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A B S T R A C T

This paper describes work that evaluated a copper and silver ionisation system, comprising 99.99%
copper and 99.99% silver electrodes, installed as a replacement to a low performing chlorine dioxide
(ClO2) system for the control of Legionella in a UK hospital. The system was used in conjunction with the
existing temperature regime and was installed upstream of the water storage tanks to allow adequate
build-up of copper and silver in tanks so that good levels were available for distribution to outlets.
Samples were taken monthly and analyzed for Legionella, by the culture method, and for copper and silver
by Inductively Coupled Plasma-Optical Emission Spectroscopy/Mass Spectrometry over a four-year
period. The results showed that water temperature above 55 �C did not control L. pneumophila in 25 out of
140 outlets. The copper and silver ionisation system had initial problems during the commissioning stage
and up to four months after commissioning, owing to deadlegs, deadends and low-use outlets. Once
these problems were solved, Legionella was controlled consistently and monthly monitoring of outlets
has showed no positive result for 15 months. It was concluded that: Legionella could not be effectively
controlled using a temperature regime alone, even when temperature was maintained at below 20 �C or
at above 55 �C; and that copper and silver ionisation was effective for Legionella control provided the
system was regularly monitored to ensure the required concentration of ions was maintained, so that
potential Legionella sources, such as build-up of biofilms in rubber-lined hoses, were dealt with as soon as
detected.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Legionella pneumophila is a disease-causing microorganism
ubiquitous in the environment and can infect humans, being
particularly dangerous for hospital patients who have a compro-
mised immune system [25]. L. pneumophila is well known for
causing legionellosis (Legionnaires’ Disease and Pontiac fever). The
Legionella genus is able to survive in wide ranging temperature
conditions, 0–63 �C [1], but thrive at 20–45 �C.

Various water treatments methods for the control of Legionella
are available and a few studies, mainly in the USA, have evaluated
these over the years, including hospital studies. For example,
recently, Rhea et al. [14] evaluated remediation efforts and
outcomes in hospitals in North Carolina, USA, after identifying
23 cases of Legionnaires’ Disease in five long-term care facilities.

They evaluated Legionella culture samples taken before and after
remediation, during June-October 2014. Their results showed that
despite remediation and engineering efforts, Legionella was
persistently isolated from subsequent environmental samples at
two out of four facilities examined; one which had performed 1-
time superheating and one which had performed 1-time super-
heating and hyperchlorination. They concluded that complete
Legionella eradication might require secondary disinfection or
other prolonged remediation strategies at these facilities. Bédard
et al. [1] proposed a risk assessment based on water temperature
profiling and distribution within a network, to guide effective
monitoring strategies and to identify high risk areas. Their results
showed that maintaining sufficiently high temperatures within hot
water distribution systems (consistently >60 �C and maintained
>55 �C) suppressed L. pneumophila culturability, but that the risk
remained as shown by the persistence of L. pneumophila by culture
and qPCR. A recent field study [22] which looked at water
temperature reduction as an energy-saving measure, showed a
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significant increase in Legionella at 57 �C when a secondary
disinfectant was omitted.

Copper and silver ionisation systems have been widely
implemented in the USA. The first 16 installations in the USA
have experienced sustained success at 5–11 year follow-up [19].
This method involves the electrical generation of copper and
silver ions in water, and the copper ion is thought to be
responsible for the cascading effect of copper toxicity in bacterial
cells. Suggested mechanisms involve an initial cell membrane
compromise, followed by rapid accumulation of copper ions in
the bacterial cells, and subsequent protein damage resulting in
cell death and DNA degradation [12,5]. It was suggested that the
silver ion primarily affected the function of membrane-bound
enzymes, such as those in the respiratory chain, through binding
to thiol groups [3,21]. Yamanaka et al. [26] found, however, that
the silver ion also readily infiltrated the interior of Escherichia coli,
rather than residing in the cell membrane area, and that one of the
major bactericidal actions of the silver ion was caused by its
interaction with the ribosome and subsequent suppression in the
expression of enzymes and proteins essential to ATP production
[26].

