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PART I . 

SURVEY OF THE LITERA:TURE 



STERILIZATION OF WATER BY USE OF SILVER 

SALTS AND AMMONATED SILVER SALTS 

INTRODUCTION 

In 1893 a Swiss botanist, von Naegeli, discovered 

a new phenomenon whioh he termed oligodynamic action. 

Von Naegeli applied the word oligodynamic; meaning the 

force or action of trifles; because he noticed that minute 

amounts of certain metals affected the growth of algae. 

Research showed that certain metals possessed an inhibiting 

effect on the life of various small organisms. Later 

studies of oligodynamics have led to the conclusion that 

the action is due to the presence of the metal ions in 

solutions. Other workers noted oligodynamic action but 

none made any application of the phenomenon. George A. 

Krause (6) of Germany revived active interest in the 

problem about 1928 when he published the results of some 

of his work on the subject. He has, carried the work of 

sterilization from the contact with metal method through 

metal salt method of introduction and has developed an 

electrolytic procedure to get metal ions into solution. 

He is the most extensive investigator on the subject of 

the application of oligodynamic action of metals, and 

he holds many patents for various applications of metal 

ion sterilization. The trade name given to the silver 

ion process of sterilizing water is Katadyn. 
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Oligodynamic action has been noticed with several 

metals. Metals whose oligodynamic properties have been 

studied, are: mercury, copper, gold, iridium, thallium, 

antimony, silver, cadmium, arsenic, bismuth, zinc, and 

aluminum. Of these metals the one most suited for use, 

considering cost, effectiveness, and toxicity to higher 

organisms, is silver. 

It is agreed that the oligodynamic action is the ' 

action of the ions so the subject of interest of this 

paper is the sterilization by silver ions and by ammonated 

silver ions as introduced to solution by using salts. The 

silver ions may be introduced by one of three methods. 

Von Naegeli noticed that algae growth in water was stopped 

in metal containers or in containers into which metal 

strips had been immersed. This method of introduction of 

metal ions by contact with the metal surfaces requires a 

large metal area and therefore is expensive~ 

The remaining two methods are the results of reason

ing. If oligodynamic action was an action by the ions 

then a salt should be a satisfactory method of putting 

ions into solution and should be as effective a means of 

sterilization. Th~s would do away with the large area 

of metal required by the contact method. The third method, 

electrolytic introduction, was developed as a means of 

controlling the silver ion content and to make the process 
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automatic and easily controlled. 

The difference in effectiveness between these three 

methods is very slight. Robert P. Myers and J. c. Mauer 

of the Research Laboratories of the National Dairy Products 

Corporat.ion, I_nc. of Baltimore Maryland attribute the 

difference to experimental error in determining the actual 

concentration of silver, and to the differences in prop

erties of the anions with which the silver ions are in 

electrical equilibrium (8). 

DISCUSSION OF THEORIES 

Several theories have been advanced to explain the 

bacterioidal action of silver ions in water. No definite 

explanation has been agreed upon. 

The theory of combination of the silver ions and 

the bacteria was one of the first to appear. This theory, 

however, indicates that a trivalent metal ion wou.ld be 

more effective than a monovalent metal ion, which is not 

verified by experiment which shows silver ions to be more 

effective for sterilization than aluminum ions. This 

line of reasoning appears to refute the theory of polar 

combination. There is, however, a possibility of another 

type of linkage between the silver ion and the bacteria. 

A second theory is based upon adao~ption. The 
I 

bacteria is said to adsorb the ion and is killed by contact 
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with the ion; apparently a physical effect. 

A third theory advocates an electrical discharge 

between the ion and the bacteria. The positively charged 

silver ions introduced into solution come in contact With 

negatively charged bacteria, resulting in a passage of 

current between the silver ions and the bacteria, killing 

bacteria, and producing the silver atoms, 

A fourth theory relates to the formation of an 

electrolytic cell which is set up between silver-silver 

salt as one electrode and possibly the bacteria as the 

other half of the cell. The action of this cell may cause 

bactericidal action by liberation of atomic oxygen in the 

bacterial cells, Another possible action may be the 

liberation of oxygen from water by the silver ions and 

this oxygen kill the bacteria, This theory fits in well 

with the explanation of oligodynamic action, that an 

electrical action produces ions of the metal and the ions 

are the effective agents. This theory, however, is also 

open to dispute •. 
Again the bactericidal action may be an oxidation

reduction action, in which the silver ion is the oxidant 

and t ·he bacteria ,the reductant. This explanation is 

similar to the above since a cell may be set up if an 

oxidation-reduction action can be had. The oxidation-

reduction explanation limits the metals that can be used 
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to those metals which are relatively easily reduced. 

Another theory that was advanced when the contact 

method was used, is the idea that adsorbed . oxygen killed 

the bacteria. Albert von Acker (1) perfor-ming his ex

periments in an oxygen free atmosphere found the method 

to still be effective. 

The actual action responsible for the killing of the 

bacteria is still unknown. It is thought to be a chemical 

action rather than a physical action, but distinction 

between chemical and physical action when it comes to ions 

is hard to make. There has been attempts to establish a 

relation between atomic weight and effectiveness, but the 

attempt has proved futile. I have noticed that the metals 

studied all fall in the transition groups of the atomic 

chart, but have not been able to make any other relation. 

It still remains then for someone to find the answer to 

the problem of how or why the silver ions kill the 

bacteria. 

AMOUNT OF SILVER IONS REQUIRED 

The amount of silver ion required depends on several 

factors. These factors are the condition of the water, 

the use for which the water is being prepared, the time 

available for sterilization, and the number and kind of 

bacteria present, 



A. turbid water- requires more silver ions as there 

is loss- by ad-sorption. Presence of organic matter hinders: 

the ac·tion of' the silve·r ions by absorbing the ions, and 

hence more silver is re:quired. The presenc.e of miner~ls 

does- not greatly af:rect the a·ction. The silver ion 

proaass may be used for the sterilization of mineral .waters. 

The pres-enee of hydrogen sulfide is a de·trim.enta'l fac.tor. 

