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ABSTRACT: The presence of heavy metals in water sources poses significant environmental and 
public health risks. This review paper aims to summarize current research on the sources, 
distribution, and toxicological impacts of heavy metals on water quality and human health. It 
explores the mechanisms of contamination, the effects on ecosystems and human health, and 
discusses potential mitigation strategies. Emphasis is placed on the need for stringent regulations 
and innovative technologies to ensure safe drinking water and protect human health. 
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I. INTRODUCTION 

The nature of water assets is vital to ecological 
wellbeing and human prosperity. Weighty metals, 
including lead, mercury, cadmium, and arsenic, are 
perceived for their poisonousness and potential to 
cause serious medical problems even at low 
focuses. These metals can enter water frameworks 
through normal cycles like land enduring, as well as 
through anthropogenic exercises like modern 
release, farming overflow, and ill-advised squander 
the board. This presentation gives an outline of the 
attributes of weighty metals, their pathways into 
water frameworks, and the basic need to address 
their tainting. The extent of this survey incorporates 
the appraisal of weighty metal sources, their effects 
on water quality and wellbeing, and the 
investigation of alleviation methodologies. Weighty 
metals like iron, cobalt, copper, zinc manganese 
and molybdenum are fundamental in the human 
body yet are harmful at high focuses. Different 
metals like lead and mercury and plutonium are 
poisonous even in low fixations. 
Water quality is affected by both point and non-
point sources of pollution [10].  
Contamination of the environment by heavy metals 
has posed as a serious risk to not only the 
environment but is also a serious health risk to 
humans because of their long-term effects and 
involvement in the food chains [16]. 
All in all, the dominancy of the analyzed heavy 
metals in the surface water of Ghaggar followed the 
sequence: Fe> Zn > Ni > Cu > Cd > Cr >Pb > Hg 
>As [21]. 

Among all studied trace elements, Zn concentration 
was recorded more in water as compared to other 
heavy metals. It is, therefore, suggested that trace 
element pollution, if ignored, can lead to alarming 
situation and steps should be taken to limit it [18]. 
Openness to extreme degrees of copper can result 
to liver and kidney harm, iron deficiency, 
immunotoxicity, and formative poisonousness [25]. 
Ingesting bigger measures of zinc can cause 
anorexia, regurgitating, and looseness of the 
bowels. Constant poisonousness of zinc might 
bring about copper inadequacy and may cause 
nerve harm. Lead harmfulness influences the 
typical working of the sensory system and longer 
openness causes serious consequences for kidney 
as well as cerebrum [1]. Kids retain higher 
measures of lead than grown-ups which is 
profoundly perilous as they are creating [15]. Lead 
influences the conceptive frameworks of the two 
guys and females [6], where there is a decrease in 
sperm include and volume in guys [29]. In females, 
high lead openness and cause unsuccessful labor, 
untimely birth, low birth weight, and formative and 
unconstrained early termination of the baby [3]. 
Lead poisonousness side effects can deteriorate 
and bring about loss of motion, unconsciousness, 
or even demise [8].  
The nature of water assets is vital to ecological 
wellbeing and human prosperity. Weighty metals, 
including lead, mercury, cadmium, and arsenic, are 
perceived for their poisonousness and potential to 
cause serious medical problems even at low 
focuses. These metals can enter water frameworks 
through normal cycles like land enduring, as well as 
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through anthropogenic exercises like modern 
release, farming overflow, and ill-advised squander 
the board. This presentation gives an outline of the 
attributes of weighty metals, their pathways into 
water frameworks, and the basic need to address 
their tainting. The extent of this survey incorporates 
the appraisal of weighty metal sources, their effects 
on water quality and wellbeing, and the 
investigation of alleviation methodologies. 
Water is a fundamental regular asset need for life 
food. Ceaseless pollution of new water bodies by 
minor components has prompted less utilization of 
water assets for homegrown use. Water 
contamination has turned into a worldwide 
ecological issue, particularly because of ascend in 
poisonousness of weighty metals even at low 
fixations [17]. Stretched out openness of drinking 
water to weighty metals has achieved negative long 
haul impacts. Surface water contamination by 
minor components is one of the best quality issues 
as a result of their harmfulness nature, expanded 
delivery and adverse consequence on people. They 
are progressively added into the water bodies 
through human exercises like metropolitan 
spillover, farming and modern effluents, sewage 
release, mining and regular peculiarities, for 
example, the leakage of underground minerals and 
soil disintegration [19]. 

