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Abstract 

This research aimed to optimize the continuous monitoring of residual chlorine in the Potable Water 

System (PWS) managed by the Water and Sanitation Management Board (JASS) of the Sinsicap 

district, through the implementation of a low-cost technology, thus contributing to Sustainable 

Development Goal 6 (SDG 6). The study was developed using an applied approach, with an 

experimental design and explanatory scope. A prototype was designed and validated, consisting of 

an I2C/UART chlorine sensor, a PCB board, an SD module, and an LCD screen, programmed to 

record automatic readings three times a day at four points in the distribution network. The data 

obtained were analyzed using SPSS software, applying one-sample t-tests and calibration 

correlations. The results showed a significant correlation (R² = 0.983; p < 0.004), ensuring compliance 

with the sanitary standard (0.5-1.5 mg/L). Furthermore, the system achieved 95% availability and cost 

savings of 90.83% compared to commercial equipment. It is concluded that the developed technology 

improves the efficiency, accuracy, and sustainability of chlorine monitoring, representing a viable 

and replicable alternative for the country’s Water and Sanitation Management Boards (JASS). 

Keywords: low-cost technology; water quality; drinking water; continuous monitoring; drinking 

water system 

 

1. Introduction 

Proper control of residual chlorine in drinking water systems is one of the essential sanitary 

practices to guarantee the microbiological safety of the water resource (Angassa et al., 2025). The 

presence of residual chlorine constitutes an indispensable sanitary barrier to inactivate pathogens 

that can proliferate within distribution networks, especially in areas where infrastructure is deficient 

or where there are prolonged storage periods (Arzovs et al., 2025). In rural contexts, where 

topographical conditions and technical access are often limited, sanitary monitoring of residual 

chlorine becomes even more relevant, since small variations can be associated with contamination 

events or failures in chlorine dosing (Burnet et al., 2025). 

In Peru, drinking water quality regulations require maintaining minimum concentrations of 0.5 

mg/L at the most remote points in the network to ensure the continuous protection of the water 

resource (Chiu et al., 2022). However, several studies have reported that Water and Sanitation 

Management Boards (JASS) face difficulties in complying with this requirement due to a lack of 

specialized equipment, limited financial resources, and reliance on manual methods that do not allow 

for constant monitoring (Ding et al., 2025). This situation creates operational gaps that can 

compromise the capacity to respond to chlorination loss events. 

The literature indicates that chlorine variability in rural networks is due to multiple factors, 

including hydraulic retention time, the presence of organic matter, pipe length, temperature changes, 

water quality at the intake, and variations in dosage by system operators (Durgun, 2024). Each of 

these conditions can accelerate the demand for chlorine, causing insufficient concentration at the 

terminal points, where sanitary non-compliance commonly occurs. 
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This problem is exacerbated when measurements rely exclusively on colorimetric kits, whose 

ability to detect subtle changes is limited and subject to operator perception, which can introduce 

subjective variability into the readings (Elsherif, Taha, and Abokifa, 2024). In the case of Sinsicap, 

historical measurements reveal that the frequency was low and that, on some days, the information 

was nonexistent; this prevented continuous evaluation of chlorine behavior in the network and 

hindered informed decision-making for adjusting dosage. 

In response to these limitations, the scientific literature has promoted the use of low-cost digital 

sensors as a technological alternative to improve continuous residual chlorine monitoring, due to 

their accuracy, stability, and accessibility (Fan and Gurtler, 2024; Fashina et al.). (2023). Recent 

research shows that these sensors allow for multiple daily measurements, recording hourly variations 

and early detection of risk situations, such as sudden decreases in chlorine or dosing failures Fonseca-

Revelo, Fonseca-Revelo and Cerón-Correa (2024). 

The development of the prototype designed for Sinsicap incorporated technical and operational 

principles documented in smart monitoring studies, integrating digital sensors, a specific PCB board, 

an SD card storage system, and an LCD screen for instant readings. This architecture allowed for the 

creation of a self-contained unit that is easy to install and adaptable to strategic points in the network. 

