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RESISTANCE OF STRAINS OF Eberthells typhi AND Escherichia colil

TO CHLORINE DISINFECTION,

INTRODUCTION

A bacteriological test that ls to demonstrate the safety of a
drinking-water supply should prove the freedom of the water from all
disease-producing microorganisms. Unfortunately determinetion of
the presence or esbsence of pathogens in water iIs not possible for
routine work, and since most water-borne diseases are of intestinal
origin we are forced to find a more easily isolsted test organism of
fecal origin., Then if intestinal pollution is shown to exist we may
logically reason that dangerous diseese germs may alsa be present in

the water supply.

Levine (18.) suggests the following requirements for an organism
which is to serve as an index of fecal contamination of a water:

*l. It should be distinctively and characteristically of human
or animal intestinal origin,

w2, It should be absent or very rare in nature outside of the
intestinal tract.

®3., It must be capable of easy and rapid detection,

*4. Its incidence in water should bear some constant reletion
to the sanitary survey of our knowledge as to the probability of
pollution, particularly with sewage,

*S. It should be distinctly more viable and more resistant in
water and to treatment than are the intestinal pathogens, but not ex-

cessively so."™
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The use of Escherichia coli as an index of the bacteriological

condition of & water supply has been the sccepted practice since 1905
when the first ®Standard bethods of Water Analysis"™ was issued by the
American Public Health Association (3l1.) As early as 1892, Smith (30.)
suggested a plan to the New York State Board of Health for the estima-
tion of Esch. coli in water. By 1904 the significance of Isch. coli
in drinking water was well established., Prescott and Winslow, in 1904
(27.) seem to voice the general opinion of the day: ™Altogether the
evidence is quite conclusive that the sbsence of B. coli demonstrates
the harmlessness of water as far as bacteriology can prove it. That
when present, its numbers form a reasonably close index of the amount
of pollution.®™ 1In 1914, the United States Treasury Department (35.)

in first establishing standards for drinking end culinary water supplied
by common carriers in interstate commerce, included & section relating
to the bacteriological cheracter which establishes the allowsble limits

of impurity as measured by the organisms of the coliform group,

The difficulty of isolating the true offender, Eberthells typhi,

from water was early realized. Laws and Andrews, 1894 (17.) and
Neufeld, 1899 (16.), and Fischer and Flateau, 1901 (9.), met with
difficulty in isolating the organism from polluted wells. In the 1912
edition of ®Standard lethods® (32.) procedures for isolating E. typhi
from water are given, but these were removed in the next edition,
Although Esch., coll is not an entirely faultlesa index, it has
been shown, during the years of its use, to have certain distinct ad-

ventages. Levine (18.) points out that although bacteria of the
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coliform group are not restricted to the intestinal tract of man (being
characteristic also of the intestinal tract of the lower animals), it
is nevertheless true that there is a quantitative correlation between
Esch. colil and known pollution. Houston (14.) observed that in brooks
and rivers which were more or less subject to pollution color bacilli
were usually present (61.57) in small portions of water (1 ml. or less)
whereas in unpolluted Loch Ericht the colon group was only occasionslly
encountered even in 100 ml. samples, Cummings (7.) in his report on
the sanitary conditions of the Potomac River watershed found a high
incidence of the colon group in the vicinity of sewer outlets, The
incidences beceme less as the distance from the source of pollution
increased, until coliform organisms were rare at points remote from
contamination. Reports by Clark and Gage (5.), 1898, end by Caird,
(4.) are cited by Levine (18.) to show the correlstion between the per
cent of positive colon tests and the typhoid fever rate,

The ideal index organism should be more viable than the intest-
inal pathogens, es E. typhi, although not excessively so, Jordan,
1895, (15.) showed that E. typhi gradually died out in a potable water,
while Esch._coli et first multiplied repidly and lived as a rule much
longer. Jordan found that his typhold strain, when recently isolsted,
lived for 93 days in water, elthough after 13 months on ertificial
media, the strain lived for only 12 to 13 days in water. Esch. coll
lived as long as 262 days in potable water, but there was variation
in the different strains, some strains being viable only a little longer
than freshly isolated E. typhi.

Levine, 1921 (18.) states that the colon bacillus is more viable
than E. typhl but yet dies off relatively quickly; neither of these

organisms find conditions favorable for growth in natural waters. He
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quotes figures from the work of Hinds, 1916, (13.) on the comparative
viabllity of the two organisms in water at 20°C. A death-rate of 0.094
was found for Esch. coll and a death-rate of 0.87 was found for E. typhi.
Cohen, (6.) 1922, found that the viability of Esch. coll at 0°C.
in water to be €7 times greater than E. typhi under the same conditions
of pH and temperature. As the temperature weas increased by ten-degree
intervals the relative resistance of Esch. coli decreased so that at
30°C. it was only eight times that of E. typhi. E. typhi was tolerant
to hydrogen ions within & narrow pH range between pHS5.0 and 6.4, while
Esch. coli had a wider zone of toleration centering around neutrality.
These studies were made on strains which had been for & long time on

artificiasl medis,

Within the past twenty-five years the use of chlorine compounds
has grown in the protection of drinking water supplies, and to-day only
exceptionsal city water supplies are used without chlorination. Under
these conditions it 1s necessary that the orgenism serving as the index
of safety be more resistant, or, at least, no less resistant, to chlo-
rine treatment than the intestinal pathogens. The continuance of the
use of Esch. colil as the index organism, after the lntroduction of
chlorine disinfection of water, has been based, to a great extent, on
theoretical conslderations and on the analogy of its greater resistance
to heat and longer survival than the common pathogens which may be pre-
sent in water. Wesbrook, Whitteker, and Mohler, 1910, (37.) studied
the resistance of six strains of E. typhi and Esch. coli to calecium
hypoechlorite, Varying amounts of hypochlorite solution were added to

the suspension of bacteria in water kept at room tempereature. These
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investigators found that different amounts of chemicals were required
to sterilize different cultures and streins of both colon and typhoid
bacilli. In 2 out of 12 experiments more chemical was required to
produce sterility In the E. typhi than in the E. coli suspension,
The authors suggest that the value of the colon test of water dis-
infection should be the subject of further investigation, but that
the final test would be "the epidemiological data collected on tynhoid
infected water suppiies before and after treatment.®™

Tonney, Greer, and Danforth, 1928, (34.) determined the minemal
*chlorine death points™ of 235 strains of vegetative bacteris, and

found Esch. coli ta be more resistant to chlorine than the other

organisms studied. Twenty-one strains of E. typhi were killed at a
concentration of Q.10 p.,p.m. of chlorine, while nine strains of Esch.
coli were killed by 0.15 p.p.m. of chlorine, ten strains required 0.2
p.p.m., 8nd nine required expasure for 15 seconds to 0.25 p.p.m. of
chlorine for their complete destruction. They concluded: "The
experiments appear to furnish a satisfactory theoreticel basis for
the current practice of relying on the consistent destructicn of B.

