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Abstract: Automated water purifier is a convenient and widely used device for obtaining purified water. However,
performance of a system may vary over time and therefore monitoring of the treated water is essential for ensuring
the quality control. In this study, a number of input and output samples of an activated carbon based water purifying
system were monitored to check its efficiency. Overall quality of the inflow and outflow of the purifying system
were assessed by Weighted Arithmetic Water Quality Index with ideal permissible limits of the water quality
parameters as per Indian Council of Medical Research guidelines. Results indicate that the quality of the water
enhanced significantly after purification. A model was developed from the water quality data with Artificial Neural
Network to predict the quality of the water, treated by the purifier. The model was tested with more water quality
data and found to be successful in prediction of the overall quality of the treated water fairly accurately.
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Introduction

As natural water is not always fit for domestic purposes,
purification of the source water is necessary to make it
suitable for use. Activated carbon is the most popular
purifying substance used in water purifiers due its high
efficiency, low cost (Amirault et al., 2003) and ease of
use (Lemley et al., 1995). However, as activated carbon
purifies water by adsorption, its surface gets saturated
on prolong use (Lemley et al., 1995). Also, it cannot
remove microbes from water. For availing drinking
water, therefore, a sterilizing system (e.g. UV filter,
chlorine filter etc.) must be used in combination with
activated carbon filter. Activated carbon purifiers can
safely be used for purification of most natural surface
water or groundwater.

Water Quality Index (WQI) is a useful tool to
express the overall quality of water in concise and lucid

manner (Roy et al., 2017). WQI is calculated from the
concentrations of different water quality parameters
(WQP) of the sample water. There are different methods
of calculating WQI (e.g. National Sanitation Foundation
WQI (NSFWQI), Oregon WQI, Weighted Arithmetic
WQI (WAWQI), CCME WQI etc.) for different
purposes. Being a numerical expression, WQI is easy
to conceive, convey and interpret (Roy et al., 2017).
Artificial Neural Network (ANN) is a mathematical
model, inspired by biological neural network in brain.
Such models enable a system to be trained automatically
by a set of input and output data (McClelland et al.,
1986). A relation between input and output is developed
by iteration modelling by putting adaptive weights in
the multiple neural layers (Agatonovic-Kustrin and
Beresford, 2000). ANN develops a relation between a
given set of input and output through regression analysis
(Specht, 1991). ANN has been used for forecasting
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of water quality (Goyal et al., 2015), prediction of
some WQP from some other WQP (Khandelwal and
Singh, 2005; Swathi and Lokeshappa 2015; Roy and
Majumder, 2018b) and prediction of hardness (Sirisha
et al., 2008; Roy and Majumder, 2018a).

In the present study, water qualities of a number of
samples were assessed by WAWQI before and after
purification to check the efficiency of the purification
system. An ANN model was then developed from the
water quality data to predict the quality of the purified
water.

Methodology

Assessment of Water Quality

Water quality data of a number of samples were
assessed by sensor-based multiparameter water quality
monitoring devices before and after purification of water
by an activated carbon based water purifier. The overall
qualities of both sets of samples were determined by
WAWQI (Tyagi et al., 2013) using the equations, given
below:
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where Q. = Quality rating for i WQP, W, = Weight
associated with i WQP, n = Total number of WQP
considered, V, = Concentration of it WQP, V=
Ideal concentration of i WQP in pure water, S, =
Recommended standard concentration of /" WQP, and
K = Proportionality constant.

Four WQP, viz. pH, electrical conductivity (EC),
turbidity (Turb) and total dissolved solids (TDS), were
used to determine the overall quality of water in this
study. The recommended concentrations of the WQP
were taken as per the Indian Council for Medical
Research (ICMR) guidelines (Yogendra and Puttaiah,
2008).

Development of Prediction Model

Different ANN models were developed with the water
quality data before and after purification, using different

ANN methods like Combinatorial (COM), Stepwise
Forward Selection (SFS), Stepwise Mixed Selection
(SMS) and GMDH Neural Network (GNN).

