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1. Introduction 

Legionella are gram-negative bacteria that are common in both natural and man-made 

aquatic ecosystems, such as cooling towers, hot springs, domestic hot water systems, 

and also cold (potable) water systems1-4. Some species are reported as the etiological 

agents of Legionnaires’ disease. Normally, Legionnaires’ disease is acquired by 

inhaling the aerosol of the contaminated water. Since 1976, outbreaks of 

Legionnaires’ disease have been diagnosed globally5. In 2013, 6012 cases were 

reported by 29 European countries with a fatality rate of about 10% 6. In domestic hot 

water systems, which are strongly related to people’s daily life, the contamination rate 

ranged from 6% to 32%, according to previous research7-15. The problem is 

considered to be even greater when the hot water is supplied by district heating (DH)8, 

11, because this is generally combined with a centralised water heating system with a 

central heat exchanger, which requires longer distribution pipelines to the consumers. 

This creates favourable conditions for Legionella’s multiplication14, 16-18, which 

include: 1) water temperatures ranging from 25 °C to 45 °C, 2) long-term stagnancy, 

and 3) low levels of disinfectant residual and the presence of biofilm and sediments.  

 

Temperature control is still the most widely-used method for preventing Legionella in 

hot water systems. In Denmark, for example, the standard regulates that the 

circulation pipe should be kept at 55 °C all the time, and it should be possible to heat 

the storage tank up to 60 °C on a regular basis19. Some Scandinavian countries are 

currently planning to operate DH networks at lower temperatures (around 30-70 °C)20 

to reduce fossil fuel consumption and improve energy efficiency. However, low-

temperature district heating (LTDH) will make it more difficult meet the temperature 

requirements for conventional systems with a circulation pipe and storage tank due to 

the low-temperature supply and the temperature drop in the heat transmission process. 

Moreover, large systems are more likely to suffer from stagnancy. It is, therefore, 

crucial to ensure that both comfort and health requirements will be met before LTDH 

is implemented. 

 

This paper investigates various options, which can be divided into two kinds: 

alternative designs for water supply systems and various sterilization treatments. 
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Many other studies have discussed the effects of hydraulic components on preventing 

Legionella in hot water systems. For instance, field work studies on pipes and 

thermostatic shower mixer taps by van der Kooij et al. 16 and van Hoof et al.21 have 

shown the effect of various materials on biofilm formation, which plays an important 

role in Legionella’s growth. Copper pipes have been shown to perform better than 

PEX pipes, and systems with instantaneous heaters have been found to be less 

contaminated than those with storage tanks8. Vertical tanks have been shown to be 

more vulnerable to Legionella than horizontal ones22. The application of systematic 

design aimed at inhibiting bacteria in domestic hot water has seldom been mentioned, 

but it can play a vital role in solving potential problems with the introduction of low 

temperature district heating by replacing conventional hot water systems. Sterilization 

methods can be applied combined with alternative design for enhanced control, or as 

post treatment if trigger-concentrations of Legionella occur due to an unexpected fault 

in the system. Although many other papers have illustrated various sterilization 

methods for dealing with Legionella, not many have considered their use in 

combination with low-temperature district heating. The main objective of this study is 

to provide feasible solutions that can both inhibit Legionella in domestic hot water 

(DHW) systems and fit into the LTDH scenario of the future. 

2. Alternative designs for water supply systems 

Since the insufficiently high temperatures and long-term stagnancy are the main risk 

factors for Legionella proliferation in hot water systems with district heating, 

alternative designs are needed that can eliminate those factors. The basic concepts 

behind such designs are temperature boosting and volume limitation. Temperature 

boosting can be achieved using local supplementary heating devices. The volume 

limitation concept, in accordance with the German Standard W55123, is that, if 

controlled properly, a system with a total volume (from hot water production to end 

use) of less than 3 litres can eliminate the risk of Legionella. The advantages of 

alternative design are numerous. For instance, it does not affect water quality, 

involves no long-term monitoring or regular equipment replacement, and it can 

improve the system’s comfort and energy efficiency at the same time.  
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2.1 Decentralised substation  

This solution is to equip each home with an instantaneous heat exchanger for 

domestic hot water (DHW) and space heating (SH) production, instead of having just 

one heat exchanger in the substation for all the consumers24. This design uses the 

limited volume approach. The schematic is shown in Figure 1.  

 

Figure 1 Schematic of decentralized substation system 

By installing a decentralized substation in each home, the volume of the DHW system 

is much reduced. Moreover, consumers can regulate the heat demand and set-point 

temperature of their own substation, so both control and operation are flexible.  

