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Abstract 

The availability of drinkable water, which is a basic requirement for healthy life, has grown 

more challenging over time as a result of moderate to severe human activity and, to a lesser 

degree, environmental factors. Polluted water contributes to the continual universal loss in 

the presence of abundant potable water in contrast to becoming one of the major world 

causes of disease, infections, and fatality. In numerous nations all around the world, research 

have been conducted to monitor and investigate why environmental variables impact the 

concentrations of metalloids and the physical and chemical properties of watercourses. Toxic 

elements metals including copper, zinc, nickel, lead, cadmium, and mercury have a negative 

impact on the ecosystem. We shall now assess the cutting-edge tools currently present for 

such measurement of hazardous metals in water because metal ions are perhaps the most 

harmful and widespread pollutants. The much more popular methodological approaches 

include very, liquid chromatography, inductively-coupled plasma-mass spectrometry, gas 

chromatography, and atomic absorption spectroscopy (ICP-MS). Additionally, a thorough 

discussion of sustainable materials and approaches for determination of heavy metals from 

natural waters is presented.   
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1.Introduction 

A healthy life, commonly referred to as the basic needs of humans, depends on having 

having availability to freshwater resources [26][4].Water is regarded as a crucial element in 

the ecosystem. In addition to urbanisation and industrial expansion since the 1990s, poisoning 

of all water bodies has played a significant influence in the world’s population growth rates. 

In the past year, environmental experts have increasingly focused on heavy metals (HM) 

contamination of water [33][26]. Since about 85% of Indians depend on groundwater for 

drinking, groundwater quality is a significant problem that must be solved separately. 

Without conducting an appropriate risk assessment, groundwater in India was thought to be 

largely safe and frequently used for drinking.  Arsenic, mercury, and cadmium are just a few 

examples of the heavy metals and metalloids that are widely dispersed in the environment, 

including drinking water sources, and which pose a major health issue to people by seriously 

harming the liver, kidneys, digestive systems, and nervous systems. Such dangerous metals 

are categorised as toxicants because they have a propensity to accumulate in nature and 

endanger both human health and environment. [13][45]  

 

2.Major Contaminant of Water 

The term "toxic" refers to freshwater that has been altered by undesirable substances as a 

consequence of anthropogenic activity[17]. This can be caused by a variety of things, 

including toxins, gravel, microbes, pathogens, medications, fertilisers, and petroleum. 

Although it is undetectable, groundwater pollution differs to surface water pollution in that 

resource conservation is difficult with existing technologies. Most freshwater pollutants often 

have no flavour and no pigment. The impacts of polluted waters on public health are also 

lengthy and challenging to detect[8]. 

Based on a research conducted in China, the quantity of F found in well water in 2000 was 

21.5 mg L-1, but it is currently just 0.01 - 6.30 milligrammes per liters in a number of Tianjin 

regions[55][56]. Elevated levels of F have also been reported in certain locations in Nigeria, 

Kenya, and Japan[37][20][13]. In some rural areas of Iran, F levels (0.17 to 2.2 mg/L) were 

greater above the WHO limit (0.5 mg/L)[38]. Hexavalent Cr is present in about 40percent of 

total of California's freshwater resources. In China close to Jin Zhou city, stomach and lung 

cancer cases have been reported as a result of drinking water exposure to hazardous Cr(VI). 

In China, adjacent to Jin Zhou city, gastrointestinal and pulmonary cancer cases have been re

ported as a result of groundwater exposure to hazardous Cr(VI).  

 

3.Status of Water in India 

India's farming and drinkable water safety are completely reliant on aquifers. Water table is 

used for over 62percent of agriculture, 85percent of total of water resource,of rural areas and 

50percent of urban freshwater supply. Because of the high amount of Arsenic in the water, 

West Bengal is one of the worst-affected states in India. Nine of the state's 19 districts have a 

significant illness[50][ 
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4. Types of Water Pollutants  

4.1 Organic Pollutants 

Carbon-based organic pollutants, such those produced by plants and animals, are found in 

water and contaminate it. From trees to tiny insects, all living things are biological. Organic 

substances include things like the food we consume, petroleum products, and material that is 

alive or has historically been alive.A specific test has been developed by experts in water 

quality to quantify the amount of organic material in the water sample. Agricultural waste, 

urban wastewater, industrial wastewater, and sewage are all sources of organic 

compounds[14]. 

