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3. The chief mode of cultivation employed was that of uﬁu v plates, mainly because a large
namber of the bacteria of sewage rapidly liquefy gelatine, and use in certain cases the plates
were incubated at 37° C. By the nrdina?r viee of keeping the plates upside down all trouble from
the condensation of water was avoided. It is true that gelatine is in general a better medinm than

ar-agar for the growth of micro-organisms, and subsequent experiments indicated that we should
possibly have found larger numbers had we used it, nevertheless the presence of liquefying organisms
made its employment almost impossible. Before the more slowly growing colonies have time for
development the plates become useless from the rapid liquefaction of the gelatine. Our attention was
also specially directed to the possibility of the occurrence of certain disease germs in the sewage,
notably those of typhoid, cholern, and diphtheria, and these three organisms all grow well on agar-

From each sample of sewage taken, 6 to 10 plates were made, and the nnmber of colonies which
appeared showed an agreement which convineed ns that the method of dilution adopted was a good one,

4, Methods of cxamination.—Each plate was examined from day to day, and the number of
colonies counted u;;curntaly with o hand lens. When the number became constant, 1.0, when new
coloniee had ceased to appear, an average was etruck between the different plates.  Caleulation of the
total number of micro-organisms wag made from the plates which had been incubated at 22° G, since
very many bacteria do not grow at a temperature of 37° C.  In our latter experiments greater accuracy
was obtained by making careful drawings of each plate and numbering the different ies,

From every kind of colony which a red, so far as we were able to judge, sub-coltures wers
made, and these were identified and unlnuci as completely as the means at our command allowed. This
involved not only microscopic observations, but sub-cultures in all the ordinary media employed, ag.:;
agar, gelatine, beef-broth, milk, potatoes, &e., and also in many cages the use of chemical teats.
in a very large number of cases, owing to imperfect descriptions and to the fact that many of the
bacterin with which we met seem to be hitherto undescribed, identification has been impossible. In o
few cases we give descriptions of such new species as appear to us of im nee, but in most instances
we are obliged to pass over new or undescribed specics, as to work out all their characters would be the
Iabour of soma years.

Inasmuch as we desired to keep a very careful watch for the occurrence of the typhoid fever
bacillus in sewage, and since this organism is very similar to Bacillus coli commums (a normal
mmhabitont of the human intestine and one of the commonest of sewage bacterin), and indeed
only to be distinguished from it with certainty by varions chemical reactions, it was fin
employ special chemical tests in the case of all eolonies which seemed likely to be the typhoid bacillus,
Particulars of the metheds employed will be given later, when we deseribe in detail our search for this
organism in sewage,

It was clearly probable that the bacteria present in fresh sewage might prove very different
from thoze in older and more decomposed sewnge. Sewage may be a favourable medium for the
E.I:ﬂ'l-'ﬂl of one Bpe{:iEE. an unfavourable one for another, The latter will therefore tend to dizappear

m older sewage, which will contain larger and larger numbers of those particular organisms for which
it is a snitable soil. We therefore determined to exomine, in the first ingtancs, the most recent and
unaltered sewage to which we could gain access, but which nevertheless should be a fairly representa-
tive :Bulllp]c. ‘o gelected the Smithficld outfall from St Bartholomew's Hﬂspita.], a3 the area drained
by this sewer is sulficiently large to give a fair sample of average fresh gewage, including as it does,
not merely that from hospital wards but from several dwelling houses, and laboratories of varions
kinds. The hospital has, moreover, during the past few years been newly drained, and the sewage is
delivered at the outfall within a few minutes of its discharge into the draing, baving no maugﬂ
sojourn in old and foul brick drains to alter its composition. We hoped thus to gain some idea of the
bacterial Hora of perfectly recent and unaltered sewame,

We next examined a snmple of somewhat older se from a much larger arvea, but including
that from St. Bartholomew's Hospital—that, namely, from the Fleet sewer in lg-rm -street wnder
Holborn Viaduet, which takes the sewage from the districts of Holborn and Smithfield. Later we
examined sewage from the Barking outfall. which represents the sum total of all gewage north of the
Thames, and from the Crossness outfall, which is a similar summation of all sewages south of the
Thames. Ultimately, with the special object of searching for the bacillus of typhoid fever, we
exomined sewnge from the drain which leaves the scarlet and typhoid fever blocks at the Eastern Fever
Hospital at Homerton, and again that from a gewer in Bridge-street, Homerton, about a quarter of a
:rﬂ":ia tum the hospital, which conveyed the sewage of the l'%;mucrtuu district, including the hospital,
Imeo the main sewer,

THE TOTAL NUMEEHR OF BACTERIA PRESENT IN SEWAGE.

