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Abstract Water is the most essential substance that supports life on earth. Animals and plants
require water for their survival. Since water is being lost or used by our body, it is
essential to replace it constantly. Humans need clean, potable water for consumption
and to meet their daily hygiene needs. However, increased anthropogenic activities
have caused a drastic increase in heavy metals in fresh waters. Heavy metals interfere
with the normal physiology of the human body. It binds to cellular components, leading
to dysfunction of the metabolic processes in our body. This study was undertaken to
study the geospatial distribution of selected heavy metals in open-well waters within
Mangalore City Corporation limits. Mangalore is perched strategically on the path of
rapid development, heading toward becoming a smart city in India. Water samples
were collected from all 60 wards in the jurisdiction of Mangalore City Corporation. The
fluoride concentration was estimated using the spectrophotometric method using the
Sodium 2-(parasulfophenylazo)-1,8-dihydroxy3,6-naphthalene disulfonate (SPADNS)
reagent. Similarly, iron was estimated using the phenanthroline reagent. The findings
report that the pH of the samples was acidic in 20 wards. Panambur, Kunjathbail North,
Mannagudda, Court and Cantonment water was colored. Kunjathbail (North), Kun-
jathbail (South), Kambala, Kadri North, Bendoor, Bolar, Mannagudda, and Markada,
showed high turbidity levels. The fluoride concentration in the samples collected from
60 wards of Mangalore city was less than 1.5 ppm, which is the permissible limit by the
World Health Organization. Iron is within the permissible limit except for the wards
Court and Boloor, which showed an iron concentration of 0.4 ppm and 3.08 ppm,
respectively. However, arsenic was not detected in any of the 180 samples collected
from the 60 wards of Mangalore City Corporation.
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Introduction

Groundwater plays a significant role in sustaining human
life to climate change and variations. The importance of
groundwater increases even more as extreme climatic
conditions intensify (floods, droughts), causing surface
water and soil moisture precipitation. Groundwater and
surface water interaction is complex to understand. The
interaction of groundwater and surface water causes nat-
ural recharge and discharge processes. These biogeochem-
ical interactions occur within a few centimeters beneath
the sediments.1,2 Groundwater is crucial for millions of
families in urban and rural families. The estimated con-
sumption of water is vast and diverse. When the natural
process gets disturbed, it eventually causes a change in
groundwater quality. Industrial waste, sewage, solid waste,
food production, disposal, and other waste have caused an
imbalance in our aquatic ecosystems. These imbalances
have resulted in groundwater pollution with pathogens,
pesticides, heavy metals, nitrate, arsenic, fluorides, etc.2

The groundwater contamination is documented, and 18
Indian states show the presence of fluoride in their surface
and ground water.3

Water pollution is caused by natural elements such as
humus materials, minerals, soil, gases, and waste created by
animals and living organisms on land and in water. The
inorganic minerals like calcium, magnesium, sodium, and
potassium and heavy metals like iron, manganese, mercury,
nickel, and arsenic are harmful if present above the permis-
sible limit.4 Metal contamination in recent years in the
aquatic environment has attracted global attention due to
its toxicity, abundance, and persistence. Rapid population
growth and intensive domestic activities, expanding indus-
try, and agricultural production release many hazardous
heavy metals into rivers. Water quality problem is also
seen in rivers in urban areas due to the discharge of untreat-
ed domestic and industrial waste, which contains a high
concentration of heavy metals.5

Fluoride (also written [F] �) is an inorganic, monatomic
anion, typically white or colorless salt. It is odorless but with
a distinctive bitter taste.6 Fluoride is a form of mineral
essential for healthy teeth and bones. It is found naturally
in water, soil, air, plant, and rocks.7 Mineral such as fluoride
is sparingly soluble in water. It is negatively charged and
highly unstable. It reacts immediately to form fluoride
compounds. pH, Ca, HCO3, and specific conductivity are
parameters that influence the dissolution of fluoride into
groundwater.8 Since 1973 there has been a long history in
India on the harmful effects of fluoride on humans and
animals. Though mainly occur due to the high fluoride
consumption in water, food, fumes, and toxic environ-
ment.8,9 Drinking water is not always the primary fluoride
source; however, it is sometimes added to public water to
prevent dental caries. Deep groundwater from drilled might
be bacteriologically safe but often not suitable due to natu-
rally occurring chemicals. Surface water may have lower
chemical concentration but can be fecal contamination.10,11