coll in water &ss & criterion of effective chlorination.™

A recent paper.by Heathman, Pierce, and Kabler, 1936, (12.)
suggests that the significance of the coliform group as a bacterio-
logical index of the ssfety of chlorinated water supplies should be
reconsidered. Heathman, Pierce, Kabler observed considersble varia-
tion of freshly-isolated strains of Eberthells typhi and members of

the coliform group to the disinfecting action of chlorine and
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chloramine. They found that some of the newly isolated strains of
E. typhi exhibited, under some conditions, greater resistance to the
killing action of chloramine and chlorine than recently isolated
members of the coliform group,

Breed and Norton, 1937, (3.) quote the above mentioned paper
by Heathmaen and co-workers, in addition to reports by Veldee, 1931,
(36.) and Ziegler, 1937 (40.) of weter-borne outbreaks of gastro-
enteritis occurring when Esch. ccli was not demonstrated, as evidence
thet the use of the colifarm group as the sole index of dangerous
contamination of water supplies be reconsidered,

Further evidence that thls paper has attracted the attention
of water bacteriologists is shown by the fact that Beard (1.) mentions
it in a recent paper (1938). Beard states "The recent work of Heathman
and her assoclates offers new and startlingly different problems in
resistsnce. They repart considerzble varistion in the resistance of
freshly isoleted streins of E. typhosus to chlorination, with the
further indication that certain strains mey be more resistsnt to such
treatment than the coliform groups. This is an exceedingly important

pronouncement which should be extensively investigated for confirmstion.

As far as we have been able to ascertain, Heathmasn, Pierce, and
Kabler (12.) are the first to meke comparative studies on the disin-
fecting action of chlorine compounds on recently isolated strains of
E. typhi and Esch. coli. In the other literature reviewed either
stock strains have been used or else the source of the strains has

not been stated. Under netural conditions in water supplies we
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would encounter fresh strains of these organisms, if any were to be
encountered at 2ll. If there is considerable veristion in the action
of chlorine on recent strains of the colon-typhoid group and on strains
which have been on artificial media for a long time, then results
obtained with the latter should not be used as the sole basis of
comparing the viabilities of Esch. coli and Z. typhi in water supplies,
Therefore the experiments of Heathman and co-wcrkers, using newly
isolated strains of these two species, seem to be particularly sig-
nificant, and the following attempts have been made to see if their
results could be verified in this leboratory.

In view of the far-reaching implications of the work of Heathmen,
Pierce, and Kabler, their paper has been the impetus for the following
critical study. Their technique, as described, has been closely
examined, their date anelyzed, end their experimental procedure has

served as the basis of the laboratory studies here recorded.

EXPERIMENTAL

I. THE EFFECT CF ADDED ORGANIC MATTER (BROTH) ON THE KILLING PCWER
OF CHLORINE DISINFECTANTS,

In performing their experiments to determine the killing power
of chlorine and chloramine solutions, Heathman and co-wcrkers added
*a portion™ (size of portion not stated) of a 24-hr. broth culture
of the test organism toc the chlorinated solution. It is not the
common practice to use broth cultures In experiments of this type,

since the efficiency of chlorine and chlorine compounds is markedly
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reduced by the presence of organic matter. Therefore it was thought
advisable to determine to just what extent results of speed tests
with chlorine compounds would be affected by the presence of a small
amount of broth. This was done by first using & technique similar
to that of Heathman and co-workers, in which a small portion of a
broth culture of an organism was introduced into the test solution.
The results of this test were then compared to those obtained by
running an experiment on the same strain using a technique in which
little or no extraneous organic matter was introduced into the test

solution,

Procedure,

The experimental pracedure used in making all the tests whose
results are recorded in this or later sections of this paper was as
follows: Sterile tap water was adjusted to the desired chlorine
residual by the addition of the necessary amount of & stock hypo-
chlorite solution, and 400 ml. were added to a sterile liter flask,
Immedietely before the start of the test and at the end of the test

the temperature of the water wvas noted, and the chlorine residual

was tested with ortho-tolidine. The temperatures were kept within
the 1limits of 22 to 24°C. A known number of cells of the strein
being tested were added to the flask containing the chlorine solution,
and et intervals of one, two, five, ten, and 15 minutes, two 1l-ml.,
portions were removed and plated into plain standard agar. The
organic matter in the agar destroyed the residual chlorine present

and thus prevented any further germicidal action. When an excessively
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bigh count was expected, the l-ml, portions were first planted into
tubes containing stendard nutrient 9 ml., of broth, and appropriate
dilutions made from the broth into standard nutrient agar. Plate
cultures were incubated at 37° for 48 hours and then counted to
determine the number of becteria surviving each interval of exposure,
In order to check the number of organisms in the test flask at the
start of the experiment, a control flask conteining 400 ml. of
sterile tap water was inoculated with the same amount of culture

as was added to the chlorinated water, and two l-ml portions were
remaved from this control flask and plated in nutrient agar.

In order to simulate the technique of Heathman, Pierce, and
Kabler, & series of tests was run in which the test organism was
added in the form of 0.1 ml, of a 24 hr, broth culture introduced
into the 400 ml. of chlorinated water, end platings mede &t the
intervals as described above, Using the same strains, enother set
of experiments was carried out in which the test organism was added
to the chlorinated solution in the form of 0.1 ml. of & saline sus-
pension of the organism teken from a 24 hr. agar slant culture. In
this lest method the amount of organic matter introduced into the
chlorine solution, aside from the bacterisl bodies themselves, was

negligible.

Discussion.,

In Table I it is clearly shown how even as small en amount of
organic matter as Q0.1 ml. of broth in 400 ml. of & chlcrine solution
will decrease the efficiency of the germicidal chlorine. A chlorine
residual of 0.45 p,p.m. was unable to effect sterilization in 15

minutes of a suspension of bacteris whose initial count was 1,800
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bacteria per ml., when the broth was present in & 1:4000 dilution;
but in the absence of orgenic matter a suspension of only slightly
fewer organisms (initial count, 1,475 per ml.) was completely ster-
ilized in one minute by a lower chlorine residusl, 0.42 p.p.m. In
each of the three other chlorine residual ranges tested the death

rate 1s markedly increased in the absence of orgenic matter,
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EFFECT OF BROTH CULTURES ON KILLING POWER

OF HYPOCHLCRITES

Date Organism Initiel Initial No. of bacteria
Cl. no, of remaining after
(ppm.) bacteria : 1 min: 2 min: S min: 10 min: 15 min:
(pe!’ mlo)
3-15-37 Ty=-157 0.45 1,800 170 160 170 190 1co
broth culture)
4/27-37 Ty-157 0.40 2,500 1,500 300 850 950 700

broth culture)

2-17=-28 Ty-157 0.42 1,475 0 0 0 0] 0
saline suspension)

e o - - T . = o > - e e S e = e e T e e G R G e e S T R T e - fn s s h e G- G m S R W e fm Gh e e e e W e e e

4-29-37 Ty-157 0.40 700 500 - - 220 200
broth culture)
2-17-28 Ty-157 0.42 130 106 71 38 33 10

broth culture)

9-23-37 Ty-157 0.40 420 276 235 150 28 1
saline suspension}
9=23-37 Ty=-157 0.40 410 176 177 90 10 1

saline suspension)