Various published determinations show the number of organisms present in sewage to be
enormoug.  The results of Mr. Jordan's examination of the sewage of Lawrence, Miss,, gave an
average of only 708,000 living bacteria per eubic centimetre, his highest result being 3,963,000 pero.c.
He obtained far higher results during the summer months than at other times. We have found, and
our results agree with those of other observers in England, that the wumber of bacteria in London
sewape is e:maldvrubl; higher than this. Determinations of the number of micro-organisms in the
sewage of the King's Scholars” Pond sewer in November and December, 1801, mentioned in a
F‘L::;rwns report, showed 2,618,000 and 8,179,000 respectively. The figures we have obtained are as
ollows :—

In perfectly fresh sewage from 8t. Bartholomew’s Hospital on January 26th, 1894, at 10.80 a.m.
from which eultivations were made immediately, without allowing any time for the multiplication of
the micro-organisms, we found on an average 2,781,650 bacteria cubic centimetre. Two agar-
plates, inoculated each with 1 c.c. of the sewage diluted 10,000 times, and incubated at 22°C, }ricj..ﬂ



ively 216 and 330 colonies. Six similar plates, inoculated each with 1 cc. of the sewage
diluted 100,000 times, yielded respectively 21, 59, 26, 27, 28, and 29 colonies. The total average is
given above. The same sewage, however, after being kept for three days in a stoppered bottle, showed
an enormous incrense in bacteria, a similar plate inoculated with 1 ee. of the sewage diluted 100,000
times yielded 338 colonies, repmmt-iu 53,800,000 bacteria per cubic centimetre,

From the Fleet sewer in 5 ill the results were somewhat higher. The sewage was taken
on March 2nd, at 11.30 am., and cultivations were made immediately. rec agar-agar plates, made
in the same way as the above, with 1 c.c. each of the sewage diluted 100,000 times, gave ively
40, 28, and 34 colonies, yielding an average of 5,400,000 ria per eubie centimetre. With this

aleo we made further experiments, to aseertain what proportion of the bacterin present would
grow aka temperatore of 872(%, or with the addition of -05 per cent, earhalic acid, or under the infloence
of both these conditions combined. Two agar-agar plates, inoculated each with a cubic centimetre
of the diluted 10,000 times, with the ition of ‘05 per cent. earholic acid, and incubated
at 87°C. yi respectively 59 and 38 colonies, giving an average of 485,000 organisms per cubic
centimetre which conld grow nmnder these unfavonrable conditions. Two plates made 1 a similar
manner, without the addition of carbolic acid, but incubated at 37° C., yvielded respectively 103, and
78 colonies, or an average of 005,000 colonies per e.c., which could grow at this temperature. A aiﬁc
plate incculated with 1 c.e. of a dilution of 1 in 100,000, with the addition of ‘05 per cent. carbolie
acid, but incubated at 22° O, yielded 19 eolonies, or 1,900,000 organisms per c.c. of sewnge.  These
results indicate that a temperature of 37° C. inhibited the growth of 734 per cent. of the total number
of isms nt in thiz zewage, while the addition of 05 per cent. carbolic acid inhibited the

of 44 eent. of the total nomber; the combination of 05 per cont. carbolie acid, with o
temperature of 37° C., inhibited the growth of no less than 858 per eent. of the bacteria present.

In the case of the sewage collected at Barking, at 11.30 am., on April 4th, an hour and a-lalf
'a]u.paad before cultivations be made in the Inlmmtd}r}'. Torr aga r plates, made each with
1 c.c. of the sewage diluted 100,000 times, and incubated at 22° O, vielded respectively 21 and 17
‘colonies, or an average of 1,900,000 bacteria per c.c. of sewage. A gelatine plate, however, made in
the same way gave 64 colonies, or 6,400,000 bacteria per c.c. of sewage. It is known that gelatine
i a more favourable medium for the growth of bacteria than apnr-agar, but the discrepan §§Mm
‘these two resnlts is eurprising ; it i= ensy, however, to attach too much importance to mlu.tg ohserva-
tions of this kind. The number of bacterin calculated from the agar-agar plates iz less than might
have been expected, but the results given by similar plates kept at o higher temperature, or with the
addition of 05 per cent. carbolic n.civ[j:am proportionate.  With the same sewage at the same time, two
similar agar-agar plates (each containing 1 e.c. of the sewage diluted 10,000 times) were inoculated and
ml.‘:t:tbu'ﬁeg::‘. 87°C. ; one vielded 27 and the other 60 colonies, or an average of 435,000 bacteria per c.c. of
sewage, able to grow at the higher temperature : i.e., 77-2 per cont. were inhibited in their growth. Two
WFJI]IEE containing each 1 c.c. of the BEWIZ diluted 100,000 times, but with the addition of =05
per cent. carbolic acid, yielded when incubated at 22° €., 11 and 8 colonies respectively, equal to 950,000
organisms per c.c, of sewage able to grow in the presence of this amomnt of carbolic acid @ d.e., M0 per
cent, were inhibited in their growth. Lastly, the two conditions were combined and two agar-agar

