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Abstract: Continuous monitoring of drinking water quality is essential for safeguarding public 
health, particularly in densely populated urban areas like the National Capital Region (NCR) of 
Delhi. In this study, 47 water samples were randomly collected from various public sources across 
Delhi and its surrounding areas using a standardized sampling technique. An Arduino-based sensor 
system was employed to measure critical water quality parameters, including pH, total dissolved 
solids (TDS), and turbidity. While pH levels were consistently within the acceptable limits across all 
samples, approximately 14% of the samples exhibited elevated TDS and turbidity levels, raising 
concerns about potential contamination. In contrast, commercially packaged drinking water samples 
were found to have significantly lower TDS and turbidity levels, suggesting a higher level of quality 
control in packaged water compared to public sources. These findings emphasize the importance of 
continuous water quality monitoring to identify and mitigate potential health risks in real time. This 
study demonstrates the feasibility and effectiveness of Arduino-based systems as a cost-effective, 
scalable solution for real-time water quality assessment in urban environments. By leveraging sensor 
technology, this approach offers a practical means of ensuring safe drinking water in Delhi and 
similar densely populated regions. 

Keywords: water quality assessment; TDS; turbidity; internet of things; national capital Delhi 
 

1. Introduction 

Water, often heralded as the quintessence of life, constitutes an indispensable resource 
fundamental to human sustenance, ecological equilibrium, and economic advancement. Despite its 
ostensible abundance, the availability of freshwater persists as a critical global challenge[1]. The 
Earth's hydrosphere, encompassing an estimated 1,360 million km³ of water, comprises a mere 3% of 
freshwater, with less than 1% accessible for immediate human use[2]. This paucity is acutely evident 
in urban locales such as Delhi, India, where escalating population growth, rapid urbanization, and 
industrial proliferation intensify the demand for potable water[3]. 

In metropolitan regions like the National Capital Region (NCR) of Delhi, ensuring access to safe 
drinking water is further impeded by anthropogenic influences that degrade water quality[4]. The 
discharge of untreated industrial effluents, agricultural runoff, and deficiencies in sewage 
infrastructure profoundly contaminate both surface and groundwater reservoirs. The World Health 
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Organization estimates that over a billion individuals worldwide experience freshwater scarcity, 
with nearly half enduring health adversities stemming from substandard water quality[5]. In this 
milieu, guaranteeing the safety and purity of drinking water assumes paramount importance for 
safeguarding public health and welfare. 

Traditionally, water quality assessment has relied on the analysis of physical, chemical, and 
biological parameters, including pH, total dissolved solids (TDS), turbidity, and microbial 
content[6,7]. These conventional methodologies, entailing manual sample collection followed by 
laboratory evaluation, while effective, are inherently time-intensive and laborious, often precluding 
the provision of real-time data. Consequently, delays in detecting and mitigating contamination can 
precipitate severe repercussions for public health. 

The advent of Internet of Things (IoT) technologies heralds a paradigm shift in addressing these 
challenges[8–10]. By integrating microcontroller-based platforms, such as Arduino, with specialized 
sensors, it is now feasible to achieve automated, real-time monitoring of water quality parameters. 
These systems offer a cost-efficient and scalable mechanism for data acquisition and analysis, 
enabling timely interventions to avert health risks. Their potential is particularly pronounced in 
densely populated urban environments like Delhi, where expeditious detection and resolution are 
imperative for managing water quality concerns. 

Delhi’s water quality predicaments are rooted in an interplay of natural and anthropogenic 
factors. The city's geographical positioning, coupled with its burgeoning population density, exerts 
immense pressure on its water resources. Groundwater, a vital drinking water source, is especially 
susceptible to contamination due to its protracted recharge cycle and pollutant infiltration from 
industrial and agricultural activities. Surface water sources, such as the Yamuna River, similarly 
endure severe pollution, exacerbated by untreated sewage and industrial discharges[11–13]. 

In central and southeastern districts of Delhi, the Delhi Jal Board (DJB) administers the primary 
drinking water supply through an extensive pipeline network. Despite the DJB's efforts to uphold 
water quality, the aging infrastructure is prone to leaks and contamination, particularly in older 
urban sectors. Consequently, residents frequently resort to alternative sources, such as groundwater 
and commercially packaged drinking water, underscoring the necessity for continuous water quality 
monitoring to ensure the safety of public water supplies[14]. 

