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Hydrogen sulphide formation in sewage is supposed to be due to
two distinet processes, the splitting of protein by certain organ-
isms and the reduction of inorganic sulphates by others. Led-
erer (1913) concludes that more hydrogen sulphide is formed
under anaerobic than under aerobic conditions. He thinks
that the formation of hydrogen sulphide from protein is a selective
process and that it depends a great deal on the position of the
sulphur radical in the protein molecule. At any rate other fac-
tors than reduction are involved in hydrogen sulphide formation.
An organism may be a very strong nitrate reducer and at the
same time a weak hydrogen sulphide former, although both reac-
tions are reducing processes. Lederer is of the opinion that the
reduction of inorganic sulphates may however be an important
factor in hydrogen sulphide formation, and thinks it probable
that the action may be due to some unknown specific organism
similar to the Spirillum desulphuricans of Beijerinck (1895).

Several workers have observed the formation of hydrogen sul-
phide in large quantities in the effluent of sewage disposal plants.
Barr and Buchanan (1912) report the isolation of a specific or-
ganism in one such instance. Clark (1913) and others have re-
ported the reduction of inorganic sulphates in sewages.

Sulphur metabolism may also play a beneficial role in sewage
disposal in that certain species of bacteria may cause the oxida-
tion of sulphur and of hydrogen sulphide to sulphates thus reduc-
ing the amount of odor. This is a well known property of such
organisms as Beggiatoa and Thiothrix (Jordan, 1918).
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Another field in which bacterial sulphur metabolism may be of
importance is in soil bacteriology. The part played by sulphur
here is little understood. Lipman, McLean and Lent (19186)

-suggest that sulphur oxidation in soils may have an effect on the
availability of mineral phosphates as plant food. '

Again a number of workers have attempted to apply hydrogen
sulphide formation to water analysis, the assumption being that
the amount of hydrogen sulphide produced when water is planted
in a suitable medium is proportional to the degree of pollution.
Schardinger (1894) seems to have first suggested this possi-
bility. He observed that when water polluted with fecal ma-

_ terial was added to peptone solution and incubated, it produced

a characteristic odor, and ‘that it blackened g strip of lead ace- -

tate paper which was suspended over the liquid. Dunham in
1897 suggested the following method for the detection of pol-
luted water. Sterilize 10 cc. of an aqueous solution of 10 per cent
peptone and 5 per cent sodium chloride in a plugged Erlenmeyer
flask. To this flask add 90 cc. of the water under examination,
suspend a strip of filter paper impregnated with lead carbonate
over the mixture, and incubate for twenty-four hours at 37°C.
Dunham maintained that the colon bacillus and the organisms
of putrefaction readily multiply and cause the production of
hydrogen sulphide which discolors the lead carbonate paper.
Redfield (1912) studied the effect upon the speed and amount
of hydrogen sulphide production when different factors were
varied. Among the conditions investigated were the effect of
using filtered and unfiltered peptone solutions, the effect of the
concentration of the peptone, of the type of inorganic salts added
to the peptone solution, of the concentration of various salts
added to the medium, of the kind of bases and acids used in ad-
justing the initial reaction of the medium, and of the relation of
the final reaction of the culture to the amount of hydrogen sul-
phide production. As a result of his work Redfield suggests the
following method for the detection of polluted water: '

Bring 700 cc. of tap water to a boil and add 300 grams of Witte pep-

tone and 75 grams of potassium chloride. Maintain a gentle heat and
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stir constantly until as much of the peptone as will do so has gone
into solution. Cool rapidly and make up to 1 liter with tap water.
Transfer to a flask, heat to boiling again, plug, cool rapidly, and place
in the ice box for at least twenty-four hours. Filter cold through paper
and distribute in 10 cc. amounts among the special flasks suggested.
Sterilize the flasks in the autoclave at one atmosphere for fifteen minutes.
“When cool, place in the tube of each flask a strip of bibulous paper 25 mm.
in length, which had previously been impregnated with lead acetate.

The top of the plugged tube was then closed by wrapping with
a strip of tin foil. The flasks alluded to were of a special design.
They were shaped like a Sohxlet extraction flask, were graduated
at 90 cc. and 100 cc. and a ground glass cap ending in a narrow
tube was fitted over the neck of each flask.

Redfield tested this method by means of an artificial sewage,
prepared from human feces. This sewage was quite dilute, since
it contained only twenty colon bacilli per cubic centimeter and
had a total bacterial count of twenty-eight hundred. He re-
ports a gradual increase in the amount of hydrogen sulphide pro-
duced, and in the speed of its production as the concentration of
sewage increases. Thesame result is reported with a consider-
able number of untreated waters from a variety of sources. He

concludes that there is a uniform relationship between the de-

gree of pollution of a water and the amount of lead acetate paper
blackened when this method is employed.

