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IXTRODUCTICH

The mechanical washing of botiles is a universally acdopt-
ed practice in the beverage, dairy, znd other industries. The
moéern bottle-washing machine combines the processes of cleans-
ing and sterilizing in a single operation. ilearly all of the
commercial washing compounds used in these mschines as deter-
gents znd germicides consist of sodium hydroxide e&s a base, to
which has been added some other mild alkali such as sodium car-
bonate or trisodium phosphate.

There is considerable disggreement concerning the theory
of alkalil disinfection, zlthough it has been railer generzally
accepted that the concentration of free hydroxyl ions in solu=-
tion is the important factor. EFowever, many investigators
have pointed out that other factors have an importaent bearing
on the germicidal action of the alkzli.

A few years ago, the chemical and bacteriologicel labora-
tories at Iowa State College became interested in the germici-
dal properties of commercial weshing compounds and the data
secured from various experiments seemed to indicate that the
undissociated molecule of the alkell was an irportant factor
in alkali disinfection. The present investigation was under-
taken to determine the effect of the addition of various
sodium halides on the germicidal efficiency of sodium hydrox-

ide. :1so, it was hoped, from the data obtained and from other
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available data, that some information mignt be secured which
would assist in determining the primaery factor or factors in

gligll disinfection.

EISTCRICAL

Until several years ago, there was a greaet dearth of in-~
formation concerning the relative efficiency cf these agents as
detergents or germicides. 2Probatly the Tfirst work done on the
germicidal efficiency of alkslies was by Peul and Zronig in
1896 (1). They workxed with ammonium, lithium, sodium, and po-~
tassium hydroxides. They found the lest three mentioned to be
powerful germicides while ammonium hydroxide had practically
no germicidal value. They found.potassium hydroxi de most effec~
tive with sodium and lithium.hydroxidgs following closely in
the order mentioned. From their data, they concluded that the
disinfecting eflficiency of these hydroxides was proportiornal
to their degree of electrolytic dissocietion and that the con-
centration of the hydroxyl ions was responsible for the disin-
fecting action. _

In 1921, eiss (2), working on the thermsl resistance of
Clostridium botulinum, found that the death rate increased with
the concentrat%on of the hydroxyl ion. :lso, he found that as
the hydrogen ién increased the thermsl death rate increased.

In 1926, the chemicel and bacteriological leboratories of
iowa State College, due to their connection with the beverage
industry, became interested in the relative germicidal efficiency

of sodium hydroxi de at different concentrations and temperatures.

.-
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lLevine, Buchanan, and Lease (3) began a series of experiments
to secure data and the results have been reported showing that

sodium hydroxide was z more effective germicide in the higher

concentrations at the same temperatures. They found that the

velocity coefficients of the rete of death were not constant
but increased with the time of exposure.

Another series of experiments with sodium hydroxide, sodium
carbonate, and trisodium phosphate of the sazme H-ion concentra-
tion but of different molaer concentrations as determined by ti-
trations, demonsirated that the killing times varied greatly
with the different alkelies (4). However, for each of the al-
kalies considered indivicdually, the germicidel efficlency was
a direet function of the H-ion concentration. Also, by another
series of experiments, 1t was shown that at a constant tempera-
ture and E~ion concentration, sodium hydroxide and sodium hy-
droxide~-carbonate mixtures were not equally efficient germicides
(5)e The addition sodium carbonzte to sodium hydrozi de had
little influence on the E-~-ion concentration but inereased great-
ly the germicidel efficiency.

Sherman (6), s well as Mudge and Lewler (7), has reported
that the gzrmicidal efficiency of alksli solutions is directly
correlated with the elkalinity of the solution as measured by
the pH. They note that the lethal effect of a solution of lovw-
er pH mey be made egual to one of higher pE by raising the

temperature.
tyers (8) observed that different buffer mixtures of approx=-

N = me



<

imately the same DI value exert very different germicida; ef-
fects on pPacterium coli. 4An increase in DpE on the alkaline side
of neutrslity increased the lethal power of a given solution at
a given tempmerature. In another work on washing powders (9),

he found that the pZ was the controlling factor in the germici-
dal power but that buffer index end osmotic pressure were otvher
factors as well,

The addition of neutral salts and mild alkalies has been
shown to increase the germicidal efficiency of sodium hydroxide
(10) (11). ZEqual amounts of sodium chloride and sodium carbo-
nate increase the efficiency of the hydroxide approximately the
same, whereas trisodium phosphate was less effective. Then the
concentrations of salts added to the hydroxide were Increeased,
the killing time was decreased but at a decreasing rate.

A resume of the literature shows that it has been generslly
accepted thet the concentration of free hydroxyl ions is largely
responsible for the disinfecting action of alkalies. Some in-
vestigators have suggested that other factors, such as undis-
sociated molecules and the pbyslcal foreces of surface tension,
adsorption, swelling, and osmotic pressure, must be considered
{12).

It is the belief of the investigetors in these laboratories
(£) (1) (11) that the undissociated sodium hydroxide as well as
the hydroxyl-ion concentration may be the controlling factor in
alkali disinfection. The present investigetion was undertaken
to present a series of data from which an adequate theory of the

chemistry of alksli disinfection might be cffered.
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Chareacteristics of Test (rzanism

In this work it was thought best to use a spore form of
the orgénism since its resisivivilty tc disinfection would more
nearly approach the type likely ito be found in dirty milk dot-
tles, beverage botiles, and other ccntainers cleansed and dis-
infected by the use of sodium hydroxide. The organism used was
originaily isolated from a sample of spolled ginger ale and is
knowm as lo. 85. It has been described as follows: "It was a
grem positive rod {(about 1.0 U by 2.C to 4.C U, facultative,
motile, with central spores eguel to or slightly less than the
diameter of the cells. The vegetive cells occurred singly, in
pairs, and cccasionally in skort chains. Gelatin was licuelied,
milk slowly curdled (remnet], end peptonized, nitretes were re-
duced to nitrites not sas, and indol was formed. Lcid was form-
ed from glucose but not from lactose nor sucrose and stzrch was
bydrolyzed. C(Ololles on ggar were strikingly similer to those

of B. subiilis (3)."

This organism was well adapted to plate culiures since it
grew well on nutrient sgar, forming distinet colonies in about
2 days with little tendency to confluence. Solutions just

alkeline to methyl orange dicd nobt inhibit its growtk in any

2nner.

The original test organisms were prepared from a 24 hour

broth culture. This was smesred over the surface of nutrient
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azar {Difco} ir 9 Ilolle flasks and allowed to incubate &t 2700.
for 19 days. .t this time practically 211 the orgenisms had
passed inbto the spore stage. The surface growth was scraped
cff into a sterile dish and dried over sulfuric acid in a par-
tigl vacuum. A fter drying for several days, the mass was
grournd very thorcughly in a sterile agate mortar and very thor-
oushly mixed with sterile powdered cane sugare. The mixture was
placed in a sterile welghing botile end kept in a desicecator
over sulfuric acid. The number of viable organism per unit
weizht was ascertzined from time to time by removing smell por-
tions from the bottle. The original orgenisms were prepared in
1926 and these were still cuite viabdble in 1928 vhen the supply
became exhsusted. A% that vtime e new supply was prepared accord-

ing to the method described eabove.

Technioue Employed in Disinfection Testse.

Ltpproximately C.02 gram of the spore-sugar mixbture was placed
in 1C cc. of sterile tep water. ,fter thorough sheking the sus-
pension was filtered through o sterile filter of fire grade fil-~
ter peper %o remove clumps. <+he filtrate constitubted the bac-
terial suspension used in the disinfection tests.

