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Abstract: The main threats to living world are associated with the exposure to heavy metals like cadmium
(Cd), lead (Pb), arsenic (As), zinc (Zn), manganese (Mn), copper (Cu), nickel (Ni), chromium (Cr) and mercury
(Hg). Even though adverse effect due to heavy metals is known, still exposure continues the same in most of the
developed and developing countries. Cadmium (Cd) found in low concentration in rocks, coal and petroleum,
enters the groundwater and surface water through industrial discharge, metal painting and causes high blood
pressure, liver and kidney damage and anaemia. Lead (Pb) enters environment from industry, mining and
affects red blood cell chemistry, delays normal physical and mental development in babies and young children,
increase in blood pressure in some adults. Exposure to the arsenic (As) is mainly through food and drinking
water and causes the high risk of cancer of lung, skin, bladder and kidney, skin lesions such as hyperkeratosis
and pigmentation changes. Therefore, this research review the general description of the occurrence of
cadmium (Cd), lead(Pb) and arsenic (As) in environment, their toxicity and measure technigues for speciation
analysis. The commercial Kit method, differential pulse anodic stripping voltammetry (DPASV), atomic
absorption spectrometry (AAS) and X-ray fluorescence spectrometry are the most powerful methods for
cadmium (Cd), lead (Pb) and arsenic (As) speciation in environmental and biological matrices. These methods
provide strong reliability on understanding of cadmium (Cd), lead (Pb) and arsenic (As) metabolism and
biological cycling.
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1. Introduction

Heavy metals form a very heterogeneous group of elements widely varied in their properties and
biological functions. Heavy metals are environmental pollutant due to their toxic effects on plants, animals and
human being. Groundwater contamination with heavy metals is one of the most important environmental issues.
They are toxic even at low concentrations [1-2]. Anthropogenic activities such as mining, smelting operation
and agriculture have increased the levels of heavy metals such as cadmium (Cd), lead (Pb) and arsenic (As) in
ground water up to dangerous levels. The largest availability of cadmium (Cd), lead (Pb) and arsenic (As) is in
ground water and relatively smaller proportion in atmosphere as particulate or vapours. When several heavy
metals are taken in excess, they become toxic as they exhibit adverse effect on human health. Heavy metal
toxicity in animals varies with animal species, specific metal, concentration, chemical form and ground water
composition, duration of exposure. Some of heavy metal such as cadmium (Cd), lead (Pb), arsenic (As) and
mercury (Hg) are strongly poisonous to metal sensitive enzymes, resulting in growth inhibition and death of
organisms. The heavy metals such as lead (Pb), mercury (Hg) and nickel (Ni) are non-essential trace elements.
These are highly toxic elements as they are persistent, bio accumulative and do not readily breakdown in the
environment or not easily metabolized. These metals accumulate in ecological food chain through uptake at
primary producer level and then through consumption at consumer levels. Heavy metals may enter the human
body via food, water, air and absorption through the skin in the developed agriculture, industrial and residential
settings [3]. Heavy metals such as cadmium (Cd), lead (Pb), arsenic (As) poses a number of hazards to humans.
Heavy metals are also potent carcinogens. Arsenic (As) causes poisoning due to drinking water contamination.
Vapor form heavy metals such as Cd), lead (Pb), arsenic (As) combine with water in the atmosphere to form
aerosols and cause health problems. Health risks of heavy metals are reduced growth and development, cancer,
organ damage, nervous system damage and in extreme cases, death. Exposure to some heavy metals, such as
mercury (Hg) and lead (Pb), may induce development of autoimmunity, in which a person’s immune system
attacks its own cells. There are several studies on the occurrence and monitoring of heavy metals in ground

Www.ijesi.org 12 | Page



Heavy Metals (As, Cd & Pb) Toxicity & Detection of These Metals in Groun...

water and drinking water. The study on groundwater contamination with heavy metals lead (Pb), cadmium (Cd)
and Aluminum (Al) in Nigeria exhibits that there is a significant risk for the population from drinking
groundwater as these metals are detected in 98% of water samples analyzed in that study [4]. Studies on the
heavy metal pollution of groundwater in India exhibits presence of heavy metals in samples [5,6]. The study
on the assessment of heavy metals pollution in surface water in Ganga in West Bengal exhibits that the
sequence of dominance of various heavy metals in the surface water of the river Ganga is Fe > Mn > Ni > Cr
> Pb > Zn > Cu > Cd [7]. Heavy metal toxicity in plants depend on various factors such as plant species,
specific metal, concentration, chemical form, soil composition and pH. The heavy metal such as Cd, Hg and As
are highly poisonous to metal sensitive enzymes, resulting in growth inhibition and death of organisms. Heavy
metals are also potent carcinogens. Mercury (Hg) causes minamata disease and arsenic (As) causes poisoning
due to drinking water contamination. Several studies have reported concurrent administration of Pb, Cd, and As
in male rats reduced weight gain as a consequence of decreased food utilization [8,9]. The increase in the
weight of liver and kidney, the organs predominantly associated with biotransformation of xenobiotics, in
exposed animals may be indicative of body’s adaptive mechanism to combat systemic toxicity [10,11]. Both
liver and kidney are the primary target organs, posing a risk of hepatic and nephrotic damage to a chronic
exposure of mixture of heavy metals through drinking water. Mixture of lead (Pb), cadmium (Cd) and arsenic
(As) induces anaemia type condition with decrease in RBC count and haemoglobin concentration [12, 13].
Study on oestrous cycle revealed that sub chronic treatment with the mixture of heavy metals cadmium (Cd),
lead (Pb) and arsenic (As) causes irregularities in the reproductive cycle [14,15,16]. The study on implantation
showed a significant pre implantation and post implantation loss in mixture of heavy metals cadmium (Cd), lead
(Pb) and arsenic (As) treated animals with decrease in the number of live foetus [17]. This review attempts to
guide crucial sources of information on toxicity of heavy metals, cadmium (Cd), lead (Pb) and arsenic (As) and
most advance techniques for detection of theses heavy metals in the groundwater.

