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Abstract

This study presents a short-term, IoT-enabled sensor-based assessment of treated municipal
water and decentralized groundwater in Bragança, northeastern Portugal. Two drinking-water
supply contexts were compared: treated surface-water-derived municipal water from
the public supply system and groundwater from a decentralized supply system serv-
ing part of a higher education campus. Five sampling points were monitored during
three campaigns between January and March 2026. At each point, pH, electrical conductiv-
ity, temperature, oxidation–reduction potential, and total dissolved solids were recorded
at 10 s intervals over approximately 10 min monitoring windows using a multiparameter
probe integrated into an IoT-enabled data acquisition workflow. Microbiological analy-
ses were performed on groundwater samples as complementary information. Treated
municipal water showed lower mineralization, narrower parameter ranges, and higher
oxidation–reduction potential, reflecting source-water characteristics, treatment, and oper-
ational control. Groundwater showed higher mineralization, lower oxidation–reduction
potential, and greater variability among sampling points and campaigns, consistent with
stronger local hydrogeochemical and operational influences. The repeated short-interval
readings provided more detailed physicochemical profiles than isolated spot measure-
ments, although the short monitoring windows do not represent continuous long-term
high-frequency monitoring. Overall, the results support standardized IoT-enabled sensor-
based monitoring as a complementary tool for short-term water-quality assessment and
indicate the need for longer seasonal datasets and laboratory confirmation.

Keywords: drinking water; treated municipal water; decentralized groundwater; IoT
monitoring; short-term monitoring; comparative assessment; water-source variability

1. Introduction
Access to safe drinking water remains a central public health concern and a key

requirement for sustainable water management. Although groundwater is often perceived
as a naturally protected resource, its quality may vary substantially depending on geological
substrate, recharge conditions, hydrological dynamics, seasonal influences, and potential
contamination sources [1–3]. By contrast, the physicochemical profile of treated municipal
water reflects both source-water characteristics and treatment processes.
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Within the European Union, drinking-water quality is regulated under Directive
(EU) 2020/2184, which reinforces a risk-based approach to water intended for human
consumption [4]. In Portugal, this framework was transposed into national legislation by
Decree-Law No. 69/2023, which defines quality requirements, monitoring obligations, and
the responsibilities of entities involved in water-supply management [5]. In this context,
water supplied through public distribution systems is generally subject to treatment, mon-
itoring, and regulatory control. Decentralized groundwater sources may require greater
attention where treatment, monitoring, user responsibilities, and institutional oversight
are less structured [6]. Comparative assessments of treated municipal water and decentral-
ized groundwater can therefore provide useful information on source-specific differences,
stability, and variability under contrasting supply conditions.

In recent years, Internet of Things (IoT) technologies have emerged as promising tools
for water-quality monitoring [7–10]. By enabling automated, networked, and relatively
low-cost data acquisition, these systems can support more frequent and structured mea-
surements in contexts where conventional monitoring is often based on discrete sampling.
IoT-based systems have been applied to parameters such as pH, electrical conductivity,
temperature, total dissolved solids, and turbidity [11–13].

The application of IoT-based systems to water-quality assessment has expanded world-
wide, supported by advances in low-cost sensors, wireless communication, automated
data storage, and remote access to measurements. Previous studies [9,14–16] have reported
IoT applications in drinking-water monitoring, water-treatment plants, surface waters,
and rural or semi-rural water-supply systems. These studies showed the potential of IoT
systems to improve data acquisition and operational awareness. However, their value
depends on sensor calibration, data reliability, deployment duration, maintenance, and
the specific monitoring objective. Although limitations remain regarding calibration, long-
term stability, and interoperability, recent studies have highlighted the potential of IoT
systems for centralized and integrated water-quality monitoring applications [17,18]. In
comparative studies, their relevance lies not only in remote data transmission but also
in the possibility of applying the same monitoring framework to different water sources
under comparable conditions [9,10]. Repeated measurements can help identify short-term
variability and temporal patterns that may be missed by isolated spot sampling, including
in groundwater settings [19–21].