The test alkali solution (100 cc.) was placed in a2 2C0 ce.
round-bottomed Toulff flask provided with three necks. o glass
sfirrer was Titted through a stopper in the midéle neck. The
other two openings were stoppered with cotton and the whole

sterilized in an sutoclave at 15 pounds for 1 minutes. Aifter

cooling, the flask containing the test solution was placed in a
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“eXhotinsky weter bath which had beexn brousht to the proper
temperature and the stirrer set in motion. The stirrer was run
at such a speed so thei no bubbles or foaming developed.

vhen the test solution had attelned ard remeined at the
desired temperature {(ir about 1C minutes), 1.0 cc. of the bac-
teriel suspension wes introduced under the surface cof the test
alkali by means of a2 carefully calibrated capillary pipevte. At
cesired time intervels, 5 cc. portiorns were remocved and intro-
duced irto 150 cc. sterile Erlenmeyer flasks containing 4° ce.
of sulfuric acid (with methyl orange indicator)} of sufficient
strength to just reutralize the £.0 ce. of alkali sdded. In
this manner, the effects of alkeli and temperature were simml-
taneously stopped. l.C cc. portions were plated on nutrient
agar {Difco) and the number of surviving bacteria determined.
£11 bazeterizal counts were calculated on the basis of £.0 cc. of
disinfecting mixture. It was z2imed $o0 exploy a suspension giv-
ing a1 initial ccunt of aboub 1,00C,00C per unit volume (E.0 cec.).
In severzl experiments, the above procedure was varied by sub-
jecting the test-orgerisms tc z preliminary soakirns of one hour
in various kalide sclutions before disinfection.

The sodium hydroxzide used for test soluticns in these ex-
periments was prepared by meking a saturated solution from
stick sodium hydroxide. :ifter standins for some time, the
saturated solution was decanted end filtered through glass wool
t0 remove any czrbensite which had accumulated., This was made

up te 1 nmormal by titration zgeinst a2 stendard ecid (phenol-
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phthelein indicator) and kept in stoppered pyrex flasks as &
stock solution. The solutiors used in the germicicdal tests
vere made up as needed from this solutioxn,

In tkhe tests vhere sodium halides were used, ithe dry C.P.
selt was weighed and azdded to tke sodium hydroxide test solu-
tion before sterilizavion.

The killirpg time was taken to be the time in minutes re-
guired to reduce the number cf viable bacterial cells 99.9 per-
cent. ZFurther recductions would be subject to considersble error
due to the small number of colonies develoning per plate.

. . - o}
211 plates were incubated Tor 48 hours at 27 (.

LIPIRTEENTAL
I. Germicidal ©ffect of Tistilled Tater and Certein
Ealides on Becteria (Xo. 25) at 6¢°C.

In view of the work previously done in these laboratories
and the work ebout to be attempted, it was thought that it would
be of interest to know what the germicidal effect on the test
organisms of distilled water and of certain sodium hzlides at
6000. would be. iccordingly, C.342 I solutions were selected.
*revious work bad been done using 2 percent (0.342 1) NaCl and
in order for the work to be comparative, the same molar corncen-
trations were employed. Sodium chloride and sodium bromide test
solutions were not considered necessary because of some previous
worXx on sodium chloride (11) and from previous experiments it
wes certein tvhat sodium iodide would be at least as effective

as either of the gbove. 3odium fluoride was used because it
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J35£2 1 solution gave an alkelinity of (.04

(@)

wes found thet =

1enolphtha-

F

zs determined by titration with a stendard ecid {»
lein indicator) alihough the pli of this solution was only 6.7.

"hen sodium iodide was used, it was necessary to mske the test

sclution Jjust slkcline by adding a few drops of sodium hydrox-

icde to prevent the liberation of free iodine.

Using the technigue described above, the bacterial spores
were lnoculated in test solutioms of distilled water {coatrolj},
sodium iodide, and sodium fluoride, respectively, a3 GOOC.
Porticns were withdravn at different time intervals up to 5C
minutes. The germicidal effects of these tests are given in
Table I and the logarithm percent of survivors is plotied
against time in minuves ir Pig. 1. Lccording Yo the technigue
employed, each colony developed on the plates %o which had been
added 1.C cc. of the neutralized testv solution from the Zrlen-
meyer Tlasks represernted £0 bacteris per unit volume (5.0 cc.).
“hen the number of counts per plate become less than 15 or 20,
the results are subject to considerable error and counts of
700 to 1C00 per unit volume ere unreliadble. Therefore, with an

initial counts of ebout 1,000,CC0 reductions of 9.9 can be

readily ané reliably determined.



Table L.

Germicidal I'ffect of Distilled Tater,

0,342 17 LiaI, and 0,342 &

o
ral’ at 60 C.

Time s a3 i
in :: surviving Bacteoria HE Peroent surviving i Log« poroent
Min-;: in 5.0 cc. HH Bacteria N survivors
utes t e s
t:Distilled: : tDisgtlilled: : t:Distilled: :
t: Vvatex ¢+ MNaf ¢ Nal¥ s: ‘ater : HNal ¢ Nal' :: ‘ater Nel : Iak
0 ::0660,000 :6060,000:745,000¢t 100.0 ¢ 100.0 ¢ 100.0 :: 2.000 ¢ B.000 ¢ 2,000
10 ::460,000 :1455,000:459,0001: 69.7 ¢ 69.0 : 09,0 :: 1.8458Y : 1.8388H: 1.,7708H
16 $1390,000 :320,000:419,000:: 59,1 v 4BO 1 OGeR 1t 177109 : 1.,680L74: L.74974
20 :3$615H,000 :1430,000:407,0003t 9343 t 65,1 ¢ D4,.7 1 1,96988 : 1,81308: 1.73799
30 :31600,000 :31H,000:242,0003: 70.9 ¢ 4747 ¢ 32.5 13 1.88024 : 1l.67897: 1.01188
35 $1455,000 1365,000:271,000t: ©6D.9 ¢ DB.8 ¢ 3644 13 1L.81889 : L.73078: 1.56110
40 - $1300,000:255,000% ¢ - ¢ 45.0 ¢ 31.6 :: - ¢ 1L.65369: 1,49989
45 ;:475,000 :385,000311L,000:: 72,0 t 0Be4d ¢t 14,9 i3 L.80733 : l.7664L: L.,17519
50 1:920,000 :22H,000:219,5001: 113,94 : B4.1 : 20,4 :: 2,00052 : 1,58276: 1.46835
I 7 H '8 : $ i : :
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Ziscussion of Date

“xemirgtion cf Curves ., B, end C in Fig. 1 show that
2 there is lowering of the bacterial count in 211 the test solu~
? tions during the first 20 minutes of the test periods. This
% would indicste that the weaker bacteria were unable to withstand
the effects of temperature and the halides of the test solutions.
It should be noted that betweexn 42 and 45 minubes there is s
? reduction of about 31, 40, and 74 percents, respectively, for
g the distilled water, sodium iodide, and sodium fluoride test so-
: lutions &t this temperature. ifter this time, the counts begin
tc increase, indicating that the bacteria were passing into a
8 different life phase of growth (13) or it msy be that minute
clumps have broken up. Vith distilled water {Curve .) at 50
| ninutes, the count runs considerably above the initial count.
In the case of sodium Tfluoride (Curve C) atiention is called to
the fect, thet the counts run consistently lower. This is prob-
ably czused by The grester zlkalinity of this solution due %o
the hydrolysis effect of this salt.

iyers (9) found that a 0.5 ¥ sodium chloride solution at
60°C. reduced a spore culture of No. 25 99.9 percent in 3500
minutes.

