 
be drastically altered by the construction of dams (Magilli-
gan and Nislow 2005), specifically in stratified dams, where 
the vertical density gradient creates a barrier preventing the 
combining of the water column (Omofunmi et al. 2017) and 
it regulates the vertical distribution of temperature and ther-
modynamic structure (Liu et al. 2019). Additionally, the dis-
charge water is much warmer than the river's natural water 
(Nikora et al. 1994) and drastically impacts ecological envi-
ronments. Therefore, it is crucial to study the mechanisms 
of temperature changes in reservoirs and the temperature 
dynamics of rivers. The reservoir's stratification behavior 
and the depth of preferential withdrawal simultaneously 
play significant roles in determining the magnitude of the 
change (Winton et al. 2019). By altering and diminishing the 
defined synchronized response of interacting air and water 
temperature, dams also can profoundly change a river's ther-
mal regimes (Flanagan et al. 2015). Furthermore, variations 
in downstream river water temperature can also be caused by 
a decrease or fluctuation in flow (Bakken et al. 2016). Under-
standing the effects of stratification and reservoir operation 
on discharge is essential to downstream river ecology due 
to the importance of water temperature for biotic activities.
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Cascade reservoirs effects on the environment

Special operations of cascade reservoirs have become 
increasingly prevalent as the number of dams around the 
world continues to increase. Downstream reservoir hydro-
dynamics in a cascade reservoir system is influenced not 
just by volume, geography, and operation of the upstream 
reservoirs, but also by water discharged from the upstream 
reservoirs, due to differences in water flow rate. The cumula-
tive effects of several dams on the natural environment can 
be greater than the effects of any one dam (Cooper et al. 
2017). Cascade hydroelectric reservoirs have many effects 
on the environment, resulting in an accumulation of spa-
tial and temporal effects on ecosystems (Cardinale et al. 
2004). However, due to interference, the superposition of 
impacts is not a simple addition. Either positive or nega-
tive consequences have occurred, based on how the dams 
are reversed (Zanjani et al. 2016). It reveals that cumulative 
effects from several dams can be complicated and unpredict-
able. For instance, the operational regulations, the size of 
the reservoir, along with the actual number and location of 
the dams, all have a role in the hydrological effects (Nathan 
et al. 2005; Quan et al. 2022). According to the limited data 
available, when cascade reservoirs are operated together, the 
cumulative effect increases (Huang et al. 2018). However, in 
particular cases, the processes of how alterations distribute 
and ultimately accumulate along the cascade remain unclear. 
This could prohibit us from having a complete understand-
ing of how dams in a system of cascading reservoirs affect 
the environment.

Recent case study on the world's largest dam 
(TGD)

The great Yangtze river TGD

The TGD, being the largest hydraulic engineering project 
in the world, has been the subject of significant interest in 
the public and scientific research since prior construction 
started. In recognition of the issues which occurred when-
ever the Gezhouba Dam was built without adequate viability 
investigations, the Chinese government has become more 
careful with the strategy for TGD development. It demanded 
on a development plan as well as an EIR be completed 
before any construction on the TGD was started. This study 
was extensive and demanding since it involved gathering 
specialists and academics from various domains to discuss 
the potential costs and benefits of the TGD (Zhang 2015). 
An extensive research report on the ecology of water sys-
tems (lakes, rivers, etc.), including sedimentation and scour 
in river channels, aquatic biodiversity, and other related top-
ics, was eventually accepted. Several academics, after the 

TGD's completion, Yan et al. (2021a) used trend analysis 
and modeling studies to forecast future effects of the TGD 
under several scenarios by comparing runoff and sediment 
discharge levels before and after impoundment (Mei et al. 
2018). In 2003, the first TGD impoundment was built, bring-
ing the water level to 139 m (Guo et al. 2012). Since the sec-
ond impoundment began in 2006, the water level has risen to 
a whopping 156 m (Khurram et al. 2023). The full impound-
ment was completed in 2008, bringing the water level to 
172.8 m and maximizing the project's flood control capabil-
ity; the highest water level on record was reached in 2010 at 
175 m (Li et al. 2021). As the flood season of June–Septem-
ber begins, the recommendations prescribe for the reservoir 
level to be lowered below the flood control level of 145 m in 
early June (Zheng et al. 2021). During this period, the rate 
at which water is released from the dam rises dramatically. 
While the dam is kept at a low level throughout the flood 
season, the water level is permitted to rise when the flow into 
the dam is relatively large to reduce the peak of the flood as 
it travels downstream. The flood waters recede to a level of 
145 m after the storm has disappeared. From the beginning 
of October onward, the TGD will be recharging its reservoir, 
resulting in a reduced rate of discharge. Ultimately, the dam 
is operated for electricity generation between late November 
and May of the following year, and so the releases are often 
larger than they would be under natural conditions; during 
such a time the water level must be regulated above 155 m. 
The Map of Yangtze River (TGD) (Fig. 2) 

Risk of dam effects on regional ecosystem

The damming of rivers has been observed to have adverse 
effects on ecosystems and other environmental elements in 
the surrounding area (Fu et al. 2010). In the case of the TGD, 
Zhang and Lou (2011) reported that the reservoir's filling 
has disturbed the physical habitat of aquatic life, including 
numerous endangered species and economically valuable 
fish. The loss of spawning sites due to dam construction is 
the primary cause of species population reductions. Simi-
larly, hydrologic regimes are crucial in shaping the variety of 
life species available in a river system (Beechie et al. 2006; 
Wan et al. 2016) and a decrease in fish diversity has been 
recorded as a result of the TGD operation's alteration of 
the hydrologic regime. In China, dissolved organic matter 
(DOM) is an abundant and mobile part of the aquatic envi-
ronment and plays important roles in aquatic biogeochemical 
cycles and the global carbon cycle. Recently, eutrophica-
tion has become an important environmental issue in global 
lakes, but how eutrophication drives changes in the molecu-
lar composition of DOM along trophic gradients remains 
poorly understood (Liu et al. 2022). Spawning of carp spe-
cies requires sufficient water velocity to enable the eggs can 
float. Hence, sufficient increases in daily discharge and a 
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minimum instream flow are required during the breeding 
season. In addition, New and Xie (2008) propose that dam 
management tries to mimic the normal dynamics of river 
flow as much as possible to reduce the negative effects on 
downstream ecosystems. Reservoir operations may need to 
be modified to enable adequate water-level changes to main-
tain areas that provide a habitat favorable for the spawning 
of carp (Wang et al. 2013) and TGD partially implemented. 
However, continued downstream channel degradation may 
counterbalance the ecological benefits of raising Yangtze 
levels in winter/fall and exacerbate the reduction in down-
stream lake inundation areas/levels (Wang et al. 2014). The 
TGD's reduced and streamlined Yangtze River geomor-
phology is expected to damage riparian ecology (Xu and 
Milliman 2009), producing geographically shorter, less 
diversified riparian ecosystems than pre-dam. The ability of 
rivers to filter out pollutants and eliminate toxins is likely to 
decrease as a result of TGD operation. The consequences of 
dispersion are mitigated by decreasing the height of the flood 
peak during the rainy season, which, in combination with 
the severe low levels, tends to further damage the quality of 
the river's water. There are many causes of the deteriorating 
water quality in the Yangtze, but two of the more prominent 