COM method utilizes the polynomial functions
of linear parameters (Anastasakis and Mort, 2001)
for prediction. In SFS method, however, suitable
variables are being included till the model is optimized
(Lancashirea et al., 2008). SMS functions similarly as
SFS, but variables are both included and excluded in this
method (Anastasakis and Mort, 2001). GNN is another
regression analysis method where layers of neurone
connections are formed. Those layers are then optimized
by COM algorithm (Anastasakis and Mort, 2001).

Models were developed to predict the concentrations
of WQP in the purified water from those in the supply
water, using different ANN methods. WQI of different
samples were predicted in two ways:

(1) WQI of the purified water were predicted directly
from the WQI of the supply water by ANN models.

(i1) WQP values of the purified water were predicted
by ANN and WQI were then calculated from those
predicted values of WQP.

Suitability of Models

The predicted values from all the models were compared
with the respective actual values to check the accuracy
of the models. Correlation coefficient between each
set of actual and predicted values were determined to
assess how close they are. The closer the predictions
to the actual are, the better the model is.

Results and Discussion

Purification Efficiency

200 samples were monitored for determining the
concentrations of the WQP for assessment of the quality
of water. The average quality of supply water was found
to be excellent and that of purified water was even better
(Table 1). On average, the purifier was able to improve
pH by 0.85% and EC by 5.02% and to remove 5.32%
TDS (Table 1). The purifier also completely removed
the turbidity of the supply water (Table 1).

Table 1: Comparison of the average values of WQP of
the supply and purified water

Source pH EC Turb DS WAWQI
Supply 6.4216 0.0602 10.84 0.03912 14
Purified 6.476  0.05718 0 0.03704 12
%Diff  0.85 5.02 100.00 5.32 14.29

Units: EC — mS/cm, Turbidity — NTU, TDS — g/lit
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Thus, the purifier improved the overall quality of
water by 14.29% (Table 1) on average. The purifier
was, therefore, fairly efficient in purification of water.

Prediction of WQP

Different models were then developed to predict the
WQP values of purified water from those of supply
water. As the purification system removes turbidity
completely, no model was developed to predict the
turbidity of the purified water. As the predicted values
of the WQP were very close (i.e. highly correlated) to
the actual values (Table 2), the prediction models can
be considered to be successful in prediction of WQP
values of the purified water.

Table 2: Accuracy of prediction of WQP
by different ANN models

Correlation of model fit with

ANN actual values Mean
method correlation
pH EC DS
COM 0.893775 0.831001 0.767938 0.830905
SFS 0.893794 0.831001 0.767938 0.830911
SMS 0.893747 0.831001 0.767938 0.830895
GNN 0.647995 0.830931 0.767938 0.748954

Among all the ANN methods used, SFS was found
to be best in prediction of WQP (Table 2)

Direct Prediction of WQI
The WQI of both supply and purified water were
determined by WAWQI. Different ANN methods were
then used to predict the WQI of the purified water
directly from that of the supply water (WQI Direct)
(Table 3). The actual WQI of the purified water were
used as the training data set for the ANN models.
Low correlation between the actual and predicted
dataset (Table 3) indicates that direct prediction of WQI
is not very suitable using any of the ANN methods used.

Prediction of WQI from Modelled WQP
The WQI of the purified water were also calculated from
the WQP values, predicted by different ANN methods
(WQI Parameter). The WQI calculated from the
predicted WQP were found closer to the actual values
than the WQI predicted directly (Table 3). However,
the correlation between actual and predicted WQI were
found to be low for both the methods (Table 3).
Among all the ANN methods used, SFS was again
found to be the best in prediction (Table 3).

Table 3: Prediction of WQI of purified water by
different methods

Correlation of model fit with

ANN actual values Mean
method WOl direct parl;ll/n%;er correlation
COM 0.0526 -0.1631 -0.0555
SFS 0.0526 -0.1636 -0.0556
SMS 0.0526 -0.1638 -0.0553
GNN 0.0526 -0.0604 -0.0039

So, calculation of WQI from the predicted WQP is
preferable over predicting it directly from the WQI of
supply water. Such prediction can be obtained best by
SFS ANN method.

