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Abstract: The quality of water supply systems is still a major problem in developing countries,
especially in rural areas. The acute bioluminescence V. fischeri inhibition assay is widely recognized
as a toxicological method that can be used to detect the acute effects of different contaminants. In this
study, the physicochemical characteristics and toxicology of 72 water samples collected in 18 rural
aqueducts located in Boyaca (Colombia) were evaluated. The primary economic activities identified
as potential influencers of water quality in the water supply basins were agriculture (1 = 3), livestock
(n =2), and domestic sewage discharge (1 = 1). The average luminescence inhibition rate was 66%,
with a minimum of 29%, and a maximum of 97%. A total of 85% of the tested samples (n = 61) had
check for “moderate acute hazard”, while 15% (1 = 15) had “acute hazard”. A total of 95% of the aqueducts
updates distributed water with high risk. There was a weak positive correlation between the apparent color
and the V. fischeri inhibition rate (p < 0.05). The water treatments, including disinfection, and the
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o 1. Introduction
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Water chemical contamination is a threat to human health and aquatic ecosystems [1].
It is widely recognized that, worldwide, there is a significant decline in the availability
of freshwater in terms of quality and quantity. This is a problem that requires attention
from different stakeholders [2]. It is expected that by 2050 more than 2500 people will be
consuming contaminated water with chemical substances of ecotoxicological interest [3].
The presence of these constituents in the environment has a natural and anthropogenic
origin, mainly caused by runoff from agricultural activities, and domestic and industrial
Copyright: © 2023 by the authors. discharges [4]. These substances include pharmaceuticals and personal care products
Licensee MDPL, Basel, Switzerland. (L PCPS), nanomaterials, fire retardants, pesticides [5], plasticizers, surfactants, and disinfec-
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distributed under the terms and ~ human health, a toxicological evaluation of these substances in the water supply networks
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of chemical substances on human health, recent research has highlighted the importance of
toxicological surveillance on water supply systems, including these constituents [12].

The toxicological evaluation of water resources is recognized as an important tool to
estimate the potential risk that chemical substances pose to the environment and living
organisms [13,14]. Traditional analytical systems, such as high-performance liquid chro-
matography and gas chromatography/mass spectrometry, which are commonly used for
monitoring environmental pollution, have limitations in terms of their high operational
cost, prolonged analysis time, and experienced personnel [15,16]. In recent years, toxicity
testing using different techniques has made significant advances and is now recognized as
an effective tool for environmental risk assessments [17].

In this regard, rapid bioassays were introduced to overcome the limitations associated
with traditional analytical techniques and are used to determine the potential toxicity of
a constituent in vivo [18]. Bioassays can identify the behavioral or physiological changes
manifested by living organisms attributable to metabolic disruptions induced by toxic
constituents [19]. The test organisms traditionally used in bioassays can be microorganisms,
such as Vibrio fischeri and pseudomonas, alongside plants and algae, or invertebrates, such as
Daphnia Magna, and also fish [20].

A bacterial bioluminescence-based assay was described in its current form in 1969
and later modified into an enzymatic bioluminescent technique [21]. Bioluminescence
occurs from in situ enzyme-catalyzed chemical transformations [22]. Luminous bacte-
ria are ubiquitous and primarily inhabit the marine ecosystem as free-living or parasitic
organisms [23]. The assay is based on the correlation of the changes in the kinetic char-
acteristics of the chemiluminescence reaction with the toxicity of the tested constituent.
Typically, the luminescence test uses luminescent bacteria or isolated organisms, such as
V. fischeri, V. Harvey, Pseudomonas fluorescens, and Pseudomonas leiognathi. The V. fischeri test
is recognized for its simplicity, low cost, and high sensitivity, and it is especially suitable as
a biological detector because the luminescence metabolism of the bacteria is directly related
to energy metabolism [24].