mammals are the river mammal and the finless porpoise. 
It’s because toxins are often adsorbed to the sediment par-
ticles, and most of these sediments are generally deposited 
upstream of the dam due to the interruption of the TGD. 
The Chinese government has authorized a sweeping initia-
tive to monitor the Yangtze and the Three Gorges reservoir 
area for indications of contamination (Ranjan 2018). Dams 
not only have negative effects on the environment and bio-
diversity, but they can also have an effect on human health 
by influencing the ecology of waterborne and parasitic 
diseases like schistosomiasis (Zhou et al. 2016), not even 
the Three Gorges Dam can be an exception. Three Gorges 
Dam could cause schistosomiasis infections by changing the 
ecosystem in the Three Gorges and downstream areas (Zhu 
et al. 2008). They also hypothesized that the transmission of 
schistosomiasis in the Three Gorges and the lower Yangtze 
areas might be significantly affected by significant changes 
in population and agricultural practices (Shen et al. 2014). 
Since floods are employed to regulate snail populations, the 
decline in flood amplitude and frequency may be aggravat-
ing this condition (Yan et al. 2021b). In addition, the report 
by McManus et al. (2010) indicates that decreased snail 
concentrations downstream from the dam may help reduce 

Fig. 2  The Map of Yangtze River
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schistosomiasis transmission. With lower and more constant 
water levels, snail populations may decrease, but infected 
snails and human infection may increase due to the coloca-
tion of buffalo grazing regions, snail habitat, and human 
activities.

Sources of HMs and their effects 
on the environment

The HMs exist naturally as components of the earth's 
crust but are also released because of human activity. As 
a result, they make up persistent environmental pollutants 
since they cannot be degraded or eliminated hence, they are 
often regarded as one of the most significant contributors 
to water contamination (Bradl 2005). HMs are released in 
both fundamental and combination (organic and inorganic) 
forms, and they are toxic to humans. It is predominantly 
got from rocks, modified soil, precipitation, and river sys-
tems that the availability of metals in the environment is 
observed (Pujari and Kapoor 2021). Because of various 
human activities such as transportation, building, manufac-
turing, fossil fuel burning, and pollution, soils may get pol-
luted with metals in varying degrees. As a result, soils may 
get polluted by HMs such as Pb, Cr, and Hg, ranging from 
mild to severe levels of contamination. As a result, soils are 
most likely to offer some risk to garden foods and human 
health (Bradl 2005). According to scientists, the long-term 
deposition of these contaminants may diminish soil holding 
capacity and induce soil and groundwater pollution. Every 
year, the amount of trace metal pollution increases, posing 
a major threat to human health and a significant threat to 
the environment. Besides past and current mining areas, 
production lines and smelters, combustion by-products, and 
transportation are also examples of anthropogenic sources of 
emissions (Masindi and Muedi 2018). The sources of HMs 
differ from one location to the next. These include sewage 
and stormwater discharges, landfills and cemeteries, incin-
erators, crematoria, and motor vehicles, while a variety of 
human activities such as electroplating, smelting, dentists, 
research laboratories, timber retention, drum recondition-
ing, disposal storage and treatment, metal treatment, sheep 
and livestock dips, scrap metal yards, tanning, petrochemi-
cal plants, production and the use of capacitors, mercury 
lamps, thermometers, and utensils. HMs may be found in 
rocks as ores in a variety of chemical states, from which 
they can be extracted and refined into minerals (Alloway 
2013). HMs ores include sulfides, such as Fe, As, Pb, Zn, 
Co, Cu, and Na, as well as oxides, such as Se, aluminum 
(Al), manganese (Mn), gold (Au), and antimony (Sb). 
Moreover, the Fe, Cu, and Co are extracted as both sulfide 
and oxide ores. By pedogenic processes, erosion underlying 
bedrock with just marginally higher metal concentrations 

may result in an accumulation of these metals (Masindi 
and Muedi 2018). As a result, soils, where increased metal 
concentrations in the bedrock are not known to exist, may 
also have naturally elevated levels of HMs. For the most 
part, powerful acid-generating processes in nature include 
the exposure of metal sulfides that are richer in HMs to the 
surrounding atmosphere, which results in oxidation and the 
creation of acid and/or HMs-rich water. Aside from that, 
weathering of coalmine waste may cause the formation of 
alkali compounds, HMs, as well as sediments (Sankhla et al. 
2016). Acid sewage, alkaline molecules, HMs, and sediment 
derived from mine waste and leached into groundwater or 
wiped away by rainfall can cause pollution in streams, riv-
ers, and ponds. HMs in wastewater have become a serious 
environmental issue in recent years because they pose a sub-
stantial danger to ecosystems and public health, even at low 
concentrations. Because of its adaptability, accumulation, 
non-biodegradability, and persistence, HMs pollution is a 
huge environmental burden. The HMs effluent from busi-
nesses such as paper industries, insecticides, tanneries, metal 
plating industries, and mining activities is toxic or damaging 
to human physiology and other biological systems. They 
can be reprocessed into less toxic forms. Toxic metals are 
hard to remove from wastewater because they might persist 
in chemical or mixed forms. These metals are vital for life, 
but they may also cause irreversible damage to the human 
body if consumed in high quantities (Pujari and Kapoor 
2021). Aquatic life is wiped out by HMs in open water-
ways, which also causes oxygen depletion and algae blooms. 
HMs discharged into rivers are transformed into hydrated 
ions, which are much more poisonous than the metal atoms 
that originally contained them. The enzymatic mechanism is 
disrupted and absorption is sped up by these hydrated ions. 
HMs must thus be removed to reduce public danger (Sankhla 
et al. 2016). The WHO has defined a maximum permissible 
discharge threshold for HMs to reduce water pollution. To 
make matters worse for both humans and the ecosystem, 
the released wastewater includes much more HMs than is 
permitted (Bradl 2005). Over the last two centuries, rapid 
industrialization and sped-up global expansion have signifi-
cantly boosted the pace at which HMs are discharged into 
the environment. The upshot is that many freshwater bod-
ies are being severely degraded or destroyed (Masindi and 
Muedi 2018). A natural lake on the upstream Mississippi 
River (USA) revealed historical patterns in HMs usage and 
outflow in the watershed, according to the scientist. The 
lake, Lake Pepin is an example of this. HMs loadings in 
the river and aggregation in the lake have been attributed 
to both dispersed and point sources of contamination. HMs 
accumulated in Lake Pepin before Europeans, and most of 
the trace metals originated from dispersed natural sediment 
sources over the whole watershed. Later, as human activ-
ity in the watershed increased, urban and industrial wastes 
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polluted the river and lake, contaminating them with HMs. 
Large levels of HMs have been discovered in the sediments 
and fish of India's enormous Ganges River system (Balogh 
et al. 2009).