2. Heavy Metal

There is no widely agreed definition of a heavy metal. Different meanings may be connected to the
term, depending on the context. In metallurgy, for example, a heavy metal may be defined on the basis
of density whereas in physics the distinguishing criterion might be atomic number and in chemistry the
distinguishing criterion might be chemical behaviour .Density criteria range from above 3.5 g/cm®to above
7 glem®. Atomic weight definitions can range from greater than sodium (atomic weight 22.98) [18]; ( greater
than 40 (excluding s- and f-block metals, hence starting with scandium) or more than 200, i.e.
from mercury onwards.

3. Cadmium (Cd)

3.1.Description:- The name is derived from the Latin word “cadmia”, the name for the mineral calmine.
Cadmium (Cd) was discovered by Friedrich Stromeyer in 1817. It is a silvery metal with a bluish tinge upon it’s
surface. It is a transitional metal. The basic physical and chemical characteristics are given below:-

Table 1:-The basic physical and chemical characteristics of cadmium (Cd) [19].

Name Cadmium
Symbol Cd

Atomic number 48

Relative atomic mass (Ar) 112.44

Standard State Solid

Colour Silver bluish-grey
Classification Semi-metallic
Group in periodic table 12

Period in periodic table 5

Block in periodic table d-block

Electron shell structure 2,8,18,5

Electron configuration [Kr]4d™5s?
Valence 2

Boiling point 767°C

Melting point 321.069°C at 28 atm
Vapour pressure

Density/specific gravity 8.75g/cm’
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3.2. Sources of cadmium (Cd):- Cadmium (Cd) is released in the environment from different sources:

Natural activities such as volcanic eruption, weathering and erosion and river transport.

Human activities such as tobacco smoking, smelting and refining of nonferrous metals, mining, fossil fuel
combustion, incineration of municipal waste, manufacture of phosphate fertilizers and recycling of
cadmium-plated steel scrap and electric and electronic waste. Cigarette smoking is the most important

source of human cadmium exposure.

Remobilization of historic sources such as the contamination of watercourses by drainage water.
Ingestion of contaminated food (e.g., crustaceans, organ meats, leafy vegetables, and rice), water (either
from old Zn/Cd sealed water pipes or industrial pollution), drug and dietary supplements are sources of

cadmium (Cd) [20].

. Toxicity of cadmium (Cd):-

Cadmium (Cd)-induced hepatotoxicity.

Cadmium (Cd)-induced disturbance in calcium (Ca) metabolism [21].

Cadmium (Cd)-induced cardio toxicity [22].
Cadmium (Cd)-induced hematotoxicity [23].
Cadmium (Cd)-induced immunotoxicity [24].
Cadmium (Cd)-induced endocrine disruption [25] .
Cadmium (Cd)-induced reproductive toxicity [26].
Cadmium (Cd)-induced carcinogenicity [27].

4. Lead (Pb)

4.1.Description:- The word “Lead” (Pb) is of the Anglo-Saxon origin. It is a soft, malleable, ductile,

bluish-white, dense, heavy post transitional — metal. Lead (Pb) exists as solid, liquid, gas and plasma. Lead (Pb)
is a mixture of four stable isotopes, *®Pb (51-53%), “°Pb (23.5-27)%, *'Pb (20.5-23)% and **Pb (1.35-
1.5)%.The basic physical and chemical characteristics are given below:-

Table 2:- The basic physical and chemical characteristics of lead (Pb) [19].

Name Lead
Symbol Pb
Atomic number 82
Relative atomic mass (Ar) 207.2
Standard State Solid

Colour

Bluish white -grey

Classification

Metallic

Group in periodic table 14 (IVA)

Period in periodic table 6

Block in periodic table p-block

Electron shell structure

Electron configuration [Xe]4f*5d"°6s%6p?
Valence 0,2,4

Boiling point 1749°C

Melting point 327.462°C
Vapour pressure

Density/specific gravity 11.3g/cm®

4.2. Lead contamination in the world as well as in India:- According to the estimation of World Health

Organisation (WHO) 120 million people are lead (Pb) poisoned i.e. have a blood lead level greater
than 10 micrograms per decilitre (ug/dL) [28] around the world. Recent research indicates that the
aim should be to get everyone below 5 pg/dl. In a survey in 1996, it was found that only the 7.3%
Australian children of preschoolers became lead poisoned (and this is probably an underestimate).
In a Chinese meta-analysis more than one third of the children in China were found to have blood
lead levels greater than 10ug/dL. In an Indian survey of 2,031 children and adults in 5 cities, more
than half of them had blood lead levels greater than 10 pg/dL [29]. In just one African city
Johannesburg, which may be representative of all the cities in the 43 African countries still using
leaded petrol — 78% of the children were lead (Pb) poisoned. According to the Henry Falk’s Case
Study of Lead Poisoning [30], the people living right next to backyard smelters, mines or shops
where lead acid batteries are repaired, typically have a higher blood lead (Pb) level than
10pg/dL. The results of a study by Wang Sun-gin, Zhang Jin-liang in 2004 exhibited that blood
lead (Pb) levels among Chinese children are very high and are considered to be one potential
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environmental risk factor for children’s development [31]. According to WHO, in a survey of
‘Quality Council of India,” over 26 cities in India 33% of over 370 samples were found to contain
lead with 31% of them crossing above the maximum permissible limit of 10 ppb (parts per
billion). Among of them 2% of the samples failed to meet even the lenient Indian norms of 50
ppb. Lead (Pb) is washed out as precipitate like rain, fog, snow and runoff. The lead (Pb) content
in rain of three cities of Chattisgarh named Raipur, Bhilia and Korba were found to be 28-849
ug/l. Korba city was found to have the highest lead levels due to high amount of coal burnings.
Similarly lead (Pb) content in runoff was found to be in the range of 131-3157ug/l (32).