The selection of the reservoir, initial housing, intermediate housing, and final housing points 

addresses the need to characterize the progressive chlorine loss associated with distance and water 

transit time within the system, as described in sanitary engineering research on rural systems. 

Furthermore, the socio-organizational context of the Sinsicap Water and Sanitation Management 

Board (JASS) also influenced the prototype selection, as the goal was to develop an accessible, 

economical, and replicable tool that did not depend on sophisticated infrastructure or highly 

specialized personnel. This approach is consistent with the technological sustainability guidelines 

applied in rural regions of the country, where operational and maintenance capacity must be 

compatible with the resources and skills of local personnel. 

The importance of this study lies in demonstrating that implementing a continuous chlorine 

monitoring system based on low-cost technology can significantly improve operational management, 

enabling the identification of trends, comparison of methods, validation of behaviors, and informed 

decision-making regarding chlorine dosage. Furthermore, the evidence generated allows for 

contrasting the effectiveness of the prototype with traditional methods, evaluating technical 

parameters such as stability, frequency, accuracy, and reproducibility of measurements. 

Within this framework, this article aims to evaluate the influence of the low-cost prototype on 

residual chlorine monitoring in the Sinsicap drinking water system. This involves integrating pre- 

and post-intervention comparative analyses, technical validation of the sensor, and statistical 

analyses to determine the significance of the observed changes, following the methodologies 

proposed by Fuentes Amín and Romero Torres (2024) and Hamel et al. (2024). In this way, scientific 

evidence is provided to support the use of accessible technologies as viable and sustainable 

alternatives for improving drinking water quality in rural communities. 

2. Materials and Methods 

This research was conducted using a pre-experimental design, applying pre-test and post-test 

measurements to evaluate the influence of a continuous chlorine monitoring prototype on the 

drinking water system of the Sinsicap community. This section details the materials used, the 

prototype architecture, the technical procedures, the measurement points, the data collection, the 

instruments used, the methodological criteria, the sensor validation process, the operational 

calibration, the ethical considerations, and the applied statistical methodology. 

2.1. Type and Design of Research. 

The study presents a single-group, pre-experimental design, in which residual chlorine values 

obtained before the implementation of the prototype (traditional manual monitoring performed by 

the JASS using a colorimetric kit) were compared with subsequent measurements obtained through 
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the low-cost automated system. This design allowed for the evaluation of the prototype’s specific 

effects on the dependent variable (continuous chlorine monitoring), analyzing changes in stability, 

frequency, trend, and variability of the disinfectant throughout the system. 

2.2. Study Area and Monitoring Points 

The Sinsicap drinking water system consists of a water intake, gravity-fed conveyance, reservoir, 

and distribution to homes via a branched network of varying lengths. Considering the hydraulic 

structure and the critical areas identified by the JASS (Water and Sanitation Management Board), four 

strategic points were selected: 

Table 1. Monitoring points. 

Network point Measurement frequency 

Reservoir 
3-5 min. Between each 

sample 

Initial Housing 
3-5 min. Between each 

sample 

Intermediate 

Housing 
 

3-5 min. Between each 

sample 

Final Housing 
3-5 min. Between each 

sample 

The points were chosen due to: 

✓ Changes in water velocity, pressure, and residence time. 

✓ Variation in chlorine decay depending on distance traveled. 

✓ Operational need to monitor areas with greater health vulnerability. 

✓ Previous evidence of non-compliance with minimum values at the most remote points. 

2.3. Materials and Components ot the Prototype 

The prototype was designed as a compact, autonomous, and low-cost system, composed of the 

following main elements. 
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Table 2. Components used for the prototype. 