II. UPTAKE OF HEAVY METALS THROUGH 
WATER 

Heavy metal contamination of surface and 
subsurface water causes soil pollution, which is 
exacerbated by the hand dressing of mined ores on 
the ground surface [7]. The metals are exposed to 
air and rain as a result of the dumping over the 
surface, which causes significant AMD. Polluted 
soil accumulates in the plant tissue if it is there at 
that time. Furthermore, these heavy metals enter 
the body when animals feed on such plants and 
consume water from contaminated sources. 
Additionally, the bodily tissues of marine life which 
breeds in contaminated water as well as the milk of 
breastfeeding animals contain heavy metals. In 
summary, through their food chains, all creatures in 
a particular environment are poisoned by these 
toxins [26]. The presence of heavy metals in these 
contaminated veggies might cause many chronic 
ailments when consumed as food. The specific 
heavy metals' oxidative state and concentration are 
the main determinants of their toxic consequences 
[5]. Because heavy metals have lengthy biological 
half-lives, are not biodegradable in nature, and 
have the capacity to accumulate inside the body, 
they can have potentially severe effects. 
Furthermore, certain heavy metals are only very 

harmful due to their solubility. There is no specific 
method for removing these heavy metal 
contaminants from an organism's body, therefore 
even lower amounts of heavy metals within the food 
chain have detrimental consequences. These 
hazardous heavy metals are now ubiquitous due to 
their extensive use in industrial processes. The 
wastewater has a high concentration of heavy 
metals, which lead to a number of health issues. 
Heavy Metal and its Effect on Health. Human 
activity (unstandardized industrial processes, 
municipal trash, excess and sometimes 
unnecessary chemicals used in agricultural 
processes) introduces heavy metals into 
groundwater and surface water. Certain heavy 
metals are necessary for good health, but only in 
small amounts; excessive concentrations may be 
detrimental. Although in little amounts, zinc (Zn) 
and copper (Cu) are vital for health [24]. The WHO's 
recommended threshold of 2 mg/l for copper in 
drinking water.  
Zinc (Zn). A tiny amount of zinc, an important trace 
element, is needed to sustain human health. Zinc 
aids in the synthesis of hormones, growth, and the 
strengthening of the immune and digestive 
systems. Unwanted health effects arise when the 
concentration of zinc in drinking water is higher or 
lower than the recommended level. Increased zinc 
can cause a variety of health issues, including 
arteriosclerosis, stomach pains, skin inflammation, 
nausea, vomiting, anemia, pancreatic root 
difficulties, and protein metabolism issues. A zinc 
deficit raises the risk of diabetes and can cause 
problems with fertility. The WHO allows up to 3 mg/l 
of zinc in drinking water. Because zinc metal's 
surface may be readily coated to provide protection 
from air corrosion. In the galvanization business, 
which includes the steel processing, shipbuilding, 
automotive, and construction industries, zinc is 
frequently used. The pharmaceutical, paint, rubber, 
cosmetic, plastic, ink, soap, battery, and textile 
sectors are among the industries that employ zinc 
oxide. If these industries don't use an efficient 
method to remove zinc from industrial waste, then 
they are accountable for the excessive content of 
zinc metal.  
Manganese (Mn). Manganese is a significant 
minor necessary element by our body in little sums 
for the creation of stomach related compounds, 
assimilation of supplements, wound recuperating, 
bone turn of events and safe framework guards. 
Negative wellbeing impacts can be brought about 
by inadequate or inordinate admission of 
manganese. Despite the fact that manganese lack 
in people is relatively uncommon on the grounds 
that manganese is available in numerous normal 
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food sources. An inadequacy can cause serious 
medical conditions including feeble 
bones(osteoporosis), muscle and joint torment, and 
sexual brokenness. Human openness to higher 
measure of manganese can result extreme 
problems in sensory system, and long haul 
openness in its most awful condition can cause 
super durable neurological impacts with side effects 
described by Parkinson's sickness, Side effects of 
Parkinson's illness incorporates shortcoming, 
shaking, gradualness, uneasiness, calmer 
discourse, wretchedness, cognitive decline and 
continuous pee. Manganese is a mineral that 
normally happens in rocks and soil, yet human 
exercises are a lot of liable for underground water 
contamination by this component [27]. 
The plant take-up of weighty metals from soils at 
high fixations might bring about an incredible 
wellbeing risk thinking about pecking order 
suggestions. Usage of food crops debased with 
weighty metals is a significant pecking order course 
for human openness [11]. The food establishes 
whose assessment framework depends on 
comprehensive and constant development have 
extraordinary limit of separating components from 
soils. The development of such plants in polluted 
soil implies a possible danger since the vegetal 
tissues can collect weighty metals [11]. Weighty 
metals become poisonous when they are not used 
by the body and gather in the delicate tissues [28]. 
Persistent level ingestion of poisonous metals 
unfortunately affects people and the related unsafe 
effects become detectable solely after quite a long 
while of openness [13]. 
Cadmium (Cd) is a notable weighty metal poison 
with a particular gravity 8.65 times more noteworthy 
than water. The objective organs for Cd 
harmfulness have been recognized as liver, 
placenta, kidneys, lungs, mind and bones. 
Contingent upon the seriousness of openness, the 
side effects of impacts incorporate queasiness, 
spewing, stomach spasms, dyspnea and strong 
shortcoming. Serious openness might result in 
aspiratory odema and demise. Pneumonic impacts 
(emphysema, bronchiolitis and alveolitis) and renal 