HMs in river water and sediments

It has been shown that tiny metals are harmful such as Pb, 
Cr, and As from the land to the river. Several minor river 
banks and lakes, which are major conduits for the movement 
of metals and trace elements, may become substantial pol-
lution sources (Verma and Dwivedi 2013). The behavior of 
HMs in water has been hypothesized to be a function of the 
sediments on which it is deposited, the suspended solids 
present, and the water's chemical makeup, according to fur-
ther research. Scientists found that trace metals experience 
many changes in their speciation because of a variety of 
processes, including dissolution, precipitation, sorption, and 
complexation, all of which impact their behavior and bioa-
vailability (Kar et al. 2008). As shown by recent research the 
deposition and dispersion of hydrocarbons, trace metals, and 
chlorinated molecules in soil, water, and the environment 
are growing at an alarming rate, causing deposition and sedi-
mentation in water reservoirs, as well as adverse effects on 
aquatic organisms and seaweeds (Biney et al. 1994). A major 
issue in urban river basins is HMs contamination, which may 
be caused both by natural processes and human activities. 
Smelting, waste disposal, weathering, and the discharge of 
agricultural, urban/industrial, and municipal wastes may all 
contribute to metal contamination in the environment (Garai 
et al. 2021). HMs are environmental pollutants that are both 
stable and persistent in coastal sediments. The rising pollu-
tion of estuaries including harbors from a variety of human 
causes has become more concerning in recent years. In many 
cases, sediments serve as the best sink for toxins, and as a 
consequence, they represent the greatest threat to aquatic life 
when they are used as a source of pollution (Khayatzadeh 
and Abbasi 2010). Metal speciation in nearshore water sedi-
ments from Singapore was investigated by researchers who 
revealed that sediments are the primary repository and sup-
ply of HMs in the marine environment and that they play a 
significant role in the storage and transport of potentially 
hazardous metals. Several mechanisms have been identified 
as contributing to the buildup of pollutants in harbor sedi-
ments. Hydrodynamic energy is minimized in the design of 
the harbor; industrial actions (ship repairs and traffic; acci-
dental spills; loading and unloading; and loading and 
unloading); agricultural (wastewater) activities; and urban 
(wastewater) actions are all potential sources of HMs pollu-
tion in the marine environment (Pujari and Kapoor 2021). 
HMs accumulation in marine sediment is caused by the 
highly dynamic existence of the marine environment, which 
allows for the rapid assimilation of pollutants into sediments 

through procedures such as oxidation, deterioration, disper-
sion, dilution, and ocean currents. HMs accumulation in 
marine sediment is also caused by the presence of HMs in 
the water column. HMs phyto-availability is determined by 
the features of the sediment, the type of the metal species, 
the interaction with the sediment matrix, and the length of 
time the metal is in contact with the surface binding. Marine 
organisms' capacity to metabolize HMs is linked to sediment 
qualities such as pH, organic matter concentration and type, 
and finally moisture. In general, population growth, 
unplanned industrialization, urbanization, exploration, 
exploitation of natural resources, and the introduction of 
new modern agricultural practices are the primary contribu-
tory factors to the presence of HMs in marine sediments (Fu 
and Wang 2011). In particular, rapid unplanned industriali-
zation, urbanization, exploration, and exploitation of natural 
resources, and the introduction of new modern agricultural 
practices are the primary contributory factors to the presence 
of HMs in marine sediments (Ali et al. 2019a, b). Natural 
sources of HMs, such as leaching and rock weathering, are 
typical of little relevance when compared to human activi-
ties. HMs have been studied extensively in rivers and lakes. 
The HMs contamination and changes in environmental char-
acteristics as well as the accumulation of HMs in fish mus-
cles were also studied by researchers (Nriagu 1990). There 
will be changes in microbial communities because of HMs 
exposure since microbes are the most susceptible species to 
environmental changes. There is a broad tolerance for HMs 
contamination among microorganisms. HMs introduced into 
aquatic systems bind to particulate matter, which will ulti-
mately settle and form part of the sedimentary record (Khay-
atzadeh and Abbasi 2010). The most significant place for 
metals and other contaminants to accumulate in aquatic eco-
systems is surface sediment. Other aquatic species, such as 
macrophytes with deep root systems, may take up sediment-
bound contaminants for removal. Environmental degradation 
caused by metals may occur even if water quality standards 
are not exceeded, but species in or near sediments are nega-
tively impacted since a significant portion of the trace metals 
released into the aquatic ecosystem is ultimately linked to 
the bottom sediments (Tchounwou et al. 2012). Micro-pol-
lutants, such as metals, which are often present in rivers, 
may alter the structure of diatom communities. HMs may 
have passed up the food chain by aquatic organisms that have 
collected them. Carnivores on the food web, such as humans, 
acquire most of their HMs load from the aquatic environ-
ment via their diet, particularly in areas where fish are preva-
lent, creating the potential for significant bio-magnifications. 
A variety of contaminants, including HMs, in aquatic sys-
tems, may cause a rise in the generation of ROS which can 
be harmful to fish and other aquatic creatures (Bhat et al. 
2019). Fish is a product that has the potential to cause public 
health problems because it may be polluted with a variety of 
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environmentally persistent pollutants, including HMs. Con-
cern has been raised about the intake of fish that has high 
amounts of HMs in it, since long-term exposure to HMs may 
cause health concerns (Garai et al. 2021). As a pollutant, Hg 
is one of the most significant, both because of its impact on 
marine creatures and because it poses a potential threat to 
human health. Methylmercury is a harmful chemical com-
pound of mercury that is generated in aquatic sediments 
because of bacterial methylation of organic mercury. Meth-
ylmercury accounts for virtually all the mercury found in 
fish muscles. Metallic ions are transported through the 
bloodstream of fishes, where they are frequently coupled to 
proteins to facilitate transport (Vajargah 2021). Metals are 
introduced into touch with the tissues and organs of the fish, 
and as a result, various amounts of metal accumulate in dif-
ferent tissues of the fish. There are five methods via which a 
contaminant might enter a fish. These pathways include 
food, non-food particles, gills, oral water ingestion, and the 
skin. Once the pollutants have been absorbed, they are car-
ried by circulation either to a storage site (in this case, bone) 
or to the liver for modification and storage before being 
excreted by the body (Fatima et al. 2020). If the pollutants 
are changed by the liver, they may indeed be kept there or 
expelled in the bile, transported back into the bloodstream 
for probable excretion through the gills and kidneys, or 
stored in fat, which is an additional hepatic tissue. It has 
been frequently used to assess the ecological consequences 
of metal pollution in streams because benthic macro-inver-
tebrate communities comprise species with a broad range of 
sensitivity to pollutants (Vajargah 2021). Because they are 
a crucial connection among primary producers and higher 
trophic levels in lotic food webs, they are also important in 
lotic ecosystems, where they regulate organic material 
decomposition and nutrient cycling, among other things. 
However, the influence of HMs on macroinvertebrates has 
still not been studied in terms of their nutritional value for 
fish, although invertebrates are a key food source for many 
species of moving-water fish, including many species of cat-
fish. It is particularly vital to assess the impacts of HMs 
pollution on drift-prone macroinvertebrates, which are the 
food source for the majority of economically and recreation-
ally significant salmonid species (Fatima et al. 2020).

