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Abstract:

Ionic silver sterilization has gained widespread attention in recent years as a means of solving
water-purification problems. Even further, its usage has extended into the fields of food preservation,
food manufacture and medicine until a critical study of the process presents itself as being valuable at
the present time.

The objective of this study is twofold; to note the effect of ionic silver sterilization on different
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standpoint of Industrial Microbiology and Medical Bacteriology.



L

THE TOXIC EFFECT OF IONIC SILVER ON THE
LOWER ORGANISMS

by
JBAN McELROY

A THESIS

Submitted to the Graduvate Committee in
partial fulfillment of the requirements
for the Degree of Master of Science
in Botany and Bacteriology at
Montana State College

Approved:

In Charge of Major Work

Chairman Examining Committee

Chairman Graduate Committee

&mamn,Mmmmm
June 1937

WIONTANA STATE COLLEGE LIBRARY AUTE
BOZEMAN. ; e




Table of Contents
Introduction
Historical
Materials and Methods
General Discussion
Katadyn Pocket Sterilizer
Influence of Temperature
lonic Silver as a Food Preservative
Bacterial Huniber in Suspension vs lonic Silver
Aeration
Destructive Mechanism
Summary
Literature Cited

Description of Plates

57812

12

51

52

53

53

54

55

57

59

62



Ld.

o3 -

/

THE TOXIC EFFECT OQF IONIC SILVER ON THE

LOWER ORGANISMS

Introduction

Ionic silver sterilization has gained widespread attention in
recent years as a means of solving water-purification problems. Even
further, its usage has extended into the fields of food preservation,
food manufacture and medicine until a cfitical study of the process
ppesents itself as being valuable at the present time.

The objective of this study is twofold; to note the effect of
ionic silver sterilization on different organisms under varying dondi-
tions, and, to examine éhe practicability of the process from.the stand=-

point of Industrial Microbiology and Medical Bacteriology.

Historical
Milleni/(ZZ) was the first to notice the effect in antiseptic
Work of finely divided metals such as gold, silver and platinum end their
germicidal'action-when made into false teeth. It was not until 1893,
however, that the phenomenen of oligodynamic metal activity was demonstra-
ted by the Swiss bobtanist Ve Naegalil_/(ZS)o By oligodynamic phkenomensa,
Naegall meant those produced by exceedingly small quéntities of metallic

substances in solution. Oligodynamic poisoning manifests itself in the

l/As reported by Kissau, Luther, Beibrag Zur Sterilizierung des
Trinkwasser durch das Kabadyn-Verfahren. Tierarztl. Rundschau. 36 :
609-612; 37 : 629-633. Sept. 1933 ' T
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living cell in a different way from true chemical poisoninge. In the
former case, the cell does not at once lose its rigidity. Naegeli found
that water in contaett with metals such as copper, silver or aluminum
took én bactericidal properties, and that this "activafed" water caused
the death of Algae.

Thiele and Wolffl/ (34) first noted the oligodynamic effect on
bacteria, especially the patliogenic members. MesserschmidtL/(Zl)
reported -a similar . effect in gunshot wounds; even when the bullet was
présumably germ—-laden, the wound healed cleanly. He ascribed this to
the oligodynamic effect of the metal bullets.

éottschal&i/(ls) tried out this effectusing twenty-four different
purified five-mark pieces on twenty-five different strains of Escherichia
coli (ifigula) Castellani and Chalmers, thus demonstrating again the oli—’
godynamic ability of certain metals.

Konrichk/(16) cites figures for the relative spped and quantita-
tive bactericidal results he obtained by using this method on Ef:.ﬁﬂli"
Liter flasks were filled with a solution of Katadyn water (see page 7 )
containing 25,000 organisms per cc.,"with amounts of Katadyn sand rang-
ing from 100 to 10 grams in each. In those containing 100 érams ster-
© 1lity was attained in 2 to 3 hours; with 10 grams if tobk 4 hourss In

another test he killed 110,000 of these organisms per cc., in a flask

E/As reported by Kissau, Luthér, Beitmag Zur Sterilizierung des
Trinkwasser durch das Katadyn~Verfahren. Tierarztl. Rundschau. 36 :
609-612; 37 : 629-633., Sept. 1933, _
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»gpntaining 100 grams of the sand, in & to 5 hours. The size of the par-
ticles and consequently the total exposed surface was not indicatedo Woll-
man and Wollman (37) found that the amount of surface exposed was not a
limiting factor in oligodynamic action.

Konrich tested the power of activated water removéd from the act-~
ivating substance by leaving a liter of water 24 hours in contact with
the sand (100 grams of sand containing 10 per cent of silver) then pour-
ing it off and testing it on Es. coli. In 3 or 4 hours the water killed
. 88,000 organisms per cc. This seems to show that the quantity of Katadyn
silver employed is relatijely unimportant so far as either time or quan-
titative results is concerned. .

Degkwital/(G) however, thinks that for the best effect, in steri-
lization, there is a definite optimum relation between volume of water and
surface of the oligodynamic agent. His results, both in the time factor
and fhat of gquantity of silver liberated, are much more favorable than
Konrich's. By activating 500 cc. of water through 12 hoﬁrs' contact with

50 grams of silver-cqntaining sand, he killed one million Es. coli

organisms in 2 hours, 5 million in 5 hours, with absolute certainty. 4
reduction of 10 per cent in the silver had no appreciable effect on thé
sterilizing powér or the number of bacteria killed, but if the number
trea%ed is rather large and 10 per cent less silver used a correspondingly

longer time is needed to kill them.

E/As reported by Kissau, Luther, Beitrag Zur Sterilizierung des )
Trinkwasser durch das Katadyn-Verfahren. Tierarztl. Rundschau. 36 s
609-612; 37 : 629-633. Sept. 1933 o
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The foregoing experiments being concerned onlylwith Es. €oli
one might Think thaf they alone had been the subjects of investigation.
But Krause (17 and 18), Degwitz (6) and Konrich (16) in test on other
bacteria, have had results parallel in all respects to those given
above. Since Es. coli is regarded to soﬁe extent as a "standard”
organism, being preferfed to other bacteria‘bécausq it is easy %o

detect and fecognizé, Erows well on artificial media and is not patho-

genic, as well as having a fairly high resistance to dndinary.methods of -

disinfection, these tests may be assumed to be fairly'usablea

Other names. associated with these earlier studies ﬁnd who contfi-

buted much to our uﬁderstanding of the work include Neisser and Eichbaum’

(24), Kronig and Paul, Elsenberg, and Delepine and Greenwood. In his
publication on "The Oligodynemic Metal Strength in Theory and Practice",
Neisser, as reporbted by Viesohn (35), cites the following principle:
"oligodynemic action is due té the stremgth of the smallest particle of
electro=positive chanrged mefal idnf" Kronig and Paul, according ‘o
Suckling kSB) showed that the toxicity to bacteria was not depéndént
upon the molecular concentration of‘the salt, but upon the conecentration
of free metallic ions in the éolution.‘ Elsenberg, as reporfed by Suck-
ling (33) working with the sélts, arranged the metals in of@ér of their
toxicity and headed the list with silver.

Although many investigators have occupied themselves with the
study of this phenoﬁenon, it was Krause (17 and 18) of Munich, as

reported by Kissau-(15), Loewe (19), Suckling (33) and Viesohn (35) who
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first succeeded with a ﬁractical application for the treatment of 1lig-
uids. In 1929, he described a new form of silver which he called
"Catadyn Silver". With regard to this preparation, Dr. Kmause stated:

"its bactericidal efficiency is many times greater than with silver in
any of the forms hitherto employed."

Krause's Katadyn work was built up on the basis of V. Naegoli's
discovery. He recheched the toxicity of certain metals om bacteria and
found that silver exhibited the property to the highest degree. The
first application was in the form of silver coated surfaces (porcelain
or quartz). By sufficient exposure the water became germicidal and the
organisms in it were killed. The water somebtimes retained thisvproperty
for as long as thrge weeks. The next application was in the form of silver-
~ covered sand, known as the "static catadyn sand process". This was suc-
cessful, but the more recent discovery of fhe "Blectro-Katadyn Process"
represents the latest stage of development and.serves for the treatment
of larger amounts of liquids. In this process the discharge of silver
ions is brought about by a weak electric current and according to Fara-
day'sl/ Law 4.023 milligrams of silver would be brought into solution by
one milliamperée hour, but in actual practice only about 50 per cent of

this amount is dissolved when water is used as a electrolvte.