were inoculated with 1 c.c. each of the sewage diluted 10,000 times, and incubated at 37° C.
with the addition of 00 per cent. carbolic acid ; these yielded re:sgx-ctiv-el r 15 and 8 eolonies, or an
average of 115,000 organisme per e.c. of sewnge able to grow at 37° G, Wil:?l the addition of the above

of carbolie acid : i.e., 94 per cent. were inhibited.

ith regard to the total number of organisme present in sewage the highest results were
obtained from a sample taken at the Crossness outfall at 2.30 pan. on July 10th, This is donhtless
attribntable on the one hand te the warmer weather then prevailing, and on the other to the fact that
three hours elapsed between the time the sewage was collected and the making of the cnltivations.
The possible effects of this interval were however obviated as far as possible by keeping the bottle of
sewage during its transit packed in a chlovide of ammoninm freezing mixture. Six agar-agar plates
were made, each containing 1 e.c. of the sewage diluted 100000 times, and they were incnbated at
22° C. They yielded respectively 124, 127, 105, 119, 110 and 88 colonies, or an average of 11, 216,
B8 micro-organisms per c.e. of gewago,

The sewage collected from the fever hospital at Homerton on May 23rd at 11 a.m. was examined
chiefly for the purpose of discovering the typhoid fever bacillus. OF two agar-agar plates made with
1 cc. of the sewaEe diluted 100,000 times, and incubated ot 229 (%, one gave 43 and the other 35
colonies, or an average of 4,000,000 bacteria per ce. of sewage. Two gelatine plates made at the
same time and-of the same degree of dilution yielded after two days 41 and 42 colonies, or 4,150,000
bacteria per e.c.jof which 2,600,000 liquefied gelatine,  Buot many more colonies wounld have appeared
but for the rapid liguefaction of the gelatine, =0 that this is not to bo regarded az o result fairly
comparable with that of the agar-agar plates.

A similar experiment with agar-ngar plates, made with sewage taken from the Bridgestreet
sawer at Homerton on June 21st, at 2.30 p.m., gave an average of 4,000,000 bacteria per c.e. of sewage.

It will thus be seen that very wide variations exist in the total number of miero-organisms

nt in sewnge at different times and in different places, as indeed might safely have been predicted.
mperature is one important factor in determining the rapidity of their reproduction, and henes the
inereage in their numbers ; dilution of the sewage by rainfall must also exert a marked influence. The
estimations on which the foregoing figures are were made with all pessible eare, and we believe
them to be as acenrate ag possible for cach partienlar sewage ot the time we examined it.  Bub ib is
clear that a small number of determinations, such as we have made, ean afford only an indication of
the average number of bacterian present in sewage, nor was it our desire to pursue this subject in
dotnigu wae were concerned with the nature of the organisms present rather than with their actoal
numbers.
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On agar-aqar.—Streak enlfures at 20° O, show digtinet growth in two days, semi-transparent
and barely pink. At the end of a week the growth is opaque and of a bright pink eolour, the
streak being some 3 m.m. wide. At 37° C. no growth occurs. Ji, A3

On potats.—Grows exceedingly well, forming a thick layer of a brilliant deep pink colour,
which eventually covers the whole surface.

T brofh,~The flnid gradually becomes turbid, and after a week there is a light pink sediment
at the bottom of the tube.

Temperature —Grows well at 20° to 222 . No growth on any medinm at 37° C.

Rapidity of graowth,—Grows rather slowly, but maximum of growth is attained in 7 to 10 days.

Spore formation.—Not observed.

Need of oaygen,—Growth very scanty away from the surface.

Faz production.—Not observed.

Action on gelatine.— Very slow and gradual liguafaction after two to three weeks,

Pigment production.—Produces a bright pink pigment, readily soluble in alcohol, only slightly
a0 in water,

Relations,—Appears most closely related fo Microcoeess aqilie and Mierosoecys rosens, but differs
from the former in the absence of motility and the lighter pink colour of the eultures, and from the
latter in the absenee of any growth at 37° C.

Profeus cloacinuz.

Bowree.—Found in every sample we have examined.

Form and arvangement.—A short bacillus of variable length: 04 to 0°5 s in breadth ; stained
specimens from a two-days-old agar-agar cunlture vary from 05 to 1 g in lengih ; the shorter forms

most resembling cocci.  On gelatine some lom forms are seen, up to 1Gp in length, and these mn
be as much as (-6 g in breadth.  In o one-day-old broth enlture the average length is 008 p

Matilily.— Actively motile.