Different HMs and their hazardous effects

The HMs such as arsenic (As), mercury (Hg), chromium 
(Cr), zinc (Zn), lead (Pb), selenium (Se), sodium (Na), 
cadmium (Cd), iron (Fe), cobalt (Co), and copper (Cu) are 
among the metals that contribute to contamination of water 
(Singh et al. 2011). Few HMs such as Fe, Zn, and Se are 
of biological significance to humans, and daily medical 
and dietary limits for these metals have been prescribed. 

However, others (such as As, Pb, Cr, and methylation forms 
of Hg) have been found to have no known biological signifi-
cance in mammalian biochemistry and physiology, and their 
ingestion, even in scant amounts, may be harmful (Singh 
et al. 2011) (Fig. 3). Water habitats are severely impacted 
even at low concentrations of HMs, and there is no natural 
deterioration because of the pollution. Because it inhibits the 
microbial activity that were existing in the waste streams, it 
is considered environmentally friendly (Kahlon et al. 2018). 
Therefore, experts are currently concentrating their efforts 
on the removal of HMs from waste effluent, which is becom-
ing more important. Many regulatory agencies across the 
globe have developed permitted limits for HMs discharge in 
wastewater because of these health consequences. Because 
wastewater includes crucial effects, researchers have focused 
on improving treatment methods (Masindi and Muedi 2018). 
The following section has information about some HMs and 
their properties.

Arsenic

In the Earth's crust, the Ar is ranked 21st among the ele-
ments in abundance, and it may be found in various forms 
in over 240 distinct elements in the environment, the most 
frequent of which are sulfides (also known as sulfosalts), 
and arsenates (also known as arsenites) (Mandal and Suzuki 
2002). It may be found in saltwater 2–4 parts per billion 
(ppb) and rivers 0.5–2 ppb. Freshwater and seaweed algae 
contain approximately 1–250 parts per million (ppm) of 
As, while the freshwater macrophytes contain 2–1450 ppm, 

Fig. 3  Methods to remove heavy metals from the environment
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marine mollusks contain 1–70 ppm, marine crustaceans con-
tain 0.5–69 ppm and fishes contain 0.2–320 ppm of arsenic 
(all values are based on dry mass) (Graeme and Pollack Jr 
1998). The intake of polluted drinking water is the most 
common cause of As-related sickness in the USA. Because 
the indications of As poisoning match with cholera, it was 
used as a poison in the olden days, and the purposeful com-
ponent was obscured as a result of this similarity (Alam et al. 
2002). Recent research suggests that the toxicity of differ-
ent As compounds varies. For instance, monomethyl arsenic 
acid and inorganic arsenide also have a greater toxicity level 
than arsenic choline, which has a lower toxicity level. The 
acute toxicity of inorganic As compounds is often greater 
than the acute toxicity of organic As compounds (Carter 
et al. 2003). The presence of As in the localized groundwa-
ter is already being reported from an increasing number of 
nations, and it is expected that many more examples will be 
identified shortly. Until lately, As was not generally included 
in the set of elements commonly examined by water testing 
laboratories, and as a result, there are likely to be numer-
ous As-rich sources that have yet to be discovered (Gupta 
et al. 2017). As a result of the proposed adjustment of the 
As drinking water standard in several nations, the scenario 
in many countries has been re-evaluated. Because of the 
recently discovered widespread As pollution of alluvial 
water supplies in various rivers, it is imperative to conduct 
a quick evaluation of the status of alluvial aquifers across the 
globe (Smedley 2003).

Copper

Cu is regarded to be a very hazardous metal when present 
in large concentrations. It is a necessary element required 
by humans, and it plays an important part in enzyme manu-
facturing, bone growth, and the formation of cells and tis-
sues (Alloway 2013). Cu exists in three distinct forms:  Cu0 
(metal),  Cu+ (cuprous ion), and  Cu2+ (cupric ion), with 
cupric ion being the most poisonous and appearing element 
in the environment. Cu is primarily produced by extractive 
industries, metallurgy, chemical production, steel industries, 
printing circuits, electroplating industries, paints, and fer-
tilizers (Zoroddu et al. 2019). Cu may be introduced into 
drinkable water as a result of the passage of water via riv-
ers. A certain amount of copper is required by the body to 
maintain health, too much is hazardous. Eating or drinking 
an excessive amount of Cu may result in vomiting, diarrhea, 
abdominal cramps, nausea, liver problems, and renal illness, 
among other symptoms (Ko et al. 2010). It also has several 
negative consequences, including hair loss, anemia, renal 
damage, and headache. Cu builds up in the liver, brain, and 
pancreas, eventually resulting in death. As a result, sufficient 
treatment technology is required to extract the copper from 
the wastewater (Angelova et al. 2011).

Zinc

Zn has an important role in regulating biochemical path-
ways and physiological functions in living tissues. This 
metal is used to protect and decorate other metals by act-
ing as a protective and ornamental layer between them. 
With steel, for example, the addition of Zn prevents cor-
rosion from occurring (Rudkovskaya and Mikhailenko 
2001). Steel production, mining, and coal combustion are 
just a few of the industrial operations that make use of this 
compound (Ochoa Gonzalez and Weiss 2015). Although it 
is necessary for humans in tiny amounts, it causes various 
health problems such as discomfort, vomiting, skin irrita-
tion, fever, vomiting, and anemia in some people (Plum 
et al. 2010). The electroplating industry, paper and pulp 
industries, steel manufacturing industries, and brass metal 
works are some of the industrial sources that produce Zn 
metal. The presence of Zn in quantities more than 5.0 ppm 
might result in a sour, astringent taste and turbulence in 
alkaline water. The Zn needs of humans vary because 
adults' Zn requirements range from 2 to 3 g. The urinary 
tract and the prostate have the greatest quantities of the 
substance. The above impacts, with the requirements for 
successful Zn removal from wastewater, form the basis of 
this research (Nriagu 2007).