 

With a decentralized substation system, hot water can be prepared locally, so there is 

no need to keep the circulation circle. A small bypass flow can ensure the consumers 

get hot water within an acceptable time. Moreover, the system energy efficiency is 

much improved. For a new 50-apartment building, the heat loss from decentralized 

substation systems for DHW production was only 30% of that from an electrical 

boiler, and only 40% of that from a centralized heating system. The annual cost was 

thereby reduced by 10-20% 24. 

 

The operating temperature of decentralized substation system can be lower than the 

conventional system. However, so far, there is insufficient documentation about the 

lower limit for the operating temperature with regard to health safety, and more work 

needs to be done on this question. 
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2.2 Micro heat pump 

A micro heat pump is an application for local temperature elevation. Since the LTDH 

cannot heat up domestic hot water to a safe temperature, the micro heat pump can be 

used to boost the supply temperature using low-temperature energy sources. The 

energy source could be either the DH supply water itself or DH return water. Figure 2 

and Figure 3 show schematic diagrams of the two types respectively. 

 

Figure 2 Heat pump application using DH supply water as heat source 

 

Figure 3 Heat pump application using DH return water as heat source 

In Figure 2, district heating supply water is divided into two streams. One flows 

through the evaporator of the heat pump system, which is used to boost the 

temperature of the other stream. In Figure 3, the heat source is the DH return water. In 

this scenario, the benefit is the cool-down effect of the DH return line, but the huge 

temperature difference between the DH supply and return water has a negative effect 

on the heat pump efficiency. In practice, to boost DH supply water from 40 °C to 

53 °C, a system using DH supply water as the heat source might achieve a COP of 

5.3, while for a system using DH return water as the heat source could only achieve a 

COP of 3.525. In both scenarios, the heat storage tanks are installed before the heat 

exchanger, so the contamination of the tank is not considered. The temperature 
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boosting gives flexible and precise control. One disadvantage is that the heat pump 

consumes electricity as driving power, which decreases the exergy efficiency of the 

system. But the energy saved in the network by implementing LTDH should be taken 

into account for a full picture. 

2.3 Electric heating element 

In contrast to a micro heat pump, an electric heating element uses electricity as a 

supplementary heat source. Its design and installation are much simpler than the heat 

pump solution. The electric heating element can be either integrated with storage tank 

or fitted separately. The principles of this system are shown in the following 

diagrams. 

 

Figure 4 Separate electric heating element 

 

 

Figure 5 Integrated electric heating element 

 

The heating element can be used to boost the DH supply temperature (Figure 4) or 

heat up the domestic hot water directly (Figure 5). Under the same conditions, both 

types have much lower COP and exergy efficiency than the heat pump scenario, 

because the total supplementary heating energy is supplied by electricity. However, 
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the separate heating element scenario has slightly higher exergy efficiency than the 

integrated version25. Moreover, in the integrated scenario, domestic hot water has to 

be stored in the storage tank, which increases the risk of Legionella multiplication. 

2.4 Electric heat tracing 

The electric heat tracing solution is another application of the temperature elevation 

approach. The electric tracing cable is wound around the DHW supply pipe. As a 

supplementary heating device for LTDH system, electric heat tracing uses electricity 

to heat up the water when necessary.  

 

Figure 6 Schematic of electric heat tracing solution 

As shown in Figure 6, since the DHW supply line is kept warm by the electric heat 

tracing system, there is no need for a circulation pipe or a heat storage tank, which 

reduces the risk of stagnancy in the system. Moreover, in multi-storey buildings with 

large hot water pipe works, the removal of the circulation pipe can reduce the overall 

heat loss by as much as 50% by removing the circulation pipe. Electric heat tracing is 

also very flexible. It can heat up either the whole supply line or part of it. To supress 

the multiplication of Legionella, tracing cable can be used to maintain a safe 

temperature continuously, or for periodic thermal treatment.  
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The characteristics of each design are listed in Table 1.6. For the evaluation of the 

difficulty of the installation and operation, the complexity of installing the devices 

and setting up the control system are the main factors considered. The investment 

costs were compared by using the general prices of the devices in the market.    
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Table 1 Characteristics of each alternative design 

Approach Solution 
Building type 

applicable in 

Circulation 

required 

Energy source 

for hot water 

Installation 

& 

operation 

difficulty 

Investment cost 

 

Volume 

restriction 

Decentralized 

substation 
New  No DH Complicated High 

Local 

Temperature 

elevation 

Micro heat 

pump 
Existing/new Yes DH +electricity Medium High 

Heating 

element 
Existing/new Yes DH +electricity Simple Medium 

Electric heat 

tracing 
Existing  No DH +electricity Simple Low 
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3. Sterilization methods 

Sterilization methods for Legionella inactivation can be divided into three kinds: 

thermal treatment, chemical treatment, and physical treatment. All sterilization 

treatments aim at inhibiting the growth of Legionella or keeping the bacteria separate 

from the users. Every method has its pros and cons. This study investigates only 

methods that are applicable for domestic hot water treatment. And more focus is put on 

methods that can be combined with alternative design as supplementary security for 

domestic hot water with LTDH. In this way, even in the event of an unexpected 

temperature drop or stagnancy, the sterilization treatment can still protect the system.  