Growlh on aelatine plades.—The colonies are visible to the naked eye in 19 hours, though still
very minate,  Under the microscope the surface colonies ave thin, transparent and irregular in outline,
the deeper colonies globalar and brownish by transmitted light. In two days the e colonies are
more circolar and regular in outline; the ln.rg:e.e.t are about 1 mm, in dinmeter; a faw show a
spreading edge, but no * swarming islands " are given off No further change occurs exeept that the
eolonies inerease in size up to 2 m.m. in diameter, and become raized at the edf::; they are of &
grovish white colour, No liguefaction occurs even at the end of a forinight. plates have o
somewhat sour smell.

Gelatine stroak cullures,—Growth is rapid—the streal: attaining o width of 1'5 m.m. in
24 hours, when it is semi-transparent and whitish, with a gommy appearance. The edges are
irrsgrular, but show none of the characteristic © swarms ™ given off Ly ﬂatem ealguriz.  In two days
typical streaks are white and semi-opaque with a waxy lustre, and in five days the width of the streak
may be 3 to 5 m.m. Later the growth becomes distinctly terraced, and liguefaction eventually occurs
in abont three weeks, The gpecies 18, however, very variable in its behavionr in g‘cluunﬂ streak
calturs.  Bpecimens, the purity of which was assured by subsequent plate enlture, oceasionally liguefied
the gelatine in from three to five daye, and in these cases “swarming islands ™ were thrown oot from
the edges of the streak as in the common Protens. The “swarms™ are thrown out into the depth of
the gelatine as well as laterally, and the process seems associated with early liguefaction. In pther
cases streaks grew with much lateral expansion, forming an irregular semi-transparent growth on the
surface like that of B. coli communia,

Felaline slab eullures—Growth is rapid and well marked all along the needle track. Scanty
gns hubbles are formed. Liguefaction first commences in from two to tﬁm weeks, The growth is
white and noduolar in the depth,

Gelafine shake culbures—Thers is a profuse formation of gas bubbles in 24 hours ; these are
later partially re-absorbed.

Agar-agar.—Agar-agar  plates incubated ot 37° ghow exceedingly rapid and characteristic
growth. A single colony spreads in 86 hours, as a thin irregular dendritie film covering almost the
whole surface of the plate. The film does not thicken on further incubation.

Agar-ugar etreak cillures.—Growth is very rapid both at 37 C and 20° C. Ewven at the latter
temperature the whole surface of the tube is covered in 24 hours by a thin homoegensons semi-trans-
lucent greyish film, ndvancing at the edge by irregular processes.  On the second day the growth is
gomewhat thicker and whiter and has reached its full development. There is a scanty development of
gas babbles in the depth of the agar-ngar, but no odour of putrefnction is ever perceptible.

Polato.—Grows rapidly, forming a slimy layer of a yellowish grey colour. The baeilli grow to
lenger threads than on other media, and become irregularly swollen.

Broth —1In 24 hours the broth is turbid, and in a faw days a slight film is present on the sarface,
and a yellowish white deposit at the bottem of the tube. In a week there is a marked putrefactive
odour (absent in gelatine and agar-ngar cultures). Tested, after 11 days, with nitric acid —containing
ritrous seid—no trace of indol reaction was obtained.

Milk.—Grows without producing any change in this medium.

Temperatire.—Grows equally well at 37° € and 20° .

Rapidily of growlh —Grows¥ery rapidly, and on agar-agar with extracrdinary quickness,

Syore furmation,—Not observed.

Neod of oxygen.—Grows well in the depth in stab cultures.

Has produclion.—Abundant.

Action on gelatine.—Variable. Typically, no liquefaction cecurs till after a lapse of two or three
weeks ; exceptionally, it ocours in thres to five days.






8

O agar-agar.—No th cecurs at 37° C. At 207 C. growth is rapid.

Agm:’;!gar streak cu!ﬂ;r::—lu 24 hours the streak is 2 mom. broad, of a greyish white colour,
gummy and semi-translucent in appearance, with a thick slightly irregular . In two days the
straak is 3 m.m. in width and distinet fluorescence is perceptible, and in a week the agar-agar shows
brilliant greenish-yellow fluorescence. The streak ultimately attnins a width of 4 to 5 mum. In
enltures of three weeks old or more the fuorescence fades to o yellowish brown tint and the growth
becomes more transparent. i :

In broth.—Growth is very similar to that of B. flucrescens liguefaciens ; marked green
fluorescence appears in the surface layer after the third day. : 3

T milk—The milk does not congulate, but is gradually f]chale:l. the upper layer becoming
yellowish and semi-transparent after two days ; this change Eﬂﬂuﬂ v spreads downw and in five
days thers is a loose flocculemt deposit at the bottom of the tube, the upper layers being semi-
transparent and of a slightly yellowish-green tink. '

Temperature,—No growth in any medivm at 87° €. Grows well at 20° C.

