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Abstract

Tourist swimming pools are complex aquatic systems where operational failures can favor microbial
growth and exposure to opportunistic pathogens. We conducted a four--year surveillance (2016—
2019) in hotel pools across Andalusia (Spain), analyzing 2,053 water samples under Spanish
regulation (Royal Decree 742/2013) with ISO methods (Pseudalert®/ISO 16266--2 for Pseudomonas
aeruginosa and Colilert--18/ISO 9308--2 for Escherichia coli). Overall non--compliance reached 24.8%,
and 2.0% of samples triggered immediate pool closure, most frequently due to P. aeruginosa. The
bacterium was detected in 5.1% of samples, with heterogeneous distribution among installations:
whirlpools (7.9%) > indoor pools (6.4%) > outdoor pools (4.5%) > cold wells (2.9%). No significant
association was observed between use by children and P. aeruginosa detection (p > 0.05).
Contamination occurred under both chlorine and bromine disinfection, with comparable prevalence
(p = 0.18), and overlapping residual distributions indicated that single--point disinfectant
measurements alone did not predict contamination. Seasonality showed a bimodal pattern with
winter (January) and summer (August) peaks, and prevalence markedly increased in 2019 compared
with prior years. These findings highlight that P. aeruginosa contamination in tourist pools is driven
less by momentary disinfectant levels than by structural and operational determinants (e.g., biofilm-
-prone niches and hydraulic performance), underscoring the need for continuous surveillance,
hydraulic optimization, routine mechanical cleaning, and robust monitoring across all seasons.

Keywords: Pseudomonas aeruginosa; recreational water; swimming pools; tourist facilities; water
microbiology; disinfection systems; public health surveillance

1. Introduction

Recreational water environments are an essential component of modern tourism and public
health infrastructure. In regions with high tourist influx, swimming pools and spa facilities represent
not only leisure amenities but also complex aquatic systems that require rigorous management to
ensure user safety [1-3]. Proper maintenance of these systems is critical, as inadequate operation may
lead to microbial proliferation, biofilm formation, and increased exposure to opportunistic pathogens
[4]. Over the last two decades, several studies across Europe, North America and Australia have
highlighted that swimming pool contamination remains a recurring issue, despite advances in
disinfection technologies and increasingly stringent regulations [5-8].

Among the microorganisms of greatest concern in recreational waters, P. aeruginosa occupies a
particularly relevant place. This Gram-negative opportunistic pathogen is well known for its ability
to colonize aquatic environments, resist disinfection, and persist within biofilms in hydraulic systems
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and wet surfaces [9]. In addition to its environmental resilience, P. aeruginosa is a major clinical
concern due to its intrinsic antimicrobial resistance and prevalence in healthcare-associated
infections, which has led to its inclusion in international priority lists for surveillance and research
[10-12]. Although infections acquired in swimming pools are relatively uncommon, they may include
otitis externa, dermatitis, keratitis, hot-foot syndrome, or, in exceptional cases, more severe systemic
disease [13-16]. For this reason, many countries include P. aeruginosa as a microbiological parameter
in routine pool monitoring programs.

Tourist swimming pools, particularly those located in warm regions with high seasonal
occupancy, may be especially prone to contamination. Factors such as user density, organic load,
elevated water temperature, suboptimal hydraulic design, and insufficient mechanical cleaning are
widely recognized contributors to increased microbial risk. Previous studies from the Balearic Islands
and the Canary Islands demonstrated that these pressures could lead to measurable levels of P.
aeruginosa contamination even in facilities operating under established regulatory frameworks
[17,18]. These findings align with reports from Italy, Croatia, Northern Ireland, and Greece,
suggesting that the issue is widespread across European tourist destinations [7,19-21].

Despite there is abundant literature on swimming pools, few studies have focused specifically
on tourist facilities in southern Spain, a region with one of the highest concentrations of hotel pools
in Europe. Moreover, international research has tended to emphasize free chlorine systems, leaving
bromine-treated pools comparatively understudied, despite their relevance in spa settings and high-
temperature installations. Additional uncertainty persists regarding the influence of user
demographics (e.g., children), environmental seasonality, and the ability of disinfectant levels to
predict P. aeruginosa contamination under real-world conditions. Addressing these gaps is essential
for improving surveillance frameworks and guiding targeted interventions.