Table 3:- Lead contamination in India {Source: LEAD Action News 10(1): 2010}

Lead (Pb) content in water: cities at risk
Alarming High Medium Low
Kolkata Delhi Chennai Bangalore
Kochi Coimbatore Ludhiana Ahmadabad
Mumbai Madurai Sutra Hyderabad
Bhubaneswar Ghaziabad Indoor
Pune Jamshedpur Bhopal
Nagpur Chandigarh
Nasik Luck now
Guwahati Mangalore
Mysore

4.3.Sources of lead (Pb):-

e o o o o o

Lead (Pb) is a naturally occurring heavy metal, found in air, water, foodstuff, soil and dust either from
natural or anthropogenic sources. Lead can be found in batteries, petrol additives (no longer used in
developed countries), rolled and extruded products, alloys and pigments. The most significant
anthropogenic lead sources results basically from energy sector, production and processing of metals;
mineral industry; chemical industry; waste and waste water management.

Lead (Pb) -based paint is a common source of lead. Lead can contaminate household dust when lead-based
paint is deteriorated or disturbed. Lead dust can collect in windowsills, troughs, floors, carpets, furniture,
and ventilation filters. In oil painting yellow or white colour to be made with lead carbonate. Lead white oil
colour was the main white of oil painters until superseded by compounds containing zinc or titanium in the
mid-20th century.

Occupational exposure is the main cause of lead poisoning. The workers can be exposed when working in
facilitates that produce a variety of lead containing products such as battery recycling, ammunition, certain
surgical equipment, developing dental x-ray films prior to digital x-rays (each film packet had a lead liner
to prevent the radiation from going through), fetal monitors, plumbing, circuit boards, jet engines, and
ceramic glazes, manufacture of rubber.

Lead (Pb) may be found in food when food is grown in soil that is high in lead, airborne lead contaminates
the crops, and animals eat lead in their diet.

Residual lead in soil contributes to lead exposure in the urban areas. Lead content in soil may be arised by
broken-down lead paint, residues from lead-containing gasoline, used engine oil, or pesticides used in the
past, contaminated landfills, or from nearby industries such as foundries or smelters.

Lead (Pb) from the atmosphere or soil can end up in groundwater and surface water. It is also potentially in
drinking water, e.g. from plumbing and fixtures that are either made of lead or have lead solder.

4. Toxicity of lead (Pb):-

Lead-induced neurotoxicity [33,34].
Lead-induced hematotoxicity [35,36].
Lead-induced nephrotoxicity [37,38].
Lead-induced cardiotoxicity [39].
Lead-induced reproductive toxicity [40,41].
Lead-induced bone toxicity [42].

5. Arsenic (As)
5.1. Description:- The name “arsenic” is thought to come from “arsenikon”,, the Greek name for the

yellow pigment orpiment. Arsenic (As) was discovered approx 1250 by Albertus Magnus. It is a silver grey
brittle, crystalline semi- metal or metalloid. It exists in three allotropic forms such as yellow, black and grey. It
is odourless and tasteless. It is soluble in nitric acid, cold hydrochloric acid and sulphuric acid but insoluble in
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water and no oxidizing acids. Generally, arsenic (As) compounds are non-volatile except gaseous arsines and
arsenic trioxide. The basic physical and chemical characteristics are given below:-

Table 4:-The basic physical and chemical characteristics of arsenic (As) [19].

Name Arsenic

Symbol As

Atomic number 33

Relative atomic mass (Ar) 74.92160 (2)
Standard State Solid at 298K
Colour Metallic grey
Classification Semi-metallic
Group in periodic table 15

Period in periodic table 4

Block in periodic table p-block

Electron shell structure 2,8,18,5

Electron configuration [Ar]3d®4s%4p®
Valence 3,5

Boiling point Sublimes at 612°C
Melting point 817°C at 28 atm
Vapour pressure 1 mmHg at 372°C
Density/specific gravity 5.727 at 14°C

5.2.

5.3.

54.

Groundwater arsenic (As) contamination scenario in the world as well as India: - The global
scenario arsenic (As) level beyond permissible limits in drinking water is the main cause of
arsenic toxicity in the world. The arsenic (As) contamination in drinking water of Taiwan, China,
Chile, Argentina, Mexico, India, Hungary Bangladesh, USA and Thailand are red alarming for the
world. More than 20 Country along with India, is in the midst of a large scale thread cause by
chronic mass toxicity through arsenic (As) contamination of ground water. However the largest
mass of population in the world affected by chronic arsenic (As) toxicity due to drinking of arsenic
contaminating groundwater belongs to Bangladesh, India and China.According to the
investigations of Central Ground Water Board (CGWB) reveals that arsenic (As) contamination
(>0.05 mg/L) is affecting the states of West Bengal, Bihar, Uttar Pradesh, Assam,Tripura and
Chhattisgarh. The Bengal Delta Plain (BDP) covering Bangladesh and West Bengal in India is the
most dangerous case of groundwater arsenic (As) contamination. Besides this, high arsenic (As)
ground water has also been reported from Jharkhand and Manipur state.

Sources of arsenic (As):- Different natural and anthropogenic sources are deemed responsible for
arsenic (As) contamination in groundwater. Arsenic (As) is a major constituent in more than 200
minerals [43]. The desorption and dissolution of naturally occurring arsenic (As) bearing minerals
and alluvial sediments result in high arsenic (As) concentration in groundwater in deltas and
alluvial plains even if the arsenic (As) concentration in the solid phase is not high [44,45]. In
groundwater, arsenopyrite and pyrite contain arsenic (As) in excess concentration [46]. The main
anthropogenic sources of arsenic (As) are burning of fossil fules, mining, use of arsenical
fungicides, herbicides, insecticides and wood preservatives [47]. Most arsenic (As) is produced as
a by-product of copper and lead refining.