Redfield also made some quantitative determinations of the
amount of hydrogen sulphide produced by sewage organisms.
He compared a number of methods for the quantitative determi-
nation of sulphur in peptone solutions. He also investigated the
hydrogen sulphide producing powers of several species of bacteria,
and concluded that the proteolytic organisms rather than B. cols
are responsible for its formation.

Burnet and Weissenbach (1915) suggest another use for the

hydrogen sulphide producing powers of bacteria. They found

that colonies of B. paratyphosus B, became black when grown on
agar which contained a small amount of lead acetate, while
colonies of B. paratyphosus A did not. They consider this an
accurate method for the differentiation of the two organisms.
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Maymone (1917) suggests a somewhat similar method for the
differentiation of B. paratyphosus A, and B. paratyphosus B based
on biological characteristics and the appearance of cultures on
lead acetate media.

Jordan and Victorson (1917) employed a like method for B.
paratyphosus B, and B. paratyphosus A. Agar tubes containing
a small amount of lead acetate were inoculated between the me-
dium and the side of the tube. All typical strains of B. paraty-
phosus B blackened the needle track. The typical B. paraty-
phosus A strains produced no blackening. XKligler (1917) sug-
gests a simple method for the differentiation of B. paratyphosus
A and B, B. typhosus, and B. dysenteriae, based on a double sugar
medium similar to that of Russell, containing lead acetate.

Bacterial action probably plays a réle in the formation of in-
testinal gases. Hydrogen sulphide is always present in intes-
tines and is probably formed from cystin. Senator described a
case in which an intoxication with hydrogen sulphide of intesti-
nal origin occurred, but this is apparently the only case reported.
(Wells 1918). Hydrogen sulphide formation by bacteria may
be concerned in some of the conditions included in that vague
term, autointoxication.

The formation of hydrogen sulphide by bacteria is also of in-
terest, because of the light it may throw on the metabolism of
bacteria. Sasati and Otsuka (1912) carried out some experi-
ments with a few organisms as to the formation of hydrogen
sulphide with cystin, taurin, sulphur, sodium, sulphate, and
sodium sulphite. Burger (1914) compared cystin and peptone as
a source of hydrogen sulphide.

Tanner (1918) published interesting data on various sulphur
compounds as a source of hydrogen sulphide when acted on by
bacteria. He (1918) has also contributed a valuable article
on the formation of hydrogen sulphide by yeasts.
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EXPERIMENTAL WORK
The application of hydrogen sulphide formation to water analysts

Experiments were undertaken to ascertain the delicacy and
reliability of the hydrogen sulphide test used by Redfield to de-
termine the potability of water.

The medium used was that suggested by Redfield with minor
modifications. Sodium chloride was substituted for potassium
chloride, and instead of the special flasks which Redfield employed,
Erlenmeyer flasks of 150 cc. capacity and made of Pyrex glass
were used. One-half per cent sodium chloride was added to all
media containing peptone because it seemed to produce a clearer
medium. Difco peptone made by the Digestive Ferments Com-
pany was substituted for Witte peptone since the latter is not now
obtainable. Ten cubic centimeters of the medium were placed in
each flask and autoclaved for ten minutes at 15 pounds pressure.
A strip of filter paper 50 mm. long and 3 mm in width was sus-
pended in the mouth of the flask in such a manner that approxi-
mately 30 mm. of the strip was exposed. The filter paper had
been moistened in a 10 per cent solution of neutral lead acetate,
and sterilized in the autoclave for fifteen minutes at 15 pounds
pressure. It was necessary to sterilize the lead acetate paper
separately because it was found that some blackening occurred
when the medium was autoclaved, due probably to a slight
hydrolysis of the peptone, since steam at the pressure of the
autoclave ionizes more than at atmospheric pressure.

One gram of the feces under examination was weighed out.
This merely served as a convenient amount from which to make
dilutions since of course the moisture, bacterial content and resi-
due varied enormously in the different samples. A 90 cec. por-
tion of each dilution studied was placed in one of the Erlenmeyer
flasks and incubated aerobically at 37°C. The approximate
number of millimeters of lead acetate paper blackened was re-
corded at the end of twenty-four hours, forty-eight hours, seven-
ty-two hours, and seven days. The method was of course, only
approximate, but all conditions were kept as nearly identical as
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possible. The total forty-eight hour 20°C. bacterial count on
standard agar, the total forty-eight hour 37°C. bacterial count

on standard agar, and the colon count, using the complete test

fermentation tube method, were made in each case (A. P. H. A.
Committee, 1912, 1917). In the fermentation tube work, ten
tubes of lactose broth were inoculated with 1 cc. each of the
dilution selected and several dilutions were always used in order
to make sure that some one series of ten tubes would show gas
in only part of the tubes. All media were prepared according
to the standard method of water analysis of the American
Public Health Association (1912, 1917).