The present study provides a four-year assessment of the microbiological quality of tourist
swimming pools in Andalusia, Spain, with a particular focus on P. aeruginosa. Building upon prior
surveillance efforts in other Spanish regions, this work offers new insights into contamination
patterns across different installation types, seasonal trends, and the comparative performance of
chlorine and bromine disinfection. By integrating these findings, the study aims to contribute to a
deeper understanding of the operational factors influencing P. aeruginosa persistence and to support
evidence-based improvements in the management of recreational waters in high-occupancy tourist
environments.

2. Materials and Methods

2.1. Study Design and Sampling Sites

A four-year surveillance study was conducted between 2016 and 2019 to assess the
microbiological and physicochemical quality of recreational waters in tourist swimming pool
installations located in Andalusia, southern Spain. All sampled facilities were hotel-based pools
catering to tourists and subject to routine inspections under the regional surveillance program for
compliance with Spanish national legislation [22] on swimming pool water quality.

Each facility was visited several times per year, covering all seasons to identify potential
temporal variations in contamination and compliance.

2.2. Sampling Strategy

A total of 2,053 water samples were collected from the main pool basins following the
standardized procedures defined in Royal Decree 742/2013. Sampling points were selected to ensure
representative coverage of each installation and included outdoor pools, indoor pools, whirlpools
(spas, jacuzzis), and cold wells.

Samples were obtained using sterile containers with sodium thiosulfate (for dichlorination) and
were transported to the laboratory under refrigerated conditions for analysis within 24 hours.
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2.3. Microbiological Analysis

The detection of P. aeruginosa was performed according to ISO 16266-2:2018, by using the
Pseudalert® system (IDEXX Laboratories, USA) as an equivalent standardized method validated for
recreational waters [23]. Briefly, 100 mL of each sample were mixed with the Pseudalert® reagent and
incubated at 38 + 0.5 °C for 24-28 hours. Fluorescence under UV light was considered positive for P.
aeruginosa. As for E. coli analyses, they were performed using Colilert®-18 (IDEXX Laboratories),
following manufacturer instructions and ISO 9308-2 standards.

2.4. Physicochemical Parameters

During each sampling event, free chlorine and combined chlorine or bromine (where
applicable), pH, and temperature were measured in situ using portable digital meters (Hanna
Instruments, Romania) calibrated daily according to the manufacturer’s specifications [24].
Measurements were performed simultaneously with microbiological sampling to enable correlation
analyses between disinfectant levels, physicochemical conditions, and the presence of P. aeruginosa.

2.5. Compliance with National Standards

All microbiological and physicochemical results were evaluated in accordance with Royal
Decree 742/2013, which sets operational and alert limits for swimming pool water quality in Spain.
Samples exceeding those limits were classified as non-compliant.

Pools showing microbiological contamination or serious physicochemical deviations were
subject to corrective actions or temporary closure by the corresponding facility manager or health
authority.

2.6. Data Analysis

Descriptive statistics were used to calculate compliance rates and prevalence of P. aeruginosa.
The D’ Agostino-Pearson normality test was applied to assess the normal distribution of quantitative
parameters, followed by the Mann—-Whitney test for non-normally distributed data. Fisher’s exact test
was employed for analysing qualitative parameters. Statistical significance was determined when the
p-value was less than 0.05. All statistical analyses were performed using GraphPad Prism software
version 9.4.1.

3. Results

3.1. Overall Compliance

Out of the 2,053 water samples analyzed, 24.8% did not comply with the quality criteria
established in Royal Decree 742/2013. The most frequent causes of non-compliance were insufficient
disinfectant concentration, inadequate water temperature, and the presence of P. aeruginosa. In 2.0%
of all cases, the deviation was considered severe enough to warrant immediate pool closure.

P. aeruginosa was identified as the main cause of closure, highlighting its continued relevance as
a public health concern in tourist swimming pools (see Table 1).

Table 1. Compliance with water standards of legislated parameters in the pools investigated.