Chromium

Cr is the most abundant seventh element on the planet. It 
is mostly produced in the leather, tanning, electroplating, 
and textile sectors. These businesses produce a waste prod-
uct that contains hexavalent Cr(VI) and trivalent Cr(III) in 
varying concentrations. However, for plants, animals, and 
creatures, Cr(VI) is more hazardous than Cr(III). Moreo-
ver, Cr(VI) is the most prevalent element in the chromate 
salt manufacturing business. While Cr(III) is beneficial in 
lipid burning and plays a crucial role in sugar metabolism 
(Mishra and Bharagava 2016). Metals in these two forms are 
used in a variety of sectors, such as steel manufacture and 
chrome plating; wood conservation; the glass business; pig-
ment fabrication; the plating and electroplating industries; 
and the leather tanning industry. Cr metal may also be used 
as cleaning chemicals, titrating agents, and additives in a 
variety of processes, such as mold creation and magnetic 
tape fabrication (Jacobs and Testa 2005). Skin irritation, 
liver and kidney damage, lung congestion, vomiting, and 
the formation of ulcers are all caused by this substance. A 
consequence of these effects is that Cr must be removed 
from wastewater before it can be released into the environ-
ment, or the Cr metal must be changed into less harmful 
forms before discharge into the environment (Achmad and 
Auerkari 2017).
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Cobalt

Co may be found in minute levels in most rocks, soil, water, 
plants, and animals, and it is present in naturally occurring 
concentrations in most of these elements. It is also discov-
ered in meteorites, which is unusual. Elemental Co is a 
strong, silvery-gray metal with a bluish tinge (Kosiorek and 
Wyszkowski 2019). Co, on the other hand, is often found in 
the environment in combination with other elements such as 
oxygen, sulfur, and As, among others. It is possible to find 
trace concentrations of these chemical compounds in rocks 
and soil as well as in plants and animals. Co may even be 
found in water in dissolved or ionic form but in very tiny 
concentrations most of the time (Banerjee and Bhattacha-
rya 2021). A positive or negative electric charge may be 
found in any or both of the following: ions (atoms, groups 
of atoms, or molecules). Vitamin B12, also known as cya-
nocobalamin, is a Co molecule that is crucial in biochem-
istry. Vitamin B12 is required for the proper functioning of 
both animals and humans (Randaccio et al. 2010). When 
it comes to surface and groundwater within the USA, the 
content of Co is generally low, ranging from 1 to 10 ppb 
in water in crowded regions; however, concentrations can 
be hundreds or thousands of times higher in areas that are 
abundant in Co-containing mineral deposits or areas near 
mining as well as smelting operations. Co concentrations in 
most drinking water remain less than 1–2 ppb (Robertson 
1968). Co is harmful to humans, as well as to terrestrial and 
marine animals and plants, when present in high amounts. A 
federal Canadian water quality standard for the preservation 
of freshwater or marine life against the harmful effects of Co 
does not exist at this time (Kosiorek and Wyszkowski 2019).

Iron

Under normal circumstances, Fe may be dissolved in water. 
Several Fe compounds have this feature in common. Fe 
pentacarbonyl, Fe hydroxide, Fe carbide, and Fe oxide are 
all insoluble in water in their natural forms (Kamble et al. 
2013). At lower pH levels, certain Fe compounds become 
more water-soluble. Other Fe combinations may be more 
soluble in water than the ones above. When oxidized to  Fe2+ 
under specific circumstances, they become water-soluble, 
but only in very acidic solutions. In both its binary and ter-
tiary forms, Fe is an essential nutrient for most living things. 
However, Fe is more often found in this water-insoluble 
form. Water creatures in the uppermost layers of the ocean 
are often limited by Fe. Tertiary Fe hydroxides form when 
chelation ligands are missing. The World Health Organiza-
tion (WHO) sets the upper limit for iron in drinking water as 
0.3 mg/L (Akter et al. 2016). On the other hand, municipal 
and industrial waste that is dumped into water bodies leads 
to higher levels of iron concentrations. Drinking water with 

such a high quantity of iron may lead to several health prob-
lems. Too much iron in the water can cause a range of issues, 
such as a bad odor, an awful taste, a reddish tint to the water, 
and stains on clothes and plumbing fixtures. Because little 
is known about the dangers of waterborne iron, this is not 
considered to be a threat to aquatic life (Khatri et al. 2017).

Sodium

The oceans, rivers the lakes are rich in Na naturally. But 
the levels are significantly lower, because of the geological 
conditions and the poisoning of the wastewater. Na com-
pounds are used in a wide variety of industrial processes 
and may end up in an industrial runoff. Water softeners used 
in the home may produce amounts of more than 300 mg/L 
(Priyadarshi 2005). The input of Na via leaching of halite 
via sedimentary or evaporite deposits into fluvial waters is 
a significantly more major source of Na in river waters. This 
source contributes to the Na content of fluvial waters by 
providing more than 40% of the Na. The Na is also formed 
as a result of the weathering of silicate minerals, primarily 
sodic plagioclase feldspar, in the environment. This source is 
responsible for even more than 20% of the Na in river water, 
according to the Environmental Protection Agency (Harring 
et al. 2014). It is also found in a variety of minerals such as 
mica, amphibole, and pyroxene. At typical levels of inges-
tion from a combination of food and drinking water sources, 
Na is a major chemical in physiological fluids, and it is not 
considered dangerous at these levels. Increased salt intake 
from drinking water, on the other hand, may be troublesome 
for those who have hypertension, heart disease, or renal dif-
ficulties and must adhere to a low Na diet as a result of their 
conditions (Fu and Wang 2011).

Lead

Pb is a toxic metal that easily accumulates in humans 
because of its high toxicity. Pb is a heavy and soft mineral 
that may be found as sulfide, cerussite  (PbCl2), and galena 
(PbS), among other forms. The primary source of Pb con-
tamination in industrial effluent is Pb-acid battery waste-
water, which accounts for most of the problem (Pattee and 
Pain 2003). Electroplating, electrical, steel, and explosive 
factories, among other businesses, often release Pb into the 
environment via wastewater discharged into rivers and lakes. 
It also contributes to the induction of protein and DNA syn-
thesis, as well as cell replication. It causes sickness in the 
human body, such as renal and neurological system damage, 
mental retardation, and cancer (Kaji 2004). The availability 
of Pb poses a greater threat to plants and animals as well. As 
a result, many researchers throughout the globe are currently 
concentrating their efforts on the development of treatment 
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technologies for the elimination of Pb from water (Xu et al. 
2020).

Mercury

Following the Hg poisoning disaster that occurred in Japan, 
there has been an increase in global awareness of Hg con-
tamination. Elements such as mercury  (Hg0), mercurous ion 
 (Hg2

2+), and mercuric ion  (Hg2+) are all known to exist in 
various forms. Hg may be transported and accumulated in 
aquatic environments. The fact that it is readily available 
in the environment causes several environmental issues 
(Schroeder and Munthe 1998). The Minamata Convention 
was established in 2013 to protect human health and the 
environment from Hg exposure. Among the many accom-
plishments of this convention are the regulation of Hg-
containing items and the establishment of more stringent 
emission limits. Several Hg compounds, such as methyl mer-
cury, have been shown to disrupt enzyme sites and impair 
protein synthesis (Miura et al. 1987). Considerable amounts 
of Hg are added in sectors such as paper and pulp, plastics, 
chloro-alkali, pharmaceutical, and oil refineries, among oth-
ers. Besides the kidney, brain, reproductive, and respiratory 
systems, harm from Hg exposure is also conceivable. As a 
result, academics have lately focused a great deal of effort 
on the removal of Hg from industrial wastewater (Bernhoft 
2012).

