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Proper disinfection of swimming-pool water is 
essential to prevent the transmission of pathogenic 
microorganisms. Several viral, bacterial and para
sitic agents have been associated to outbreaks in poorly 
disinfected recreational waters. Chlorine is the most 
commonly used disinfectant of swimming pools. This 
chemical has proved to be a very efficient disinfectant 
when used properly. However, its use may result in 
eye and skin irritation, undesirable odor and, more 
importantly, in the formation oftrihalomethane com
pounds derived from the reaction of chlorine with or
ganic matter. Alternative disinfectants include the use 
of electrolytically generated copper and silver ions. 
These metal ions are effective disinfectants against 
viruses and bacteria of concern in swimming pools. 
Furthermore, enhanced microbial inactivation is 
achieved when these metals are used in combination 
with low chlorine levels. Use of copper and silver ions 
in water systems currently used in swimming pools 
and spas may provide an alternative to high levels of 
chlorination. 

Introduction 
Chlorine has been used for many years i n the 

disinfection of potable water because of i ts rap id i n 
activation of microoi^anisms. However, there are cer
t a i n disadvantages w i t h chlorination. The concentra
t ion of hypochlorite required to be effective i n inact i 
v a t i n g organisms l ike Legionella spp. i n cooling tower 
water is re lat ive ly h i g h and would most l ike ly be cor-
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rosive to p lumbing systems (Skaliy et al. 1990). F u r 
thermore, levels of chlorine may be reduced f rom 
i n i t i a l l y h i g h levels to background levels r a p i d l y 
(Fliermans et al 1982), a n d may not provide a l o n g -
last ing residual effect, especially i n systems operat
i n g at elevated temperatures. Sunhght and organic 
matter fur ther deplete available chlorine. I n addition, 
the f o rmat ion of hazardous t r i h a l o m e t h a n e com
pounds, resul t ing f rom the reaction of chlorine w i t h 
organic matter , is also a hea l th concern. 

Al though hypochlorite can reduce numbers of 
L . pneumophila i n cooling tower water to environ
mental levels through continuous and shock chlor i 
nation (Fhermans et al. 1982), isolates of Legionella 
spp. f r om regions of h i g h ch lor inat i on have been 
shown to develop increased c h l o r i n e resistance 
(Kutcha et al. 1983). 

To address these concerns, a lternative disinfec
t ion treatments have been investigated. Copper and 
silver have been used for numerous years i n the dis
infection of water. Copper and silver are k n o w n to 
affect a number of microorganisms inc luding bacte
r i a , viruses, and algae (Landeen et al. 1989). They 
are beheved to interfere w i t h enzymes involved i n 
cellular respiration GDomek et al. 1984), and to b i n d 
at specific sites to D N A (Rahn et al. 1978). 

Inact ivat ion by combined copper and silver has 
been shown to be relat ively slow when compared to 
t h a t of free chlorine. However, inact ivat ion rates of 
bacterial indicator organisms (used to judge the sani
tary quahty of d r i n k i n g and s w i m m i n g pool water) 
w i t h copper and silver i n combination w i t h chlorine 
were shown to be greater t h a n those at comparable 
levels of free chlorine alone (Kutz et al. 1988; Landeen 
et al 1989). 

Microorganisms have a net negative charge at 
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p H values near n e u t r a l i t y given by carboxyl, amino, 
guanidyl , and imidazole groups (Thurman and Gerba 
1989). I t has been suggested that cations such as 
copper and silver are electrostatically attracted to the 
negatively charged microorganisms and may then 
imdergo reactions at the surface (Thurman and Gerba 
1989). I t is k n o w n t h a t nonionized species cross the 
cell membrane better t h a n ionized species. Once the 
former are inside the ceU, ionization may occur due 
to a change of p H w h i c h allows metals ions to act at 
sites of RNA, D N A or enzymes. This mechanism of 
penetrat ing a charge barr ier has been suggested as a 
means of explaining the greater disinfection efficiency 
of hypochlorous acid (HOCl) which possesses a neu
t r a l charge i n c o n t r a s t to the e lectronegat ive ly 
charged hypochlorite ions (OCh) (Thurman and Gerba 
1989). Copper has been used as an algicide for many 
years, and is reported to be one of the most toxic met
als to heterotrophic bacteria i n aquatic environments 
(Bitton and Friehofer 1978). 