Lin et al. [8] carried out an evidence-based review of
disinfection methods for controlling Legionella in hospital drinking
water. Copper and silver ionisation, chlorine dioxide (ClO2),
monochloramine, hyperchlorination, and point-of-use filtration
were reviewed. The authors concluded that copper and silver
ionisation was the best available technology for controlling
Legionella colonisation in hospital water systems. They also
suggested that the prolonged bactericidal effect, demonstrated
by Liu et al. [9,10] was due to the accumulation of copper and silver
ions inside biofilms.

There are not enough published studies in peer reviewed
journals showing long-term studies of the performance of copper
and silver ionisation for the control of Legionella in UK hospitals,
except for Srivastava et al. [18]. This study reports the results for a
large UK hospital facility which had been using water temperature
(�55 �C) combined with ClO2 as a water disinfection method. In
2004 the hospital found that 81 of 92 samples tested were positive
for Legionella (61 samples >100 cfu/L, 25 > 1000 cfu/L and
5 > 1.0 � 105 cfu/L). As the ClO2 disinfection system, with the
temperature regime had failed to control Legionella, the hospital
decided to install a copper and silver ionisation system, in
conjunction with the existing temperature regime in September
2011. The aim of the paper is to assess the effectiveness of a pure
copper and pure silver ionisation system and temperature regime
for Legionella control in the various water systems of a UK hospital.

2. Methods

2.1. Setting

The hospital accommodates approximately 1000 beds. The water
enters the building by an incoming mains supply from where it is
delivered to storage tanks in the hospital’s plant room, and as
drinking water for the main hospital. Some of the water is softened in
the plant room by conventional softening systems, stored in a large
storage tank and then heated, by steam plate heat exchangers, and
distributed as hot water throughout the hospital. The water quality
parameters were provided by the local water authority in a water
quality report: calciumwas 120 mg/L ascalcium, whichis considered
hard water, and 300 mg/L as calcium carbonate (hence the need for
softening) and the mean pH was 7.48.

Unsoftened mains water is delivered from the incoming mains
to a large storage tank, from which it is distributed throughout the
hospital as unsoftened water. This water is also delivered to two
other tanks storing drinking water that is distributed throughout

the main hospital. Unsoftened water is also delivered to another
tank storing drinking water for a separate building, the cardiotho-
racic unit. In total, five copper and silver ionisation systems were
fitted before all storage tanks.

Flow regulating valves (GL Flow Limited, UK) that provide
optimum activation of the copper and silver ionisation systems
were fitted in the storage tanks. In excess of 2000 thermostatically-
controlled mixing valves (TMVs) were fitted to prevent scalding.

2.2. The copper and silver ionisation system

The copper and silver ionisation systems (ProEconomy Limited,
Leighton Buzzard, Bedfordshire, UK) were fitted (Fig. 1). With these
systems, water flows through the turbine of a flow sensor, which
sends a signal to a control unit,whichthenpassesa low directcurrent
between two 99.99% copper and two 99.99% silver electrodes,
housed in electrode chambers. This causes the release of copper and
silver ions into the flowing water. To ensure that necessary levels of
copper and silver are released, the system has been designed to be
automatically adjusted, taking into account variable flow rates and
water qualities. Copper and silver levels, electric current settings and
flow rates can be interrogated remotely.

Potential formation of scale on the electrodes can obstruct the
release of copper and silver ions in hard water and this was
prevented by using pure copper and silver electrodes instead of
copper-silver alloys. This provided controlled release of copper
and silver ions by being able to increase or reduce the electrical
current output separately, which is not possible when copper-
silver alloys is used [23]. In addition, the polarity of the electrodes
was automatically switched from anode to cathode and vice
versa, which resulted in cations, such as calcium and magnesium
ions that may have adhered to the surface of the cathode, falling
off the surface when the polarity was switched from cathode to
anode. This is particularly important when the water is hard to
minimise deposit build up.

The copper and silver ionisation system supplier also checked
the condition of the electrodes once a month and carried out
necessary maintenance every month to ensure optimum operation
of the systems.

2.3. Water sampling and analyses

Before the copper and silver ionisation systems were commis-
sioned, samples were taken from 80 outlets that had been

Fig.1. Photograph of one of the copper and silver ionisation system installed at the
hospital.
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