 

4.2 Inorganic  Pollutants 

For developing countries, the contamination of drinking water with harmful compounds 

including nitrogenous compounds , and toxic metals is a concern. The high quantities of 

nitrogen - rich pollutants  and  salts of phosphorus  in ground water caused by the drainage of 

agricultural areas, release of municipal/industrial sewage, etc. are responsible for a number of 

health issues[41]. 

 

4.3 Thermal Pollution 

The term "thermal water pollution" refers to changes in a tempersture of water bodies. It 

contributes in contamination of water as well. It is the alteration of water's physical 

characteristics. A few occurrences happen spontaneously, but the majority are caused by 

human activity. The biggest thermal contaminants of freshwater include power stations, 

nuclear weapons and hydroelectric dams, greenhouses, and rising temperatures. The 

discharge from thermal power plants raises the temperature of the aquatic system by 10 °C. 

Aquatic life is so seriously impacted by the thermal effects of global warming[39].  

 

5.Heavy Metal Causing Water Pollution 

5.1 Arsenic 
Due to the mobilisation of As in groundwater and aquifers, the contamination of As can 

spread improperly into the water bodies. Consequently, its residues may have an impact on a 

huge number of people[44].Due to its high toxicity and wide distribution groundwater, 

arsenic (As) poses a health risk.Humans who are exposed to high quantities of As may 

experience a range of health issues, including genetic damage, anaemia, and other issues[9].  

Investigations have also revealed problems with the nasal passages, cardiovascular and 

neurological diseases, consequences of diabetes, skin diseases, and aberrant babies as a 

consequence of consuming As-contaminated water[8][5]. In West Bengal, India, freshwater 

poisoning with arsenic was first discovered in 1980. In 79 blocks spread across 8 districts in 

West Bengal, the allowed limit for arsenic is 0.05 mg/l. Besides from Bengal, the states of 

Assamese, Chhattisgarh, Bihar, Jharkhand, Karnataka and UP have all been confirmed to 

have As poisoning in their water supply. In arsenic-contaminated aquifer, arsenic acid 

(H3AsO4), arsenous acid (H3AsO3), and its compounds are frequently found. 
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5.2 Iron 

In topsoil and sediments, iron is primarily found as insoluble oxide of Iron  and iron sulphide. 

When ferrous carbonate and water Carbon dioxide interact, Fe2+ solutions are released. The 

second most prevalent element in the layers of the earth is iron[19].The biggest issue with 

water that contains Fe is the brown appearance of groundwater after it has been extracted 

from aquifers. The decomposition of organic matter produced a reducing environment that 

caused the water's colour to change to cloudy, then brown. The solubility of minerals 

containing Fe increases in lowering circumstances It promotes a rise in the concentration of 

iron. 

Excessive Iron concentrations in the freshwater are the source of the unpleasant taste, 

discoloration, sedimentation, and equipment problems in the water system.. Red rot disease 

may be brought on by high Fe concentrations in water. Bacterial precipitation of ferric ion 

hydrate oxide is the root cause of red rot disease. When pumped, iron-containing water 

appears clear, but when it is exposed to the air, the iron precipitates out and causes turbidity 

in the water[22]. 

 

5.3 Copper 

Copper is a crucial trace element that contributes in the metabolism of people, animals, and 

plants.It's likely that aquifer resources including feldspar, biotite, and muscovite minerals 

enrich water naturally with copper (Cu).Copper contamination in drinking water can 

occasionally be primarily caused by copper pipe corrosion. Farming pesticide sprays 

frequently contain organic and inorganic copper compounds.Wilson's illness may be 

triggered by a high Zn intake. A high Cu content increases the risk of human lung cancer 

while also causing pipe and equipment corrosion and discoloration. 

 

5.4 Lead (Pb) 

The major source of lead in the environment is industry, specifically lead storage batteries, 

metal plating, constriction materials, ceramics and colourants, paints, glassware, and 

petroleum oil[23]. Lead is a teratogen which is not biocompatible and may be contributing to 

increasing Pb levels of contamination through sorption process of Pb on bottom sediments, 

soot transmission through the surrounding air, subsequent cementation of mineral of 

continental shells, rainfall, and accumulation of Pb-containing aerosolized aerosol particles. 