Q/Faraday’s Law states that 96,500 coulombs will decompose one
gram-equivalent weight of a substance, which in the case of silver is
107.88 grams. A.coulomb is the amount of electricity conveyed by 1
ampere per second, and since the basis of this work is miili—amperes
per hour, 4.023 milligrams of silver would be brought into solution.
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Repqrts‘describing the successful applications.of the Hatadyn
Process ﬁé water sterilization (drinking water and swimming pools in
particuiar),tfood pfeservation, sterilization of beef, aging of wines,
destruction of algaevénd vineBar eels, washing of milk ubensils, steri-
lization of surgical instruments, ice manufacture, margarine manufacture,
fruit fermentafions and'preservatioﬁ of eut flowers have appeared in
great profusion. |

The qﬁestion has been raised as to the poisonous effect of ionic
silver on the human body. If this treatment were used on water eﬁployed‘
for drinking purposes, ﬁhe qﬁestion of whether silver in this form were
accumulative would be of gréat significance. The following quotation was
teken from an article by E. V. Suckling (33) and continues to say: "silver
is one of the least poisorious of the metals, and the amount that water
can take up aftgf‘prolohged,contact'with Katadyn silvef is exceedingly
minute. If é person drank:%-gallon per déy,féontaining 0,06 pepeme of
silver his daily dose would be less than 0.00014 grn." |

Ih‘continuation, Suckling adds‘tﬂat silver in the body is at once .
convert?d into insoluble salts and as the chloride and albuminate and by
far the greater part remains finabsorbed, being expelled with the feces.
He thought it highly uplikely that eny absoppbion at all will eccur by
the consumptioﬁ of the Katadynized water. Silver is excreted in the’
feces and none in‘thg urine so there is no danger of damage to the kid-

neyse
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Gibbard (12) guestioned the phyéiological action of silver as
causing argyria, a wellknown but not very common menifestation of silver
poisoningo \Another important consideration is that of the effect of the
ionic silver upon enzymes, especially those of the digestive tract.
Weksmen and Daviéen: (36) have discussed the action of salts of the heavy
metals upon enzymes and it would appear advisable to conduct a specific
study to determine the effect of silver upon these digestive enzymes.

As to the exact mechanism by which the aestruction of bacteria
may be brought about by the ionic action of silver several theories
hgyve been advanced, such as:
| 1. The emission of lethal rays, or radio-activity.

2. Combination of the ion with the proteins of
the bacteria.

3. The ions cause some change in the medium con-
tgining the Baeteria and this then affects the baterias

4, The ions bear electrical charges to which the
effect is due.

5. Selective adsopption.

The following discussion on the mechanism whereby ionic silver
brings'death to the lower organisms was baken from a paper by Kissau
(15). Von Behring (2) thought it a real chemical "identification" due
to tiny particles of the metal being dissolved by the water. Saxl (31)
has stubbomnly contended it to be a puwely physical effect, made effec—

tive at a distance by a ray-like action. But Doerr (8) learned that on
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Tthe surface of silver, by the action of atmospheric oxygen or of hydro-
gen ions, compounds sol@ble in water are formed; which diffuse outward
and have a harmful effect on cell sfructures. He aiso found that on
heating silver/loses its capacity for oligodynamic effects Herzburg
(24) does not regard the effect of the metal ions, but rather their
function as a carrier of oxygen, as the real effective agent. But this
viewpoint wes still more confused by the discovery that the oligodymemic
power can als; be‘transferred to glass vessels, which.exert this‘power
and even in turn convéy it to the water contained in them, activating it.
Freundlich and Sollner (10) think this is because the silver ions are at
first adsorbed by the élass, later penetrating deeper into it, ioné
being continually taken up by the outer layer. Thus independent silver

ions may later be released into solutions or diffused through liquidé,

. or even removed from the glass surfaces by organisms with strong attrac-

tion for silver ions. They thus regard the oligodynemic effect of metals
as purely a chemical one, due to the "dissolving® of metallic silver into
liquids such as distilled water. It is adsorbed by the organisms, then
penetrates the cell walls and effects its damage by'éome still indefinite
chemical process. They think this is proved by the effect of silver on
algae, as shown by treatment with carefully limited quantities. They
ascribe the "dissolving" of silver to oxygen, carboni¢ acid, or other
impurities in the water.

Burgi and Laubenheimer (3) on the basis of present knowledge,-con-

sider the injdfy more likely to be due to the effect of small amounts of
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metals in solution, but make no effort to explain its real physical or
chemical nature. Bechhold (1) thought that finely divided silver pre-
cipitated on porous bodies might have a higher oligodynemic value
because of its greater silver surface, and therefore used carbonized
silver.

Gibbard (11) attributed the inhibitéry or oligodynamic action of
metallic silvers to traces of salts, oxides or sulphides on its surface.

Rideal and Rideal (30) suggest that the germicidal effect of
ionic disinfectants is due to the absorption of ceations with the sife
ultaneous absorption of anions.

Eichholts (9)'offers evidence in'supportlof selective adsorp-
tion as being the lethal agent with his work with algae in which he
demonstrated that the actqal concentration of'metal éssociatéd'with
the algae was several parts per 10,000. Gibbard (11) too offers evi-
dence in support of sdective adsorption. "He reinoguléted bouillon tubes
‘in which no growth had appeared and growth followed, showing that none
of the irhibiting matérial had been carried over.

Krause (17 ana 18), as reported by Kissau (15), ascribes to silver
a highef ologodynamic effect than other metals. He calls the process

"Katadyn" since the oligodynamic nature of it is connected with a catae-

lytic one. He has no belief in a purely chemical explanation of it. It
is geherally explained as a combined chemical and physical effect, per=-
haps chemically poisonous insofar as atmospherdc oxygen beings about

the creation of metal compounds in very small quanties, which dissolve
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ionicaily iﬁ water.l Then, tog, thé metal itself diffuses its iouns
through the water, whiéh attach themselvgs to bapﬁeria as electrically
charged particle and thus kill them by an electrical.reaction.‘ But
most of our preéent‘explanations are guesswork and as yet we can not
ascribe the extermination of loﬁér enimals and plants to any specific
physical or chemical procesé.

The acceptance of the process hés not been entirely without
opposition, but rather by some investigatérs with a degree of skepti-
cism and doubt. According to Kissau (15), Clark and Gage (5) regard
the effedt as‘uncertain, and Stick (32) rejects it,‘but on no very
definite grounds.

Kissau (15) found that sterilization by this process proved

ineffectige on the bacteria whose German names are Rauschbrand, Para-

‘rauschbrand, Frankel's gas bacillus and the Tetanus bacillus. A dim-

inution took place but the treatment was not sufficient to kill them

even after twenty-four hours.

It is evident that the destructiwe mechanism has not been satlis=

factorily explained and offers an excellent field for further study.

Materials and Méfhods
The bacterial organisms studied in this paper inciude:

Escherichia coli(Migula) Castellani and Chalmers

Bacillus megatherium De Bary

Eberthella typhosa (Zopf) Weldin

VMycobacterium Butyricum (Petrie) Bergi, et al.
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Serratia marcescens Bizio

Phytomonas tumefaciens (Smith and Townsend) Bergey, et al

In addition to the studies to determine the effect of ionic silver
upon different bacteria, a group of experiments were set up to determine
the effect of ionic silver upon other kinds of cells and materials. In
this group were included the following:

Milk

Saccharomyces cereviseae

Cut flowers

Elodea candensis

Spirogyra Spe

Apple jui;e

Eggs

Spores of y&ﬁgﬁ.ig; and Penicillium sp.

The application of ionic silver was effected by means of a labor-
atory unit, model TA-1, and a Kafadyn Pocket Sterilizer furnished for this
purpose by the Katadyn Process Corporation, New York. The leboratory unit
cogsisted of two parts, the activator and the switchboard. -The switch-
,board contains several dry célls connected in parallel fashion. On the
switchboard é dial milliamméter with a five milliampere reading scale is
given and a rheostat is mounted beZow, permitéing the variation of voltage.
To the right of the switchboard a polarization reverse switch is mounted.,
The katadyn Pocket sterilizer consists of staﬁdard dry cells, contained in

a metal cylinder to which two silver electrodes can be attached.
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In the following tables, the column headed "Gammas of silver
per liter" refers to the amount of silver which goes into solution
but not that wh;ch is present as the destructive agent, Silver
goes into solution atb thg anode and a part is plated out at the
cathode with a porfion remaining in the solution to effect the re-
sulting sterilization., Several references to the "amount of sil-
ver" or "Gammas per liter" appear in the literature; statamenfs
vwhich are obviously in error if interpreted to mean the' gammas of
8ilver present in.the ionié state and effective as bringing about
the destruction of bacteria, In support.of'this'statement, a cur-
rent was passed between the two elecirodes with the effect that
the loss in weight of the one electrode was, in part, aceounted
for by the gain in wéight of thé other electrode.

In general, the technigue employed was relatively simple, -
consisting of a period of treatment with ionic silver followed by
a plating gf the organiaﬁ from the water or othex 1iquid under
observatiom, Whenever it was necessary to do so, this method was
mo&ified to £it the need of the material which was being studied,

During the season of the year that this work was being conduc

ted, an analysis of the water showed it to be high in caleium bi-~
carbonate and not to contain much of anything else,

The Katadyn Pocket Steri;izer was shown to have a current
strength of five milliamperes. The cells in this unit should be
changed freguently as they became ineffeective after about six

months,
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Serles 1. Toxicity of lonic Silver to Es.coli,using the Katadyn
Pocket Sterilizer.