Parameter Parametric Total Acceptable Unacceptable Closure!
value samples

n % n % n %

Temperature 24-30°C2 5733 472 82.4 101 17.6 0 0.0

pH 7.2-8 2,053 1,946 94.8 107 5.2 6 0.3

Turbidity <5 2,053 2,047  99.7 6 0.3 0 0.0

Free chlorine 0.5-2mg L+ 1,837 1,492 812 345 18.8 30 1.6

Combined chlorine <0.6 mg L1 1,837 1,796 97.8 41 2.2 0 0.0
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Cyanuric acid <75 mg L1 1,837 1,827  99.5 10 0.5 2 0.1
Bromine 2-5mg L1 159 131 82.4 23 14.5 5 3.1

P. aeruginosa 0 CFU 100 mL* 2,053 1,948 949 105 5.1 105 5.1
E. coli 0 CFU 100 mL* 2,053 2,038 993 15 0.7 15 0.7
Total 2,053 1,543 752 510 24.8 41 2.0

! Unacceptable samples with values exceeding the limits established for the pool’s closure due to its

dangerousness. 2<36°C for whirlpools. 3 For whirlpools and inner pools.

3.2. Prevalence of P. aeruginosa

P. aeruginosa was detected in 5.1% of all samples analyzed. This prevalence was comparable to
those reported in other Spanish regions and Mediterranean countries. The observed rate was lower
than previously reported for the Balearic Islands and Greece [17,20,25] but similar to values found in
the Canary Islands, Croatia, Finland and Italy [7,18,19,26] (Table 2).

Contamination was not uniformly distributed among pool types. The highest prevalence was
observed in whirlpools, where P. aeruginosa was detected in 7.9% of samples, followed by indoor
pools (6.4%), outdoor pools (4.5%), and cold wells (2.9%).

The elevated contamination in whirlpools is consistent with their warmer temperatures, higher
organic load, and frequent user turnover, conditions that favor bacterial growth and biofilm
formation [17,21].

Table 2. Contamination by P. aeruginosa in the different types of investigated pools.

Type of installation Absence Presence Total

n % n %o n %
Outer pools 1,414 95.5 66 4.5 1,480 100
Inner pools 162 93.6 11 6.4 173 100
Whirlpools 304 921 26 7.9 330 100
Cold wells 68 97.1 2 2.9 70 100
Total 1,948 94.9 105 5.1 2,053 100

3.3. Influence of Pool Use by Children

The potential influence of pool use by children on P. geruginosa contamination was also
evaluated (Table 3). Although some studies have suggested that young swimmers may increase the
organic load and microbiological risk in recreational waters, no statistically significant association
was found in this survey between the presence of children and the detection of P. aeruginosa (p > 0.05).

This finding indicates that microbial contamination is more closely linked to water management
practices than to user demographics, reinforcing the importance of maintaining proper disinfection
and maintenance protocols across all pool types.

Table 3. Contamination by P. aeruginosa in water samples from adults and children pools.

Type of installation Absence Presence Total
n % n % n %
Children pools 267 94.7 15 5.3 282 100
Adults” pools 1,681 94.9 90 5.1 1,771 100
Total 1,948 94.9 105 5.1 2,053 100

3.4. Disinfection Systems

The study included both chlorine- and bromine-based disinfection systems, providing a broader
comparison than most previous surveys (Table 4). P. aeruginosa was detected in pools treated with
either disinfectant, with no significant differences in prevalence (p = 0.18). This is also illustrated in
the frequency distribution of free chlorine levels (Figure 1). Most samples—both Pseudomonas-
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positive and -negative—clustered around 0.5-2 mg/L, which corresponds to the regulatory range.
However, a small proportion of samples showed free chlorine levels below 0.5 mg/L, and these
substandard values included several P. aeruginosa-positive cases, indicating insufficient disinfectant
residual. Moreover, samples above 2 mg/L were relatively frequent and did not show a clear
protective effect against contamination. A similar pattern was observed in bromine-treated facilities
(Figure 2). Most values fell between 2 and 5 mg/L —within the recommended range —yet P. aeruginosa
was detected across this entire interval. Suboptimal bromine concentrations (<2 mg/L) were also
present in a minority of samples and were frequently associated with contamination. These findings
suggest that both disinfectants can fail when residual concentrations fall below regulatory limits,
while values within range, or even higher, do not fully guarantee microbiological safety.
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Figure 1. Frequency distribution of free chlorine levels in P. aeruginosa contaminated and not contaminated pool
samples. Left, histogram showing the concentration of free chlorine in ranges of 0.5 mg L-1. Right, violin plot