Ragadity of growih.—Grows rapidly, attaining its maximom of growth in a week or 10 -ﬂayx.

5 Jormation—Not uhsmeg,

h‘;mi of exygen.—Growth almest absent away from the surface. The fluorescent pigment is
produced enly in contact with the air.

Haz produclion.—Nob obaerved.

Repction on galatine. —Liquefies rapidly.

Pégmui prodietion.—Produecs a greenigh yellow fuorescent pigment, apparently identical with
that vielded by the preceding specics, B. closeas fluorescens, but fading more guickly. Liguefied
plates have an unpleasant sonr, somewhat facal amell.

Relations,—Allied elosely to the preceding species. but is of somewhat smaller size, and liquefies
gelatine more rapidly. Tt is alzo closely allied to B. fuorescens liguefieiens, but differs from it in the
mode and rate of liguefaction of gelatine, and in the greater brilliancy of the fnorescence it produces
in agar-agar cultures, in which it resembles I pyocyeness, From the last-named species it diffurs
in its refuzal to grow at 37° C.

CONCLUSIONS.

If we now procesd to eontrast the micro-organisms which we have found present in London
gewape, as above deseribed, with those found in the air of London sewers, and described in a previous
report, certain striking differences become at once apparent. The most striking is the absonce of
moulds from sewage, Out of the many thousand colonies which arose in the numerons plates which
were made, moulds eceurrad only seven times, and of those seven monlds one, and one only, was allied to
the commen species existing in sewer air. This result coincides with that obtained by Jordan in the
gewape of Lawrence, Mass. “ Moulds” he eays, “‘are found rarely in the sewage and eflnents”
Further the same striking result was oblained by Mr. Dibdin in o geries of experiments he made on the
number of micro-organisms in Barking gewage,  In sewer air on the contrary moulds were found to
be a predominating feature, forming on an average no less than G433 per cent. of the total colonies.
The proportion, however, varies according to season; in winter it may be as low as 1333 per cemt.,
while in the summer months it may rise as high as 82-6 per cent. of the total. It is right, however,
to point out that in our sewage experiments, agar-agar, which is a less favourable medium than gelatine
for the growth of moulds, was employed, whereas in the estimation of the organisms present in sewer
air gelatine was veed.  This, however, does not  materially affect our results ginee most mounlds
well on agar-agar at a temperature of 22° O, Jordan, and Dibdin, moreover employed gelatine plates
only.

Baeillus coli communis wag found, with one exeeption, in each sample of sewage we exomined,
and varied in nombers from 20,000 to 200,000 per cubic centimetre, In addition we isclated in every
eaze many baeilli which, althoogh indistinguizhable in cultural features from bacillus eoli communis,
nevertheloss gave only one or at most two of the three characteristic chemical reactions. Thesa
bacilli in most instances far outnumbered the troe bacillus coli communis.  Nevertheless, neither
B, coli communis nor any of its close allies were ever found in sewer air. Furthermore, we have
obtained enormons nombers of sarcina, amounting in one case to over 300,000 por cubic centimetre,
yet we have not found one single eolony of Sarcina lutea which is 20 common in sewer air and fresh air.

The flora of sewage naturally embraces a very large number of different species of bacteria, but
when we consider the enormous number of miero-organisms per cubic centimetre and the extreme
degree of dilution that it is necessary to employ in making cultivations, it will be evident that we have
probably isolated only those species which are present in comparatively large numbers, The followi
organisms are those which we have found to be present in numbers varving from 200,000 to 2,500,
per cubic centimetre—bacilluzs fluorescens stercoralis, bacillus albms putidus, bacillus fluorescens ligue-
faciens, bacillus cloacae fluorescens, bacillus myecoides, proteus closcinus, protens Zenkeri, a streptocoeens
congulating milk, staphylococeus pyogenes citrens, sarcina flava and its allies, and diplococens albicans
tardissimus, Other bacilli, which rapidly liquefy gelatine and produce a green flnorescence, were found
in numbers mrg.-i:::g fromy 10,000 to 200,000 per culic centimetre,