Age of Es.coli culture: 24 hours.

Temperature of water: 25°G.

pH of water: 7.6

Plating medium: Standard beef extract agar.

Incubation temperature: 28°C.

Length of incubation period: 48 hours.

The content of the beakers was plated immediately following

the treatment.

Table 1.
Number Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
ccC. pet.
Trial 1
| tap water,untreated 1.0 0 63,000
2 tap water,treated 15 seconds 1.0 166 5,000 «902
3 tap water,treated 30 seconds 1.0 332 2,500 96
Trial 2
1 tap WFter,untreated 0.001 0 126,000,000 - -

2 tap water,treated 15 seconds 0.001 166 6,000,000 95
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Toxicity of lonic Silver to Ex. coli, Using the Laboratory

Unit, Model TA-I.

The
treatmente
Humber

of

beaker

| tap
2 tap
3 tap
| tap
2 tap
3 tap
4 tap

Material tested: tap water inoculated with Es.coli.
Age of Es. coli culture: 24 hours.

Temperature of water: 33° C.

pH of waters 7.3 (determined at 22.5° C.)

Plating medium: Standard beef extract agar.
Incubating temperature: 28° C.

Length of incubation periods 48 hours.

content of the beakers was plated immediately following the

Table 2.
Gammas of Colonies
Amount silver per
Contents of beaker plated per liter plate Killed
cc. pet.
Trial 1
water, untreated 0.1 0 6,900
water, treated 15 seconds 0.1 41.7 1,200 82
water, treated 30 seconds 0.1 66.0 1,000 85
Trial 2
water, untreated 0.01 0 350,000
water, treated 15 seconds 0.01 133 160,000 54
water, treated 30 seconds 0.01 266 10,000 97
water,treated 15 minutes 0.01 200 0 100
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Sterilizer.

Humber
of
beaker

AP WN -

Material tested: tap water

Age of Es. coli culture: 24 hours.

Temperature of water: 22° C.

pH of water: 7.6

inoculated with Es.

Plating medium: Standard beef extract agar.

Incubation temperature: 35° C.

length of incubation: 48 hours.

Table 3

Contents of beaker

tap water. untreated

tap water. treated 20 seconds
tap water. treated 20 seconds
tap water. treated 20 seconds
tap water, treated 20 seconds

Gammas of
silver
per liter

280
280
280
280

Time of
holding
before
plating
min.

0
15
30
45
60

Effect of Holding Time on Efficiency of Katadyn Pocket

coli.

Colonies
per
plate

160

O O oo

Killed

pet.

100
100
100
100
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Series 4. Efficiency of lonic Silver Sterilization Using Distilled Water.
The conditions under which this experiment was conducted agreed
with vhose used iIn Series o, except for the hydrogen ion concentration

of the distilled water, this being 6.2

Table 4.
Number Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
cc. pet.
Trial 1
1 distilled water, untreated 1.0 0 970,000 —
2 distilled water, treated 15
seconds 1.0 166 290,000 70
3 distilled water, treated 30
seconds 1.0 332 150,000 84
Trial 2
1 distilled water, untreated 0.001 0 1,400,000 —
2 distilled water, treated 15
seconds 0.001 166 1,300,000 7.14

3 distilled water, treated 30
seconds 0.001 332 1,120,000 20
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Influence of Temperature upon the Effectiveness of lonic

Treatment.

This series was carried out to determine whether the temperature

bacterial suspension or other liquid under treatment really-

effected the efficiency of the treatment, or if the latter were indepen-

dent of external conditions.

The
treatment.
Humber

of

beaker

| tap
2 tap
3 tap
4 tap
5 tap
| tap
2 tap
3 tap
| tap
2 tap
3 tap

content of the beakers was plated immediately following the

Material testedi tap water inoculated with Es. coli.
Age of Es. coli culture: 24 hours.

Temperature of waters A. 11° C.; B. 22.5° C., C. 35° C.
pH of waters 7.6 (determined at 22.5° C.)

Plating mediums Standard beef extract agar.

Incubation temperatures 35° C.

Length of incubation periods 43 hours.

Gammas of Colonies

Amount silver per
Contents of beaker glated per liter plate Killed
cc . pet.
Trial 1
water. untreated 1.0 0 33 =m
water. treated 15 seconds 1.0 20 23 30
water. treated 30 seconds 1.0 41 10 69
water, treated 60 seconds 1.0 83 10 69
water. treated 120 seconds 1.0 166 3 90
Trial 2
water. untreated 1.0 0 90
water. treated 15 seconds 1.0 32 33 63
water. treated 30 seconds 1.0 64 20 77
Trial 3
water. untreated 0.001 0 33,000
water. treated 15 seconds 0.001 29 30,000 9
water. treated 30 seconds 0.001 58 14,000 57



Number
of
beaker

AR WN = ORWN =

OB WN =

tap
tap
tap
tap
tap

tap
tap
tap
tap
tap

tap
tap
tap
tap
tap

water .

ater,
water .
water .
water .

water.
Tmter,
water,
water.
water.

Tmter,
water.
water.
water.

“0_

Table 6.
Amount
Contents of beaker
dc.
Trial 1
untreated 1.0
treated 15 seconds 1.0
treated 30 seconds 1.0
treated 60 seconds 1.0
treated 120 seconds 1.0
Trial 2
untreated 1.0
treated 15 seconds 1.0
treated 30 seconds 1.0
treated 60 seconds 1.0
treated 120 seconds 1.0
Trial 3
untreated 0.001
treated 15 seconds 0.001
treated 30 seconds 0.001
treated 60 seconds 0.001
treated 120 seconds 0.001

water .

Gammas of Colonies

silver

plated per liter

29

116
233

29
58
116
233

29
58

116

233

per
plate

53

23
16
13

230,000
160,000
150,000
130,000

90,000

Kill,
pet

51
62
88
100

56
69
75

30
34

60
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Table 7.
C.
lumber Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
cc. pet.
Trial 1
| tap mwater. untreated 1.0 0 30
2 tap water, treated 15 seconds 1.0 29 16 46
3 tap water. treated 30 seconds 1.0 58 13 56
4 tap water. treated 60 seconds 1.0 116 6 80
5 . tap water. treated 12Cl seconds 1.0 233 3 90
Trial 2
| tap water. untreated 1.0 0 113
2 tap water. treated 15 seconds 1.0 29 33 70
3 tap water. treated 30 seconds 1.0 58 13 88
4 tap water. treated 60 seconds 1.0 116 3 97
5 tap water. treated 1201 seconds 1.0 233 3 97
Trial 3
| tap water. untreated 0.001 0 140,000
2 tap water. treated 15 seconds 0.001 29 80,000 42
3 tap water, treated 30 seconds 0.001 58 40,000 71
4 tap water. treated 60 seconds 0.001 116 30,000 78
5 tap water. treated 120 seconds 0.001 233 6,000 95
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Series 6» Efforts to Obtain a Resistant Strain of Es. coli.
This study was conducted to determine if it vrere possible for Es.

coli to develop a tolerance to ionic silver.

Material tested: tap water inoculated with Es. coli.

Age of Escherichia coli cultures: 24 hours.

Temperature of water: 22° C.

pH of water: 7.6

Plating medium: Standard beef extract agar.

Incubation temperature: 35° C.

Length of incubation period: 48 hours.

Table 8.
A.
Number Gammas of Colonies
of Amount silver mper
beaker Contents of beaker plated per liter plate Killed
60. pet.
Trial 1
1 tap water, untreated 0.01 0] 53,000
2 tap water, treated 60 seconds 0.01 166 1,800 96
(held for 5 minutes before plating)
Trial 2
(Using a 24 hours broth culture taken from plate 2, trial I)
1 tap water, untreated 0.01 0 6,000
2 tap water, treated 30 seconds 0.01 83 50 99

(held for 2.5 minutes before plating)

In trial 3, using a survivor of trial 2, there was a 100 per cent
fatality.
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| B. Part A was repeated, with the following results.
; -
;
Table 9.
o]
Number Gammas of Colanies
of silver per
beaker Contents of beaker per liter plate Killed
. ’ - Pc.to
Trial 1
1 tap water, untreated S T1,05¢ 91,200 -
2 tap water, treated 30 seconds (held '
2.5 minutes before plating) 83 32,000 50
Trial 2
(Using a survivor of Eraal l.)
1 tap water, untreated - 0 182,000 -
2 tap water, treated 30 seconds 83 84,000 53 8

In trial 3, using a survivor of Trial 2, there was a 100 per cent
fatality.
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7 . Influence of Foreign Haterial

lonic Silver Treatment.

upon the Effectiveness of

This study was designed to determine whether the, organic materials

present in milk would tend to cut down the efficiency of ionic silver

treatment to a greater extent than a similar study on water.

materials tested: Milk and water,
Age of Eb. typhosa culture:
pHs milk 6.7, water 7.6.