- - = = - -~ T P > Eh = = G W e W e e e AP G D . m S e e G e SR WP G G Gn Sn @ S e G W TR e G e G e e e G5 e e e - S G Gn Gm G e e e - - -

3=4-37 Ty-157 0,33 1,700 1,000 1,000 600 500 460
broth culture)

6= 2-37 Ty=-157 0.30 30,000 900 50 20 5 6
saline suspension)

- = e - Bn O S e e o = - e G S OR Ge e Te Ge G  Ge T e e e G e e G S G e = G s G e T R G e e e e e G e e G e e S S W

4-29-37 Ty-157 0.22 300 260 240 230 220 230
broth culture)

2=17=37 Ty=-157 0.20 84Q 356 310 284 278 241
saline suspension)
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Since the work of Heathman, Plerce, and Kabler on comparative

resistance of E. typhi and Esch. coli was done in the presence of

organic matter, using both chloramine and chlorine as disinfecting
egents it is of interest here to examine the literature on the effect
of organic material on the action of these and related chlorine com-
pounds,

Fabian, Beavens, Bryan, and Jensen, 1931, (8.) found that in the
presence of orgenic matter, as 0.5 per cent of ice-cream mix, sodium
hypochlorite ranidly loses its available chlorine, The greatest drop
occurred in the first minute, 55 p.p.m. of available chlorine dropping
to 31 p.p.m. in 1 min., to 20 p.p.m. in 5§ min., and to 12 p.p.m. in
one hour,.

Tilley, (33.) 1920, studied the effect of blood serum on the kill-
ing action of sodium hypochlorite (Dakin's solution), hypochlorus acid,
and Chloremine-T. The killing action of all these compounds was defi-
nitely impaired in the presence of serum, as the following results

show: BEberthella typhi, Staphylococcus aureus, and Ps. aeruginosa

were destroyed in 10 min. by 1-40C0 sodium hypochlorite in the absence
of organic matter, but survived 20 min. exposure to this dilution in
the presence of 25 per cent of blood serum, Chloramine-T, at a 1-1C0Q

dilution, killed E. typhi, Staph. sureus, end Ps. geruginosa in one-

half hour in absence of serum, but in presence of 25 per cent of blood

serum only Staph. sureus was killed by this dilution in helf an hour.

Hypochlorous acid (1-4000) killed all three of the above mentioned
species in 10 min. even in the presence of serum, However 1-780

hypochlorous acid in the absence of serum killed anthrax spores in four
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hours, but in the presence of serum it failed to kill in 24 hours,

The results noted by Tilley (33.) upon the addition of & molecular
equivalent of ammonia to a chlorine or hypochlecrite solution are parti-
cularly significant., First he observed that upon adding a molecular
equivalent of armonla to chlorine water there wes a decreease rather
then an increese in the germicidel velue of the chlorine, in the absence
of organic metter, but addition of emmonia did tend somewhat to prevent
the depreciation of germicidal activity in the presence of blood serum.
Cn the other hand, the addition of a moleculer equivelent of ammonia
to Dakin's solution (hypochlorite) not only prevented, to a large ex-
tent, the depreciation of germicidal value due to the presence of
organic metter, but actually incressed the germicidal value egainst
“unprotected' bacteria,

By no means can it be said thet the addition of ammonia entirely
prevents a drop in the germicidal activity of the resulting compound
in the presence of organic matter. That such is not the case is shown
by the following figures frcm Tilley's experiments., In absence of
serum, Dakin's solution killed E. typhi in 10 min. at a 1-4000 dilution,
end after the eddition of a molecular equivalent of ammonia E. typhi
wes killed in the same time period by a 1-8000 dilution of Dakin's
solution. Upon addition of blood serum E. typhi was not killed in 20
min. by a 1-500 dilution of Dakin's solution alone, but in the presence
of a molecular equivalent of ammonia the organism was xilled in 5 min,
by & 1-4000 dilution, As a higher percentage of serum was added, the
kXilling povier of the ammonia-Dakin's solution combination dropped

apprecicbly. In the prescrnce of 10 per cent serum a 1-2330 dilution
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required 10 min. to kill,

Beard and Kendall, (2.) 1925, observed that the velocity end smount
of sterilization of water with a hizh or low organic load were increased
by the use of ammonia with chlorine, However the velocity of steriliza-
tion of chloramine slowed down cconsiderably with hizher organie loads,

A chloramine solution containing 0.2 - 0,3 p.p.m., available chlorine, at
pd 6.6, destroyed 100 per cent of the Esch, ¢oli present in 45 min, in
the absence of organic matter. A solution of the same strength, with
100 p.p.m. of orgenic material (peptone) added, removed only 97 per cent
of the Zsch. colil in cne hour, With 300 p.p.m. of peptone, only 32 per

cent of the bacteria were removed in one hour., The lag in sterilization

was even more merked at lower hydrogen-ion concentrations,

The lowered efficiency of chlorine disinfectants in the presence
of organic matter may be the result of the operation of several factors
or principles, The mechanical protection afforded bacterial cells by
organic matter interferes with the action of all germicides, and even
with the lethal actlon of such a purely physical agent as hest., Mallmann,
(21) 1924, pouints out that in a solution containing orzanic matter, into
which chlorine gas or sodium hypochlorite has been introduced, the chlorine
may exist in three states, free, as hyrochlorite adscrbed by seemingly
inert muterials, and as reduced chemically combined chlorine, The ad-
sarbed state is not germicidal. The chemically combined chlorine may
become a purt of a compound which is inert, or there may be formation
of a compound whizh is less germicidael than the free chlorine. In any

case, the disinfectant which has entered inio combinstion with the



I |



(Clack) 11,

orgenic matter has been taken from the solution, lecsving it weaker and
less effective,

As to whether the compounds rezulting from chemical combineticn of
chlorine with organic matter will be inert, or have some germicidal
effect, we nmay refer to the studies of Guiteras and Schmelkes, (10,)
1934, They concluded that the loss of efficiency of chlorine in the
presence of organic matter is psrtizlly due to the recction of the
hypochlorites with the elpha-amino a2cids to form chloramino acids which
break down mcre or less readily to aldehydes or to kxetones, emmonia,
carbonic acid and sodium chloride. In the case of aromctic or heter-
ocyclic amino-acide, such as tyrosine end iryptophane, partial chlorina-
tion of the rinz tekes place in addition to oxidation. Chlorine which
Is reduced in oxidizing or chlorinating a ring is of no value as a
germicide. Cn the oiher hand, any chlorine which has substituted a
hydrozen atom of the amino group and which is present as -lCl, or ~HCl
ig still an active germicide. Virizht (39.), 1926, has shown that
hypochlorites may ettack some types of crgonic matter more readily than
others, the quantitative and qualitetives resultis of these reacticns
varying with the different types and ratios of amino-acids present,

From the foregoing we are forced to conclude that Heathman, Plerce,
and Kabler, (12.) by using broth cultures of E. typhi and Zsch. eoli
to test the action of chlorine compounds on these orgenisms, were
introducing a highly variable factor into their disinfection studies,
Unless the amount cnd constituents of the brcth entering into each test

were determined by exact chemical anelysis it would be impossible to

say how much effect the broth might have on the available chlorine
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present in the test solutions, end on the resulting killing action.
At the least, we may be sure that the amount and velocity of steriliza-
tion will be considersbly decreased,