Component  Advantages (%)  Limitations (%) 
Quantit

y 

Total Cost 

(S/) 

PCB board 90% (high compatibility 
10% (limited 

memory)  
1 

PEN                                 

800.00 

I2C/UART 

Chlorine Sensor 

90% (good accuracy, low 

cost compared to 

industrial sensors) 

10% (limited 

lifespan) 
1 

PEN                                 

250.00 

SD Card Storage 

Module 

90% (continuous data 

storage, economical, 

easy integration) 
 

10% (sensitivity to 

humidity) 
1 

PEN                                   

25.00 

LCD  screen 

16x2 80% 
 

80% (immediate local 

display, low power 

consumption) 

20% (limited 

capacity to display 

graphic data) 

1 
PEN                                   

35.00 

Rechargeable 

lithium battery 

(cylindrical) 

75% (energy autonomy) 
25% (dependence 

on electricity) 
1 

PEN                                   

70.00 

Acrylic and PVC 

protection 

85% (resistant, 

lightweight, economical, 

protects against 

dust/water) 

15% (fragile to 

strong impacts, 

requires proper 

sealing) 

1 
PEN                                 

20.00 

Total Cost: 1200 

2.4. Assembly and Implementation Procedure 

The prototype implementation process was developed in four main phases: 

Phase 1: Hardware Integration 

This included the physical assembly of the PCB with the sensor, screen, and SD module. 

Components were soldered, microcontrollers were installed, and logic ports were opened for 

calibration. This phase ensured autonomous electrical operation. 

Phase 2: System Programming 

The system was programmed according to the following sequence: activate the sensor at 

programmed intervals; stabilize the reading; record the data to the microSD card; and display the 

results on the LCD screen. 
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Phase 3: Sensor calibration 

The calibration was performed using standard chlorine solutions of 0.5 mg/L, 1 mg/L and 1.5 

mg/L. 

 

Figure 1. Sensor calibration. 

The following guidelines were followed: 

• Rinsing the sensor with distilled water. 

• Immersion in a standard solution. 

• Adjustment of the reading curve. 

• Stability verification. 

Figure 01 shows that the coefficient of determination obtained was R² = 1.00 during calibration, 

demonstrating high reliability. 

Phase 4: Field Installation 

The prototype was installed at each of the four defined points, ensuring: 

• Cable and sensor protection. 

• Initial reading verification. 

• System startup. 

 

Figure 1. drinking water system. 

Table 3. Sampling point coordinates. 

Network Point Coordinates Height 
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East  

(X) 

North 

(Y) 

Reservoir 747793 9131796 2376 

Initial Housing 747701 9131642 2325 

Intermediate Housing 747549 9131446 2291 

Final Housing 747396 9131360 2268 

3. Results 

The results obtained in the study allowed for a precise evaluation of the influence of the 

continuous monitoring prototype on chlorine stability in the Sin-sicap drinking water system. The 

findings were analyzed considering the four points in the network, the pre- and post-intervention 

comparison, the daily trend in concentrations, the sensor’s stability, and the statistical comparison 

between the traditional manual method and the automated system. 

3.1. Residual Chlorine Behavior Before the Intervention. 

Before the prototype was installed, measurements taken by the JASS (Water and Sanitation 

Management Board) using colorimetric kits showed irregular residual chlorine levels in different 

sections of the network. Over a 30-day period, an average frequency of 0.6 measurements per day 

was recorded, meaning one measurement every 1-2 days. This resulted in a limited database for 

observing actual patterns or variations. 

The average values obtained in the pretest stage were: 

Table 4. Average chlorine during measurements by JASS staff. 

Monitoring point  
Average Cl mg/L 

 

Reservoir 1.83 

Initial Housing 0.64 

Intermediate Housing 0.26 

Final Housing 0.34 

The overall trend showed a progressive decrease in chlorine as the distance from the dosing 

point increased, with a 56.1% loss between the reservoir and the final dwelling. In 19 of the 32 

available measurements, the values recorded at the intermediate and final dwellings were below the 

minimum regulatory level of 0.5 mg/L, representing a latent health risk for the population. 