The data geined from these tests offer adequate proof thet
the greatly increased germicidel action presented later, whan a
halide~hydroxide mixture is used, is not t0 any great extent

alone the result of either temperature or the sodium halides.



II. “ffect of :déitici: of sodiur Helides on the
Cermicicdal “fTiciency of (.28 il Scdium
Hydroxide 2t 60 Ce

Irom some previocus work cdone in our lzborsbtories, it wes

s

known thet the additicn of = neuirel salt (scdiux chloride, 2

~

percent or Co342 I ) fo

0]

Ce20 I sodiux hydroxide test sclu-~
tion greatly ircrecsed its germicidal efficiency at GOOC.
{15) {il)}e It weas thousht that it would be of interest to
present data To show the comperative effects of the other so-
diuz bhelides {sodiur bromide, socdium icdide, =znd scodium fluo-
Tide) with thet of {khe chloride-hydroxide mixture gt the same
congentretion and temperalture. .Jccordinsly, the Ery C.F.
salts, equivalent o (.42 i, were veished and added, respec-
tively, to each éf the 1C0 cce porticns of C.20 I7 sodium Ly~
droxide test soluticns in the disinfection flasks. The vhole
wes then sterilizecd, plcced in the constant temperature bath,

and tests run acgcording tc the technigue desceribed. 2 control

| of (.25 2 alkali was run with each individusl test. Duplicate
tests were run in each instance.

In the scdium iodide-hydroxide experiments it was found
' neg¢essary to vary the technique slizshitly. Lhen the ¢ cc.
poriicns of bacterial sucspension withdrewn from the disinfect-
ing flasks were made Just neutrzal or slichtly elkaline to
methyl orange, the killing time was reduced to about & minutes
and free iodine was »resent (starch test). This was undoubted-

ly Gue to the formaticn nydroicdic acid whickh on oxidation by




- 1% =
air, liverated free iodire. Ilicvever, wken thesc portions were
mgde culte slkeline to zethyl orznge but just acid vo phenol-
phthaleir, no free lodine was liberated even aljer standing
several days.

In tevle II, Series &y 3, C, and D, the data from this
series of experiments are shown. In Figs. 2, 3, &, and o,
the logerithm percents of survivors are plotted as ordinates

with the time iotervels as abscissas.



Teble II
Showing Tffect of idded Salts on Surviving Bacteria

(0. 25) in 0,25 ¥. Sodium Hydroxide at 6¢°C.

Series A.

aterial : Ce20 li. NaOH
Dates : 8-20=27 : 2-11-28:
Time in :Surviving Bacteria: Percent : Log. percent
rinutes : in 5.0 cc. : Survivors :  Survivors
C : 835,000 : 60,000 : 100.0C : 100.00: 2.000 : 2.000
5 : - : - - T - - : -
1C : 586,000 : 26,900 : 62.9 : 44.,80: 1,.78¢ : 1.651
15 : 510,000 : 12,400 : 54.7 : 20.70: 1.734 : 1,316
20 : 318,000 ¢+ 5,250 : 33.9 : 8.75: 1.531 : 0.842
25 2 123,000 ¢ 1,400 : 13.2 : 2.,33: 1.122 : 0.367
30 : 57,500 : 650 : 6.16 : 1.08: 0.791 : 0.033
35 : 14,200 : 250 : 1.52 : 0.42: 0.18% : 1.623
40 : 2,400 : - 257: = o l.4ll @ -
435 : 750 : - : .C8l: - : 2.909 : -

50 - - - -

Materiel : 0,20 ¥. HaOH + 0.042 . NeCl
Dates : 8=20=27 : 2-11-28:
Time in :Surviving Bacterisa: Percent : Log. percent
s dinutes @ in 5.C cc. : Survivors : __Survivors
C : 933,000 : 60,000 : 100.00 : 100.00: 2.000 : 2.C00
5 s - : 40,000 : - : 66.60: - : 1.823
10 : 210,000 : 10,300 : 22.50 : 17.20: 1.353 : 1.236
15 : 71,600 : 2,000 : 7461 : 3.34: 0.882 : Q.524
200 : 7,850 : 270 1 0e842: 0.45: 1.926 : 1.653
25 275 : - 2.478 1+ -
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{ cntinued;

. ETIiCs .
“aterisl @ Ce2u o lialll
Seves : LT =ZE2 L4m14-28:
Time in : Zurviving racteria @ rereent : 1LOSe percent
“inputes : in L.C cc. : <urvivaors 1 Survivers
C  : 720,000 : 1,080,000:10Ce00 110C.CC 1 2,000 ¢+ 2.0CC
5 : - : - : - HE : - I -
1c . l%’v\.fc . 268,(:{.‘5: 2692 ¢ Z0L,C : 1431 3 l.4C6
s s 170,000 3 178,500: 23e8L : 17,0 3 14073 : 1.230
20 : 11L,500 ¢ 162,50C: 16.08 1 10.47 @ 1,200 : 1.189
25 1 88,3CC : BC, D00 11e4s 3 7466 1 1,008 1 {88
SC : BC,30C = 27,1002 7.08 ¢ Ge&T @ $.846 : (736
30 T 25,30 = 11,5000 2482 1 1eCO0: Lo4IC : CelOS
40 1 6,400 2,800: Ce8S : C.267: 1.94¢ : 1.426
45 3 825 : 25C: Coll4: C.02¢: 1,057 : 2,276

nates

“gterial T oD i HACE + a2l & LBnT

I v e

:§:
T
&

Tine in : zurviving Bacteria @ PFercent : LOZ. DeTcent
tdinutes @ iz L.U CCa : Survivors s Survivors
G : TE0,CC0 1 1,085,000 :1CCe0C :1CCT0 : 24000 : 2.CCC
5 : 187,5C¢C 2 S1l4,000: 26410 3 20440 1 1.417 = 1.309
G s 66,500 3 B2,000: Qa4 3 B C05: 0.966 : (451
15 T 43,85C : 21l,700: 6.09 1 2.0060: C.785 : (313
8C 1 6,000 : 4,600: C.835: (.428: 1.922 : I.641
2c : 4CC ¢ S50: (e086: Co03T3: 2,740 : 2.724
C : - H - : - 3 - : - : -




Table II {Continued]

Series C.

Leterial Ce25 k. L;2a0E

sates 6-15-28 : 6-16-28:

Time in
Liinutes

Surviving Bacteris: Percent Log. percent

in 3.( cc. survivors . Survivors

2,00C, 0001590, 600

(1]

12
3
o
>
"
[
(&)
o
n
.