The colon count was also made in each sample by plating on
Endo medium and counting the colon like colonies directly.
This was done as a check on the fermentation tube method and
to test the possibility of making direct counts of the colon con-
tent of sewage and other materials by the use of Endo medium.

Table 1 indicates the types of feces studied and the data
obtained.

The counts are expressed in millions and fractions of millions
in order to make the table less bulky. Table 1 indicates that
there is a fairly definite relationship between the amount of fecal
material in a given solution and the amount of hydrogen sulphide
formed, although occasional irregularities appear.

There were some difficulties in making a colon count directly
on Endo medium, the most important being that deep colonies
are at times difficult to differentiate. On thé whole it would
seem that the method is as accurate as the fermentation tube
method and it is perhaps less cumbersome, especially when
dealing with material that is heavily loaded with colon bacilli.

Table 2 gives the minimum number of colon bacilli which
produced a perceptible blackening of the lead acetate paper after
incubation at 37°C. for twenty-four hours, forty-eight hours,
and seven days respectively. It also gives the twenty-four hour
37°C. count, and the forty-eight hour 20°C. count for purposes of
comparison with the colon count. The customary 90 cc. dllu-
tion was used.
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There is no constant relationship between the number of colon
bacilli from different animals and the amount or rate of hydrogen
sulphide production; and there is also no definite relationship
between the numbers of other organisms and hydrogen sulphide

TABLE 1
Summary of examination of feces from different animals
g .:] s é é § é ; E APPROXIMATE NUMBER OF MILLIMETERS OF
5 ] <3 = = = 5 E LEAD ACETATE PAPER BLACKENED
Zo &z 25 | =&
<83 <=A Hey ngg Dilu-
E T £°5 | gOF |Dilution= | Dilution=| _%;0 |Dilution=
S8OURCE L8 gg: bgé DQE 1:100000 | 1:1000000 |,.5000000]1:100000000
28 a oow QR | G
e A IR EEEEEEHE
LIRS I LU L R R E
- 39.8 20.9 | 33.0(30.0 |2 (3030 1 | 5|30/ o o oo |o| 0
uman. ... 27.5 6.1 | 8.0(11.0 | 0.5/ 7/30] 0 |7[30] 1| 2/ 40 |0l 0
Bovi 1.74 1.25| 0.01{0.1 [1 |3|5/0.5 1 10 0o0o |0o
OvIDe...... 2. 1.8 | 7.5[5.0 |4 [10f30] 1 |5/30 0/ 1/ 6j0 |0 0
- 0.31 0.25| 0.0710.1 |7 (3030 3 |[10l25/ 0f 1/ 2/0 | o]0
OTs€....-- 1] 55.0 1.0 | 0.06{ 0.08 [ 1 [3030j 0 |12(30| 0] 1| 4| 0| 0] 0
Sh 90.0 11.0 | 10.0 | 5.0 10 |15[30| 2 | 7|10] 2| 4|30/0 | 1| 4
eep....... 224.0| 215.0 [210.0/90.0 |3 |[3[2001 |2/ 6|0 0 1l0 |o|o0
Pi 288.0 | 281.0 [233.0 /90.0 | — |—|—[10 [30]|20| 4{10[30/0.5| 1| 2
IR 90.0 50.0 | 10.0 |61.0 | 2 |[30[30{ 1 (30/30| 9| 2| 2/0 | o0
Chick 126.0 | 26,000.0 | 20.0 {10.0 | — |—|—[10 |[30{30/10|1530[1 | 2
lcken.... 1] 28.0 32.0 | 2.9|4.0 [10 [3030] 3 |[20{30] 0|1530[0 | 0|10
Rabbit* 3.2 2.23| 0.01/ 0.003{ 1 | 4{30| 1 | 5| 5/ 0| 0| 0jo | of 0
abbit®..--1 17.0 20.9 | 0.04 0.01 |1 [2030] 0 | 1/30] 0|15/30/0 (10[30
b 53.0 48.0 | 47.0 [50.0 (10 [15/20{10 (15[30| 5/20|30{0 |20[30
0B vvvee 35.0 34.0 | 11.0 6.0 | — |—|—| 5 [20|30| 5/20/30/0 [20[30

* The dilution is one-tenth lower than that given in the column heading.

formation. Certain types of animal feces seem to produce
hydrogen sulphide in even higher dilutions than human feces.
Therefore this test applied to the direct examination of water
would have no value since it is too delicate. It is to be expected
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that results of this type would be irregular since many other
bacteria aside from colon bacilli are capable of producing hydro-
gen sulphide. It would be interesting to determine whether
there is any difference in the hydrogen sulphide forming power
of pure cultures of colon bacilli coming from different sources.

Table 3 summarizes the results of a rather complete bacterio-
logical analysis of samples of water from various sources, the
purpose being to compare the hydrogen sulphide test with
standard methods.

