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Controlled Evaluation of Copper-Silver Ionization in Eradicating Legionella
pneumophila from a Hospital Water Distribution System

Zeming Liu, Janet E. Stout, Lou Tedesco, Marcie Boldin,
Charles Hwang, Warren F. Diven, and Victor L. Yu

Departments of Medicine and Engineering. University of Pittsburgh and
VA Medical Center, Pittsburgh, Pennsylvania

A controlled evaluation was made of the efficacy of copper-silver ionization in eradicating
Legionella pneumophila from a hospital water supply. Copper-silver ionization units were in-
stalled on the hot water recirculation line of one building with water fixtures positive for Legion-
ella species. Another building with the same water supply served as a control. Legionella species
persisted within the system when copper and silver concentrations were <0.3 and <0.03 ppm,
respectively. When copper and silver concentrations were >0.4 and >0.04 ppm, respectively,
there was a significant decrease in Legionella species colonization, but the percentage of water
fixtures positive for organisms was unchanged in the control building. When the ionization unit
was inactivated, water fixtures continued to be free of Legionella species for 2 additional months.
Copper-silver ionization can eradicate L. pneumophila in a water distribution system. The advan-
tages of copper-silver ionization include relatively low cost, straightforward installation, easy
maintenance, nontoxic by-products, and the presence of a disinfecting residual.

Legionella pneumophila in the hospital water distribution
system has been epidemiologically linked to hospital-ac-
quired legionnaires’ disease [1-5]. Control of nosocomial
outbreaks has been accomplished by disinfecting the hospital
water distribution system. Superheat and flush and hyper-
chlorination have been commonly applied despite disadvan-
tages of both of these methodologies [6].

Copper-silver ionization by electrolysis is theoretically an
attractive alternative for disinfecting potable water systems.
The electrode emissions created by the ionization process are
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anionic, surface-active, and microbiocidal. The disinfecting
action is attributed to the positively charged copper and
silver ions, which form electrostatic bonds with negatively
charged sites on the organism’s cell wall. These electrostatic
bonds create stresses leading to distorted cell wall permeabil-
ity. This action, coupled with protein denaturation, leads to
cell lysis and death. lonized copper and silver have been
shown to be efficacious in vitro in killing L. pneumophila
species [7]. However, the actual efficacy of copper-silver ion-
ization disinfection of L. pneumophila species in the actual
potable water systems is uncertain despite installation of
these systems in several hospitals [8, 9].

We examined the efficacy of copper-silver ionization as a
disinfection method in a hospital building persistently colo-
nized with L. pneumophila. The superheat and flush method,
shock hyperchlorination, and installation of an instanta-
neous steam heater had been ineffective in the building. Our
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objectives were to determine the efficacy of the copper-silver
ionization system alone for elimination of Legionella coloni-
zation of a hospital water system and to determine the extent
of monitoring and maintenance necessary to keep the units
operational.

Materials and Methods

Hospital. The study was undertaken in a 541-bed VA medi-
cal center that provides services to veterans with psychiatric dis-
orders. Of patients at the test site, 96% were ambulatory.

Copper-silver ionization system. The copper-silver ionization
system (LiquiTech, Burr Ridge, IL) electronically introduces
copper and silver ions into water from electrodes made from a
specially formulated copper-silver alloy. The rate at which the
ions are liberated from the electrode surface is automatically
maintained by solid-state, microprocessor-controlled circuitry.
Six copper-silver electrodes (three pairs) are housed in a flow-
through chamber. The output current is adjustable at the con-
trol unit and was set at 3 A, 40 V. The electrodes were cleaned
once a month and whenever the amperage dropped to <2 A or
the copper concentration level was <0.1 ppm.
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Copper analysis was done at the time of sample collection
using a test kit (model STC-CTP; LaMotte Chemical, Chester-
town, MD). Both copper and silver ion concentrations were
subsequently determined by atomic absorption spectroscopy
[10, 11].