Selenium

Mineral deposits containing selenium, as well as other ele-
ments, may be found in natural deposits. However, they are 
also used in a variety of other items, with the most com-
mon application being electrical and photocopier compo-
nents (Kieliszek and Bano 2022). Mining discharges, natu-
ral deposits, refinery discharges, and agricultural runoff all 
contribute to the presence of Se in drinking water. Natural 
Se molecules from the dry, undeveloped ground are also 
a source of Se pollution. Flue gas desulfurization waters, 
which include significant concentrations of Se, are another 
form of Se pollution that is well-known (Fordyce 2013) 
(Fig. 4).

Hazardous effects of HMs on living creators

HMs are long-lasting, hazardous even at minimal levels, and 
may cause severe OS in aquatic species. As a result, these 
pollutants have a severe ecological impact. As a result, met-
als cannot be degraded by microbes and hence persist in the 
marine environment. HMs poisoning of a river may have a 
disastrous impact on the aquatic ecosystem, and the variety 
of aquatic creatures is restricted as the contamination level 
increases (Khayatzadeh and Abbasi 2010). In plants, HMs 
can cause chlorosis, weak plant growth, and yield depres-
sion, and they may also be associated with reduced nutri-
ent uptake, metabolic disorders, and a reduced ability to 
fix molecular nitrogen in leguminous plants. HMs are also 

Fig. 4  Health complications due to excessive consumption of HMs via drinking water
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known to cause toxicity and phytotoxicity in humans. The 
fact that seed germination was gradually delayed in the pres-
ence of increasing concentrations of Pb may be because the 
seeds were incubated for a longer time, which must have 
resulted in the neutralization of the toxic effects of lead 
through various mechanisms, such as leaching, chelation, 
metal binding, or/and accumulation by microorganisms 
(Bhat et al. 2019). Some of these HMs, such as As, Cr, Hg, 
and Pb, are not required for plant development since they do 
not seem to have any recognized physiological role in plants. 
Others, such as Co, Cu, Fe, Mn, and Zn, are vital elements 
for the regular development and metabolism of plants; but 
when their concentrations are higher than acceptable levels, 
these elements may readily cause poisoning. Because waste 
composts are mostly used to enhance soils used to produce 
vegetables, the use of compost to boost agricultural pro-
ductivity without considering the potential negative conse-
quences might be a concern. Because most vegetable species 
include edible parts of the plant, the potential of HMs trans-
ference from soil to people should be a source of worry for 
environmental health officials (Tchounwou et al. 2012). The 
microbial population that produces enzymes is shifted by 
HMs, which has an indirect effect on soil enzymatic activity. 
Toxic effects of HMs on soil biota include alteration of key 
microbial processes and a reduction in the population and 
activity of soil microorganisms. On the other hand, long-
term HMs impacts might improve the tolerance of bacte-
rial communities and fungi as arbuscular mycorrhizal (AM) 
fungi, which can play an essential role in the regeneration 
of damaged ecosystems. In polluted soils, researchers found 
that HMs reduced bacterial species richness and increased 
soil actinomycetes, or even decreased bacterial biomass and 
diversity (Fatima et al. 2020).

Effects of HMs on aquatic organisms

Pollutants in water can be ingested directly by aquatic spe-
cies like fish, and pollutants can also be ingested indirectly 
through the food chain. Aquaculture provides livelihoods 
for hundreds of millions of people, but it also forms a sig-
nificant source of plastic litter that poses a serious hazard 
to aquatic ecosystems (Tian et al. 2022). Fish become con-
taminated when chemical fertilizers with trace amounts of 
heavy metals are applied to the water supply. Fish have been 
used as a model to confirm the effects of organophosphorus 
and chlorinated insecticides. Fish larvae as well as juve-
niles grow quite quickly. Numerous environmental factors 
affect growth, temperature, the availability of food, and the 
presence of toxicants. The fish grow in length and mass 
when conditions are ideal, including the right temperature 
and an adequate supply of food. Contrarily, fish growth 
may be stunted in water that contains pollutants such HMs 
(Vajargah 2021). Growth suppression is one of the most 

noticeable effects of toxic metals on fish larvae. Therefore, 
the size and bulk of a fish can be used as indicators of its 
surroundings. Scientists have looked into how exposure to 
toxins affects DNA's health and functionality. Several bio-
markers have been used as methods for detecting genotoxic 
pollution. DNA dimers, chromosomal abnormalities, DNA 
strand breaks, and counts of micronuclei are all examples 
of detectable biomarkers. Most commonly, erythrocytes 
are tested for genotoxic exposure in fish (Khayatzadeh and 
Abbasi 2010). Juvenile fish are especially vulnerable to 
the toxicity of heavy metals in water, which can drastically 
diminish fish stocks or even wipe them out entirely in pol-
luted reservoirs. HMs, according to the research of numer-
ous authors, have a detrimental effect on the development 
and survival of fish larvae. Vertebral abnormalities are the 
most common form of structural damage they cause, but 
they can also affect behavior (Bhat et al. 2019). A scien-
tist conducted laboratory research on Common carp larvae 
in lead- or copper-contaminated water. Slower growth and 
developmental rate, as well as decreased survival, were 
observed in those exposed to heavy metals. Cu exposure pre-
vented proper skeletal development, and Pb exposure led to 
scoliosis. Another researcher found that exposing common 
carp to HMs raised red blood cells, glucose, and cholesterol 
levels. Fe and Cu levels rose. During persistent exposure 
to hazardous heavy metals, vitamin C activity is reduced, 
indicating the existence of reactive oxygen species. They 
suggested that hazardous HMs in marine ecosystems affect 
common carp hematological parameters. Although they live 
in water, fish as well as other seafood always include certain 
HMs. According to the element, there are different amounts 
of HMs in fish that are naturally present and those that are 
present because of human activities. According to this ratio, 
fish only have a normal concentration of HMs in the open 
seas, which have not yet been impacted by pollution brought 
on by human activities (Garai et al. 2021). Estuaries, rivers, 
and particularly locations adjacent to industrial operations 
have substantially greater concentrations of HMs than is 
typical in polluted areas where water does not interchange 
with the world's seas as frequently. HMs accumulation is 
slow, and as a result, enormous concentrations of these met-
als develop in large bodies of water. Some fish species, par-
ticularly predatory species, which typically live longer, have 
higher levels of HMs accumulation in their various organs. 
A time-dependent accumulation of heavy metals poisons 
large creatures like goldfish or sea urchins, Pacific halibut, 
tuna, sharks, marlin, swordfish, and other predatory species. 
They may live to be 25 or older (Tchounwou et al. 2012). 
Skeletal muscle rarely contains excessive levels of HMs. 
When this occurs, it's a sign of severe environmental pollu-
tion caused by items like Cd and Hg. The liver, kidney, and 
bone are primarily responsible for toxic substance storage 
and removal in fish. These organs are rarely used for human 
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food in Europe and the USA, with the canned cod liver being 
the sole exception. This is because meat and muscle tissue 
are what are mostly consumed (Vajargah 2021). Pb reduces 
thyroid hormone synthesis via effects on Fe metabolism, 
and Cd has been linked to reduced thyroid hormone levels, 
inhibition of estrogen receptors, and disruption of growth 
hormone production in fish. Fish may experience oxida-
tive stress and cell membrane oxidation damage due to the 
prooxidative characteristics of metal ions. Similarly geno-
toxic to fish are the metals Cd, Cu, Hg, and Pb. Since time 
immemorial, the presence of HMs and other toxic substances 
in the water supply has posed a significant risk to both the 
health of humans and marine life (Tchounwou et al. 2012). 
After first being consumed by water microorganisms, plants, 
and fish, these contaminants frequently make their way into 
human bodies through the consumption of fisheries foods 
and drinking water. As a result of the deposition of various 
metals on the livers and kidneys of animals, particularly in 
limited rivers, several recent studies underscore the necessity 
for close monitoring of the scene (Bhat et al. 2019).

