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Abstract

The water quality parameters analysis was carried out in the Gummidipoondi Lake located in Thiruvallur district of Tamil
Nadu, India. As the Lake was only source for the farmers for irrigation in their place, contamination of the Lake is the major
threat. The contamination factors for that Lake are mainly due to the manufacturing industries which are present around
the water body. Farming is the only occupation of the surroundings. In order to protect the water body which is serving as a
backbone for that community, a complete analysis is carried out to monitor the water quality parameters. Currently, offline
investigation is carried out by the water supply and drainage board. The junior water analyst will directly inspect the water
bodies, collect samples and do testing either in laboratories or in field using the kits available. The sets of data will be avail-
able after completing a number of tests and displayed in the website by manual entry. In order to carry a real-time analysis
and the direct providing of data in the website, an online investigation method is implemented and tested in the Gummidi-
poondi Lake. The main parameters of this lake water are the temperature, pH and the turbidity. This concept uses real-time
processors with sensors, connecting protocols and the display of results in the web interface. The results produced by the
method are used to provide the contamination happened in the lake and alert the public works department to take necessary
action to avoid the contamination. The outputs are displayed in the website to give current updates about the condition of
the Gummidipoondi Lake.
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Introduction

Water is an important input to agriculture. For any crops or
plantations in agriculture, water is a carrier of nutrients from
the soil to the plants. The entire hydraulic process of plants
depends on water. The crops generally consume the ground
water available. Absence or shortage of ground water needs
irrigation. Irrigation can be done using the nearby wells,
lakes and rivers. Tamil Nadu in India is the agricultural state.
Over the wide agriculture area, maize is cultivated mostly in
the range of 6549 kg/ha and rice in 3918 kg/ha. Other than
these top producers, sugarcane, groundnut, oil seeds, cotton,
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coconut, plantations and food grains are also produced in the
state of Tamil Nadu.

Tamil Nadu is the major source of food grains to the
other states. Tamil Nadu stands top in production of maize,
cumbu, groundnut and oil seeds. It stands second in rice,
coconut and cereals. The study area comes under the north-
eastern zone of TN. The soil types of the study area are red
sandy loam, clay loam and saline coastal alluvium which are
suitable for rice production and horticulture. 70% of the land
in the study area is utilized for the production of rice, and
the remaining 30% of the land is used for horticulture. More
than 80% of the population in the area are farmers, and their
main source of income is agriculture. The population in the
study area is 5876. The proportion of males and females is
same in the New Gummidipoondi village.

Gummidipoondi village receives most of the rainfall from
October to December from the north-east monsoon. The
rainfall will be more in these months, and most of the lakes
and rivers in the surrounding will be filled. The water in the
lakes will be utilized for the remaining months. The lake
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water is the most important source of agriculture in the New
Gummidipoondi village. The rainfall in the state is getting
reduced due to many factors like deforestation, greenhouse
gas emissions, industries, etc. New Gummidipoondi village
comes under the district of Thiruvallur. Around 11% depre-
ciation is happening in the rainfall every year (Fig. 1).

The water stored in the lakes is used for the irrigation pur-
pose. This lake water is getting polluted due to the industries
present in the area. Major production industries like power
plants, construction, food products, electrical and electron-
ics sector, and tanneries are present in the New Gummidi-
poondi. The effluents from the industries are diverted to the
nearby lake which causes contamination of the water body.
The water from the study lake is only used for the irriga-
tion purpose, and the contamination of the lake will lead to
several problems like non-availability of water during the
non-rainfall seasons and the contaminated water will damage
the crop production and fertility of the soil. All the cycles
present in the ecosystem of earth contain soil as a controlling
element. Polluting land will damage the entire ecosystem of
mankind. Lose of fertility, soil erosion and reduced ground
water level are the main problems due to polluting of land.
To prevent land from polluting, the water provided must also
be a non-contamination commodity (Table 1).