3.1 Thermal treatment  

Previous studies26, 27 have showed that L. pneumophila in vitro is killed rapidly by water 

temperatures >60 °C. Higher temperatures require less time to achieve the same log 

reduction (70 °C for 10 minutes, and 60 °C for 25 minutes)27. So, when DHW is 

supplied by LTDH, thermal treatment requires supplementary heating devices to 

achieve sufficient temperature elevation. When applying thermal disinfection, all the 

distal sites in the hot water system should be flushed with 60 °C or higher temperature 

hot water for a certain period of time28, 29. According to Krøjgaard et al.7, a protocol of 

keeping the boiler at 70 °C for 24 hours (after hyperchlorination) and flushing all taps 

for 5 minutes reduced the concentration of Legionella and limited it below 102 CFU/L 

over a period of 7 months.  

 

One benefit of thermal treatment is that it puts no additives into the water. This makes it 

the preferred solution in countries that have strict limits on water quality. Thermal 

treatment has good performance in transient use. Farhat et al. observed a 5-log reduction 

with a 30 min treatment30. The process is also easy to carry out. Nevertheless, 

insufficient temperature elevation or flushing time can result in failed sterilization 7. 

And temperature elevation and hot water flushing result in a loss of potential heating 

energy. Included among other disadvantages of thermal treatment are its limited 
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efficacy on biofilm, its potential to enhance the thermal resistance of Legionella30, 31, the 

risk of scalding, etc.  

 

The overall expense of thermal treatment includes the fuel cost for temperature 

boosting, the water flow used for flushing, and the cost of labour, which constitutes the 

greatest part of the total cost. A 10-year study of a hospital building in Modena, Italy 

reveals that it cost DKK 280 (EUR 37.5) per water point for two protocols (2 

days>60 °C at every distal) a year32. 

3.2 Chemical treatment 

This section presents chemical treatments that are allowed for continuous use in a 

domestic hot water system. However, the use of biocide methods requires meticulous 

control to maintain effective concentrations without violating any local water quality 

requirements. 

3.2.1 Ionization 

Ionization works by using two different ionized metals in the water to disrupt the cell 

wall permeability of bacteria and cause the denaturing of proteins and subsequent 

cellular lysis28, 33. The most widely used electrodes are copper and silver, which are 

extensively applied in recirculating hot water systems34. The effective dosages vary 

from 0.2-0.4 mg/L for copper and 0.02-0.04 mg/L for silver35 mainly depending on the 

water quality. Liu et al. observed that 0.4 ppm Cu and 0.04 ppm Ag successfully 

reduced the Legionella positive rate from 65% to 0.8%36 However, the concentration of 

Cu2+ and Ag+ must comply with local requirements for water quality. The European 

standard limits the concentration of Cu2+ to 2mg/L, while the limit for Ag+ is not 

defined. But EU member states can make stricter regulations locally. In Denmark, for 

instance, the limits for Cu2+ and Ag+ are lower than the effective concentrations, which 

are 0.1 mg/L and 0.01mg/L respectively37. So, this method cannot be used in Denmark. 
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To ensure a good reaction to the ionization process, the water should be clean. Campos 

et al.28 suggest ionization should be applied under pH 7.6, since it is a pH sensitive 

method. Furthermore, higher temperatures accelerate the chemical process and are 

recommended when using ionization35. 

 

One of the benefits of copper/silver ionization is its long-term efficacy38, 39. Stout et al.38 

report the successful control of Legionella using ionization in a 5-year investigation in 

16 hospitals. Another 70-month investigation by Biurrun et al.40 showed that the 

positive rates of Legionella were reduced to 0%-10.3% with ionization treatment. 

Moreover, ionization can also perform well with intermittent use41. This allows several 

systems to share the same generating equipment, which reduces investment costs. 

However, ionization is an on-site approach, and it has little effect on biofilm. 

Furthermore, concentrations of copper and silver that are too high will cause scaling 

accumulation and water discoloration42.  

 

The overall cost of ionization includes the initial investment and the maintenance cost. 