The symptoms of arsenic (As) toxicity:- In the arsenic contaminated areas the children are often
more affected than the adults. Most of the people from a poor socio-economic background
suffering from arsenic skin lesions. The common features were noted (1983-2006) from the
arsenic endemic areas of India: (i) Skin itching to sun rays, burning and watering of eyes, weight
loss, loss of appetite, weakness, lethargy and easily fatigued limited the physical activities and
working capacities, (ii) Chronic respiratory complaints were also common. Chronic cough with or
without expectoration was evident in more than 50%, (iii) Gastrointestinal symptoms of anorexia,
nausea, dyspepsia, altered taste, pain in abdomen, enlarged liver and spleen, and ascites (collection
of fluid in abdomen), (iv) Moderate to severe anemia was evident in some cases, (v) Conjunctival
congestion, Leg edema was less common. Various types of skin manifestations and other arsenic
toxicity were observed from melanosis, keratosis, hyperkeratosis, dorsal keratosis, and non pitting
edema to gangrene and 4 cancer. Overall prevalence of clinical neuropathy was noted in various
studies in populations of 24- Pargana-North, 24- Pargana-South, Murshidabad, Nadia, and
Bardhaman districts of West Bengal and in the states of Bihar, Uttar Pradesh, Jharkhand and
Chhattisgarh.
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5.5.Toxicity of arsenic (As):-

Arsenic-induced cardiovascular dysfunction [48,49,50].
Arsenic-induced diabetes mellitus [51].

Arsenic-induced neurotoxicity [52,53,54].
Arsenic-induced nephrotoxicity and hepatotoxicity [55].
Arsenic-induced carcinogenicity [56].

Arsenic-induced reproductivetoxicity [57,58,59,60,61,62].

Table 5:- Permissible limits of cadmium (Cd), lead (Pb) and arsenic (As) in drinking water according to United
State Environment Protection Agency (USEPA), World Health Organization (WHO), Indian Standard
Institution (ISI), Central Pollution Control Board (CPCB) and Indian Council of Medical Research (ICMR) are
compared [63].

SI.No. Heavy metals Symbol USEPA | WHO ISI ICMR CPCB

1. Cadmium (mg/1) Cd 0.005 0.005 0.01 | 0.01 No relaxation
2. Lead (mg/l) Pb - 0.05 0.10 | 0.05 No relaxation
3. Arsenic (mg/l) As 0.05 0.05 0.05 | 0.05 No relaxation

6. Target Organs Of Cadmium (Cd), Lead(Pb) &Arsenic (As)

The degree of the toxicity of cadmium (Cd), lead (Pb) and arsenic (As) is not the same in all organs.
Usually there are one or two organs which exhibit the major toxic effect. These organs are referred as target
organs of toxicity of cadmium (Cd), lead (Pb) and arsenic (As). The central nervous system is the target organ
of toxicity of cadmium (Cd), lead(Pb) and arsenic (As). The blood circulation system, liver, kidneys, lungs and
skin follow in frequency of systemic effects. They attack muscle and bones. Both the male and female
reproductive systems are susceptible to adverse and often debilitating impacts from cadmium (Cd), lead (Pb)
and arsenic (As).The target organs for exhibiting toxicity of cadmium (Cd), lead (Pb) and arsenic (As) in
animals include the liver, kidney, lungs, testes, prostate, heart, skeletal system, nervous system and immune
system.

7. Heavy Metals & Their Routes Of Exposure

Traces of many heavy metals are required for proper functioning of the body. But, unfortunately, the
incorporation of excess heavy metals in the body results in toxic effects. Therefore, exposure of the body to
excess heavy metals and their incorporation must be avoided. Most of our foods and drinks that we consume
contain small traces of heavy metals but in general, these traces are not harmful. However, once the heavy
metals concentration exceeds optimum levels, different toxic effects occur in our body. There are over 30 heavy
metals but approximately ten of them are important in terms of exposure and health effects. There are four
routes by which the heavy metals can enter the body: inhalation, skin (or eye) absorption, ingestion, and
injection.

Table 6:- Routes of exposure for common heavy metals.
* MRL = Minimal Risk Levels (Established by U.S. Centers for Disease Control - CDC)

Heavy metal Symbol Present in foods Environmental exposure Oral exposure limits
Arsenic As Drinking water & food Contaminated MRL* = 0.005
groundwater, rat poison | mg/kg/day (Acute)
& soil. MRL = 0.0003
mg/kg/day (Chronic
Cadmium Cd Water & food (Shellfish, | Cigarette smoke, old | MRL = 0.0005
Liver & Kidney) paints & industries. mg/kg/day (Acute)
MRL = 0.0001
mg/kg/day (Chronic
Lead Pb Contaminated food & | . OIld pipes & pumps, | EPA = 15 pg/L in
water lead-based paint & rat | Drinking Water
poison

8. Toxicity Of Mixture Of Heavy Metals (As, Pb& Cd)
Chronic exposure to heavy metals causes many diseases such as liver disorders, cancer, neurological
diseases and oesteoporpsis [64]. Exposure to low levels of cadmium (Cd) and lead (Pb) through food, water and
air in industrial areas adversely affects the health of the general population. People are usually exposed to a
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combination of metals in their surrounding environment. The toxic effects of such mixtures, especially at low,
chronic doses are recognised in few cases. The metals can contact with the human body and absorbed. During
transport and distribution in the body, they bind with specific proteins. Such interaction of the metals with the
human body can either increase or decrease the toxic action of single components [65]. Information on the
effects of long-term combined exposure to environmental pollutants is minimum. Actually, all the studies about
the toxicity of heavy metals are based on the acute or sub-chronic exposure cannot exhibit actual risk to the
general population.

Heavy metals mixture (As, Pb& Cd)-induced neuroyoxicity [66].

Heavy metals mixture (As, Pb& Cd)-induced cognitive and motor development [67,68].
Heavy metals mixture (As, Pb& Cd)-induced toxicity in behaviour [69].

Heavy metals mixture (As, Pb& Cd)-induced birth defects [70].

9. Different Detection Techniques Of Heavy Metals (Cd, Pb & As) In Groundwater

9.1. Detection of cadmium (Cd), lead (Pb) and arsenic (As) in groundwater by commercial Kit
method:- Arsenic (As), a common contaminant and toxicant of groundwater, affects human health adversely.
According to the World Health Organization (WHQ), the maximum recommended contamination level of
arsenic (As) in drinking water is 10 pug/L. Differentt kits are widely used for detection of total arsenic (As) in
water. The arsenic (As) in ground water is converted to arsine gas by a strong reducing agent. The arsine
produced is then detected by paper strips via generation of color due to reaction with either mercuric bromide
(KIT-1) or silver nitrate (KIT-2). These are previously immobilized on the detector strip. The mercuric bromide
(KIT-1) gives a yellow color and the silver nitrate (KIT-2) produces grey. Both of these kits can detect arsenic
(As) contamination within a range of 10 pg/L-250 pg/L. The detection time for both the kits is only 7 min.
These two Kits exhibited excellent performance compared to other kits available in the market with respect to
detection time, ease of operation, cost. It can easily handle. The field trials with these kits give very satisfactory
results [71].

