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THE results of continued tests on vegetative forms and on the
common spore-bearing bacteria are presented in this paper, with

a more detailed description of the technic employed.

TECHNIC

Preparation of the Chlorine Solutions-Double distilled water in a
pyrex or Jena flask was saturated with chlorine gas from a tank of
liquid chlorine made by electrolysis for the treatment of water sup-
plies.t From this, five stock solutions were made, containing 10, 50,
100, 200 and 500 p.p.m. These were stored in brown glass stoppered
bottles in an icebox and restandardized every 2 weeks.

From the stock solutions the experimental dosage solutions were
prepared with double distilled and sterilized water in 250 c.c. pyrex or
Jena flasks. The initial quantity of water in each flask was 150 c.c.
Fifty c.c. were removed for the chlorine absorption test of the glass-
ware and water. The remaining 100 c.c. portions of the dosage solu-
tions were used in duplicate for exposure of the bacteria under test.
One flask was tested bacteriologically and the other used for deter-
mination of the residual chlorine. Usually there was no material dif-
ference between the dose of chlorine introduced and the residual
amount found, and the latter was, therefore, the amount recorded for
the bactericidal experiment.

The chlorine absorbing properties of the water and glassware were
determined just before the test proper by treating 50 c.c. of the water
in each flask for 5 minutes with 0.3 c.c. of a stock solution of chlorine
containing 60 p.p.m. After 5 minutes, 3/2 c.c. of orthotolidin solution
was added and the resulting color compared with standards. The
water treated as above received 0.36 p.p.m. of chlorine. The amount

* This paper supplements an earlier report on the subject.'
t Obtained from Wallace and Tiernan, Newark, N. J.
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of chlorine absorbed was usually negligible. If there was material
absorption of chlorine by the water and glassware, the set was dis-
carded. In no case were flasks giving a final content of less than
0.25 p.p.m. used in the experimental work.

The glassware was first carefully cleaned with sulphuric acid + po-
tassium dichromate, and then rinsed several times with distilled water.
The Nessler tubes used for the chlorine determination by the ortho-
tolidin method were of uniform shade and selected carefully to give
equal depth of solution. After each experiment they were rinsed
thoroughly, filled with distilled water, and allowed to stand in this
condition until again needed. Some lots of glassware were found to
absorb appreciable amounts of chlorine and these were eliminated.

Method of Chlorine Determination-For the more concentrated
solutions (above 5 p.p.m.), the iodine thiosulphate method was used
as follows:

Twenty-five to 100 c.c. of the sample were diluted if necessary to 100 c.c. with
the tested double distilled water, and to this solution 5 c.c. of potassium iodide
(150 grn. per liter) and 1 c.c. of a solution of equal parts glacial acetic acid and
water were added. The mixture was allowed to stand in a dark place for 10
minutes. It was then titrated with N/40 sodium thiosulphate to a straw-yellow
color, when 1 c.c. of starch reagent was added and the titration finished.

For solutions containing less than 5 p.p.m. the orthotolidin
method' was used. The color standards were made from copper-
sulphate and potassium dichromate solutions.

Procedure of Bacterial Exposure-The technic of determining the
" chlorine death points " of the organisms was essentially the same as
that given in the previous report.1 Nutrient agar plates were used for
growing most of the strains, but special mediums were employed when
necessary to secure growths. The Gram-negative cocci here included
were grown on the modified Torrey's medium described by White and
Pope' for cultivation of the meningococcus.

The tests were carried out by adding approximately 100 to 300
organisms per c.c. to the contents of each of two flasks containing
100 c.c. of double distilled water which had just been tested for chlo-
rine absorption. From one flask, 1 c.c. was planted to determine the
number of organisms present, then a definite amount of free chlorine
was added to each. One was tested for residual chlorine immediately
after the experiment; the other flask was used for determining the
rate of destruction of the organisms and the time required to kill. To
do this 1 c.c. of the contents was plated at intervals of 10, 15, 30, 45
and 60 seconds. The plates were poured immediately, incubated for
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48 hours at 370 C., the organisms counted, and the rate of destruction
and time required to kill noted. It was found that 48-hour incubation
was usually necessary, because in some instances colonies appeared
after 48 hours on plates which in 24 hours had no visible growth.