representing individual levels of free chlorine in pools contaminated or not with P. aeruginosa. (ns, p>0.05).
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Figure 2. Frequency distribution of bromine levels in P. aeruginosa contaminated and not contaminated pool
samples. Left, histogram showing the concentration bromine in ranges of 1 mg L. Right, violin plot representing

individual levels of bromine in pools contaminated or not with P. aeruginosa. (ns, p>0.05).
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Table 4. Contamination by P. aeruginosa in water samples with different disinfectant treatments.
Type of installation Absence Presence Total
n % n % n %
Bromine treated pools 147 92.5 12 7.5 159 100
Chlorine treated pools 1,801 95.1 93 49 1,894 100
Total 1,948 94.9 105 5.1 2,053 100

3.5. Temporal Patterns (Seasonal and Annual Trends)

The monthly distribution of P. aeruginosa contamination revealed a heterogeneous pattern
strongly influenced by the type of installation rather than a uniform seasonal trend (Figure 3).
Although two apparent peaks were observed in January and August when all pool types were
aggregated, the underlying data show that these increases were driven by specific installations. In
January, contamination occurred exclusively in whirlpools (1/3 samples, 33%) and indoor pools (1/5
samples, 20%), whereas outdoor pools (0/4 samples) and cold wells (0 samples collected) showed no
detections. This indicates that the “winter peak” does not represent a general increase across all
facilities but is instead limited to indoor environments that remain active during the low season. The
absence of contamination in outdoor pools and cold wells in winter reflects not a true zero risk but
the reduced or absent sampling of these installations due to seasonal closure. In contrast, the August
peak was broader and involved multiple pool types. Whirlpool contamination reached 9/45 samples
(20%), while outdoor pools also showed increased positivity (21/193 samples, 10.9%). Cold wells
showed 1/10 positives (10%), whereas indoor pools exhibited relatively low contamination (1/19
samples, 5.3%). This pattern aligns with the expected effects of high bather load, elevated
temperatures, and increased organic input during the peak tourist season.

These results demonstrate that temporal variation is installation-dependent: whirlpools and
indoor pools show intermittent contamination throughout the year, while outdoor pools and cold
wells contribute mainly during summer months. Because sampling effort varied considerably across
pool types and seasons, percentage-based heatmap patterns should be interpreted with caution, and
the inclusion of absolute numbers clarifies that months with “0% contamination” often correspond
to very low or absent sampling rather than confirmed absence of P. aeruginosa.

30
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Figure 3. Heatmap showing the seasonal frequency of P. aeruginosa contamination during the four years.

When analyzing yearly prevalence, contamination levels remained relatively stable during the
first three years of surveillance (2016-2018), fluctuating around or below 5%. A marked increase was
observed in 2019, when the prevalence more than doubled compared with previous years (Table 5).
This pattern mirrors similar increases reported in other European regions during the same period
and suggests that broader environmental or operational factors may have influenced contamination
dynamics in multiple tourist facilities simultaneously [7]. However, analysis of the year-by-year
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distribution revealed that the marked increase observed in 2019 (11.4%) was not uniformly
distributed across months or pool categories. Using the detailed monthly breakdown for 2019, most
P. aeruginosa detections occurred between June and September, with August (n =22) and September
(n = 14) accounting for more than two-thirds of all positive samples. This indicates that the 2019
increase was driven by a pronounced summer peak rather than a true winter elevation.

When stratified by installation type, the rise was primarily attributable to whirlpools (15/78;
19.2%) and outdoor pools (34/346; 9.8%), whereas indoor pools and cold wells contributed minimally
and exhibited very low sample numbers in winter months. Importantly, some installations
(particularly cold wells and outdoor pools) had little or no sampling during the low season,
explaining the apparent “winter peak” seen in aggregated heatmaps but not supported by 2019 data.