Bragança, in northeastern Portugal, provides an appropriate setting for this compari-
son. The city combines a regulated public water supply based on treated surface-water-
derived municipal water with a decentralized groundwater source serving part of the local
higher education campus. This context makes it possible to compare treated municipal
water and decentralized groundwater under the same monitoring framework and local
environmental conditions. Available information on the groundwater source serving the
campus remains scarce and is largely limited to occasional water-quality analyses. To
the authors’ best knowledge, this appears to be the first application of an IoT-supported
comparative approach to treated municipal water and decentralized groundwater under
the same local conditions in this region. Given that IoT-based water-quality monitoring has
already been widely reported, the contribution of this study does not lie in proposing a
new IoT architecture. Instead, it lies in applying a standardized IoT-supported monitoring
framework to two contrasting drinking-water supply contexts under the same local con-
ditions. Therefore, this study aimed to compare the physicochemical characteristics and
short-term measurement profiles of treated municipal water and decentralized groundwa-
ter in Bragança, with particular attention to physicochemical stability, mineralization, redox
conditions, variability among sampling points and campaigns, and the usefulness of re-
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peated short-interval measurements as a complementary tool for water-quality assessment
and management.

2. Materials and Methods
This section describes the procedures used for the comparative assessment of drinking-

water quality from different sources in Bragança, Portugal. It includes the study area, the
monitored water sources, the sampling points, the monitoring campaigns, and the methods
used to measure physicochemical and microbiological parameters. The data acquisition
system, statistical analyses, and criteria adopted to support measurement reliability are also
presented. Together, these elements provide a framework for the consistent and comparable
evaluation of treated surface-water-derived municipal water and groundwater.

2.1. Study Area

Bragança is a medium-sized city located in northeastern Portugal (41◦48′10′′ N,
6◦45′25′′ W; 673 m a.s.l.), with 34,582 inhabitants [22]. The region is characterized by
a predominantly continental climate with Mediterranean influence. The mean annual
precipitation in Bragança is 783.9 mm, with rainfall concentrated mainly in autumn and
winter [23]. The treated municipal water evaluated in this study is derived from surface
water stored in the Serra Serrada reservoir, located in a predominantly granitic setting in
northeastern Portugal [24]. The groundwater source corresponds to a local decentralized
abstraction system in the Bragança area, within a regional geological context that includes
granitic and metasedimentary units [25].

2.2. Study Design and Water Supply Contexts

This study followed a comparative observational design based on repeated monitoring
of two types of drinking-water sources in Bragança, Portugal. The first source corresponded
to treated municipal water derived from surface water and distributed through the public
supply system. This source was monitored at two treated-water points: the outlet of the
water treatment plant (ETA) and the distribution reservoir (MAE). The second source cor-
responded to groundwater from a decentralized supply system, monitored at three indoor
sampling points located on the local higher education campus: ESA, ESE, and ESTIG. The
characterization of the sampling points is presented in Table 1.

Table 1. Characterization of the sampling points included in the study.

Code Sampling Point Supply Type Water Source Description

ETA Water treatment plant outlet Public Treated surface water Outlet of the water treatment plant
MAE Distribution reservoir Public Treated surface water Post-treatment distribution reservoir
ESA School of Agriculture Decentralized Groundwater Indoor sampling point
ESE School of Education Decentralized Groundwater Indoor sampling point

ESTIG School of Technology Decentralized Groundwater Indoor sampling point

Monitoring campaigns were conducted between January and March 2026. Publicly
available municipal drinking-water quality reports for 2023–2025, issued by the local water
supplier, were consulted to provide background information for the treated municipal
supply [26]. Microbiological analyses were performed only on groundwater samples be-
cause the decentralized supply system is not subject to the same centralized treatment,
routine monitoring, and operational control as the public supply. According to Portuguese
legislation [5], water intended for human consumption must be free from fecal indicator
microorganisms, including Escherichia coli, intestinal enterococci, and Clostridium perfrin-
gens. These analyses were used as supplementary evidence to support the assessment of
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groundwater quality, while the treated municipal supply was contextualized using the
available historical monitoring records.