impacts might happen following sub ongoing inward 
breath openness to cadmium and its mixtures. The 
itai illness in Japan carried the risks of natural Disc 
to world consideration. Compact disc has been 
related to a lesser or more noteworthy degree with 
numerous clinical circumstances including 
anosmia, cardiovascular disappointment tumors, 
cerebrovascular localized necrosis, emphysema, 
osteoporosis, proteinuria waterfall development in 
the eyes. However, tieing down clear connections 
of natural openings with dreariness and mortality 
has been troublesome. 
Zinc is viewed as moderately non-harmful, 
particularly whenever taken orally. 
Notwithstanding, overabundance sum can cause 
framework dysfunctions that outcome in impedance 
of development and multiplication. The clinical 
indications of zinc toxicosis have been accounted 
for as regurgitating, the runs, horrendous pee, 
icterus (yellow bodily fluid layer), liver 
disappointment, kidney disappointment and 
paleness [5]. 
Copper (Cu) is a fundamental component in 
mammalian sustenance as a part of 
metalloenzymes in which it goes about as an 
electron contributor or acceptor. On the other hand, 
openness to elevated degrees of Cu can bring 
about various antagonistic wellbeing impacts. 
Openness of people to Cu happens essentially from 
the utilization of food and drinking water. Intense Cu 
harmfulness is by and large connected with 
unplanned ingestion; nonetheless, a few individuals 
from the populace might be more powerless to the 
unfavorable impacts of high Cu consumption 
because of hereditary inclination or sickness [2]. 
Inordinate human admission of Cu might prompt 
serious mucosal aggravation and consumption, far 
reaching fine harm, hepatic and renal harm and 
focal sensory system bothering followed by 
sadness. Serious gastrointestinal disturbance and 
conceivable necrotic changes in the liver and 
kidney can likewise happen. The impacts of Ni 
openness differ from skin disturbance to harm to 
the lungs, sensory system, and mucous films. 
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Fig. 1. Contamination of water through different sources [23]. 

Lead (Pb) is physiological and neurological harmful 
to people. Intense Pb harming may bring about a 
brokenness in the kidney, multiplication framework, 
liver and mind bringing about disorder and passing 
[20]. Pb heads the dangers even at very low 
fixations [12].  A remarkably serious impact of lead 
harmfulness is its teratogenic impact. Lead harming 
additionally causes restraint of the union of 
hemoglobin; cardiovascular framework and intense 
and ongoing harm to the focal sensory system 
(CNS) and fringe sensory system (PNS). Other 
ongoing impacts incorporate frailty, weakness, 
gastrointestinal issues and anoxia. Lead can cause 
challenges in pregnancy, hypertension, muscle and 
joint agony [20]. 