9.2.Differential Pulse Anodic Stripping Voltammetry (DPASV):- Differential pulse anodic stripping
Voltammetry (DPASV) is an established method for the analysis of trace metals such as lead (Pb) and
cadmium (Cd) in contaminated samples. It is possible to analyze simultaneously very low levels of lead (Pb)
and cadmium (Cd) by using ASV. It can detect levels in the range of part-per-million (ppm) or even part-per-
billion (ppb). It has extremely low detection limits. It works in the presence high salt concentrations. This
technique allows metal speciation and can differentiate between free and complexed metal ions. It is a
successful, new, rapid, simple, selective and inexpensive qualitative and quantitative determination technique of
heavy metals [72]. This technique is the two step measurement .In the first step the metal ions like lead (Pb) and
cadmium (Cd), present in the test solution are get deposited on the mercury electrode surface (amalgamation) at
deposition potential of -1150 mV. In the second step all the deposited ions are anodically stripped by scanning
the potential range from -1150 to + 100mV.

9.3.Atomic Absorption Spectrometry (AAS):- Atomic absorption spectrometry (AAS) is an analytical
technique. It measures the concentrations of elements. Atomic absorption is so sensitive that it can measure
down to parts per billion of a gram (ug dm-3 ) in a sample. The wavelengths of light specifically absorbed by
an element in this technique. They correspond to the energies needed to promote electrons from one energy
level to another, higher, energy level. Atomic absorption spectrometry (AAS) method is very suitable method
for monitoring the levels of heavy metals such as cadmium (Cd), lead (Pb) and arsenic (As) in ground water.
This technique provide accurate and rapid determination, but for the extremely low concentration of these
pollutant, a direct apply of AAS is impossible without any previous concentration and separation of analytes
from the sample. Today this problem can be solved by various highly modern expensive instrumentation for
pre-concentration and separation of trace metals. However, many laboratories around the world, which cannot
provide them, can yet apply the method as solvent—solvent extraction, solid-phase extraction, evaporation, co-
precipitation, etc., which do not require expensive equipment. Some of these methods are rapid. On the other
hand, others are slower. Some of them do not need expensive reagents; others do. So the development of
accurate, rapid, and low-cost methods that help to monitor heavy metals in groundwater is very essential today.
Among accurate, fast, and inexpensive procedures that can solve the separation of heavy metals from
groundwater matrix immediately before their instrumental analysis is the colloid precipitate flotation
method.[73] .

9.4.X-ray fluorescence spectrometry:- X-ray fluorescence spectrometry, a convenient method is
described for monitoring cadmium (Cd), lead (Pb) and arsenic (As) at trace levels in ground water samples.
These metals are preconcentrated on a chelating solid-phase extraction disk and then determined by X-ray
fluorescence spectrometry. The method tolerates a wide pH range (pH 6-14). Th advantages of this technique

Www.ijesi.org 18 | Page



Heavy Metals (As, Cd & Pb) Toxicity & Detection of These Metals in Groun...

are ease of operation, multi-element capability, non-destructiveness, high sensitivity, and relative cost
efficiency. The solid-phase extraction step can be conducted in the field and then the disks can be mailed to a
laboratory for the analysis. As a result the cost of transporting large volumes of water samples is eliminating.
The overall cost for analysis of metals in ground water can be minimized by implementing the method [74].

Table7:- Overview of common laboratory methodologies used for detection of heavy metals, cadmium (Cd),
lead (Pb) and arsenic (As).

Characteristics Anodic Stripping | Atomic Absorption | Inductively Coupled

Voltametry (Lead Only) | Spectroscopy Mass Spectrometry
Current required to strip | Absorption of element- | Mass to charge ratio

Principle of plated electrode specific wavelength (m/z)

detection
Yes No No

CLIA-

waived
<1x 3-6x 15-30x

Approximate

capital

expense (X ~

$10,000)
No Possible, but not | Yes

Multi- common

analyte

capability
3.3 pg/dL - Lowest

Detection

limit
65 pg/dL - Highest

Dynamic

range

Sample preparation None YES—dilution and | YES—dilution with
chemical modifiers | nitric acid common
common

10. Conclusion

Heavy metals, cadmium (Cd) lead (Pb) and arsenic (As) contamination in ground water is a worldwide
problem and has become a challenge for the world. The toxic effects of heavy metals, cadmium (Cd) lead (Pb)
and arsenic (As) depend on their chemical state. The techniques used for the determination of cadmium (Cd),
lead (Pb) and arsenic (As) in environmental samples should be more selective and sensitive. The most popular
analytical techniques for the determination of cadmium (Cd), lead (Pb) and arsenic (As) have been described in
this review. It is clearly indicated that there is a plethora of analytical techniques available for the detection of
cadmium (Cd), lead (Pb) and arsenic (As) in groundwater sample. The commercial kit method, differential
pulse anodic stripping voltammetry (DPASV), atomic absorption spectrometry (AAS) and x-ray fluorescence
spectrometry are the most useful and widely accepted methods for speciation of cadmium (Cd), lead (Pb) and
arsenic (As) in environmental samples. There are also different methods available for the speciation studies of
these metals with their own advantages and limitations. However, more research efforts are needed for the
development of inexpensive, rapid, sensitive and reproducible methodologies for cadmium (Cd), lead (Pb) and
arsenic (As) capable of working in the range of drinking water limits.

11. References

[1]. M A Momodu, C. A. Anyakora, Heavy Metal Contamination of Ground Water: The Surulere Case Study. Determination of
Different Trace Heavy Metals in Ground Water of South West Bank/Palestine by ICP/MS. Environmental and Earth Sciences. 2(1).
2010, 39-43.

