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Efficacy of CopperlSiIver Ion Geoeration with Reduced Chlorine Conceotrations 00 

Disinfection and Operation of a Municipal Swimming Pool. 

ABSTRACT 

The disinfection of swirruning pool water in the Town of Brookline. 

Massachusetts' Municipal Swirruning Pool Recreational Facility using chlorine 

concentrations according to the provisions of Chapter V of the Massachusetts 

Sanitary code (1.0 ppm free available chlorine) is compared with the use of 

Copper/Silver ion generation with the use of low levels of free avai lable chlorine 

(0.4 ppm). Comparisons are made using standard methods for the detection of 

coliform ba=ia and heterotrophic bacteria using the standard plale coUD! 

method. In addition, comparisons are made relative to trihalomethane production 

(THM) under conditions of chlorine disinfection alone and copper/silver ion 

generation with low chlorine levels. Finally, the results of bather satisfaction using 

a bather survey technique are discussed under conditions of each test protocol. 
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L Bathing Water Microorganisms and Traditional Disinfection Techniques 

-

Mkroorganisms, including bacteria, protozoa and viruses occur naturally in recreational waters. 

Some of these microorganisms can be pathogenic, i.e., capable of causing human disease, and are, 

therefore, of legitimate public health concern. In swimming pools, these microorganisms may be 

introduced into the water by "carriers" and transmitted to other bathers via mechanisms of 

ingestion, inhalation, or broken skin. The literature is rife with instances of disease transmission 

involving the use of recreational waters (I). 

Proper treatment of swimming pool water is essential to protection of the public health from 

diseases spread by microorganisms as discussed above. Swimming pool wale!' trealIDen! 

methodologies have traditionaDy incorporated the agglomeration of microorganisms and other 

water impurities utilizing chemicals such as aluminum sulfate and subsequent filtration through a 

medium such as sand or diatomaceous earth. However, due to a variety of reasons, including but 

not limited to the wide variation in size of microorganisms, the efficiency of the agglomeration 

technique and breakthrough in the filter medium, this treatment technology cannot be solely relied 

upon for water purification purposes. Effective disinfection of properly treated swimming pool 

waters has treditiooally been accomplished by the addition of chlorine and chlorine compounds 

(2)(3)(4). In larger pools, chlorine is normally dispensed through a calibrated flow meter as 

gaseous chlorine or in aqueous solution as sodium hypochlorite, while in smaller residential pools, 

chlorine is dispensed as solid calcium hypochlorite. In all cases the active disinfecting agent is 
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hypochlorous acid (HOCL). To insure effective elimination of all pathogenic microorganisms and 

to provide exceUent general sanitary quality of swimming pool waters, State Health andlor 

Environmental regulatory agencies require that the bathing water CO[,::::in an excess amount of 

free available cblorine (F AC) above the amount whicb enters into reactions designed to inhibit the 

activity of microorganisms. In Massachusetts, swimming pool operators are currently required to 

maintain FAC levels of 1.0 ppm at all times when a pool is in use. 

n. Disinfection Using Copper/Silver Ion Generation 

The use of metallic ions in water disinfection techniques is not new. The early cmeks used copper 

and silver goblets and vessels for drinking and storage purposes (5). The low solubility of these 

metals served as a DamQ! controlled rc1.ea.sc mechanism wb.icll.arlded. trace amounts of these ions , 

to the water. Such amounts were high enough to purify the liquid without causing objecriooable 

taste. 

More recent use of copper and silver ions to inactivate microorganisms is well documented 

(6)(7)(8)(9). ID addition to bacteria, they also are effective in controlling viruses, algae and fungi 

in the part per billion (ppb) range. Copper and silver ion disinfectioo of swimming pool water bas 

several advantages over chlorine, viz.. the ions are chemically stable and do not undergo the 

destructive reactions of aqueous chlorine; they do not form objectionable by-products such as 

chloramine or Tribalometbanes (THM); they do not escape from the water by volatilization as 

chlorine does. 
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Maintaining ppm range concentrations of copper and silver ions in swimming pool water in a 

convenient and reproducible manner is accomplished by electrolytic generation of the ions. 

Electrolytic ion generators consist ofa positively charged anode consisting of the metals to be 

ionized and a negatively charged cathode. The electrodes are boused in a cbamber through which 

the water to be purified flows, The anode and the cathode are connected to a power source and a 

weak electrical charge flows between them. releasing silver and copper ioes from the anode. The 

metals ion concentration is precisely controlled by varying both the flow rate afwater through the 

chamber and the current to the electrodes. 