Proposed methods for the removal of HMs

Remediation using chemical and biological agents

The chemical-biological integrated treatment technique is 
seen as a very cost-effective and environmentally friendly 
solution for treating wastewater that contains HMs. Several 
researchers around the world have found that implement-
ing this integrated treatment is more effective at removing 
HMs than doing so chemically or biologically alone. Both 
therapies have advantages and disadvantages when used 
just as an implication. Because of its ease of use and rapid 
turnaround time, chemical remediation has become one of 
the most extensively utilized remediation methods in the 
world (Fu and Wang 2011). However, this approach has been 
severely hampered by the generation of hazardous by-prod-
ucts and insoluble metal precipitates. Biological therapy, on 
the other hand, is seen as more environmentally friendly 
and cost-effective. Long acclimation times and variations 
in the biodegradability of the isolate are some of its draw-
backs. With the right knowledge of each method's process, 
however, these limits may be eliminated (Liu et al. 2018). 
Many studies have found this form of an integrated system 
to be successful and cost-effective, which serves as a pol-
ishing step for the biological treatment and then the chemi-
cal treatment. Cr(VI) removal from textile wastewater was 
found to be 99.3% and 98.4% effective, respectively, using a 
combination of chemical precipitation and bioremediation 
in research by a scientist (Yadav et al. 2020). Almost 77% 
of the chemical oxygen demand (COD) and 81% of the tur-
bidity were also reduced by using this method. Comparable 

research utilizing Fusarium chlamydosporium, a chemical 
precipitating and biological system, reduced turbidity by 
64.69% COD by 71.80% and total chromium by 62.33%. 
The effectiveness of this strategy will be greatly aided by 
the prudent and environmentally friendly use of on-toxic 
chemicals (Saxena et al. 2020).

Remediation based on phytobiology

To remove HMs from soil and water, phytobial remediation 
is an effective and environmentally friendly option. Phyto-
bial remediation uses plants to absorb HMs and microbes 
to break down those metals, as stated in the literature. As 
opposed to other intrusive methods, phytobiological treat-
ment is considered to be the most environmentally friendly 
and cost-effective (Selvi et al. 2019). As a bonus, it may 
be used in large regions of polluted groundwater and soil, 
and sediment. As a result, its in situ treatment option has 
been demonstrated to reduce HMs concentrations and help 
preserve the topsoil. Aside from the fact that this method 
has many advantages, it is only suitable for shallow aquifers 
and soils due to the plant root length restriction, potential 
fear of HMs being transferred to the food chain, long dura-
tion, regular monitoring (due to litterfall), and no safe proper 
disposal method. According to researchers, there are a few 
ways to address these challenges, including employing deep-
rooted plants, engineering transgenic plants that divert her-
bivores, and developing adequate assessment methodologies 
(Gajić et al. 2022). Microbes that are free to move about and 
interact with their environment aid in phytoremediation via 
mobilization, immobilization, and volatilization. Volatiliza-
tion, redox alteration, leaching, and chelation are some of the 
processes that cause metals to get mobilized in the environ-
ment. As removal is accomplished with the employment of 
bacteria such as Sulfurospirillum barnesii, Geobacter, and 
Bacillus selenatarsenatis (Rezania et al. 2016). Aspergil-
lus niger and Sporosarcina ginsengisoli were utilized in an 
immobilization approach to extract HMs from the soil. A 
huge number of bacteria, fungi, and algae were used in a 
biotransformation process to remove HMs utilizing biom-
ethylation (Selvi et al. 2019).

Phytoremediation using electrokinetics

Remediation using electrokinetics (EK) is both more suc-
cessful and more cost-efficient than the prior integrated 
methodologies outlined. EK treatment and its compatibility 
with phytoremediation were the driving forces for this com-
bination. However, in situ phytoremediation is restricted by 
factors like conditions, metallic accessibility, and shallow 
depths when applied as an individual operation (Yuan and 
Weng 2006). The restoration yield and the processing speed 
must also be improved. It is possible, however, to combine 
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phytoremediation with other tactics like bioaugmentation, 
and remediation using electrokinetic and permeable reac-
tive barriers to increase the effectiveness. Zn, Pb, Cu, Cd, 
and As HMs remediation laboratory research using EK and 
phytoremediation technique have shown a promising vision. 
Phytoremediation also relies heavily on electrokinetics. 
Organic and inorganic molecules may be separated by pass-
ing a direct current between electrodes positioned vertically 
in the soil. Plant absorption processes dictated which phy-
toremediation procedures were used, such as phytoextrac-
tion, phytoevaporation, rhizodegradation, and rhizofiltration. 
Researchers have used electrokinetic coupled phytoremedia-
tion to remove hazardous As from water using the species 
Lemna minor (Cameselle et al. 2013). For this test, sodium 
arsenate was used at an amount of 150 g L1 to create fake As 
water. After the trial, their early data revealed a 90% clear-
ance rate. To promote phytoremediation and avoid mobile 
metals from leaking to the ground surface, EK remediation 
research used several electrode configurations to deploy 
numerous electrode configurations to enhance Pb removal 
from soil (Kuppusamy et al. 2016).