In addition, we may call attention to the fact thet broth hes long
been uced as a dechlorinating agent in laboretory procecdures. Mellmann,
(22.) 1932, in describing an experimental procedure in which the action
of chlorine solutions was being tested against Esch. £oli, states
"--at intervals --- lcc. portions were removed and plented into test
tubes containing 4 cc. of nutrient broth, The organic matter in the
broth destroyed the residual chlorine present ani thus prevented any
further germicidel action.®

Heathman, Pierce, and Kabler (12.) have used another step in their
experimental method which is subject to criticism. The residual chlorine
concentration was determined by the ortho-tolidine method at the be-
ginning of each run, and efter the portion of broth culture had been
added to the test solution the residual chlorine of the solution was
tested at intervals throughout the course of the experiment. In view
of the fact that Mallmann, (21.) 1934, has shown that neither the ortho-
tolidine method nor the iodometric method of measuring available chlorine
is accurate in determining the germicidal chlorine, in the presence of
suspended material, it is very likely that the later chlorine determina-
tions made in each run by Heathman, Pierce, and Kabler are of little
value, Both the iodometric and ortho-tolidine test measure in addition
to the free chlorine at least a part of the inective adsorbed chlorine,
This is demonstrated by such results as these, recorded in the paper

of Heathman and co-workers: at the end of 18 hours; 5 bacteria remaining,
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end 0.04 p.p.m. of residual chlorine, 64 bacteria remaining and 0.04
p.p.m. of residual chlorine; and at the end of 2% hours; 104 becteria
remaining end 0.08 p.p.m. of residual chlorine, 98 bacteria remaining
and 0.07 p.p.m. of residual chlorine,

Charlton and Levine (4a.) state "Failure to take proper account of
the organic matter present has introduced errors in interpreting and
comparing the results of disinfection studies with chlorine. The liter-
ature revesls a number of ccnflicting opinions, ----- ccncerning the
relative germicidal power of the several types of chlorire compounds,
These conflicting opinions came sbout partly because proper considera-
tion wes not teken of the reaction between the chlorine disinfectent
and the orgenic metter present.

®¥—e---The importance of giving careful consideration to the presence
of any type of added substance either in disinfection tests or in the

practical application of chlorine compounds cannot be overemphasized,"

II., THE RESISTANCE OF Eberthella typhi AND Escherichis ecolil to
CHLORINATION.

That the significance of the coliform group as a bacteriological
index of the safety of chlorinated water supplies should be reconsidered
fs the econclusion of Heathmen, Pierce, and Kabler (12). This is based
on their finding that some strains of E. typhi were more resistant to
the action of chlorine compounds than some strains of the coliform
group, In one study of the killing power of chloramine, carried out
at room temperature, in 29 instances out of 34, the time required to

kill recently isolated strains of E, typhl was equal to or in excess
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of the time required to kill members of the coliform group studied
simultaneously. However, at law temperatures (2-8°C.), a longer time
was required to kill members of the coliform group than to kill the

E. typhi strains in 18 of the 34 experiments., From these observetions
Heathman, Pierce, and Kabler conclude "that some strains of E. typhosa
may, under certaln conditions, exhibit as great (or greater) resistance

to the killing action of chloramine as do members of the coli-serosenes

group.”

Heathman and co-workers mede tests on 13 freshly isolated str=ains
and two old leboratory streins of E. typhi, and on 12 freshly isolated
strains and one old leboratory strain of Esch. coli or members of the
coliform group. As previously stated, Heathman and co-workers are
probably the first to use recently isolasted strains in testing the dis-
infecting action of chlorine compounds on E. typhi and members of the
coliform group. Resently isolated strains of these organisms should
certainly represent the strains which would be found under natural con-
ditions in water supplies more closely than old lsboratory strains of
the same species. For this reason, the observations of Heathman, Pierce,
and Kabler, thet some streains of E. typhi may be more resistant to
chlorination than some strains of the index-organism Esch. coll, if
correct end based on accurate laboratory work, are of the greatest im-
portance. The purpose of the studies described in this paper has been

to see if the results of feathman, Pierce, and Kabler could be confirmed,

In making the tests of the viability of strains of E. typhi and
Esch. colil in the presence of chlorine compounds, the technique de-

scribed earlier in this paper was used. The test organism was added
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to the chlorirated solution in the form of 0.1 ml. of a saline suspen-
sion of a 24-hr. ager slent culture, in order that the smount of
extraneous organic metter introduced into the test solution would be
negligible. Both recently isoleted and old laboratory streins of

E. typhi and Esch. coli were used in these experiments,

Discussion of Results.

In teble II we find by taking the average for each species of the
initial counts per ml. snd the number of bacteria surviving exposure
to a hypochlarite solution in the range of 0.30-0.25 p.p.m. available
chlorine that the resistances of E. typhi and Esch. coli are approximately
equal, However, in considering the results of individual experiments,
we note considereble variation in the different strains of each species,

and even in the same strain tested on different days.

In table III we see that for the strains tested, the average
resistance of the E, typhi strains to an availeble chlorine concentra-
tion of 0.,20-0.22 p.p.m, 1s considerably less than the rescistance of the
Esch. coli strains, Here, also, we note differences in the viability of

various strains of each species, although tested under the same conditions,

In tables IV and V, we do not have data in such a form that we can
attempt to draw any conclusions as to the reletive viability of E. typhi
and Esch. coli. However, the thing that impresses us in these, as well
ags the two preceding tables, is the varlebility of a given strain in
its resistance to chlorine, when tested under the same conditions, but

on different days. This is in spite of the fact that the chlorine
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residual, reaction, end temperature were carefully controlled so that

any veriation in these factors must have been so small es to be insign-
ificant. This suggests that differences in the death rate of the strains
as tested from day to day were due not to chemical factors, but probably
to biological chances in the culture of each strain as it was carried
from day to dsy. Table VI shows clearly how some of the strains varied

in resistance when tested on different days.

Wie see in Table V¥ that the Esch. coli C-(RCA) strain tested was
more resistent the seventh day after isolation than on the second.
After that the resistance decreased somewhat, elthough it was fairly
high again three weeks after isolation, dropping however at the next
test. The old laboratory strein of Esch. coli, C-160, was slightly more
resistent than the recently isolated strain was on the day that they
were tested together. The recently isolated E. typhi strain, Ty-1153,
was less resistant when tested on the second day after isoletion than

the recently isolated Esch. coll strain was at any time.