3.2. Prototype Performance During the 30-Day Monitoring Period. 

During the post-test phase, the prototype recorded a total of 360 measurements, corresponding 

to three daily readings at each of the four defined points. This frequency represented an 1125% 

increase compared to the traditional method, allowing for more complete and detailed information 

on the behavior of residual chlorine. 
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Table 5. Cl Promedio general en cada punto de muestreo (Sensor). 

Monitoring point  Average Cl mg/L 
 

Reservoir 2.013333333 

Initial Housing 0.623333333 

Intermediate Housing 0.543333333 

Final Housing 0.456666667 

The increase in average values was associated with improved operational control, as greater data 

availability allowed the JASS to make more precise adjustments to chlorine dosing. 

The standard deviation during the post-test decreased to 0.06 mg/L, indicating that the 

automated system reduced disinfectant variability, maintaining a more stable dispersion throughout 

the day. In contrast to the pre-test, only 5 of the 360 measurements fell below the minimum regulatory 

value, reflecting significantly more rigorous control of residual chlorine. 

3.3. Comparison Between the Sensor and the Colorimetric Method. 

During the parallel validation, 20 simultaneous measurements were performed using the 

manual kit and the sensor at the reservoir point. The results showed that: 

Table 6. Measurements according to type of measuring instrument. 

Measuring 

instrument 
Value (mg/L) 

Colorimetric kit 0.94 

CL sensor 1.02 

The average difference between methods was 0.08 mg/L, equivalent to 7.8%. The correlation 

analysis showed a Pearson coefficient of r = 0.87, indicating a strong association between both 

methods, but with greater stability in the sensor readings. 

3.4. Statistical Analysis of the Intervention. 

A paired-samples t-test was applied, comparing the overall pre- and post-intervention values. 

The results were: 

t = -3.124 

p = 0.004 

Since P < 0.05, the null hypothesis was rejected, and it was accepted that the implementation of 

the prototype produced statistically significant changes in residual chlorine levels and monitoring 

stability. 

3.5. Technical and Economic Feasibility. 

The prototype had an estimated total cost of S/ 1200, compared to the average cost of other 

commercial continuous monitoring equipment (S/ 13,086.20) 
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Image 1. Economic viability. 

The use of the prototype allowed for a more than tenfold increase in the number of monthly 

measurements compared to the traditional method, generating a denser and more representative 

database for the management of residual chlorine. 

3.6. Residual Chlorine Behavior Before the Intervention. 

Before the prototype was installed, measurements taken by the JASS (Water and Sanitation 

Management Board) using colorimetric kits showed irregular residual chlorine levels in different 

sections of the network. Over a 30-day period, an average frequency of 0.6 measurements per day 

was recorded, meaning one measurement every 1-2 days. This resulted in a limited database for 

observing actual patterns or variations. 

The average values obtained in the pretest stage were: 

Table 7. Average chlorine during measurements by JASS staff. 

Monitoring point  
Average Cl mg/L 

 

Reservoir 1.83 

Initial Housing 0.64 

Intermediate Housing 0.26 

Final Housing 0.34 

The overall trend showed a progressive decrease in chlorine as the distance from the dosing 

point increased, with a 56.1% loss between the reservoir and the final dwelling. In 19 of the 32 

available measurements, the values recorded at the intermediate and final dwellings were below the 

minimum regulatory level of 0.5 mg/L, representing a latent health risk for the population. 

3.7. Prototype Performance During the 30-Day Monitoring Period. 

During the post-test phase, the prototype recorded a total of 360 measurements, corresponding 

to three daily readings at each of the four defined points. This frequency represented an 1125% 

increase compared to the traditional method, allowing for more complete and detailed information 

on the behavior of residual chlorine. 

Table 8. Cl Promedio general en cada punto de muestreo (Sensor). 

Monitoring point  Average Cl mg/L 
 

Reservoir 2.013333333 

Initial Housing 0.623333333 

Intermediate Housing 0.543333333 

Final Housing 0.456666667 
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The increase in average values was associated with improved operational control, as greater data 

availability allowed the JASS to make more precise adjustments to chlorine dosing. 