The initial investment varies a lot depending on the size of the water system, ranging 

between DKK 68,000 (EUR 9,115) and DKK 240,000 (EUR 32,171) , with an annual 

maintenance cost ranging between DKK 10,000 (EUR 1,340) and DKK 27,000 (EUR 

3,619) for replacing electrodes42, 43. 

3.2.2 Chlorine 

Chlorine is one of the most widely used oxidizing agents in many kinds of water 

systems, including potable water systems in some countries. Normally, a residual level 

of 2-6 mg/l chlorine is required for continuous control of Legionella43. Experimental 

work by Muraca et al.26 showed that chlorine with an average concentration of 4-6 mg/L 

can achieve 4-log reduction in 25 °C water after 3 hours. However, when Legionella 

bacteria are associated with host protozoa, a higher concentration of chlorine is 

required, for example, >4 mg/l for H. vermiformis44 and >50 mg/L for Acanthamoeba 

polyphage45. Hyperchlorination (at least 2 hours with 20 mg/L or 1 hour with 50 mg/L) 
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can be applied for cleaning purposes. However, the water system cannot be used until 

the chlorine concentration falls below the standard requirement. 

  

Chlorine is a systematic disinfection method with good transient effect, and it can 

provide a residual concentration throughout the whole system. But chlorine has little 

effect on the persistence of Legionella in amoeba, and it is a highly corrosive chemical 

which will lead to pipe corrosion. To avoid this, protective coatings are required, which 

will increase costs. Moreover, chlorine residual has the potential to cause carcinogen 

disease to human beings45. 

 

The cost of chlorine includes the investment for necessary equipment and the expense 

for pipe work maintenance, protective coating and labour costs. Compared to the 

thermal treatment at the Italian hospital mentioned earlier32, the average annual expense 

is slightly lower at DKK 228 (EUR 31) per water point.  

3.2.3 Chlorine dioxide 

Chlorine dioxide is another oxidizing agent widely used to treat potable water and other 

water systems in some countries. It kills the bacteria by disrupting their cellular 

processes46. As shock treatment, Walker et al.47 observed that maintaining a chlorine 

dioxide concentration of 50-80 mg/l for 8 hours in the system tank and 1 hour at all 

outlets showed a good inhibiting efficacy for both planktonic and sessile Legionella. For 

continuous residual control, a level of 0.5 mg/L is effective in hot water systems48.  

 

Chlorine dioxide is more effective than free chlorine in most cases and bad odour can be 

avoided in potable water treatment. But one limitation with chlorine dioxide is its easy 

decomposition. Moreover, it is difficult to maintain a continuously effective residual 

concentration in water.  

 

Chlorine dioxide is considered a cost-effective eradication method. The total cost 

includes investment and maintenance cost for precise injection and monitoring.  
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3.2.4 UV light 

Ultraviolet light adds no chemical agents into the water system. It kills bacteria by 

disrupting their DNA replication process with short-wavelength light (254 nm)49. 

Continuous UV disinfection at 30000 µW-s/cm2 can achieve a 5-log reduction within 20 

minutes26.  

 

UV light has the advantages of good instant efficacy (5-log reduction within 1 hour 

according to Muraca et al.26), no chemical by-products, no damage to water quality or 

pipe work, and simple installation. But UV light provides no residual throughout the 

system, which limits its efficacy in large water systems and system colonized by 

biofilm. A study by Franzin et al.50 showed that UV had better efficacy in central parts 

of a water system than in distal parts. So, to maintain long-term efficacy, other 

treatments should be used in combination with UV.  

 

The investment in UV lamps accounts for the largest part of the total expense. For a 

500-bed hospital in the United States, where four large (260 gal/min) and two small (30 

gal/min) units were installed, the cost was DKK 339,000 (EUR 45,442)42. 

3.2.4 Photocatalysis 

Photocatalysis is a new water treatment technique for hot water systems. The method 

used is to activate a solid catalyst such as titanium dioxide (TiO2) using sunlight and 

produce oxidants to kill bacteria. The main oxidant generated by this reaction is the 

hydroxyl radical (•OH), which is accompanied with superoxide anions (•O2
-) and 

hydrogen peroxide (H2O2).  