The samples marked “University of Chicago tap’ were speci-
mens from the Chicago mains. Those marked ‘“University of
Chicago filtered” were taken from the University of Chicago
drinking fountains, the water having been passed through a
special filter belonging to the University. It will be noted that
the condition of these waters was very good according to the
usual standards, yet a small amount of hydrogen sulphide
appeared in one of the filtered samples.

The samples marked Omaha House 1, 2, 3, 4, 5, and 6, were
taken from the taps of houses in a certain district of Omaha,
where several cases of typhoid fever had occurred. These
analyses were made to determine the condition of the city water
supply. Two series of examinations were made about two weeks
apart. There was no evidence of contamination according to
standard methods yet hydrogen sulphide was formed in two
instances in twenty-four hours, and in most other samples there
was an appreciable amount of blackening in forty-eight hours.

These results would indicate that this test is too delicate to be
of value in water analysis. Hydrogen sulphide was formed by
every contaminated water and by some waters in which there
was no evidence of contamination by the usual methods of
examination. This agrees with the results obtained by examina-
tion of feces from various animals.
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Effect of the variety of commercial peptone, and of the presence of
glucose and sucrose on hydrogen sulphide formation

The hydrogen sulphide producing power of a number of
common bacteria was studied in several media. Witte’s peptone,
“Difco” peptone made by the Digestive Ferments Company,
and Fairchild peptone were compared. Four different media
were prepared from each brand of peptone, a 3 per cent solution
of the peptone containing 0.5 per cent of NaCl, a 3 per cent
solution of the peptone containing 0.5 per cent NaCl and 0.5
per cent glucose, a 3 per cent solution of the peptone containing
0.5 per cent NaCl and 0.5 per cent sucrose, and standard
nutrient broth. Glucose and sucrose were chosen because
Seifert (1909) reports that glucose decreases and sucrose increases
hydrogen sulphide formation by B. paratyphosus B. Table 4
summarizes the results.

Witte’s peptone was the most favorable of the three brands
in regard to hydrogen sulphide formation, and Fairchild’s was
more favorable than Difco. Variable amounts of hydrogen
sulphide were formed in Witte and not in Difco peptone media
by Sarcina lutea, Staphylococcus albus, Staphylococcus aureus,
B. prodigiosus, B. pyocyaneus, Mic. tetragenus, a laboratory
strain of streptococcus, B. cloacae, B. subtilis, B. anthracis, B.
avisepticus, B. bovisepticus, Sp. metchnikovit, Sp. cholerae, B. lactis-
aerogenes, and B. mucosus-capsulatus. Larger amounts of hydro-
gen sulphide were formed in Witte than in Difco peptone by
some of the other organisms.

Hydrogen sulphide was produced in Fairchild and not in
Difco media by B. lactis aerogenes and B. cloacae. It seemed to
make no difference which of the four media prepared from each
peptone was used. Ordinary broth was as good as any. Glucose
and sucrose did not influence the rate or amount of hydrogen
sulphide formation.

It was a striking fact that many species of bacteria produced
hydrogen sulphide from Witte’s peptone and not from the
American brands. This was of course due to difference in
chemical constituents. Witte’s peptone contains more amino

1sanB Ag 2T0Z ‘T AInC uo /610 wse ql/:.dny woliy papeojumoq


http://jb.asm.org/

TABLE 4

Relative amount of hydrogen sulphide produced by various bacteria in Witte

peptone media
o. g% Negrve 8§ :I:‘{%‘lm 32% Naci BROTH
. Q70
ORGANISM

1B s |5 5 s|5 5 2|88 s

28| 8|S8|2|8|8|8|2|8|2|3

L9 = |32 = |39 = || %~
Sarcina lutea............| 0| 0} 1| 0} O O] OJ O] 2] .0} 1| 1
Staph. aureus........... 01 0} 1 0} 7|30 O 7|30 1| 4|22
Staph. albus............ 2] 5|12 3| 5|10 3| 5| 8| 811020
B. prodigiosus........... 21 3|12 2| 4} 7114|2230 1| 2|12
B. pyocyaneus.......... 0/ 0] 1]0[0] 00| O 1| Of 1| 2
Mic. tetragenus......... 0] 0| 0O O0| 0} O] Of O] Of O] 1| 8
Strep. pyogenes......... 2|1 2 2|125|27|127117|125(30| 2| 2| 2
B.coli.................. 5(15(30(19/20]/20]19|22(|30|15|25| 28
B. lactis aerogenes....... 21 2110(19|25(27(15}25{30| 3| 6|20
B. mucosus capsulatus..] 0| 2| 5| 61215 4{20{30| 3| 3| &
B. enteritidis........... 9(15(27 1113|1520 817301230 30
B. para-typhosus B......| 9 (18 (22| 7|11 |15 7| 9|15|15|20| 25
B. para-typhosus A......[ O 0] 1| 0| O] 1] 0| O] 2] 0| O] 3
B. typhosus............. 5 9(15] 4]12]15| 51525152530
B. dysenteriae Shiga...., 0| 0| 0| O O Of O Of 1| O] 1| 2
B. dysenteriae Flexner..f{ 0| O 1| 1| 1| 83| 0| 0] 1} 0| 1] 3
B. proteus-vulgarus..... 22127 (3022|2530 |18 (27|28(30|30]|30
B. cloacae.............. 5(20(27(15(25(30|17]30{30| 4|11 |25
B. subtilis.............. 30130|30|22]27(30|22(27|30(25](27]27
B. anthracis............ 30(30|30({25]|/30|30|25|30(30|30}30]30
B. moelleri.............. ofo0f 0] 0] 0] 2] 0] 1] 2| 0} 1} 3
B. fecalis-alkaligenes....| 0| 1| 2| 0| 1| 2| 0] 1| 3| 4| 6|14
B. bovisepticus......... 3| 3| 3/16(18(30]19|25|30| 3| 3| 3
B. avisepticus........... 2|1 4] 6(12{22(25| O 1| 3| 911823
Sp. metchnikovii........ 012125} 0| O] O] O| 1|25 82227
Sp. cholerae............. 62528 7| 8| 9/19|22|30 (132730
B. hofmanni............ o0 0| 0] O] 0] O] O[O O] O] O] 1