The bioluminescence assay using V. fischeri was initially commercialized as a Microtox®
test (Modern Water, Canada). Currently, the assay is used to assess the toxicity of differ-
ent substances, such as organic and inorganic compounds, wastewaters, surface waters,
sludge, leachate, pesticides, and treated wastewater [25]. At present, the bioassay is widely
recognized and accepted as a toxicity test and has been normalized by the ISO 11,348 norm.
V. fischeri is a non-pathogenic biosafety level (BSL-1) organism that is related to pathogenic
Vibrio species, such as Vibrio cholera. In a recent study, [26] assessed the toxicity of Luoma
Lake’s water quality by conducting acute toxicity tests on V. fischeri. They compared the
luminescence test results with variations in pH, hardness, turbidity, and dissolved oxygen.

As a result, the correlation analysis revealed that only dissolved oxygen exhibited a
weak but statistically significant positive correlation, with a Pearson correlation coefficient
of 0.455 (p < 0.05). Furthermore, [27] demonstrated the potential of the V. fischeri lumines-
cence test to evaluate the acute toxicity of various drugs found in wastewater, including
antibiotics, antihistamines, antifungals, steroidal, and non-steroidal anti-inflammatories.
Recently, [28] demonstrated that the luminescence of V. fischeri and the respiration activity
of activated sludge bacteria can be utilized to establish a reliable test system for measuring
bacterial toxicity. More recently, [29] conducted a study to analyze the effectiveness of
biotoxicological assays in testing effluent waters from the Adriatic Sea along the Italian
coast, for both surface waters and marine sediments. They concluded that the V. fischeri
toxicity luminescence test was a useful tool for detecting the presence of pollutants and can
be employed in environmental safety and protection assessments.

In Colombia, evaluations of water supply quality and toxicity have been conducted in
both urban [30] and rural areas [31]. To ensure the quality of drinking water, maximum
acceptable levels were established for physical, chemical, and bacteriological characteristics.
Decree 1575 in 2007 created the drinking water control and protection system (SPCCA) and
quality control instruments, such as the drinking water quality risk index (IRCA). The IRCA
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is an index that assesses the quality of drinking water considering Colombian legislation. It
measures the risk of becoming ill as a result of the consumption of supplied water with
certain physicochemical and bacteriological characteristics.

It is acknowledged that in rural areas the water quality supply can be influenced by
anthropogenic activities, such as agriculture and livestock. Taking this into consideration,
the aim of this study was to evaluate the water toxicity in dispersed rural water supply sys-
tems of Boyacd (Colombia) using luminescence bioassays and identify its relationship with
water quality measurements. Additionally, the IRCA index and the presence of economic
activities upstream of the water catchment area were considered. To our knowledge, this
study is the first evaluation of rural water supply systems in Colombia aiming to evaluate
physicochemical water supply characteristics with acute toxicity.

2. Materials and Methods
2.1. Description of the Study Area

Boyaca is located in the Colombian Andean Region at an average altitude of 2440 m
above sea level. Due to its altitude and geographical location, the average environmental
temperature is 14 °C. There are two seasons, a wet season from April to May and October
to November, and a dry season from December to January and July to August. The
average precipitation is 590 mm/year and varies monthly from 10 mm to 85 mm. Boyacd is
recognized for its diverse economic activities, such as agriculture, livestock, mining, and
tourism, which are mainly concentrated in rural areas. The rural area is characterized by
small-scale agriculture on plots of about 1-3 ha [32].

The water samples (n = 72) were collected from 18 rural water supply networks, as
shown in Figure 1. The selection of these aqueducts was made considering the popula-
tion being served, reported cases of diarrhea, and potential impacts on the water supply
quality, water intake, and the water supply distribution network caused by economic and
productive activities [33].
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Figure 1. Location of rural aqueducts in municipalities of Boyaca.
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2.2. Economic Activities Identification

A field visit was conducted to assess the water intake systems and examine the
area located 2 km upstream to identify any anthropogenic activities that may impact
water quality. These activities include direct domestic discharges, runoff from agricultural
or livestock areas, and mining operations. Additionally, an evaluation of the existing
water supply infrastructure was performed, which included the characteristics of the
water treatment system, while the use of chemicals for coagulation and disinfection was
also examined.