Platin™ medium:

Incubation temperature: 35° C.

inoculated with Eb. typhosa.

24 hours.

Standard beef extract agar.

Length of incubation period: 48 hours.

The content of the beakers was plated immediately following the

treatment.
Table 9
Number
of Amount
beaker Contents of beaker plated
cC .
Trial 1 @
| milk, untreated 0.01
2 milk, treated 30 seconds 0.01
3 milk, treated 60 seconds 0.01
4 milk, treated 120 seconds. 0.01
Trial 1 (b)
1A tap water, untreated 0.01
2A tap water, treated 30 seconds 0.04
3A tap vater, treated 60 seconds 0.01
4A tap vater, treated 120 seconds 0.01
Trial 2 (@)
| milk, untreated 0.01
2 milk, treated 60 seconds 0.01
3 milk, treated 120 seconds 0.01
Trial 2 (b)
| tap water, untreated 0.01
2 tap water, treated 30 seconds 0.01
3 tap vater, treated 60 seconds 0.01
4 tap water, treated 120 seconds 0.01

Gammas of Colonies
silver per
per liter plate Killed
pet.
0 3,000
83 2,100 30
166 2,000 33
332 1,700 43
0 9,500
83 2,750 71
166 1,250 86
332 250 97
0 12,300
166 8,300 32
332 6,300 48
0 9,000
83 0 100
166 0 100
332 0 100
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Series S« Influence of Oxygen upon the Effectiveness of lonic Silver

Treatment.
The results of this experiment were quite contradictory as shown
in the following tables.
material tested; (@) tap water inoculated with 2b. typhosa.

(b) L, water boiled to removed oxygen
inoculated with Eb. typhosa.

Age of Eb. typhosa culture; 24 hours.
Temperature of water; 25° C.
pH of water; 7.6
Plating medium; Standard beet extract agar.
Incubation temperature; 35° C.
Length of incubation period; 48 hours.
All treated liquids in this experiment were held for Ffive minutes

before plating.

Table 10.
Hgﬁber Gammas of Colonies
beak Amount silver per
eaker Contents of beaker plated per liter elate Killed
co - pet.
Trial 1 (@)
| tap water, untreated 0.01 0 5000
2 L.ep water, treated 30 seconds 0.01 83 200 o
3 tap wacer, treated 120 seconds (.01 332 0 136
Trial 1 (b)
IA- tap water, untreated 0.01 0 14 750
2A  tap water, treated 30 seconds 0.01 83 o 100
3A tap water, treated 60 seconds 0.01 166 o 100

4A  tap water, treated 120 seconds 0.01 332 0 100
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Table 10 (cQntinutd)

Number Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Kill,
CO = pet
Trial 2 (@)
| tap water. untreated 0.01 0 1,000
2 tap water. treated 30 seconds 0.01 83 200 80
3 tap water. treated 60 seconds 0.01 166 200 80
4 tap water. treated 1201 seconds 0.01 332 0 100
Trial 2 (b)
| tap water. untreated 0.01 0 17,000 9-
2 tap water, treated 30 seconds 0.01 83 0 100
3 tap water. treated 60 seconds 0.01 166 0 100
4 tap water. treated 1201 seconds 0.01 332 0 100
Trial 3 (@
| tap water. untreated 0.01 0 9,000
2 tap water, treated 30 seconds 0.01 83 0 100
3 tap water. treated 60 seconds 0.01 166 0 100
4 tap water. treated 120 seconds 0.01 332 0 100
Trial 3 (b)
Ir tap water. untreated 0.01 0 13,000
2= tap water. treated 30 seconds 0.01 83 0 100
3 tap water. treated 60 seconds 0.01 166 0 100
4 tap water. treated 120 seconds 0.01 332 0 100
Trial 4 (@)
| tap water. untreated 1.0 0 13,670
2 tap water. treated 30 seconds 1.0 83 435 96
3 tap water. treated 60 seconds 1.0 166 22 99.83
4 tap water. treated 120 seconds 1.0 332 16 99.88
Trial 4 (b)
| tap water. untreated 1.0 0 17,220
2 tap water. treated 30 seconds 1.0 83 7,650 55
3 tap water. treated 60 seconds 1.0 166 860 95
4 tap water. treated 120 seconds 1.0 332 HO 99.3
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Series 9. Influence of Light and Darkness upon the Effectiveness of
lonic Silver Treatment.

Material tested: Tap water inoculated with Eh. typhosa.

Age of Sb. typhosa cultures: 24 hours

Temperature of water: 22° C.

pH of water: 7.6

Plating medium; Standard beef extract agar.

Incubation temperature: 35° C.

Length of incubation period: 48 hours.

The content of the beakers was held for five minutes before

plating. Part (@ was conducted in daylight and part (b) in darkness.

Table 11.
Number Gammas of Colonies
of Amount Silver per
beaker Contents of beaker plated per liter plate Killed
cc. pet.

Trial 1 (@

| tap water, untreated 0.01 0 5,000

2 tap water. treated 30 seconds 0.01 83 200 96

3 tap water, treated 120 seconds 0.01 332 0 100
Trial 1 ()

| tap water. untreated 0.01 0 19,000

2 tap water, treated 30 seconds 0.01 83 10 99

3 tap water. treated 60 seconds 0.01 166 0 100

4 tap water. treated 120 seconds 0.01 332 0 100
Trial 2 (@)

| tap water. untreated 0.01 0 1,000

2 tap water. treated 30 seconds 0.01 83 200 80

3 tap water. treated 60 seconds 0.01 166 200 80

4 tap water. treated 120 seconds 0.01 332 0 100
Trial 2 (b)

1 tap water. untreated 0.01 0 30,000

2 tap water. treated 30 seconds 0.01 83 0 100

3 tap water. treated 60 seconds 0.01 166 0 100

4 tap water. treated 120 seconds 0.01 332 0 100
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oeries 10. Toxicity of lonic Silver to Bacillus megatherium.

Material tested; tap water inoculated with B. megatherium.
Age of B. megatherium: (&) 24 hours; (b) 48 hours.
Temperature of water: 21° C.
pH of water; 7.6 (determined at 22.50 C.)
Plating medium: Standard beef extract agar.
Incubation temperature: 35° C.
Length of incubation period: 48 hours.

The content of the beaker was poured immediately followin the

treatment.
Table 12.
Number Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
cC . pet.
@
| tap water. untreated 1.0 0 84
2 tap water. treated 15 seconds 1.0 83 25 70
3 tap water. treated 30 seconds 1.0 166 15 82
Q)
| tap water. untreated 0.01 0 59,000
2 tap water. treated 15 seconds 0.01 50 30,000 49
3 tap water. treated 30 seconds 0.01 150 27,000 54



Series 11.

Bacillus megatherium.

-29-

Effect of Holding upon the Toxicity of lonic Silver to

Beakers 2 and 3, part (&) of series 10 were allowed to stand for

one hour before plating.

Table 13.

Number Gammas of Colonies

of silver per
beaker Contents of beaker per liter plate

| tap water, untreated 0 84

2 tap water, treated 15 seconds 83 15

3 tap water, treated 30 seconds 166 6
Series 12. Toxicity of lonic Silver to Bacillus Megatherium.

Killed
pet.

82
92

This experiment was set up under the same conditions as series 10,

differing only in that a week old culture of B. megatherium was ysed.

and which therefore contained many young spores.

Number
of
beaker

1 tap water,
2 tap water,
3 tap water,

| tap water,
2 tap water,
3 tap water,

Contents of beaker

untreated
treated 15
treated 30

untreated
treated 15
treated 30

Table IS.
Amount
plated

CcC .
Trial 1
seconds
seconds
Trial 2
0.01
seconds 0.01
seconds 0.01

Gammas of Colonies

silver
per liter

20
41

20
41

per
plate

2,100
1,700
1,360

18,000
16,600
15,600

Killed
pet.

19
35
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Series 13, Effect of Holding upon the Toxicity of Ionic Silver +o

Bacillus megatherium.
Beakers 2 and 3, trial 2, of series 12 were allowed to stand for

one hour before plabting.

Table 15
Number - Gammas of Colonies
of . Amount  silver per
beaker Contents of beaker plated per liter plate Killed
CCa "é’cto
1 tap water, untreated,(beaker
1, trial 2, series.]2) 0,01 0 18,000 -
S 2 tap water, treoated 15 seconds 0.01 20 15,300 15

3 tap water, treated 30 seconds 0.01 41 14,300 20

Series 14, Effect of Temperature upon the Effectiveness of Ionic Silver

Treatment to Bacillus megatherium.