Water to be used for drinking purposes does- not 

require as high a conaentration as that to be used . as a 

germieicta:l wash. The range suggested for drinking water 

is around 50 gamma per li~er or 0.050 mg per liter. Water 

to serve a.s a germicidal wash requires. a. concentration of 

silver b.e.tw:een 600 and 900 gammas per liter, or even higher 

may be used. The use for swimming pools requires a con

~entration from 0.15 mg per liter and up. 

The time available affects the concentration only 

in.. considering the rate of kill. A low conc.entration of 

sil-.r.er ions may be used if the liquid to be aterilized 

can be left standing for several hours. or a· day with the 

silver ions. rr· immediate sterilization is sought then 

a higher cono.entration of silver ions must be used. 

The amount of silver ions required varies with the 

kind of organism and the number of organisms. A highly 

contaminated liquid requires a higher concentration of 

silver ions. Different kinds of organisms react differ

ently. Silver ions kill all common forms of pathogenic. 

http:sil-.r.er
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bacteria (6). Pathogenic bacteria are those that cause dis

ease. There is some disagreement as regards the e~f'ective

nesS' on the re·s·istant types. It takes higher cona~ntrations 

of silver ions to kill some of the spore forming bacteria 

than to kill the harmful varieties. Some authorities go so 

far as to state that complete sterility can not .be expected. 

Opposing these are those who claim .complete sterility, but 

that some harmless forms are harder to kill. It is inter

esting to note the number of silver ions present as compared 

to the number of bacteria present. One hundred and eight 

grams of silver will furnish 6.06 x 1023 atoms and hence 

the same number of ions. If this value is divided by one 

million it will give the number of ions in 0.108 mg which 

if' added to one liter is slightly less than the minimum amount 

required to keep a swimming pool sterile. The 0.108 mg or· 

1017silver will give 6.06 x ions and in a liter that would 

amount to 6.06 x 101 4 ions per co.. This number expressed in 

another way is 605,ooo,ooo,ooo,ooo ions perc~., compared with 

a high oonc.entration of bac:.teria which is of the order of 

1,000,000 bacteria per cc.• ; the number of ions per bacteria 

is large. 

The range for silver ion sterilization, then, may be 

placed batw·een 0.025 and 0.900 parts per million. The lower 

limit is suggested and uaed for slightly contaminated 

drinking water which can stand for several hours. The 
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higher concentration is used for germicidal washes. 

Between these extremes lie a the c oncEill tration useti, fQr 

sterilization depending upon the specifia condition of the 

liquid. 

DETERMINATION ·oF MINUTE AMOUNTS OF SILVER 

The principle objection to silver ion sterilization 

has been the lack of an accurate means of determination of 

the silyer. The concentrations used prohibit the ordinary 

method for the determination of ail ver since the amount 

of silver used is under solubility of silver chloride. 

Accurate chemical analysis has been lacking. Recent de

velopments have overcome this criticism. 

Dr. Wm. E. Caldwell, Assistant Professor of Chemistry 

at Oregon State College and K. N. McLeod have developed a 

method for the determination of minute amounts of gold 

and silver from solution, and have written a thesis on 

this subject {7). The method consists of collection of 

the silver in a semi-colloidal Hg-HgNH2Cl collector or 

precipitate. The precipitate is allowed to settle and 

the supernatant liquid decanted. The residue is then 

placed on a , cupel and cupelled. .. This method is useable 

down to one part silver in forty million, which covers 

the range of concentration used for silver ion steriliza

tion. 

Other methods that have been suggested or used are 
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of interest.. ns:e Buhrma.nn (2)1 sugge'stS the measurement 

of catalytic acceleration, by + igodynamic water, of the 

oxidation of the leuco base of ralachite green. A method 

perhaps more adaptable is that of FEdgl (3). He uses- a 

o.o~p-dimethylaminobenzalrhodanine solution in alcohol .. 

This method is accurate to 0.02 parts per million. It is 

a colorimetric. me·thod, and therefore would be quick and 

simple to operate. Another method is that of Whitby, G. S. 

(10): nasEJd on the reduction of silver ions to collcid"al 

silver by organic compounds, and comparison of the aarkness 

or· the resulting colloidal solutions. The method is said 

to be aoc:Urate to 0.040 parts: per million. The micro 

method by Haber may be used (4). An electro-titrometric 

method is said to be s-atisfactory. There are several 

other colorimetric methods that may be applied. 

ADJLANTA.GES OF SILVER ION STERILIZATION 

Silver ion. s·terilization has many advantages ov·er 

other forms of sterilization. Silver ion sterilization 

kills all common. f'orms of pathogenic ba~teria. This alone 

is s\lf'fiaient to merit its more general use. 

There is no change in the color, odor, or taste o:r 

the wa.ter. The odor and tas~te of the water are decidedly 

offensive in some forms of sterilization, particularly 

with chlorination. 

The use of silver sa-lts prevents the corrosion th t 

http:Buhrma.nn
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is had with chlorination. Tha cost or the chlorine for 

chlorination is a small item compared to the cost of 

repairs due to the active crorrosion by chlorine. There 

is no active corrosive agent in the silver ion process. 

The us·e of silver salts is known to keep algae growth 

down. In pools or res-ervoirs treated with silver ions 

there· are· no algae. The silver ion sterilization does not 

require additional chemicals to stop algal growth. 

There is no loss of the sterilizing agent by escape 

into the a.tmosphere. The water holds its sterility for 

days and months and even to years. The loss of the silver 

comes only by use and loss of water containing sil9er. 

The fa:a.t that the water holds its sterility allows 

in the case of swimming pools a saving in pumping costs. 

It is not necessary to have continuous pumping to insure 

uniform sterility. Pumping need be only to maintain 

ela;rity. 

There is no irritation noticed with silver ion 

sterilized water. The treated water does not cause any 

smarting or irri ta.tion of the delicate membranes of the 

ayes, nose, and throat, or of the sinuses. 

In the case of swimming pools considerable may be 

saved in makeup water.. The co.S!.t ot. tb~ .fr.esh wat&r that 

i~ added just to introduce the chlorine may be saved, and 

also the cost of the heating of this water sa~ed. This 
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item alone is many times the actual cost of chlorine. 

The use of the silver ion process is foolproof. There 

is no danger connected with the handling of the apparatus. 