©

2.000

C

{ I B B Y
-y

e : : : : ole;
; 2 : : : : : : -
] 4 : : - : : : - : -
] S ¢ : - : T - =
P g : : - : : s - : -
E 1¢ :1,152,000:123,000 : 28. : 31,80 1 1.453 : l.4€¢
3 12 - -2 - = T - -
3 14 : - : - : - : - : - : -
g 5 :1,071,50 : 77,500 @ 26.9C : 18.90 : 1.431 : 1.29%
: 16 : : - : - : - : - : -
; 8 : - - - =~ -
: 20 : 726 0CC: 37,C00 : 18.1%5 : 9.50 : 1.259 : 0.978
3 23 : 19/,000‘ 16,400 1 4.93 : 4.20 : 0.6593 : 0.623
A 30 : - : 5,600 : - 1 l.iL : - : 0.158
; 35 : 82,95C: 1,150 : 2407 : C.295: 0.316 : 1.469
P 40 : 20,200 - 3 0.505: - :1.7C5: =~
5 : 2,63C: - : 0.066: - : 2.823 : -
Laverial : Ca2b . NalOH + C.042 . hal
Dates T 6=15=28 : 6=~16-20:
Time in :3urviving Bacteria: Percent : Loge. percent
Xinutes : in 5.0 cec. : survivors : _ Suxryvivors
C :4,000,000: 390 000 T 100.20 :1C0.00 : 2.500 : 2.000
2 : 674,500: : 16.8% : - : 1.227 ¢ -
4 : 592 500: T 14.80 : - : 1.170 -
8 : 187,750: - T 4.7C : - : 0.672 -
10 : 224,500. 4,5C0 5.60 ¢+ 1.15 : Q. 748 : 0.061
12 : - : - : - - : -
14 : 37 OOO' - : 0.925: - : 1. 9 l: .-
6 13,600. - 3 0.390: - :1.561: -
18 : 4,450' - : 0.114: - : 1.097 : -
20 : : - : - : - : - : -




Table II {Continued)

3 series D.

1 TEterisi s T-55 T Tadh

5 pates  : 7=10-28 : 7-11-23:

g Time in :Surviving Bacteria: Percent : Log. percent

3 yinubtes in 5.0 ce. : survivors :  Survivers

; 0 : 780,000 : 280,500:100.00 :100.00 : 2.C00 : 2.C00

i 5 : - : - : - : - : - : -

i 6 : = 1 = : = i - 1 = : =

5 g : - : - : - : - : - : -

5 10 : 317,500 : 163,50C: 40.60 : 58.2C : 1.609 : 1.765

¥ 12 : - : - H - : - : - : -

; 14 : - : - : - : - : - : -

g 15 : 244,500 : - 3135+ ~ 1 1.496 : -

s 18 : - : - : - : - : - : -
20 : 158,500 ¢ 73,000: 20.30 : 25.80 : 1.308 : 1l.413
25 : 78,500 : 55,250: 10.00 : 18.65 : 1.002 : 1.293
30 : 24,750 : 28,100: 3.17 : 10.00 : 0.501 : 1.C00
35 : 4,500 ¢ 12,550: 0.58 : 4.47 : 1.763 : 0.650
40 900 : 2,400: Q.115 : C(.855: 1.061 : 1.932
45 : - : 500: - : 0.l78: - : 1.250

vaterial ¢ 0.25 e NaOE + O.342 I, NagF
Dates T 7=10=28 : 7~Lll-2B:
Time in :Surviving Bacteria: Percent : Log. percent
idinutes in 5.0 cc. : Survivors :  Survivers
0 : 780,00C : 280,500:100.00 :100.00 : 2.00C : 2.000
5 : 184,000 : - : 23.60 @ - T 1.373 : -
5 3 - : 78,000: - : 27480 : - : l.444
8 : - : 47,000: - : 16.70 : - : 1.223
C T 73,000 @ 31,250: 94,35 : 11.10 : 0.971 : 1.045
12 : - :  13,00C: - T 4£.65 : - : C.666
14 . - . 7,150: - . 2054: . - . 0400
i5 s 17,450 : - : 2.24 - : 0.350 : -
16 - 4,450 - : 1.58 1 _ - 3 C.l99
2c 700 : 800: 0.09 : 0.285: 2.954 : I.455
295 : - : - : - : - : - : -
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Filg 5. Effect of NaF on Germiicrzny EFriciency of NaeOH af GO°C
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Tiscussion of Dat
Tzeminstion of the curves pletted from the data compiled

1in Tavle II, series ., B, ¢, sxd I, 1s interesting. In the

-

e ey > o v v R

case of sodium chloride~hydroxide mixture (Fig. 2), the tw
écontrols {Curves . and C) of C.2Z LI sodiun hydroxide reduced
Ethe bacterial count $S.85 in 45 end 3¢ minutes, respectively.
}The Tirst time is considered as more represencative since it
{agrees more nearly with other killing times of the szme con-
gcen’cration and, a@lso, since the initial count of tke second
“run {Curve C) was quite low {60,00C). Ilowever, the differences

of time are within 10. of each other which may be considered

as within the limit of bacteriologicel error. 7The addijion
 Ce342 ¥ sodium chloride to the alkeli test solutions reduced
 the killing times to 23,0 and 22,5 minutes, resnectively
{Curves B and D). Teking 23 minutes as the average killing

' time, the vime is 53.5 of the time required by the control
alkali test solution or a reduction of 46.55. The DH of this
§ chloride-hydroxide test solution was 12.85 at 2500. while the
pE of the alkali control test solution was 12,86 af the same
temperature.

The effsct of sodium bromide on the alkali test solution
is shovn in Fig. 3. 7he alkeli controls (Curves C and A) show
killing times of 42 and 40,5 minutes, respectively, or an
average of 43,75 minutes. 7The mixtures (Curves I aend B) kill-

ed in 23.5 and 24 minutes, or an avergge time of 235.75 minutes.
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in this case, the average time for the mixtures 1s 4.3 that
¥ or the average conirol time or & reduction of 4i,.7). This com-
¥ pares well with the chloride-nydroride test solution. The pE
f or this bromide-hydroxide test solution was 12.84 et 25 C.
The elkali controls in the case of the iodide-hydrosxide
; mizture (Fig. 4, Curves C a:é ) show considersble veriation in
5 killing times, 3€.70 and 44 minutes, respectively. In the first
: instance, greatcr sterilization was exmployed (2¢ pounds for 2C
; minutes}. This vas necessiteted by the fact that a new bottle of
; nutrient agar was employed which showed consideratle contamina-
; tior snd hence the greater sterilization. It is believed thet
5 the higher sterilization concentrated the test solution sore-
; vhat as will be showm later and hence lowered the killing time
ebnormally. However, an average of 4l.4 minutes agrees well j
: with the other average control times, The iodide-hydroxide test i
é solutions {Curves D and B) show killing times of 16.Z azd 18.28
i minutes, respectiwely, or =n average of 1l7.4 minutes. This
; lowered time is 42.0C> that of the average alkeli control time or i
f a2 recuction of 58:. The pH value of the iodide~hydrox de mixture |
vas 12.85 at 25°. In the second and all future experiments
the eger was sterilized separately at the higher temperstures
vhile the test solutions were subjected to the usual 1L pounds
for 1t minutes.,
It should be recalled at this time that the lodide-~-hydrox-
ide disinfection tests necessitated a2 slicht veriation in the

technique but this in no manner accounts for the greatly reduced



¥illing time as compared to the other halide mixbures. in eXe
nlanation »ill be offered later when the theory of alkeli dis-
infection is discussed.