Overall, the annual increase in 2019 reflects a concentrated surge during the summer months in
installation types that inherently present higher risk, rather than a uniform shift across seasons or
facilities.

Table 5. Evolution of the contamination by P. aeruginosa over the years.

Year Absence Presence Total

n % n % n %
2016 494 94.6 28 5.4 522 100
2017 508 96.9 16 3.1 524 100
2018 535 98.5 8 1.5 543 100
2019 411 88.6 53 114 464 100
Total 1,948 94.9 105 5.1 2,053 100

4. Discussion

The present study provides one of the most extensive datasets currently available on the
microbiological quality of tourist swimming pools in southern Spain, with special emphasis on P.
aeruginosa as a key indicator of water safety and operational performance. Overall, the prevalence
observed (5.1%) is consistent with values reported in several European regions, supporting the notion
that P. aeruginosa remains a persistent and widespread challenge in recreational waters [7,19,25]. In
line with previous findings from the Balearic Islands and the Canary Islands, contamination rates in
Andalusian tourist facilities followed a similar order of magnitude, reinforcing the idea that
Pseudomonas problems in hotels are not region-specific but structurally linked to operational
conditions common to most high-occupancy tourist environments [17,18].

The differences observed among installation types deserve particular attention. As in numerous
international studies, whirlpools showed the highest prevalence of contamination [17,21,26,27]. Their
combination of elevated water temperature, heavy bather load, high organic input, and the tendency
to generate air-water mixing creates optimal conditions for bacterial proliferation and biofilm
formation [28]. Conversely, cold-water installations, such as cold wells, exhibited lower
contamination levels, which aligns with the well-known inhibitory effect of lower temperatures on
P. aeruginosa growth and persistence.

One of the strengths of the present dataset is the inclusion of both chlorine- and bromine-treated
installations, an aspect rarely addressed in comparative surveys. It is important to note that our
previous regional studies found a higher prevalence of P. aeruginosa in bromine-treated pools [17,18].
In the current Andalusian series, we did not detect statistically significant differences in prevalence
between chlorine and bromine systems (p > 0.05). This apparent discrepancy may be explained by
differences in sampling composition, operational routines, monitoring frequency, or seasonal
coverage between studies. Bromine systems in tourist settings can present greater variability in
residuals due to less standardized dosing or monitoring practices; when poorly managed, this
variability could translate into higher contamination risk, as previously observed [17,18] . Therefore,
rather than attributing risk to the halogen itself, our combined evidence suggests that operational
practices and monitoring quality (dose control, frequency of checks, shock treatments, and attention
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to hydraulic performance) largely determine the comparative effectiveness of chlorine and bromine
in real-world conditions.

The analysis of free disinfectant levels provided additional insights into this relationship. The
distribution patterns of free chlorine (and bromine) showed substantial overlap between
contaminated and non-contaminated samples, indicating that punctual measurements of residual
disinfectant alone cannot fully predict the presence of P. aeruginosa. This observation is consistent
with previous literature demonstrating that biofilms, hydraulic dead zones, and protected niches
within the system can harbor P. aeruginosa independently of momentary disinfectant levels [28,29].
Therefore, Pseudomonas contamination in pools is not merely a chemical control issue but also a
structural and operational one, strongly influenced by system design, maintenance quality, and
cleaning frequency [30].

Another relevant finding was the absence of association between P. aeruginosa presence and the
use of installations by children. While children are often considered a higher-risk group for fecal
contamination and accidental release of organic matter, Pseudomonas is primarily an environmental
organism with strong affinity for surfaces, biofilms, and water systems. Several international studies
have similarly concluded that contamination is driven far more by system conditions than by
demography of pool users [17,18] . The present results reinforce this idea and highlight that
preventive measures should prioritize hydraulic optimization and routine maintenance rather than
user-related restrictions.

