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Summary
Background. Civilizational changes, including urbanisation and industrialisation, created the
conditions for the development of new pathogens colonising water networks which endanger
human health and life. The aim of the study was to assess the contamination of water supply
systems in public buildings by Legionella spp. a pathogenic group of Gram-negative bacteria.
Material and methods. The material samples were taken from the hot water supply systems
of 41 buildings: school dormitories, boarding schools, educational centres, student dormitories.
Results. In all analysed years, there were samples in which the applicable standards were
exceeded, as specified by the regulation on the quality of water intended for human consumption.
The highest percentage of negative samples was found in 2012, with as many as 81.1%, and the
lowest one in 2011 - 35.3%. Positive samples obtained in the first and subsequent tests were
detected in 20.0% of the tested facilities. The change from positive to negative values was found
in 30.0% of the tested water networks. There were also cases of negative samples both in the
first and subsequent tests, which was detected in 50.0% of the facilities.
Conclusions. 1. An excessive amount of the officially permissible value of Legionella was found
in 53.9% of the examined hot water samples. 2. The obtained results confirm the necessity of
modernising and doing elementary repairs in water supply networks.

Keywords: Legionella spp., Legionnaires’ Disease, hot water distribution systems, public utility
buildings

Streszczenie
Wprowadzenie. Zmiany cywilizacyjne w tym urbanizacja i industrializacja stworzyty warunki
do rozwoju nowych patogenéw kolonizujacych sie¢ wodna, ktére zagrazaja zdrowiu i zyciu
ludzi. Celem pracy byta ocena zanieczyszczenia systeméw wodnych w budynkach uzytecznosci
publicznej przez bakterie Legionella sp.
Material i metody. Materiatem byty prébki wody cieptej pobrane z wewnetrznej instalacji wo-
dociggowej 41 obiektéw: bursy szkolne, internaty, osrodki szkolno-wychowawcze, domy stu-
denta.
Wyniki. Probki przekraczajace obowigzujacy normatyw, okreslony rozporzadzeniem w spra-
wie jako$ci wody przeznaczonej do spozycia przez ludzi, stwierdzono we wszystkich analizo-
wanych latach. Najwyzszy odsetek prébek negatywnych stwierdzono w roku 2012 az 81,1%,
najnizszy w roku 2011 - 35,3%. Prébki pozytywne uzyskane w pierwszym i kolejnych bada-
niach, stwierdzono w 20,0% badanych obiektéw. Konwersje prébek pozytywnych w negatywne
stwierdzono w 30,0% badanych obiektéw. Probki negatywne nieobecne w pierwszym i kolej-
nych badaniach wykryto w 50,0% obiektow.
WnhioskKi. 1. Przekroczenie obowiagzujacej dopuszczalnej wartosci bakterii Legionella sp. stwier-
dzono w 53,9% badanych prébek wody cieptej. 2. Uzyskane wyniki badan potwierdzaja ko-
niecznos¢ modernizacji i zasadniczych remontéw sieci wodnej.

Stowa kluczowe: Legionella sp., choroba legionistéw, systemy dystrybucji wody cieptej, budynki
uzytecznos$ci publicznej
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Introduction

Utility water contamination is a threat to human health and quality of life. The Water Law Act of 18 July
2001 (Journal of Laws 115 No. 1229, as amended) and the Act of 7 June 2001 on collective water supply and
collective sewage disposal (Journal of Laws. 2006 No. 123, item 858 as amended) define water intended for human
consumption as primary or post-treatment water for food preparation or other domestic purposes, irrespective of
its origin, whether it is delivered from distribution networks, tanks, in bottles or containers [1, 2]. Implementing
regulation to the Act on Collective Water Supply and Collective Sewage Disposal of June 7, 2001, is the Regulation
of Minister of Health of November 13, 2015 r. on the quality of water intended for human consumption (0] 2015
item 1989). The discussed regulation defines microbiological standards which should be met by hot water [1, 3].
Due to the epidemiological threat and an increase in the number of cases of legionellosis, the regulation introduced
the requirement to test hot water for the presence of Legionella spp.[4, 5].

