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  Water quality is the main factor that balances the health burden of the local population and environment. Dissolved Oxygen 

(DO) is a significant indicator of water quality. In the last two decades, the question emerged about accurate predictions of water 

quality (WQ), mapping using smart instrumentation or statistical models in developing nations. Industrialization and rapid 

urban development are deteriorating the water quality with multi-folds. Commonly affecting water sources are rivers, lakes, 

estuaries, and seas, especially for those close to highly urbanized regions. 

This work aims to demonstrate a mapping method for small water bodies using an open-source GPS tool and DO sensor. 

Sakkardara Lake, Nagpur (India), was selected and mapped using a GPS device in 2019. Then DO, temperature and (Total 

Dissolved Solids) TDS was recorded using calibrated sensors. Further, the data is processed to identify the hotspot in the lake 

ecosystem. 

The poor water quality at point 05 was observed due to the mixing of wastewater, algal growth in the lake. The statistical 

model shows a hotspot near point 05 only. This novel methodology can be applied to understand the WQ of urban lakes with 

minimum instrumentation and workforce cost.  
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1. INTRODUCTION 

 Water is the basic requirement for the existence of 

urban development. Since last decade, the new 

algorithms and protocols have attracted researchers to 

work on the modelling approach for mapping and 

predicting basic water quality (WQ) parameters. This 

objective can be feasible using available instrumentation, 

a basic, affordable model for a large area. Lakes are the 

most important inland water bodies in many cities before 

their establishments. The lake ecosystem includes 

physical, biological and chemical properties similar to the 

water present inside the lake. These lakes are considered 

the main habitat for the local foods and flora fauna. The 

shallow lakes are mainly dependent on the dissolved 

oxygen level. In the eutrophic type of lakes, the aquatic 

plant dominates the water surface with excessive algal 

blooms, bacteria’s etc. As sunlight penetrates the water 

body quickly, there is a chance of algal growth and 

increased water temperature. Hence, monitoring the 

dissolved oxygen at regular intervals can solve the 

problems of eutrophication, hypoxia etc. Therefore, the 

physic-chemical parameters are always essential to test 

before using water for drinking or any other activities. 

Central Pollution Control Board (CPCB) have already 
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mentioned the basic WQ parameters to monitor the WQ. 

[1]. Among the basic WQ parameters, Dissolved Oxygen 

(DO) plays an important role in restoring and balancing a 

water ecosystem. It directly influences on the organisms 

living within a body of water. Therefore, a dissolved 

oxygen level that is too high or too low can harm aquatic 

life and affect the water quality of the water body. In 

many studies of water quality monitoring focused on the 

dissolved oxygen parameter. It is difficult to differentiate 

the WQ at specific locations in the small water body like 

ponds and lakes without advanced instrumentation and 

a statistical model. Therefore, there is a need to regularly 

assess such water bodies using advanced instruments 

and a Global Information System (GIS) based toolbox. In 

order to identify the potential impacts of water 

pollutants, the ministry of drinking water and the State 

Pollution Control Board (SPCB) jointly worked on the 

development Water Quality (WQ) database and map for 

seasonal variations. Many studies have revealed the use 

of GIS for water quality monitoring and its mapping for 

predictions of surface water quality [2]. Various case 

studies had conducted to understand the behaviour of 

the water at the lake and smaller water bodies. The 

researchers had used statistical techniques and a 

geostatistical model to map and predict the basic water 

quality parameters. Microorganisms (e.g. aerobic 

bacteria) use oxygen to oxidize organic matter as part of 

the metabolism and nitrification process, directly 

affecting oxygen concentration[3].When household, 

micro-industrial waste, septic system and faecal wastes 

are discharged into water, organic matter and nutrients 

are present in them. In an aeration lagoon system, 

bacteria and other biological species such as algae which 

can cause oxygen depletion, oxidize these wastes. Travis 

W. Brown and Craig S. Tucker evaluated the 

performance of paddlewheel aerators as pumps for split 

ponds.[4] Shwesin Koko et al. Examined the spatial and 

temporal variations in dissolved oxygen (DO) in the 

Cha-Am wastewater treatment ponds to assess treatment 

dynamics and identify possible areas where the 

treatment train could be improved.[5] Advance water 

quality mapping and modelling tools show their 

utilization for predicting and assessing the surface DO 

levels at different locations. [6], [7].  