There is no danger of being gassed. There is no possibil

ity of a look-up in the system that on releasing sends 

out an overdose of a poisonous gas. There can be no gas 

leaks to trace. 

The method gives uniform sterilization. There can be 

no pockets of gas that sterilize a portion of the water 

and leave other portions free o.f an agent. 

It is easy to see that silver ion sterilization has 

many advantages over other forms of sterilization. One 

would then e~eot silver ion sterilization to have many 

uses and applications. 

USES AND APPLICATIONS 

Many uses have been made of silver ion sterilization. 

It has been used to sterilize water for drinking, swimming, 

and for use as a germicidal wash. It is used to sterilize 

water before making ice. Ice made from this sterilized 

water not only holds its sterility but is also bacterioidal 

making the ice ideal for preserving foods. 

The water so used acts as a food preservative. The ' 

ice from this water has bacterioidal properties, which 

help to keep down food odors caused by decay, by prevent

ing decay. Meat and butter washed in silver sterilized 
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water keep better. Silver ions may be used to sterilize 

fruit juices (9). The use by canners may mean a large 

saving. Canners can not use as a sterilizing agent any 

chemical that might bleach their products. Silver ions 

would not cause any change of color. Even the high tem

peratures now used in canning to insure sterilizing the 

food sometimes result in fading or bleaching the natural 

color of the product. The result is a loss in sales 

because of appearance of the product, or loss of profit 

by the necessity of selling as an inferior grade. The 

saving in fuel costs would also be large. 

Silver ion sterilization is used to give stability 

to vinegars. The silver ions inhibit bacteria growth and 

prevent fermentation thus avoiding clouding of the vinegar 

due to growth of small organisms in it. 

Silver ion sterilization is adaptable to sterilizing 

of beverages. It increases the keeping properties o.f 

milk. It may be used in alcoholic beverages ~ere it also 

seems to exert an ageing affect. 

It is used in preparing germ-free medicants. Medical 

science uses silver ion treated water as a germicidal 

wash for cleaning their instruments. Another use is by 

plating a little silver on the instrument before use. This 

silver coming in contact with the wound is wiped off or 

absorbed in small amounts which keep the wound sterile and 

aids quick healing by praventing infection, 
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Use is also made of silver ion treatment for steri

lizing tobacco. 

Another more widely adapted application of silver 

ion process is the use of Katadyn Sand in filters. Katadyn 

sand is a trade name and is essentially finely divided 

silver on a carrier such as asbestos, silca gel, porcelain 

or some other convenient type of carrier. Katadyn sand is 

expensive to prepare which prevents very extensive use of 

the sand. The sand is used in filters to make them 

bacteria proof. The sand is put on the filter bed killing 

bacteria that come in contact with the silver. The sand 

is prepared to give a large surface area from a small 

amount of silver. 
\ 
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EXPERIMENTAL WORK 
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PART il. 

EXPERIMENTAL WORK 

PURPOSE: 

The purpose of our work was to determine the eff"ective--

ness of the silver ion from silver aalts as a bactericidal 

agent; to use silver ions in sterilizing Oregon Stat~ 

swimming pools; and to determine the effectiveness of 

ammonated silve-r ion as a bactericidal agent. 

TYPES OF BAC_TERIA: 

Three dif:f'erent spec_ies: of bacteria were used in the 

&Jfperimental work plus the native micro-nora. The types 

were chosen to furnish a representative group of non-pa.th

ogenie baa:teria which were also harmless. The three forms

are: EScherichia ~~ Bacillus . subtilis, and Pseudemonas· 

acrugino sa.. 

Bach. coli are commonly present in the intestinal tract 

in man and most animals. Its presence in water is univer

sally regarded as indicative of sewage pollution. Each. 

coli does not normally possess any marked pathogenic char

ac~ers but as it does mark sewage pollution it also marks 

possible presence or dise~use producing bacteria such as; 

the typheid bacillus. Morphologic.ally it is non-spore 

i,orming and non-capsule forming and is relatively easy to 

kill. These two facts coupled with the fact that swimming 

http:non-pa.th
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tanks are ~lways expos-ed to this organism alaa·rly indicate 

the advisa:-oility of including it as one of the experimenta-l 

typea. 

@Acillus subtilis is a soil form of bacteria commonly 

f'ound in soil, air, and on human skin, in the hair and under 

the finger nails, and therefore in swimming tanks. Its fur

ther value to the experiment lies in its ability to form 

spores. These spores are a resistant form and are hard to 

kill thus if they are killed conclusions may be drawn as to 

the 4!1'f'e-ctiv-enesa of the method. 

Pseudemonas· acruginosa· was used partly to a-dd variety 

and partly because of its colored colonies. It is commonly 

found in sewage and soil and therefore quite extensively in 

swimming tanks. 

It will be noticed that these three types vary suffic

iently to be rapresentative bac..teria. They vary sufficiently 

to be identified one from the other when studying the 

effectiveness of the method. They are non-pathogenic. Good 

conditions for study were obtained without chance of infection 

to persons in any swimming tanks used. 

Mr. G. Osler, student in bac.teriology, with the help 

of Dr. W. ~ Bollen, has made baQteriologioal analyses in 

connection with reported experiments. 
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EXPERIMENTS ON MARY'S RIVER WATER 

During the school year 1935-36 tests were made on 

the water from Mary's River. Small amounts of silver 

nitrate were added to the samples which were then tested 

for bacterial kill. Results are given in Table I. 

TABLE I 

USE OF Ag+ IN STERILIZING MARY'S RIVER WATER 

mg. . Count Before Count After 
Vol. liters Total Ag Ag ppm. · Treatm.ent Treatment 

10 104.75 10.475 100-200 0 

10 10.475 1.047 100-200 0 

2 20.95 10.475 100-200 0 

2 2.095 1.047 100-200 0 

2 0.84 o.. 42 100-200 0 

2 5.237 10.475 100-200 0 

This work merely indicates that silver salts can be 

used for silver ion sterilization. The amounts of silver 

ion used were in all oases except one far in excess of 

the amounts usually used for sterilization. No attempt 

was made to determine the kind of bacteria present. The 

water wa.a not inoculated with bacteria, the native 

bacteria were the only ones present. The conclusion that 

may be reached from this preliminary work is that the 

Silver salts may be used_for sterilization in the relative
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ly high conaentra'tions used. 