[2]. J E Marcovecchio, S. E. Botte, R. H. Freije, Heavy Metals, Major Metals, Trace Elements. Handbook of Water Analysis, 2 (
London, CRC Press, 2007) 275-311.

[3]. D Dupler, Heavy Metal Poisoning, in: J. L. Longe (Ed), Gale Encyclopedia of Alternative Medicine, (Farmington Hills, Gale
Group, 2001), 2054-2057.

Www.ijesi.org 19 | Page



Heavy Metals (As, Cd & Pb) Toxicity & Detection of These Metals in Groun...

[41.
[5]
[6].
7.
8].
[9].

[10].
[11].

[12].

[13].

[14].

[15].

[16].
[17].

[18].
[19].

[20].
[21].
[22].
[23].
[24].

[25].

[26].
[271.
[28].
[29].
[30].
[31].
[32].

[33].

[34].
[35].
[36].

[37].
[38].

[39].

[40].

M A Momodu, C. A. Anyakora, Heavy Metal Contamination of Ground Water: The Surulere Case Study. Research Journal
Environmental and Earth Sciences. 2 (1). 2010, 39-43.

M A Igbal, S. G. Gupta, Studies on Heavy Metal lon Pollution of Ground Water Sources as an Effect of Municipal Solid Waste
Dumping, African Journal of Basic & Applied Sciences. 1(5-6). 2009. 117-122.

B. Rajappa, “Monitoring of Heavy Metal Concentration in Groundwater of Hakinaka Taluk, India,” Contemporary Engineering
Sciences, Vol. 3, No. 4, 2010, pp. 183-190.

D Kar, P. Sur, S. Mandal, et al., Assessment of Heavy Metal Pollution in Surface Water, International Journal of Environmental
Science and Technology. 5(4).2008, 119-124.

P Sindhu , M. L. Garg ,P. Morgenstern , J. Vogt, T. Butz, and D. K. Dhawan, Ineffectiveness of nickel in augmenting the
hepatotoxicity in protein deficient rats, Nutr. Hosp. 20. 2005, 378-385.

S A Martin, R. Enilio, V. Mahara. Role of oxidative stress in transformation induced metal mixture, Oxid.Med. Cell. Longer.
2011: 95351.

| Seddik, T.M. Bah, A. Aoues, M. Brnderdour M, and M. Silamani, Dried leaf extract protects against lead-induced
neurotoxicity in Wister rats, Eur. J. Sci. Res, 42(10). 2011, 139-151.

W E Gat, R. Eversole, J.C. Means . Assessing Lead Effects on Fisher-344 Rats Using ICPMS and Histology. The Internet Journal
of Toxicology, 6(2). 2009, DOI: 10.5580/9c1.

R Nicolic, N. Krstic, J. Javanvic, T.P. Cvetkovic, and N. Radosavlievic- Stevanovic . Monitoring the toxic effect of Pb, Cd and
Cu on haematological parameters of wister rats and potential protective role of lipolic acid and glutathione. Toxicol. Ind. Health.
2013. doi:10.1177/0748233712469652.

T Rossman, Arsenic : In : Rom W. Markowitz S (Ed.),Environmental and occupational Medicine. 4 (Hagestown,MD : Lippinocott
Williams & Wilkins, 2007) 1006 — 1017.

R Balakrishnan, C. S. V. Satish Kumar, M. Usha Rani, K. Kavita K, G. Boobalan, A. Gopal Reddy, Evaluation of protective
action of a- tocopherol in chromium induced oxidative stress in female reproductive system of rats, J Nat. Sc. Bios Med. 4. 2013,
87-93.

A 'S Y Hounkpatin, R. C. Johnson, P. Guedenon , E. Domingo E, C. G. Alinba, M Boko, and P. A. Edorh PA, Protective Effect
of vitamin C on haematological parameters in intoxicated Wister rats with Cadmium, Murcury and combined Cadmium and
Murcury, Int. Research Journal of biological Sci. 1(8). 2012, 76- 81.

C V S Satishkumar, M. Usharani, K. K. Reddy, and G. A. Reddy, Effect of probiotic strain Lactobacillus caseistrain 17 against
toxicity induced by chromium in female reproductive system of rats, Int. J Pharma Bio Sci. 4(1)(B). 2013, 1119 — 1130.

T Bhattacharjee, J. Saha, D. Choudhuri, Effect of sub chronic exposure to a mixture of water contaminating heavy metals on
haematological parameters and fertility of female albino rats, Int J Pharm Bio Sci. 5(10). 2014, (B) 794-800.

J H Duffus. “HEAVY METALS”—A MEANINGLESS TERM? Pure Appl. Chem. 74(5). 2003, 793-807.

C M Gallagher, J. R. Meliker, Blood and urine cadmium, blood pressure, and hypertension: a systematic review and meta-analysis,
Environ. Health Persp. 118. 2010, 1676-1684.

D R Abernethy, A. J. Destefano, T. L. Cecil, K. Zaidi, and R. L. Williams, USP Metal Impurities Advisory Panel. Metal impurities
in food and drugs, Pharm. Res, 27. 2010, 750-755.

G F Nordberg, K. Nogawa, M. Nordberg and L. Friberg, Cadmium. In: Handbook on the Toxicology of Metals (Nordberg GF,
Fowler GF, Nordberg M, Friberg L, eds). Amsterdam:Elsevier. 2007; 445-48.

B Messner, M. Knoflach, A. Seubert, Cadmium is a novel and independent risk factor for early atherosclerosis mechanisms and in
vivo relevance, Arterioscler Thromb Vasc Biol. 29(9).2009, 1392-1398.

H Horiguchi, E. Oguma, F. Kayama, Cadmium induces anemia through interdependent progress of hemolysis, body iron
accumulation and insufficient erythropoietin production in rats, Toxicological Sciences. 122 (1). 2011,198-210.

M L Hanson, I. Holaskova, M. Elliott. Prenatal cadmium exposure alters postnatal cell development and function, Toxicology and
applied pharmacology, 261(2). 2012, 196-203.