2.3. Water Quality Evaluation

The water samples were collected from the water source, the water treatment plant
effluent, and the water distribution networks between July 2022 and February 2023. Each
sampling point was geographically located using a geographic positioning system (GPS,
Garming Montana 750i). The samples were preserved and analyzed at the Laboratory
of Environmental Studies at the University of Boyaca (Tunja, Colombia). The Residual
Chlorine (HACH Kit reference 10223, Loveland, CO, USA) and pH were quantified in
situ using a HACH multiparameter (HQ40D). Turbidity was measured using a portable
meter (HACH, 2100Q) and the apparent color was determined using a spectrophotometer
HACH (DR 2800). Conductivity was quantified using a Metrohm® (Herisau, Switzer-
land) meter (712 Model), fluoride was measured using a HACH meter (HQ 40D) with a
selective electrode (HACH, ISEF121), and total organic carbon was determined through di-
gestion in a digestion reactor (HACH DR200) and subsequent spectrophotometric analysis
(HACH, DR2800).

The E. coli and total coliforms were quantified using the membrane filter technique
(MF), using the defined substrate method (DSM) with Colisure (IDDEX Kit, Westbrook, ME,
USA) for samples without turbidity, and with Colilert (IDDEX) for samples with turbidity.
Nitrate, nitrite, and sulfate were measured in a HACH spectrophotometer (DR5000). The
analytical techniques followed the procedures recommended by APHA [34].

To ensure the quality of drinking water, Colombia established maximum acceptable
levels for physical, chemical, and bacteriological characteristics. Decree 1575 of 2007
established the drinking water control and protection system (SPCCA) with quality control
instruments, such as the drinking water quality risk index (IRCA).

IRCA was calculated using Equation (1) [35] and considered 15 physicochemical and
microbiological parameters, each with assigned scores; see Table 1.

Y_Risk scores for non — compliant parameters
Y_Risk scores of measured parameters

= IRCA 1)

Table 1. Water-quality parameters and risk scores were used to calculate the IRCA.

Parameter Risk Score

Apparent Color 6
Turbidity 15

pH 1.5

Free residual chlorine 15
Total alkalinity 1
Calcium 1
Manganese 1
Hardness 1
Sulfates 1
Chlorides 1
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Table 1. Cont.

Parameter Risk Score
Nitrates 1
Nitrites 3

Fluorides 1

TOC 3
Total Coliforms 15
Escherichia Coli 25

Sum of scores 92

Note: Source: Adapted from Resolucion 2115-2007.

2.4. Bioluminescence Test

The sample toxicological evaluation was performed using the V. fischeri luminescence
bioassay following the methodology of ISO 11348-3 [36]. The V. fischeri (NRRL B-11177)
bacteria were activated by adding an aspersion of 1 mL of reconstitution solution 3 times
and letting it rest for 15 min. A stock solution was prepared by diluting 1 mL of the
activated bacteria in 50 mL of a NaCl 2% p/v solution, with the temperature varying from
5°C to 15 °C in a thermoblock (EchoTherm Digital, Model IC22, Torrey Pines Scientific,
Carlsbad, CA, USA).

A preliminary toxicological evaluation was conducted on undiluted samples by fol-
lowing the procedure recommended by the Mexican Norm NMX-AA-112-SCFI-2017. This
procedure is recommended as an initial assessment to differentiate between toxic and
non-toxic samples. Toxic samples were classified as those with a luminescence inhibition of
10% compared to the control.

The inhibition effect of the samples and dilutions was compared with a non-toxic
control (NaCl, 2% solution), measuring the luminescence at 0 and 30 min using a Macherey
Nagel BioFix Lumi-10 Luminometer. Toxicity tests were carried out at room temperature
(19+1°C).

The inhibition effect after 30 min was calculated using Equation (2) [36]:

Le ZIne 009 = %Ht, )

ct

where

H;: inhibitory effect of a sample after 30 min (%).
It the corrected value of I for the samples after the addition of the sample.
It: luminescence intensity of the sample after a contact time of 30 min, measured in relative
light units (RLU).

The risk classification was determined based on the luminescence inhibition effect and
the toxicity grade, following the recommendation of [37], as shown in Table 2.