“hen the Tluocride~hydroxide test solutions were used
{Fic. 5}, the alkali controls {Curves i and C) reduced the bac-
teriza 99.9 percent in 40,25 end 40.2° minutes, respeetively, or
an average of 45.25 minutes, The fluoride~hydroxide mixtures
{Curves B and D) gave killing times of 20.25 and 21.75 minutes,
respectively, or an average of 21 minutes. This is 48.6 of
the average time recuired by the controls or a reduciion of
51445, It is to be noted that in this case, the fluoride-hy-
éroxide mixture became more alkaline, the pH wvalue being 12,92
as compared with 12,86 of the alkall conirol solution. Iy
actual titration against 2 standard acid {(phenolphthalein indi-
cator}, the mixture was 0.29 K while the alksgli control was
0«25 ¥ This inereased alXkalinity, as will be shown later,
undoubtedly acccunts for the slishtly less killing time compared

to the chloride and bromide-hydroxide test solutionse.
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Tile. Tffeet of Treliminery Cfoakins on Taeterial Ipores
{70e 25 in Varicus Sodium Zzlide fclutions
Tiginfection Testcs.

omrmon practice o sof¥ten and remeve Gried aibumi-

Lo
cl
[l
0
Q

nous mabteriel from pilpeties by sczking in a seburcteld scdium

olution. ilso, it has been cbserved LY oxe investi-

o,
H
(8]
H
ey
(%]
0]
L]

setor {14 that scdiuz chloride decrsases the sciubilily of
protcin ené at the scme YPime inereases the lovering of the sur-

faece %ension. It was thought it would be valuable informetion

R
£y
foto
9]
[y
o
L)
(]
a
ct
[0
@]
3
.

snores in different hollide sclutions before
rcecordingly, & series of experiments were crransed vwhereby the
spore suspension was sozked for onc hour in z (.3%2 11 cencentra-
helicde to be used belfcore inoculstion into
the (623 1l scdiun nydroxide test sclution. In the case ol so-
dium iodicde, it wos necesszry te add o few drops of alkali to
the preliminary socking scluticn teo prevent the liberation ol
free iodire. -t the sexme tTime z control of C.25 I sodium hy=-
droxide was inoculated with a2 bacteriel spore suspension vhich
had not been subjected to & preliminary helide soakinge In
order to make the seli effect comparable in the two tests; 1 cc.
of the (0342 I helide sclution used was sédec to the control
alkzli test sclubions, respectively, since when 1 cec. of the
sozked bscterial suspension was incculated into the elkelil
test sclutions, approximetely 1 cc. of the szlt solution was

aéded with it.
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Lxperiments showing the effect of a prelimirery sozking
in socdium fluoride vwere not made. It was thought that litile
irformaticn would be gained since the bydrolysis eifect of tke
salt shouwed an clkelirity of C.09 I by titration vith a stan-
éerd acid {(methyl orange indicator).

The data obbained from thesc exXperiments is compiled in
Table III1, Series 4, B, aund C. In this tedle, an average of
the percent surviving bacteria is compiled for the duplicate
runs in ecch series gré The logarithm of average nercent sur-

P

vivors is plotied ageoinst time in Curves .. and B, TFigs. 5, 7,

8, resnectively.
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Table III (Continued)

Ceries .
Prelimirery Treatment in ’aBr Solution

¢ aterial - Ce20 3 1aCH + 1 cce. 00543 . jienr —oluvion

: Date ! L=]l-28 :14-7=28 :

§ Prelimi- :

A cary :

§ .cectment: ot Trezted in Helide Solution

A Time in :Surviving Bacteria: Percent :iVe pPET~ :LOZ. &8V

g Zinutes in 5.0 cc. : Survivors : cent :percent

8 : : s Survivors:Survivors

0 :1,05G,000:720,C0C :10C.C0 :100.00 :100.00 : 2.000

he; T 621,500:246,0C0 : 59.2C : 34.20 : 45.7C : 1,889
15 T 446,000:216,C00 : 42.50 : 30.00 : 36.25 : 1,559
20 : 331,500:114,5C0 : 31.50 : 13.9C : 23.70 : 1.375
25 : 2435,500: 87,500 : 23.40 : 12,15 : 17.77 s 1.249
30 : 129,150: 53,600 : 12.3C : 7.45 : 9.87 : 0.994
35 : 55,000 25,200 ¢ 3,24 : 3.50 : 4£.37 : 0.640
40 : 4,100: 4,600 : 0.39 : 0.54 : 0,515 : 1,712
45 : - : - : - : - : - : -

4 'aterial : 0.25 ¥ 5a0n

q__Date : 4-14-28 :4-7=28 :

4 Prelimi- :

3 nary :

4§ Treatment: Treated in Halide Solutiom

d Time in :Surviving Bacteria: Percent  :iV. Del- :LOG. &V.

3 imgtes in 5.0 cc. : Survivors : cent ipercent

] : : :Survivors:Survivors

0 :1,800,000:675,000 :100.00 :100.00 :100.00 ¢ 2.000

10 3 4359,000:221,500 : 25.50 : 32.80 : 29.15 : 1.463
15 : 334,500:175,500 : 18.60 : 26.00 : 22.30 : 1.348
26 s 145,500:111,500 : B.32 : 16.55 : 12.43 : 1.094
25 : 107,000: 66,000 : 5.95 : 9.78 : 7.86 : 0.895
30 : 35,900: 24,950 : 1.985: 3.69 : 2.84 : 0.435
35 : 9,100: 14,400 : (0.5C5: 2,14 : 1.32 : 0.121
40 : 350: 1,750 : 0,.020: 0.209: 0€.139 : 1.143
45 : - = : - - 2 - : -
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Teble III (Continued)
Series C.

-

Preliminery Treatmernt in Hal Soluiion

§ cterial C.25 2 180K + 1 CC. Cend2 i Lial SOluvion

d__Date P £4=-21=28 :0=5-28 :

¥ Prelimi-

§ nary :

¥ "reatment: ot Treated in Falide Solution

g Time in :Surviving Bacteria: Percents $iV. per~ :LOS. ave.

g inutes : in 5.C cc. ¢ Survivors ¢ cent :percent

3 : : :Survivors:Survivors

0 : 395,000 1,252,3C00:100.0C :100.,00 : 100.00 : 2.000

10 : 93,000 : 240,500: 23430 : 18.00 : 21.29 : 1.327
15 . 36,000 . 152,500: 9.10 : 12,10 : 10.06 : 1.003
20 : 18,250 : 19,500: 4£.63 : 1l.54 : 5.09 : 0.490
25 : 5,000 : - : 1,27 ¢ - 1.27 : 0.104
50 : 2,250 : 5,500: 0.57 : 0.435: 0.505 : 1.702
35 : 250 @  2,200: C.064: 0.174: 0.119 : 1.076
40 : - : - : - : - : - : -
45 : - : - : - : - : - : -

1 aterial : _ 0.20 M NaOE

4 _ Date i 4~21-28 :6-29-28 :

4 Prelimi- :

4 nary :

] Treatment: Treated in Eslide Solution

4 Time in :Surviving Bacteria: Percent :AV. per- :LOS. av.

4 Minutes : in 5.0 cec. : Survivers : cent :percent

£ : : :Survivors:Survivors

i 0 : 455,000 : 300,000:1C0.00 :100.00 : 100.00 : 2.000

£ 10 : 138,000 : 180,000: 30.40 : 60.00 : 45.20 : 1.655

i 15 : 91,000 : 137,250: 20.00 : 52.5C : 36.285 : 1.559

] 20 : 32,000 : 356,000: 7.05 : 18B.65 : 12.85 : 1.109

& 25 M 12,500 . 32,000: 2075 . 10007 . 6041 . 90807

g 30 : 1,750 :  4,250: 0.385: 1.42 : 0.903 : 1.956

E 35 375 : 500: 0.083: 0.166: 0.124 : 1.093
40 : - : - : - : - : - : -
45 : - : - : - : - : - : -
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Tiscussion cf Tate
The effect of the npreliminery socking of vhe bacterial
spores in the differexnt balide solutions before inoculation

into the disinfecting slkeli solutions, is skown ir lurves &,

7izs. 8, 7, and 8, respectively. o effect is noted in the

- cases of sodium chloride and bromide since they show disindec-

tion times of 42,78 and 41,0 minutes, reswectively, vihich agree
closely with the times secured when the aikalil test solutions
were used zlore. vhen 1 ce. of these helides uere zdded to the
elkali test soluticns, respectively, (Curves i, Figs. v and 7)

the killing times secured were 44,7 end 42.0 minuies. These

times agree well with the other tlmes and hence no importarnce
is attached to the prelimirary sosking in case of sodium chlo-
ride and sodium bromide.