From Table VI we see that the typhold strain Ty-7780 was less
resistant when first isoleted, than it was when tested a month and a
half later. Viith another strain, Ty-8090, the test made within the
first week after isolation showed the strain more resistent than it
was after being on artificial media for two weeks, Still another
typhoid strain, Ty-7525, was less resistent to chlorination when first
isoleted, than it was five weeks later, The freshly isoleted Esch.
coli strain, C-Ev.#2, was not so viable in the presence of chlorine

as it was 26 deys later. About a month later it was a little less
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TABLE VI

COMPARATIVE KILLING RATES OF

Eherthella typhi AND Escherichia coli WITH CONSTANT CHLORINE REZSIDUALS

Qrganism Date

Ty-7780

Ty~7780

Ty-8090

Ty-8090

Ty=7525

Ty-7525

c*m .#Z

C-E\f . #2

C-Ev.#2

C-Ev.#2

4-11-37

6 -3-37

5-28-37

6- 3-37

5-17-37

6-25-37

5- 2-37

5-28-37

6-26-37

7- 3-37

Initial

Cl.

(ppm. )

0.30

0.30

0.30

0.30

0.20

0.20

0.30

0.30

0.22

0.21

Initial
no, of
bacteria :
per mlo
14,000

8,300

8,000

12,000

12,600

1,300

60,000

12,500

20,000

19,000

No, of bacteria per ml,
remaining after

1 min: 2 min: S min: 10 min:
2 0 0 0
7,700 7,800 - 90

6,000 3,800 3,000 4,000

7,800 7,000 3,700 2,300

80 as Q- 1
48 45 40 26
23,000 23,000 18,000 460

9,000 7,700 7,000 7,000

10,000 8,000 8,000

9,000 6,200 2,000 1,500

(Each set of figures represents the average of two runs.)

15 min:

3,600

1,250

28

7C0

6,800

7,500

870



(Clack) TABLE V

COMPKRATIVE KILLING RATES OF

Eherthelle typhi AND Escherichia coll WITH CONSTANT CHLCRINE REZSIDUALS

Organism Date Initial Initial No. of bacteria per ml,
Cl. no, of remaining after
(ppm.} bacteria : 1 min: 2 min: 5 min: 10 min: 15 min:
per ml,

c-(RCA) 1-27-38 0.38 1,800 1,500 6 0 1 ]
¢-(rRCA) 2- 1-38 0,38 2,500 1,940 1,725 1,830 1,735 1,630
c-(RCA) 2- 1-38 0.36 2,500 1,765 1,625 1,510 1,480 1,450
c-(RCA) 2- 5-38 0.38 718 68 2 o! 0 o]
c-(RCA) 2- 9-38 0.38 2,500 1 0 0 0 0
Cc-(RCA) 2-10-38 0,38 4,000 240 11 0 1 0
¢c-(RCA) 2-15-38 0.28 3,940 3,700 2,840 290 13 4
c-(RCA) 3-21-28 0,38 4,150 625 2 4 4 5
Ty-157 2-15-38 0.38 860 30 4 0 0 0

(old lab, strain.)

C~160 3-2128 0.38 4,100 1,225 50 13 1 1l
(old 1eb. strein.)

Ty-1153 3-22-38 0,38 4,080 0] 0 0 0 o

(Eech set of figures represents the average of two runs.)



o WAL N T 1 AT AT S L & VR R «n—




(Clack)

TABLE IV

COMPARATIVE KILLING RATES OF

Eherthella typhi AND Escherichis coli WITH CONSTANT CHLORINE RESIDUALS

Organism Date

Ty-7525 5-17-37
Ty-7634 5-17-37

Ty-7780 6-26-37

Ty-157 9-23-37
(c1d leb. strain)

Ty-157  2-17-38

C-Bv.#1  6-25-37

C-Ev.#2 6-25-37

Initial
Cl.

(ppm.)

Q.42

0.42

0.41

0.41

0.42

0.42

Q.42

Initiael No. of bacteria per ml,

no, of remaining after

bacteria : 1 min: 2 min: S min: 10 min: 15 min:
per ml,

12,600 14 1 a 0 0
37,000 34 6 Q 0 o
25,000 870 6 ) 0 0
420 276 235 150 28 1
1,475 o} a 0 a 0
2,500 0 0 0 Q 0
1,900 0 0 0 0 Q

(Each set of figures represents the average of two runs.)
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TABLE III

COMPARATIVE KILLING RATES OF

Eherthella typhi AND Escherichia colil WITH COMSTANT CHLCRINE RESIDUALS

Organism Date

Ty-7758
Ty-7T780
Ty=-7525
Ty-7525
Ty=7525

Ty-7634

C-Ev.A1
COEV o# 1

C—EV 0#2

Aversge of E. typhi strains

5-12-37
5-12-37
5-17=-37
6-25-3T7
6-25-37

5-17-37

6-26-37
7= 3-37
6-26-37

T~ 3-37

Initiel

Cl.

(ppm. )}

0.22
0.22
0.20
0.20
G.20

0.20

0.21
0.21
0.22

c.21

Average of Esch. coli strains

Ty-157

2-17-38

(old leb. strain)

0.22

Initiel No, of bacteria per ml.

no, of remaining after
bacteria : 1 min: 2 min: S min: 10 min:

per ml,

166,000 8 1 3 (o)
123,000 680 60 40 40
12,600 8Q 25 0 1
1,300 35 43 26 29
1,300 48 45 4Q 26
3,700 1,000 - 7 5
21,000 15,000 10,000 9,000 8,500
17,800 17,200 11,500 8,000 7,500
20,000 - 10,000 8,000 8,000
19,000 9,000 6,200 2,000 1,500
51,316 208 35 13 17
19,450 13,733 9,425 6,725 6,375
840 356 310 284 278

(Eech set of figures represents the average of two runs.)

15 min:

28

8,000
6,000
7,500

870

5,342

256



(Clack)

CCMPARATIVE

TABLE II

ILLING RATES QF

Eherthelle typhi AND Escherichia coli WITH CONSTANT CHLORINEZ RESIDUALS

Organism Date

Ty-7758
Ty-7780
Ty-7780
Ty-8090

Ty-8090

C~Ev.#1
C-Ev.#1
C-Bv.#2
C-Bv.#2
C-Ev.#2

c-(rca)

Average of E, typhl strains

4-11-37
4-11-37
6= 3=27
$5-28-37

6~ 3-37

5-23-37

5=25=37

5-22-37

5-25-37

5-28-37

2- 5-28

Initial

Cl.

(ppm.)

0,30
0.30
0.30
0.30

0.30

0.30
0.25
0.30
0.25
0.30

0.30

Initial
no, of
bacteria :
per ml,
17,000
14,000
8,300
8,000

12,000

27,000
2,500
60,000
1,900
12,500

920

11,830

Average of Esch, coll strains

Ty-157  5- 2~37
(o1d 1ab. strain)
Aer-13Q 8-13=-37
Aer-130 8-13-37

0.30

0.30

g.3a

17,470

30,000

5,000

5,000

7,000

2
7,700
6,000

7,800

100
0
23,000
50
9,000

730

5,700

5,480

90Q

4,700

3,400

No. of bacteria per ml,

remaining after
1l min: 2 min: 5 min: 10 min:

7,800
3,800

7,000

23,000
2
7,700

736

3,720

5,340

50

4,000

3,400

16

3,000

3,700

18,000

7,000

278

1,679

4,213

20

3,600

3,200

(Each set of figures represents the average of two runs.)

10

0

90
4,000

2,300

460

7,000

153

1,280

1,402

3,100

2,700

15 min:

3,600

1,250

700

6,800

45

972

1,258

2,000

2,400
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viable than in the preceding test, and still a month later its viability

had dropped, but notso low as &t the first test.