Table 2. Water supply toxicity classification.

%H; Class Level Risk
<20% Class I No acute hazard
20 < H; < 50% Class II Moderate acute hazard
50 < H; < 100% Class III Acute hazard
H; 100% in at least one test Class IV High acute hazard
H; 100% in all tests Class V Very high acute hazard

Note: Source: Adapted from [37].

2.5. Data Analysis

The water-quality parameters measured at different sampling sites were evaluated
using central tendency statistics. Their correlation with the inhibition effect was determined
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using the Spearman coefficient [38]. A p < 0.05 was considered statistically significant. A

graphic description of the methodology is presented in Figure 2.
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Figure 2. Description of the methodology of this study.

3. Results
3.1. Description of the Rural Water Supply Systems

In this study, a total of 72 samples taken from water supply systems were analyzed.
The field investigation revealed that 60% of the studied aqueducts provided were from an
untreated water supply, while 40% received water treatment in compact units that consisted
of coagulation—flocculation (1 = 1), sedimentation (n = 5), filtration (n = 5), and disinfection
(n = 5). On average, 50 users received a water supply that originated from surface lotic
systems (n = 16) and lentic systems (1 = 2), see Table 3.

Table 3. Identification of water treatment sources and economic activities.

Aqueduct Water Source Water Treatment Disinfection Economic Activity
La Balsa Spring No No Agriculture
Vereda Lagunitas Lake Yes Yes Livestock Agriculture
Roa y Carrisal Creek No No No reported
Hato Grande Spring Yes Yes Livestock
Veredas Fiesta y Potreros Spring No No No reported
Las Lajas Spring Yes Yes Livestock
Vereda San Jose Spring No No Livestock
Vereda Leonera Lake Yes Yes Livestock Agriculture
Parcelacion Varguitas Creek Yes No Livestock
Guayacanal Creek No No No reported
Vereda Chiscote Creek Yes No No reported
Vereda el Hatillo Creek No No Livestock Agriculture
Sector las Pefias Spring No No No reported
El Fraile Creek Yes Yes Livestock Mining
Chorro Blanco Creek No No Livestock Agriculture
Vereda Pozo Negro Creek No No Livestock
Asocardoncillos Spring No No Agriculture Domestic
Bartolo Spring No No Agriculture Domestic

The main anthropogenic activities identified in the study area included agriculture
(n =7), livestock (n = 10), sewage discharges (1 = 2), mining (n = 1), and unidentified
sources (n = 5). The water supply systems lacked skilled operators and regular monitoring
programs for both raw and treated water qualities [38].

3.2. Characterization of Drinking Water Quality

Taking into account the Colombian legislation for water supply quality, the critical
parameters that contribute to increasing the risk of poor water supply consumption include
total Coliforms, E. coli, and the absence of free residual chlorine. Among the evaluated
systems, five were found to be disinfected with chloride but only one provided a water
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supply with a microorganism concentration below that required by Colombian regulations.
The average chloride concentration was 0.8 mg/L (sd = 0.34).

This study revealed that 95% of the evaluated water supply systems reported the presence
of total coliforms (m = 980.19 NMP/100 mL, sd = 945.12) and E. Coli (m = 40.37 NMP/100 mL,
sd = 128.39) in both the water catchment and household water. The average apparent
color value was 28 Pt—Co units (sd = 39), a value that was higher than the Colombian
legislation limit. The average turbidity was 3 NTU (sd = 5.4), the average dissolved oxygen
concentration was 5.5 mg/L (sd = 1.37), and the average pH was 6.7 (sd = 0.91).

Table 4 shows the average values of the physicochemical and microbiological pa-
rameters, measured at different sampling points within the water distribution systems.
The Kruskal-Wallis nonparametric test conducted at a 5% significance level indicated no
significant difference in the evaluated parameters from the different perspectives of the
water supply system. This lack of statistical significance is associated with the absence of
treatment, and the presence of economic activities in areas near the water catchment.

Table 4. Average of the physicochemical and microbiological parameters measured at different points
of the water supply systems.

