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ABSTRACT
Water is the most abundant liquid on the Earth. Water plays an important role in
maintaining a balanced habitation. Water contains different types of minerals that take care of
the basic function of the human body. India is a second largest country in the world in terms of
population with different state and culture. River and the ground water are the main sources of
drinking water in India. The quality of ground water which accounts of more than 85% of
domestic supply is a major problem in many habitations across India as none of the rivers have
water fit to drink. Recommender systems appear as a natural solution to automatically identify
the water affected habitations and to provide valuable recommendations. This work develops a
healthcare recommendation system by implementing machine learning algorithms to identify the
water affected habitations. The result shows that random forest algorithm produces highest
accuracy when compared with other machine learning algorithms.
1. INTRODUCTION
Water is the abundant liquid on the
Earth. It covers 71.4% of Earth’s surface.
Pure water has no smell, taste and color.
Mainly, water constitutes on Earth’s in the
form of streams, lakes, oceans and fluids in
most organisms. Minerals are essential for
the basic functions of the human body. They
help to control bone growth, regulate fluids,
normalize nerve and muscle functions, keep
up metabolism, grow connective tissues, and
so much more. Around 80% of the essential
minerals for effective human health
functionalities are available in water[1].
India is a democratic country with
different states and union territories. The
cities in India are complaining about water
shortage and also, the lack of safe drinking
water. In the list of 122 countries rated on
quality of portable drinking water, India
ranks a lowly 120.Although India has 4% of
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the world’s water, studies show that the
average availability of drinking water is
shrinking steadily. It is estimated that by
2020, India will become a water-stressed
nation. Nearly 50% of villages still don’t
have any source of protected drinking
water[2]. According to 2001 census 68.2%
households have access to safe drinking
water. The department of drinking water
supply estimates that 94% of rural
habitations and 91% urban households have
access to drinking water. But it is
misleading, simply because coverage refers
to installed capacity and not actual supply.
The ground reality is that of the 1.42 million
villages in India, 1, 95,813 are affected by
chemical contamination of water.
Till the 10th plan, the government
had spent Rs 1,105 billion on drinking water
schemes. Yet it is the poor who pay a
heavier price spending around Rs 6700 crore
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annually on treatment of waterborne
diseases[3]. The Web has grown into one of
the most important channels to communicate
social events these days. However, the
volume of events available in event-based
social networks (EBSNs) often undermines
the users ability to choose the events that
best fit their interests. Recommender
systems are different from classic
recommendation scenarios, that, event
recommendation problem is intrinsically
cold-start. Indeed, the events published in
EBSNs are typically short-lived and are
always in the future, having little or no trace
of historical attendance. To overcome this
limitation, we propose to exploit several
contextual signals available from EBSNs.[4]
2. RELATED WORKS
Water pollution has grown to a larger
extent. The sacred Ganga river is subjected
to anthropogenic stress due to the socioeconomic importance of these areas based
on growth of industry, agriculture,
aquaculture, port activities, fishing and
tourism [5] .
The relative impacts of different
types of land use on the surface water are
yet to be ascertained and quantified. The
research attempted to use a comprehensive
approach to examine the hydrologic effects
of land use at both a regional and a local
scale. Statistical and spatial analyses were
employed to examine the flow and water
quality in receiving waters on a regional
scale in the State of Ohio.[6]. The
hydrologic and water quality modeling
showed that agricultural and impervious
urban lands produced a much higher level of
nitrogen and phosphorus than other land
surfaces.
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To achieve water quality goals and
wastewater treatment cost optimization in a
river basin, a water quality management
model has been developed through the
integration of a genetic algorithm (GA) and
a mathematical water quality model. The
developed model has been applied to the
Youngsan River, where water quality has
decreased due to heavy pollutant loads from
Kwangju City and surrounding areas. With
the database, the management model
calculated treatment type and treatment cost
for each wastewater treatment plant in the
river basin[7].
The Organic Water Filter system is a
sustainable, robust and modular system for
purifying water containing organic and bio
degradable pollutants. This system offers an
efficient and cost effective solution which
can be integrated into the current process of
water purification or as a separate water
purification process all together[8]. This
paper describes a technique of sewage water
treatment which can be integrated with
current water treatment processes to
improve efficiency of the process along with
creating an extra source of revenue to the
treatment facility from byproducts generated
by this process.
Excessive fluoride concentrations
have been reported in ground waters of more
than 20 developed and developing countries
including India where 19 states are facing
acute
fluorosis
problems.
Various
technologies are being used to remove
fluoride from water but still the problem has
not been rooted out. It has been concluded
that the selection of treatment process
should be site specific as per local needs and
prevailing conditions as each technology has
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some limitations and no one process can
serve the purpose in diverse conditions[9].
The shallow tube wells in
Bangladesh are frequently contaminated
with arsenic concentrations at a level that is
harmful to human health. It is clear that a
disaster of an unheard magnitude is going
on[10]. The most well-known and severe
case of arsenic poisoning through drinking
water is going on in Bangladesh. Two thirds
of the tube wells installed over the last three
decades, roughly three million in total, have
been
shown
to
contain
arsenic
concentrations above the permissible level
set by the World Health Organization.
Nitrates in drinking water, which
may come from nitrogen fertilizers applied
to crops, are a potential health risk. This
report evaluates the potential benefits of
reducing human exposure to nitrates in the
drinking water supply[11]. The respondents
were asked a series of questions about their
willingness to pay for a hypothetical water
filter.
A micro fluidic nitrate sensor using a
graphene foam (GF) based electrode
modified by titanium dioxide nanofibers
(nTiO2) and nitrate reductase enzyme
molecules. The porous structure of GF
allows for an easy access of nTiO2 and
enzyme molecules and attach onto the
interior surfaces of GF scaffolds. Precise
and rapid detection of nitrate (NO3−) ions is
highly desirable for sustainable agriculture,
environmental monitoring, and food safety .
Extensive use of nitrate fertilizers in
agricultural soils has a negative impact on
ground water, soils, and marine ecosystems
[12] .
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The lack of sufficient water quality
data in many places hinders the efforts of
surface water quality modeling, and
therefore affects the process of water quality
management. The potential of an objectoriented simulation environment for surface
water quality management, based on the
concepts of system dynamics (OO-SD) The
characteristics, along with a brief
explanation, of the OO-SD approach are
provided[13]. The potential use of the
proposed approach, especially in data-poor
conditions, and the challenges that lie ahead
of hydrologists to fully exploit such a
modeling approach are identified.
The spatial relationships between
land uses and river-water quality measured
with biological, water chemistry, and habitat
indicators were analyzed in the Little Miami
River watershed, OH, USA. The study
exhibits the importance of integrating waterquality management and land-use planning.
Planners and policy-makers at different
levels should bring stakeholders together,
based on the understanding of land–water
relationship in a watershed, to prevent
pollution from happening and to plan for a
sustainable future [14].
3. METHODOLOGY
The mineral importance, dataset,
type of feature extraction technique,
machine learning algorithms and the
architecture implemented are discussed in
the following sections.
3.1 MINERALS
Minerals are essential for the basic
functions of the human body to take place.
They help to control bone growth, regulate
fluids, normalize nerve and muscle
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functions, keep up metabolism, grow
connective tissues, and so much more.
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Iron: High concentrations of dissolved iron
can result in poor tasting, unattractive water
that stains both plumbing fixtures and
clothing.