EXP.EBD.IENTS IN SWIMMING POOL IN THE . MEN ts GYMNASIUif.:..

SUMMER 

DUring the interi~ between summer ~ohool and the 

start of the school in the fall of 1936 the swimming pool 

in the men • s gymnasium was- a.va'ilable for ~ the res-earch,. 

by permission of Dr. Claire V. Langton. Before the pool 

was turned over for use it had been thoroughly cle·aned 

and fr•sh •~ter added ~rom the city water supply. The 

p·ool was inoculated with broth culture of the three types 

of non-pathogenic bac:teria; E'sch. Coli, a-aeillus subtilis, 

and Pseudemonas acruginos.a.. The bacteria we.re allowed to 

gro1r f"or s-everal days be:f"'ore any silver salt was added. 

This period allowed for growth and a.lso established the 

fact that bacteria would grow in the water and that there 

waa nothing in the watu that would kill them.. Af.'ter the 

ba~terial count attained 15,000 per cc. the silver nitrate 

was added and the water tested for baa.teria every hour. The 

results of the work, while only showing a directional or in

dicational trend, were sa.tisfac.tory for the volume of work 

possible in this limited time. 

The aapaoity of the pool is 280,000 gallons or 

l,05~,89a liters. To maintain a concentration of 0.3 mg 

Ag+ per liter requires 317.96 grams of silver ions which 

may be obtained from 500.52 grams of silver nitrate 
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assuming it is 100 per cent ionized. For the first 

treatment with silver nitrate a aoncentration of 0.15 ppm, 

or 0.15 mg Ag+ per liter, was used~ Accordingly then, 

250.34 grams of silver nitrate was added to the large 

swimming pool. A AgN03 solution was made up in three ten 

liter bottles to which siphon tubes were attached. The 

silver nitrate was added to the pool water by siphoning 

into the inlets of the pool. The pool has a circulating 

system with continuous pumping of the water through the 

filters. A volume of water equivalent to the volume of 

the pool is pumped through the filters every eight or 

nine hours. There are thre.e inlets and three outlets to 

the pool. 

Samples of the water for bacterial counts and silver 

determinations were taken from the four corners of the 

pool. The two stations at the deep end of the pool above 

the outlets were called 1 and 4, the two a.t the shallow 

end were termed 2 and 3. Facing the shallow end of the 

pool the stations were numbered clockwise beginning and 

ending with the deep end. 

The first addition of silver nitrate was made at 

11:30 on August 30, 1936. The silver salt solution was 

added during an hour. Before all the silver nitrate had 

been added the pool water began to turn green and finally 

black., This is explained as follows. There is consid

erable chloride ion in the w~ter. When the silver nitrate 
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is first added, a relatively high local concentration of 

silver ions is built up and a semi colloidal clbud of 

silver chloride is foriD3d. The ooncentration used is 

below the solubility of silver chloride, but before the 

ailver chloride was distributed in the pool and re

dissolved it was acted upon by light causing it to turn 

black, This black colloidal suspension was removed by 

the filters within three days. With the removal of the 

suspension went the removal of much potential silver ions. 

Removal of this silver removed much of the bactericidal 

agent. The bacteria counts are given in Table II. 

TABLE.!!. 

BACTERIA COUNT IN MEN'S SWIMMING POOL 

AFTER FIRST ADDITION OF AgN03 

Hours after 
addition of Stations Avg. of 

Silver Nitrate 1 2 3 4 Stations 

0 W~ll in excess of 15,000 per cc, 

t 345 342 302 374 341 

2t 23Q 230 250 194 226 

3t 210 225 190 200 206 

4 320 284 300 275 297 

6 300 291 300 248 285 

9 4~0 
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From the aata shown in the last of Table r.r the count 
' •' 

went up to •ell over 500', and in two days was· well over 

5000 or more per- cc·. In all samples- e: ye·llow pigmented' 

type was predominant. 

Silver determinations were mad-e acc:ording to the pro

cess- developed by .Dr. \t. E. Cald1fell and K. N. McLeod,. which 

is a·s follows. &dd1 tion of 28~ ammonium· hydroxide and 

0.05 m mercurous nitrate was made to 40 liter sample-a. of 

swimming pool water. Thes·e two chemicals react to form 

a. s.emicolloidal merc.ury precipitate which settles over 

night. The residue is collected and placed on a cupel and 

oupelled. Reagents and amount of s·ilver recovered:. is 

giv:en in Table III, page:· 21. Control runs indicated 25~ 

loss in experimental proCled\lre. The values given in the 

ta:ble have not been corrected. This method recovers- the 

silver in colloidal silve-r chloride suspension as well as 

the silver ions in solutio~ 

The pool had regained its normal color at the end of 

~our days. At the end of two days it was about clear, and 

green in color instead of the normal blue. As shown by 

the silver determinations the silver concentration fell off 

quite rapidly. ! high loss of silver ions was expected. 

The whole sys·tem must reach a saturation point, where there 

will be no further loss of silver by adsorbtion or plating 

out. This loss of silver would also explain the ba<lteria 

¢ount going up. Also the sil~er removed in the product 



TABLE III-
DETERMINATION OF SILVER CONCENTRATION IN POOL WATER 

-~ 

No 
Hours after 

Addition AgN03 
Liters 

Vol 
cc 28% 

NH40H 
cc 

0.05 m HgN03 
Wt of 

Ag bead 
Corresponds 
to ppm Ag Station 

" . ' . 
1 6 40 70 35 3.09 0.077 2 

2 8 40 70 35 2.23 0.0557 . . ' . 
1 

3 51 40 70 35 1.41 . . -
0.035 3 

4 51 40 70 35 1.14 0.0285 . ' -. 
4 

5 144 40 70 35 0.60 0.015 
. . ' 