Source Treatment Distribution Network
Parameter
Mean (sd)
Total coliforms 1163 (1053.39) 827 (1020.99) 1103 (847.14)
NMP/100 mL : ‘ :
Escherichia coli
NMP /100 oL, 66 (178.97) 22 (159.90) 52 (68.58)
Free residual chlorine
mg/LCly 0 (0.369) 0.14 (0.368) 0.18 (0.32)
Apparent color 29 (28.20) 26 (41.57) 32 (43.57)
UPC
Turbidity
NTU 2.86 (3.84) 3.27 (3.48) 2.57 (6.79)
pH 6.46 (0.95) 6.95 (1.10) 6.75 (0.77)
Dissolved oxygen 6.41 (1.48) 6.74 (1.23) 6.69 (1.41)

mg/L

Table 5 presents a statistical analysis of the IRCA values of the aqueducts. The
Shapiro-Wilk test was conducted to assess the normal distribution of the IRCA values
for the aqueducts La Balsa, Guayacanal, Hato Grande, Huerta Vieja, Las Lajas, San Jose,
Puerto Romero, Sector Las Pefias, Fiesta y Potrero, Leonera, Lagunitas, Chorro Blanco,
Roa y Carrisal, San Bartolo, and Asocardoncillos, which did not reject the null hypothesis,
whereby the information follows a normal distribution (p > 0.05). However, for the aque-
ducts Vereda Chiscote, Vereda El Hatillo, Vereda Pozo Negro, El Fraile, and Parcelacion
Lagunitas, the null hypothesis of normal probability distribution was rejected (p > 0.05).

Table 5. Statistics on the IRCA values of the evaluated aqueducts.

Aqueduct Ill:CA (%) Standard Deviation * CI (95%) Minimum Maximum
verage
La Balsa 47.8 28.3 18-78 19.8 91.7

Guayacanal 83 8.6 74-92 70 91
Hato Grande 65 20 44-85 34 85
Chiscote 63 14 48-78 19 61
Las Lajas 46 30 14-78 3 74
San Jose 66 3 62-70 60 71
El Hatillo 85 10 74-96 64 93
Sector Las Pefias 79 13 65-93 59 92
Pozo Negro 46 13 32-60 38 72
Fiesta y Potrero 74 8 65-84 65 85
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Table 5. Cont.

Aqueduct III:CA (%) Standard Deviation * CI (95%) Minimum Maximum
verage

Leonera 35 24 10-62 5 61
Lagunitas 39 16 24-54 9 56
Chorro Blanco 49 2.7 2-8 3 9
El Fraile 78 27 50-107 23 92
Roa y Carrisal 90 13 88-91 87 90
San Bartolo 66 1.3 64-77 65 99
Asocardoncillos 68 17 51-87 41 88
Parcelacion Varguitas 67 21 45-89 25 88

Note: * CI: confidence interval; n = 6.

Table 5 shows that the water quality of the Chorro Blanco aqueduct complied with the
Colombian regulation (Resolution 2115 of 2007) throughout the evaluation period, showing
low data dispersion.

Figure 3 shows a box plot with the IRCA values of the evaluated aqueducts. It includes
the scale and classification considered by Colombian legislation and the median IRCA
values. The majority of the evaluated aqueducts have an IRCA value that corresponds to
high risk (35.1-80) and non-viable sanitary values (80.1-100). The most dispersed datasets
correspond to La Balsa, Las Lajas, and Vereda Leonera.
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Figure 3. IRCA values of the evaluated aqueducts. *: outliers.

3.3. Bioluminescence Test Results

The average luminescence inhibition rate across all water samples was 66% (sd = 14.7),
with a minimum of 29%, and a maximum of 97%. Table 6 shows the luminescence inhibition
rate at the different points of each water system. In four systems, the inhibition rate
increased by more than 10% from the water catchment to the water distribution network.
This observation aligns with water systems exhibiting high concentrations of total coliforms
(n = 2, > 2419 CFU/100 mL). The primary economic activities identified as potential
influencers of water quality in the water supply basins were agriculture (n = 3), livestock
(n =2), and domestic sewage discharge (n = 1).
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Table 6. Observed luminescence inhibition rate (%) in water samples.