Different impacts incorporate harm to the 
gastrointestinal plot (GIT) and urinary lot bringing 
about horrendous pee, neurological confusion and 
can cause extreme and super durable cerebrum 
harm. While inorganic types of lead, regularly 
influence the CNS, PNS, GIT and other bio 
frameworks, natural structures transcendently 
influence the CNS. Lead influences youngsters; 
especially in the 2-3 years of age range by 
prompting the unfortunate advancement of the dim 
matter of the mind, in this way bringing about 
unfortunate IQ (intelligence level). Its assimilation in 
the body is improved by Ca and Zn lacks [5]. 

Table 1: Permissible limit of heavy metal ions in water [22]. 

Heavy metal ions WHO’s permissible limit (mg L−1) 

Cr 0.003 

Fe 0.30 

Mn 0.02 

Zn 3.00 

Cd 0.05 

Pb 0.01 

Se 0.02 

Ag 0.1 

Cu 0.02 

As 0.01 

Hg 0.001 
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Table 2: Major sources of some heavy metal ions in water [9]. 

Heavy metal ion Common sources 

Copper (Cu) Fertilizers, tanning, and photovoltaic cells 

Zinc (Zn) Soldering, cosmetics, and pigments 

Silver (Ag) Refining of copper, gold, nickel, zinc, jewelry, and electroplating industries 

Chromium (Cr) Leather industry, tanning, and chrome plating industries 

Arsenic (As) Wooden electricity poles that are treated with arsenic-based 
preservatives, pesticides, fertilizers, the release of untreated effluents, 
oxidation of pyrite (FeS) and arsenopyrite (FeAsS) 

Mercury (Hg) Combustion of coal, municipal solid waste incineration, and volcanic 
emissions 

Cadmium (Cd) Paints, pigments, electroplated parts, batteries, plastics, synthetic rubber, 
photographic and engraving process, photoconductors, and photovoltaic 
cells 

Lead (Pb) PVC pipes in sanitation, agriculture, recycled PVC lead paints, jewelry, 
lead batteries, lunch boxes, etc. 

 
Chromium (Cr) is the tenth plentiful component in 
the world's mantle and endures in the climate as 
one or the other Cr (III) or Cr (VI). Cr (VI) is harmful 
to plants and creatures, being areas of strength for 
a specialist, destructive, solvent in basic and 
somewhat acidic water, poisonous and likely 
cancer-causing agents. The harmfulness of Cr (VI) 
gets from its capacity to diffuse through cell layers 
and oxidize organic particles. 
Mercury is poisonous and has no known capability 
in human organic chemistry and physiology. 
Inorganic types of mercury cause unconstrained 
fetus removal, innate distortion and gastrointestinal 
disorders(like destructive esophagitis and 
hematochezia).Poisoning by its natural structures, 
which incorporate monomethyl and dimenthyl 
mercury gives erethism (an unusual disturbance or 
awareness of an organ or body part to feeling), 
acrodynia (Pink illness, which is portrayed by rash 
and desquamation of the hands and feet), gum 
disease, stomatitis, neurological problems, 
complete harm to the cerebrum and CNS and are 
additionally connected with inborn deformity [5]. 
Similarly, as with lead and mercury, arsenic 
poisonousness side effects rely upon the 
compound structure ingested. Arsenic acts to 
coagulate protein, structures buildings with 
coenzymes and represses the development of 
adenosine triphosphate (ATP) during breath. It is 
potentially cancer-causing in com-pounds of all its 
oxidation states and significant level openness can 
cause passing [4]. Arsenic poisonousness likewise 
presents a problem, which is like, and frequently 
mistook for Guillain-Barre condition, an enemy of 
safe problem that happens when the body's 
resistant framework erroneously goes after piece of 
the PNS, bringing about nerve irritation that causes 
muscle shortcoming [14]. 

III. CONCLUSIONS 

Weighty metal tainting of water is an unavoidable 
issue with extensive ramifications for natural and 
human wellbeing. This survey highlights the basic 
requirement for far reaching checking, guideline, 
and remediation procedures to address weighty 
metal contamination. Future examination ought to 
zero in on creating financially savvy and 
supportable advances for water cleansing and 
investigating the drawn out effects of low-level 
openness to weighty metals. Public mindfulness 
and schooling are likewise fundamental in 
moderating the dangers related with weighty metal 
tainting. 
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