The permissible limit of fluoride in drinking water by the

World Health Organization (WHO) is 0.8 to 1.5mg/L, and the
Indian Council of Medical Research is 1.0mg/L.

Iron is the second most abundant element in the earth’s
crust. Five percent of the iron in the environment is in its
elemental form. Iron, one of the elements with essential
nutrition, is present in the blood, as it plays a crucial role in
oxygen transport and DNA synthesis. The amount of iron
ingested from food in the body controls its availability. Iron
deficiency can cause anemia, whereas excessive iron can
cause serious diseases.12 TheWHO’s permissible limit of iron
in drinking water is 0.3mg/L.

Arsenic is a naturally occurring element, distributed in the
groundwater and crust of the earth. It is present in trace
amounts in the air and several food items, particularly
crustaceans and seafood. Arsenic is released into the envi-
ronment as a result of weathering, mining, and other natural
occurrences like volcanic activity.13 Millions are affected by
arsenic poisoning globally due to occupational and environ-
mental exposure, as well as purposeful suicide and homicide
attempts.14 The WHO’s permissible limit of arsenic in water
is 10µg/L. The present study elucidates the geospatial distri-
bution of fluoride, iron, and arsenic content in natural
drinking water sources of Mangalore city. The resulting
variable factors of pH, color and water turbidity across the
60 wards of Mangalore Municipal Corporation are discussed.

Materials and Methods

Study Area
Mangalore is situated on the western coast of Southern
Karnataka. The study area is a tropical river basin, and has
humid climate of peninsular India. Mangalore with an area
of 132.4 km2 is situated between 12°50′30″ N to 13°01′00″N
and 74°48′0″ E to 74°55′00″ E coordinates (►Fig. 1). Man-
galore is guarded by the thick forest of the Western Ghats in
the east, the Arabian Sea in the west, and the southern
boundary is shared with Kerala and Udupi districts in the
north. The city’s geology has sandy soil on the shoreline and
laterite in a hilly region with natural valleys. In 1865, the
Mangalore City Corporation was established, with 60 wards
(►Fig. 1). Mangalore is the district headquarters of Dak-
shina Kannada. Mangalore has experienced dramatic ur-
banization in the last few years. Presently 0.09mm3 is
supplied every day. City residents largely depend on the
well water of their respective homes or apartments. The
demand has touched 0.1mm3 leading to severe stress on
the existing drinking water supply. By the year 2026, it is
estimated that the city’s water demand will reach up to 0.25
million mm3 per day.

Water Sample Collection
Water samples were collected from wells having natural
water sources from 60wards of Mangalore City Corporation.
The water sample was collected using sterile falcon tubes
during the month of January and February. Samples were
collected in triplicates from each ward in the city. The
Latitude and Longitude of each well were noted for
geotagging.
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Analysis of Chemical Parameters
Collected water samples were analyzed for chemical param-
eters such as pH, and color measured as Hazen unit, turbidity
measured as Formazin attenuation units (FAU), fluoride
(mg/L), and Iron (mg/L).