RESULTS

II. VEGETATIVE FORMS
A brief summary of the previous work on vegetative cells is here

included.1 Two hundred and thirty-five strains, comprising 23 species,
were tested. A large percentage of these strains were killed by 0.1
p.p.m. of free chlorine, In 15-30 seconds. None survived 25 p.p.m.
B. coli stood out as in general the most resistant, and was deemed
most suitable for use as an " index organism " of effective disinfection
of vegetative cells by chlorination.

We have since chlorinated 126 additional strains including 8 new
species, the results of which are summarized in Table I.

TABLE I

DOSAGE OF FREE CHLORiNE REQUIRED TO KILL VEGETATIVE
CELLS OF BACTER IN 15-30 SECONDS

Chlorine No. of Chlorine No. of
p.p.m. Species Strains p.p.m. Species Strains
0.10 B. aerogenes 28 0.15 B. aerogenes 9

B. fecalis alkaiigenes 5 B. coli 5
Gonococci 7 Meningococcus 1
M. catarrhalis 3 Non-lactose fermenting
Meningoco:ci 25 bacteria from water 14
B. mucosus capsulatus 4 0.20 B. aerogenes 4
Non-lactose fermenting Non-lactose fermenting

bacteria from water 18 bacteria from water 3
V. ckolerae 3

Total strains 126

Most of the vegetative strains, regardless of species, were killed
by 0.1 p.p.m. of free chlorine. A few survived 0.15 p.p.m., and none
required more than 0.20 p.p.m. for their complete destruction. Three
hundred and sixty-one vegetative strains * have been tested, represent-
ing 32 species and including the more common pathogens. The later
findings support our earlier conclusion that B. coli is probably the or-
ganism best suited for use as a criterion of effective chlorination of
water supplies, swimming pools, dairy equipment, dishes and other
utensils.

* Including previous work.1
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SPORE-BEARING ORGANISMS

One hundred and forty-two strains of 17 species of spore-bearing
organisms were studied. These, which included the more important
pathogens and non-pathogens of both aerobic and anaerobic types, are
shown in Table II.

The anaerobes were all grown in liquid beef heart medium except
Cl. botulinum A., Cl. botulinum B., Cl. sporogenes and Cl. welchii,
which were plated in the sulphite-glucose-iron agar of Wilson and
Blair.'

B. airosporus was grown on lactose agar. The other a&obes were
grown on plain agar.

TABLE II

DOSAGE OF FREE CHLORINE REQUIRED TO KILL
SPORES OF BACTERIA IN 15-30 SECONDS

1. Anairobes

Species
Cl. welchii
Cl. tetani
Cl. botulinum A.
Cl. ckauvei
Cl. sporogenes
Cl. sporogenes
Cl. botulinum B.
V. septique
Cl. sporogenes

No. of
Strains

25
1
1
1
1

18
4
1
1

Chlorine
p.p.m.
25.0

30.0
35.0

40.0

Species
Cl. botulinum
Cl. tetani
Cl. chauvei
Cl. sporogenes
Cl. chauvei
Cl. oedematiens
Cl. tetani

No. of
Strains

2
1
1
1
1
1
1

61

2. Aerobes

Species
B. aerosporus
B. anthracis
B. anthracis
B. megatherium
B. anthracis
B. mesentericus
B. mesentericus
B. brevis

No. of
Strains

28
6

21
4
5
1
1
2

Chlorine N
p.p.m. Species St

B. cereus
160 B. subtilis
190 Unidentified spore

bearers from sewage

280 B. vulgatus

lo. of
trains
2
4

6

1

81

There was wide variation in the amount of chlorine required to
kill various species of spore-forming bacteria. For complete destruc-
tion, the anaerobes required a range of concentrations from 1.00 p.p.m.

for the least resistant, Cl. welchii, to 40 p.p.m. for a strain of Cl. tetani.
The aerobes required a higher and wider range of chlorine concentra-
tions, varying from 18 p.p.m. for B. aerosporus to 280 p.p.m. for a

strain of B. vulgatus.