2.3. Monitoring System

Comparative monitoring was performed using a portable multiparameter meter
(HI98195, Hanna Instruments [27]) integrated into an IoT-enabled data acquisition work-
flow. The same equipment and monitoring approach were applied to both water-source
types to ensure comparability between the treated municipal water and groundwater
datasets. The system was used to measure pH, electrical conductivity (EC), temperature
(TEMP), oxidation–reduction potential (ORP), and total dissolved solids (TDS). To min-
imize stagnation effects and ensure representative hydraulic conditions, the probe was
installed in a flow-through chamber directly connected to the water supply line, allowing
water renewal during each monitoring session. In the public supply system, a DULCOME-
TER diaLog DACb (ProMinent) was also available as part of the operational monitoring
infrastructure. This equipment was used only as a supplementary reference to assess the
consistency of the measurements obtained with the portable multiparameter meter. The
IoT architecture enabled automated data acquisition, local storage, remote transmission
via MQTT and HTTP, and timestamp synchronization via NTP (Network Time Protocol).
Data transfer from the multiparameter meter to the remote database was supported by a
middleware routine that organized the raw logged data into structured files before trans-
mission, reducing manual handling and supporting a consistent data workflow. The data
were stored in an MySQL database and subsequently processed in Python 3 using the
Pandas, NumPy, and SciPy libraries. In the present study, the IoT component was used to
support automated data transfer, storage, timestamping, and data organization rather than
real-time operational decision-making or automated alert generation.

Each of the five sampling points was monitored during three campaigns, with repeated
readings taken at 10 s intervals over approximately 10 min monitoring windows. The final
dataset used for analysis is reported in Table A1. This campaign-based design was intended
to obtain short-term physicochemical profiles under comparable field conditions rather
than to characterize long-term temporal dynamics.

2.4. Sensor Calibration and Quality Control

Calibration and quality-control procedures were applied before each monitoring cam-
paign to support data reliability and comparability among sampling points. The HI98195
multiparameter meter was calibrated according to the manufacturer’s instructions using
standard solutions for pH, EC, and ORP. The pH sensor was calibrated using pH 4.01,
7.01, and 10.01 buffer solutions; electrical conductivity was calibrated using a 1413 µS cm−1

standard solution; and ORP was checked using a 240 mV standard solution at 25 ◦C. Tem-
perature readings were verified against a reference thermometer to support automatic
temperature compensation. Sensor stabilization and thermal equilibrium with the cali-
bration standards were ensured before accepting calibration readings. These procedures
followed the manufacturer’s calibration guidance and were applied consistently before each
campaign. To reduce methodological variability, the same instrument, flow-through config-
uration, monitoring procedure, calibration approach, and data-treatment workflow were
applied to both treated municipal water and groundwater. During each monitoring session,
the flow-through chamber allowed water renewal around the probe, minimizing stagna-
tion effects and helping to maintain representative hydraulic conditions. The repeated
short-interval readings were therefore interpreted as internally consistent measurements
for comparative assessment, while recognizing that they do not replace laboratory-based
confirmation or long-term regulatory monitoring.
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The meter provides a pH resolution of 0.01 pH with an accuracy of ±0.02 pH, an ORP
resolution of 0.1 mV with an accuracy of ±1.0 mV, and a temperature resolution of 0.01 ◦C
with an accuracy of ±0.15 ◦C. For EC, the specified accuracy is ±1% of the reading or
±1 µS cm−1, whichever is greater. TDS values were derived from conductivity mea-
surements using the instrument’s conversion settings and were therefore interpreted as
calculated estimates rather than independent measurements. Further technical information
on calibration procedures, good laboratory practice records, automatic temperature com-
pensation, and sensor specifications is available in the manufacturer’s documentation [27].