Fluoride: Fluoride in minute quantity is an
essential
component
for
normal
mineralization of bones and formation of
dental enamel. However, its excessive intake
may result in slow, progressive crippling
scourge known as fluorosis.

Nitrate: A well documented nitrate
contamination
concern
is
infant
methemoglobinemia, in which nitrates
impair the ability of infant’s blood to carry
oxygen. Nitrates in water and foods, such as
hotdogs, have also been suggested as
possible sources of cancer risk.

Arsenic: Long term intake of drinking water
with elevated arsenic concentrations can
cause the development of arsenicosis, the
collective term for diseases caused by
chronic exposure to arsenic. It includes
several kinds of skin lesions and cancers,
like hyper-pigmentation, hyperkeratosis,
gangrene, skin cancer, lung cancer and
bladder cancer.

Salinity: The potential role of salinity in
explaining the unusual seasonal pattern of
hypertension in pregnancy among the same
population.

Table 1. Mineral Contents in Different States
FLOURIDE ARSENIC
ANDRA PRADESH

IRON

SALINITY

NITRATE

High

-

-

Low

-

Medium

Low

High

-

-

-

Low

High

-

Medium

GUJARAT

Medium

-

-

Low

High

PUNJAB

Medium

-

Low

High

-

BIHAR
KARNATAKA

3.2 DATASET
To ensure that a training data set and
the testing data set are meeting the accuracy
standards of the machine learning
algorithms. Accuracy of the machine
learning algorithms is highly sensitive and
plays a main role in the recommendations
systems. To develop a recommendation
model with the data collected by Indian
Government. The dataset consists of seven
attributes that defines the mineral
contamination of water in various parts of
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India. Among the seven different attributes,
some of the attributes like Quality
Parameter, State Name, District Name and
Block Name plays a main role. Among the
set of available data 70% of the data is used
as a training data and the remaining 30% of
the data is used for testing purpose.
3.3 ARCHITECTURE
The architecture diagram is given in the
figure.1. The input datasets are collected and
they are being grouped based on quality
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parameter values of water in quality affected
habitations with the help of machine
learning
algorithms.
Then
the
recommendation system is suggested based
on the output.