Chlorine
p.p.m.
1.0-2.5
15

17.5

18.0
20.0

Chlorine
p.p.m.
18
45-65
66-85

86-100

135-150
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DISCUSSION

These results demonstrate the futility of attempting to kill spore-
bearing bacteria by use of chlorine in waterworks practice or in other
phases of practical disinfection. The many times larger dosage of
chlorine required to kill spores as compared to vegetative cells (10 to
1,100 times) would render the cost prohibitive, and cause a highly ob-
jectionable taste and odor in water supplies. Moreover, such ex-
cessive dosage seems unnecessary, since the essential purpose of the
disinfection.is the destruction of certain common pathogens of intesti**
nal or respiratory origin, which belong to the group of vegetative
forms, of which B. coli is the generally accepted group representative.

Should it be desirable under special circumstances to rely on the
destruction of a member of the spore-bearing group as evidence of dis-
infection of spores, probably B. subtilis would be most suitable and
safest to use. Its chlorine " death point" of 160 p.p.m. is higher than
that of the common pathogens of the spore-bearing group and about
600 to 700 times that of B. coli.

In the light of the above findings, discretion should be used in ad-
justing the dosage of chlorine in water supplies on the basis of the gas
tests, when lactose fermenting spore bearers are present. These or-
ganisms, which are widely prevalent in nature, require for their de-
struction amounts of chlorine ranging from 2.5 p.p.m. for Cl. welchii
to 18 p.p.m. for B. aerosporus, or from 10 to 70 times that required by
B. coli. B. aerosporus is so resistant to chlorine that its destruction in
a water supply by chlorination cannot reasonably be expected.

Probably a residual chlorine dosage of 0.25 p.p.m., equivalent -to
the chlorine " death point " of B. coli, would be. a safe margin to carrv
in water supplies under ordinary circumstances. In other words, the
principle seems sound to require as a margin of safety, an excess of
chlorine equivalent to the minimal " chlorine death point" of B. coli.
after the primary chlorine demand of the water is satisfied. The same
principle seems applicable to swimming pools; i.e., that 0.25 p.p.m. of
residual chlorine would be a safe margin. This amount, if consistently
maintained, should give assurance of the destruction of the common
pathogenic bacteria here studied, which might reasonably be expected
to find their way into water unless the conditions are very exceptional.

SUMMARY

In this and a preceding investigation, the " chlorine death points"
or minimal amounts of free chlorine required to kill in 15-30 seconds
were determined for 503 strains of 48 species of bacteria. The experi-
mental conditions were adjusted to exclude as nearly as possible chlo-
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rine absorbing factors other than the organisms, so that the relative
resistance of the organisms to free chlorine would be indicated.

From the standpoint of resistance to chlorine, the bacteria studied
fall into two major groups, (1) vegetative cells, and (2) the spore-
bearing organisms. The vegetative group, including the common
pathogens of both intestinal and respiratory origin (exclusive of the
tubercle bacillus), were killed by small doses of free chlorine, i.e., 0.15
to 0.25 p.p.m. in 15 to 30 seconds. B. coli was found to be in general
somewhat more resistant to chlorine than the other vegetative forms
and was considered to be a suitable " index organism " for use as a
criterion of effective disinfection by chlorine.

The spore-bearing group was found to be from 10 to 1,100 times
more resistant to chlorine than the vegetative forms. The " chlorine
death points " of spores ranged from 2.5 p.p.m. for Cl. welchii to 280
p.p.m. for B. vulgatus. B. subtilis, with a " chlorine death point " of
160 p.p.m., was considered to be probably best adapted and safest for
use as an "index organism " of the spore-bearing group.

The wide divergence, however, in the resistance of spores on the
one hand, and of vegetative cells on the other, suggests that in practical
disinfection by chlorine, the attempt to secure consistent elimination
of spore-bearers is futile, and serves to emphasize the primary pur-
pose of such disinfection, which is, generally speaking, to safeguard
against a relatively few pathogens of intestinal and respiratory origin
belonging to the vegetative group. Considering these primary objects,
the regular and consistent destruction of B. coli appears to afford a
more suitable practical criterion of effective chlorine disinfection, than
would a spore-bearing ." index organism" such as B. subtilis or a total
bacterial count which would be unduly affected by excessively re-
sistant spore-bearing organisms of little sanitary significance.
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Health Records of School Children in France
THE educational authorities of the city of Paris have decided to introduce into

the public schools a system of individual health records which will permit
regular supervision over the physical development and health of the children. The
health records will be introduced in the elementary schools.-Paris Mid., Feb. 1,
1930, p. XXV.