2.5. Data Treatment and Statistical Analysis

Descriptive statistics were used to summarize the monitored physicochemical pa-
rameters, including mean, median, standard deviation, minimum, maximum, quartiles,
and coefficient of variation. These metrics were calculated by sampling point, monitoring
campaign, and water-source group to support the comparison between treated munici-
pal water and groundwater. Data distribution was assessed using the Shapiro–Wilk test,
and differences between water-source groups were evaluated using Student’s t-test or the
Mann–Whitney U test, depending on normality. Correlations among physicochemical
parameters were analyzed using Spearman’s rank correlation coefficients, and statistical
significance was considered at α = 0.05 [28].

Given the short duration of each monitoring window and the campaign-based nature
of the dataset, the analysis was restricted to descriptive statistics, exploratory group com-
parisons, and correlation analysis. Time-series, trend-detection, and predictive modeling
approaches were not applied because the dataset was not designed to characterize long-
term temporal dynamics or support operational forecasting. This statistical approach was
therefore aligned with the main objective of comparing short-term physicochemical profiles
obtained under comparable field conditions in two distinct drinking-water supply contexts.

3. Results and Discussion
This section presents the comparative results for treated surface-water-derived munic-

ipal water and groundwater in Bragança, Portugal, focusing on physicochemical character-
istics, microbiological quality, statistical differences, short-term campaign-based variability,
and parameter relationships. The analysis highlights contrasts in mineralization, redox
conditions, stability, and heterogeneity between the regulated municipal supply and the
naturally more variable decentralized groundwater sources. Given the short duration
of each monitoring window, the results are interpreted as short-term physicochemical
profiles obtained under comparable field conditions rather than as evidence of long-term
temporal dynamics.

3.1. Physicochemical Characterization of the Two Water Sources

Treated municipal water from the public supply system and groundwater from the
decentralized supply system showed clear physicochemical differences. Treated municipal
water displayed a narrower range of variation, with pH values between 7.35 and 7.58, EC
between 32 and 57 µS cm−1, TDS between 21 and 37 ppm, ORP between 620 and 667 mV,
and temperature between 18.50 and 22.10 ◦C. By comparison, groundwater showed wider
variation, with pH ranging from 5.65 to 8.22, EC from 54 to 470 µS cm−1, TDS from
25 to 235 ppm, ORP from 220.6 to 408.1 mV, and temperature from 12.74 to 23.28 ◦C.
Overall, groundwater exhibited markedly higher EC and TDS values, indicating greater
mineralization, whereas treated municipal water showed substantially higher ORP values
and lower physicochemical variability (Tables A1 and A2, Appendix A). The lower EC
and TDS values in treated municipal water are mainly consistent with its surface-water
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origin and lower mineralization, as discussed by [24], whereas the narrower ranges of
variation and higher ORP values reflect the operational control and disinfection conditions
associated with the public supply system. These patterns are illustrated in Figure 1.

Figure 1. Scatter plots for treated municipal water and groundwater: (1) pH versus ORP; and (2) EC
versus TDS. Small circles represent individual measurements, and diamond symbols indicate the
median value for each sampling point.

As complementary information, microbiological analyses were performed only on
groundwater samples collected in March 2026. The results were consistent with the Por-
tuguese legal requirements for water intended for human consumption, with no fecal
indicator microorganisms detected [5]. However, because microbiological monitoring was
limited to a single sampling moment, these results should be interpreted cautiously and
cannot be extrapolated to long-term microbiological safety. This cautious interpretation
is consistent with the regional baseline provided by [29], who reported higher microbio-
logical conformity in treated than in non-treated waters in the Bragança district. In this
context, ORP provided useful complementary information because redox conditions can
influence microbial persistence in water systems and may help identify situations where
additional treatment or disinfection control should be considered. Higher ORP values in
treated municipal water indicate more oxidizing conditions, generally associated with more
effective disinfection environments, whereas lower ORP values in groundwater suggest
the absence of a comparable oxidative barrier, as discussed by [30]. However, the higher
ORP observed in treated municipal water may also reflect the initial redox characteristics
of the surface-water source and possible oxidative or aeration steps during treatment.
Because raw-water ORP and treatment-stage-specific measurements were not available,
these factors cannot be isolated in the present study.