Thamarai Eaari (Thamarai Lake) is the name of the lake
which is the study area of the proposed work. It is the big-
gest lake in Gummidipoondi. The location coordinates of
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Table 1 Yield of various corps in Tamil Nadu

Yield in Tamil
Nadu (Kg/ha)

National level crop

Maize 6549
Cumbu 2613
Groundnut 2509
Total Oilseeds 2230
Cotton 442

Coconut 9238
Rice 3918
Sugarcane(MT) 103

Sunflower 1089
Jowar 1558
Coarse cereals 3759
Food grains 3090
Total pulses 689

the study area are 13°25'1""N 80°7'27"E. The parameters of
water like pH, temperature and conductivity are studied at
regular intervals, and the published data are analyzed for the
water quality of the lake. pH is the hardness measurement
and has the standard value of 7. Anything higher or lower
will be marked as acidic or alkaline. Many methods are
available for measuring the pH levels in liquids. The colori-
metric method is the simplest method which uses indicator
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Fig. 1 Map of the study area—Gummidipoondi Village
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solutions or papers to detect the levels. The results of this
method are not accurate. The next method is the usage of
electrodes to measure the pH level (Webster 2003). Nowa-
days, the evolution of sensor makes this job easier. The pH
sensors now available have the wide measuring range up to
14 pH and the accuracy is + 0.1pH (25 “C) and the response
time is < 1min. Temperature is an important factor as it
changes the chemical reactions happening in the water. As
the study area has some rocks inside its bed, the temperature
effects are more in this lake. The adverse effects of tempera-
ture will melt the minerals deposited on the rocks, and this
creates a different chemical reactions. The dissolved oxy-
gen content is drastically changed due to the temperature.
The average temperature of the study area is 34°C which
has a significant effect on the water bodies. Many methods
are employed to measure the temperature like thermometer,
resistance temperature gauges, etc. We have used the tem-
perature sensor DS18B20. It is advanced sensor with the
measurement range of — 55 to 125°C (— 67°F to +257°F)
and has a simple connectivity.

One more parameter taken into consideration is the ions
present in the study area. It is called as water conductivity.
The conductivity depends on the amount of salt present in
the water. Since our study area is the rain water accumulated,
the conductivity is generally low. But the impurities from the
industries and dumping of waste which has potassium (K+),
magnesium (Mg+), sodium (Na+), carbonate (CO2—), chlo-
ride (Cl-) and sulfate (SO2—) have a very bad impact on
the water bodies. We have used the turbidity sensor which
uses light transmittance and scattering rate and the fastest
response time of <500ms.

We have made the research paper in this order. The
related works to the water quality assessment in various
places like Telangana are listed in the literature study. The
block diagram of the method used and the major components
are discussed. The impact of pH, temperature, conductivity
and turbidity are measured in real time using this model in
the Thamarai Lake, Gummidipoondi, and the whole data
are analyzed in the form of charts and tables. The data are
uploaded in the website, and the user is made available with
the data anywhere and anytime.

Literature survey

Adimalla et al. (2020) assessed the quality of groundwater
in hard rock terrain of Medak, a fast-urbanizing region of
Telangana State, South India, using Geographic Informa-
tion System (GIS) and groundwater quality index (GWQI)
techniques. Spatial distribution maps are generated for pH,
electrical conductivity (EC), total dissolved solids (TDS),
total hardness (TH), calcium (Ca2+), magnesium (Mg2+),
sodium (Na+), potassium (K+), bicarbonate (HCO3-),

chloride (Cl-), sulfate (SO42-), nitrate (NO3-) and
fluoride (F—) evidenced that the ground water quality is
enslaved by geogenic and anthropogenic activities. Jasro-
tia et al. (2012) studied the ground water prospects in the
Western Doon valley to delineate the groundwater potential
and groundwater quality zones suitable for domestic pur-
poses based on the integrated use of Remote Sensing and
Geographical Information Systems (GIS). The groundwater
prospects map has been prepared by integrating the hydro-
geomorphologic, land use/land cover from satellite data
and drawdown maps using index overlay method in the GIS
environment.