M e t a l ions may inactivate bacteria or viruses by 
reacting outside or inside the cell or v i rus either d i 
rectly or indirect ly . Inact ivat ion targets may be pro
teins or nucleic acids. The possible mechanisms for 
inactivation by silver tha t have been proposed include: 
in ter ference w i t h e lectron t r a n s p o r t , b i n d i n g to 
nucleic acids, a n d interact ion w i t h cell membrane. 
The formation of insoluble compounds w i t h anions, 
s u l f h y d r y l groups, and many biological materials , 
such as enzymes, is responsible for the disinfecting 
act iv i ty of silver. Low concentrations of silver may 
enter a bacterial cell, possibly causing structural dam
age to the cell membrane. Upon entering the cell, the 
molecule may dissociate where the silver binds the 
D N A The effect of silver n i t ra te on phage inactiva
t ion is very hke ly due to crosslinking of the D N A he-
hx prevent ing transcr ipt ion . 

I t has been suggested that proteins complexed 
w i t h copper cannot function normally, thus cell death, 
or v i r a l inact ivat ion may follow. Copper may affect 
respiratory enzymes i n the cell membrane of bacte
r ia . For example, i n j u r e d E. coli reduces the use of 
aerobic respirat ion and increases the use of fermen
tat ion pathways i n the process of recovery (Domek et 
al. 1984). I n addit ion , copper may also alter DNA. A 
single meta l i on may h n k either two phosphates, two 
bases, or a phosphate and a base, preventing the D N A 
molecule f rom being transcribed. I t has been shown 
that disinfection w i t h copper and silver together re
sults i n a more efficient disinfection than when these 
metals are used alone (Landeen et al. 1989; Yahya, et 
al. 1992). A disinfectant t h a t targets the nucleic acid 
of a microorganism may have a low efficiency when 
used alone. Likewise , a substance that targets the 
surface of a microorganism may also have a low effi
ciency. However, i f used i n combination, these sub
stances may show an increased disinfection efficiency 
(Thurman and Gerba, 1989). 
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Legionella pneumophila is a ubiquitous aquatic 
organism which can survive under a wide range of 
environmental conditions. This organism is the caus
ative agent of Legionnaires disease, a severe form of 
pneumonia i n which aerosohzation of contaminated 
water sources is believed to be the route of transmis
sion. Since its isolation, fol lowing an outbreak of pneu
monia at the 1976 American Legion Convention i n 
Philadelphia, the annua l number of reported cases of 
legioneUosis i n the U n i t e d States has been increas
ing . L . pneumophila has been isolated f rom cooling 
towers and evaporative condensers, hot water tanks, 
and whirlpools. These water - rec i r cu lat ing systems 
often possess favorable g r o w t h conditions for L . 
pneumophila, such as elevated temperatures and 
minera l deposits, which can serve as a source of n u 
tr ients for biomasses and, i n t u r n , support the growth 
of Legionella species. These devices are also known 
to produce aerosols and have implicated i n numerous 
outbreaks. The concentration of hypochlorous acid re
quired to be effective i n inact ivat ing Legionella spe
cies i n cooling tower water are relatively h igh , and 
would most Hkely be corrosive to p lumbing systems 
under actual conditions. Copper and silver are known 
to affect a number of microorganisms inc luding bac
teria , viruses, and algae. Inact ivat ion by combined 
copper and silver has been shown to be relatively slow 
when compared w i t h t h a t of free chlorine; however, 
when these metals were added to low levels of free 
chlorine, inact ivat ion rates of bacterial indicator or
ganisms were shown to be greater than those at com
parable levels of free chlorine alone. 