3.2. Correlation Patterns and Short-Term Variability

Exploratory group comparisons indicated significant differences between treated mu-
nicipal water and groundwater for all monitored parameters (p < 0.05), with the strongest
contrasts observed for EC, TDS, and ORP. The Spearman correlation matrices (Figure 2)
provided additional insight into the internal structure of the dataset. Strong positive
correlations between EC and TDS were observed in both supply types, as expected for
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two mineralization-related parameters. However, because TDS values were derived from
conductivity measurements, this relationship should be interpreted mainly as a consistency
check rather than as evidence of an independent hydrochemical process. In groundwater,
the generally more heterogeneous correlation patterns were consistent with the broader
physicochemical variability observed among ESA, ESE, and ESTIG.

Figure 2. Spearman correlation matrices for the monitored physicochemical parameters in treated
municipal water (1) and groundwater (2).

The violin plots shown in Figure 3 further illustrate the differences between the
two supply types. Groundwater showed greater dispersion, as reflected by higher standard
deviations, coefficients of variation, and more irregular point-level distributions, partic-
ularly for pH, EC, TDS, and ORP. By contrast, treated-water points displayed narrower
distributions for most parameters, indicating low within-point variability and greater
campaign-scale consistency. The wider pH range observed in groundwater, including
values below the lower reference value for drinking water, supports the need for periodic
verification of decentralized supply points. Temperature also varied among points and
campaigns, although the main distinction between source types was more evident for
mineralization-related and redox parameters.

Campaign median values provided an additional summary of short-term variation
across the three monitoring campaigns (Figure 4). Treated-water points showed limited
shifts among campaigns, whereas groundwater displayed larger differences both among
campaigns and among sampling points. This pattern supports the interpretation that
treated municipal water was more consistent under the monitored conditions, whereas
groundwater reflected stronger site-specific and campaign-scale variability.

The variability observed among ESA, ESE, and ESTIG is likely related to local hy-
drogeochemical and operational differences affecting the decentralized groundwater sys-
tem. Higher EC and TDS values indicate greater mineralization, which may result from
water–rock interaction, residence time, abstraction conditions, or internal distribution char-
acteristics, as commonly reported for groundwater systems [1,2,31]. Because recharge areas,
flow paths, residence times, and other controlling factors have not yet been characterized for
this aquifer, these explanations should be considered plausible interpretations rather than
definitive causal attributions. External environmental pressures may also influence some of
the monitored parameters. Previous studies reported nutrient enrichment and trace-metal
contamination in urban agriculture soils in Bragança [32], as well as the occurrence and
ecological risk of organic pollutants in nearby urban surface waters [33]. Nevertheless, the
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presence of contaminants in nearby soils or surface waters does not necessarily imply con-
tamination of the monitored groundwater points. Soils can provide an important filtering
function for groundwater protection, although its effectiveness depends on pollutant behav-
ior, soil properties, and hydrological transport processes [34]. These local studies therefore
support a cautious environmental reading of decentralized groundwater use, rather than
providing direct evidence of contamination at the sampling points monitored in this study.
More broadly, the results should be interpreted as an initial short-term comparative as-
sessment conducted under standardized field conditions. The value of high-frequency or
short-interval water-quality data depends on the alignment between monitoring frequency,
duration, data processing, and the intended objective [19,20]. In the present study, 10 s
readings provided more detailed information than isolated spot measurements and sup-
ported the comparison of short-term physicochemical profiles among source types and
sampling points. However, because each monitoring window lasted approximately 10 min,
the dataset should not be considered continuous high-frequency monitoring in the sense of
long-term temporal surveillance. Longer monitoring periods would be required to assess
seasonal patterns, event-driven responses, or long-term temporal behavior, as shown in a
one-year high-frequency groundwater monitoring study [21].