Low‑cost methods to overcome hazardous 
HMs from water

Aquatic and terrestrial biomass

Bioremediation has also been investigated for a variety of 
trees, plants, and other lands- and water-based materials 
abundant in poor nations. For example, the potential capacity 
of Moringa oleifera (MO) to remove HMs has drawn much 
interest. The water and wastewater treatment capabilities of 
the tropical drought-tolerant tree MO have been investigated. 
MO is very effective in removing from water and wastewa-
ter a broad range of HMs, including Cd(II), Fe(II), Cr(III), 
Zn(II), and Cu(II) (Dixit et al. 2015). Additionally, research-
ers have shown that MO does not have a major impact on the 
water's characteristics (e.g., pH, ionic strength) when used in 
conjunction with HMs removal. Adsorption, charge neutrali-
zation, complexation, and interparticle bridging are some 
of the removal processes for MO that have been suggested. 
Sawdust is another substance that has been extensively stud-
ied for its adsorption properties. For HMs removal, the saw-
dust from various trees is beneficial in several experiments. 
Cr(VI) removal (> 80%) was obtained by maple sawdust, 
whereas beech sawdust efficiently removed Cu(II), Zn(II), 
and Mn(II) respectively. HMs may be efficiently removed 
from a wide range of water sources using aquatic biomass, 
including seaweed and algae. For example, 2 different fresh-
water microalgae, S. Condensata and R. Hieroglyphicum, 
have been shown to successfully remove Cr(III) from indus-
trial effluent, with maximal adsorption capacities of 14.8 and 

12.5 mg  g−1, respectively (Ojuederie and Babalola 2017). 
In another work, an artificially grown marine alga, U. pin-
natifida, displayed efficient removal of Ni(II) and Cu(II), 
with maximal adsorption capacities of 29.9 and 78.9 mg  g−1, 
correspondingly. The removal of Cd(II), Zn(II), and other 
HMs from water utilizing brown (A. nodosum), red, and 
green algae in a variety of combinations and systems was 
recently studied by scientists. Every time, the removal of 
HMs (> 90%) was successful, no matter how they were 
combined (Joseph et al. 2019). According to research on 
the removal of Cd(II) using brown, red, and green seaweed, 
there was a broad variety of adsorption capabilities. Adsorp-
tion capabilities varied from 17.9 mg  g−1 for brown sea-
weeds to 82.9 mg  g−1 for green and red seaweeds. Shells 
from a variety of aquatic animals have been found in HMs 
from water. Cu(II) and Pb(II) were efficiently removed from 
water by shells from the mollusk Anadara inaequivalvis (A. 
inaequivalvis), which are commonly found in the Adriatic, 
Aegean, and Black Seas (Freitas et al. 2008).

Agricultural waste

Scientists both in the advanced and developing worlds have 
conducted extensive studies into the use of agricultural resi-
dues to remove HMs from the environment. The removal of 
HMs from water in the setting of a developing nation is often 
made possible by the use of agricultural waste, which is a 
readily available supply of efficient adsorbents that can be 
used in water treatment procedures (Upendra 2006). Dairy 
manure compost is a unique substance that has been dem-
onstrated to be very successful in removing HMs from the 
environment, with maximum adsorption capacities of 15.5, 
27.2, and 95.3 mg  g−1 for Zn, Cu, and Pb, among other HMs, 
according to research (Saxena et al. 2020). Rice residual 
waste materials are a common kind of agricultural trash that 
is generated in enormous quantities, especially in developing 
countries, and are a common source of agricultural waste. 
Rice bran, rice straw, and rice husk are all examples of this 
sort of trash. It has been shown that these waste products are 
efficient in removing HMs from aqueous solutions. Using 
rice straw and rice bran, for example, it has been shown 
that Cu(II) can be removed from the solution with maximal 
adsorption capacities of 18.4 and 21.0 mg  g−1, respectively 
(Chuah et al. 2005). Several other studies have also shown 
that rice husk has the potential to remove HMs from water 
sources. It has also been shown that the waste from nuts 
may be used to eliminate HMs from various water sources. 
Cashew nut shells have been studied for their potential to 
eliminate HMs from water. Researchers found that cashew 
nut shells had a maximum adsorption capacity of 20 mg  g−1 
when measuring the removal of Cu(II). Cashew nut shells 
were used in another investigation to remove nickel(II) from 
water, and the researchers found that they had a maximum 
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adsorption capacity of 18.9 mg  g−1. Due to the large surface 
area of cashew nut shells, adsorption of these HMs may 
occur on a large number of active adsorption sites (Upen-
dra 2006). It has been shown that fruit wastes are good in 
removing HMs from water. The highest adsorption capa-
bilities of lemon peel were found to be 27.9 mg  g−1 Zn(II), 
37.9 mg  g−1 Pb(II), and 71.0 mg  g−1 Cu respectively. It has 
also been shown that grape stalk waste has the potential to 
remove HMs, with maximal adsorption capacities of 10.1 
and 10.6 mg  g−1 obtained for Cu(II) and Ni(II). Vegetable 
waste from other sources has been found to remove HMs 
from water. Heavier metals may be removed with the use of 
mushroom remnants (Sabir et al. 2021). Cu(II), Zn(II), and 
Hg(II) removal efficiencies varied from 39.7 to 81.7% based 
on an evaluation of four distinct kinds of mushroom resi-
dues. Another research evaluated the removal of Cd(II) and 
Pb(II) using three distinct mushrooms and obtained maximal 
adsorption capacities of 35.0 and 33.8 mg  g−1, respectively. 
Corncob also effectively removed Pb(II), with an adsorption 
capacity of 16.2 mg  g−1 at its highest. Sodium hydroxide 
treatment of corncob boosted its Pb(II) adsorption capacity 
by more than fourfold (43.4 mg  g−1) (Al-Qodah et al. 2017).

Conclusion

This review aimed to present the importance of reservoirs 
and temperature effect as quantitative and qualitative water 
reserves in watersheds; analyze the fundamental character-
istics of these artificial ecosystems; and propose new tech-
nologies and approaches for reservoir location, construction, 
and operation based on the scientific knowledge accumu-
lated. To meet the demand for fish from a growing global 
population, aquaculture production must be increased due to 
the stagnation of capture fisheries. However, aquaculture has 
generated a wide range of environmental challenges, and fur-
ther environmental effects are likely if aquaculture produc-
tion continues. Climate change is a further threat to global 
fish production. Higher aquaculture production is needed 
that is environmentally sustainable and can adapt to climate 
change. There is a major shortage of access to safe drinking 
water in developing countries due to water scarcity and pol-
luted water. HMs poisoning in water sources is becoming a 
major issue, notwithstanding the existence of other kinds of 
water pollution. HMs present in compost have the potential 
to alter the physical, chemical, and biological aspects of the 
soil and water. Because of the absorption of these metals 
by plants from the soil, crop yield is reduced because of 
the inhibition of physiological metabolism. It is both human 
health and the environment that are concerned about HMs 
being taken up by fish and accumulate in human tissues, 
as well as bio-magnifications as they go up the food chain. 
Aquatic animals are harmed by HMs found in agricultural 

runoff that enters the aquatic environment. When compost 
is used in agriculture, it should not include pathogens or 
HMs since they are detrimental to the crop. It is also impor-
tant to conduct bench-scale testing of these materials with 
real, local water sources such as industrial effluent, river and 
lake sources, and home wastewater. Social, economic, and 
ecological challenges must also be identified and addressed 
to facilitate the proposed adaptation strategies. Empirical 
research is needed to understand interlinked processes of 
increasing aquaculture productivity, environmental sustain-
ability, and climate change adaptability.
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