This paper demonstrates the in-situ water quality 

monitoring at Sakkardara Lake using a multi-parameter 

water quality probe. The longitudinal mapping of the 

Dissolved oxygen level, temperature, humidity and trend 

analysis was performed to understand the surface DO 

levels to identify the hotspot. Finally, the kriging model 

was applied to predict the DO level at an unknown 

location. 

 

2. METHODOLOGY  

 
Figure1. Sampling points and site location 

STUDY SITE:  

Sakkardara Lake is located at 21.1221° N, 79.1150° in the 

middle area of Nagpur city. This lake was built in the 

18th century, during the Bhosla rule in Eastern Nagpur, 

is about 5kms southeast of Nagpur near Ayodhya 

Nagar.[8] This lake is a shallow lake with an average 

depth of 1m to 5 m and non-uniformly distributed water. 

In summer, the lake gets dried out due to the high 

temperature. Regular beatification activity in recent 

years, the local ecosystem of this lake has been disturbed. 

This lake has aquatic weeds like Pistia, Nymphaea, 

Oedogonium, thypa, etc., and it is not easy to approach at 

the lake's centre. Therefore, the people are using this lake 

only for fishing activities.  

TOOLS AND INSTRUMENTS:  

The study was conducted in the morning, afternoon, and 

evening sessions for 15 days in Dec 2019 & Jan 2020. The 

WQ data was collected from 08 identified locations in the 

Sakkardara Lake depicted in Fig.1. The handheld 

multi-parameter water quality meter collected the 

preliminary results ate at the location. The instrument 

combines pH, DO, Conductivity, TDS sensors. The 

dissolved oxygen(DO) levels, the temperature was 

recorded in the morning (5:30 AM to 8:00 AM), 

Afternoon (2:00 PM to 05:00 PM), Evening (7:00 PM to 

09:00 PM) at all seven locations as per the standard 

operating procedure of the water quality meter. 

This can provide real-time data at the identified 

locations. The calibrated instrument was used to collect 

the time-dependent DO parameters. GPS Essentials, the 
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swiss army knife of GPS navigation app, was utilized to 

map the sampling location. Then the sampling point data 

was imported to Google Earth to verify the 100% 

coverage over the lake. The WQ data was collected and 

processed using the MS excel toolbox to get the 

distribution pattern of the data. 

ANALYSIS WORK: 

Researchers have attempted many geostatistical models 

used for predictions of time-dependent studies. Many 

models are complex to use. Surfer is a grid-based 

mapping program that interpolates irregularly spaced 

XYZ data into a regularly spaced grid. [9] Kriging is very 

old in building a statistical model that predicts the 2D 

data using contours formation. This method required the 

knowledge of space and time. The Kriging is the location 

kriging is a spatial interpolation method to estimate a 

variable at an unmeasured location using observed 

values at nearby locations. Numerous studies have 

applied GIS kriging interpolation methods to assess 

water and sediment quality to support management and 

remediation decision-making. This tool was extensively 

used in air quality monitoring; however, we attempted 

its application in WQ mapping and predictions the first 

time. This tool was used to form DO levels' contours and 

their analysis in the entire lake.   

 

3. RESULTS AND DISCUSSION 

 
Figure 2. Time-dependent DO levels 

 
Figure 3. Time-dependent temperature levels 

All obtained values were stored in the meter and recalled 

for analysis. The time-dependent values were taken after 

a half-hour duration at each location. Figure 2. depicts 

the average DO levels of all 08 sampling points. 