V Jimenez-Ortega, P. Cano Barquilla, P. Fernandez-Matees, Cadmium as an endocrine disruptor.Correlation with anterior
pituitary redox and circadian clock mechanisms and prevention by melatonin. Free Radical Biology and Medicine. 53(12). 2012,
2287-2297.

C Y Cheng, D. D. Mruk, The blood-testis barrier and it’s implications for male contraception, Pharmacological Reviews. 64(1).
2012, 16-64.

Julin, A. Wolk, J. E. Johnsson, Diatary cadmium exposure and prostate cancer incidence:a population based prospective cohort
study, British J of cancer. 107(5). 2012, 895-900.

L J Fewtrell, A. Priiss-Ustiin, P. Landrigan , J. L. Ayuso-Mateos, Estimating the global burden of disease of mild mental
retardation and cardiovascular diseases from environmental lead exposure, Environ Res. 94(2). 2004, 120-133.

Project lead-free: a study of lead poisoning in major Indian cities, International Conference on Lead Poisoning, The George
Foundation. 1999, 79-86.

H Falk, International environmental health for the pediatrician: case study of lead poisoning, Pediatrics. 112(1). 2003, 259-264.

S Wang, J. Zhang, Blood lead levels in children, China, Environ Res. 101(3). 2006, 412—418.

K S Patel, B. Ambade, S. Sharma, D. Sahu, N. K. Jaiswal, and S Gupta, Lead environment pollution in central India.2010;1-12.
www.intechopen.com.

L M Cleveland, M. L. Minter, K. A. Cobb, A. A. Scott, and VF German, Lead hazards for pregnant women and children:part-1:
immigrants nd the poor shoulder most of the burden of lead exposure in this country. Part-1 of a two-part article details how
exposure happens, whom it affects and harm it can do, Am J Nurs. 108. 2008, 40-49.

T Sanders, Y. Liu, V. Buchner, and PB Tchounwou, Neurotoxic effects and biomarkers of lead exposure: A Review, Res
Environ Health. 24. 2009, 15-45.

T L Guidotti, J. McNamar, M. S. Moses, The interpretation of trace element analysis in body fluids, Indian J Med Res. 128. 2008,
524-532.

A G Vij, Hemopoietic, hemostatic and mutagenic effects of lead and possible prevention by zinc and vitamin C, Al Ameen J Med.
2. 2009, 27-36.

Grant LD. Lead and compounds. Environmental Toxicants.2008;757-809.

S K Rastogi, Renal effects of environmental and occupational lead exposure, Indian J Occupational Environ Med. 12.2008, 103-
106.

Navas- Acien, E. Guallar, E.K. Silbergeld and S.J. Rothenberg, Lead exposure and cardiovascular disease-a systematic review,
Environ Health Perspect. 115. 2007, 472-482.

S J S Flora, V. Pachauri, G. Saxena, Arsenic, cadmium, and lead reproductive and Developmental Toxicology.2011;415-438.

Www.ijesi.org 20 | Page



Heavy Metals (As, Cd & Pb) Toxicity & Detection of These Metals in Groun...

[41].

[42].
[43].

[44].
[45].

[46].
[47].
[48].
[49].
[50].

[51].

[52].
[53].

[54].

[55].
[56].
[57].
[58].

[59].
[60].

[61].
[62].

[63].
[64].

[65].
[66].
[67].
[68].
[69].
[70].
[71].
[72].
[73].

[74].

H A Saleh, G. A. EI-Aziz, M. M. El-Fark, M. EI-Gohary, Effect of marernal lead exposure on craniofacial ossification in rat
foetuses and the role of antioxidant therapy, Anat Histal Embryol. 38. 2009, 392-399.

R Renner, Exposure on tap: Drinking water as overlooked sources of lead, Environ Health Perspect; 118:A68-A74.

M Bissen, F. H. Frimmel, Arsenic:a review-partl-: occurrence, toxicity, speciation, mobility, —Acta Hydrochimicaet
Hydrobiologica. 31(1). 2003, 9-18.

J Mats-Chullat, Arsenic in the geosphere-a review, Science of the Total Environment. 249(1-3). 2000, 297-312.

M L Polizzotto, C. F Harvey, G. Li, Solid-phases and desorption processes of arsenic within Bangladesh sediments, Chemical
Geology. 228(1-3).2006, 97-111.

R P Borba, B. R. Figueiredo, J. Malschullat, Geochemical distribution of arsenic in waters,sediments and weathered gold
mineralized rocks from Iron quadrangle,Brazil, Environmental Geology. 44(1). 2003, 39-52.

J Nriagu, P. Bhattacharya, A. Mukherjee, J. Bundschus , R. Zevenhoven , and R. Loeppert, Arsenic in Soil and Groundwater:an
overview, In arsenic in soil and Groundwater Environment. 2007:3-60.

MY Lee, Y. H. Lee, K. M. Lim, S. M. Chung, O. N. Bae, and H. Kim, Inorganic arsenite potentiates vasoconstriction through
calcium sensitization in vascular smooth muscle, Environ Health Perspect. 113. 2005, 1330-5.

F Cifuentes, J. Bravo, M. Norambuena, S. Stegen, A. Ayavire, and J. Palacios, Chronic exposure to arsenic in tap water reduces
acetylcholine-induced relaxation in the aorta and increases oxidative stress in female rats, Int J Toxicol. 28. 2009, 534-41.

K. G Raghu, G. K. Yadav, R. Singh, A. Prathapan, S. Sharma, and Bhadauria S. Evaluation of adverse cardiac effects induced by
arsenic trioxide, a potent anti-APL drug, J Environ Pathol Toxicol Oncol. 28. 2009, 241-52.

D S Paul, A. W. Harmon, V. Devesa, D. J. Thomas, and M Styblo, Molecular mechanisms of the diabetogenic effects of
arsenic:inhibition of insulin signalling by arsenite and methylarsonous acid, Environmental Health Perspectives. 115(5). 2007, 734-
742.

