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Abstract. At high air temperatures persisting for a long time, water 
temperature in the fountains may also increase significantly. This can 
cause a sudden and significant increase in Legionella bacteria, which 
results in secondary water contamination. This phenomenon with water – 
air aerosol  generated by fountains can be very dangerous for people. 
During the test, water temperature measurements in fountains in Poland 
were made. These research tests was conducted in the spring and summer. 
The research was conducted in order to determine whether there is a 
possibility of growth of Legionella bacteria. One of the aims of the study 
was to determine what temperature range occurs in the fountains and how 
the temperature changes in the basin of the fountain and when the highest 
temperature occurs. Single temperature measurements were made and also 
the temperature distribution was measured during daylight hours. The 
water temperature in most cases was greater than 200C, but in no case 
exceed 260C. The paper presents also the review about the effect of water 
temperature on the presence and bacterial growth. The study confirmed the 
existence of the risk of increasing the number of bacteria of the genus 
Legionella in the water in the fountains.  

1 Introduction 
Not only the excessive quantity or the water deficit are dangerous. The presence in water of 
certain elements and compounds and selected microorganisms can also have a negative 
impact on the health and life of humans. Contaminated water is also harmful to the 
environment and living organisms. Public fountains can be potential sources of Legionella 
bacteria. The quality of water circulating in urban fountains is extremely important. Due to 
the formation of water-air aerosols in their vicinity, particular attention should be paid to 
the presence of Legionella in the water, as the inhalation of the bacteria is by inhalation. 
Infected aerosol remains unsafe up to 1 km [1]. 

In drinking water used by consumers at tap water supply points may be small amounts 
of Legionella bacteria. Circles of public fountains are usually supplied with or 
supplemented with drinking water. In Polish regulations, these bacteria appear several 
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times. The Ordinance of the Minister of Health of 13 November 2015 on the quality of 
water intended for human consumption [2] reiterates the establishment of requirements for 
their quantity in warm water that was already present in the previous regulation (The 
Ordinance of the Minister of Health of 29 March 2007 on the quality of water intended for 
human consumption, [3]). The requirements for these microorganisms also appear in the 
Ordinance of the Minister of Health concerning the quality of water in swimming pools [4]. 
This issue is particularly important because of the lack of requirements for the quality 
control of water in fountains' basins in terms of presence Legionella bacteria. 

In cases where there are no favourable conditions for the development of Legionella 
bacteria in the building, there are no significant risks. Problems begin to appear when 
certain conditions are present, including increased cold water temperatures or reduced hot 
water temperatures. Issues related to the development of Legionella bacteria in hot and cold 
water systems are already described in the technical literature. 

Another potential source of Legionella bacteria, which may be fountains, has been 
observed. It was due to the very hot summer of 2015 in Poland. During sunny days with a 
high temperature for a considerable part of the day, the water temperature in the fountains 
may also be significantly elevated. This can cause a sudden and significant increase in the 
number of Legionella bacteria. These bacteria in a fountain that produces water – air 
aerosols can be very dangerous to humans. 

The aim of the study was to assess whether there is a risk of potential secondary 
contamination of water in fountains caused by the sudden growth of Legionella bacteria. 
The factor that made the assessment was the water temperature which is one of the most 
important factors determining the development of these bacteria. 

1.1 Water quality in fountains in Poland 

Water quality in fountains in Poland is not a priority issue. Although voivodship sanitary-
epidemiological stations issue warnings to avoid bathing in fountains and contact with 
water coming from them and explaining what might be a threat, quality of water in 
fountains is not constantly monitored. Water supply is subject to constant control, water 
quality in swimming pools is also checked, but there is no obligation in Poland to maintain 
constant monitoring of water in urban fountains. 

The quality of water in fountains is sporadically discussed in national scientific 
articles[5-8]. The research conducted by [7] analysed not only water quality, but also air 
around the fountains in Warsaw. Some of the selected fountains contained mesophilic 
bacteria, coliform bacteria, Pseudomonas sp., macroscopic fungi and mannitol – positive 
staphylococcus. Microorganisms whose presence was examined were found in at least one 
of the fountains. In another work [6], water from Poznan city fountains was inspected at 
different times of the year. The presence of mesophilic, psychrophilic and coliform bacteria 
was detected there. In the remaining articles mentioned, inner fountains or fountains in 
another country were checked. It should be noted that in the cited studies of fountain waters 
in two large cities of Poland, the presence of mesophilic bacteria was found in which 
Legionella could be present.  