Conclusion

It was found from the study that activated carbon
is successful in complete removal of turbidity and
improving the overall quality of water. Among the
ANN methods used to predict the WQP and WQI, the
SFS method was found to be best. The ANN methods
were successful in prediction of individual WQP fairly
accurately, but not much successful in prediction of
overall quality of water. Thus, it is better to calculate
the WQI from the predicted WQP than to predict the
WQI directly by ANN methods.

However, different quality of input water, another
indexing method or larger sample volume might have
produced different results.

References

Agatonovic-Kustrin, S. and R. Beresford (2000). Basic
concepts of artificial neural network (ANN) modeling
and its application in pharmaceutical research. Journal of
Pharmaceutical and Biomedical Analysis, 22(5): 717-727.

Amirault, R., Chobanian, G., Mccants, D., Mccann, A.,
Burdett, H. and B. Neptin (2003). Activated Carbon
Treatment of Drinking Water Supplies. Healthy Drinking
Waters for Rhode Islanders.

Anastasakis, L. and N. Mort (2001). The development of
self-organization techniques in modelling: A review of
the group method of data handling (GMDH). Research
Report 813, Department of Automatic Control & Systems
Engineering, The University of Sheffield, UK.

Goyal, R.R., Patel, H. and S.J. Mane (2015). Artificial
Neural Network: An Effective Tool for Predicting Water



128 Ritabrata Roy

Quality for Kalyan-Dombivali Municipal Corporation.
International Journal of Science and Research, 4(6):
2863-2866.

Khandelwal, M. and T.N. Singh (2005). Prediction of mine
water quality by physical parameters. Journal of Scientific
& Industrial Research, 64: 564-570.

Lancashirea, L.J., Reesb, R.C. and G.R. Ball (2008).
Identification of gene transcript signatures predictive for
estrogen receptor and lymph node status using a stepwise
forward selection artificial neural network modelling
approach. Artificial Intelligence in Medicine, 43(2): 99-
111.

Lemley, A., Wagenet, L. and B. Kneen (1995). Activated
Carbon Treatment of Drinking Water. /n: Water Treatment
Notes Cornell Cooperative Extension.

McClelland, J.L., Rumelhart, D.E. and G.E. Hinton (1986).
The appeal of parallel distributed processing. /n: Parallel
Distributed Processing: Explorations in the Microstructure
of Cognition, vol. 1. MIT Press, Cambridge MA.

Roy, R., Majumder, M. and R.N. Barman (2017). Assessment
of Water Quality by RSM and ANP — A Case Study in
Tripura, India. Asian Journal of Water, Environment and
Pollution, 14(1): 51-58.

Roy, R. and M. Majumder (2018a). A Quick Prediction of
Hardness from Water Quality Parameters by Artificial

Neural Network. International Journal of Environment
and Sustainable Development, 17(2/3): 247-257.

Roy, R. and M. Majumder M. (2018b). Empirical Modelling
of Total Suspended Solids from Turbidity by Polynomial
Neural Network in North Eastern India. Desalination and
Water Treatment, 132: 75-78.

Sirisha, P., Sravanti, K.N. and V. Ramakrishna (2008).
Application of Artificial Neural Networks for Water
Quality Prediction. International Journal of Systems and
Technologies, 1(2): 115-123.

Specht, D.F. (1991). A General Regression Neural Network. /EEE
Transactions on Neural Networks, 2(6): 568-576.

Swathi, L. and B. Lokeshappa (2015). Artificial Neural Networks
Application in Prediction of Water Quality. International
Journal of Innovative Research in Science, Engineering and
Technology, 4(8): 6911-6916.

Tyagi, S., Sharma, B., Singh, P. and R. Dobhal (2013). Water
Quality Assessment in Terms of Water Quality Index.
American Journal of Water Resources, 1(3): 34-38.

Yogendra, K. and E.T. Puttaiah (2008). Determination of
water quality index and suitability of an urban waterbody
in Shimoga Town, Karnataka. Proceedings of Taal 2007:
The 12" World Lake Conference.