It is interesting to note that in their studies, Heathmen, Pierce,
and Kabler found that e longer time was required to kill recently isolat=-
ed strains of E. typhi then to kill the cld lecboretory Rawlings strain
and another old laboratcry straln of E. typhi with which they worked,
They state "This appears to indicate that prolonged growth on artificial
media materially reduces the resistance of E. typhosa to the disinfecting
action of chloramine.® This is a different view than that presented by
Cohen, (6.) 1922, who worked on the effcct of temnerature &and reacticn
on the viability of Zsch. colil and E. typhi in water, Cohen used cul-
tures of these organism which had been grown for a long time on ertificial
media, and says "--this does not constitute a defect in the present
experimental plan. The undoubted zcquisition of higher resistance to
external influences altered somewhat the degree of the mortality rate
by accentuating and magnifying the retardation during the early phases
of the process, precisely the condition desired.™
The earlier work of Melick, (25.) 1917 is also of interest in this con-
nection. In studying the survival of E. typhi in soils infected with
excreta, he found that young streains were less resistant than old.

In glancing over the deta presented in tables II-V it will be
seen that the old laboratory strein of Z, typhi, Ty-157, was in most
cases more resistant than the recently isolated strains tested under
the same conditions. However even this strain showed some variation in

its viebility.
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The results presented here suggest thzt the phenomenon of dissoci-
etion, thet is, the change of "imocth™ bacterial forms to "Rough®™ forms,
is the mcst cutstanding mecns of accounting for the varjations in re-
sistance here observed. In the Esch. coli strain cesignoted as C-(RCA),
some evidence of culturel dissociation wes seen. After about three
weeks on artificial media, e&n occesicnal rough colony was observed con
the plates poured with tiils strain. The colony wes only slichtly
lerger than the smooth type, and hed pie-sheped wedres which were more
opajue thzn the rest of the colony. The margin was slizhtly undulete.
This colony was cbserved only six times altogether, but was always the
sanie, Un being trancfered to sursar media the fermentetion reactions
were those usuelly characteristic of Fsch, colil and the indol test wes
positive. Re-plating from this colony elways gave rise to “smcoth®
colonies, No other streins of this species with which we worked showed
rough growth on plates or slants. The old leboretory strein of E, typhi
Ty-157, regularly gove rise to about 80 per cent of colonies with
slightly undulate margins, although the recently-isclated typhoid
streins, in spite of showing considereble variation in resistance,
showed only "smooth" culturel choracteristics,

In 1527 Hadley (11.) presented a complete and impartial resumé of
the existing litercture on disscciation. The evidence presented points
to the fect that dissocistion or varizbility occurs in all species of
bacteria and that under suitalle environmentul conditions these changes
can be induced in a more or lecs reversible manner., Hadley observed
that parellel trends of dissociation are frequent, ealthough exceptions

to these character correlations are often found, and gives a list of
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twenty-four charcctericstics in which bacteria mey vary from the S type
to the R type. The mutational trends that seem most to be the common
property of nearly all species ere listed as follows: "essurmption of
a sedimentary or spontzneously acglutinative form of growth; change in
sire, form, color and consistency of colony; loss or modification in
antirenic pover and agglutinebility; loss or diminuticn in virulence;
end increzsed resistance to unfavorabtle cenditions of environment, in-
cluding the action of stzrvation, entiseptics, heat, desiccation, and
the lytic principle.”

It has not been within the scope of these studies to observe the
other mutational trends in the strains used, but we have met with
definite evidence that variation in resistance, one of the characteristic
named by Hedley, 1s =2 function of the dissaociation phenomsnon., Whether
increased resistance should be associated with the S type or the R
type, we have no basis for saying; that variestion of this characteristic
does occur we are sure,

allmenn, (20.) in dissociction studies on the Salmonella group,
found three types of orgunisms to exist, as concerns colony stability.
They are (1.) the pure smooth type, (2.) the pure rough type, and (3.)
the variable rough-smooth type. The pure smooth and pure rough strains
did not undergo dissoclation changes., Under the influence of dissocia-
tion incitants, there might be scme slight chanse, but these chunges
vere not permanent, as evidenced by the fact that the cultures reverted
to the originel types suvon after the incitants were removed. Vhen
dissociation incitants were applied to the intermediate types, which

indescriminately produced both smooth end rough colonies on agar plates,
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these intermediate cultures cculd be converted to either rough or
smuoth colonies at will, They did not retain this induced prcperty
long after the specifiz incitants were remcved befcre reverting to
mixed cclonies again., From these data, Vallmann concluded thet the
type of cclony formation depended cn hereditury factecrs, and that the
pure R end 5 type organisns are mutants in the strict sense, cf the
normal RS type organlisme

If the enalciy 1s permitted, we may attempt to explain the varia-
tion in resistance cobserved in our studies in the lizht of Xallmann's
observations on colcny stebility as an index of dissoclation., ‘e may
consider that in the noraal type organicsm both tendencies exist, and
that some of the organisms will be more resistant and some less recistunt,
The total resistance of a straln on a given day would depend on the
nunbers of each type of orzanism present, a2nd if we are dealing with
an intermedicate type, we could expect this resistance to vary from day
to day. The strains of organricms of the colon-typhcid group that would
find theilr way from the human body to pollute a water supply would
probably contein e high pronortion of these normal, internediate t;pe
orgunisms. Thus, in working with recently isclated strains of colon-
tryphoid organisms, we are most likely to be working with strains which
are variable in at least some of their characters,

In only two of the strains of the calon-typhoid crganisms studied
were parallel dicsocietion characteristics observed along with variation
in resistance to the effect of disinfectants. The characteristic ob-
served vas a slizght chanze in colonisl form, as previously described,

Cther less obvicus veriations may have been present at times, tut no
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tests were mede for their presence. MNungester and June, (26.) 1932,
Mackenzie, Fitzgerald, and Irons, (19.) 1933, observed independent
variation of biological characters of bacteria as a result of dissoci-
ation, lackenzie, et al, found twelve different characters all to vary
independently of ecch other, It was even possitle to demonstrate the
independent varistion of such closely allied characters as the aggluti-
native, absorptive, and agglutinogenic properties,

It is recognized by those who have worked on the problem of for-
mulating bacteriological tests of the efficiency of disinfectants that
the variability from time to time of the reaction of the test organism
with the disinfectant is an important factor affecting their results.
Rideal and Valker, (28.) 1903, in their method of determining the phenol
coefficients of acermicidal compounds, took into consideration the
variations in vitsl resistance of the same species of an organism and
provided that the resistance of the strain used be checked by mezns of
a standard phenol ccntrol in running each test. Rideal mentions that
the seasonal variastion in the resistance of the organism (Rawling's or
Hopkin's streins of E. typhi) appears to be a difficult factor to
eliminate. Ruehle and Brewer, (29,) 1931, in presenting the F.D.A.
method of determining the nhenol coefficient, gave detailed instruc-
tions for the frejuency of transferring and the media used for growing
the test organism, so thet a minimum of variation would result,

Wright (38.) 1937, found that even minor variations in the reaction cr
composition of the culture medium influenced the results obtained in
the critical testing of disinfectants., The strzin of E. typhi used
affected the final result, and variztions in the phenol coefficient of

over 200 per cent could be obtained by the use of different strains of
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Heathrman, Pierce, and Xabler (12,) attribute the variations in
the resistence of strains with which they worxed to variations in the
compositions of the test sclutions used. They stete "There were

variations (in the killing powver of chlcramine) from day to day, even

'

ual end temperature rurces. These

Foe
[

within the s=me chliorine res
variations were to be expected, since the weter used in these experi-
ments were not a repraducible synthetic water, but rsther wes talen
from the municipal woter-supply system and consequently wes subject

to the varistions which occur in treated surface waters. -----These
observed differences in action indicete the inconstancy of chlorine
waters, and also the difficulties enccuntered in preparing them."