1.2 Air temperatures in the city in Poland 

The biological stability of water is defined as the lack of tendency for secondary microbial 
growth [9]. Water in fountains should also be biologically stable water. Considering only 
the Legionella bacteria - there is a danger that on hot days in the fountains there may be 
conditions favourable to their development due to raising the water temperature. In 
addition, it should be noted that long-lasting high air temperatures affect the temperature of 
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the surface water (source of drinking water) and the temperature of the ground. As a result, 
the risk of rising water temperatures in the fountain itself is increasing. 
 Numerous climate changes are observed. Different sources [i.a. 10] indicate that some 
extreme phenomena (including heat waves) will increase in strength and occur more 
frequently. Climate models predict global warming and projections for Poland estimate a 
temperature rise of up to 3,5 degrees Celsius for the summer [10]. For these reasons, the 
scope of research has been extended to the analysis of air temperature in Krakow in recent 
decades.The summer of 2015 in Poland was a period of significantly high air temperatures. 
The end of spring of 2017 was also very hot. Figure 1 shows a graph of average monthly 
temperatures for a meteorological station located in Krakow for 2015 and a multi-year 
average (1971-2000 and 2001-2010) based on data of Central Statistical Office and Institute 
of Meteorology and Water Management - National Research Institute [11]. By analysing 
the graph, it can be seen that the average monthly air temperatures recorded in Cracow in 
2015 are higher than the multi-year average in 9 months. In April, May and October were 
lower temperatures.  
Analysis of air temperature data confirms that the warmest months in Poland are from May 
to September each year. For this reason, the study was conducted in July, August and 
September 2015 and May and June 2017. 

 
Fig. 1. Average monthly air temperatures for individual months from meteorological station in 
Krakow in the years 1971 - 2000, 2001 - 2010 and 2015, data of Central Statistical Office and 
Institute of Meteorology and Water Management - National Research Institute [11] - own elaboration 

1.3 Influence of temperature on the growth of Legionella bacteria  

Dependence the survival of Legionella bacteria and the water temperature was repeatedly 
investigated (among others [12- 13]). The literature provides narrower or wider temperature 
ranges suitable for the growth of these bacteria. This depends, inter alia, on the conditions 
they concern (natural or laboratory). 

Under laboratory conditions, Legionella bacteria grow in the range of 15 ÷ 430C, with 
optimum 360C [14]. In developed recommendations [15] as the optimal growth 
temperature, but in natural conditions, the range of 32 ÷ 420C is mentioned. Research [12] 
suggests a range of temperatures 32 ÷ 420C with an optimum of 370C for the multiplication 

3

E3S Web of Conferences 30, 01015 (2018)	 https://doi.org/10.1051/e3sconf/20183001015
Water, Wastewater and Energy in Smart Cities



of naturally occurring L. pneumophila in tap water. In the publication [1] it appears that 
these bacteria settle in the network of utility water at temperatures of 20 ÷ 500C. According 
to [14] Legionella bacteria colonize often water distribution systems at temperatures 
between 20 ÷ 500C and thus within the same range as in the previous work. In 
recommendations [15] it is stated that the temperature range of 20 ÷ 450C is one of the 
factors contributing to the occurrence and proliferation of artificial reservoirs of water. 

According to [12], little or no growth of L. pneumophila was observed at 250C. In turn, 
according to [16], little, if any, increase in number of Legionella bacteria is noted below 
200C. Other authors [15] indicate that at temperature less than 200C Legionella bacteria do 
not multiply, but survive for a long time. This fact has been demonstrated in studies [17], 
where it was found that at 50C in tap water these bacteria can survive for more than 299 
days. For these reasons, it is suggested that temperatures below 250C be recommended for 
cold water storage and distribution, stating that it would be ideal to be below 200C [16]. 
However, recent studies on mutant strains of Legionella bacteria [18] have shown that these 
bacteria may also grow at temperatures below 200C under certain conditions.  