The etiological agent of Legionnaires’ disease are bacteria of the Legionella genus. Three clinical forms of
Legionnaire’s disease have been described so far:

— asevere type of pneumonia (Legionnaires’ disease, a pulmonary form);
— Pontiac fever (Lochgoilhead fever)
— the extrapulmonary form [6].

Legionella-caused pneumonia accounts for 1% to 5% of the cases, whereas Pontiac fever - for between 90 and
98% of all cases caused by bacteria of the Legionella genus [6]. Most often infection occurs due to breathing in the
bacteria suspended in water droplets. The occurrence of the first clinical symptoms of Legionnaire’ disease and its
severity depends on the number of bacteria found in the water mist (droplets) and one’s immunity [7].

The information concerning the presence of Legionella spp. in water supply networks of buildings intended
for collective residence is significant in the light of the above laws as well as health requirements and the need
of maintaining a water network so that it does not threaten the residents’ health. The worldwide reports on the
frequency of individual cases of the disease or its outbreaks point to the severity of the problem. They range from
503 to 688 cases per year in Germany, from 1170 to 1540 per year in France, from 706 to 1231 per year in Spain
and from 231 to 401 per year in the United Kingdom [8, 9 10]. In Poland, this problem is underestimated and
studies concerning contamination of water in supply networks in residential buildings are fragmentary.

The aim of the study was to assess contamination of the water supply installations with Legionella spp. in
various public buildings, such as school dormitories, boarding schools, educational centres, student dormitories
and analyse the bacterial eradication rate.

Material and methods

The material for the assessment of health risks posed by Legionella spp. consisted of about 303 hot water
samples with a volume of 500 ml or 1000 ml obtained from the internal water supply installations in 41 buildings,
such as school dormitories, boarding schools, educational centres or student dormitories.

The water samples were taken by the staff of 5 Sanitary and Epidemiological Stations responsible for their
respective areas, as part of water quality monitoring procedure in the period from January 2009 to December
2013. Table 1. shows the number of hot water samples taken for tests in particular years.

The water samples were received by mail or during visits at the Sanitary-Epidemiological Stations. The samples
taken from the hot water supply system were tested in accordance with applicable standards and the regulations:
1. PN-EN ISO 11731-2:2008”"Water quality - Detection and quantification of Legionella bacteria- Part 2:

Methodology for membrane filtration of water with a small number of bacteria”.

2. PN-1ISO11731, December 2002 “Water quality. Detection and quantification of bacteria of Legionella type”.
PN-EN [S019458:2007 “Water quality. Obtaining samples for microbiological analysis”.

Regulation of Minister of Health dated 29 March 2007 (Dz. U. (Journal of Laws) No. 61, item 417, as amended)
on the quality of water intended for human consumption.

In accordance with the above-mentioned Regulation, the sites for sampling hot water were:

The outflow duct of the hot water tank or the nearest utility outlet.

The utility outlet located the furthest away from the hot water tank.

The water return to the water heater.

The selected intermediate points (numbers depending on the size of the network).

If the tested network consisted of more than one water circuit, hot water samples were taken from each of them.

=W

A
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Table 1. Number of hot water samples taken in the examined public utility buildings per each year between 2009 and 2013

Year Number of samples:
2009 19

2010 49

2011 68

2012 111

2013 56

Total 303

Results

The results received from the Sanitary-Epidemiological Stations were subjected to statistical analysis using
STATISTICA 7.1 programme. The percentage of samples containing Legionella spp. in hot water supply networks
was calculated Besides, it was measured how the passage of time affects the level of contamination in a particular
building. The analysis was conducted separately for each year in the period 2009-2013. To detect statistically
significant differences, the Chi square Pearson independence test was used with the significance level at p <0.05.

According to the Regulation of the Minister of Health of 13th November 2015 on the quality of water intended
for human consumption (Journal of Laws 2015 item. 1989), evaluation of contamination with Legionella spp. is
dependent on the value of CFU/100 ml:

a) lack or negligible <100 CFU/100 ml
b) medium> 100 CFU/100 ml

¢) high> 1,000 CFU/100 ml

d) very high>10 000 CFU/100 ml

The samples containing > 100 CFU/100ml were classified as positive. Negative and positive samples - those
containing > 100 CFU/100 ml. and <100 CFU/100 ml. Negative samples - the ones containing <100 CFU/100 ml,
according to the current Regulation of the Minister of Health on the quality of water intended for human consumption.