A l though si lver has been used i n Europe for 
swimming-pool disinfection, i t has not been recom
mended i n the US. A l o n g contact t ime is required for 
effective act iv i ty therefore the process is undesirable 
for pool water disinfection. Furthermore , chlorides, 
ammonia, and organic matter interfere w i t h silver 
disinfection. However, there has been some resur
gence of interest i n the use of si lver ions, i n conjunc
t ion w i t h simultaneously generated copper ions, for 
reduc ing the amount o f free chlor ine requ ired to 
achieve effective disinfection of swimming pool wa
ters. I n addit ion, one of the advantages of using cop
per and silver for water disinfection is that the ir di&-
infecting concentration is w e l l below the U.S. E.P.A 
m a x i m u m d r i n k i n g water concentration (Table 1). 

M a x i m u m i n d r i n k  Disinfecting concen
i n g water (mg/L) t rat ion (pg/L) 

Copper 1.3 200-700 
Silver 0.9 20-70 

Table 1 - U.S. E.P.A. maximum 
copper and silver levels in 

drinking water and disinfecting 
concentrations 
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Figure 1 - Inactivation of Legionella pneumophila by 
exposure to generated copperisilver (400:40 iigfL) 

and various concentrations of free chlorine 

Some disinfection studies (Landeen et al 1989) 
using combined silver and copper have shown that 
the combination of these metals w i t h chlorine results 
i n an increased disinfection of Legionella pneumophila 
t h a n t h a t observed when the metals, or chlorine are 
used alone (Figure 1). These researchers also showed 
t h a t disinfection w i t h a combination of chlorine (0.2 
mg/L) and copperisilver (400:40 pg/L) was more effi
cient at elevated temperatures (39-40°C) than at room 
temperature (21-23**C) (Figure 2). They suggested 
t h a t the enhanced effects observed by the combined 
systems of free chlorine and copperisilver may be due 
to mul t ip l e sites of attack on the organism by both 
disinfectants. Free chlorine may alter the membrane 
permeabi l i ty to fa c i l i ta t ing the access of copper and 
silver to the in ter i o r of the cell. 

S imi lar studies (Cassells 1990) using the proto
zoan Naegleria fowleri showed t h a t a 3-logjQ reduc
t ion was achieved w i t h i n 10 minutes w i t h 1 mg /L of 
free chlorine, whi le the same reduction was reached 
w i t h i n 8 minutes when coppensdver (400:40 i ^ / L ) was 
added (Figure 3). However, this author indicated that 
m a n y f a c t o r s can i n f l u e n c e t h e d i s i n f e c t i o n o f 

Naegleria fowleri. This organism may be protected 
from disinfectants by attaching to surfaces and par
ticulate organic matter. Cassells (1990) indicated that 
disinfection of various organisms using coppensUver 
and/or chlorine var ied markedly (Figure 4). 

Summary 
Copper and silver i n combination w i t h low chlo

r ine concentrations offer an attract ive alternative to 
disinfection w i t h chlorine at h igher concentrations. 
U n l i k e chlorine which dissipates f r om swimming pool 
waters, copper and silver do not dissipate, and ad
sorb to surfaces (Landeen 1989), and thus have been 
shown to provide a residual concentration for poten
t i a l long t e rm disinfection. 

The results obtained i n these studies should be 
extrapolated to normal s w i m m i n g pool conditions 
cautiously, since they were conducted under con
tro l led conditions. F u r t h e r research needs to be car
r i e d out under different conditions such as hardness, 
t u r b i d i t y , p H , and presence of organic matter among 
other environmental factors. 
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21-23°C Temperatures 39-40»C 

Figure 2 - Inactivation of Legionella pneumophila by exposure 
to generated copperisilver (400i40 pg/L) at two temperatures 

- - • Free chtorine (1 mg/L) and coppensiiver (400:40 ng/L) — Free chtarine (1 mg/L) 
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Figure 3 - Inactivation of Naegleria fowleri by exposure 
to generated copperisilver and/or chlorine 
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Figure 4 ~ Inactivation of various organisms exposed to 
chlorine and/or electrolytically generated copperisilver 
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