If ingested out over long period of time, low amounts that are stored and accumulated in 

vertebrae may be harmful to people[32]. 

 

5.5.Nickel 

Since it is unclear why nickel might be present in potable water, its abundance has not been 

sufficiently recorded.Thus according multiple past studies[1][12][34], Potable water tests 

obtained from different sources have revealed Ni pollution.Although plumbing materials are 

the primary contributor of nickel in freshwater resources, minerals that possess nickel may 

cause it to leak into groundwater[51][16]. The discharge of nickel into potable water is 

anticipated to rise over period as metal usage increases. Ni intake can result in a several of 
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health complications, such as skin irritation, cardiovascular illness, liver toxicity, and lung 

infections[28][16][12][42]. 

 

5.6.Manganese 

While a high Mn content in drinking water may not have much of an impact on adults, it has 

a major impact on embryos and newborns. In water with CO2, manganese dioxide is 

extremely insoluble. Mn and Fe have a positive correlation, and It is an element that the both 

animals and vegetation require. The Manganese in freshwater is released by ferromagnesium 

minerals. A excessive Manganese quantity affects organisms centralnervous system. In acidic 

groundwater under lowering conditions, higher manganese concentrations typically 

occur[30]. 

 

5.7 Chromium 

Chromium (Cr), a found in nature element which is extensively used in industrial operations, 

is among the most toxic and hazardous metals. The two primary forms in which it can be 

liberated from environmental Chromium sources, mainly  from the earth crust  are and 

hexavalent chromium [Cr(VI)] and trivalent chromium [Cr(III)] . The Cr(VI) version is 

heighly toxic, transportable, and soluble than that of the type trivalent chromium resulting in 

more damaging effect on both humans and animals[35]. Manufacturers generate a large 

amount of sewage, which contains solid sediment and Cr-containing waste. For example, 

tanneries are a significant global generator of Cr pollution[53]. Cr contamination of 

groundwater and surface aquifers may occur often due to both biological and man-made 

factors[49]. Water contamination might result through industrial machinery polishing, 

inappropriate residual mining material handling, or Cr(IV) leaks from chromite mines. 

Chromium has the ability to undergo number of changes in the water habitats through the 

mechanisms of adsorption, desorption, redox, solubility, and precipitation[46][24]. 

 

6. Analytical Technique for Detection of heavy metal ions in water 

Monitoring the level of water contamination is essential to preventing health problems. While 

there are many different methods for doing this, a quicker method of analysing the water's 

quality is needed for regular pollution level control. 

 

6.1 Atmoic Absorption Spectroscopy(AAS) 

Analysing heavy metals has traditionally been done using AAS. AAS uses a variety of 

methods to determine the atomic composition by assessing the gaseous state's unbound 

atoms' ability to absorb specific electromagnetic wavelengths[3][31][55] .Based on the 

intensity of the absorption, the identified components' concentration levels in the sample can 

be calculated.[3][56].AAS is able to identify more than 70 elements in samples in a variety of 

physical states, including solid or solution phases. 

 

6.2. ICP-MS  

ICP-MS  is an Atomic Emission Spectroscopic method that atomizes material using plasma. 

Positive ions and an enormous number of electrons in plasma neutralise and cancel out 
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molecules.The energised and ionised gases that make up plasmas are created in inert gases 

like argon. They contribute with atom dissociation, ionisation, and excitation to produce 

atomic and ionic emission. 

ICP offers lower detection limits than AAS, but it also requires a highly experienced 

operator. The main flaw in all atomic spectroscopy techniques is that they give no 

information on the element's oxidation state or speciation. This approach, like AAS, also 

needs a highly competent operator and extensive sample preparation. 

 

6.3.High Performance Liquid Chromatography 

In this technique, a specimen is moved all over a chromatographic section by a mobile liquid 

solution. A specimen is a liquid or solid that has been mixed in a specific solvent. Isolation is 

governed by interactions between both the liquid and stationary phase. 