Contemporary water quality monitoring systems leverage IoT technologies to surmount the 
limitations inherent in traditional methods. These systems integrate sensors designed to measure 
critical parameters, including pH, TDS, turbidity, and temperature. The sensor-generated data are 
processed by microcontrollers, such as Arduino, and transmitted to centralized platforms for analysis 
and visualization. This capability for real-time monitoring facilitates the prompt identification of 
contamination events, enabling swift corrective measures. The adoption of Arduino-based systems 
for water quality monitoring has gained traction owing to their affordability, scalability, and 
adaptability. Arduino microcontrollers, as open-source platforms, support a broad spectrum of 
sensors, rendering them highly versatile for diverse applications. When paired with specialized 
sensors, these systems yield precise and reliable measurements of water quality parameters, even in 
challenging environments. Furthermore, the incorporation of wireless communication technologies 
permits remote monitoring, amplifying their utility in urban settings. 

This research endeavours to design, implement, and evaluate an Arduino-based water quality 
monitoring system tailored to the distinctive challenges of the Delhi metropolitan area. The primary 
objectives include the development of a cost-effective monitoring apparatus capable of real-time 
assessment of water quality parameters using Arduino technology and specialized sensors. 
Additionally, the study assesses the system’s efficacy in monitoring critical parameters such as pH, 
TDS, turbidity, and temperature, while evaluating its feasibility for extensive deployment in urban 
environments, particularly in developing regions confronting analogous challenges. By addressing 
these objectives, this research aspires to advance intelligent water management systems, with far-
reaching implications for public health, environmental sustainability, and urban planning in rapidly 
expanding cities where water quality remains a pressing concern. This investigation involved the 
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random collection of water samples from 47 public sources across Delhi and its environs using a 
standardized sampling protocol. The samples were analyzed employing an Arduino-based sensor 
system to measure pivotal water quality parameters. The system demonstrated exceptional accuracy 
and reliability, establishing itself as a viable alternative to traditional monitoring methodologies.  

2. Design and Development 

In this study, water quality assessment was conducted using a cost-effective and automated 
system based on an Arduino microcontroller interfaced with multiple sensors to collect and analyze 
data from various sampling sites. The core of the system is an Arduino UNO board, which 
incorporates the ATmega328 microcontroller, a versatile and widely adopted microchip suitable for 
real-time data processing and control applications (Figure 1). The Arduino Integrated Development 
Environment (IDE) was utilized to write, compile, and upload the control code to the board, 
facilitating seamless interaction with the connected sensors. The UNO board features six analog input 
pins, designated as A0 through A5, which allow the simultaneous connection of up to six analog 
sensors[10]. These sensors collect raw analog signals corresponding to key water quality parameters. 
The microcontroller processes these signals by converting them into digital data using its built-in 
Analog-to-Digital Converter (ADC), enabling precise and reliable measurements. Additionally, the 
board is equipped with two power supply pins rated at 3.3 volts and 5 volts, featuring integrated 
voltage regulation to provide consistent and stable power to the sensors, ensuring accurate readings. 
The output data is easily accessible and can be monitored in real-time by connecting the Arduino 
board to a laptop or portable device through a USB interface. This interface not only facilitates data 
transfer but also supplies power to the microcontroller. Alternatively, an external battery can be 
employed to enhance portability and field usability, making the system adaptable for diverse 
environmental monitoring scenarios. 

 
Figure 1. Arduino UNO board contains I/O pins, USB plug and power and plug. 

The physicochemical parameters, including pH, temperature, total dissolved solids (TDS), and 
turbidity, were analyzed using a suite of specialized sensors interfaced with the Arduino 
microcontroller. These sensors, depicted in Figure 2, were selected for their accuracy, reliability, and 
compatibility with the monitoring system. The pH levels were measured using the ERMA INC. pH 
Electrode (PE-03), a robust sensor with a wide operational range of 0.0–14.0 pH and an accuracy of 
±0.01 pH, ensuring high precision. The temperature sensor operates effectively within a temperature 
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range of 0°C to 50°C, making it suitable for various environmental conditions and was calibrated in 
a similar way[15]. For TDS measurement, the Techtonics Analog TDS Water Conductivity Sensor 
Module was employed. This sensor module is capable of monitoring water quality with a range of 0–
1000 ppm, providing reliable insights into dissolved solids concentration in the samples. Turbidity, 
a critical parameter for assessing water clarity and the presence of particulate matter, was determined 
using the Robocraze Turbidity Detection Sensor Kit. This sensor operates at a standard voltage of 5 
VDC and can handle a maximum current of 30 mA. It features a broad operational temperature range 
of -30°C to 80°C, ensuring consistent performance even in extreme conditions. Finally, temperature 
measurements were conducted using the IDUINO DS18B20 Stainless Steel Encapsulated 
Temperature Sensor. This waterproof digital temperature probe offers precise and stable readings, 
making it highly reliable for both field and laboratory applications. Together, these sensors provided 
comprehensive, accurate, and real-time monitoring of key water quality parameters.   