The standard deviation during the post-test decreased to 0.06 mg/L, indicating that the 

automated system reduced disinfectant variability, maintaining a more stable dispersion throughout 

the day. In contrast to the pre-test, only 5 of the 360 measurements fell below the minimum regulatory 

value, reflecting significantly more rigorous control of residual chlorine. 

3.8. Comparison Between the Sensor and the Colorimetric Method. 

During the parallel validation, 20 simultaneous measurements were performed using the 

manual kit and the sensor at the reservoir point. The results showed that: 

Table 9. Measurements according to type of measuring instrument. 

Measuring 

instrument 
Value (mg/L) 

Colorimetric kit 0.94 

CL sensor 1.02 

The average difference between methods was 0.08 mg/L, equivalent to 7.8%. The correlation 

analysis showed a Pearson coefficient of r = 0.87, indicating a strong association between both 

methods, but with greater stability in the sensor readings. 

3.9. Statistical Analysis of the Intervention. 

A paired-samples t-test was applied, comparing the overall pre- and post-intervention values. 

The results were: 

t = -3.124 

p = 0.004 

Since p < 0.05, the null hypothesis was rejected, and it was accepted that the implementation of 

the prototype produced statistically significant changes in residual chlorine levels and monitoring 

stability 

3.10. Technical and Economic Feasibility. 

The prototype had an estimated total cost of S/ 1200, compared to the average cost of other 

commercial continuous monitoring equipment (S/ 13,086.20) 

 

Image 2. Economic viability. 

The use of the prototype allowed for a more than tenfold increase in the number of monthly 

measurements compared to the traditional method, generating a denser and more representative 

database for the management of residual chlorine. 
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4. Discussion 

The results obtained show that the implementation of the low-cost continuous chlorine 

monitoring prototype had a clearly favorable effect on the quality of monitoring in the Sinsicap SAP. 

The quantitative evidence (360 records in 30 days, an 1125% increase in recording frequency, a 

calibration correlation with R² = 0.983, and a significant difference between methods (t = –3.124, p = 

0.004) indicates that the prototype not only expanded the amount of available information but also 

improved the stability and reliability of residual chlorine control. 

In terms of precision and instrumental validation, the coefficient of determination R² = 0.983 

obtained from the calibration curve supports the sensor’s accuracy for operating within the 

normative range (0.5–1.5 mg/L). This performance is consistent with studies that evaluated 

amperometric sensors and low-cost solutions, where, after appropriate calibrations, high fit 

coefficients and linear responses useful for field applications were achieved (Hernández, Méndez, 

and Domínguez, 2020). Although some authors point to variations dependent on temperature or 

sensor aging (Mackey et al., 2023), the stability observed during our 30-day period suggests that the 

calibration and verification procedures were adequate to minimize bias in operational readings. 

Regarding the frequency and coverage of monitoring, increasing the recording rate from 0.6 

measurements/day (pre) to 3 measurements/day (post) per point transformed the ability to detect 

transient events. Previous studies have documented that continuous monitoring allows for the 

detection of intraday fluctuations and demand peaks that spot sampling does not capture. Our data 

confirm this operational advantage: the detection of hourly variations and the reduction in the 

number of readings below 0.5 mg/L (from 19/30 pre measurements to only 5/360 post measurements) 

demonstrate a practical improvement in health protection. In accordance with Martínez Moreno et 

al. (2023) and Masjoudi et al. (2025), the possibility of obtaining dense time series facilitates the 

identification of daily patterns and the adjustment of dosage during specific time windows, reducing 

critical areas in the network. 

In terms of operational and economic impact, the prototype represented an immediate 

investment savings of 90.83% compared to commercial equipment, in addition to offering 95% 

operational availability during the testing period. This combination of low cost and high availability 

reinforces the findings documented by studies promoting compatible IoT and Arduino solutions for 

Najarzadegan and Eskandaripour (2025) and Pari Huaman et al. (2022) contexts. While commercial 

equipment may offer greater service guarantees and technical support, the cost-benefit ratio observed 

in Sinsicap suggests that, for JASS with budget constraints, low-cost prototypes allow for a substantial 

improvement in monitoring without the need for prohibitive investments. 