2 

6 144 40 140 35 0.66 0.0165 4 

ro 
1-' 
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of the photo-decomposition of the silver chloride was lost 

faster than had been expected. The darkening of the pool 

was a problem to solve. Two procedures were tried to 

overcome the darkening of the pool, 

The first procedure was the addition of the ailver 

nitrate after dark. Obviously if the silver chloride 

would all be dissolved there would be no coloration of 

the pool. The photochemical action is on the silver 

chloride precipitate and not on the silver ion. The pro

cess of silver ion sterilization by electrolytic intro

duction of silver ions has been used in Europe and in a 

few installations in this country. The Katadyn Corpora~ 

tion who market equipment for electrolytic introduction 

of silver ions guarantee no color change and have no 

trouble with the coloring of the water, In previous work 

· in small containers no coloration had been noticed, and 

likewise in the forty liter carboys used for silver de

terminations the water appeared perfectly clear. Only 

the large volume of the pool showed the discoloration, 

Since the bacteria oount had gone up it was decided to add 

more silver nitrate, and to add it at night when there is 

longer time for solution of silver ohlorid• before photo

decomposition could take place, Since 0.15 ppm was the 

amount added first and is only the lower limit in amount 

for swimming pool use, it was decided to add sufficient 

silver nitrate to furnish~ concentration of 0.3 ppm. 
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September 7, 1936 eight and one-half days after the 

first addition of silver nitrate, another 478.5 grams of 

this salt were added and bacterial oounts begun. This 

addition was made in late evening and the silver nitrate 

was introduced in the period of one-half hour. Bacteria 

counts taken periodically are recorded in Table IV. 

TABLE IV 

BACTERIA COUNTS AFTER SECOND ADDITION 0 F SILVER NITRATE 

TO MEN'S SWIMMING POOL 

Hours 'after 
addition of Stations Avg. of 

Silver Nitrate 1 2 3 4 Stations 

0 560000 546000 552000 500000 540000 

1 1885 1686 1615 1830 1753 

1-~ 2375 2170 2280 2175 2250 

2t 2450 2150 980* 2360 1578 

3t 2450 2030 2030 2100 2078 

5j- 1025 1015 985 950 995 

9t 2270 .1890 1400 2670 2049 

* Spreader type was found on this plate making an 
accurate count impossible. This count is probably
low. 

Silver determinations were made by Hg-HgNH2Cl collee

tor. The results are tabulated Ln ~able V, page 24. The 

rapid addition of the silver nitrate to the pool water 



TABLE V 

SILVER DETERMINATIONS AFTER SECOND ADDITION OF AgN03 

Hours ai'ter Liters cc 28% cc Wt of Corresponds 
No Addition AgN03 Vol NH40H 0.05 m HgN03 Ag bead to ppm Ag Station 

1 5 1/2. ' 40 70 35 8.11 
'•- -·

0.205 
I • -~" ~ 

1 
" ' 

2 5 1/2 40 . 80 35 6.36 0.159 3 

3 9 1/2 40 70 35 6.8 0.170 2 

4 9 1/2 40 70 35 7.35 0.180 4 
' 

5 24 40 70 35 5.43 0.130 3 
. .. ' . 

6 2~ 40 70 35 4.ll 0.10 1 
• T I • 

.,., 48 40 70 35 1.8e 0.047 4 

8 72 40 70 45 
I 

1.78 . ' 
0.045 

{ ~ ' J • 

1 
" 

9 72 40 70 50 2.14 9!059 3 

10 120 40 80 50 2.~2 0.060 2 
....... -~ 

11 120 40 80 50 1.86 
., .. 

0.045 
' ~ • l • 

4 

12 208 40 80 50 1.98 0.049 3 

ro 
~ 
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C~:!-USed the formation of. clouds of silver chloride. The 

cloud distributed throughout the pool during the night. 

In the morning the pool appeared to be perfectly clear, 

There was no visible suspension of silver chloride. About 

eight o'clock in the morning the pool began to turn green

ish, and by nine o'clock it was black again. Quite 

evidently considerable undissolved silver salt, probably 

the chloride, was distributed throughout the pool and as 

soon as light struck it it turned black. The rate of 

solution of the silver chloride then must have been too 

slow. As long as the silver ion is tied up in the silver 

chloride suspension or in the complex resulting from 

photo-decompositiont the ion is not effective as a steri

lizing medium. This woUld account for the incomplete kill, 

as perhaps but a small percentage of added silver salt gave 

free silver ions. Considering the high concentration of 

bacteria at the start a good reduction in numbers was made. 

Since the night addition did not solve the pool 

darkening problem another method was triad. The key to the 
; 

situation might be the rate of solution of the silver 

chloride. It was thought then that if the silver nitrate 

were added slower and over a longer period of time, there 

would be no ~iscoloration. If the local concentration 

could be kept below the solubility o·f silver chloride then 

there should be no darkening of the pool. This process 
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was tried and a pound of silver nitrate was added to the 

pool. The siphoning of the silver nitrate solution was 

begun in the afternoon of September 15, 1935. Siphoning 

was regulated at such a slow rate that all of the silver 

nitrate solution was not introduced until after noon of 

the next day. The silver nitrate, then, was added over a 

period of approximately twenty-four hours. Bacteria 

samples had been taken before the addition of the silver 

nitrate. Other samples were taken the day after the silver 

nitrate was all in. The pool remained clear for two days 

and then darkened. This evidently may be the direction 

to the solution of the color problem, a very slow addition 

of the silver salt solution. A much better kill of the 

bacteria was obtained this tim~. The counts were as 

follows: 

TABLE ll 

BACTERIA COUNTS AFTER THIRD. ·ADDITION OF SILVER NITRATE 

TO MEN'S SWIMMING POOL 

Hours after 
addition · of Stations Avg. of 

Silver Nitrate 1 2 3 4 Stations 

0 4340 4200 4700 3360 3370 

24 7 13 14 11 10 

There were no colon forms present in any strength and 



there: was: no gas- formed. 

'!'here were no silver determinations made on this run 

aa school started and the work haa to be discontinued at 

tha:.t pool. It is evident, howev.·er, that a higher concen

tration ot the ions must have been maintained, for a longer 

time, be:caus& there wa s.. ~ better kill and the pool r emained 

clear l onge r. The bac.ter i a kil"l is nearly complete. and is 

within the limit for swimming pools. 

The colon baa~eria were killed quickly and none were 

o~tained on plates after ~he firs~ silver salt addi~ion. 