Estimation of Fluoride Concentration in Samples
The fluoride content was estimated in water samples using
the SPANDSmethod. Pipette out 10mL of the sample and add
10mL of the acid zirconyl-SPADNS reagent. Once the color
was developed, it was read against the absorbance under
570nm using a spectrophotometer. The following absor-
bance was plotted onto the standard graph to obtain the
unknown fluoride concentration in the sample.15

Estimation of Iron Concentration in Samples
Estimation of iron content in water samples was done using
the phenanthroline method. To 10mL of the sample in the
standard flask, 1mL of hydroxylamine hydrochloride and
5mL of 1,10-phenanthroline were added, then 8mL of sodi-
um acetate buffer was added, then it was diluted to 100mL,
and then it was allowed to stand for 15minutes for the color
development, and finally, absorbance was measured at
508nm. The concentration of iron in samples was estimated
by plotting the absorbance in the standard graph.16

Detection of Arsenic in Water Samples
Arsenic inwater sampleswas detected using the Arsenic Test
Kit (WT025, Himedia, India). In brief, 5mL of water sample
was subjected to strip test in reaction vessel. The strip test is
sensitive at the range 0.05 to 3.0mg/L.

Statistical Analysis
Triplicate samples collected from every ward were analyzed.
The results are expressed as mean� standard error values.

Results

The groundwater ofMangalore citywithin corporation limits
has a pH range between 6 and 8.5 (►Fig. 2A). The acidic pH of
the water is attributed to the laterite soil of the region.
Neutral pH was seen in the sandy coastal regions of Pan-
ambur, Panjimogaru, Bengre, and Bangrakulur (pH 7.2, 7.3,
7.27, and 7.10, respectively).Water with basic pHwas seen in
samples from Kudroli and Jeppinamogaru 7.9 and 7.9, re-
spectively. They were originally paddy cultivating fields
reclaimed for housing and development. Thirty-four out of
60 wards showed pH around 6, whereas 20 wards out of 60
showed acidic pH (4.4–5.9) (►Fig. 2B–E).

Ideally, drinking water should have no visible color. The
presence of iron, other metals, and natural impurities can

Fig. 1 (A) Map showing the Mangalore City Corporation study areas consisting of 60 wards. (B) List of wards chosen for the study.
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result in color development in the water sample. Color is
estimated by the unit true color unit (TCU). Less than 15 TCU
in Hazen is acceptable for consumption.17 In the present
study, samples from the wards such as Panambur (24.6
Hazen), Kunjathbail North (27.67 Hazen), Mannagudda
(33.93 Hazen), Court (16.00 Hazen), and Cantonment
(48.87 Hazen unit) showed excess color than the ideal
requirement of 15.00 Hazen (►Fig. 3) making them unsuit-
able for drinking purpose. Samples from the rest of thewards
were suitable for consumption (►Fig. 3B–D).

The turbidity of water samples was estimated using FAU
units. It signifies that the instrument measures the transmitted
light through the sample at 180degrees of the incident light.

This measurement was done using a spectrophotometer (780–
900nm).18 Nineteen wards out of 60 showed turbidity of less
than 1. Thirty-three wards have shown turbidity in the range
of 1 to 5 FAU (►Fig. 4A). Kunjathbail (North), Kunjathbail
(South), Kambala, Kadri North, Bendoor, Bolar, Mannagudda,
and Markada showed turbidity greater than 5 (►Fig. 4B–E).

Fluoride is an element whose lower concentration is
beneficial and harmful when consumed in a higher concen-
tration.8 Fluoride concentration was estimated using the
SPADNS method for the samples fromMangalore city, which
showed results under the permissible limit (< 1.5mg/L)
(►Fig. 5A). The concentration of fluoride was under the
range of 0.6 to 0.9mg/L (►Fig. 5B–D).

Fig. 2 (A) Map showing the varying pH concentration in groundwater of Mangalore city. (B) pH concentration in the groundwater of northern
wards. (C) pH concentration in the mid-region wards. (D) pH concentration in the south region wards. (E) The number of wards showing the
acidic and basic pH.
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Iron is released intowater either by corrosivewater pipes,
industrial contamination, or bacterial contamination. The
concentration of iron causes varying color development in
water samples.19 In the study conducted, the concentration
of iron was estimated by 1,10-phenanthroline method by
using spectrophotometer which showed that the concentra-
tion of iron was under the permissible limit (< 0.3mg/L)
except in the ward Boloor and Court which showed higher
concentration of iron 3.08 and 0.4mg/L, respectively
(►Fig. 6A–D).