Ve sre willing to grant that the inconstancies in the compousiticn
of the chlorine vaters used, would account for & prcportion cf the
inconstancies in the r=sults obtained by Heathmzn and co-workers,
Furthermore we sugsest thst the biolcgical variztion in the recistance
of the strains used cen be fully as important a factor. This is born
out by the variations observed by us in experiments where the reaction,
temperature, ccrposition, and chlorine residusls of the test sclutions
used have been carefully controlled. Cur contenticn is that the con-
clusions drewn by Heathmen, Pierce, and Kabler are based on an attempt
to compare altogether too many varisbles, and ihat these conclusions
are carrying mcre weizht vith other water-bacteriolc-ists than is
warranted,

The me:hod which Heathmen, Pierce, end Kabler (12.) have used in

of interest.

0]

obtaining the data on which their conclusions acre baced 1
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.

fach run consiszts of five determinations of the number of crienisms

ven pericds cf tirme, tcrether with the

|.a-

surviving per m v, clter ¢i
initiel number of orgcnisms per ml., of solution at the start of the
expariment. These figures were determined by plate counts taken in

the usuel marner, If rapid xilling was expected, teats vwere mude at

intervals cf 5, 10, 20 and 30 minutees, &nl one hour. Frejgucntly there

»)

vere still becteria surviving 2t the final te=t. If less rarid

v,

killing was expccted, tects were made at intervals o¢f 32 minutes,
1, 12, 2, 2}, andi 18 hours., Sterility was almcst glosys fround at 18
hours, but there vere usuclly crganicsme surviving at the 2! hour
interval. These tasts were usuzlly not run to completion (sterility)
for, althoush the 13-hour tests usuzlly shewed no crganisms surviving,
the interval between this znd the preceding (2 -hour) test was so long
that no clue to the actuel time cf xilling of the sirein wes furnished,
Vevertheless, Heathman and co-worliere wished to knew the kxiiling-time
for each strain under a glven cet of ccnditions., The methad by whizh
they arrived st the killing-time is best described by queting directly
from the paper of Heathnan, Plerce, and Kabler.

"'hen the plate counts for the veriosus periods of eiposure in an

experiment were plotted cn semi-logarithnic puaper it wos found possible
to project through the point representing the initlal conceantration
a streizht line which would pass throuch or close to practically all
of the plotted points.

"Tt will be seen that all the plotted points do nct lie on the
line drawn. However, the points lie within the zcne of experimental

error. From the line slope as indicated on the resulting curve, the

time reguired to kill 99.9 percent of the bacteria wes computed.”™
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Figure I. Reproduction of graph from paper of

Heathmen, Pierce and Kabler showing method
of plotting killing-time. Killing-time as
plotted here 3.6 hrs. Killing-time (for same
run) reported in same paper 5.35 hrs,
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Mo theoreticel busis vas offered by these authors to justify the
use of this curve to fit data of this trpe. Mor did they explain why
only five points, all subjcct to plus or minus 25 per cent error,
near the fegianing of & death-rate curve should be considered sufficient
to determine the course of the entire curve, which in most csces had
to be projected for a considerelble distance before the bace-line was
struck.

In order to determine how well Heathman, Pierce, 2nd Kabler ‘s

ustified, we have attempted to reconstrust

Ca.

treatment of their dota is
mcny of the graphs by meanc of which their figures for killing-times
were computed from the recults of plate counts. A mass of data (132
runs) was prasented by these suthors, from vhich the fifures used in
threce graphs have been chosen at randcm. Careful inspection of the
rest of the dazta assured us that these fi-ures were entirely represent-
etive of all the data precented by Heathman and co-worlers,

In Figure II. is presented a case where a sirein of £, trphi
(Ty S-129) was tested on two different czys, &t the szme chlorine
residual. The killing-time as recorded by Heathmun et al, and as de-
termined by them from graphs drawn in the manner described above, is
6.38 hours for becth tests, It is plainly seen from the zrarh presented
of each run that the curves formed by the six points determined in each
caese do not coincide or even closely reszerible each other, The curves
drawn by Heathmen et al pass through only the first three points in
each case, and disregerd the positions of the last three points. Since
it is the killing-time thet was to be determined, and since the later
plate counts are the ones which are nearer sierility, it would seenm

that these later counts would be ot least as importent in determining
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the course of disinfecticn as the earlier counts,

Nearly all of the grephs presented indicate that the killing-
times recorded by Heathman, Pierce and Kabler are probebly greeter
than the time that actuzlly wes taken to ettsin sterility, or, as they
put it, "the time required to kill 95.9 percent of the bacteria."

This eppears to be the case in Grarh a. of Figure III., where the last
three pcints on the graph fell belcw the curve drawn by Heathman et

al, Jjust as they do in the graphs shovm in Fipure II. The szue is seen
in Greph a. of Fizure I¥., Sraph a. of Figure VI., and in both Graph

a. &nd b, of Fijure VIII. In both the runs recorded graphically in

fox

Figure VIII, the 2.-hcur test shewed only cne orsanisn surviving per
ml. of test solution. This chowed that more than 99 per cent of the
bacteria were already killed at 2: hours, since the initial counts were
119 bacterie per ml. for the YNov. 26 run, and 186 bacteriel per ml.
for the Nov. 19 run. Yet Hesthrman and co-workers give the killing-
times es 11.05 hours and 11,9 hours respectively,.