The oac~eria ~hat formed the color~d colonie~ -eemed to 

be predominant and it was hard to kill. 

•rnia work indica.~es· ~ha~ the addition of silver saJ.~s 

to .furnish si.Lv~r ions for silver st.eriliz.ation may ue 

VIery sa:t.ia:fac..t.ory. First the problem o.f preventing the 

f ormation o.f the s.ilver chloz·ide precipi ta.te must be 

sol~~d. Another trial at solution of ~he problem was the 

usa of &mwonium hydroxide with the silver sa~t forming 

the ammonated silver ion. 

EXPERniENTS. IN THE WOL IN SHEPARD: HALL 
'1"1 

In preparation for work at the pool iaShepard Hall 

acme am.mona,ted silver sulfa.te was prepare~. The ammonated 

silver sulfate was prepared by crystallizing it out of an 

alcoholic solution. An aqueous solution of the sulphate 

is added to alcohol and left to stand for a few weeks for 

http:sulfa.te
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crystallization to occur. The amm:onated form alone did not 

prove satisfactory for on the addition of chloride• a pre

cipitate of silver chloride was had. Obviously the added 

c:hlorides· shift the equilibrium in the direction to use up 

chloride ions which would be precipitated as silver chloride. 

It is then necessary to add excess ammonia with the ammonated 

ion in order to keep it in solution in the presence of 

chlorides. Efter a few preliminary tests at higher concen

trations and in ten liter carboys it wa·s decided to try this 

method in a larger volume. Permission had been obtained to 

use the pool in Shepard Hall. This pool was inoculated 

with three types of bacteria. In this and the following 

inoculations a change was made in the colored form of 

bacteria. For Pseudemonas aaruginosa. was substituted 

Sorra:tia maroesq:ens, which has similar charac.teristie.s and 

was us.ed for the same purpose as the Pseudemonas ac.ruginosa. 

The Serrati&. ma;rc.esc.ens is red instaa.d of green. The · 

bacteria were allowed to grow tor a. day in the pool to make 

sure that it was possible for them to live and multiply in 

the pool, and that the silver ions would be the bacterioidal 

agent. The volume of the pool was calculated and was found 

to be 70,254.5 li tara:. This volume of w.a.ter requires, to have 

& concentration of 0.3 ppm, 21.076 grams of silver ions which 

are furnished by 33.175 grams of silver nitrate. This pool has 

no oire.ulation syatem so the water had to b& stirred by poles 



to mix the silver ions thoroughly in the water. One-half 

hour a~ter the addition of the silver nitrate bacteria 

counts· were taken. The silve·r nitrate had been dissolved 

in 115 oc. of concentrated ammonium hydroxide, density of 

0.9 this was diluted to a.bout 800 co. and then added to 

the pool. It was not known whe"tmr the ammonated form 

would kill the bacteria or not and so &courate records of 

the bacteria count were not kept. The important part was 

the te:sting for purposes of detecting any discoloration of 

the water. The bacteria added before the addition of silver 

gre.w and a concentration per oo. of well into the thousands 

developed. The plate· count taken one-half hour a-fter 

treatment with the ammonated silver. ion showed almost 

complete kill. The count averaged between five and eight 

per plate. Then it was established that the arnmonated ion 

killed bacteria. With the excess of ammonia present silver 

ions were shown to remain in solution and not precipitate 

as: the chloride. Therefore. the silver salts were be:ing 

put into solution in the ionic state and no discoloring 

of the water was had. The problem of discoloration of the 

water had been solved • 

. SILV:ER ION VERSUS THE AMMONATED. SILVER ION 

It w:as dec.ided to o.ompare the silve.r ion with the 

ammonated silver ion as to effectiveness as a sterilizing 
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agent. Solutions were made up of silver nitrate and of 

silver nitrate and ammonium hydroxide. The solutions 

contained, (1) 0.025 ppnt silver, (2) 0.025 ppm silver and 

0.028 ppm ammonia, (3) 0.15 ppm silver, (4) 0.15 ppm silver 

and 0.154. ppm ammonia,.. (5) 0.154 ppm ammonia. The amoW'lt 

ot ammonia used is five times the theor~tical amount re

quired to form the ammonated ion. The solutions were made 

up and allowed to stand one day in liter erlenmeyer flasks. 

Fresh solutions were made in the same erlenmeyers to use 

in· the experimen~. The purpose of so doing wa~ to satu

rate the walls of the containers with silver ions to avoid 

loss of silver ions by adsorption. These solutions, and 

the wa.ter from which they were made, were all bacteria 

free bet·ore inoculation with bacteria. Distilled water 

had. been used in preparing the solutions. One liter 

volumes of these solutions were used as samples and were 

inoculated with 1 cc. each of a broth culture that showed 

a count of 420,000,000 per co. To obtain count on the 

broth oul ture a 1/10,000,000 dilution wa·s, made and the 

ave.rage bacteria count of the dilution was 42. per co. 

Plate counts were made on inoculated samples to compare 

the effectiveness of the two sterilizing agents. The re

sults of this experiment are recorded in Table VII, page 31. 



TABLE VII 

COMPARISON OF THE EFFECTIVENESS OF SILVER ION WITH THE AMMONATED SILVER ION 

Mrnu~after Silver ion Ammonated Bilver ion Ammonated Ammonia 
Inoculation 0.025 ppm Silver ion 0.15 ppm Silver· ion 0.15 ppm 

0.025 p_p!ll~ ____ Q.l5 ppm 

Before 

Inoculation 

1 

15 

30 

60 

0 
' ,;' ' . ' 

420,000 

uncountable 
unless diluted 

Noticeable 
reduction 

0 
' ,; . ' ' 

420,000 
~ uncountable . 
unless diluted 

Noticeable 
· · reduction 

but· u.ncou.ntable but 'llncountable 
unless diluted 

· Decided · 
reduction 

About 500 

unless diluted 

·· Decided · 
reduction 

About 500 

0 . ~ . ' 

420,000 

~ uncountable 
Uiiless -diltited 
but· noticeable 

reduction 

0 

0 

0 

0 
. " 