 

The main reaction process works in the following way: 

𝑇𝑖𝑂2 + ℎ𝑣 → 𝑒𝑐𝑏
− (𝑇𝑖𝑂2) + ℎ𝑣𝑏

+ (𝑇𝑖O2)  (1) 

𝑒𝑐𝑏
− + 𝑂2 → 𝑂2

∙− (2) 
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2𝑂2
∙− + 2𝐻+ → 𝐻2𝑂2+𝑂2 (3) 

𝐻2𝑂 + ℎ𝑣𝑏
+ →∙ 𝑂𝐻 + 𝐻+

  
(4)

 

𝑂𝐻− + ℎ𝑣𝑏
+ →∙ 𝑂𝐻  (5) 

The wavelength of the ultraviolet light for photocatalysis should be no more than 

385 nm (UV-A)51. The disinfection contact time can vary for different kinds of 

microorganisms, such as viruses, bacteria, spores and protozoa. Photocatalysis has 

superior disinfection efficacy for bacteria that have strong chemical resistance. Cheng et 

al.51 used a 90-minute photocatalysis treatment with 1000mg/L of TiO2 and 108 

mW/cm2 of UV light and achieved a 4.5-log reduction. Stenman et al. report52 the 

achievement of a 5-log reduction in contaminated water with a flowrate of 10L/min 

using photocatalysis in a laboratory. According to Eqs. 1–5, photocatalysis is a stable 

treatment and produces no toxic residuals in the water system, so even countries that 

have strict policies on potable water quality are able to apply this method. 

 

The main investment required for photocatalysis is the generation equipment. Compared 

to the investment, operation costs are small, since it only requires sunlight and a small 

amount of electricity. 

3.3 Physical treatment  

Physical treatment mainly refers to filtration, which prevent the microorganisms from 

getting into the protected site by using membrane filters32, 53, 54. Filtration is very 

effective, but the short lifetime of the filter is one of its most important limitations. 

Operation costs of filtration are much higher than any other method, since the filter has 

to be replaced regularly. Another limitation is retrograde contamination. The filter can 

easily lose its efficacy by coming into contact with contaminated sources (such as 

splash water).  
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The cost is basically determined by the lifetime of the filter. Marchesi et al.32 report that 

the cost of filters for a single water point was DKK 6353 (EUR 852) annually due to 

their short lifetime (one month). 

 

The characteristics of each sterilization method is shown and compared in Table 2. 

The evaluation of the costs considered mainly the investment cost of the sterilization 

equipment.    
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Table 2 Characteristics of different sterilization methods 

 Methods Efficacy Operation activity 
Additive to 

water system 

Investm

ent 

Cost 

Effective range 
Feasibility & 

regulations 

Thermal 

treatment 
Heat flushing Short 

Temperature & 

operation time 

control 

No Low systematic No limits 

Chemical 

treatment 

Ionization Long term Residual control Yes Medium on-site A+B 

Chlorine Long term Residual control Yes Low systematic A 

Chlorine Dioxide Short term Residual control Yes Low on-site A 

Photocatalysis Long term Residual control No Medium on-site No limits 

Ultraviolet Light Short term - No Medium on-site No limits 

Physical 

treatment 
Filtration Short term - No High on-site No limits 

* “-” represents for none specific control 

* “A” the concentration of the agents must comply with local water quality regulations 

* “B” not applicable in some countries
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4. Conclusion  

Everyone who has the intention of promoting low-temperature district heating in the 

future needs to address the potential problem of Legionella proliferation in hot water 

systems due to insufficient temperature elevation in advance. This paper provides a 

broad overview of the options available in terms of both changes in design and 

sterilization treatments. The alternative design approach is based on two methods – 

temperature elevation and volume restriction. Considering the cost and difficulty of 

installation, decentralized substation systems are recommended for new buildings with a 

large hot water system and a diverse pattern of use. Micro heat pump systems can be 

applied in both large systems and single family houses, but might be more appropriate 

in future low-energy buildings. Heating element and electric heat tracing systems are 

preferred when renovating water systems in existing buildings because they are cheap 

and easy to install. Sterilization treatment can be used as supplementary protection with 

alternative design or for post-treatment if trigger-concentration occur. Thermal 

treatment is a simple and non-additive method, but with LTDH, local heating devices 

will be required to achieve sufficient temperature elevation. If biocides are used, the 

concentrations need to be meticulously controlled to achieve the right efficacy without 

violating water quality regulations. UV and photocatalysis are best used in newly-built 

water systems or uncontaminated systems, because of their on-site efficacy. Filtration is 

widely used in more places which the risks are higher (e.g. hospital water systems) for 

better protection, but the filters have to be replaced regularly.  

5. Acknowledgement 

The work presented in this paper is a result of the research activities of the Strategic 

Research Centre for 4th Generation District Heating (4DH), which has received funding 

from The Innovation Fund Denmark. 



18 

 

6. Funding 

This research received no specific grant from any funding agency in the public, 

commercial or not-for-profit sectors. 

7. References 

1. Lin H, Xu B, Chen Y, Wang W. Legionella pollution in cooling tower water of air-

conditioning systems in Shanghai, China. Journal of Applied Microbiology. 