Aqueduct %oH;
Water Source Treatment System Distribution Network
La Balsa 64 74 78
Vereda Lagunitas 41 41 49
Roa y Carrisal 72 69 65
Hato Grande 64 45 68
Veredas Fiesta y Potreros 51 66 51
Las Lajas 80 79 79
Vereda San Jose 64 64 74
Vereda Leonera 87 68 70
Parcelacion Varguitas 38 65 54
Guayacanal 97 53 55
Vereda Chiscote 96 57 46
Vereda el Hatillo 84 79 83
Sector las Penas 79 75 81
el Fraile 84 72 59
Chorro Blanco 80 71 57
Vereda Pozo Negro 81 81 81
Asocardoncillos 52 77 61
San Bartolo 52 61 54

Figure 4 shows that, in this study, the variation in the V. fischeri inhibition rate in
the water catchment or the water distribution network was not related to the presence of
economic activities or specific water treatment.

BN increase MEM Decrease MMM No variation

Aqueducts
w

Agricultural activity Livestock activity No activity Treatment No treatment Disinfection No disinfection

Figure 4. Variation in the inhibition rate in relation to economic activities and water treatment.

The evaluation of toxicity levels using the classification proposed by [32] revealed that
the water supply in the studied rural aqueducts exhibited a moderate acute hazard with an
average %H; of 43 (media = 43; sd = 13.28); see Figure 5. In this study, 85% of the tested
samples (1 = 61) had “moderate acute hazard”, and 15% (n = 15) “acute hazard”. Among
the 7 aqueducts that reported acute hazard, the samples were collected from the water
catchment (n = 4), treatment effluent (n = 2), and water supply distribution network (1 = 5).
Additionally, the samples with the highest concentrations of apparent color (minimum:
3 PCU; maximum: 42 PCU) exhibited an acute hazard.

There were no significant statistical differences in terms of %H; toxicity levels among
the aqueducts when considering the economic activities that were conducted near the water
catchment and the presence or absence of a treatment system. However, it was observed
that, in the Las Lajas and Fraile aqueducts, the %H; value increased by more than 10% after
the disinfection process.

The relationship between the physicochemical parameters (turbidity, apparent color,
pH, and dissolved oxygen) and microbiological parameters (total coliforms and E. coli), as
well as the bioluminescence inhibition percentage, were evaluated using the Spearman’s
correlation, as shown in Figure 6.
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Figure 6. Spearman’s coefficient correlation between water quality parameters and V. fischeri. inhibi-
tion rate (statistical significance ** p < 0.01 y * p < 0.05).

It can be observed that there was no significant statistical correlation between the
physicochemical parameters (turbidity, pH, and dissolved oxygen) and E. coli for the
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V. fischeri inhibition rate. However, a weak negative correlation between the total coliforms
and the V. fischeri inhibition rate (p < 0.05) was observed. Additionally, there was a weak
positive correlation between the apparent color and the inhibition rate (p < 0.05), indicating
that higher values of apparent color increase the V. fischeri inhibition rate.

4. Discussion

The water catchments of the studied aqueducts are located in rural areas with soils
rich in organic matter, which could contribute to the V. fischeri inhibition rate. It is known
that the apparent color is associated with the presence of humic substances, with origins
in the degradation of soil organic matter [39,40]. A previous study [41] demonstrated that
high concentrations of humic substances can increase water toxicity. According to [42], the
inhibition rate of V. fischeri changed weakly with high concentrations of humic substances.
This was related to the use of carbon as a metabolic source of energy. Additionally, as
was demonstrated by [10], the potential toxicity caused by unknown chemical substances
produced by domestic and livestock activities requires a complementary analysis to identify
its potential effect on the luminescence inhibition rate.