Material tested: btap water inoculated with B. mepatherium,

Age of culture: 24 hours.
Temperature of water: A. 11° C.; B. 22.5° Cos C. 35° C.
PH of water; 7.6 (determined at 22.5° C.)
'Plating mediﬁm: Standard beef extract agar.
Incubation btemperature: 35° C.
Length of incubation period: 48 hours.
The content of the.beskers was plated immédiately followinglthe

. treatment,
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Table 16
A.
Bvunber Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
CCs pet.
Trial 1
| tap water. untreated 0.01 0 97,000 —
2 tap water. treated 15 seconds 0.01 29 14,000 86
3 tap water. treated 30 seconds 0.01 58 10,000 89
4 tap water. treated 60 seconds 0.01 116 9,000 90
5 tap = ¢ treated 120 seconds  0.01 233 6,000 93
Trial 2
| tap water. untreated 0.1 0 2,700 —
2 tap water. treated 15 seconds 0.1 29 800 70
3 tap water. treated 30 seconds 0.1 58 350 87
4 tap water. treated 60 seconds 0.1 116 150 94
5 tap water. treated 120 seconds 0.1 233 150 94
Table 17
B.
Wunber Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
EC . pet.
1 tap water. untreated 0.01 0 14,600
2 tap water, treated 15 seconds 0.01 29 6,600 54
3 tap water. treated 30 seconds 0.01 58 4,000 72
4 tap water. treated 60 seconds 0.01 116 3,300 77
5 tap water. treated 120 seconds 0.01 233 3,300 77
Table 18
C.
Wunber Gammas of Colonies
of Amount silver per
beaker Contents of beaker plated per liter plate Killed
cc . pet.
| tap water, untreated 0.1 0 3,600
2 tap water. treated 15 seconds 0.1 29 425 88
3 tap water. treated 30 seconds 0.1 58 250 93
4 tap water. treated 60 seconds 0.1 116 250 93
5 tap water. treated 120 seconds 0.1 233 150 95
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lonic Silver to Bacterial Spores.

Material tested: tap water inoculated with B. megatherium.

Age of B. megatherium: 4 weeks (spores well matured).

Temperature of water: A, 11° C.;

pH of water: 7.6 (determined at 22.5° C.)

Plating medium:

Standard beef extract agar.

Incubation temperature: 35° C.

Length of incubation period: 48 hours.

B, 21° C.j C, 35° C.

This study was conducted to determine how much protection the

spore wall offered against ionic silver.

Gammas of Colonies

Table 19

Ae
Humber

of silver
beaker Contents of beaker per liter

| tap water, untreated 0

2 tap water, treated 15 seconds 29

3 tap water, treated 30 seconds 58

4 tap water, treated 60 seconds 116

5 tap water, treated 120 seconds 233

B. Table 20
Humber Gammas of

ofl silver
beaker Contents of beaker per liter

| tap water, untreated 0

2 tap water, treated 15 seconds 29

3 tap water, treated 30 seconds 58

4 tap water, treated 60 seconds 116

5 tap water, treated 120 seconds 233

6 tap water, treated 120 seconds 233

i ie content of beakers 1-5 was
ment , and the content of beaker 6 was

per
plate Killed
pet.
19,300
12,600 34
12,000 38
10,600 45
9,300 51
Colonies
per
plate Killed
pet.
28,300 —
8,300 70
6,600 76
6,300 77
5,000 82
4 99

plated five minutes following treat-
held for one hour before plating.
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Table 21

CB

Number Gemmas of Colonies

of Amount silver per :
beaker Contents of beaker plated per liter plate Killed

cc. pet

1 tap water, untreated 0.01 0 2,600 -

2 tap water, treated 15 seconds 0,01 29 2,300 11

3 tap water, treated 30 seconds 0.01 58 1,300 50

4 tap water, treated 60 seconds 0.01 116 1,100 57

5 tap water, treated 120 seconds 0.01 233 660 74

6 tap water, 0.01 2 99

treated 120 seconds

- 233

The content of beakers 1-5 was plated five .minutes following treat-
ment and the content of beaker 6 was held for one hour after plating.

- This experiment was repeéted three times in May 1937, with no re-

duction in the colony count. Just prior to the treatment, the electrodes

were heated to "inactivate“‘theﬁ, then treated with dilute HC1 to "act-

ivate" them again.

The results suggest that this treatment may have

damaged the silver electrodes such that the quantity of ionic silver

going into solution was reduced.




Series 16. Toxicity of lonic Silver to Capsule-Forming Organisms.

laterial tested: tap water inoculated with Sgrratia Larcescens

Age of cultures: 24 hours.
Temperature of water; 22.5° C.

pH of water: 7.6

Plating medium: Standard beef extract agar.

Incubation temperature: 35° C. and room temperature.

Length of incubation period: 24 hours at 35° C and two days

at room temperature.

This study was conducted to determine whether an organism which

forms capsules would be more resistant to ionic silver than those which

do not form capsules. (See plate 111, page 65)

Table 22
Number
of Amount
beaker Contents of beaker plated
CcC.
Trial 1
| tap water. untreated 0.01
2 tap water. treated 30 seconds 0.01
3 tap water. treated 60 seconds 0.01
4 tap water. treated 12ClI seconds 0.01
Trial 2
| tap water. untreated 0.01
2 tap water. treated 30 seconds 0.01
3 tap water, treated 60 seconds 0.01
4 tap water, treated 12CI seconds 0.01
Trial 3
1 tap water, untreated
2 tap water. treated 20 seconds
3 tap water. treated 40 seconds
4 tap water. treated 60 seconds

Gammas of Colonies

silver per
per liter plate Killed

pet.

0 21,300
83 0 100
116 9 100
332 0 100

0 25,000
83 0 100
116 0 100
332 0 100

0 1,780
55 0 100
HO 0 100
166 0 100



Table 22 (continued)

sumber Gammas of Colonies
silver per
beaker Contents of beaker per liter plate Killed
pet.
Trial 4
| tap water. untreated 0 300
2 tap water. treated 20 seconds 55 0 100
3 tap water, treated 40 seconds HO 0 100
4 tap water. treated 60 seconds 166 0 100
Trial 5
1 tap water. untreated 0 100
2 tap water. treated 20 seconds 55 0 100
3 tap water. treated 40 seconds HO 0 100
4 tap water. treated 60 seconds 166 0 100

The treated solutions in trialsl and 2 were held for five minutes
before plating; in trials 3,4 and 5 they were held for two minutes before

plating.



Series 17. Toxicity of lonic Silver to Acid Fast Organisms.
Material tested: tap water inoculated with Kyco. butyrieum.
Age of iyoo. butyrieum culture: 1 week.
Temperature of water: 25° C.
pH of water: 7.6
Plating medium: Beef extract agar with 5 per cent glyderine.
Incubation temperature: Room temperature.
Length of incubation period: I week.
The tontent of the treated beakers was held for five minutes
before plating.
This study was carried out to determine how much protection the

waxy cell wall of Kyco. butyrieum offered against ionic silver.

Table 23
Number Gammas of Colonies
of silver per
beaker Contents pf beaker per liter plate Killed
pet.
Trial 1
| tap water. untreated 0 7,400
2 tap water. treated 30 sconds 83 340 95
3 tap water. treated 120 seconds 332 170 97
Trial 2
1 tap water. untreated 0 6,075
2 tap water. treated 30 seconds 83 570 91
3 tap water. treated 60 seconds 166 270 95
4 tap water. treated 120 seconds 332 13 99
Trial 3
1 tap water. untreated 0 9,990
2 tap water. treated 30 seconds 83 6,150 38
3 tap water. treated 60 seconds 166 630 93
4 tap water. treated 120 seconds 332 313 96

Three additional trials showed the foMowing death rates for
beakers 2, 3 and 4: (2) 30 seconds treatment = 902, 8/2, A/2.
(3 60 seconds treatment = 99.5%, 99.3%, 99.02%.
(@ 120 seconds treatment = 99.7%, 99.8%, 99.8%.
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Toxicity of lonic Silver to Saccharomyces cereviseaS.
IMaterial tested: tap water inoculated with yeast cells.
Source of Saccharomyces cereviseaei Fleischmannls yeast cake.
Temperature of water 2 25° C.
pH of waters 7.6
Plating medium: Whey agar plus 1 oc of | per cent tartaric

acid per plate.

Incubation temperature: loom temperature.
Length of incubation periods 48 hours.
I and 2 were held for five minutes

treated solutions in trial

before plating.

Number
of
beaker
| tap
2 tap
3 tap
| tap
2 tap
3 tap
| tap
2 tap
2A tap
3 tap
3A tap
The
treatment,

week after

in the number of colonies (see plate

Table 24
Gammas of Colonies
silver per
Contents of beaker per liter plate Killed
pet.
Trial 1
water. untreated 0 500 - -
water. treated 30 seconds 83 40 92
water. treated 60 seconds 166 17 96
Trial 2
water. untreated 0 1,365 --
water. treated 30 seconds 83 13 99.04
water. treated 60 seconds 166 10 99.2
Trial 3
water. untreated 0 2,090 --
water. treated 30 seconds 83 550 73
water. treated 30 seconds 83 40 98
water. treated 60 seconds 166 10 99.5
water. treated 60 seconds 166 6 99.7

content of beakers 2 and 3 was plated immediately following
2A and 3A being held five minutes following treatment. One
plating the plates were re-counted and there was no increase
1, page 62).
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Toxicity of lonic Silver to Mold Spores.
Material tested: tap water inoculated with mold spores,
A. liucoj sp« B. Penicillium sp.
Plating medium: Beef extract agar with 1| per cent dextrose.
Incubation temperature : Room temperature.