2009;106(2):606-12. 

2. Dondero TJ, Rendtorff RC, Mallison GF, Weeks RM, Levy JS, Wong EW, et al. An 

Outbreak of Legionnaires' Disease Associated with a Contaminated Air-Conditioning 

Cooling Tower. New Engl J Med. 1980;302(7):365-70. 

3. Su H-P, Tseng L-R, Tzeng S-C, Chou C-Y, Chung T-C. A Legionellosis Case Due to 

Contaminated Spa Water and Confirmed by Genomic Identification in Taiwan. 

Microbiology and Immunology. 2006;50(5):371-7. 

4. Shands KN, Ho JL, Meyer RD, et al. Potable water as a source of Legionnaires' 

disease. JAMA 1985;253(10):1412-6. 

5. Fraser DW, Tsai TR, Orenstein W, Parkin WE, Beecham HJ, Sharrar RG, et al. 

Legionnaires' Disease - Description of an Epidemic of Pneumonia. New Engl J Med. 

1977;297(22):1189-97. 

6. Legionnaires' disease in Europe, 2013. Stockholm: ECDC, 2015. Available on-line at 

http://ecdc.europa.eu/en/publications/Publications/legionnaires-disease-2015.pdf 

7. Krøjgaard LH, Krogfelt KA, Albrechtsen HJ, Uldum SA. Cluster of Legionnaires' 

disease in a newly built block of flats, Denmark, December 2008-January 2009. Euro 

Surveill. 2011;16(1). Available on-line at 

http://www.eurosurveillance.org/images/dynamic/EE/V16N01/art19759.pdf 

8. Mathys W, Stanke J, Harmuth M, Junge-Mathys E. Occurrence of Legionella in hot 

water systems of single-family residences in suburbs of two German cities with 

special reference to solar and district heating. International Journal of Hygiene and 

Environmental Health. 2008 Mar;211(1-2):179-85. 

9. Leoni E, De Luca G, Legnani PP, Sacchetti R, Stampi S, Zanetti F. Legionella 

waterline colonization: detection of Legionella species in domestic, hotel and hospital 

hot water systems. Journal of Applied Microbiology. 2005;98(2):373-9. 

10. Moore MR, Pryor M, Fields B, Lucas C, Phelan M, Besser RE. Introduction of 

Monochloramine into a Municipal Water System: Impact on Colonization of 

Buildings by Legionella spp. Applied and Environmental Microbiology. 

2006;72(1):378-83.10/05/accepted;72(1):378-83. 

11. Borella P, Montagna MT, Romano-Spica V, Stampi S, Stancanelli G, Triassi M, et al. 

Legionella infection risk from domestic hot water. Emerging Infect Dis. 2004 

Mar;10(3):457-64. 

12. Zacheus OM, Martikainen PJ. Occurrence of legionellae in hot water distribution 

systems of Finnish apartment buildings. Can J Microbiol. 1994;40(12):993-9. 



19 

 

13. Stout JE, Yu VL, Yee YC, Vaccarello S, Diven W, Lee TC. Legionella pneumophila 

in residential water supplies: environmental surveillance with clinical assessment for 

Legionnaires' disease. Epidemiology and Infection. 1992;109(1):49-57. 

14. Alary M, Joly JR. Risk factors for contamination of domestic hot water systems by 

legionellae. Applied and Environmental Microbiology. 1991;57(8):2360-7. 

15. Arnow PM, Weil D, Para MF. Prevalence and Significance of Legionella 

pneumophila Contamination of Residential Hot-Tap Water Systems. Journal of 

Infectious Diseases. 1985 July 1, 1985;152(1):145-51. 

16. van der Kooij D, Veenendaal HR, Scheffer WJH. Biofilm formation and 

multiplication of Legionella in a model warm water system with pipes of copper, 

stainless steel and cross-linked polyethylene. Water Research. 2005 Aug;39(13):2789-

98. 

17. Fisher-Hoch SP, Smith MG, Colbourne JS. Legionella Pneumophila in Hospital Hot 

Water Cylinders. Lancet. 1982;1(8280):1073-. 

18. Codony F, Álvarez J, Oliva JM, Ciurana B, Company M, Camps N, et al. Factors 

Promoting Colonization by Legionellae in Residential Water Distribution Systems: an 

Environmental Case-Control Survey. Eur J Clin Microbiol Infect Dis. 

2002;21(10):717-21. 

19. DS/CEN/TR16355. Recommendations for prevention of Legionella growth in 

installations inside buildings conveying water for human consumption. Copenhagen: 

CEN; 2012. 