Usually, a one  movable  phase formulation that really is effective for all substances is 

difficult to locate. It only remains single choice: use a gradient component. The basic 

chemical composition of the solvent system is slightly polar and allows separation of the 

reverse phase. Through all these separations, the migratory phase's makeup is even less polar 

as the separation advances. Identical to GasChromatography, a variety of sensors, including 

spectroscopic sensors  electrochemical finders, and continuing mass spectrometry 

improvements, have been created for observing HPLC separation. Due to this, interest in  is 

expanding LC-MS. These hplc techniques are frequently used to examine different 

compounds. Liquid chromatography techniques are extremely sensitive and successful, 

especially when combined with MassSpectroscopy, but they also require costly, sophisticated 

instruments and expert operators[18]. 

 

6.4.Gas Chromatography 

Gas chromatography is a widely adopted technique in chemical analysis for the separation 

and investigation of compounds that may vaporize without disintegrating (GC). The 

homogeneity of a material or the separation of the distinct components in a mixture are 

routinely determined by GC[18]. To extract pure compounds within a mixture, preparative 

chromatography can be used[28]. 

Gas chromatography is a technique used to isolate substances in mixtures by introducing 

either liquid or gaseous specimens into a moveable phase, sometimes referred to as the 

gaseous state, and then passing the gas through a solid matrix. Most frequently, a non-

reactive gas such as He, Ar, N2, or H2 makes up the mobile phase. 

 

 7.Metal Nanoparticle 

For the spectrometric determination of metals, new nanostructured materials (NPs) of gold, 

platinum and silver are widely used[52]. One can modify the optical characteristics of 

metallic. By altering particle dimension, shape, molecular make-up, and distribution, 

nanostructures can be formed. These are useful because they make it easier to create 

spectrophotometric sensor devices that operate in the relevant spectral region. This has been 

proven that ag nano - particles treated with 11-mercaptoundecanoic acid (MUA) are capable 

of detecting Pb(II) ions spectrophotometrically. The detection limits for this method was 2.07 
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ppm, which was a lot higher than the values that the WHO allowed. It employed a camera to 

capture the photographs, but there was no visual programme to analyse them. For quick and 

accurate strip-based immunosensing of Pb(II) ions in potable water, such constraints were 

conquered by utilising   anti-Pb(II)-ITCBE monoclonal a antibody on twin non - uniformly 

scaled Gold Nanoparticle probes[11].  

 

8.Organic Ligands 

To monitor toxic metals in groundwater, natural linkers/ligands attach to particular toxic 

elements using heteroatoms (Carbon, Nitrogen, Hydrogen, Oxygen, and Sulphur) in their 

framework to form a stable complex[21].One can determine Nickel(II), Copper(II), and 

Chromium (VI) using metal-selective chromogenic linkers such as , bathocuproine,  1, 5-

diphenylcarbazide (DPC)[52]. 

 

9.Carbonaceous Quantum Dots 

Due to their easy preparation, low experimental expenses, user- as well as eco-friendly 

character, and coupling of carbon quantum dots (Carbon dots) as a detecting component for 

spectrophotometric identification of toxic elements, this sector primarily focuses on this 

topic.Metal recognition has been investigated using CQD-based spectrophotometric sensing 

depending on ratiometric methods. Elevated nano crystallinecarbon quantum dots and   

(NCQDs) are synthesised using watersoluble chitosan, a biocompatible precursor, as dual-

mode Hg(II) ion sensing probes. A ratiometric paper strip consisting of  red p-

phenylenediamine-functionalized CQDs (r-CQDs) and was also used for the colorimetric 

detection of Copper(II) ions[10]. 

 

10.Conclusion 

Since heavy metal water pollution has dramatically increased over the previous few decades, 

it is especially concerning. Therefore, it is essential to create strategies, regulations, 

technologies, and materials to address this issue without having any negative consequences 

on the environment or human health. Fast, inexpensive, and reliable procedures that are 

appropriate for spot and in situ measurement of heavy metal ions must be researched and 

developed. This would enable us to comprehend and assess the seriousness of the 

contamination from heavy metals pollution issues in various ecosystems. This study 

examined the treatment methods that can effectively remove heavy metals from water. In-

depth explanations were given regarding the treatment method's capacity to absorb both 

single- and multi-component heavy metals. It also highlighted the benefits, drawbacks, and 

restrictions of various therapeutic modalities to determine the reliable way for heavy metal 

removal. The results of this research should enable the advancement of current water 

treatment techniques and the development of cost-effective, safe, cutting-edge, 

environmentally friendly, and efficient technologies that make use of residues, advanced 

materials, and natural resources. 
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