Length of incubation period: 72 hours.

Table 25
Gammas of Colonies
Holding silver per
Contents of beaker time per liter plate Killed

min. pet.
water. untreated 0 50 --
water. treated 10 minutes 30 666 23 54
water. treated 10 minutes 60 666 8 84
water. treated 10 minutes 120 666 3 94

Table 26
Gammas of Colonies
Holding silver per
Contents of beaker time per liter plate Killed
min. pet.
Trial 1
water. untreated 0 29 -
water. treated 2 minutes 0 66 16 44
water, treated 2 minutes 15 66 19 65
water. treated 2 minutes 30 66 10 65
water. treated 2 minutes 45 66 5 82
water. treated 2 minutes 60 66 5 82
water. treated 2 minutes 120 66 3 89
Trial 2

water. untreated 0 230 - -
water. treated 5 minutes 30 33 190 17
water. treated 5 minutes 60 33 170 26
water. treated 5 minutes 120 33 13 94
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Table 26 (continued)

Number Gammas of Colonies
of Holding  silver per
beaker Contents of beaker tame per liter plate Killed
mine “pete.
Trial 3
1 tap water, untreated ’ 0 83 -
2 tap water, treated 10 minutes 30 66 47 . 25
3 tap water, treated 10 minutes 60 66 10 84
4 tap water, treated 10 minutes 120 . 66 . 3 25

Series 20. Toxicity of Tonic Silver to Elodea candensis,

Three beakers, eéch containing SOd‘cc., of tap water, pH = 7.6,
room“temperatuQe, were subjected to ionic silver treatment. Elodea can-
densis was placed in each beaker and‘observeda A few hours after treat-
ment, a leaf was‘mounted on a microscopic slide and examined. All movement

of the cytoplasm had ceased, but there was no other visible change in the

celle.
Table 27
Number Gammaé of .
of silver Observation
beaker Contents of bedker per liter 5/2/36 3/3/36 545/36
L tap water, untreated 0 unchanged  unchanged  unchanged
2 tap water, treated 291 dead dead dead

3 tap water, treated 875 dead . dead dead

Series 21. Effect of Ionic Silver on the Keeping Quality of Cut Flowers.
N,

This experiment was conducted at the Freshman Women's Dormitory,

using the flowers from the dining room tables. There were ten bouquets
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of mixed flowers in soft'glass vases, These were divided into two
groups, one containing treated tap water, and the other conﬁaining
untreated tap water and serving as controls. The water was changed
daily and the ¥ases were kept in the refrigerator overnight. When the
table flowers were changed, the old flowers were collected into two' large
bouquets and kept et room temperature for observation. |

A. The treated watgr contained 1,666 gammas of silver per liter.
The flowers were kept under observation for two weeks and no difference
in the appearance of the two groups was observed. When transferred to
the large containers and held at room temperature, there was still no
difference in their keeping qualities, although ﬁhe treated water was,
not as murky &n appearance and did not have as disagreeable an odor as
did the untreated water, due to the inhibition 6f bacteria and other
micro-organisms present in the water.

This study was repeated,'using water which conﬁained 5,555 gammas
of silvér per liter, with the same resultse.

Series 223 Rreservation of Cut Flowers.

The study was set up on October-28, 1935 Fach beaker conbtained
geranium flowers of approximately the same age gnd size. The beakers con-
tained 250 cc., of tap water and were held:ét rooﬁﬁﬁemperatureo Obser-
vations were made every day to determine the ‘effectiveness of lonic silver
on the keeping quality of cut flowers.s .The first six observations shdwéd
little chanée beyon? the usual dropping of petals which accompanies thé

aging of cut flowers. The final observation made on November 8, 1935
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indicated that the flowers in the beaker containing untreated distilled
water and those in the beaker containing treated ﬁater (5600-1,333 gam~
nas of sijmerper'liter) did not ary up as rapidly as those flowers-in
the remaining beakers. ”Howevef, the difference in the appearance of the
two groups was hardly marked enough to draw any definite conclusion as
to the effect of ionic silver oﬁ the preserﬁation of cut flowers.
Series 23. ITonic Silver as an Algicide.

Material tested:; Spirogyra sp.

Containers: Soft glass Economy jars.

Table 28
Gammas of
Number silver
of jar Content of jar per liter
1 tap water, untreated 0
2 tap water, treated 5 minutes 666
3 tap water, treated 10 minutes 1,333
4 - tap water, treated 2 minutes 266
5 tap water, Spirogyra, treated 5 minutes 666
6  tap water, Spirogyra, treated 10 minutes 1,333
7 tap water, Spirogyra, treated 2 minutes : 266

The water in jars 2, 3 and 4 was treated, then the algg was added,
whereas in jars 5, 6 and 7 the alga was put in the jars first and the
treatment applied later.

The experiment was wet up on June 28, 1936 at one o'clock. By
five o'clock the same day the alger. showed signs of dying, especially
samples 2, 3, 5 and 6, with 4 and 7 les§ so. :

: A

June 29, 1936: The Spirogyra in jars 2, 3, 4, 5, 6 and 7 was
dead - the water being discolored and having a disagreeable odor. The-*
Spirogyre in jar 1 was unchanged.
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June 30, 1936: Same as on June 29. The Spirogyra was removed
from the jars, the water was strained free of wvisible dirt and fresh
Spirogyra added.

July 9, 1936: The Spirogyra in jars 2, 3, 4, 5, 6 and 7 was dead

- and the water possessed a disagreeable odor. The Spirogyra in jar 1 was

unchanged.

Series 24. Ionic Silver as a Food Preservative.

Materials tgsted: A. eggs; B. apple juice; C. milk.
Ao (1) Date of -preserving: July 9, 1936.
Date of examining: January 1, 1937.
Containers: Soft glass Economy jarse.
Holding temperature: House cellar.
(On July 17, and 28 and again on August 12, jar number
3 was treated for periods of 5 minutes each, adding
1,666 gammas of silver each time.)
(2) Date of preserving: November 1, 1936.
Bate of Bxamining: March 3, 1937.
Containers: Pyrex beakers (1,000 cc.).
Holding temperature: 5° C.
Plating medium: Standard beef extract agar.
Incubation temperature: Room temperature.

Length of Incubation period: 48 hours.

Bach container held six fresh eggs.
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Table 29
Number Gammas of Colonies
of , silver per ol
beaker Contents of beaker - per liter plate Remarks
Trial 1
1. water glass ‘ 0 == well preserved,
used for cooking
purposes
2 tap water, treated 1,666 - spoiled
3 taplwater, treated 333 --  spoiled
Trial 2
1 water glass (1-25% 0 -~ * there was neither
bacterial nor
mold growth
2 tap water,treated 1,000 -- g
3 tap wabertreated 2,000 - "
B. Date of presefving: September 11, 1936.
Date "of examining: February 23, 1937
Containers: Soft glass, screw top, Mason jars.
Holding temperature: house cellar.
Table 30
Number Gammas of Colonies
<o silver per
beaker Contents of beaker per liter plate Remarks
1 apple juice, boiled 0 2,730  no mold ap-
' peared on plates.
2 apple juice, treated 1,330 0 mold on plates.

tastes sour.




_44.

C. Material tested; Milk.
Temperature: 35° C., 20° C., 100 C.
pH: 6.7
Plating medium: Standard beef extract agar.
Incubation temperature: 35° C., 20°C., 10° C.
Length of incubation period: 48 hours.

Eighteen samples of raw milk and six samples of pasteurized milk,
from the same lot, were obtained from the College Dairy and marked in the
following manner:

This study was carried out to determine how favorably ionic silver

compared with pasteurization in improving the keeping quality of milk.

Table 31
Number Gammas of
of Holding silver per
beaker Contents of beaker temperature 1,000 cc.
| raw milk 37° €. 0
1A raw milk 370 c. 0
2 raw milk 20° C. 0
2A raw milk 20° C. 0
3 raw milk 10° c. 0
3A raw milk 10° c. 0
4 pasteurized milk 37° C. 0
4A  pasteurized milk 37° C. 0
5 pasteurized milk 20° C. 0
5A pasteurized milk 200 c. 0
6 pasteurized milk 10° C. 0
GA  pasteurized milk 10° C. 0
7 raw milk 37° C. 618
7A raw milk 37° C. 660
8 raw milk 20° C. 618
BA raw milk 20° C. 640
9 raw milk 10° C. 640



Humber
of
beaker

9A
10
10A
11
11A
12
12A

raw
raw
raw
raw
raw
raw
raw

Table 31 (continued)
Holding
Contents of beaker temperature

mi Ik 100 c.
milk 37° C.
mi Ik 37° C.
mi Ik 20° C.
mi Ik 20° C.
mi Ik 10° C.
milk 10° c.