However, the preliminary soaking in sodium iodide solution
reduced the disinfecting tizme to 3.2 minutes {Curve B, Fig. 8).

Also, the addition of 1 cc. of sodium iodide solution to alkali

m

test solubtion reduced the time to 35.75 minutes (Curve ), Fije
These reductions of morec than o minutes sre considered signifi-

cant, end, as has been mentioned earlier, this seems %0 be

©

cheracteristic vwhere sodium iodide is involved. Iater n ex-
2

planatiorn will be suggested for this behavior.
It might appear that the preliminary treatment retarded the

disinfecting actlion somevhat during the first 20 or 25 minutes

in the cases of sodium chloride and sodium iodide {Curves B,

Figs. 6 and 8) and then afterward became more raplid but the

Je

ey e

i
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£ sodiuzm bromide {Curve 3,

Tige 7} and hbence nc signilicance is given i%.
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TV i Vzlues of
It is of some interest to compare The pZ velues of the
varicus test sclutiors before und afber sterilizetion. The
»E determineticns were zade at 25°C., using the ususl hydrogen
rlatinum electrode and a Leeds and llorthrup student's poltenti-
ometer {new type, with s portable d'irsonval gelvanomebers
TJlere readings were converited into pE values by substibuting
these readings for ¥ in the formula, pE = £=0=85 . The

C.uOS
results of these delterminations gre recorded in Table IV.

Teble 1IV.

pE Values of Test Sclutions 2afore

end ;fter sterilization (25°¢.).

: DA : pE i
colution  :{before sterilizetio:ni:{efter sterilization);
Ce25 X IlaCE : 12.86 : 12.86
Ce22 X LaCH : :
+ 00342 W LaCl . 12.88 M 12088
Ce20 ¥ IlmaQH : :
+ 0342 11 XMaBr 12.85 s 12,84
Ca20 M HalE : :
+ Qe4d2 i Nal . 12.86 . 12.83
C.20 I NalH : :
G2 i Nar . 5.68 . 6470
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Trhese solubions Tere stcrilized in an zutoclave at 15
~ounds for 1. minudtes. In the coses ¢f the breomide znd iodide-

elizali mixtures, vhe solutions decame sligiitly more acid while
the fluoride~hydroxide zixture vecase nmore alkaline. . fter de-~
voting scome thouzht to the maitier, the resuits are probebly
whet one would anvicinote. Iovevey, 1€ is doubsful 1f ke

alknlinity of the test sclutichs

e
{y

cilizht iacerease or dcerecse

as devcrmined Ty

te

It is certain thet they in no monner account for the grest re-
duction in killing time secured by the halide-hydroride mix-
tures when compared with the slkesli test sclutiorns of epproxi-
mately the same pE vcluee.

In the case of (.342 I laF slone, the pil velues are nov
what were expected. IHydrclysis should be expected after tThe

following reactions:

td

anel + 2 E0H 4""‘_____) 2.alE +

o
p:4

18]

or, 2ief + EOH &5 NaCH + leHF

in alkeline reactiocn should be anticipated. The DpE values were
checked by an associate by anotier method {cuinhydrone) and
found to be slishtly lower (6.2) at 25°c. The solutions had
practically no effect on either red or tlue litmus peper, Iow=-
ever, when this concentration wes introduced in a 0.23 X sodium

hydroxide test solution, the 2lkalinity was incressed as ée-

termined dboth by titraetion and pE methods.

ol ] -t £ ~ . T 3 £ - Lok
Y in this ronpe hes guny perticuler siznificance.



-4l -

GENTRAL DISCUSSICH CF RESULTS

——

Theoretical Considerations.

In the beginning of this thesls, it s pointed out that
there was no general agreement as to the type of aetion involved
in éisinfection by elkalies. FPrevious work done ir these labora-
tories seemed to point thet concentration of the undissociated
molecule of alkali was a very important factor. The addition
of a nmeutral salt {sodium chloride)} to the alkall test sclutions
cave a large reduction in the Xilling time of bacterial speres
end it was thought that by using other neutral halides more in-
formation might be secured concerning the Lype cf action involved
in these disinfection tests. It seemed logical that the neutral
halides might act as zccelerants by decreasing the ionization of
the alkali end hence decresse the solubility of the undissociated

alkali. If the undissociated molecule were more toxic to the

| cell then its ions, the increased foxicity should result in lover-
i ing the killing times. If this assumption were irue, 1t was

; hoped that some quantitative evidence might be secured which

§ would show a definite relationship beiween the increased concen- %
Etration of the undissociated alkali, or its decrease in solu=-
i bility, ard the reduction in killing times.

Considef e mixture of water, sodium hydroxide, and a bec-

terisl suspension in which the water and bacteria constitute two
immiscible pheses with the sodium hydroxide as & solute in equi-~
librium between the phases. The sodium hydroxide is more soluble

in the water phase and, also, is ionized to a considereble extent, ?




“a(E <—— ja’ + CH .
_—

“hen 2 highly ionized, water soluble selt is added to the waber
plkase such as sodium chloride, sodium bromide, or sodimm iodide,
it may be showm, aside from eny chemicel zetivity, thet it
usueclly decreeses the'solubility of the more voleitile solute in
thet phase (in this case, the HalH). The effect an the solute
of the adéded selt is generslly proportional to the concentra-~
tion up to sbout one moler, the temperaiure, the pressure, and
the nature of the salt or ivs tendency to react. The decrease
in solubility of the solubte varies greatly with the nature of
ﬁh; salt addéed, bub is approximately the same for o definite
salt, regardliess of the rnature of the solute. This phenamenon
in a gereral way is comonly kmowm as Fectivityr, "fugeecity®,
"selting-cut effeect”, or "chemical potentizl®,

This same effect may be expressed mumericzlly irn a more
cucntitative fashion by the mass-action law. Its application
presupposes a kncwléége of %he molecular species present, their
¢issociation constants, and bholds in exmct form only for dilute
sclutions., In this instance, it was thought that it would be

interesting to make cuantitative application ¢f the mass-action

~law to the problem in hand. It was hoped that some light might

be thrown on the germicidel sction of alkslies as all the neces-
sary informstion seemed %o be availsble,
¢ simple statemernt of the mess-action law as spplied in

this problem may be represented by the equation,



Cia + £ CQH-

Cin0H

I

In this form the mass-action ecuation becomes a simple tool for
determining roughly the change in concentration of the undis-
sociated zlkeli when the same salt in varying concentrations with
a common ion (Na®) or when different salts with e common ion (Ea+)E
are added to the sodium hydroxide test solutions.

In order to determine the constant (X) for sodium hydroxide
and at the same time tke concentration of the undissociated
molecule in the 0.235 I sodium hydroxide, it was necessary %o com-
pile a table of the ionlizstion values at different concentrations
for sodium hydroxide end the different salts added. Curves were
plotted and the desired wvalues were selected from them.

Calculation of the Undissociated slkall in the Different Test

Solutions.

Arfter the constant for sodium hydroxide (¥ = 1.70266) had
been determined, a table was compiled showing the different con-
centrations of the undissociated alkali when the common-ion
effect was applied in the mass-action equation. These values are
shown in Coclumm 9, Table V. for C.25 1 sodium hydroxide alone and
when varying concentrations of the same salt and the same concen-

tration of different sslts were used.