Relative amount of hydrogen sulphide produced by various bacteria in ‘‘ Difco”’
peptone media
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51101 20 71101 10 5 6 62513030
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ojo0f{ 00| 0| 0|00 O0] O] O] O
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ool 0| Of O| O| O] 0] 0] O] O] O

Relative amount of hydrogen sulphide produced by various bacteria in
peptone media

Fairchild
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para-typhosus A......
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. avisepticus..........
Sp. metchnikovii........
Sp. cholerae.............
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acids than the American products. It probably also has a higher
percentage of sulphur bearing constituents, possibly cystin.
It would be interesting to determine the relative amounts of
cystin in each type of peptone, but this has not yet been done.

A series of experiments was carried out to study the effect of
various carbohydrates on hydrogen sulphide formation, by B.
paratyphosus B. A medium made up of 3 per cent. Witte pep-
tone, 0.5 per cent NaCl and 0.5 per cent of the carbohydrate
was used. It was sterilized for twenty minutes in the Arnold
on three consecutive days. Three monosaccharides, glucose,
levulose and galactose; two disaccharides, lactose and sucrose;
and a glucoside salicin were tried. No marked constant effect
of these different carbohydrates on hydrogen sulphide formation
was noted; this is not quite in accord with the observations of
Seifert (1909) who found that the presence of glucose and lactose
in peptone media decreased the amount of hydrogen sulphide
formed.

Hydrogen sulphide production by B. Paratyphosus A and B.
Paratyphosus B. and B. typhosus and B. dysenteriae

A number of strains of B. paratyphosus A, B. paratyphosus
B. B. typhosus, and B. dysenteriae, were procured. Some of the
cultures were obtained from the University of Chicago, some from
the University of Kansas, some from the American Museum of
Natural History, New York City, and some were freshly isolated
from blood or stools at the University of Nebraska, College of
Medicine. Their power of producing hydrogen sulphide was
tested in a 3 per cent solution of Witte’s peptone containing 0.5
per cent of NaCl, the same medium made from Difco and from
Fairchild’s peptones, respectively, and broth prepared from
Difco peptone. All media were sterilized in the Arnold. The
results are recorded in tables 5 and 6.

The tables need but little comment. So far as the cultures
investigated were concerned B. typhosus always produced large
amounts of hydrogen sulphide in twenty-four hours or less, while
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B. dysenteriae never produced appreciable quantities in twenty-
four hours and only a few strains produced traces after a week’s

incubation. The same distinction held for B. paratyphosus A

JOHN T. MYERS

and B. paratyphosus B. B always forming hydrogen sulphide in
twenty-four hours or less and A forming practically none even

'TABLE 5

Relative amount of hydrogen sulphide production by various strains of
B. paratyphosus A, and B. paratyphosus B

ORGANISM

PEE YR R E W W W

. paratyphosus B.
. paratyphosus B.
paratyphosus B.
paratyphosus B.
. paratyphosus B.
. paratyphosus B.
paratyphosus B.
paratyphosus B.
paratyphosus A.
paratyphosus A.
paratyphosus A.
paratyphosus A.
. paratyphosus A.
. paratyphosus A.
. paratyphosus A.
. paratyphosus A.
. paratyphosus A.

12...
179.
101.