The temporal distribution of contamination also deserves comment. The temporal patterns
observed in this study reveal that P. aeruginosa contamination in tourist pools does not follow a
uniform seasonal trend but is strongly shaped by the type of installation and by sampling intensity.
Although the aggregated heatmap suggested peaks in January and August, the underlying data show
that the winter increase was restricted almost exclusively to whirlpools and indoor pools —facilities
that remain active during the low season [31]. Outdoor pools and cold wells showed no detections in
winter, but this reflected the absence or very low number of samples rather than a true reduction of
risk. This underscores the importance of interpreting seasonal percentages considering the absolute
number of samples collected per installation type. In contrast, the August peak represents a genuine
seasonal increase, supported by large sample numbers across multiple pool types. Higher
contamination in whirlpools and outdoor pools aligns with expected risk factors during peak tourist
months, such as elevated temperatures, increased bather load, and higher organic input. Similar
summer-associated increases have been documented in other regions [7,30,32,33].

The annual analysis further refines this interpretation. Prevalence remained stable from 2016 to
2018 but rose sharply in 2019. When examined in detail, this increase was concentrated almost
entirely in the summer months—particularly August and September—and driven mainly by
whirlpools and outdoor pools. Thus, the 2019 rise reflects an intensified summer peak rather than a
year-round shift. Notably, a comparable increase in P. aeruginosa contamination was reported in the
Balearic Islands and Croatia during the same year [7,17], suggesting that broader regional or
operational pressures may have simultaneously affected tourist facilities in different Mediterranean
areas.

Overall, these findings emphasize that temporal variability in P. aeruginosa contamination arises
from the interplay of installation-specific vulnerabilities, operational dynamics, and seasonal
patterns, rather than from climate or season alone. Surveillance and prevention strategies should
therefore prioritize consistent year-round sampling and installation-specific risk assessment,
particularly in high-risk environments such as whirlpools.

The finding that P. aeruginosa was the leading cause of immediate pool closures is particularly
relevant for public health authorities and the tourism industry. Although clinical infections
associated with swimming pools are relatively rare, P. aeruginosa has been implicated in folliculitis,
otitis externa, keratitis, hot-foot syndrome, and, in exceptional cases, severe pneumonia among
exposed individuals [13-16]. Given its well-known intrinsic and acquired antimicrobial resistance,
some authors now consider this bacterium a pathogen of increasing relevance in both community
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and healthcare environments [34]. In the context of tourism, the occurrence of repeated closures may
also have implications for consumer confidence and facility reputation, representing both health and
an economic concern.

As with all surveillance-based studies, certain limitations should be acknowledged. First, the
study relied on point-in-time sampling, which may underestimate transient contamination events.
Second, only samples from the pool basin (not the recirculation circuit) were collected, preventing
identification of possible system reservoirs. Third, information on occupancy dynamics, cleaning
frequency, and hydraulic performance was not systematically available, which limits the ability to
quantify their individual impact. Despite these constraints, the dataset is robust, spans multiple years,
and shows remarkable consistency with previous regional studies in Spain and international
literature.

Overall, this study contributes valuable evidence to the growing body of data on P. aeruginosa in
tourist swimming pools. The findings consistently highlight that contamination patterns are shaped
not only by disinfectant levels and temperature but —perhaps more importantly —by operational and
structural factors that promote biofilm formation and hinder disinfectant efficacy. The similarities
between the present results and those from other Spanish regions reinforce the generalizability of
these conclusions and suggest that targeted interventions focused on hydraulic optimization, routine
mechanical cleaning, and high-quality maintenance procedures may provide the greatest impact.
Taken together, these insights underscore the need for continuous surveillance and improved
management practices in tourist pools to safeguard public health and maintain high standards of
safety and quality in recreational water environments.

In conclusion, the present study reinforces that P. aeruginosa remains a persistent microbiological
challenge in tourist swimming pools, driven not only by disinfectant performance but by deeper
structural and operational determinants. The consistency of our findings with previous data from
other Spanish regions and international studies highlights the universal nature of these risks in high-
occupancy recreational environments. By identifying whirlpools as the most vulnerable installations,
demonstrating the limited discriminative power of residual disinfectant levels, and revealing
seasonal patterns that extend beyond the summer season, this work underscores the need for
comprehensive management strategies focused on hydraulic optimization, routine mechanical
cleaning, and continuous surveillance. Strengthening these aspects will be essential to ensuring safer
recreational waters and supporting the long-term quality and competitiveness of the tourism sector.
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