Table V.

concentration in Mols of Undlssociated Sodium Hydroxide in Test solutions

(vhexre X = Concentration of Undissociated NaOH in Mols)

(I (2) (3) (4) (5) (6] (7) (8) (D)
Series: Test Solution % Ionlza~-:Cyp+ In :Cp,+ INntCNe+ in:Cop~ in K :Cnaon 1n
1 ¢ tion of : 1liols %ols ¢ Mols ¢ 1liols ¢ ! Mols
$ ¢ Salt o ¢ from ¢ from ;3 from : Ifrom :
: : Alkgli tAlkali 3 5elt ¢ Bobth ¢ Alkeldi :
! i (18 o.)t 1 _Added :Sources: t :
: : : $ : : :
le  :0.85 # NaOXl : 88,06 '0.82126 H - H - 20,2215 :1,70266 : 0.0288
2¢ 30420 M Na OH + H H : : : H
30017 M (l ) NaC.l: 8238 30920";{ 30.14:076:0.59"X 30.25"}(; 31070?66 : O,‘O/l
Ze 1080 M NaOH + ¢ : : : : : :
30.34 M (2%) Hagly 7943  :0.85~% 10,2696 $0,519~¥30,20-% :1,70266 i 0,0085 '
4, 10,20 M NaOH + t : : : : : t ,
10,61 M (B%) Nacls  77.4  10485=X 30,3947 10,645-330,85=X  $1,702668 1 0.064 R
O 10.80 M NaOH + s $ $ ] t : : [
1084 M NaeBr $ 7948  10685-X 102692 :045L9=X:0e25=K :1,70266 t 0409856
6. :0.25 M NaOH + : 3 : 3 s : :
:Q.gg M Nea.l : 79,8 10,80=Y 10,8713 :0, “21-X'0.°5-X 1 1,70260 3 0.0D3H
7 10.20 M NaOH + H ! H : ? t
10,54 M Nal : 894 $0.,29-% 10,2349 :0, 5P5~A 0629=% 11.70266 : 0.062

XThe ocaloulation in the case of fluoride-hydroxide mixture (Series 7) neoeds some

explanation.

It was shown by titration of the mixture with a standard acid that the alka-~

linity was increased 0.04 N, moking the fluorlde~hydroxlde test solubtion 0.29 M instead
of 0,286 M, that of the original alkall,

hydrolysis of the sodium fluoride.
undissoociated alkall was secured.

This increased alkelinlty was due {o the
On this basis, the inereased concentration of the



Comzerison of Differert Concentrations of Sodium chloride in

coium Hydroxide.

If the undissociated molecule of elkmli is tkhe primary
fector in this instance of alkzli cdisinfection, it is neces-~
sary to assume that the killing time should be inversely pro-~
pertional to the concentration of the undissocizted molecule
of sodium bydroxide. These wvelues were computed for the first
four series from the detz in Cclum 9 (Table V) in wmhich differ-
ent sodium chloride concenirations were added to the same con-
cenvratvion of alksli fest solution. The actusl killing times
were tokern from werk done in these laboratories vhich had been

previously reperted (1l). “hke Tresults are showr in Table VI.



Table VI. |

gomparison of Percent Reduction in Killing Timos (Theoretical '.ith Aotual)

ith Different Concentrations of godium Chloride in Alkoli

Teut sSolutions
(1) (2) (5), (4) 5) (5) (7) (8)
reries: Test ‘CN o ¢ Computed : lixperimen- : rerceont 1 Pexrcent irercent
:  Solution t{n Mols: Killing : tal Killing: Heduced ¢ Reducod $hifference
: : : Times = ¢ Times 4in : Killing 1t Killing 3in Reducyd
: H H L t  Minutes : Times : Times ¢ Xilling
$ s ' Clino t  (60%) :(Theorotical): (rctual): Times
: : : kL : : ! : (Theoroti-
H s : : : H ¢ cal from
4 : : : : : { _rotual )
: $ : : : : :
1+ 0 daCl 100888 SO 8 4345 : 10040 : 1000 ¢ (e
: ! ! : : : :
2e 10205 M NaOH H : H : : :
s+ .l" I\JLND.C]. 30904: H 2040 3 5006 H 73..9 3 72.0 @ +0el
: : } t : : :
Be 10680 M NaOH H t t H ! H
it 0434 M IoCl 10,0025 3 19.1 : 2Oe% .1 0840 : LSaY ¢ +041
: $ : : t : :
4, 10205 M NaOH H : : : H :
s+ QoSl‘J;LUQCl 200064 3 1lL.,62 4 1999 H 44,9 4 46.8 1 +1.9

t
i
(1]

'



Comparison of came Concentration of Different Sodium Halides

in sSodium Hydroxlde.

'ore veluable Informationr was geined vhen the vclues in
colum 9, Series b, 6 ¢nd 7, were compared in = similar menner.
In these series, the same concentraticns of different selts
were addéed to the same concentration of sodium hydroxide test

sclution. The results arec compiled in Tadble VIiI.

e -



Table VII

¢omparison of Percent Reduoction in Xilling Times (Theoretleal with Actual) Vith
same Concentration of Different Sodiuwm Halides in

Alkoli Test solutions

(1) (o) (3) (<) (5) (6) (7) (8)
Seriest Test ‘CNoog ¢ Computed : lixperimen- Percent ¢ percent :Peroont
H golution in Molsz Killing ¢ tal Killing: Reduced : Reduced thifforence
H : ¢ Times = § Times in : Killing ¢ Killing :in Reduced
H H i 1 ! Minutes : Times ¢ Times ¢ Killing
t : ' CaoH : (60%c) t(Theoretical): (actual): Times !
: : $ H : 3 : (‘Theorotical i
i ] H ! : 3 ;_from actual) «
: 3 t ‘ : 3 : '
1., :0.25 M NaOH ! s : H : $
i+ 0  salt 100288 34,75 42,80 p 100,0 i 100.0 0.0
$ $ : : ' 3 s
2¢ 0.5 M NaOH H : : _ : : :
s 4 0.54 M NaCl :0.0585 19.0 H 290 : 4,8 H D3 8 4141
: : : H : : :
Se 30425 M HaOH : : : H H !
t+ 0.54 M NaBr :0,0520 1 19,0 : 23475 3 V4.8 : 5.4 ¢ ~040
: 3 : : : 3 :
4, 0.26 M NaOH 10,0635 @ 18.7 $ 17 .4 H 53 .8 : 40,6 ~13,2
:4 054 M Nal ¢ : : : : H
t s $ : $ ! s
O¢ 0,85 M NaOH H H : : H H
14 0.311- M Nal' $0.0062 3 16.]1 4 2100 H 40,9 3 49_90 H -2 67
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Comparison of :esults, Theoretical snd xperimental.

~zemination of the deta in Colummns 6 and 7 {Table VI)
shows a remerkable agreement between the essumed theoredicsl
percent reductions in killing times end the pereent reductions
ectually secured from experimentzl data. In Cclumn 4, the
essumption was made that the killing times should be inversely
proportionsl te Che concentration of the undissociated sodium
hydroxide. <The percent reductions shoulé have been 71.9, 5S40,
and 44.9 percents (Column 6) respectively, when C.17 i (XF),

Ce34 I (25}, end GePl 1 {5)) sodium chloride was =dded to the

-

show percent reductices of 72, 55.1, and 46.8 percents, re-
spectively, (Columm 7}. ~“he deviation of the theoretical from
the actual reductvions is shown in Column 8. 7“he reductions ere
almost in exmet agreement with the predicted results from the
ascuzmpuion, excepting in the last instance, vhich may easily be
considered within the limits of experimental error.