Special Issue

3.4 FEATURE EXTRACTION
The feature vectors generated from the
available dataset is diversified and high due
to the availability of large attributes about a
location. All the available attributes about
the location will not contribute for the water
contamination prediction. Including the
unwanted features for prediction is a time
consuming process and its affects the
accuracy of the system. Different statistical
techniques are used in the literature for
feature selection but have been found to be
suboptimal. Information gain used as a
feature selection method in the literature
proves that it improves the accuracy of
feature selection.
3.5 INFORMATION GAIN
A feature selection method by using
this noise is reduced and irrelevant features
influence a classifier is called Information
gain (IG). IG measures information in bits
about class prediction, if information is
available in the presence of a feature and
corresponding
class
distribution.
Information gain measure chooses a test
attribute at each node in a tree. An attribute
with highest information gain is a current
node’s test attribute, which lowers the
information to classify samples in partitions.
Entropy is used to measures the disorder
amount or system uncertainty. Higher
entropy corresponds to a sample having
mixed labels of collection in a classification
setting. Lower entropy corresponds to pure
partitions. Entropy of a sample D is defined
in information theory as follows:

Figure.1 Architecture Diagram

H(D) = −

P(ci |D) log 2 P(ci | D) …(1)

where P(ci |D) is data point probability in D
being labeled with class c i, and k is number
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of classes. P(ci |D) is estimated directly from
data as follows:
p(ci| D) =
…(2)
Also a decision/split’s weighted entropy is
defined as follows:
H(DL,DR)=

+

H(D R)
… (3)

where D is partitioned into DL and DR due
to a split decision.
Information gain for a split is defined as:
Gain (D, DL,DR) = H(D) − H(DL,DR)
…(4)
Gain is expected reduction in entropy due to
knowing an attribute’s value.
4.
MACHINE
ALGORITHMS

LEARNING

A machine learning algorithm plays
a main role in developing intelligent
automation systems. There is a bundle of
machine learning algorithms that are
available which works on different logical
entities for developing the intelligent
predictive systems. The following section
discusses the most commonly used machine
learning algorithms.
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attributes and is called class conditional
independence.
The
conditional
independence of NB classifier makes the
data to train faster and it assumes all the
vectors in the feature vectors as independent
and applies the Bayes rule in the sentence.
The basic formulation and working of Bayes
theorem is explained here. Let X be a data
tuple holding a set of values available from
the data set. X is considered as “evidence” in
Bayesian terms. X is described by
measurements made on a set of n attributes.
Let H be some hypothesis, such as that the
data tuple X belongs to a specified class C.
Tuples of different classes will have
different hypothesis. For machine learning
problems, there is a need to understand two
different probabilities namely posterior
probability and prior probability. P(H|X) and
P(X|H) is the posterior probability. P(H) is
called as prior probability. The posterior
probability depends on more information
when compared with the prior probability.
The Bayes theorem and its probability
terminologies is represented in Equation.
P(H|X) = P(H|X) P(H)/ P(X)

…(5)

where,
P(H|X) is the posterior probability of H
conditioned on X,
P(X|H) is the posterior probability of X
conditioned on H,
P(H) is the prior probability of the
hypothesis H,

4.1 NAIVE BAYES
A classifier that builds probability
based model which works based on Bayes
Theorem is called as Naive Bayes (NB).In
Naïve Bayesian classifiers, the effect of an
attribute value on a given class is
independent of the values of the other
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P(X) is the prior probability of the evidence
X.
Bayes theorem describes the
probability of an event, based on conditions
explained as posterior and prior probability

International Journal of Pure and Applied Mathematics

Special Issue

that might be related to the event. Michal
Haindl has discussed that despite all the
complicated mathematics, implementing a
Bayes classifier is all about counting the
number of words, documents and categories.
Once the number of positive and negative

words in a sentence is evaluated, then it can
be combined to calculate the probability for
each of the possible classes. The document
is then classified according to the highest
calculated probability.

4.2 RANDOM FOREST

The beginning of random forest algorithm
starts with randomly selecting “k” features
out of total “m” features.