R. S Yadav, P. K. Shukla, M. L. Sankhwar, D. K. Patel, R. W. Ansari, and A. B. Pant, Neuroprotective effect of curcumin in
arsenic-induced neurotoxicity in rats, Neurotoxicology. 31. 2010, 533-9.

F Piao, Y. Hiraku, M. Murata, S. Oikawa, and Cheng F, Oxidative DNA damage in relation to neurotoxicity in the brain of mice
exposed to arsenic at environmentally relevant levels, J Occup Health. 47. 2005, 445-9.

U Bardullas, J. H. Limon-Pacheco, M. Giordano, L. Carrizales, M. S. Mendoza-Trejo, and V. M. Rodriguez, Chronic low-level
arsenic exposure causes gender-specific alterations in locomotor activity, dopaminergic systems and thioredoxin expression in
mice, Toxicol Appl Pharmacol. 239. 2009, 169-77.

S J Flora, A. Mehta, Y. Gupta, Prevention of arsenic-induced hepatic apoptosis by concomitant admission of garlic extracts in mice,
Chem Biol Interact. 177. 2009, 227-33.

G X Li, Q. L. Pei, Y. Gao, K. M. Liu, J. S. Nie, and G Han, Protective effects of hepatocellular canalicular conjugate export
pump (MrP?) on sodium arsenite-induced hepatic dysfunction in rats, Exp Toxicol Pathol. 58. 2007, 447-53.

J Biswas, D. Sinha, S. Mukherjee, S. Roy, M. Siddigi, and M Roy, Curcumin protects DNA damage in a chronically arsenic-
exposed population of West Bengal, Hum Exp Toxicol. 29. 2010, 513-24.

C H Tseng, T. Y. Tai, C. K. Chong, Long-term arsenic exposure and incidence of non-insulin-dependent diabetes mellitus: A
cohort study in arseniasis-hyperendemic villages in Taiwan, Environ Health Perspect. 108. 2000, 847-51.

S Singh, S.V. Rana, Amelioration of arsenic toxicity by L-ascorbic acid in laboratory rat, J Environ Bio. 128. 2007, 377-84.

S A Ahmad, M. H. Sayed, S. Barua. Arsenic in drinking water and pregnancy outcomes, Environ Health Perspect.109. 2001, 629—
31

J Shen, J. Liu, Y. Xi, Fetal onset of aberrant gene expression relevant to pulmonary carcinogenesis in lung adenocarcinoma
development induced by in utero arsenic exposure, Toxicol Sci. 95. 2007, 313-20.

S Chattopadhyay, S. Ghosh, S. Chaki, Effect of sodium arsenite on plasma levels of gonadotrophins and ovarian steroidogenesis in
mature albino rats: Duration-dependent response, J Toxicol Sci.24.1999, 425-31.

M Kumar, P. Avinash, A review of permissible limits of drinking water, Indian J Occup Environ Med. 16(1). 2012, 40-44.

V Mudgal, N. Madaan, A. Mudgal, R.B. Singh, and S. Mishra, Effect of toxic metals on human health, Open Nutraceuticals J. 3.
2010, 94-9.

E Smith, D. Gancarz, A. Rofe, I.M. Kempson, J. Weber, and A.L. Juhasz, Antagonistic effects of cadmium on lead accumulation in
pregnant and non pregnant mice, J Hazard Mater. 199-200. 2012, 453-6.

S Saritha, P.K. Kumar, S. P. Reddy, N. K. Tripathy, and Reddy RG. Development arsenic and lead exposure: behavioral and
neuochemical perturbations of albino rats, Indo American J of Pharmaceutical Research. 2014, 1707-1711.

C C Lin, Y. C. Chenand F.C. Su, In utero exposure to environmental lead and manganese and neurodevelopment at 2 years of age,
Environ Res. 123. 2013, 52-7.

B H Claus, L. Schnaas , A. Eltinger, Association of early childhood manganese and lead coexposure with neurodevelopment,
Environ Health Perspect. 120(1). 2012, 126-31.

S Cordier, A. Lehebel E. Amar, Maternal residence near municipal waste incinerations and risk of urinary tract defects. Occup
Environ Med. 67(7). 2010,493-9.

J L0, P.H. Lin, Q. Yao and C Chen, Chemical and molecular mechanisms of antioxidants: Experimental approaches and model
systems, J. Cell Mod. Med. 14. 2010, 840-860.

J Das , P. Sarkar , J. Panda, P Pal, Low-cost field test kits for arsenic detection in water, J Environ Sci Health A Tox Hazard
Subst Environ Eng. 49(1). 2014, 108-15. doi: 10.1080/10934529.2013.824764.

A Farrukh, A. Igbal , M. Zafar M, Antioxidant and free radical scavenging properties of twelve traditionally used Indian medicinal
plants, Turk. J Biol. 30. 2006, 177-83.

M.K Tiwari , S. Bajpai , U.K. Dewangan and R.K Tamrakar, Assessment of heavy metal concentrations in surface water sources in
an industrial region of central India, Karbala International Journal of Modern Science. 1. 2015, 9-14.

X Hou, H.L. Peters, Z. Yang, K.A. Wagner, J.D. Batchelor, M.M. Daniel, and B.T. Jones, Determination of trace metals in
drinking water using solid-phase extraction disks and X-ray fluorescence spectrometry, Appl Spectrosc. 57(3). 2003, 338-42.

e

International Journal of Engineering Science Invention (1JESI) is UGC approved Journal with SI.
No. 3822, Journal no. 43302.

oW R .

Miss. Tapasi Bhattacharjee. “Heavy Metals (As, Cd & Pb) Toxicity & Detection of These Metals

in Ground Water Sample: A Review on Different Techniques.” International Journal of

Engineering Science Invention (1JESI), vol. 7, no. 1, 2018, pp. 12-21.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24117090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarkar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24117090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panda%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24117090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24117090
https://www.ncbi.nlm.nih.gov/pubmed/24117090
https://www.ncbi.nlm.nih.gov/pubmed/24117090
https://www.ncbi.nlm.nih.gov/pubmed/24117090
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batchelor%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniel%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=14658627
https://www.ncbi.nlm.nih.gov/pubmed/14658627