A further difference between the bacteria of sewer air and those of sewage lies in the relative
proportions of micrococei and bacilli. The bacteria of sewer air were found to consist mainly of
micrococed, bacilli forming but a small proportion of the total species found. The bacilli found were
B. subtilis, B. aurens. B. arborescens, 1. helvolus, B. nigrescens, and B. acidi lactici. In sewage itself,
however, there ean be no doubt that bacilli preponderate over micrococei, probably in actual numbers,
eertainly in the numbers of species present.  The large majority of those species which we have been
obliged to pass over were bacilli. This was less noticeable in the fresh sewage taken from
St. Bartholomew’s Hospital, where the large number of streptococcus colonies materially altered the
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ratio between the bacilli and micrococei ; in the sewage taken from Snow-hill and Barking the bacilli
showed a distinet numerical preponderance. This reanlt again is in harmony with that obtained ]?
other observers, indeed the results we have obtained show a somewhat smaller preponderance of bacilli
over cocei than has been recorded by others. Jordan states that the comparative absence of micrococei
from sewage is a striking and highly remarkable circumstance. In any case the facts again come out
in striking confirmation of the view that the organisms present in sewer air are not derived to
essential extent from the sewage, or they would show to some degree the same relative ratio of
ﬁMi to bacilli. The argument receives also important m}ﬁrnmtinnpidjﬁm}_ ﬂuq:ﬁrr -::nntiuidan.tiunu.

roportion of the bacteria of sew have the property of very rapidly h ing nutrient
geln-trig:élzlaed as a cultural medinm, so lngl pm]}ottinn indeed as to malke giuﬁima an impoasible
medium to employ in estimating their numbers. In sewer air, on the contrary, organisms rapidly
liquefying gelatine were found to be practically abzent, a fact impossible to explain on the assumption
that sewer air is able to take up bacteria from sewage.

Aganin the number of micro-organisms existing in sewer air appears to be entirely dependent
upon the number of micro-organisms existing in the fresh air at the same time and in the same
vicinity. With the advance of the colder weather, and consequent rapid decrease in the number of
micro-organisms in fresh air we find a corresponding decrease in the number of the micro-organisms
of sewer air, although the temperature of the sewer air and sewage suffer but a comparatively slight

If the organisms existing in sewer air were derived from those existing in sewage, then the flora
of sewer air should bear o very close resemblance to the flora of sewage. m, however, we com
the organisms which have hitherto been isolated from sewer air with those species which we hawve
found to be predominant in sewage, it iz af once evident that they bear no resemblance whatever to one
another, indeed we may go even further and state that so far a3 we are aware not a single colony of any
of thoze species which we have foand predominant in sewage haz been isolated from sewer air. We
consider therefore that the study of the sewage bacteria, on which we have been engaged, fully
confirme the conclusion previously arrived at from the study of the micro-organisms of sewer air, viz..
that there iz no mlu.t-inm}:nip between the organisms of sewer air and sewage,
' It is ible that some of the ill effects which have been erroneonsly aseribed to sewer air ma
be due to subscil air derived from soil polluted by constant infiltration of excremental matter thron
a leaky drain. It is a well recognised fact that subsoil air does at times gain access to our dwellings,
aither throngh the pressure of the wind on the surface of the ground or from currents induced by wide
differences between the exterior and interior temperatures. Under such eonditions it iz possible that
may gmtlu.ul'Ejr extend Hjmugh a permeable soil until its outer 'n:m.rgili becomes mlﬂf'm:ine!a:d,‘;l}r dl.'jl'
to give off micro-organisms to the subsoil air. Whatever the danger arising from this canse may be,
it would in all probability be strictly limited in its effect.

FART II,

TYFHOID FEVER IN IT2 RELATION TO SEWAGE.

The sounrces of the micrp-organisms in London sewage are clearly diverse and manifold. 1t
must contain species derived from the water of the different companies which ﬁpiy the metropolis ;
these are numerous and varied, and so far they have not been sufficiently studied. It muost contain
species derived from the air, species again of which our knowledge is very limited, Further the
;-;ﬁarﬁuil] layers of the soil must add their quota of species brought down by surface water drainage,

the amount of organic matter in the soil of an old city must render that number a large one.
Lastly the varions putrescible organic matters which constitute the essential part of sewage will add a
vast number of bacteria to the fluid; human exereta for example teem with organisms az do the waste
and household refuse passing down into the sewers from houses and mannfactories,

The ultimate bacterial flora of sewage is only in part determined by the organisms which pass
into that fluid with its varions constituents. Probably only a small proportion of these ultimately
survive. For some species sewage forms a favourable nutrient medium, others appear speedily to

ish in it. Those again which may be just able to grow in it under favourable circumstances, will

linble to be erowded out in the struggle for existence by their more vigorons competitors. The
changes moreover induced in the sewage by the growth of certain bacteria, changes mostly of a fer-
mentative and putrefactive character, will of necessity lead to alterations in its capacity for serving as
a nutrient medinm for some ies; as its chemical composition alters some species may be favouraed,
others arrested in their g_'mw:lf.lu The struggle for existence, the survival of the fittest, will necessarily
occur in miniature amongrst thess 14:m13r nrgan:[a.m in sewame as elsewhere in the oreaniec world. And
thug the flors of sewage at the Barking and Crossness ountfalls comes to be, as we have found it, very
differemt from that of the perfectly fmﬂi fluid as originally delivered into the draine.