Similarly, Figure 3. depicts the average temperature 

levels of all 08 sampling points. The temperature 

readings were collected at the average dept of 01 m. from 

the lake's surface. Figure 4. shows the contour lines of the 

DO level plotted in the surfer software.  Figure 5. shows 

the hotspot in the lake that has critical values of WQ. This 

location is the region of concern where there is a need to 

improve the DO levels. 

 
Figure 4. The contour of DO levels 

 
Figure 5. Hot Spot of DO in the water body 

The other parameters like conductivity and TDS were 

also recorded during the same instance. This study's 

focus was to determine the hotspot developed by the DO. 

Therefore, the other parameters considered during the 

analysis. 

 

4. CONCLUSION:  

The time-dependent scanning of a water body 

concerning DO and relative parameters (temperature, 

conductivity, TDS) completed successfully. The Kriging 

method can be a prominent method for DO monitoring at 
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the urban lakes and hotspot identification. The poor 

water quality at point 05 was observed due to alarming 

DO, conductivity & TDS levels during the morning, 

afternoon, evening hours. There is a serious need to 

improve the DO level at point 05. More sampling points 

at the lake are needed to improve the prediction accuracy 

and hot spot identification. More research is required in 

real-time monitoring of lakes and technological 

interventions of aeration systems at urban lakes. 

 

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 

REFERENCES 

[1] “CPCB | Central Pollution Control Board.” 

https://cpcb.nic.in/water-quality-criteria/ (accessed Nov. 19, 2021). 

[2] P. Balakrishnan, A. Saleem, and N. Mallikarjun, “Groundwater 

quality mapping using geographic information system (GIS): A 

case study of Gulbarga City, Karnataka, India,” African J. Environ. 

Sci. Technol., vol. 5, no. 12, pp. 1069–1084, Feb. 2012, doi: 

10.4314/ajest.v5i12. 

[3] “2012 Recreational Water Quality Criteria | US EPA.” 

https://www.epa.gov/wqc/2012-recreational-water-quality-criteria 

(accessed Nov. 15, 2021). 

[4]  T. W. Brown and C. S. Tucker, “Pumping Performance of a 

Modified Commercial Paddlewheel Aerator for Split-Pond 

Aquaculture Systems,” Chang. Publ. Wiley, vol. 76, no. 1, pp. 

72–78, 2014, DOI: 10.1080/15222055.2013.860067. 

[5] S. Koko, K. Irvine, R. Jindal, and R. Thongdara, “Spatial and 

Temporal Variations of Dissolved Oxygen in Cha-Am 

Municipality Wastewater Treatment Ponds Using GIS Kriging 

Interpolation,” https://doi.org/10.14796/JWMM.C427, May 2017, 

DOI: 10.14796/JWMM.C427. 

[6] Y. C. Chen, H. C. Yeh, and C. Wei, “Estimation of river pollution 

index in a tidal stream using kriging analysis,” Int. J. Environ. Res. 

Public Health, vol. 9, no. 9, pp. 3085–3100, 2012, doi: 

10.3390/IJERPH9093085. 

[7] J. C. Correa-González, M. del C. Chávez-Parga, J. A. Cortés, and R. 

M. Pérez-    Munguía, “Photosynthesis, respiration and reaeration 

in a stream with complex dissolved oxygen pattern and 

temperature dependence,” Ecol. Modell., vol. 273, pp. 220–227, 

Feb. 2014, doi: 10.1016/J.ECOLMODEL.2013.11.018. 

[8] “Lake garden Sakkardara: | District Nagpur, Government of 

Maharashtra | India.” 

https://nagpur.gov.in/tourist-place/lake-garden-sakkardara/ 

(accessed Nov. 15, 2021). 

[9]  “Surfer® | 2D & 3D mapping, modelling & analysis software for 

scientists and engineers.” 

https://www.goldensoftware.com/products/surfer (accessed Nov. 

15, 2021). 

 