 

Figure 2. Sensor components interfaced with Arduino board through different module (a) total dissolved 
solids (TDS) sensor (b) turbidity sensor (c) pH sensor and (d) temperature sensor. 

The architecture of the water quality monitoring system is centered around the Arduino UNO 
microcontroller, which serves as the core processing unit. A block diagram of the system is illustrated 
in Figure 3. On the left side of the diagram, the interfaced sensors—namely TDS, pH, turbidity, and 
temperature—are depicted. These sensors are strategically placed within the water sample to be 
tested, whether from stored reservoirs or running water sources. On the right side, the system 
components include the power supply unit, an LCD display for real-time parameter visualization, 
and a USB-connected PC with a serial monitor for detailed data output and analysis. Sensors play a 
critical role in this system by converting physical parameters, such as dissolved solids concentration, 
pH, turbidity, or temperature, into corresponding measurable electrical signals. Each sensor is 
calibrated to deliver accurate readings within its operational range. These analog signals are then fed 
into the Arduino UNO's analog input pins, where they undergo analog-to-digital conversion for 
further processing. The Arduino UNO microcontroller processes the acquired data, applying 
optional filtering algorithms or preliminary calculations to ensure signal clarity and accuracy. It then 
transmits the processed information to the application layer through appropriate communication 
protocols. This transmission can occur via wired USB connections or integrated wireless 
communication modules, depending on the system design. The real-time display of water quality 
metrics on an LCD unit provides an immediate visual representation of the results, while the USB-
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attached PC allows for more detailed monitoring, logging, and analysis. This architecture ensures a 
comprehensive, reliable, and user-friendly water quality monitoring solution. 

 

Figure 3. Block diagram of hardware interfacing of Aurdino board with sensors and other I/O components. 

Following the successful interfacing of sensors with the Arduino UNO board, the subsequent 
critical step was sensor calibration to ensure measurement accuracy. Calibration was performed 
using standardized references and laboratory-grade instruments for each sensor type, as outlined 
below. For the TDS sensor, calibration was achieved by comparing its readings with those from a 
laboratory TDS sensor (VSI). A series of water samples with varying known TDS concentrations were 
prepared, and the corresponding sensor outputs were recorded. A calibration curve was plotted, as 
shown in Figure 4a, demonstrating the correlation between the sensor readings and actual TDS 
values. 
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Figure 4. Calibration curves for TDS, pH, turbidity and Temperature. 

The pH sensor calibration involved the use of three NIST-traceable buffer solutions with known 
pH values: 4.0 (acidic), 7.0 (neutral), and 14.0 (basic). The sensor was immersed sequentially in each 
buffer solution, and the readings were adjusted to match the standard values. This process ensured 
accurate pH measurements across the sensor’s operational range. The resulting calibration curve is 
depicted in Figure 4b. For the turbidity sensor, calibration was performed using laboratory turbidity 
meters and solutions prepared with Formazin, a standard reference material for turbidity. A stock 
solution with a turbidity value of 50 NTU was diluted with deionized (DI) water to produce samples 
with varying turbidity levels. These samples were measured using the turbidity sensor, and a 
calibration curve, shown in Figure 4c, was established to correlate sensor output with true turbidity 
values. Finally, the temperature sensor calibration was conducted using a laboratory-grade 
thermometer. The sensor and thermometer were simultaneously exposed to varying water 
temperatures, and the readings were compared. Any discrepancies were corrected to align with the 
thermometer readings, as illustrated in Figure 4d. This meticulous calibration process ensured the 
reliability and accuracy of all sensor measurements in the water quality monitoring system and for 
other futuristics applications[16–20]. 