Figure 3. Violin plots of pH (1), EC (2), TDS (3), ORP (4), and TEMP (5) by sampling point.
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Figure 4. Campaign median values of pH (1), EC (2), TDS (3), ORP (4), and TEMP (5) by sampling
point. Bars represent the median values obtained in each of the three monitoring campaigns.

4. Conclusions
This study compared treated surface-water-derived municipal water and decentral-

ized groundwater in Bragança, Portugal, using a standardized short-term sensor-based
monitoring approach supported by an IoT-enabled data acquisition workflow. Clear physic-
ochemical differences were observed between the two supply contexts. Treated municipal
water showed lower EC and TDS values, narrower parameter ranges, and higher ORP
values, consistent with its surface-water origin, lower mineralization, operational control,
and disinfection conditions. Groundwater showed higher mineralization and greater vari-
ability among sampling points and campaigns, consistent with local hydrogeochemical
and operational influences. The repeated 10 s readings provided more detailed short-term
physicochemical profiles than isolated spot measurements and supported the comparison
of source types, sampling points, and parameter relationships. However, the study should
be regarded as an initial assessment rather than continuous high-frequency monitoring.
Data collection was limited to three short campaigns between January and March 2026, with
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approximately 10 min monitoring windows, and therefore did not capture seasonal dynam-
ics, event-driven responses, drought or recharge effects, or long-term temporal behavior.
Other limitations relate to spatial scale, aquifer characterization, and parameter coverage.
The study included a limited number of sampling points within the Bragança public supply
system and the local higher education campus, meaning that the findings may not be
directly generalizable to other hydrogeological contexts or decentralized supply systems.
The local aquifer remains poorly characterized in terms of recharge areas, groundwater flow
paths, residence times, and the factors controlling variability among groundwater sampling
points. In addition, monitoring was restricted to basic physicochemical parameters—pH,
EC, TDS, ORP, and temperature—and microbiological analyses were limited to one sam-
pling moment. The IoT component supported automated data acquisition, timestamping,
storage, and data organization, but real-time operational decision-making, automated alert
generation, and integration into a routine warning system were not evaluated. Future
research should extend monitoring to seasonal and multi-year scales, include hydrologi-
cal events, combine sensor-based measurements with repeated laboratory analyses, and
improve hydrogeological characterization of the groundwater source. Laboratory work
should include microbiological testing, major ions, nutrients, trace metals, and relevant
organic contaminants. Despite the limitations identified, the results support the usefulness
of standardized sensor-based monitoring as a complementary tool for routine screening
and local water-quality assessment. Such standardized sensor-based approaches may be
particularly useful for decentralized groundwater supplies, where monitoring and opera-
tional control are often less continuous than in public supply systems. For these sources,
regular sensor-based monitoring combined with periodic laboratory confirmation remains
essential, particularly where recurrent deviations or increasing variability indicate the need
for improved protection of abstraction points, control of potential contamination sources,
or site-specific treatment before use as drinking water.
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Appendix A
Appendix A.1

Table A1. Descriptive statistics by sampling point.

Point Parameter Mean ± Std Median Range IQR CV (%)