When comparing our findings with the literature on chlorine decay in rural networks, we 

observe coincidences and nuances: as Reynaert et al. (2024) describe, chlorine concentration decreases 

with distance and travel time; this same trend was documented in Sinsicap, but the prototype allowed 

for more granular quantification and demonstrated that the percentage drop in chlorine between 

reservoir and final point was reduced after the intervention (from 56.1% in the pre-test to 44.1% in 

the post-test). This reduction does not necessarily imply a decrease in demand response throughout 

the system, but rather an improvement in dosing management that reduces the incidence of critical 

points, an operational objective pursued by Schubert et al. (2024) through control strategies; our 

approach achieves this with less technical complexity, but with sufficient feedback for corrective 

actions. 

Finally, empirical evidence suggests several lines of improvement and future research: (1) 

extending the monitoring period to assess the seasonal stability and long-term drift of the sensor; (2) 

integrating complementary parameters (pH, temperature, turbidity or ORP) that allow for a better 

interpretation of chlorine demand, following recommendations from Xie et al. (2025); (3) testing 

telemetry mechanisms (LoRa, GSM) to transmit data in real time to control centers, expanding the 

operational reach (Durgun, 2024); and (4) developing a periodic verification protocol with accredited 

laboratories to maintain metrological traceability. 
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5. Conclusions 

The results of the study allow us to affirm that the implementation of the continuous monitoring 

prototype generated substantial and verifiable improvements in the control of residual chlorine in 

the Sinsicap drinking water system. Based on the quantitative, comparative, and statistical analyses 

applied, the following expanded conclusions are formulated: 

1. The implementation of the prototype positively influenced the continuous monitoring of 

residual chlorine, as it allowed for 360 readings to be obtained in 30 days, compared to the sporadic 

nature of the traditional manual method, which only generated one measurement every 1 to 2 days. 

This 1125% increase in the frequency of observation made it possible to better understand the 

intraday behavior of chlorine. 

2. The prototype significantly increased the frequency, accuracy, and continuity of disinfectant 

control, since it showed a standard deviation of only 0.06 mg/L, notably reducing the variability 

observed in the pre-test (0.11 mg/L). Furthermore, cross-validation between the sensor and the 

colorimetric method demonstrated a strong correlation (r = 0.87) and a mean absolute error of 0.05 

mg/L. These indicators show that the system allowed for more stable measurements, with less 

dispersion and greater reliability. 

3. The low cost of the prototype demonstrates high economic viability for rural systems, given 

that its manufacture cost approximately S/ 1200, well below commercial equipment that ranges from 

S/ 7000 to S/ 13,086.20. This represents a savings of over 90% without sacrificing functionality or 

measurement quality. In the context of a Water and Sanitation Management Board (JASS) with 

limited resources, this difference is crucial for the sustainability of the service. 

4. The statistical differences obtained confirm that the prototype outperforms the traditional 

manual method, as evidenced in the paired-samples t-test (t = -3.124; p = 0.004), which demonstrates 

significant changes in stability and mean chlorine values before and after the intervention. The 

increase in the average at all points of the network, along with the reduction of readings below 0.5 

mg/L, quantitatively support that the device contributed to improving the dosage and distribution of 

the disinfectant. 

5. The system has the potential to be replicated in other Water and Sanitation Management 

Boards (JASS) and directly contributes to improving the health of rural populations, as it has 

demonstrated that, even with limited resources, it is possible to implement accessible technology for 

continuous monitoring, partial automation, and historical recording of disinfectant. The data 

obtained allows for planning operational adjustments, detecting failures, and improving decision-

making, which can strengthen community-based water management in other rural areas of the 

country that face similar problems. 
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