3. Samples Collection 

Water samples for this study were meticulously collected across the National Capital Territory 
of Delhi and adjacent regions in Haryana, Uttarakhand, and Uttar Pradesh, following a systematic 
sampling protocol to ensure accuracy and representation. For each designated site, duplicate or 
triplicate specimens were collected to account for variability and improve statistical robustness. 
Detailed documentation of the sampling locations, including geographic coordinates and site 
characteristics, is presented in Table 1. The study encompassed a comprehensive range of drinking 
water sources to provide a holistic assessment of water quality in the target areas. Samples were 
obtained from municipal water supplies managed by local governing bodies, subterranean aquifers 
accessed via wells, and commercially distributed bottled water products. Additionally, household 
filtration systems utilizing advanced reverse osmosis (RO) technology and public water dispensing 
booths located at transit hubs were included to represent both residential and transient water 
consumption scenarios. Each sample collection was performed using sterilized polyethylene bottles 
to prevent contamination. The bottles were pre-cleaned with nitric acid and rinsed thoroughly with 
deionized water. At the sampling sites, containers were rinsed with the source water prior to 
collection to ensure sample integrity. Following collection, all specimens were immediately sealed, 
labeled, and transported to the laboratory in temperature-controlled conditions to preserve their 
chemical and microbiological characteristics. By incorporating this diverse array of potable water 
sources, the study aimed to capture a detailed and inclusive profile of drinking water quality. This 
approach reflects the spectrum of water options available to both residents and travelers, ensuring 
the findings are relevant and actionable. 
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Figure 5. Sample collection sites across the Delhi NCT and nearby regions in Haryana and Uttar Pradesh. 

Table 1. Details of locations of Sample collecting sites. 

Sample 

ID 

 Location Type of sample Category 

of Sample 

District State/UT Type of 

locality 

Longitu

de 

Latitude 

S1  Sec 29 Ind Area 

HUDA Panipat 

Public Water 

booth for 

drinking 

Drinking 

water 

Panipat Haryana City 76.988 29.375 

S2  Sec 29 Ind Area 

HUDA Panipat 

Public Water 

booth for 

drinking 

Drinking 

water 

Panipat Haryana City 77 29.357 

S3  Ahuja Panjabi 

Dahaba, Toll 

Plaza Panipat 

Normal Water 

for 

customer/guest 

Drinking 

water 

Panipat Haryana City 76.97 29.436 

S4  Petrol Pump Sc 29 

Panipat 

Public drinking 

water 

Drinking 

water 

Panipat Haryana City 76.982 29.377 

S5  Shiva Dhaba, 

Murthal 

Normal Water 

for 

customer/guest 

Drinking 

water 

Sonepat Haryana City 77.065 29.055 

S6  Pappu Dhaba, 

Shankar Road, 

Delhi 

Normal Water 

for 

customer/guest 

Drinking 

water 

Central 

District 

NCT of 

Delhi 

City 77.181 28.637 

S7  Shanakr Road, 

Hand pump 

Hand pump Ground 

water 

Central 

District 

NCT of 

Delhi 

City 77.181 28.637 

S8  Umed garh, 

Village, sonepat 

Drinking water 

Govt supply 

Drinking 

water 

Sonepat Haryana City 77.111 29.113 

S9  ARIES Guest 

House 

Drinking water 

for guest 

Drinking 

water 

Nainital Uttrakha

nd 

Village 

(Hill) 

79.4583 29.36 

S10  ARIES Securty 

gate 

Hannd pump for 

village  

Ground 

water 

Nainital Uttrakha

nd 

Village 

(Hill) 

79.4609 29.3586 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2024 doi:10.20944/preprints202412.2565.v1

https://doi.org/10.20944/preprints202412.2565.v1


 8 of 15 

 

S11  Gappu Check Post Hand pump for 

village 

Ground 

water 

Nainital Uttrakha

nd 

Village 

(Foot 

hill) 

79.3477 29.2852 

S12  Singh Toursir 

Punjab Dhaba 

Normal Water 

for 

customer/guest 

Drinking 

water 

Rampur Uttar 

Pradesh 

Village 79.093 29.1128 

S13  Baba Ilam Chowk, 

Rampur 

Public Water 

booth for 

drinking 

Drinking 

water 

Rampur Uttar 

Pradesh 

City 79.0163

4 

28.8154 

S14  DIET Gate, 

Rampur 

Public Water 

booth for 

drinking 

Drinking 

water 

Rampur Uttar 

Pradesh 

City 79.0148 28.7966 

S15  Gajrola Bus stand Hand pump Ground 

water 

J.P. 