1% WITTE PEP- | 1% FAIRCHILD
O N e
g
HHEAHH P IR
- | o w [P |l el |®|= d
15120 (3022(27130[30]30(30|25]25(30
7110({30|22(25|130|27|30|30|22|30]|30
71 7112 5| 8110 3| 5| 8|10|12|12
12120125 (25|27 130(30{30|30(20)|22]|25
221271303030 ({30 (252528
10/20(30]22(30|30|30|30]|30(27|30]30
8(10(15|120|25|125130]30|30|30 (30|30
9117 (25]15(22{30|30(30]|30|25|30]|30
0l 1| 2] 0f0] 0| 0| O0|]O0|O0] O] O
o(f1/1,0| 00|00 1] O0]O0}O
0| 1{1f,0(0[O0}] 0} O0j 0] 0] O] O
o/ 0| 0| 0| OfO0| OjO0] 0] 0] 0] O
o 0| 0|0l O0] 0| 0] O] 1
oy 0| 0| O O[Of O0|O0]O0] 0] O O
o| 0| 1| 0| O0fO0f 0| O] 0| O} OfO
o(o0| 0| 0| 0| 0] 0]O0fO|O0]O0]| O
ol ol 0| 0] O} 1] 0] 0] 0| 0] Of O

after a week’s incubation.
use of Endo and Russell’s medium, should be of considerable
value in differentiating these organisms, especially when the
detection of carriers is the object in view. Ordinary broth is as
satisfactory for this purpose as any medium tried. Sterilization
in the autoclave instead of in the Arnold is satisfactory.

This property, combined with the
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TABLE 6

247

Relative amount of hydrogen sulphide production by different strains of typhoid and

dysentery bacilli

1% wrrrs PEP- | 1% FAIRCHILD
0RO | G |rokstsnNecH| Do saors
ORGANISM
Bl E|a| 8|8 |c|B B lelB|8]e
5| 2|E|5|2|5|2|2|8|2|2|5
tle|2 |z |32 |2 (x|
Typhosus, Hopkins..... 8(18|25115|20|30|27|27{30]|15(20 (20
Typhosus, No. 190...... 10{20 (2511212223130 30|30(22]|22]|22
Typhosus, Omaha No.1.| 7|15|20( 8|12 (15| 25(25|25|25{ 25|25
Typhosus, Omaha No.2.| 12|16 | 23 | 10 | 15 | 20 {20 [ 25 (30| 20| 25| 25
Typhosus, Omaha No.3.| 9|13 |20| 7| 15|15 25|27 |27 22| 25|27
Typhosus, Omaha No.4.| 10 | 16 { 22 | 9|15 (20|27 |27 |27 |18 | 25| 30
Typhosus, Omaha No. 5.1 12|20 |25 |10 | 15|20 | 25 (30| 30 | 15 | 25 | 27
Typhosus, Omaha No.6.| 10 | 18 | 23 | 10 [ 156 | 22 |22 [ 25 (25|20 | 25| 25
Typhosus, No. 189...... 9172512181827 127|30|20|22]| 25
Typhosus, No. 197...... 9120221417 |22130|30|30|17|20] 27
Typhosus, No. 607...... 5|15|15|20| 25|25 (20| 25|25
Typhosus, No. 11....... 101520 911 [15|30{30]|30(15]|20]|25
Typhosus, No. 608...... 7112(12|130/30|30|18| 20| 20
Typhosus, 5............. 912025101515 /30|{30|30|18 20| 22
Typhosus, Cary......... 12 (18|25 (15|18 (20|20 (25|25 |20 | 22| 25
B. dysenteriae, Flex-
nerC.................. 0(«©}| 10| 0[O0l O0OjO0|O0|]O0|O0] O
B. dysenteriae, Hof-
mann C............... 0, 0| 2|0/, 0|,0|0]0|]O0|]O0] O 1
B. dysenteriae Shiga. W..l 0| 0| 0| 0| 0| O( O| Of O| O O] O
B. dysenteriae Shiga.C..[ 0| 0| 1{ 0| 0| 0| 0| 0| O| Of Oof O
B. dysenteriae Strong...| 0y 0| 0| 0f 0| O0f O] Of| O| O O| O
B. dysenteriae, Flex-
nerW................. 0| 0| 1{0|0|0[O0]O0|O0]O0] O] O
B. dysenteriae, 78 W....| 0| 0| 1| 0| O| O| Of| O] Of O| O| O
B. dysenteriae, Omaha
No.l................. 00| 10|l 0, 0[O0 0| O[O OO

The relationship between chemical structure and hydrogen
sulphide formation

In order to study the relationship between the state of oxida-
tion of sulphur compounds and the ease with which they may
be attacked by bacteria with resulting hydrogen sulphide for-
mation, three compounds were selected. Sodium sulphate was
chosen as a representative inorganic sulphur compound in which
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the sulphur is fully oxidized. Taurin was taken as a repre- -

sentative of the sulphur components of proteins in which the
sulphur is fully oxidized. This compound is amino ethyl

CH, NH.
sulphonic acid | analogous to a sulphate except that
CH, SO.H, : ‘
one oxygen is replaced by an H. It is also an amino acid.
Cystin the disulphide of diamino thiolactic acid was selected
because it is an amino acid.