Water distribution systems. Two buildings were chosen as
the test and control buildings. Both had the same water supply
with two instantaneous steam heating units. There were no hot
water storage tanks. Two copper-silver ionization flow cells
(model XTPF36-4/3) were installed in parallel on the hot water
recirculation line of the test building (figure 1). This model can
accommodate a maximum flow rate of 378.5 L/min. Cultures
before installation of copper-silver ionization units showed that
17 (65%) of 26 distal water sites at the test buildingand 11 (52%)
of 21 water fixtures at the control building were colonized with
L. pneumophila. On rare occasions, Legionella bozemanii was
also isolated.

Environmental monitoring for legionellae. Swabs of the sur-
faces of showerheads and inner surfaces of water spigots were
cultured. Samples were obtained before start-up, 1 week after
the system was installed, and monthly thereafter. Swabs were
acid treated, and then 0.1 mL of a sample was plated onto buff-
ered charcoal yeast extract agar and selective medium contain-
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ing dyes, glycine, vancomycin, and polymyxin B as part of a
standardized culture protocol [12]. Water samples were col-
lected from the recirculation line before and after the water
passed through the ionization units.

Assessnent of copper-silver ionization efficacy. The copper-
silver ionization system (maximum power output: 0.5 A, 32 V)
was activated without prior disinfection of the piping and distal
sites. One pair of electrodes was connected. At 4 and 6 weeks,
additional pairs of electrodes were installed because of subopti-
mal copper and silver concentrations. Finally, a higher power
output controller was installed at 8 weeks (maximum: 5.0 A,
50 V).

Statistical analysis. The culture results from the test and
control buildings were compared by percentage and mean per-
centages of positive test sites in the test and control buildings (x*
test and ¢ test of unequal variance, respectively).

Results

When the system was activated, copper and silver concen-
trations were 0.05 and 0.001 ppm, respectively. Four weeks
later, the concentrations were 0.1 and 0.001 ppm. After 8
weeks, the copper and silver concentrations still did not ex-
ceed 0.2 and 0.001 ppm, respectively. During this period, no
change in the rate of L. pneumophila positivity in the test
building was documented (figure 2). After a more powerful
control unit was installed, the copper and silver concentra-
tions reached 0.4 and 0.04 ppm, respectively, within 1 week.
The L. pneumophila positivity rate then began a sustained
and statistically significant decrease within 4 months after
activation of the unit (figure 2). Before activation of the cop-
per-silver unit, there were no significant differences in L.
pneumophila positivity between the test building (50%) and
the control building (57%); however, by 6 months after acti-
vation of the unit, the mean percentage of positive sites was
significantly less in the test building (0.8%) than in the con-
trol building (67%; P = .02, ¢ test of unequal variance).
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Figure 2. Effect of copper-silver ionization on Legionella positiv-
ity. When copper-silver concentration reached 0.4 ppm, Legionella
positivity showed significant gradual decrease (P < .05, ¢ test of
unequal variance and x? test). Cu conc = copper ion concentra-
tion.
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After the initial drop in distal site positivity, we hypothe-
sized that the sites that remained positive were used infre-
quently. Therefore we opened the hot water spigots at these
sites every other day for 2 weeks to allow these sites to be
exposed to the copper and silver ions; subsequently, L. pneu-
mophila disappeared from these sites. The control building
remained at about the same level of L. pneumophila positiv-
ity as before the test start-up (28%—-86%).

After 6 months, the units were turned off to assess the
duration of time required for recolonization. The test build-
ing remained negative for L. pneumophila for 2 months, and
only 1 (4%) of 26 sites was positive by 4 months. The control
building remained L. pneumophila-positive (48%—62%).

Variation in copper-silver concentrations were docu-
mented at different times of the day (data not shown): Sam-
ples taken during periods of low-water usage (12 midnight to
5 A.M.) showed higher copper and silver concentrations than
those taken during periods of high water use (7 A.M. to 12
noon).