2 Materials and methods 
The study was conducted in two phases: summer 2015 and late spring 2017. In the first 
stage, water temperatures in selected fountains were measured in one or two series at 
different times of the day. The results were then compared with the preferred temperature 
range for the growth of Legionella bacteria. In the second stage the temperature was 
measured in one fountain, but increasing the frequency of measurements during the day. 
The research was conducted in different years in search of period of possibly high air 
temperatures. 
Both the selection of the public fountains under study and the months in which the research 
was conducted were targeted. The research was conducted in the hottest months of the year, 
i.e. in May, June, July, August and September. 

Public fountains were surveyed in Cracow. The work was carried out by the Cracow 
University of Technology as part of a research project. The research has deliberately chosen 
fountains located in the very centre of the city which is a popular destination for many 
tourists. On hot days the fountains located most often in sunny places are an oasis for 
travellers seeking refreshing. 

The number of measuring points was adjusted to the size of the fountain basin and its 
geometry, so that the average temperature could be representative of the fountain, and the 
individual measurements provided complete information about the water temperature. 
Measurement points were evenly located in the basin of the fountain. Fountains with simple 
geometric shapes of the basin (rectangle, circle, oval) were studied. Sometimes, if 
temperature of water were aligned in previous tests, the number of measurement points was 
reduced due to difficulty in accessing them. 

Fountains number 1 and 2 flow in closed loop. Fountain number 3 has an open circuit, 
but the stop time in the fountain’s basin is long enough to allow the water to warm up in it. 
Studies in fountain number 3 have been added for comparative purposes. 

In the first stage of the study, one or two series were performed at intervals of 
approximately 60 minutes. In the second stage, the number of series of tests performed in 
one day was increased. During each series of tests were recorded: water temperature in the 
fountain basin at several measurement points, air temperature and air humidity. 

Water temperature tests were carried out using a KT-300 digital thermometer. The 
thermometer resolution was 0.1°C and its accuracy was ± 1°C. Air temperature and 
humidity were recorded on the WS-9400 weather station.  
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3 Results and discussion 

Results of water temperature tests in the fountains of the first stage of the tests are 
presented in Tables 1, 2 and 3. In each tabulation prepared for each of the examined 
fountains, there are the date of measurements, the measurement of the basic parameter, i.e. 
the water temperature expressed in degrees Celsius and name of measurement points.  

Table 1. Results of the water temperature test in the fountain number 1 in Krakow in 2015 

Date / Measurement point 
Temperature of water [0C] 

22/07 7/08 20/08 30/09 

1 24,0 24,1 17,9 11,1 

2 24,1 24,2 18,0 11,1 

3 24,1 24,1 18,0 11,1 

4 24,0 24,1 18,1 11,0 

1 24,8 24,7 

-* -* 2 24,8 24,7 

3 24,8 24,8 

4 24,8 24,8 
* no data 

Table 2. Results of the water temperature test in the fountain number 2 in Krakow in 2015 

Date / Measurement point 
Temperature of water [0C] 

22/07 7/08 20/08 30/09 

1 23,8 24,5 21,1 11,7 

2 23,8 24,5 21,1 11,7 

3 23,8 24,5 21,3 11,7 

4 23,9 24,5 21,3 11,7 

5 23,9 24,5 21,3 11,7 

6 23,8 24,5 -* 11,7 

7 23,9 24,5 21,2 11,7 

1 24,1 24,7 

-* 
 -* 

2 24,1 24,7 

3 24,1 24,7 

4 24,2 24,8 

5 24,2 24,8 

6 24,2 24,7 

7 24,2 24,7 
* no data 

If the name of the measurement point in the statement occurs twice, it means that two 
series of tests were carried out at a spacing of approximately 60 minutes on a given day. 
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The air temperature during research tests ranged from 13 to 32,2 degree Celsius. The air 
humidity was from 34% up to 52%. 

Based on the research (first stage) it can be stated that the water temperatures in each 
fountain were aligned. Usually this difference was 0.1 ÷ 0.20C, although there were 
measurement series in which there were no differences in the measurements. Such results 
may indicate, among other things, the good mixing of water in fountains. In the case of 
fountain number 3 there is a greater temperature difference, but these are the temperatures 
measured in two different basins - the lower and the upper. 