The veriations sre guite interesting where the seme concen-
trations of the different sodium helides {acl, &5r, &l and
ZeF) aere added to the same corcentration of sodium hydroxide
test solution (Column 8, Table VII). The experimental killing
time for C.20 X sodium hydroxide is 42.85 minutes (Series 1,
Colurm Se)e This is an average of all a2lksli controls ran in
Series 2, 3, 4, and S.

In the instances of the chloride~hydroxide and the bromide~
hydroxide mixbures (Series 2 and 3), the deviations of the cal-

culated percent reductions from the ezperimental percent

25 I sodium hydroxide test solution. The actual kiiling times |



reductions are +l.l and =C.5, ressectively. These deviatlons
mey be considered within the limits of experimental error
since there is o difference of only C.1 percent in the ionize-
tion of scdium ckhloride and sodium bromide.

The inereessed germicidel efficiency of the iodide~-hydrox-
ide test scluticn is more difficult of explanaztion. In
Colurn 8, the difference is 13.2 percent lower than the calcula-
ted percent reductiorn in killing time. It should be recalled in
this comnection thzat in the first experiments with this mixture
when the 5 cc. portions of test solution were withdrawm at
@ifferent time intervels and made Jjust slkaline (methyl orarse;
in the 5C cc. of sulfuric acid, that free icdine was liberated
immedistely {sterech test). Free iodine is a powerful germicide.
The killing time was reduced o & minutes. However, when the
L cc. portions were made just acid to phenolphthalein but cuite
aikaline %0 methyl orsnge, no free iodine was liberated and the
killing time was 1l7.4 minutes (averegs)e. This lowering of more
than & minutes over the killing times of the chloride- anéd the
bromide-hydroxide mixture can not be explained on the basis of
the incressed ionization sodiwm iodide,

Several explanations ere suggested for this increased
germicidal efficiency. It mey be considered that sodium lodide
in acting &s an acecclerant mey form a more toxic compound
{sodium iodate} with the scdium hydroxide. Sqdium jodate is

prepered by adding finely divided iodine to hot concentrated
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sclutions of sodium bydroxide. In this instance, it is pocssidble
that the Tirst perts of the & cc. poritions of the Ytest solutions
irtroduced in the sulfuric acid for neutralization, formed hy-
driodic scid. The amounts formed decrease as the amounts of
test sclutions added increcse snd the mixture approaches reutra-
lization. Eydriccic acid is very easily oxidized even by ivhe
oxygen of the air and, undoubtedly, the free iocine produced irn
the first experiments with this mixture, wms formwed irn this
menner. In these experiments, the free iocdine remcined in the
somevhat 2cid medium (Just z2iksline to methyl orange) while in
the more zlkelire solutions (Jjust acid to phenolphthalein) no
evidence was secured by the starch test. 2t the same time, in
the latter experiments, the killing times was considerably re-
duced below that of the chloride~ and bromide~-hydroxide mix-
tures. It may be possible that the freed iodine was converted
into minute smounts of sodium iodate which may be the effective
egency in lovwering the Xilling time. Some recent data (un-
published ) points that a compcund of this nature is very toxic
in an glkeli test solution. However, no evidence is aveilable
that this substance is formed.

4 second exp tion mey be advanced that the sodium io-
dide increases the Tactivity" of the sodium hydroxide by pro-
ducing a larger amount of the undlssociated =alkell than an-
ticipated by the method of calculetion employed and hence ac-
counts for the reduced killing time. :gein, no data cre avail-

able bearing dizeciiy on this suggestione.
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£%ill znother suggested explanetion is shat the minute
emourts of free iodize liberated by the reactions sungested in
a preceding noregrephk may hove been adsorbed by the injured
walls of the bacterial cells, In this monner, the smount of
free iodine may have beer lowered to such an extent thet nmone
was detected by the starch test which is censidered cuite
delicate. This assumptvion seems cuite teratle. However, egain,
nc data ere aveilable to bear it out.

In the case where sodium fluoride is added to the zlkeli
test solution (Series 5), the difference in percent reduction
is 2.7 percent lower tisn the calculated percent reduction.
Eorever, if one considers the averzge time of the slkeli con-
trols run in this series {43.20 minutes) instead of the average
time for 211 the conbrols in all the series (42.85 minutes),
the pexrcent reductior in actual killing time becomes 48,6 in-
stead of 49.C (Column 7, Series $) and tke difference in Column
8 becomes 2.3 percent. TFurthermere, if one considered the times
of an individual experiment (Fiz. 5, Curves C andé D) the per-
cent recduction becomes 48 and the variation from the celculated
value would be 2.3 instead of 2.7 percent. Tven the greester
variation is considered in good sgreemrent with the theoretical
velues. It should be remembered, that the increased alkelinity
of the mixture to C.28 I was considered in the calculationse.

On the whole, in Series 2, 3 and o, the experimentel re-
sults show 2 remrkeble agreement with the calculated walues

bhesed on the mess-action lew and that the concenbration of the



undissociated socdiunm hydroxide is the mnin fsctor in the
germicidal getion of scaiur hydroxide. Ozly the instauce of

the iocide-hydiroxicde rixiure
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plenaticn. ki
¢ the suggsesied explenations for thic increesed efficien-~
ey, the sodium iodate theory seems the lezst pleusitle since
the concentratlon of tre sodium hydroxide was low andé the
tempercture of the mixtu:e wes low under tie cenditicons of the
experiment for tke formetion of sodiux iodmte even though
sodium iwCuie Iy ve euud teo be cuife toxdic. The incressed

Toctivity® tkecry is =n considered seriously veczuse it ves

v

netmn from the first exserixents with this mixture that Iree
iodine ves liberaled azd steps had to be talkern tc prevent its
Tormatior in dedected emountse It secms loglcal thetl the ad- é
scrption cf the free ioline by the bocterisl cells should be 3
given more consideration. It is reascuzgsble to assume thetb
wells of the boacterial cells would be greatly scftered and ine-
Jured and, in this mormer, the adsorpticn propervies for the %
iocCire woulé be inereessd and khence the toxicity grezter. It

is thought thet tzis theory is woerthy of most consideration.



RRSNAMTS A
o¢ium holides ot the conecentrations ard Semneratures
ennloyel, hzd little toxic effeet on the bacierial orgsn-

isrms used in the disirfection tesis. Jodium Tluoride was

Codium halides adéec to solium hydroxide increased greatly
the germicidcl efficlency of vhe sodium hydroxide test
scluticne. The cdédition of sodium iodide prcduced arn cb-
normelly toxic effect.

L preliminary sccking in the different sodiux halide
sclutions of the same disinfection tests did not affect
the resistance cf the bacteriz Lo sodium hydroxide disin-
feciion,

The p= velues Tor all the alkeli test sclutions employed
vhen measured by potenticmetric methods were in the same
rance. the fluoride-hydroxide mixture esppeared to be
slizhtly more z2lkeline.

The assumption that the undissocisted molecule of elkeli
is a very important factor in elk=li cdisirfection zppears
to be Justified. 3Ty epplicetion of the mass-action lav
end the common=-ion effect, remarksble agreereni was ob-
tained between the anticipated caleculated reductions of
kKilling times and those obtained from experimenial datzae.
The iodide-hydrozide mixture appesrs to be the only

exception.
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Cf the severzl theories suggested for the gbnormel
toxicity of the iocdide~hydroxide mixtures, the "adscrption

tieory” 1is held To be the most tenaltle.

S g oo
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