CH:S — S — CH;
I I

| I
CH "' NH, (ﬁHNHg
|
COOH COOH

Here the sulphur is in the reduced state. Cystin is the usual
sulphur-containing amino acid found in proteins. Cystin and
taurin are analogous except as to the state of oxidation of the
sulphur.

A medium was prepared as follows: ammonium tartrate 10
grams, anhydrous sodium sulphate, 10 grams, and distilled water
to 1000 cc. The mixture was put in culture tubes and auto-
claved for ten minutes at 15 pounds pressure. Five organisms
were used, B. coli and B. paratyphosus B, because they are hydrogen
sulphide formers which have no proteolytic action when tested in
the ordinary media, and B. fluorescens-liquifaciens, B. cloacae,
and B. proteus-vulgaris, because they are organisms, with varying
degrees of proteolytic activity. Duplicate cultures were made,
" strips of sterile lead acetate paper were inserted in the mouth of
the tubes, and they were placed in a moist 37° incubator. No

growth appeared in any of the tubes at the end of seven days

incubation under aerobic conditions. -
An exactly similar medium to the one given above was made,

except that 10 grams of chemically pure glucose was added..

After seventy-two hours incubation a vigorous growth appeared
in all of the tubes but even after fourteen days incubation there
was no perceptible blackening of the lead acetate paper. Evi-
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dently carbohydrate was a necessary source of carbon for the
metabolism of the bacteria. It was omitted in the first medium
in order to learn whether the carbon in the ammonium tartrate
could serve this purpose.

Taurin was prepared by the method of Hawk (1918). Its
purity was determined by making duplicate analyses for sulphur
using the method of Redfield (1912). Theory called for 26.15
per cent and we found 25.90 per cent.

A 0.5 per cent solution of taurin was made in distilled water.
It was sterilized with a Berkefeld filter because sterilization by
means of heat caused blackening of lead acetate paper, and
pointed toward a chemical change in the taurin. Filtration
obviated any such possibility. :

Duplicate tubes were inoculated with the same series of organ-
isms which were used with the sodium sulphate medium; these

were incubated for one week under areobic conditions at 37°C.

without growth.

Another medium was prepared, identical with the above except
that 1 per cent of chemically pure glucose was added. After
one week’s incubation a slight growth appeared in the tubes
inoculated with B. proteus-vulgaris, and B. fluorescens-liquifaciens,
but not in the others. No blackening of the paper occured in
any instance. This would indicate that taurin is not readily
attacked by bacteria.

Cystin was prepared by the method of Matthews and Walker
(1909).

Its purity was ascertained by determining the percentage of
sulphur by the same method used for the taurin. Theory called
for 26.72 per cent; we found, 27.04 per cent.

An attempt was made to prepare the ammonium salt of cystin
by dissolving the cystin in ammonium hydroxide and evaporating
the excess ammonia. The cystin precipitated as soon as the
fumes of the ammonia disappeared. Evidently the ammonium
salt was easily hydrolyzed. )

The citrate of cystin acted in the same way. In order to keep
it in solution an excess of citric acid was required which was
sufficient to interfere with bacterial growth.

1sanB Ag 2T0Z ‘T AInC uo /610 wse ql/:.dny woliy papeojumoq


http://jb.asm.org/

250 JOHN T. MYERS

Cystin plus tartaric acid behaved in a similar manner.

Finally a 0.5 per cent. solution of cystin was prepared by
adding just enough sodium carbonate to keep the cystin in
solution. The medium was sterilized by filtration because heat
caused hydrogen sulphide formation. It was placed in sterile
tubes and tested for sterility. Tubes were inoculated with the
series of organisms used with the sodium sulphate and taurin
mediums. After a week’s incubation no growth appeared.

Another series of tubes were inoculated with the same bacteria
used previously. A bit of sterile litmus paper was added to each
tube and sterile 5 per cent. hydrochloric acid added till the litmus
was faintly red. The cystin was precipitated as the neutral

TABLE 7 .
Formation of hydrogen sulphide from a solution of cystin, in millimeters of lead
acetate paper blackened

ORGANISM 24 HOURS | 48 HOURS | 72 HOURS 7 paYs
B. paratyphosus B...................... 0 2 7 7
B. typhosus.................. .ol 0 0 0 0
B.cloacae............ccovviiiiiiiininn, 0 0 0 0
B.proteus.................oiiiiiiiin., 1 2 4 25
B. fluorescens liquifaciens............... 0 0 15 25

point was approached but this was ignored. After three days
incubation the litmus turned blue and sterile acid was again
added till it turned faintly red. Growth appeared in all the
tubes and hydrogen sulphide was formed in some of them.
Table 7 gives the results.

This experiment was repeated except that the cystin was
dissolved in the smallest possible amount of tenth normal hydro-
chloric acid and tenth normal sodium carbonate was added till

a precipitate formed and the medium was only slightly acid, the

exact reverse of the preceding method. The results were the
same. .