45-

Gammas of
silver per
1,000 cc.

640
1050
830
860
800
760
760



Humber
of
beaker

1A

2A

3A

4A

5A

4-4-36

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

unchanged

4-6-36
sour, white mold on sur-
face,

sour, white mold on sur-
face, disagreeable flavor

white mold on sur-
disagreeable flavor

sour,
face,

white mold on sur-
disagreeable flavor

sour,
face,
unchanged
unchanged
sour

sour
solidified, sour

solidified

unchanged

Table 32
Observation

4-7-36

sour cheesy odor

disagreeable flavor .and flavor

extrusion of whey
yellow in color

unchanged
from 4-6-36

unchanged
from 4-6-36
unchanged
unchanged
sour, mold on
surface

sour, cheesy odor
extrusion of whey

extrusion of whey

unchanged

4-8-36
unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
unchanged
uhchanged

from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

4-9-36
unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

unchanged

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged
from 4-7-36

strong odor

4-10-36
colonies
per plate

too many
to count

too many
to count

29,700

32,700

2,000

4-13-36

disagreeable
flavor

disagreeable
flavor

unchanged
from 4-9-36



Number

beaker

q

of

GA

7A

BA

9A

10

10A

11

11A

12

12A

4-4-36

unchanged

strong o
odor

strong
odor
unchanged
unchanged
unchanged

unchanged

strong
odor

strong
odor

unchanged

unchanged

unchanged

unchanged

4-6-36

unchanged

sour, extrusion of whey,
cheesy odor

sour, extrusion of whey,
cheesy odor

green mold on sur-
disagreeable flavor

sour,
face,

sour, green mold on sur-
face, disagreeable flavor

unchanged

unchanged

sour, extrusion of whey

sour, extrusion of whey

sour, mold on surface,
solidified

sour, mold on surface
solidified

unchanged

unchanged

Table 32 (continued)

Observation

4-7-36
unchanged
unchanged
4-6-36

unchanged
4-6-36
extrusion

extrusion

unchanged

unchanged

unchanged
4-6-36

unchanged
4-6-36

extrusion
extrusion

unchanged

unchanged

from

from

of whey

of whey

from

from

of whey

of whey

4-8-36
unchanged
unchanged

from 4-6-36

unchanged
from 4-6-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

unchanged

unchanged
from 4-6-36

unchanged
from 4-6-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

unchanged

4-9-36

strong odor

unchanged
from 4-6-37

unchanged
from 4-6-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

unchanged

unchanged
from 4-6-36

unchanged
from 4-6-36

unchanged
from 4-7-36

unchanged
from 4-7-36

unchanged

unchanged

4*10-36
colonies

per plate 4-13-56

30,000

14,000

16,000

too many
to count

too many
to count

10,500

40,000

unchanged
from 4-9-36

disagreeable
flavor

diaggreeable
flavor

disagreeable
flavor, sour

disagreeable
flavor, sour
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Series 25. Reduction of the Virulence of Pathogenic Bacteria by Ionic
Silver.

Test organism: Phytomonas tumefaciens.

Age of Phytomonas tumefaciens culture; 24 hours.

Two strains of the test organism Phytomonas tumefaciens were

studied. These were designated as A and A6. The organisms were sub-
Jected to ionié silver treatment, plated on standard beef extract agar
and from the colony surviving the longest period of treatment, a brotﬁ
culture was prepared. From this and a control of untreated Phytomonas
tumefaciens, tomato plants were inoculated and the subsequent gall forma-
tion was observed. Five series of tomato plants were inoculated in this
manner and off the series one showed a slightly retarded gall formghioén. in:

the case of the treated Phytomonas tumefaciens A8, a second series showdd

completé inhibition of gall formation and the remaining three showed no
inhibitéry action in gall forma%ion'ﬁy ionic silver (see plate 2,‘

page 62 ).

Series 26. Influence of Ionic Silver on the Séaining Reactions of Es.

coli, B. megatherium, Alc. viscosus, and Saccharomyces cereviseaes

Iwenty-four cultures of Es. coli, Alec. viscosus, and B« mega-

therium were stained by the Gram method before and immediately after
being reated with ionic silver. The Gram reaction was in no way changed,

nor was the appearance of the cell altered. Saccharomyces cereviseae

was stained with methylene blue and no change in the staining properties

of the cell could be detected,
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Series 27. Effect of Ionic Silver upon the Biochemical Properties of

Ei' coli.

A. Tap water inoculated with a twenty-four hour culture of Es.

coli was subjected to ionic silver treatment; (the bacterial suspension

containing 250 gammas of silver per liter), was plated on standard beef

extract agar, andd the following tests were made on the survivorss

Table 33
Reactions Reactions of
Test of control treated organisms

Indol + +
Nitfate reduction + E +
HoS production = -
Starch hydrolysis - -
Acetyl methyl.carbinal prod. - -
Sugar fermentation: sucrose acid only acid only

lactrose

dextrose

agid and gas

acld and gas

acid and gas

acid and gas

B. Part A was repeated, with one modification. Instead of plat-

ing the treated organisms, they were inoculated directly into the special

media. Therresults were the same as 4in Part A.
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Series 28. Length of Time that Treated Water Will Retain its Germicidal
& Power.

Test organism: Es. coli.

| s Age of ggf_gglg'oulture: 48 hours.

| Plating medium: Standard beef extract agar.
Incubation temperature: 35° C.
Length of ineubsation period: 48 hours.

A liter of tap water was treatdd with ionic silver and dtored in a
pyrex flask at room températurea The treated water contained 333 gammas of
silver per liter. At weekly intervals, the water was inoculated with Es.
coli, plates were poured and from the colony counts, the length of time

that the water retained its germicidal power was determined.

. ' _ Table 34
‘ .
‘ Number ' _ Colonies
of : : . . per
beaker ‘Contents of beaker ' plate Killed
: pcte
1 tap water, untreated : 103,000
1 2 tap water, treated, held 60 minutes
| before plating 100 99,9
. Second Week
‘ 1 tap water, plated immediately 62,750
| 2 tap water, held 60 minutes before plating 500 99.2
‘ Third Week '
1 . tap water, plated immediately 200
2 tap water, held 60 minutes before plating 250 70.2
|
| Fourth Heek
! 1 tap water, plated immediately total count
2 tap water, held 60 minutes before plating . was not cut

down

The experiment was repeated wwice more with the same results.




| ¥ PR L SN S

. N R
E——

"5:]:'—

General Discussion

It is.eQident-that there is a real value to ionic silver as a
sterilizing agent, but it‘is also evident that a much better understand-
ing of certain of its properties is necessary before it. can be substi-
tuted for those methods now in use.

In the hands of a trained tecﬁnician and under laboratory condi-
tidhs, the results obtained with the pfocess are gratifying; but to
insure results that are equally as successful fof the laymen will
require more efficient control measures than are now available.

The quantity of ionic silver in solution at a given time is of

" great importance as may be noted in the study using Bacillus megatherium

-spores. Table 19, 20 and 21 (pages:32 and 33) show that the spores can

be killed by the‘%reatment. But later, after the electrodes-had‘beeﬁ
subjected to a preliminary heating and acid treatment, the generation of
the ionic silver with the same apparafus failed to reduce the number of
spores. This suggests that the silver content of the bacterial suspeng
sionrwas cut down. In the absence of an easy andlsimple method for
determining the amount of ionic silver actually present in a solution,
serious cénsequences might arises That this point is‘an.impoftant one
is further evidenced in the sfudies devoted to the influence exerted by
foreign material present in the liquids under treatment. Here then, a

question arises. Under the same conditions of operation, will the

‘results be uniform in waters from different 1ocalities and hence of dif-

ferent composition? It would appear necessary to make allowances for

turbidity, mineral conbent, etc.
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A comparison of the death rate of Eberthella typhosa in milk and

in water (table 9, page 24) will also serve to illustrate +the point in
question. The conditions under which the btwo parts of the experiment were
conducted were identical, yet the results Wefe very different. There were
two factors to which this difference could have been due, neither being
apparent to one applying‘the treatment on the ba;is of milliampere read-
ing and application period. These factors are the hydrogen-ion concen-
tration and the milk components (protein, butterfat, sugars and salts).
When tap water containing calcium bicarbonate is treated with
ionic silver for a rather long period of timg, a cloudiness ahnd grey
sediment appears. On #he other hand, when veal infusion broth is
treated, almost immediately a cloudiness appears, which is at first
white, becoming darkened later., Obviously to say that the two Iliquids
contain the aeme amount of active silver, as calculated from the milli-
ampere readiég thid-bé erronéous. Yet that is what may be done in actual
practice.