Nagar 

Uttar 

Pradesh 

City 78.247 28.8284 

S16  Green Park, Delhi  Candle based 

RO  

RO  South 

District 

NCT of 

Delhi 

City 77.202 28.558 

S17  Hastal Village Drinking water DJB 

Supply 

West 

District 

NCT of 

Delhi 

City 77.048 28.637 

S18  Hastal Village Drinking water DJB 

Supply 

West 

District 

NCT of 

Delhi 

City 77.048 28.637 

S19  JRF Hostel, RO Drinking water RO  Central 

District 

NCT of 

Delhi 

City 77.1749

7 

28.63464 

S20  Crescent Appt. 

Dwarka 

House hold 

supply water 

Drinking 

water 

South 

west 

District 

NCT of 

Delhi 

City 77.0460

51 

28.59214 

S21  Farrukh Nagar 

Gurgaon 

Drinking water RO  Gurugra

m 

Haryana City 77.0263

44. 

28.45752

3 

S22  Farrukh Nagar 

Gurgaon 

House hold 

supply water 

Tap water Gurugra

m 

Haryana City 77.0263

44. 

28.45752

3 

S23  Farrukh Nagar 

Gurgaon 

House hold 

supply water 

Hand 

pump  

Gurugra

m 

Haryana City 77.0263

44. 

28.45752

3 

S24  Farrukh Nagar 

Gurgaon 

Drinking water Tap water Gurugra

m 

Haryana City 77.0263

44. 

28.45752

3 

S25  Ashoka Road, 

Connaugt place 

Drinking water Drinking 

water 

Central 

District 

NCT of 

Delhi 

City 77.2185 28.6236 

S26  Janak Puri House hold 

supply water 

Drinking 

water 

West 

District 

NCT of 

Delhi 

City 77.088 28.621 

S27  Akhada Pandit 

wali gali 

Drinking water 

Govt supply 

Drinking 

water 

West 

District 

NCT of 

Delhi 

City 77.163 28.621 

S28  Uttam Nagar Drinking water 

Govt supply 

RO  West 

District 

NCT of 

Delhi 

City 77.054 28.619 

S29  Faridkot Drinking water RO  Punjab Panjab City     
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S30  Ramesh Nagar House hold 

supply water 

Drinking 

water 

West 

District 

NCT of 

Delhi 

City 77.132 28.65 

S31  Rajendra Nagar House hold 

supply water 

Drinking 

water 

West 

District 

NCT of 

Delhi 

City 77.175 28.634 

S32  Patel Nagar House hold 

supply water 

Drinking 

water 

West 

District 

NCT of 

Delhi 

City 77.164 28.655 

S33  Ramesh Nagar Drinking water RO  West 

District 

NCT of 

Delhi 

City     

S34  NDLS, PF #16, 

railway station 

Public Water 

booth for 

drinking 

Drinking 

water 

Central 

District 

NCT of 

Delhi 

City 77.22 28.643 

S35  NDLS, PF #10, 

railway station 

Public Water 

booth for 

drinking 

Drinking 

water 

Central 

District 

NCT of 

Delhi 

City     

S36  ISBT Kashmiri 

gate 

Public Water 

booth for 

drinking 

Tap water Central 

District 

NCT of 

Delhi 

City 77.231 28.668 

S37  Delhi Secretariat 

(ITO) 

Drinking water RO East 

District 

NCT of 

Delhi 

City 77.25 28.63 

S38  DPCC Drinking water tap water Central 

District 

NCT of 

Delhi 

City 77.229 28.668 

S39  GTB nagar Drinking water tap water North 

District 

NCT of 

Delhi 

City 77.193 28.553 

S40  Delhi university Drinking water RO North 

District 

NCT of 

Delhi 

City     

S41  Sharpur Gate Drinking water RO South 

District 

NCT of 

Delhi 

City     

S42  Hauz khaus Drinking water RO South 

District 

NCT of 

Delhi 

City     

S43  Patel Nagar Drinking water Supply West 

District 

NCT of 

Delhi 

City     

S44  Geeta Colony, 

Krishna Nagar 

Drinking water Supply East 

District 

NCT of 

Delhi 

City     

S45  Dashghra Drinking water supply West 

District 

NCT of 

Delhi 

City     

S46  Dashghra Drinking water RO West 

District 

NCT of 

Delhi 

City 77.203 28.547 

S47  Kalka Ji Drinking water RO South 

District 

NCT of 

Delhi 

City 77.263 28.538 

  Commercial packaged drinking water 

S48  Supreme  Jal   

S49  Aquafina 
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S50  Rail neer 