20. Lund H, Werner S, Wiltshire R, Svendsen S, Thorsen JE, Hvelplund F, et al. 4th 

Generation District Heating (4GDH) Integrating smart thermal grids into future 

sustainable energy systems. Energy. 2014 Apr 15;68:1-11. 

21. van Hoof J, Hornstra LM, van der Blom E, Nuijten OWW, van der Wielen PWJJ. The 

presence and growth of Legionella species in thermostatic shower mixer taps: an 

exploratory field study. Build Serv Eng Res T. 2014 Nov;35(6):600-12. 

22. Vickers RM, Yu VL, Hanna SS, Muraca P, Diven W, Carmen N, et al. Determinants 

of Legionella-Pneumophila Contamination of Water Distribution-Systems: 15-

Hospital Prospective Study. Infection Control and Hospital Epidemiology. 1987 

Sep;8(9):357-63. 

23. Drinking water heating and drinking water piping systems; technical measures to 

reduce Legionella growth; design, construction, operation and rehabilitation of 

drinking water installations, DVGW W 551-2004-04. 

24. Technical Handbook – Danfoss Evoflat systems from A-Z, 2013. Available at: 

http://evoflat.danfoss.com/content/download/VGGPA302_Evoflat_Handbook_AkvaL

ux_lores.pdf. 

25. Zvingilaite E, Ommen TS, Elmegaard B, Franck ML. Low temperature district 

heating consumer unit with micro heat pump for domestic hot water preparation. In 

Proceedings of the 13th International Symposium on District Heating and Cooling; 

pp. 136-143, 2012; Copenhagen, Denmark. 

26. Muraca P, Stout JE, Yu VL. Comparative Assessment of Chlorine, Heat, Ozone, and 

UV Light for Killing Legionella pneumophila within a Model Plumbing System. 

Applied and Environmental Microbiology. 1987 Feb;53(2):447-53. 



20 

 

27. Stout JE, Best MG, Yu VL. Susceptibility of Members of the Family Legionellaceae 

to Thermal-Stress: Implications for Heat Eradication Methods in Water Distribution-

Systems. Applied and Environmental Microbiology. 1986 Aug;52(2):396-9. 

28. Campos C, Loret JF, Cooper AJ, Kelly RF. Disinfection of domestic water systems 

for Legionella pneumophila. J Water Supply Res T. 2003 Aug;52(5):341-54. 

29. Mouchtouri V, Velonakis E, Hadjichristodoulou C. Thermal disinfection of hotels, 

hospitals, and athletic venues hot water distribution systems contaminated by 

Legionella species. American Journal of Infection Control. 2007 Nov;35(9):623-7. 

30. Farhat M, Trouilhe MC, Briand E, Moletta-Denat M, Robine E, Frere J. Development 

of a pilot-scale 1 for Legionella elimination in biofilm in hot water network: heat 

shock treatment evaluation. Journal of Applied Microbiology. 2010 Mar;108(3):1073-

82. 

31. Allegra S, Grattard F, Girardot F, Riffard S, Pozzetto B, Berthelot P. Longitudinal 

evaluation of the efficacy of heat treatment procedures against Legionella spp. in 

hospital water systems by using a flow cytometric assay. Applied and Environmental 

Microbiology. 2011 Feb;77(4):1268-75. 

32. Marchesi I, Marchegiano P, Bargellini A, Cencetti S, Frezza G, Miselli M, et al. 

Effectiveness of different methods to control legionella in the water supply: ten-year 

experience in an Italian university hospital. The Journal of Hospital Infection. 2011 

Jan;77(1):47-51. 

33. Darelid J, Löfgren S, Malmvall BE. Control of nosocomial Legionnaires' disease by 

keeping the circulating hot water temperature above 55 degrees C: experience from a 

10-year surveillance programme in a district general hospital. Journal of Hospital 

Infection. 2002 Mar;50(3):213-9. 

34. Kim BR, Anderson JE, Mueller SA, Gaines WA, Kendall AM. Literature review—

efficacy of various disinfectants against Legionella in water systems. Water Research. 

2002 Nov;36(18):4433-44. 

35. Cachafeiro SP, Naveira IM, Garcia IG. Is copper-silver ionisation safe and effective in 

controlling legionella? Journal of Hospital Infection. 2007 Nov;67(3):209-16. 

36. Liu Z, Stout JE, Tedesco L, Boldin M, Hwang C, Diven WF, et al. Controlled 

Evaluation of Copper-Silver Ionization in Eradicating Legionella pneumophila from a 

Hospital Water Distribution System. The Journal of Infectious Diseases. 