Arsenic was not found in well waters in 60 wards of
Mangalore City Corporation. Our study indicates that Man-
galore area water is not contaminated with arsenic
poisoning.

Discussion

Natural water chemistry is controlled by two fundamental
factors such as its geology and water residence. The
water’s pH can determine the presence of heavy metals
and the bioavailability of nutrients and their solubility.
Different nutrients are absorbed best at suitable pH con-
ditions, while acidic pH metals tend to occur.8 In the present
study, the pH of the water samples (180) in Mangalore city,
around 20 wards, showed acidic pH on the scale of 4.4 to 5.9,
whereas most of the samples were under the basic pH and
neutral in pH (7.1 to 7.9). Our study is corroborated with a
study conducted in Bangalore on the groundwater samples
(1026). It showed a pH range from 5.51 to 9.93 indicating

Fig. 3 (A) Map showing the gradient color concentration of groundwater in Mangalore city. (B) Color concentration in the groundwater of
northern wards. (C) Color concentration in the groundwater of the mid-region wards. (D) Color concentration in the groundwater of the south
region wards. (E) The number of wards showing less than 15 Hazen unit and more than 15 Hazen unit.
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a pH range in urban areas is mostly basic in nature. Similarly
in a study conducted inTumkur,20 the pH of the groundwater
sampleswas in the range of 6.6 to 8.9, indicating near neutral
and alkaline pH of the water. Dissolved and suspended
particles influence the watercolor. Transparent water, which
has a low concentration of dissolved particles, appears blue.
Brown or yellow water is seen due to dissolved organic
matter or decaying plantmatter. Some algae and phytoplank-
ton present inwater usually appear yellow and red color. Soil
runoff water shows red, brown, and yellow colors in the
water. Watercolor directs the source of water and its pollu-

tants. Watercolor is divided into two types based on its solid
materials–apparent and true color. The apparent color is the
whole water sample color, which includes suspended and
dissolved components, whereas true color is the color of the
water after filtering the sample.21 In this study, the samples
was estimated for the color, and it was observed that the
average was 6.98 TCU, whereas a study conducted in
Canada22 collected groundwater samples from 64 sites,
and the average mean of color was 30 TCU, which is above
the permissible limit. Similarly, study conducted in Finland23

showed the color of the water ranging from 20 to 276 TCU.

Fig. 4 (A) Map showing the gradient turbidity concentration of groundwater in Mangalore city. (B) Varying turbidity in the groundwater of
northern wards. (C) Varying turbidity in the groundwater of the mid-region wards. (D) Varying turbidity in the groundwater of the south region
wards. (E) The number of wards showing less than 5 Formazin attenuation unit (FAU) unit and more than FAU unit.
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The higher concentration of color in this area was due to the
presence of phosphorous in higher amounts. We infer that
the color of water in the wells of Mangalore area is in the
range of permissible limit.

The cloudiness in the water is seen because of the fine
suspended materials. These fine particles cause intense
scattering of light. This phenomenon is known as turbidity.
Thus, turbid water is said to those water with a high
concentration of suspended materials and lower visual clar-
ity. The presence of suspended materials causes light atten-

uation, reducing the visual range in water and the
unavailability of light for photosynthesis. Nephelometric
turbidity is an index of suspended particles by light scatter-
ing. Turbidity is a relative scattering measure and an essen-
tial parameter in the quality of water.24 In this study, the
water samples were subjected to measurement of turbidity.
The turbidity of thewater was in the range of 0 to 23, with an
average of 2.76 TCU. A study conducted in Zimbabwe on the
turbidity of samples, around 59% of the sample were under 5
TCU, which is below the permissible limit in WHO