420,000 

- ·· uncountable · 
unless -· aiiutea 
but- noticeable 

reduction 

0 

0 

0 

420,000 

unc6untaole 
~- unless 

diluted 

uncountable 
-·l.iiiless 
diluted 

uncou.ntable 
~ unless 

diluted 

uncoiiiitable 
"uriless 
diluted 

V1,_, 

0 
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EXPERIMENTS IN POOL IN MEN'S GYMNASIUM -- SPRING OF 1937 

The pool in Shephard Hall is poorly lighted; it was 

thought well to experiment with the ammonated silver ion 

in a pool exposed to more direct light • Accordingly, 

permission was obtained to add some ammonated silver salt 

to the men's swimming pool during Spring Vacation to 

test for formation of silver chloride cloud and resultant 

darkening of the water. For this addition 250 grams of 

silver nitrate were dissolved in ten times the theoretioal 

amount of ammonium hydroxide required . to form the ammonated 

ion. This solution was siphoned into the pool at the three 

inlets. The solution was added before noon, March 18 9 1937. 

There was no formation of visible silver chloride precipi

tate and no discoloration of the pool water. This defi~ 

nitely established the ·fact that darkening may be avoided 

if sufficient ammonium hydroxide is used with AgN03 to 

inhibit precipitation of silver chloride. 

More than a week later, March 30, 1937, 1 t was found 

that the pool was being ru.n using only silver nitrate as 

the sterilizing agent. Since that time AgN03 has been the 

sterilizing ag~nt at the pool. 

Several .successful additions of silver nitrate have 

been made to the pool since March 30, 1937. An, attempt 

was made to determine the minimum amount of ammonium 

hydroxide needed to add to prevent formation of silver 
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chloride precipitate. The amount was out from ten times 

theoretical to five times which was the same ratio as used 

at Shephard Hall. This addition was not successful, 

though it was made at night and t here was no apparent cloud 

of silver chloride formed, the pool water darkened the next 

day. Because of the bad appearance of the pool when the 

water darkens and because of the psychological effect on 

swimmers caused by the darkening it was thought best to 

postpone study of minimum amount of ammonium hydroxide 

required to a time when the pool is not in use. A satis

factory ratio of silver nitrate to ammonium hydroxide is 

100 grams of silver nitrate to 1 liter of 28% ammonia. 

Even after the pool water had darkened the addition of 

some ammonium hydroxide had a slight beneficial effect on 

rate of the return to normal color. 

It is entirely possible that the silver ions reduced 

by photo-decomposition and deposited in the filter are 

exerting a bactericidal effect by contact process, an 

action similar to the use of Katadyn sand in filters. 

The constant use of ammonium hydroxide causes a 

high pH. Concentrated sulfuric acid was added to bring 

the pH down to normal. 

There has been some trouble with one form of bacteria. 

This form seems to be resistant to .2 ppm of silver ion. 

The bacter~however is not harmful and experiments are 
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under way to isolate this organism and to study effect of 

higher concentration of the silver ion on it. The addition 

of small amounts of chlorine as c~loride of lime seem to 

destroy the bacteria that resists this low concentration 

of silver ion. 

The count for this period to date and amounts of silver 

. nitrate added are found in Tables VIII and IX, pages 35, 3& • 
.. 

Since only a few determinations of silver have been 

made this spring -the exact concentration · of silver ions 

that has been maintained is not known. There can only be 

an estimate made on the basis of the amount of silver 

nitrate and the few determinations. The c~ncentration of 

silver ions decreases rapidly at first due to plating out 

in the system and adsorption. After a period of use an 

equilibrium is attained when there will be no further loss 

of silver ions by .plating out in the system, then relative

ly small amounts of silver nitrate will be required to 

maintain a desired concentration. The amount of silver 

nitrate that has been used the past month at the men's 

pool would indicate that this so termed equilibrium or 

saturation has not been reached. 

A colorimetric method of analysis would give more 

rapid determination of silver ions but not as accurate · 

an analysis as by use of a semic olloidal Hg fall assay ( 7). ~ 

A joint use of the two methods would prove satisfactory 

for a time and check on accuracy. :Part of the work of 

this research has been to _check the use of the method for 
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TABLE VIll 

BACTERIA COUNTS OF MEN'S SWIMMING TANK SINCE 

March 23. 1937 

Bacteria 
Date pH gas count 

March 23 7.2 0 0 
24 7.2 0 0 
25 7.2 0 0 
26 7.2 0 0 
30 7.2 0 0 
31 7.2 0 0 

April 1 
2 

7.2 
7.2 

0 
0 

0 
0 

5 7.2 0 hi~h excess seeded. 
6 
7 

7.2 
7.2 

0 
0 'J 

" 
" 

" ,, 
8 7.2 0 " II " 
8 7.0 0 n- " "-
9 7.0 0 '1 " '! 

7.0 0 n.. " " 
10 7.0 

7.0 
0 
0 

high
It 

12 7.0 0 excess 
13 7.0 0 300 

7.0 0 2000 
14 7.4 0 1000 

0 1500 
15 7.6 0 5000 
16 7.6 0 5500 

0 6000 
17 7.6 0 2000 
19 7.4 0 

0 
high 
" 20 7.4 0 high excess seede-d 

7.4 0 0 
21 7.4 0 2 

7.4 0 2 
22. 7.4 0 0 

0 1 
23 7.4 0 1 

7.4 0 15 
24 7.4 0 0 
26 7.4 0 high excess see~d 

7.4 0 u " n 

27 7.4 0 \ " " - n 

7.4 0 1 
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reoovery of silver as worked out by Dr. w. E. Caldwell 

and K. N. MoLeod (7)t for assay of large solutions. This 

. work has proven the usability of the prooedure in a 

praotical application and assay. 

TABLE IX-
SILVER NITRATE ADDED TO POOL 

Silver Sulfurie Chloride 
Date Nitrate - Ammonia Acid of Lime 

Mareh 18 
31 

250 grams 
201 tf 

2.77 liter(28%)
2.00 " 

,, --- ---
April 6, 454 "-...... ... 2.00 

6.0 
"-II "-

"-
---~ 

~· 375 " 7.0 " -
ff 
' 

12 575 " 7.0 11- " - ....... 
13 

14 

450 It 10.0 
2.0 

'! 
n· 

-

(10%) 
(28%) 

t 1. 
15 
l6 
17 
20 
24 
27 
29 

454 If 

454 "---- .. 