Avtar Singh Jasrotia et al. (2018) carried out the hydro-
geochemical investigation using the 50 groundwater samples
collected from dug well and tube well in the Western Doon
valley to comprehend the geochemistry of the groundwater
and the results of hydro-geochemical are helpful to generate
the baseline information and roadmap for future research on
groundwater resources to assess the water quality in relation
to agricultural and domestic uses in the Western Doon val-
ley. Adimalla et al. (2020) investigated the Irrigational and
drinking suitability of groundwater in the semiarid region of
central Telangana, India, and results highlighted that most
of the groundwater is suitable for drinking purposes based
on pH, electrical conductivity (EC), total dissolved solids
(TDS), total hardness (TH) as CaCO3, calcium (Ca2+),
magnesium (Mg2+), sodium (Na+), potassium (K+), chlo-
ride (Cl—) and sulfate (SO42—). Irrigational suitability of
groundwater is assured in the study area through sodium
adsorption ratio (SAR), sodium percentage (%Na), residual
sodium carbonate (RSC), magnesium hazard ratio (MHR),
and Kelly ratio (KR) results.

Gopal Krishan et al. (2020) analyzed the data related to
salinity, isotopes, land-use and land cover (LULC) along
with field and laboratory experimental results of central
Punjab and addressed the apprehension related to the rise
in groundwater salinity and its subsequent ingression in the
fresh-water zone. Harish Bisht et al. (2021) examined the
ionic and physical properties of Gangotri glacier meltwater
as well as the prominent weathering process to determine
the sources of solute. Ajay kumar Taloor et al. (2020) ana-
lyzed the pH, electrical conductivity (EC), total dissolved
solids (TDS), total hardness (TH), calcium (Ca2+), magne-
sium (Mg2+), sodium (Na+), potassium (K+), bicarbonate
(HCO3-), sulfate (SO42—), chloride (Cl-), nitrate (NO3—),
and fluoride (F—) in the samples collected from three kinds
of terrain (mountainous, hilly and plain) to calculate the
quality of spring water for irrigation purposes.

Daud et al. (2017) did a study of various water samples
in Pakistan, and the comparison is done with the stand-
ards. The sewerage water (fecal) mixing with drinking
water is the major contaminant. The human-made prob-
lems like pesticides, industrial wastes, fertilizers and
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other chemicals degraded the water quality in an increased
extent. Usage of filters in the water entering area will give
a minimal solution to contamination. The various meth-
ods and analysis discussed by the author helped in analyz-
ing the lake water data of study area. Satyam Srivastava
et al. (2018) improved the water quality detection system
connectivity. He used the pH and the TDS datasheet of
standard and old derived models and developed a Blue-
tooth-based system. This system can send SMS and Email.
The location can be traced by this system using Google
maps. This system used a low-cost basic microcontroller.
For interfacing with the Bluetooth and other applications,
this system needs analog-to-digital converters and extra
memories which make the embedded system little bulky.
Zheng and Yuanling (2011) proposed a remote sensing-
based water quality management system. They used data
from remote sensing, ground-based observation and envi-
ronmental background data. They automated the process-
ing of collection of remote sensing and ground data. They
included the change of method in water quality monitoring
and analysis.

Many methods are currently available for the monitoring
of the water quality parameters. Basic portable microcon-
troller-based water quality measurement (Eline Boelee et al.
2019) is available without storage and wireless sensor-based
rural drinking water monitoring system. Wireless sensor
networks-based rural drinking water monitoring system is
available with various modes and hubs (Vijay 2016). Float-
ing boat with sensors inbuilt can be used in water bodies
to determine the health of the water and the availability of
mobile updating (Jachimowski 2017). Currently using meth-
ods can be advanced with machine learning, and the water
quality parameters can be enhanced (Siti Hajar Bt Ali et al.
2015).