Random forests or random decision
forests are ensemble learning method for
classification, regression that operates by
constructing a multi node of decision trees at
training time and the mode of the classes or
mean prediction of the individual trees.
Habit of over fitting the training set is
corrected by Random format. Random forest
algorithm is a supervised machine learning
algorithm. In general, the more trees in the
forest the more robustness the forest looks
like. In the same way the random forest
classifier, the higher the number of trees in
the forest gives the higher accuracy results.
The pseudo code for random forest
algorithm can split into two stages. One is
Random forest creation pseudo code and the
other is Pseudo code to perform prediction
from the created random forest classifier.
Random Forest pseudo code is as follows:
1. Randomly select “k” features from total
“m” features. Where k <<m
2. Among the “k” features, calculate the
node “d” using the best split point.
3. Split the node into daughter nodes using
the best split.
4. Repeat 1–3 steps until “l” number of
nodes has been reached.
5. Build forest by repeating steps 1–4 for
“n” number times to create “n” number of
trees.
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Initially all the features and observations are
taken in random. In the next stage the
randomly selected “k” features to find the
root node by using the best split approach.
The next stage, the daughter nodes are
calculated using the same best split
approach. The first three stages is used to
form the tree with a root node and having
the target as the leaf node. Finally, the stages
1–4 is used to create “n” randomly created
trees. This randomly created trees forms the
random forest. The training algorithm for
random forests applies the general technique
of bootstrap aggregating, or bagging, to tree
learners. Given a training set X = x1,…,xn
with responses Y = y1,…,yn, bagging
repeatedly (B times) selects a random
sample with replacement of the training set
and fits trees to these samples. For b =
1,…,B:
• Sample, with replacement, n training
examples from X,Y ; call these Xb, Yb.
• Train a classification or regression tree fb
on Xb, Yb .
x_: f ∧ =

…(6)

After training, predictions for unseen
samples x_ can be made by averaging the
predictions from all the individual
regression trees on x_.
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5. RESULTS AND DISCUSSION

5.2 NAÏVE BAYES ALGORITHM

The results of both the algorithms,
Naïve Bayes and Random Forest are being
given below which plays a main role in
predicting the at most contamination of the
minerals. Only with the help of this result,
we can narrate the effects of the mineral
contamination and the precautions to be
made.

The
probability
based
implementation of Naïve Bayes Algorithm
has been done and the output of dissimilarity
table has been given below. For three states,
Andhra Pradesh, Tamil Nadu and Uttar
Pradesh the dissimilarities are being
calculated in table 3.

5.1 RANDOM FOREST ALGORITHM
The tree based implementation of
Random Forest Algorithm has been done
and the output of dissimilarity table has been
given below. For three states, Andhra
Pradesh, Tamil Nadu and Uttar Pradesh the
dissimilarities are being calculated in Table
2.
Table 2. Dissimilarity Matrix of Random
Forest Algorithm
Arsen
ic
Fluori
de
Iron
Nitrat
e
Salinit

Arsen
ic
316

Fluori
de
5

Iro
n
35

3
15
0

616
57
9

69
30
41

0

79

78

Nitra Salini
te
ty
0
2
6
127
2
57
39
21
19

429

y

Table 1. Dissimilarity Matrix of Naïve
Bayes Algorithm

Arsen
Fluori
ic
de
Iron
Nitrat
e
Salinit
y

Arsen
ic
376

Fluori
de
1

Iro
n
15

0

224

3
0
0

348
19
261

0
51
1
13

0
73
0

109
93
496

5.3 PERFORMANCE MEASURE
Table 2. Performance Measure
Comparison
NB*

RF*

PRECISION

84.02

88.51

RECALL

72.25

86.71

F-MEASURE

79.55

84.89

ACCURACY

66.06

74.55

* NB – Naïve Bayes
RF – Random Forest
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Figure. 2 Precision Value Comparison

Figure.4 F-Measure Value Comparison

Figure. 3 Recall Value Comparison

Figure.5 Accuracy Level Comparison
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6. CONCLUSION
WORK
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AND

FUTURE

A health recommendation system plays a
main role nowadays in monitoring the health
related issues caused due to the drinking
water contamination around India. A keen
attention towards the water contamination
and its precautionary measures is needed as
at most urgent to prevent the various deadly
effects as mentioned. Random forest
algorithm produces highest accuracy than
naïve bayes algorithm. As a future work, we
would like to increase to all the states with
respect to all specific village, panchayat and
block.

Figure. 6 Performance Measure of
algorithms
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