It becomes, therefore, a matter of very great i to determine the fate of certain
pathogenic organisms in sewage. Amongst the diseases which have been attributed to sewer air, and
to contamination of drinking water by sewage, two have especially attracted attention —cholera
and typhoid fever, and the spread of diphtherin is held by some to be due to the same ecause.
During the period of our observations cholern was absent from London; Koch's comma
bacillus could not have been expected to be present, and though all colonies resembling it
were closely scrotinised, it was not found. The spread of diphtheria by sewage is at least a matter
of doubt, and though sewer air has been held responsible for certain ontbreaks of the disease, it seems
clear that but a samall part in the dissemination of the disease can be plnyafl IJ}I' guch a canse, The
diphtheria bacillug can be easily recognised and its pathogenic power tested; yet though a careful
look-out was kept for thiz organism we never found it. Typhoid fever stands on a different
footing ; there is no question that the specific poison of the disease, believed on very good
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nds to be the Basillus fyphosus of Eberth and Gaffky, es from the body with the

, and that the excreta of typhoid patients constitute the main channel of infection
in this disease. The disinfection of such excreta is a matter of extreme diffienlty, and is as a rule
very imperfectly carried out even in our fever hospitals. 1t hence results that sewage becomes a
very important agent in the dissemination of the disease, and contamination of water supplies by
sewnge, the chief cause of t hoid epidemics. Our attention in the inguir which we have carried
out was therefore specially directed to the possible oceurrence of the bacillus typhosus in London
sewage, and every colony which seemed likely to belong to this specics was the subject of eareful
investigntion. It has been already mentioned that Bacillus eoli communis, a normal inhabitant
of the digestive tract of man and anmimals, and one of the commonest and most constant
organisms present in e . hears a strong resemblance to the tyvpleid bacillos, and is in
marphological and cultural characters closely allied to it. Tt cam, however, be  distinguished
from it readily enomgh by certain chemical tests, and for the right understanding of the
methods we have employed in searching for it, it is needful to go into this matter in some
detail. In cultural characters, i.e. mode of growth on different nutrient media, the two i
resemble one another so closely that even the most experienced bacteriologizts would hesitate to
disgnose one from the other by such means alone. In morphelogical characters they are better to
I_m;%lis.tin ished ; the colon bapillns is shorter, and, owing to the possession of fewer Iln, i3 mnch
lees netively motile. Relinnes is, however, chielly tobe placed in their different chemical reactions, Tha
colon bacillus, when inoeulated into sterilized milk and ineubated at 37° C. produces coagulation of the
milk in 24 to 36 hours ; the typhoid bacillus has no such power, the milk remaining fluid for an indefinite
]}ﬁl‘iﬂﬂ. The colon bacillus, when inoculated into nutrent gﬁlatim.t, which is t |iquﬂﬁeﬂ. at 25° 0,
and shaken =0 a8 to diffase the bacillug throughout the mass of the nutrient medium, and then allowed
again to solidify and incubated at 22° C., produces abundant bubliles as it grows, the typhoid
bacillus under similar conditions "ﬂum:n:in s, hﬂ'lﬂ‘l;e mll.:‘:bliml!“du;] when gm{-l]], 1‘|:h:lknl‘:nn beef,
broth, or in one solubion, at 377 U, ees i : prof 1 ; TECOFTISE! t d-awl-u-mmt
of a deep Hﬂlﬂu!‘ on the addition of 1Et.mus acid; the E’phﬂ‘iﬂyhnm'llus hazs mo nmgh power. These
threse teste form then an CASY means of distinguishing the two organisms, and it may be affirmed that
any given organism which in cultural characters resembles the bacillug typhosus, which is actively
mnti%e and ETOWE into threads iunger than those seen in B. eoli communis, and which fails to P:udnw
eoagulstion in milk to form gas bubbles in gelatine shake preparations, and to give rise to indol in
b or peptone cultures, is at least indistinguishable from the tyehnid haeillus, an ma]y' with swry
degree of probability be regarded as such.  Further than this it is |m|:os=aihle to go; the lower animals
do not, so far as we know, suffer from t_?]plwid fewer in the sense in which we recognise it in mon, and
hence inoeulation experiments on animals do not belp us to prove a given organism to be the actual
virus of typhoid fever.