Remote sensing techniques can also be employed for
measuring the water quality parameters like unwanted
deposits, dissolved organic matter in different colors, chloro-
phyll content and different pollutants, and the data collected
will be more, which can be used for further analysis. Pollu-
tion due to tanneries located near the belts of Cauvery River
is analyzed by various laboratory methods, and the results
are tabulated (Manoj Kumar et al. 2012). Advanced web-
based analyzer for water quality is available, and the results
can be visualized as tabulations, graphs and charts (Dirisu
et al. 2016). Gummidipoondi, the industrial place, has main
three lakes called Poondi, Red Hills and Sholavaram. Add-
ing to the above, there are many small lakes which get water
from rainfall. The Thamarai Lake is the biggest among all
the lakes. The study area has many mineral water plants
which use the ground water and lake water as their sources.
This area has around 390 industries, and now it turns to land-
fill site from the nearby districts like Chennai, Thiruvallur
and Kancheepuram. The waste includes solvents, used oils,

@ Springer

organic waste, battery effluent liquid and many. The annual
rainfall of the study area is 1000 mm.

Proposed model design and development

An automated water quality analysis method is designed
using the sensors and the processor. The disadvantages of
traditional and the most practiced method for long years are
discussed, and the advancement in the proposed method is
mentioned. The designed method is used for the water analy-
sis in the Thamarai Lake, Gummidipoondi study area. The
complete analysis of the lake water is studied for the dura-
tion of three months, and the complete analysis and simula-
tions are done. The precautionary steps are taken according
to the results. The proposed method overcomes the direct
method of collection of water samples. The samples are
analyzed in the laboratory. Many methods like physico-
chemical water analysis using chemical analysis, biologi-
cal monitoring and microbiological analysis are done in the
laboratories. If the contamination is more, then cultivation
process will be done. This laboratory process will take more
days, and the real-time data are not available. This traditional
method is vulnerable to more errors. The gross errors and
the instrument errors must be taken into consideration. Some
advanced methods are available in the market which uses the
microcontroller. The controller is interfaced with the sen-
sors which will detect the water quality parameters like pH,
temperature, humidity and conductivity. The model may be
wired or wireless depending upon need. The results may be
either displayed in LCD, or web interface is possible using
necessary protocols and interfaces.

The usage of microcontrollers helps in the easy interfac-
ing of the inputs and outputs. The inputs here mentioned are
the sensors, and the results display units like LCD and LED
come under outputs. Earlier, the basic microcontroller was
used and did not have extensions like Wi-Fi interfacing and
lacked communication protocols like Bluetooth, Zigbee and
Internet of Things and the conversion blocks like analog-to-
digital and digital-to-analog converters and memories are to
be interfaced externally. Now the available microprocessors
and controllers have a wide range of memories and con-
verters interfaced in the single chip. This saves more space
and cost. The water quality can be determined by various
parameters, but the main parameters which constitute 85%
of the water quality depend on pH, turbidity and conductiv-
ity. The research on the above parameters provides better
results (Fig. 2).

Specifications of the study area

The study area was chosen very near to our academic insti-
tution. The entire model is modelled, designed and built
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Fig.2 Existing topology for
water quality assessment
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Fig.3 Aerial view of the study area

in-house and implemented in the beds of Thamarai Lake,
Gummidipoondi, and the results are validated. The loca-
tion of the study area is located in the district of Thiru-
vallur, Tamil Nadu, India. The location is represented as
13°25'1"N, 80°7"27"E. This lake gets the source of water
from the rain. It is the major source of water for domes-
tic and agricultural purpose. The study area is generally
flooded during the rainy season, and the water is stored
for future purpose. This lake is fully covered with algae
and blooms which made the water polluted. After a long
demand from the surroundings, the lake was cleaned and
it came under the control of water control board. But
still, the water is getting polluted due to human activi-
ties and industries. To make aware of the water quality
and the parameters, this system is proposed and tested.

ADC/DAC

Gummidipoondi is the hot place, and the temperature will
be more during summer and moderate during the remain-
ing periods (Fig. 3).