ETA (WTP Outlet) pH 7.476 ± 0.053 7.460 [7.35, 7.57] [7.450, 7.520] 0.7
ETA (WTP Outlet) EC [µS/cm] 41.929 ± 8.034 45.000 [33.00, 57.00] [35.000, 45.000] 19.2
ETA (WTP Outlet) TDS [ppm] 31.864 ± 5.248 35.000 [21.00, 37.00] [28.000, 37.000] 16.5
ETA (WTP Outlet) ORP [mV] 658.921 ± 7.374 665.000 [645.00, 667.00] [651.000, 665.000] 1.1
ETA (WTP Outlet) Temp [◦C] 20.250 ± 0.838 20.010 [19.20, 22.10] [19.500, 21.100] 4.1
MAE (Reservoir) pH 7.539 ± 0.047 7.550 [7.45, 7.58] [7.510, 7.580] 0.6
MAE (Reservoir) EC [µS/cm] 36.328 ± 6.104 35.000 [32.00, 57.00] [32.000, 35.000] 16.8
MAE (Reservoir) TDS [ppm] 28.955 ± 6.810 25.000 [21.00, 37.00] [21.000, 37.000] 23.5
MAE (Reservoir) ORP [mV] 641.912 ± 17.431 633.000 [620.00, 665.00] [628.000, 661.000] 2.7
MAE (Reservoir) Temp [◦C] 20.055 ± 1.014 20.500 [18.50, 22.10] [18.500, 20.500] 5.1
ESA (Agri. School) pH 7.314 ± 1.083 8.140 [5.65, 8.19] [5.900, 8.160] 14.8
ESA (Agri. School) EC [µS/cm] 373.871 ± 149.917 461.000 [54.00, 467.00] [397.000, 464.000] 40.1
ESA (Agri. School) TDS [ppm] 187.019 ± 74.984 231.000 [25.00, 233.00] [199.000, 232.000] 40.1
ESA (Agri. School) ORP [mV] 255.432 ± 41.868 239.900 [220.60, 355.50] [235.800, 243.900] 16.4
ESA (Agri. School) Temp [◦C] 17.965 ± 3.436 16.420 [13.61, 23.28] [16.260, 23.140] 19.1
ESE (Educ. School) pH 7.755 ± 0.326 7.680 [7.22, 8.15] [7.560, 8.140] 4.2
ESE (Educ. School) EC [µS/cm] 466.023 ± 2.361 467.000 [460.00, 470.00] [463.000, 468.000] 0.5
ESE (Educ. School) TDS [ppm] 233.050 ± 1.178 233.000 [231.00, 235.00] [232.000, 234.000] 0.5
ESE (Educ. School) ORP [mV] 341.239 ± 77.385 398.100 [237.00, 408.10] [239.900, 400.500] 22.7
ESE (Educ. School) Temp [◦C] 14.252 ± 1.549 13.500 [12.74, 16.27] [12.875, 16.260] 10.9
ESTIG (Tech. School) pH 6.635 ± 1.038 5.900 [5.65, 8.22] [5.900, 7.780] 15.6
ESTIG (Tech. School) EC [µS/cm] 302.119 ± 169.406 397.000 [54.00, 463.00] [55.000, 398.000] 56.1
ESTIG (Tech. School) TDS [ppm] 151.304 ± 84.996 199.000 [27.00, 232.00] [27.000, 199.000] 56.2
ESTIG (Tech. School) ORP [mV] 274.010 ± 47.595 242.100 [231.00, 340.10] [239.700, 339.500] 17.4
ESTIG (Tech. School) Temp [◦C] 20.017 ± 3.188 17.370 [16.25, 23.28] [17.200, 23.210] 15.9

Mean: mean; Std: standard deviation; Median: median; IQR: interquartile range; CV: coefficient of variation.

Appendix A.2

Table A2. Direct comparison of descriptive statistics between treated surface water and
decentralized groundwater.

Parameter Group Mean Median Std Range CV (%)

EC [µS/cm] Group A 39.129 35.000 7.662 [32.000, 57.000] 19.582
EC [µS/cm] Group B 371.434 461.000 151.505 [54.000, 470.000] 40.789
ORP [mV] Group A 650.417 652.000 15.854 [620.000, 667.000] 2.438
ORP [mV] Group B 277.681 241.400 61.521 [220.600, 408.100] 22.155
TDS [ppm] Group A 30.409 32.000 6.249 [21.000, 37.000] 20.549
TDS [ppm] Group B 185.838 231.000 75.833 [25.000, 235.000] 40.806
Temp [◦C] Group A 20.152 20.500 0.935 [18.500, 22.100] 4.639
Temp [◦C] Group B 17.822 16.420 3.658 [12.740, 23.280] 20.522

pH Group A 7.508 7.520 0.059 [7.350, 7.580] 0.789
pH Group B 7.206 7.690 1.046 [5.650, 8.220] 14.509

Note: Group A = treated surface water from the public supply system and Group B = decentralized groundwater.
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