S51  Bisleri 

S52  Kinley 

S53  Bailey 

4. Result and Discussion 

Delhi's persistent struggle with water scarcity is a multifaceted issue, intensified by rapid 
population growth and urbanization. The root cause lies in the limited availability of raw water, 
which restricts the ability to meet the city's increasing demand. According to the Census of India 
2011, Delhi is home to 3.34 million households, out of which 2.72 million (81.3%) have access to piped 
water supply. Among these, 75.2% rely on treated water sources, while 6.1% depend on untreated 
sources. Conversely, approximately 0.461 million households (13.8%) depend on alternative sources 
such as tube wells, deep bore hand pumps, and public hydrants. Additionally, 0.164 million 
households (4.9%) source water from rivers, canals, ponds, tanks, springs, and other natural water 
bodies. The accessibility of drinking water varies significantly across the city[21]. About 78.4% of 
households have water available within their premises, whereas 15.4% must access it nearby, and 
6.2% are compelled to travel farther distances to fetch water. This disparity highlights the uneven 
distribution of water resources, which poses a challenge for equitable access. The Delhi Jal Board 
(DJB) is the primary agency responsible for procuring, treating, and distributing potable water across 
the city. Its mandate extends beyond the three Municipal Corporations of Delhi to include the 
provision of treated water to the Delhi Cantonment Board and New Delhi Municipal Council. Despite 
these efforts, water consumption in the National Capital Territory (NCT) remains a critical issue, as 
illustrated in Figure 6, which details the drinking water usage patterns across different regions within 
Delhi. Addressing these challenges requires a combination of policy reforms, infrastructure 
development, and sustainable resource management to ensure equitable and efficient water 
distribution for the city's residents[22]. 

 

Figure 6. Source wise water consumption (source: primary survey 2017). 

The water quality analysis of collected samples was conducted using Arduino-based sensors, 
with results revealing significant variations in key parameters. These measurements were assessed 
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against the ISO 10500: Drinking Water, 2012 standards to evaluate their compliance with safety 
regulations[23]. The analysis covered parameters such as pH, turbidity, and Total Dissolved Solids 
(TDS), which are essential for ensuring the safety and suitability of drinking water for human 
consumption. The pH values of the collected samples primarily fell within the acceptable range (6.5–
8.5), as defined by the Bureau of Indian Standards (BIS). Raw water samples exhibited pH values 
between 7.7 and 8.1, which were within the desired range. Specifically, 93% of the samples met the 
BIS recommended pH range, while 4% showed slightly elevated pH levels, and 3% demonstrated 
marginally low pH values. These minor variations are not expected to pose significant health risks 
but warrant further investigation to maintain water quality standards. 

Turbidity measurements displayed a broader range of results across different water sources. 
Groundwater, reverse osmosis (RO) treated water, and commercially bottled water samples 
consistently fell within the BIS acceptable range of 0.1 to 1 NTU, indicating clear water suitable for 
consumption. However, some tap water samples from the Delhi Jal Board (DJB) and municipal water 
(MW) sources exceeded the 1 NTU threshold, suggesting potential contamination. The elevated 
turbidity levels in these samples could indicate the presence of suspended solids or microorganisms, 
which may pose health risks if consumed over extended periods. The analysis of Total Dissolved 
Solids (TDS) further revealed significant deviations from the BIS-recommended range of 50 to 300 
PPM. TDS levels are crucial as they reflect the concentration of dissolved minerals, salts, and other 
substances in water, affecting its taste and quality. Notably, 20% of samples from DJB and MW 
sources exhibited TDS levels above 300 PPM, indicating excessive mineral content. Such high TDS 
concentrations could negatively affect the taste and health safety of the water. Conversely, 40% of 
RO-treated and commercially bottled water samples showed TDS levels below 50 PPM, indicating 
over-demineralization. While these samples may appear purer, excessively low TDS may lead to the 
leaching of essential minerals from the body over time, affecting overall health. 

All samples were collected and analyzed at ambient temperature, with specific values presented 
in Table 2. The findings highlight the variability in drinking water quality across different sources in 
Delhi. While pH levels generally met safety standards, the elevated turbidity in some municipal 
sources and the widespread deviation from ideal TDS levels in both municipal and treated water 
sources suggest significant areas requiring attention. The results underscore the need for targeted 
interventions to improve water quality management practices and ensure consistent compliance with 
established safety standards across all water sources in the region. Analysis revealed that while pH 
levels in all samples adhered to acceptable standards, approximately 14% of the samples exhibited 
elevated TDS and turbidity levels, raising concerns over potential contamination risks. These findings 
highlight the importance of sustained monitoring and stricter quality control measures. In contrast, 
commercially packaged drinking water samples exhibited substantially lower TDS and turbidity 
levels, reflecting stringent quality control practices during production. These results suggest that 
while certain water sources in Delhi meet basic safety standards, others, particularly municipal 
sources, require immediate attention to reduce turbidity and TDS levels and safeguard public health. 