Experimentation and publication by Gerba and others (10)(11)(12)(13)(14) indicates that 300-400 

ppb of copper and 40 ppb silver combined with 0.1 ppm -0.4 ppm of chlorine is more effective in 

c0ntr01ling a bost of micro"'1!anisms, including colifonn, than the use of higher levels of cblotine. 

The research points toward a synergistic effect when water containing microorganisms is 

subjected to copper/silver ion treatment with low levels of chlorine. 

m. Test Protocol 

The Town of Brookline Municipal Swimming Pool was chosen as the site for the current stUdy 

because it is weU maintained and operated by the Recreation Department stalf, it is weU regulated 

by the Brookline Health Department stalf, and it is utilized year round by the citizens of the Town 

and the surrounding community and organized high school swimming programs. 
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Chapter V of the Massachusetts Sanitary Code requires swimming pool wate" to be disinfected 

using chlorine at a rate resulting in a FAC of 1.0 ppm. The Code also allows for alternative 

treatment technologies, but, at present, since they are viewed only as supplementary disinfectants, 

they must still conform with the above chlorine satandard. If an operator wishes to operate below 

this minimum F AC requirelDllt, then that is handled as a matter of variance issued by the local 

Board of Health after a public hearing and subsequent approval of that variance by the 

Massachusetts Department of Public Health (MDPH). 

The Brookline Rea-cation Department applied to the Brookline Commissioner of Public Health 

on February 20, 1996, for a variance to conduct a ten (10) week study utilizing copper/silver 

ionizalioa with reduced chlorine levels. On March S, 1996, a public hearing was held and on 

March 21, 1996 the Brookline Health Department issued a variance for test pllIl'0ses. On March 

27, 1996 the MDPH approved the variance. 

Under terms of the issued and approved variance, the test was to be carried out under a protocol 

which is attached to this report (Appendix 1). The protocol in summary required Crystal Water 

Systems to conduct a two (2) week "Baseline Period" study whereby physical, chemical and 

bacteriological data and samples would be gathered for analysis by a certified laboratory (G&L 

Labs of Quincy, Ma.). During this period, no changes would be made relative to pool operation, 

i.e. chlorine dosage would remain such that a 1.0 ppm FAC was maintained. 
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At the end of the ''Baseline Period", the installed copper/silver generator would be activated. 

When the copper levels in the pool water reached 300 ppb, chlorine levels would be reduced to 

0.4 ppm. The facility would then be operated in this manner for a period of eight (8) weeks, 

during which data gathering, sampling and analyses would be intense. 

An integral part afthe test protocol was the design and implementation of a consumer reactioD 

questionnaire which is attached (Appendix II). 

IV Purpose oftbe Test 

The test, under the protocol described, was carried out to determine whether copper/silver ion 

generation used in conjunction with substantial reduction in c.blorine usage, provides the same or 

betterpublit: he3lth protection as the use ofbigh levels of cblorine alone. The test was also 

designed to determine if the use oflower levels of chlorine have any positive effects on bather 

satisfaction. 

V The Swimming Pool 

The Brookline Municipal Swimming Pool was constructed in 1958. Three distinct areas comprise 

the total pool complex, viz., the diving area, the weding area, and the lap pool. The three pools 

have a total volume of245, 880 gallons. 

Water supply for the pools is obtained from the Town of Brookline municipal water supply 
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system which obtains its water from the Massachusetts Water Resources Authority (MWRA), a 

regional water supplier for the entire metropolitan Boston area. MWRA water is obtained totally 

from surface supplies, is not presently filtered, and is treated only with chlorine for disinfection, 

soda ash for corrosion control and· sodium fluoride for control of dental caries. 

The Brookline municipal pool water is filtered through enclosed low pressure sand filter.; baving a 

total capacity of520 gallons ocr minute (g. p.m.). The entire content of the pools are, therefore, 

filtered every eight hours. 

Sodium hypocborite in 10% aqueous solutionis used for the disinfection pwposes. It is fed 

through an electrically operated pump calibrated to majnta;n a FAC level in the pool water arnot 

less than 1.0 p.p.m. Avenge cblorine usage is 9- 10 gallons per day, providing an average 

chlorine dosage of 1.8 p.p.m. when chlorine alone is used for disinfection purposes. During the 

Pilot Phase of the study after introduction of copper/silver ions at the desired leve~ chlorine usage 

was reduced to less than 3 gallons per day (2.67g.p.d.) 

VI The Copper/Silver ~nerator 

The copper/silver ion generator is a Crystal Water System Model CWS 3001. The unit is NSF 

approved per Standard 50-1992 and U.L.listed. The system consists of two components: a 

controller and two flowcells which contain six copper/silver electrodes each. The controller 

measures 19 'h' x 15%' x 83,, ' and weighs 25 Ibs. Input power to the controller is 1101220 volts, 


















