Ketadyn Pocket Sterilizer

The Katadyn pocket sterilizer, in a compact, fitted case, is
especially convenient for campérs using water from an unknown source.
By placing a knife blade across the two_elecfrodes it is possible to de-
termine when fhe cell is drawing current, but théze is no way of determin-
ing how much silver is going into solution. XKeeping this fact in mind,
it would seem advisable to over-treat the water tather than to run the

risk of the water not being sufficiently sterilized.
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This raises the question of the accumulative nature of ionic silver
in the human body. Suckling (33) and Gibbard (12) disagree on this point

and the supporting evidence is such as to justify further study.

Influence of Temperature

A study of tables 5, 6, 7, 16, 17, 18, 19, 20 and 21, (pages 19,
20, 21, 31, 32 and 33) iﬁdicates that the temperature of the liquid during
treatment is a factor to be considered. The.increase in efficiency at
22,68 C., over 10° C., is marked, whereas the increase at 35° Ce, over

22.5°% C., is not as greatb.,

Tonic Silver as a Food Preservative

Ionic silver does not promise as much success as a food preserv-
ing agent as it does as a water-purifying one. The study conducted with
milk (table 32, pages 46 and 47) indicates that while the bacterial count'.
was cut.down to about the seme level as in pasteurization, the mold
growth was not inhibited, especially in those samples held at room temp-
erature. AL the lower temperature &f 10° C., the keeping quality, odor
and flavor of the treated milk compare very favorably'with pasteurized
milk. Demeter (7) reports that a preliminary heating to 63° C., will
greatly enhance the effectiveness of ionic silver in milk. |

Ag an egg preservative, lonic silver gave g?eater promise and
further studies should be conducted. Table 29, page 43 gave the experi-

mental results.
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Apple juice treated with ionic silver retained its original color
and the bacterial count was lower than in the sample sterilized by boil-
ing. However, the mold growth was not inhibited.
The results obtained, using ionic silver as a food preservative
justify further experimentation and under better controlled conditions,

it can perhaps be used to good advantage in this field.

Bacterial Number in Syspension vs. Ionic Silver

A survey of the colony couﬁts indicate that a definite ratio
between the number of bacteria per cc;, and the efficiency of the treét-
ment does not exist. Table 2, 3, 4, 5, 6, 7, 12, 13 and 16, pages 16, 17,
18, 19, 20, 21, 28, 29, and BE; indicate that the number of bacteria in
the initial inoculation and the silver content of the liquid do not offer
an index to the death rate.

The success of ionic silver in the laboratory suggests that this
form of stériliZation may be profitably applied in industry. However, a
recent publication by Mallman (20) reports ionic silver to be sléwer in
germicidal action than chlorine when applied as a disinfectént for swim~

ming pools under the conditions reported in his study.

Aeration
From repeated usage of sterilized tap water and tap water which
was not sterilized aeration did not seem to be of great signifigance° In
some of the earlier work, bap water which had been sterilized in the auto-

clave and cooled rapidly was used and later, when the same study was
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repeated tap water (not sterilized in autoclave) was used with the same

resultse.

Destructive Mechanism

The work of this paper favors the view that ionic silver brings
about the death of the cell through selective adsorption. The fact that
the bacterial cell'is almost instantaneously killed suggests that death
must be due %o a process more rapid than a chemical combination of the
ion with the pfoteins of the bacteria, particularly in the case of those
organisms possessing a capsule‘or waxy cell wallg which would delay pene-
tration. Likewise, the time factor would seem to be against the view
that the ion cﬁuses some change in the medium containing the bacteria,
this then affecting the cell.

The theoriés of radio-activity, of selective adsorption, and that
the ions bear.electrical charges to which the effect is due seem to over-
lap somewhat. That the action is; in part, electrical in nature is evi-
denced in Neisser and Eichbaum's (24) paper in which they attfibute the
oligodynamic action of the electro-positivel& charged metal lon; and
from the statement by Rideal and McCombie (29) that most bacteria in water
containing a trece of sait are electro-negatively charged. Peters(25
and 28) according to Clark (4); characterizes the cell as‘having a three
dimensional mosaic extending throughout the cell, consisting of a net
work of proteins. The surface proteins are connected to the directive
proteins of the nucleus by threads of protaplasme. If such an organization

does actually éxist, the mosaié has been compared to the nervous-system of
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higher animals, This view makes it possible to understand how a stimulus
a;plied to the surface of the cell could be transmitted to all éarts of
the cell. 1In fﬁrther keeping with conception of cell organization,
Rideal and McCombie (29) characterize the bacterial cell as a chromatin
net work in an emulspid protoplasm, the endoplasm contained in a semi-
permeable membrane, the ectoplasm differing from the endoplasm only in
its lower water content. If this view is accepted, the likelihood of
selective adsorption as the destructive mechanism becomes more apparent.
Further Rideal and McCombie (29) picture the surface membrane as posses-
sing definite structure with the cell molecules definitely oriented.
Present are both acid and basic groupsv(-NHz and -C60H) commonly referred
to as acceptors which react with any molecule present which likewise
possesses active groups. Peters (25 and 28) expands the idea when he
pictures the surface proteins as -the acceptors, the cytoplasmic proteins
as the conductors and the accepting groups as the active groups of the
proteins themselves, the prosthetic groups of enzymes associated with the
proteins or of groups belonging to molecules in very intimate contact with
the proteins.

The study of cell organization is an emtremely interesting and
important one as related to sterilization and disinfection in general,
and should be investigated very thoroughly if we are to gain an insighf

to the destructive mechanism of cell destroying agents.
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Summary

l. Tonic silver exerts a distinctly toxiec effect on living
cells of bacteria, yeasts, malds and higher plants,

2e Spore walls, waxy walls and capsules offer little protec-
tion to the protoplasm against ionic silver.

30 The spores of Mucor sp. and Penicilliug_gga displayed a
greater resistance to ionic silver than did any ofirthe other micro-
organisms tésted.

4. Tonic silver did not improve the keeping quality of cut
flowers, under the conditions tested.

5. No visible change, other than a cessation of cytoplasmic

'movemeht, could be detected in the cell of Elodea candensis immediately

following treatment with ionic silver.
6o Two trials outrof five were successful in reducing the

virulence of Phytomonas tumefaciens.

7. Those biochemical propertiés of Es. colé which were investi-
gated remeined unaltered after treatment of the organism with ionic
silvere

8. The development of a strain of Es. coli, resistant to ionic
silver, was not accomplished under the conditions employed.

9. The examination of numerous plates caused the writer to con-
clude that the action of ionic silver is germicidal rather than bacterie-

statie.
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10, The presence or absence of oxygen as tested does not alter
the effectiygness of the ionie silver treatment,

llgngonic silver is slightly more active in darkness than in
light.

12. The temperature of the water or other liquid during treat-
ment affects the degree of sterilizationa_

13. A simple analytical method of determining the silver con-
tent of any given solution would be a distinet advance in the studies
using ionic silver as a sterilizing agent.

14, Such a method would perhaps offer a clue as to why the

first results obtained from studies with Bacillus megatherium spores

were not succéssfully repeated.
15. The use of ionic silver to sterilize swimming pools and
supplies of drinking water would be promoted by such a control method.
186, As a food-preserving agent, ionic silver does nét prove to
be entirely satisfactory, although the results Justify further experi-

mentation.
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Description of Plates

Plate I. ' "

Cultures of Saccharoymees cerevisceag 72 hours old, showing the
effect of ionic silver treatment upon the cells. (see table 24, trial
3, page 37).

Figure l. Agar plate from an untreated sample of tap water inoc-
ulated with yeast cells.

Figure 2. Ager plate from the same sample, which had been sub-
jected to treatment for 30 seconds and plated immediately.

Figure 2A. From the same sample as Figure 2, but held for 5 min-
ites before plating,

Figure 3. Agar plate from the same sample as Figure 1 which had
been subjected to treatment for 60 seconds and plated immediately.

Figure 3A. From the same sample as Figure 3, but held for 5 min-
utes before plating.

‘Plate IT.
Stem of tomato plant showing reduction of virulence in Phytomonas
tumefaciens A-6 as a result of ionic silver treatment.

Figure 1., LoweD scar indicates site of inoculation of the control
(untreated Phytomonas tumefaciens A-6). -

Upper scar indicates site of inoculation of the treated
Phytomonas tumefaciens A-6 showing complete absence of gall formation.

Figure 2. ‘Lower scar indicates site of inoculation of the control
(untreated Phytomonas tumefaciens A-6).

Upper scar indicates site of inoculation of the treated

Phytomonas tumefaciens A-6, showing an inhibition in the gall formation.
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Plate III.
These plates were incubated for 24 hours at 35° C., and 48 hours
at room temperature.

Figure 1. Tap water, inoculated with Serratia HMarcescens, un-
treated.

Figure 2. Tap water, inoculated with Serratia marcescens, treated
for 20 secondd snd held for 2 minutes befors plating.

Figure 3. Tap water, inoculated with Serratia marcescens, treated
for 40 seconds and held for two minutes before plating.

" Figure 4. Tap water, inoculated with Serratia marcescens, treated
for 60 seconds and held for two minutes before plating.
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