Cystin could doubtless have been sterilized by dissolving it in
an organic solvent, evaporating this off and adding sterile dis-
tilled water but this was not tried.
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Probably nearly neutral solutions of cystin in citric acid, in
tartaric acid, or in ammonium hydroxide, prepared as in the
case of the sodium carbonate solution, would have given similar
results but these methods were not tried. The work done seemed
to indicate that organic sulphur in the partially reduced con-
dition rather than in the oxidized forms gives rise to hydrogen
sulphide when ordinary bacteria act.on protein.

SUMMARY

The examination of a number of samples of feces showed no
constant difference between the amount of hydrogen sulphide
produced by human and animal fecal material. This indicates
that a test of samples of water for hydrogen sulphide production
would be of no value in distinguishing between human and
animal contamination.

The hydrogen sulphide test is too delicate for use in examina-
tion of water for the detection of fecal contamination of any
type. All contaminated waters examined were positive to this
test and many were positive which gave no evidence of con-
tamination by the usual criteria.

A considerable number of common bacteria were able to pro-
duce hydrogen sulphide from Witte peptone and not from Difco
peptone and some other kinds were able to produce it in larger
amounts. Fairchild’s peptone yielded more hydrogen sulphide
than did Difco peptone. This emphasizes the need for uniform
media.

Glucose and lactose had little effect on hydrogen sulphide
formation. There was little difference between 3 per cent.
peptone solutions and standard beef extract broth.

All strains of B. paratyphosus B examined, produced hydrogen
sulphide in twenty-four hours or less, while none of the strains
of B. paratyphosus A were able to do this.

All strains of B. typhosus studied produced hydrogen sulphide
in twenty-four hours or less and none of the strains of B. dysen-
teriae had this power.

Sodium sulphate was not a source of hydrogen sulphide in the
limited number of experiments made.
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Taurin was attacked only to a very limited extent by the
bacteria used, and none of them were able to split it to the extent
of formation of hydrogen sulphide.

Cystin in distilled water was able to support bacterial growth

in the case of some of the common bacteria, and even in some
instances to permit of hydrogen sulphide formation. This
indicates that oxidized sulphur is not readily attacked by bacteria
while partially reduced sulphur is completely reduced to hydro-
gen sulphide.

REFERENCES

BARR AND BucHANAN 1912 Iowa State College, Eng. Exper. Sta. Bull. 26.

Beuerinck 1895 Centralbl. f. Bakt. 2 Abt., 1, 3.

Burger 1914 Arch. f. Hyg. 82, 201-11.

BURNET AND WEIssENBACH 1915 Compt. rend. de Soc. de Biol., 78, 565—568

CrLArRk 1913 Rept. Mass. State Bd. of Health, 251.

Dunaam 1897 J. Am. Chem. Soec., 19, 591.

Hawx 1918 Practical Physiological Chemistry. 6th ed., 214.

HeINEMANN 1915 A Laboratory Guide in Bacteriology, 3rd ed., 86.

Jorpan, E. O. 1918 General Bacteriology, 6th ed., 105.

Jorpan, E. O., anD VicTrorsoN, Rure 1917 J. Infect. Dis., 21, 554-5.

KriGLER, I. J. 1917 Am. J. Pub. Health, 7, 805.

LepErRer 1913 Am. J. Pub. Health, 3, 552-61.

LipmaN, McLEAN aND LENT 1916 Soil Science, 2, 499-538.

MaTTHEWS AND WALKER 1909 J. Biol. Chem.,, 6, 21-37.

MaymoNE 1917 Arch. Sci. Med., 4, 202-234.

RepriELp 1912 Hydrogen sulphide production and its significance in the sani-
tary examination of water. Thesis for Ph.D. Degree, Cornell.

SaTr aNp OTsura 1912 Biochem. Ztschr., 89, 208-215.

ScEARDINGER 1894 Centralbl. f. Bakt., 16, 853-859.

SerrErT 1909 Zeit. f. Hyg., 68, 273-290.

Standard Methods of Water Analysis. 1912 and 1917. Am. Pub Health Assoc.

TaANNER, F. W, 19184 J. Bact., 2, 585-593.

TANNER, F. W. 1918b J. Amer. Chem. Soc., 40, 663-669.

WeLrs 1918 Chemical Pathology, 3d ed., 581.

1sanB Ag 2T0Z ‘T AInC uo /610 wse ql/:.dny woliy papeojumoq


http://jb.asm.org/

ERRATUM'

J. Bact. b6, 231. The Production of Hydrogen Sulphide by Bacteria. John
T. Myers. From the Department of Hygiene and Bacteriology, the University
of Chicago. .

A portion of the work recorded in this paper was done in the laboratories of
the University of Nebraska, College of Medicine, Department of Pathology
and Bacteriology, Omaha, Nebraska.