Table 2. Results of collected samples with their acceptable limit and permissible limit (ISO 10500: Drinking 
water, 2012), SR: Sample result, AL: Acceptable limit, PL: Permissible limit. 

Sample 
ID 

pH TDS (mg/l) Turbidity (NTU) Temp (C) 

SR AL PL AR AL PL SR AL PL 
S1 8.6 6.5-8.5 No relaxation 660 500 2000 1.5 1 5 27.9 

S2 8.4 6.5-8.5 No relaxation 267 500 2000 0.4 1 5 28 

S3 8 6.5-8.5 No relaxation 275 500 2000 0.4 1 5 27.9 

S4 8.2 6.5-8.5 No relaxation 647 500 2000 1.2 1 5 27.8 

S5 7.6 6.5-8.5 No relaxation 64 500 2000 0 1 5 28.1 

S6 8.2 6.5-8.5 No relaxation 170 500 2000 0.1 1 5 28 
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S7 8.4 6.5-8.5 No relaxation 360 500 2000 0.5 1 5 27.9 

S8 7.7 6.5-8.5 No relaxation 654 500 2000 2 1 5 27.9 

S9 8.2 6.5-8.5 No relaxation 100 500 2000 0.5 1 5 28 

S10 7.1 6.5-8.5 No relaxation 136 500 2000 0.6 1 5 28 

S11 7.8 6.5-8.5 No relaxation 285 500 2000 0.8 1 5 28 

S12 8 6.5-8.5 No relaxation 350 500 2000 0.8 1 5 28 

S13 8.1 6.5-8.5 No relaxation 208 500 2000 0.7 1 5 27.9 

S14 7.9 6.5-8.5 No relaxation 251 500 2000 0.7 1 5 27.9 

S15 8.2 6.5-8.5 No relaxation 190 500 2000 0.4 1 5 27.9 

S16 8.4 6.5-8.5 No relaxation 113 500 2000 0.25 1 5 28 

S17 7.9 6.5-8.5 No relaxation 144 500 2000 0.3 1 5 28 

S18 8 6.5-8.5 No relaxation 145 500 2000 0.3 1 5 28.2 

S19 7.4 6.5-8.5 No relaxation 49 500 2000 0.2 1 5 28.2 

S20 8.1 6.5-8.5 No relaxation 480 500 2000 0.3 1 5 28 

S21 8.2 6.5-8.5 No relaxation 40 500 2000 0.1 1 5 30 

S22 8 6.5-8.5 No relaxation 205 500 2000 0.8 1 5 29.8 

S23 7.8 6.5-8.5 No relaxation 104 500 2000 0.5 1 5 29.8 

S24 7 6.5-8.5 No relaxation 126 500 2000 0.1 1 5 30 

S25 8 6.5-8.5 No relaxation 135 500 2000 0.5 1 5 31 

S26 8.6 6.5-8.5 No relaxation 106 500 2000 0.3 1 5 25.8 

S27 8 6.5-8.5 No relaxation 94 500 2000 0 1 5 26 

S28 8.1 6.5-8.5 No relaxation 173 500 2000 0.3 1 5 26.1 

S29 7.2 6.5-8.5 No relaxation 42 500 2000 0 1 5 26 

S30 8.1 6.5-8.5 No relaxation 153 500 2000 0.8 1 5 25.9 

S31 7.9 6.5-8.5 No relaxation 140 500 2000 0.6 1 5 25.8 

S32 7.6 6.5-8.5 No relaxation 120 500 2000 0.5 1 5 25.9 

S33 7 6.5-8.5 No relaxation 76 500 2000 0 1 5 26 

S34 8.4 6.5-8.5 No relaxation 659 500 2000 2.2 1 5 26 

S35 8.4 6.5-8.5 No relaxation 696 500 2000 2.4 1 5 26.1 

S36 8.2 6.5-8.5 No relaxation 608 500 2000 2 1 5 26 

S37 6.7 6.5-8.5 No relaxation 25 500 2000 0.1 1 5 26 

S38 7.5 6.5-8.5 No relaxation 100 500 2000 0.5 1 5 30 

S39 6.8 6.5-8.5 No relaxation 16 500 2000 0 1 5 30 

S40 7 6.5-8.5 No relaxation 23 500 2000 0 1 5 29.8 

S41 6.5 6.5-8.5 No relaxation 5 500 2000 0.1 1 5 29.9 

S42 6.9 6.5-8.5 No relaxation 26 500 2000 0.2 1 5 30 

S43 8 6.5-8.5 No relaxation 132 500 2000 0.5 1 5 29.9 

S44 8.5 6.5-8.5 No relaxation 774 500 2000 3 1 5 29.8 

S45 7 6.5-8.5 No relaxation 60 500 2000 0 1 5 29.8 

S46 6.6 6.5-8.5 No relaxation 20 500 2000 0.1 1 5 25.9 

S47 6.8 6.5-8.5 No relaxation 17 500 2000 0.2 1 5 26 

 Commercial packaged drinking water 
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1 6 6.5-8.5 No relaxation 39 500 2000 0 1 5 26 

2 7 6.5-8.5 No relaxation 40 500 2000 0 1 5 26.2 

3 7 6.5-8.5 No relaxation 38 500 2000 0 1 5 28 

4 6.9 6.5-8.5 No relaxation 35 500 2000 0.1 1 5 29 

5 7 6.5-8.5 No relaxation 30 500 2000 0.1 1 5 29 

6 7 6.5-8.5 No relaxation 45 500 2000 0 1 5 29.1 

5. Conclusions 

This investigation proficiently illustrates the feasibility of a cost-effective, Arduino-driven 
system for real-time surveillance of essential water quality parameters, including pH, TDS, 
temperature, and turbidity, across diverse water sources in Delhi and its vicinity. By incorporating 