Table 3. Results of the water temperature test in the fountain number 3 in Krakow in 2015 

Date / Measurement point 
Temperature of water [0C] 

7/08 20/08 

1 25,1 18,4 

2 25,1 18,4 

3 25,2 18,4 

4 -* 20,6 

5 -* 20,7 
* no data 

In the second stage, the daily temperature distribution was measured in warm days for 
fountain 2. The number of measurement series varied within days, with an interval of 30 
minutes to 3 hours. The water temperature in each of the measurement series was also 
aligned. The differences were up to 0.20C, or none at all. The only exception was the 
measurement series, where differences were up to 0.40C (Figure 2 – series: 14,00). 
Probably the cause of this phenomenon was turning off the nozzle for two hours. Figure 2 
shows the results of several measurement series from one day of measurements. 
 

 
Fig. 2. Temperature of water in fountain’s basin for different measurement points in five series of test 
during spring 2017 (30.05.2017) 
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Fig. 3. Average temperature of water in fountain’s basin in different days of measurement series 
during spring 2017 

Figure 3 shows the distribution of the average water temperature in the fountain basin in 
daily hours on different days. It can be observed that there is a linear increase in water 
temperature.  

In most of the first stage measurements, the water temperature in the fountains was 
above 200C, so above the temperature at which the Legionella bacteria are in hibernation 
state [19]. In the second stage the temperature fluctuated from 17.20C to 22.30C. In none of 
the stages, however, there was no temperature higher than 260C. The highest temperature 
recorded was 25.20C. 

It can therefore be stated that, despite the high temperature of the air, which has 
persisted for a long time, there was no significant increase in the water temperature in the 
fountains (above 260C) during the measurements. However, it may be disturbing that the 
water temperature was in many cases above 200C. According to [16] below 370C the 
reproduction rate of these bacteria decreases and below 200C there is no growth or little. At 
low temperatures Legionella bacteria can survive for a very long time (according to [17] up 
to almost 10 months at 50C). Recorded temperatures indicate the possibility of presence and 
slow growth of these bacteria. 

While studies on the presence and development of Legionella bacteria in tap water or in 
hot water systems are common, water quality tests for fountains due to these bacteria are 
rare. Water temperature measurements in fountains in Poland were also conducted by [6] in 
Poznan and their results are consistent with those presented in the article in Krakow. The 
highest recorded water temperature in Poznan in spring was 17.9 degrees Celsius (June) 
and in summer was 22.2 degrees Celsius (July). These measurements were made in the 
morning, so the temperature during the day could increase significantly. In the presented 
results in fountain number 2 in Krakow the average water temperature from 19.5 degrees 
Celsius at 11.00 rose to over 22.0 degrees Celsius at 14.00. It can therefore be concluded 
that studies [6] also confirm the existence of a potential threat from the Legionella bacteria 
due to the occurring water temperature in the fountains. It should be noted that in studies [6, 
7] of fountain water in two large cities of Poland (Poznan and Warsaw), the presence of 
mesophilic bacteria was found in which Legionella could be present. 
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In another studies [20] among the samples of water with a temperature in the range of 
over 20 degrees and below 50 degrees Celsius, taken from fountains, swimming pools, 
cooling and heating systems, in 12% Legionella bacteria were detected. 

4 Conclusion 

Water in fountains is usually disinfected and can be considered as safe. However, there 
are various breakdowns in the case of urban fountains, and there may be a danger of 
excessive development of Legionella bacteria due to high temperature of water. As a 
consequence, secondary water pollution may even lead to outbreaks of legionellosis in the 
spring and summer. Therefore, the temperature and quality of water surrounding us in 
urban space is also very important.  

Every fountain is different. Differences include the shape of the basin, its dimensions or 
the volume of the underground tank. It seems reasonable to require at least one single test 
of water temperature in fountain basin during period of high air temperatures to determine 
whether there is a risk of inordinate growth of Legionella bacteria. If the study confirms 
such a threat, it is extremely important to introduce additional technical safeguards which 
will protect water in fountains.  
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excessive development of Legionella bacteria due to high temperature of water. As a 
consequence, secondary water pollution may even lead to outbreaks of legionellosis in the 
spring and summer. Therefore, the temperature and quality of water surrounding us in 
urban space is also very important.  

Every fountain is different. Differences include the shape of the basin, its dimensions or 
the volume of the underground tank. It seems reasonable to require at least one single test 
of water temperature in fountain basin during period of high air temperatures to determine 
whether there is a risk of inordinate growth of Legionella bacteria. If the study confirms 
such a threat, it is extremely important to introduce additional technical safeguards which 
will protect water in fountains.  
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