Figure 1. shows the results of the tests conducted in school dormitories, boarding schools, education centres,
student dormitories, separately for the years 2009-2013.

Results: The samples exceeding the applicable standards were found in all analysed years. The norm is specified by
the regulation on the quality of water intended for human consumption. The highest percentage of water systems where
negative and positive samples were found was observed in the year 2013, i.e. 50%. In 2009 and 2013, the percentage of
facilities in which positive samples were detected amounted to 6.25% in 2009 and 9.09% in 2013 respectively. Negative
samples were found in all of the analysed years. The highest percentage of networks when the samples were negative
was observed in the year 2009 - as low as 87.50%, whereas the lowest in the year 2013 - 50%. However, it could also be
said that there is no increase in the number of facilities with negative results in the analysed years 2009 - 2013.

0, Q,

B E ﬂ
80%
60%
0% 87.50% 80.77% B
63.64% ‘
S0 50.00%
(i)
0%
2009 2010 2011 2012 2013

i Negative i Negative and positive H Positive
p=0,3387

Figure 1. Test results of the water supply networks in the examined public buildings separately for the years 2009-2013
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Figure 2. shows the percentage of the examined hot water samples, separately for the years 2009 - 2013. The
highest percentage of negative samples was found in 2012, with as many as 81.1% of the reported cases, and the
lowest one in 2011 - 35.3%. High Legionella spp. contamination was detected in 2011 - 8.8% and in the year 2012
- 8.1%. The values of > 10 000 CFU / 100 ml in positive samples in the year 2011 reached 1.5%.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2009 57.9% | 42.1% 0%

2010 59.2% | 26.5% | 143% oo,
2011 35.3% 32.4% | 2214 el
2012 81.1% 7% 8.1% |
2013 51.8% I | 268%  00%
Total 60.4% | seaw | 1sow s

Lilack  Enegligible EHaverage H high H extremely high
0 0-100 100-1000 1000-10000 >10000

Figure 2. Contamination of the samples in all examined water supply networks in the years 2009-2013

In order to assess the quantitative change in Legionella spp. values in the hot water supply networks of the
examined facilities, 20 of them were selected. Then, water samples were collected from their hot water supply
circuits in two or more consecutive years.

Figure 3. shows the results obtained in the examined facilities, in which:

1. positive samples were found in the first and follow-up tests,

2. negative samples changed into positive ones,

3. positive samples converted into negative ones,

4. there were no positive samples in the first and follow-up tests.

60% 56-06%
50% —
40% 30.00% .
30%
’ 20.00%
20% —
10% - E—
’ 0.00%
0% -+ T T )
positive samples the negative into the positive into  positive samples were
found in the first and positive change negativechange  notfound in the first
follow-up tests research and are not

present in the

W positive samples found in the first and follow-up tests subsequent years

M the negative into positive change
M the positive into negative change

M positive samples were not found in the first research and are not present in the
subsequent years

Figure 3. Change in Legionella spp. values in the examined facilities in the years 2009-2013
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Positive samples obtained in first and subsequent tests were found in 20.0% of the surveyed facilities. There
were no negative into positive changes. However, the positive into negative change were observed in 30.0% of the
examined water systems. What was positive about the whole research was that there are 50.0% of water networks
with negative samples in first and follow-up tests.

Discussion

The natural environment of the bacteria of the genus Legionella is water environment, forming a reservoir from
which they spread to colonise hot and cold water supply systems. Bacteria gain access to the water supply network
through water treatment plants, from which they move into ventilation and air-conditioning systems. Having been
transferred to the water supply installation, the bacteria may undergo rapid multiplication. Artificial reservoirs,
apart from the water supply networks, include: equipment for water massage (bubble pools), circulations of
heating and cooling water in air-conditioners, cooling towers, steam condensers, as well as medical equipment,
respirators, inhalers, dialysis devices, dental turbines, moisturizing equipment, fountains, sprinklers, car washes,
humidification systems and other devices that produce water mist with droplets with a diameter <5 microns [11].