Discussion

The copper-silver ionization system of disinfection is a rela-
tively new technology that has been used for disinfection of
swimming pools [13]. We installed the ionization units in a
hospital that had been persistently colonized with L. pneu-
mophila. Prior efforts to prevent colonization by L. pneumo-
phila (instantaneous steam heating system, superheat and
flush, and shock chlorination) had failed.

Two months after the copper-silver ionization system was
activated, the copper and silver concentrations remained
<0.3 and <0.03 ppm, respectively; there was no change in
the L. pneumophila positivity of distal sites. This copper con-
centration was not effective in killing L. pneumophila either
because the ions could not penetrate the biofilm containing
the organism or it could not kill the organism directly. When
the copper and silver concentrations were increased to 0.4
and 0.04 ppm, respectively, a gradual and statistically signifi-
cant decrease in L. pneumophila positivity at distal sites was
documented monthly thereafter (P = .02; figure 2). Of inter-
est, Landeen et al. [7] also found that the critical copper and
silver concentrations for killing L. pneumophila were 0.4 and
0.04 ppm, respectively. The fact that this disinfection suc-
ceeded without immediate prior disinfection (e.g., by super-
heat and flush or shock hyperchlorination) documents the
disinfecting properties of the copper and silver ions.

An L. pneumophila disinfection program has been in place
6 years at our institution, but it was not until the copper-
silver ionization system was used that distal water sites re-
mained Legionella-free for >2 months. Even more dramatic
was the fact that after the unit was deliberately turned off, the
distal sites remained free of L. pneumophila for >3 months
and <15% of sites sampled were positive for an additional
month.
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The following points should be considered by any institu-
tion considering use of a copper-silver ionization system for
L. pneumophila disinfection. The concentration of ions in
the water system was dependent on water use; the more
water used, the lower the concentrations of copper and silver
were. During periods of high water use, copper and silver
ions would drain from the recirculation line and be replaced
by untreated water. During this period, the concentrations of
copper and silver were low (<0.2 and <0.02 ppm, respec-
tively). However, during periods of low water use and maxi-
mal recirculation through the ionization unit, copper and
silver ions attained concentrations 0of 0.4-1.4 and 0.04-0.14
ppm, respectively.

Our experiment was done in a building with relatively low
water volume (total volume in the hot water recirculation
line, <189.3 L) and no hot water storage tank. It may be
more difficult to maintain the concentrations of copper and
silver at >0.4 and >0.04 ppm, respectively, in a larger build-
ing with greater water volume. Alternatively, a storage tank
would provide larger volumes of treated water for delivery to
hospital floors. The copper-silver ionization system was suc-
cessful in eliminating L. pneumophila from water fixtures by
treating only the hot water recirculation line. This approach
proved effective in eradicating L. prneumophila from water
fixtures even though cold water was not treated. The number
of copper and silver ions ingested by patients or personnel
were minimized since most water consumed comes from the
cold water supply. Copper and silver levels should be moni-
tored to conform with US Environmental Protection Agency
(EPA) standards for drinking water, that is, 1.3 ppm copper
and 0.1 ppm silver. Only 1 water sample (<1% of all samples
collected) exceeded EPA standards.

Finally, optimal efficacy requires that the electrodes be
cleaned regularly; frequency depends on water quality. Ac-
cumulated deposits of scale and sediment diminish the gener-
ation of copper and silver ions by the electrodes.

In summary, a copper-silver ionization system installed on
the hot water recirculation line was effective in eradicating L.
pneumophila from the water distribution system of a hospital
building. The advantages of this system included easy instal-
lation and maintenance; nontoxic by-products well below
EPA standards; stable and easily measured disinfectant resid-
ual that was unaffected by higher temperatures, unlike chlo-
rine and ozone, which are degraded by high temperatures
[14]; and a margin of safety, since recolonization by L. pneu-
mophila required >2 months.
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