economical, portable sensors, the system facilitates the uninterrupted monitoring of water quality, 
crucial for identifying variations that might otherwise remain unnoticed using conventional 
sampling techniques. The data was compared with established safety benchmarks and largely 
adhered to the regulatory standards, especially in terms of pH and turbidity, with most water 
samples meeting the acceptable thresholds set by the Bureau of Indian Standards. 

Nevertheless, substantial discrepancies were observed in the TDS levels, particularly within 
municipal water supplies, where 20% of the samples surpassed the prescribed upper limit of 300 
parts per million. This deviation signals potential hazards stemming from excessive mineral 
concentrations, which could adversely impact both the palatability and health safety of the water. On 
the other hand, 40% of RO-treated and commercially bottled water samples exhibited TDS levels 
falling below 50 parts per million, indicating an overzealous demineralization process. These 
variations underscore the intricacies of maintaining balanced water quality and emphasize the need 
for proactive measures to enhance municipal water infrastructure, ensuring TDS levels stay within 
recommended limits. 

The outcomes of this study highlight the transformative potential of affordable, IoT-enabled 
monitoring systems in revolutionizing water quality management. The adaptability and cost-
efficiency of this technology make it highly amenable to wide-scale implementation, particularly in 
resource-deficient regions, positioning it as a promising tool for improving public health outcomes 
in urbanized areas. The system's ability to provide real-time data is invaluable, enabling timely 
interventions that are vital in mitigating health risks associated with compromised water sources. 
Additionally, this research exemplifies the practical application of IoT technologies in water quality 
monitoring and showcases how such systems can serve as critical instruments in urban planning and 
public health policy. 

In particular, the study underscores the importance of embracing contemporary technologies to 
tackle the multifaceted challenges arising from rapid urban expansion and industrialization. In 
densely populated regions, where water quality is frequently undermined, the adoption of 
innovative solutions is paramount. The findings carry profound implications for public health, 
environmental sustainability, and policy development. By demonstrating the capabilities of Arduino-
based systems for real-time monitoring, this study lays the groundwork for their integration into 
comprehensive water management frameworks. The insights gained can guide policy makers in 
formulating strategies that address water quality concerns and safeguard public health, especially in 
areas facing challenges akin to those encountered in Delhi. 

Overall, while pH and turbidity levels in the water samples generally complied with the 
prescribed standards, the study highlights the pressing need for targeted interventions within 
municipal water systems to mitigate elevated TDS and turbidity. These results not only showcase the 
practicality and efficacy of IoT-driven monitoring systems in urban contexts but also emphasize their 
scalability and cost-effectiveness as a means to ensure safe drinking water. Such systems offer 
substantial promise in promoting sustainable water management practices, ultimately contributing 
to improved public health and the resilience of urban water infrastructure. 
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