Modern swimming pools also pose a high risk. They are recreational complexes, which increase their
attractiveness for swimmers by offering: geysers, water whips, underwater massage, cascades, artificial rivers,
water slides, hydro massage tubs and saunas. The Polish legislation does not require controlling pool waters in
order to detect the bacteria of the genus Legionella [12].

Bacteria of the genus Legionella occurring in water networks are an etiologic factor of Legionnaires’ disease.
They also pose a threat for human life and health. The obligation to monitor the quality of water intended for human
consumption in public buildings where smaller or larger groups of people reside is determined by the Regulation
of the Minister of Health of 13 November 2015 on the quality of water intended for human consumption (Journal
of Laws 2015 item. 1989).

The obligation to notify about and register cases of Legionnaires’ disease in Poland was introduced in 2002
pursuant to the Act of 6 September 2001 on infectious diseases and infections (Journal of Laws of 2001 No. 126,
item. 1384). Since 2008, the rules and procedures of preventing and fighting human infections and infectious
diseases have been regulated by the Act on preventing and fighting human infections and infectious diseases of 5
December 2008 (Journal of Laws 2013, item 947). Legionellosis was added to the list of infections and infectious
diseases in an annex to the Act in question [13]. Legionellosis is registered as legionnaires’ disease (alpha-numeric
designation A48.1) and Pontiac fever (alpha-numeric designation A48.2), according to the International Statistical
Classification of Diseases and Related Health Problems ICD-10), introduced by the World Health Organization
(WHO). ICD-10 has been in force in Poland since 1996 [14].

Since 2005 Legionella spp. and L. pneumophila have been registered as biological factors harmful to health
in the work environment on the basis of the Regulation of the Minister of Health of 22 April 2005 (Journal of
Laws No. 81, item 716) on biological factors harmful to health in the work environment and health protection
of workers professionally exposed to these factors [15]. Regulations concerning the protection of workers from
exposure to biological agents in the workplace is also regulated by European law, i.e. the Directive 2000/54/EC.
Bacteria Legionella spp. and L. pneumophila, where they are classified as biological agents in group 2, which can
cause disease in humans and endanger workers’ health [16].

School dormitories, boarding schools, education centres, student dormitories belong to a group of facilities
that were designed and built before the appearance of the problem of Legionnaires’ disease in Poland. It should
be noted that the examined group of buildings and systems consist mostly of old and often underfunded facilities.
They require modernization and major repairs, including the water supply networks.

Our own studies have shown the presence of positive samples as well as negative and positive ones in some
facilities. There were also those water networks in which no samples exceeded the applicable standards (they were
negative).

The degree of contamination of water samples by bacteria was also presented Legionella sp. on the scale from
low to very high values. The positive to negative change in_some samples found during the research indicates
a positive direction of the changes, which is probably the result of properly conducted sanitary and epidemiological
supervision, as well as the attention paid by public buildings owners to the condition of the hot water supply
installations.

The research conducted by Matejuk etal. in kindergartens and school dormitories, showed an excessive presence
of Legionella spp. in 4 out of 11 hot water samples. The research conducted by Wojdyta-Bucior et al. shows that
from in 57 water samples collected in student dormitories, 38 samples exceeded the applicable standards, which
constitutes 66.6%. Among the positive values, 33 samples of hot water exceeded values of >100 CFU /_100 ml,,
which constitutes 57.8% of the obtained samples.
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The available foreign publications which report on the presence of Legionella spp. in buildings of this type
do not exist. The small number of research on risk assessment at school dormitories, dormitories, schools and
education centres, student homes does not allow for drawing comparison between our own research results and
other authors’ findings. Our findings are of considerable significance as they demonstrate a very high degree of
bacterial contamination in the water supply networks of buildings intended for public or collective residence.

Having in mind the underinvestment of this type of buildings, one should consider an introduction of statutory
specific-purpose grants for repairs or replacements of old installations. Further, it is advisable to introduce
mandatory notification if the water does not meet the standards and Legionella spp. bacteria are present in the hot
water supply networks in collective residence buildings.

Conclusions

1. Legionella spp. bacteria in excess of the applicable standards was found in 53.9% of the examined warm water
samples.
2. The obtained results indicated that modernization and general repairs of water supply networks are needed.
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