A similar, but even less excusable, discrepancy is shown in Figure
III, gragh b. Althou;h leathmun, Pierce, and Kebler report sterility
in the 18-hour test of this particular run, in enother table which
surmarizes the killing-times as computed by the method described, they
report a killing-time of 22.18 hours for this same run. In this case
the curve from the point representing the initicl number of organisms
per ml. to the point representing the killingz-time (22.18 hours)
passes through or close to prectically all the other plotted points.
llowever, there is no explanation given by the authors es to why they

consider a xilling-time thus computed more accurate than an actual test

showing becteriological sterility. OGraph b. of Figure IV. shows the
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curve from which a killing-time of 1805 hours was computed, although
the 18-hour test showed sterility. In Graph b, of Firure V, is a curve
plotted by leathman et al to show a killing-time of 23,91 hours, a
computed time of more than 10 hours efter the 18-hour plate test which
showed that ell organisms were destroyed. Likewise Graph b. of Figure
VII., and Graph b, of Figure IX. shcw curves plotted to killing-times
of 20,06 hours and 26.42 hours, respectively, when in both cases the
18-hour test plute was sterile, /s & matter of fect, Heathmen and her
essoclates report a killing-time of more then 18 hours in 29 ceses,

in 25 of which the 1f-hsur plate was reported sterile,

When the amount of culture and the chlorine residual were such
that repid killing was expected Heathman end her associates plated
samples from the test-solution at intervels of 5, 10, 20, and 30 minutes
and one hour. Figures X.-¥TII, show some examples of the points ob-
tained by plotting counts from platings, taken at these intervals,
against the time, together with the death-curves indicated by the kill-
ing-times as reported by Heathmen, Pierce, and Kebler, In Figure X.
the results ere shown of an E. tvphi strain (initial count 251 per ml.)
end an Esch. coli strain (initial count - 214 per ml.) both acted upon
by the same chlorine residuzl, and at the same temperature. Heathman
and co-workers report a slightly longer killing-time for the Esch.coli
strain in this test, although ffom the position of the points plotted
from the plate-counts it appears ss if the Esch, colil strain wes being
killed more rapidly than the E. tynhi strain. In neither of the two
graphs presented in Figure X, nor in those presented in Figures XI, and

XI1I. does & straizht line appear to be the type of death-curve that

should be used to fit the points plotted from the experimental data,
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The straight-line curves used in these cases by Heathman and associates
do not pass even close to the points representing the determinations
mede at the one-hour interval. Since the one-hour test was the last
one mede in these cases, it should be most important in determining

the course of the death curve.

In the last two graphs of this series, presented in Figure XIII.,
the plotted points all lie on, or clcse to the straight line, but,
although it can be seen that the course of disinfection for bsth strains
is practically identical, Heathman, Pierce, and Kebler report a killing-
time of 6.3 hours for the E. typhi strain, and 16.2 hours for the Esch,
coll strain. There is nothing in the data presented, which give nearly
identical figures for the plate-counts of both runs, to show why a
difference of ten hours is recorded in the killing-times of these strains.

The grsaphs presented in Figures III. to XIII, show that a straight
line does not truly represent the type of death curve thet results from
the action of chlorine on strains of the coliform group under the con-
ditions of the experiments of Heathman et al. The graphs presented in
Figure II. and Figures XIV, to XVI, show that this type of curve fits

the fasts of the case no better for chloramine disinfection.

The plotting of death curves is good practice in disinfection studies,
The usual procedure, however, is to determine the bacterial count at the
start of the test and at frequent intervals thereafter until the dis-
infectant ceases to act or until all the organisms are destroyed. The
figures representing the number of becteria surviving after eech interval
may then be plotted against the time, and a curve drawn through the

points thus obtained. In this way the approximate time of the death
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of all the organisms has been found before the curve is plotted, and
the curve results from the killing-time determined by experiment, in-

stead of determining a theoreticel killing-time,

In contrast to this usual procedure we have the method used by
Heathnmen and essociates, where the killing-time is the result of a curve
drewn arbitrarily through a few points determined by tests made early in
the course of the experiment., During a long period in the later part of
the experiment (between the 2 and the 18-hour intervals) no tests were
mede, Although the 18-hour tests in all but four experiments showed
sterility, there is no way of knowing at just what time during this long
interval the last surviving organisms were killed. In fact, since the
result of the 18-hour tests were so often disregarded by Heathmasn, Pierce
and Kabler in computing killing-time these tests might just as well have
been omitted entirely.

It has been seen in the experiments of Heathman et al thet when
plate counts for the various periods of exposure were plotted on semi-
logrithmic paper attempts made to project a straight line through a point
representing the initial concentretion of bacteria and these subsequent
points were not highly successful, In fact there wes no justification
found for using a straight line so plotted as the type of death curve to
express the course cf chlorine and chlorumine disinfection under the con-
ditions of the experiments of Heathman and associates, Killing-times
determined by actual bacteriological tests might be valuable in comparing
the resistances of strains of E. typhi and Esch. coli to chlorine dis-
infectants, But killing-times roughly determined by projecting curves

through a few points at the beginning of the curve, especially when
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these points are all subject to plus or minus 25 per cent of error,

cannot be considered valid for this purpose.

Since we are forced to conclude that the killing-times recorded
by Heathman, Pierce, and Kabler are valueless in comparing the resistances
of strains of E. typhi and members of the ccliform group to the action
of chlorine disinfectants, some attempt has been made to interpret their
data by examining the plete counts recorded for each individueal experi-
ments, It was fcund next to impossible to draw any definite conclusions
from these figfures as so many variables were present. The nature of
these variables may be enumerated as follows:

1.) Introduction of extraneous organic matter into the test
solutions bty use of broth cultures,

2.) Variations in the resistances of the strains toc the disin-
fectents, due both to variations in the ccnstituents of the test solu-
tions, end to dissocietion of the strains tested,

3.) Rather large numerical differences in the initial concentraticns
of organisms of the Z. iyphi strain and the coliform strain, when tested
at the same chlorine residual,

4.) Duplicate tests-, in regards to using same strain, same initial
bacterial concentration, same chlorine residual, end same temperature,

--- not run,

. From the foregoing critical analysis of the paper of Heathman,
Pierce, end Kabler, the decision is reached that the data which they
present does not support their conclusicns; namely (1.) that there is

danger of viasble E. typhi persisting in waters treated with chlorine
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end chloramine longer than members of the coliform group, and (2.)
that the significance of the coliform group as a bactericlogical index
of the safety of chlorineted water should te reconsiiered. There is
no reason why the conclusicnsg presenied in the paper of Heathman and
her associates should be made the besis of discrediting previaus
studies on the value of Ecch. ccll as an index of pollution of weater

supplies.

CONCLUSICNS

1.) The use of broth cultures in test on the germicidal zctivity
of chlorine caused a reduction of the residual chlorine in the test
solution due to the extranecus crganic matter introduced in the broth,
This loss of chlorine reduced the armount and velocity of disinfection,

2.) In compering the resistances of E. typhi and Zsch. coli to
the action of chlorine disinfectents, it was noted that the differences
in resistance of the two species were no greater than the differences
in resistance cf strains of the same species. Furthermore the vsriations
in resistznce observed in any given strain from dey to day were as great
as any differences observed in the resistances of the two species,

The phenomenon of dissocietion was advenced to account for the
varistions in resistence observed in the strains as they were tested
from day to day.

3.) No evidence wes found to support the statement of Heathman
and associetes that "prolcnged growth on artificial medie materially
reduces the resistance of E. iyphosa to the disinfecting ection of
chloramines.® Both recently isolated end stcck strains of E. typhi

were subject to so much varietion in resistance that it was difficult
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to compare one strain to another,

4.) The ccnclusions drawn by Heethman, Pierce, and Kabler thet
E. tyohi may persist in chlorine-treated waters as long, or lcnger,
than memters of the coliform group, and that the significance of the

coliform group as the bacterioclogical index of the safety of chlorineted

waters should be reconsidered, were not warranted by the data which they

presented.,
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