454 " --- " 900 If 

·

10.0 
5.0 

--*'-10.0 
--~.. 
5.0 
7.0 

" 
It-

" 
ff ,, 
'1 

(10%)
( 28%} 

(10%) 

(28%) 
(10%) 

2t 1.
2 1. ----
2t 1. ----

10# (20%}---
10# ( 20%} 

But few silver determinations have been run parallel 

with this data. The results of these runs are given in 

Table X,,page 37. 
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TABLE X 
~ -

SILVER DETERMINATIONS WORK 

SPRING VACATION- -MEN 'S SWD.WIN G POOL 

April 16 20 23 29 

Total silver 2.1 mg 1.60 mg 3.5 mg trace 

ppm 0.062 0.04 0.087 



--PART III 

CONCLUSIONS AND SUGGESTIONS 
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:PART ill 
.Q.Q!Q.L=U;;.;;S;..:;;I;..::;.ON~S;,:;,._;;AND=-S~U;..;G;.;..:;G=E-.ST.;;o;I~O;,;;.N...S 

DISCUSSION 

The experimental work has opened new methods of 

approach and new avenues of thought. It has shown that 

silver salts may be used t~ furnish silver ions for silver 

ion sterilization. This method of sterilization has been 

shown to be usable in large volumes of water as well as 

in small volumes. The experimental work has suggested 

further problems for research. Some problems are; the 

method or manner in which the bacteria are killed; con

ditions favoring the process and conditions that hinder 

the action; rate of kill for various concentrations of 

silver ions and for various bacteria; possible recovery 

of silver and possible reactivation of silver used in 

killing bacteria or silver that may plate out in a system; 

kinds of bacteria that require higher concentrations of 

s ilve r ions to kill; methods of adding the si1 ve r salt; 

applications and adaptation of the procedure. 

The experimental work has developed two procedures to 

use for the addition of the si 1ver nitrate without the 

formation of a precipitate of silver chloride. One of 

these is with the use of an excess of ammonium hydroxide, 

This suggests a problem in determining the minimum amount 

of ammonium hydrox~de required for a system. For the 
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swimming tank in the men's gymnasium at Oregon State the 

amount seems to be 1 liter of concentrated ammonium 

hydroxide per 100 grams of silver nitrate, ~he otber 

prooedure for the addition of ailver salts without the 

formation of a preoipitate of the e:hloride is by slow 

addition, slow enough that no silver chloride will form 

such that the solubility of silver chloride will not be 

exceeded. 

It is possible that silver ion kills some baoteria 

that are not affected by chlorine. It is also possible 

that ohlorine kills forms of bacteria that are not easily 

killed by the silver ions. A good problem for reaearoh 

then might be the joint use of a silver salt and alternate 

use of chloride of lime, and the ratio most effective. 

The salt method of introduction will probably find 

its greatest use in small processes and installations 

where there are not funds available for investment in the 

apparatus for the electrolytic introduction of silver ions. 

Some possible application of the procedure then might be 

use in small pools. The salt dissolved in ammonium 

hydroxide and added to the pool would keep the pool sterile 

for long periods _requiring only oocasional ·stnall amounts 

added to make up for the silver salts used in killing 

baoteria. Use might be made of silver nitrate to keep 

algae growth down. This might be applied to ornamental 

pools and fountains such as fish ponds, and also used iri 
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drinking tanks and holes for cattle. Use might be made of 

. the process in city reservoirs. There are many uses that 

might . be made of this safe and foolproof method of 

sterilization. 

POSSIBLE THEORY 

It has been noticed that of the metals studied those 

that have marke# ba~~~ricidal effect are located in the 

transition groups of the periodic table, and most of the 

metals are below hydrogen in the electromot~v~ series. It 

would seem then that to have an effective bactericidal 

agent the metal should be one that is easily reduced. This 

would indicate that an oxidation-reduction reaction between 

the bacteria and silver ions was the answer. In such a 

react.ion, the silver ions would be the oxidizing agent or 

the electron receiver and the bacteria the reducing agent 

or the electron giver. It is known that organic matter 

reduces silver ions to silver atoms, so it is not un

reasonable to expect . that bacteria, also organic matter, 

might act the same way. Equations for action might be 

similar to action of a tartrate ~nd silver ion. 

Ag+ + Tartrate ~ Ag + Oxidized Tartrate 

Ag+ + Bacteria __, Ag + Oxidized Bacteria 
I 

108+ 
107

Electron Electron 
Receiver Gi-ver 
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In the above, Ag+ is the oxidizing agent and bacteria 

a reducing agent. 

This equation is similar to that given for action of 

chlorine. 

012 + H 0 _,. 2HC1 + 02 

0 + Bacteria ~ Bacteria:"'" 0 

16+ 16+ 

16- 16

Electron Electron 
Receiver Giver 

Then if such be true the effectiveness of metal ions as 

bacterioidal agents would depend on the ease of reduction 

of the ions. The effeotive agents then would be a happy 

medium between easily reduced ions and difficultly reduce~ 

ions. .An ion that would be hard to reduce would have 

little or no effect, ~ile an ion too easily reduced would 

be reduced by matter other than bacteria, by almost any.. 

thing that might be in solution. Such metal ions wonld 

require amounts beyond practical use particularly if they 

were e~ensive metals. This theory will agree with the 

conception of oligodynamic action as a cell relation, for 

any oxidation reduction action can be made the basis of a 

cell. With the above Observations regarding reduction of 

the metal ions it may be with further st.udy to be able to 

predict the ef fectiveness of various ions, if this theory 

is correct. 
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SUMMARY 

1. Silver ion sterilization by ~se of silver salts 

and ammonated silver salts bas been shown to kill four 

types of baateria. 

2. The silver salt method of introduotion of silver 

ions into solution for sterilizing has been shown to be 

usable in large volumes of water as had in the swimming 

tanks on Oregon State Col~ege campus. 

3. The ammonated silver ion has been shown to be as 

effective as the silver ion. 

4. The silver ion process of sterilization is safe, 

and is foolproof. 

******** 
** 
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