1994;169(4):919-22. 

37. Krøjgaard LH. Legionella in habitations: detection and risk factors. PhD thesis, 

Technical University of Denmark (DTU); 2011. Available at: 

http://orbit.dtu.dk/fedora/objects/orbit:86795/datastreams/file_5742823/content 

38. Stout JE, Yu VL. Experiences of the first 16 hospitals using copper-silver ionization 

for Legionella control: Implications for the evaluation of other disinfection modalities. 

Infection Control and Hospital Epidemiology. 2003 Aug;24(8):563-8. 

39. Mietzner S, Schwille RC, Farley A, Wald ER, Ge JH, States SJ, et al. Efficacy of 

thermal treatment and copper-silver ionization for controlling Legionella pneumophila 

in high-volume hot water plumbing systems in hospitals. American Journal of 

Infection Control. 1997 Dec;25(6):452-7. 



21 

 

40. Biurrun A, Caballero L, Pelaz C, León E, Gago A. Treatment of a Legionella 

pneumophila-colonized water distribution system using copper-silver ionization and 

continuous chlorination. Infection Control and Hospital Epidemiology. 

1999;20(6):426-8. 

41. Liu Z, Stout JE, Boldin M, Rugh J, Diven WF, Yu VL. Intermittent use of copper-

silver ionization for Legionella control in water distribution systems: A potential 

option in buildings housing individuals at low risk of infection. Clin Infect Dis. 1998 

Jan;26(1):138-40. 

42. Lin YE, Stout JE, Yu VL, Vidic RD. Disinfection of water distribution systems for 

Legionella. Seminars in Respiratory Infections. 1998 June;13(2):147-59. 

43. Muraca PW, Yu VL, Goetz A. Disinfection of water distribution systems for 

Legionella: a review of application procedures and methodologies. Infection Control 

and Hospital Epidemiology. 1990 Feb;11(2):79-88. 

44. Kuchta JM, Navratil JS, Shepherd ME, Wadowsky RM, Dowling JN, States SJ, et al. 

Impact of Chlorine and Heat on the Survival of Hartmannella-Vermiformis and 

Subsequent Growth of Legionella-Pneumophila. Applied and Environmental 

Microbiology. 1993 Dec;59(12):4096-100. 

45. Kilvington S, Price J. Survival of Legionella Pneumophila within Cysts of 

Acanthamoeba Polyphaga Following Chlorine Exposure. J Appl Bacteriol. 1990 

May;68(5):519-25. 

46. Srinivasan A, Bova G, Ross T, Mackie K, Paquette N, Merz W, et al. A 17-month 

evaluation of a chlorine dioxide water treatment system to control Legionella species 

in a hospital water supply. Infection Control and Hospital Epidemiology. 2003 

Aug;24(8):575-9. 

47. Walker JT, Mackerness CW, Mallon D, Makin T, Williets T, Keevil CW. Control of 

Legionella-Pneumophila in a Hospital Water-System by Chlorine Dioxide. J Ind 

Microbiol. 1995 Oct;15(4):384-90. 

48. HSE. Legionnaires' disease. The control of legionella bacteria in water systems. 

Health and Safety Executive 2013. Available at: 

http://www.hse.gov.uk/pubns/priced/l8.pdf 

49. Liu Z, Stout JE, Tedesco L, Boldin M, Hwang C, Yu VL. Efficacy of Ultraviolet-

Light in Preventing Legionella Colonization of a Hospital Water Distribution-System. 

Water Research. 1995 Oct;29(10):2275-80. 

50. Franzin L, Cabodi D, Fantino C. Evaluation of the efficacy of ultraviolet irradiation 

for disinfection of hospital water contaminated by Legionella. Journal of Hospital 

Infection. 2002 Aug;51(4):269-74. 

51. Cheng YW, Chan RCY, Wong PK. Disinfection of Legionella pneumophila by 

photocatalytic oxidation. Water Research. 2007 Feb;41(4):842-52. 

52. Stenman D, Carlsson M, Nedelchef V. Legionella safety by Wallenius AOT™. 

Stockholm, Sweden: Wallenius Water Research and Development, internal report, 

2008. 

53. Vonberg RP, Sohr D, Bruderek J, Gastmeier P. Impact of a silver layer on the 

membrane of tap water filters on the microbiological quality of filtered water. BMC 

Infectious Diseases. 2008 Oct;8;133. 



22 

 

54. Vonberg RP, Eckmanns T, Bruderek J, Rüden H, Gastmeier P. Use of terminal tap 

water filter systems for prevention of nosocomial legionellosis. Journal of Hospital 

Infection. 2005 Jun;60(2):159-62. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