Modelling of proposed system

The proposed model is built with three different types
of sensors, namely pH sensor, turbidity sensor and the
temperature sensor. Temperature sensor is not commonly
used for water analysis. But the study area is very hot,
and the effect of temperature on the study area is more.
Moreover the study area has rocks on the lake bed. Many
minerals will be present in the rocks. Due to heavy tem-
perature, the minerals will get dissolved and it will be
mixed with the lake water. Effect of temperature is the
must condition taken into account for the study area. The
processor used is Raspberry 3 which is the advanced
model with an inbuilt web interface. The data will be
available anytime and anywhere to anyone. For increasing
the security features, a username and a password are pro-
vided for the administrator. Also the results are tabulated
and displayed in charts. We have used the standard levels
of 6.5 to 8.5 for pH, 25-40 °C for temperature and > 100
NTU for turbidity. The processor selected is the low-cost,
high-efficiency controller. The main advantage of using
this processor is the availability of Bluetooth, Wi-Fi and
the most powerful central processing unit and graphics
processing unit. The used processor is easily coded by
anyone, and it is user-friendly.

A web page is created with a username and a password.
Authentication is provided for security reasons. The user
can get a real-time data after sign-in into the web browser.
Many options are provided like change of password and
export and import data. Exporting of data helps for analysis
in multi-ways. Importing of data is also possible of compar-
ing the current results with previous results. The web page
is already dumbed with graph creators. The sensor values
can be plotted against time for all the parameters. The three
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Fig.4 General layout of the model proposed

Fig. 5 Hardware setup of proposed model

values of the work pH, temperature and conductivity can
be displayed in a same graph or separately depending on
demand (Fig. 4).
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Fig. 6 Temperature and pH chart
LogIDT DATA Temp Turbidity PH
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Alert...
Ph
335 3.85930630190523 32.687 10.0

Alert...

Fig.7 pH alert table

Hardware model

The hardware components are assembled, and testing is
done using the normal tap water. The system is working
perfect, and it is ready for implementing in the river beds of
Thamarai Lake, Gummidipoondi (Fig. 5).
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Fig.8 Graphical representation of the measured values

Results and Discussion

The analysis of water quality was done for a month, and
more data are collected related to temperature, pH and
turbidity of the study area. The temperature recorded are
tabulated, and the chart is provided (Figs. 6, 7, 8).

To view individual parameter log, graph is also plotted
with timely data of parameters and thus historical trends
are collected. For example, the below graph shows pH,
turbidity and temperature graphs are plotted (Tables 2, 3).

Table 2 Temperature readings

Tem-
of the study area

perature
inC

Entry No

20.5
22.5
25.6
25.8
325
30.8
33.7
354
325
30

O 00 N N L AW N =

—
S

Conclusion

The complete analysis of the water quality parameters hap-
pened for a month in the beds of Thamarai Lake, Gum-
midipoondi Taluk, Thiruvallur district, Tamil Nadu, India.
From the analysis, the parameter temperature has its adverse
effects on the study area because of the rocks present in the
lake. Due to this, there is a heavy variation of pH, conductiv-
ity and other values. The pollution from the industries also
has a serious effect on the quality of water. Providing real-
time, discrete data helps the public to understand the qual-
ity parameters, and an awareness camp is conducted nearby
to explain how their lake water is getting polluted and the
ways to prevent it. This work is focused on developing a
cost-effective water quality monitoring system. The disad-
vantages of the existing system are overcome by using the
proposed system. A complete water surveillance report can
be produced to the pollution control board, and the necessary
actions can be proposed for stopping pollution. This work
removes the overall human intervention.

Table 3 pH readings of the

Day pH value
study area

7.5
74
7.54
7.23
7
6.9
6.89
6.88

— O 00 N N L A W N =

@ Springer



35 Page8of8

Applied Water Science (2022) 12:35

In the future, many sensors can be added to find out dis-
solved oxygen and bacterial growth.
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