Furthermore, other investigations have identified a positive correlation between high
apparent color in water sources and the presence of metals [43]. These investigations
link economic activities, such as agriculture and livestock, near water catchments to high
concentrations of heavy metals, such as cadmium, lead, copper, and zinc. The presence of
these metals poses a toxicological risk to both humans and ecosystems [44,45]. Therefore,
an evaluation of the use of these metals in aqueducts that reported acute toxicity levels is
recommended [46]. The effects of humic substances on the toxicity of copper, zinc, and lead
and their binary mixtures were investigated using V. fischeri as a test organism, as well as
functions of time and concentrations [47]. The toxicities of copper and lead were generally
comparable, while the toxicity of zinc was lower than that of the other two metals. The
toxicity of copper decreased with the addition of humic acids, while the toxicity of zinc
remained almost constant. On the other hand, the toxicity of lead increased. The conclusion
is that the environmental potential risk posed by a chemical must be evaluated by taking
into account other constituents that may interact with the specific constituent.

The results of this investigation contrast with those reported by [48], who concluded
that the V. fischeri luminescence inhibition rate has a negative correlation with the apparent
color and a positive correlation with the total coliform concentration. However, when dis-
cussing their results, they mention that the negative correlation of color and the inhibitory
effect is incorrect since samples with suspended or dissolved substances can absorb some
of the light produced by V. fischeri, thereby making them appear more toxic.

Regarding the positive correlation between V. fischeri and the total coliforms, the same
authors suggested that it may be attributed to a response resulting from competition for
available oxygen, which can influence the bioluminescence produced by the bacteria, as it
is linked to its respiratory metabolism. This is different from what is reported in this study
because the water samples did not exhibit a similar pattern in relation to high inhibition
rates and the presence of total coliforms.

5. Conclusions

Toxicity evaluation is a valuable method used in environmental pollution monitoring
programs to assess the safety of water supply systems. In this research, a toxicity evaluation
using luminescence bacteria was employed as a fast and cost-effective technique to assess
the risk of 18 aqueducts located in dispersed rural areas of Boyaca (Colombia). Of the
18 rural aqueducts that were studied, only 40% treated the water prior to distribution. The
main economic activity carried out in the catchment source is keeping livestock (1 = 10).
The parameters that contribute the most to the risk associated with the consumption of
unsafe water are total coliforms and E. coli. The average luminescence inhibition rate
across all water samples was 66%, with a minimum of 29%, and a maximum of 97%. The
classification of the toxicity exhibited a moderate acute hazard with an average %Ht! of 43.
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Comparing the behavior of the inhibitory effect in the samples according to the
collection point, it was observed that it remained in the system; that is, the treatment or
distribution does not lead to an alteration in the reduction in bioluminescence in V. fischeri.

For the 7 aqueducts that reported an acute hazard, the samples were collected from
the water catchment (n = 4), treatment effluent (n = 2), and water supply distribution
network (n = 5). Additionally, the samples with the highest concentrations of apparent
color (minimum: 3 PCU; maximum: 42 PCU) exhibited an acute hazard. The inhibition rate
increased by more than 10% from the water intake to the water distribution network in the
aqueducts that added chlorine as a disinfectant. This aspect requires additional analysis
of the incidence of chlorine in the luminescence of V. fischeri. The results showed that 85%
of the rural water supply systems exhibited a moderate acute hazard and 15% exhibited a
moderately acute hazard. This finding is consistent with the calculation of the drinking
water quality risk index (IRCA), which indicated that 95% of the aqueducts were classified
as having a high acute risk hazard or being unsanitary.

A weak positive correlation (p < 0.05) was observed between the apparent color and the
V. fischeri inhibition rate. This could be attributed to the presence of high humic substances
or a metal concentration that can enhance the bacterial inhibition rate. A weak negative
correlation (p < 0.05) was found between the total coliforms and the V. fischeri inhibition rate.
The water treatments, including disinfection, and the economic activities near the aqueducts
showed no correlation with the inhibition rate of the luminescent bacteria. The classification
of toxicity used in this article is a useful tool for facilitating the understanding of the results
and their adaptation to rural contexts or small communities. Further investigations are
recommended to identify the specific constituents that can affect the inhibition rate of
luminescent bacteria. These findings can be utilized by the sanitary authorities to include
these contaminants in water-quality evaluation programs in rural areas.
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