Fig. 5 (A) Map showing the gradient distribution of fluoride concentration in groundwater of Mangalore city. (B) Varying fluoride concentration
in the northern wards. (C) Varying fluoride concentration in the mid-region wards. (D) Varying fluoride concentration in the groundwater of the
south region wards.
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guidelines.21 In another study conducted in Atlanta, the
population suffered from a gastrointestinal illness. When
the sampleswere estimated tomeasure turbidity, it was seen
in the range of 1.1 TCU to 16.3 TCU. In the samples after the
filtration, the turbidity was reduced from 0.03 to 0.17 TCU.25

Earth has only 0.6% of groundwater of the whole water
resources. Since no treatment is required, it is mostly pre-
ferred by rural and urban areas. Anthropogenic activities,
factory pollution, and solid wastes from the industry cause
the leaching of contamination into the water.26 One such
contamination would be fluoride and iron. Fluoride leaches
out from soil and rocks into the groundwater. In this study,
the estimation of fluoride resulted in a range of 0.6 to

0.9mg/L, which gives an average of 0.66ppm concentration
inMangalore city. This level is within the permissible limit in
groundwater. A study in Hyderabad on fluoride concentra-
tion in groundwater was found to be in the range of 1.1 to
3.15ppm beyond the permissible limit. Even higher concen-
trations were detected in industrial and residential areas.27

In a study conducted in Mexico, the estimation of fluoride
concentration was done by collecting samples from aquifers.
It was found to be higher than the permissible limit. Higher
fluoride concentration may be due to the toxic chemicals
reaching the groundwater by geochemical process.28 Our
study indicates that well water samples of Mangalore city
have fluoride concentration within the permissible limit.

Fig. 6 (A) Map showing the gradient distribution of iron concentration in groundwater of Mangalore city. (B) Varying iron concentration in the
groundwater of northern wards. (C) Varying iron concentration in the groundwater of the mid-region wards. (D) Varying iron concentration in
the groundwater of the south region wards.
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The iron content in Mangalore well waters, showed an
average concentration of 0.19 ppm, which is under the
permissible limit (< 0.3 ppm). A study conducted in West
Bengal showed a concentration of iron above 0.3ppm, indi-
cating the study areawas contaminatedwith iron.29 Another
study conducted in the Varanasi (Uttar Pradesh) urban area
on the Indo-Gangetic plain showed an iron concentration of
0.9 ppm, which is higher than the permissible limit.30

Conclusion

In the present study, groundwater sources of Mangalore city
in 60wardswere tested for pH, color, turbidity,fluoride, iron,
and arsenic content. This study indicates that 33% of the
sampleswere acidic in nature. Panambur, Kunjathbail North-
ward area, Mannagudda, Court, and Cantonment had colored
water. Turbidity in water samples from Kunjathbail (North),
Kunjathbail (South), Kambala, Kadri North, Bendoor, Bolar,
Mannagudda, and Markada was high, whereas the sample
from the Court region had iron content above the permissible
limit (0.4 ppm), and in Boloor concentration of iron content
levels was 10-fold higher (3.08ppm). Iron in regions of
higher concentration can be due to rapid urbanization activ-
ities. The iron content must be addressed by filtration or
changing the corrosive metal water pipes with noncorrosive
pipes. The acidic pH of the water is due to the presence of
hard laterite soil in these areas. The color and turbidity of the
water in the region are a sign of poor water management
practices, making filtration and water treatment essential
before consumption in these wards.

Fluoridewas found to be under the permissible limit in all
60 wards. Fluoride is naturally present in the environment.
Fluoride in smaller concentrations is beneficial, but it can
cause dental and skeletal fluorosis when consumed in higher
concentrations. Since the fluoride concentration in Manga-
lore city is under permissible limit, it can benefit consumers.
Arsenicwas not detected in anyof the 60wards ofMangalore
City Corporation. A similar study can be undertaken for other
heavy metals in Mangalore. It will help improve the water
treatment procedure and regulate the concentration of the
minerals in the drinking water of Mangalore city.
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