With these considerations clearly in view, we proceeded from the outset of our investigations to
serutinize earefnlly every colony which in any way seemed to resemble the typhoid bacillos. And in
every case we failed to recognise it. We then became oppressed by o sense of mathematical improba-
bility. The average amount of sewage produced in London amounts to 200 million gnll-mmcser diam.
During June, 1894, 177 cases of typhoid fover were notified in London, to whicl may be added 13 cases
of continned fever,  Assuming each ease to last a month, it wmay be supposed that during the ear
summaer months, when typhoid is by no means prevalent, two bundredP‘::;aﬁs of the disease wo
represent o fair average of the number existing in London at any one time. A large number of these
coges suller from constipation and hence contribute very little fweal matter to eral mass of
sewage,  Thoss who suffer from diarchoeas do so, as a role, u:nl:,‘ for a certain portion of the time l.‘;ha]r
are ill.  Moreover, it must be remembered that in all outbreaks of typhoid a large nomber of cases of
diarrheea occurs, which, though not presenting the typical fentures of the disease, are probably truly
tvphoid in nature, and are capable of disseminating the infection. Any estimate, therefore, of the a
amount of sewage contributed daily by the cases of typhoid in London must be purely conjectu
baut a reasonable estimate of such average nmmount appears to us to be ol part of the whole, and it
must not be forgotten that every endeavour is made to disinfect this. & mathematical chances of
detecting the typhoid bacillus in ordinary London sewage are therefore extremely remote.  If the above
assumption be correct, and if all the ty r:Lu[f] sewage be further assumed to be intimately mixed with
the ordinary sewage, there wonld only be on an average one typheid bacillus in Mnryﬁ e of sew
at the outfalls.  But the larpest amount of undiluted sewage with which we have found it ible to
work i8 gl of a c.e., and this only when 90 per cent. of the organisms present were inhilbited by the
addition of 0°05 per cent. earbolic acid, and incubation at 537° &m

Diseouraged by these considerations we determined to search for the typhoid bacillus in sewers
where it miTﬁ:l‘- be cxpected to be present in larger proportion. To this end we considered the different
fever hospitals, and selected the Bastern Hozpital at Homerton as likely to serve our purpose, sinee it hasnew
draing easily accessible at the different manholes and inspection chambers, and gince also the typhoi
fover cases are located in a separate block of buildings. Having obtained the consent of the
Metropelitan Asylume Board, we antered into correspondence with the resident medieal superintendent,
who Eindly lent us all the aid in his power. It was that no disinfection of the l;yp]].ou,d stools
shonld take ]}lﬂ-l!'{"- for two {hye. mc-ecHS:g our visit, and this was carried out.  On the mnming aof Ha,r
23rd we visited the hospital at Homerton., There were at the time some 40 cases of typhoid in the
block et apart for that disease, many being acute cases suffering from diarrheea.  The drain from the
typhoid fever block joins that from the scarlet fever block, and i= acceesible by o manhole before it
lenves the hospital. At this manhole we collected the sewage in a sterili bottle, taking small
samples at short intervals, so as to get a fair avernge specimen. It was unfortunately a wet day, so
that the sewage was considerably diloted, and 1 contained also a large quantity of soapsuds.
We returned immediately to the laboratory and at once proceeded to make l:liﬁivnﬁu‘n: from
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were found to have undergone considerable growth, the fluid being milky in a nee.  The typhoid
tube remained clear. A platinum loop was dipped inte esch tobe and cultures made on nutrient
gelatine ; the two B. coli tubes yielded very numerous colomies, the typhoid tube yielded only one
colony after a long interval.

From the three sewage tubes, after the lapse of two days, three fresh mﬁtubm ware
inoculated and incubated at 37° . The typhoid tube wae sterile; the B. coli tu well,
and from them third and subsequently fourth generations in sterile sewage were carried on. The
fourth generation, three weeks after the commencement of the experiment, yielded very numerons
colonies of B. coli communis when tested by inoculation on gelatine, It was also ascertained that
after growing for four days in sewage, the second generation of B, coli communiz still retained its
powers of coagulating milk, of forming gas bubbles on gelatine, and producing indol in broth,

Tt thus appears that the harmless colon bacillug iz able to grow and multiply abundantly in
sewage sterilised by ]maarE when incubated at 37°0C, and that it may be so cultivated for several
generations ; the typhoid bacillus, on the contrary, is unable to grow, and quickly perishes under these
conditionz. Thig constitutes a new and important distinction between these allied organizms.

It remained to test more accurately the duration of life of the typhoid bacillus in sterilised
sewage, kept at 37° C.

Experiment IIf—A tube of sewage sterilised by heat was inocnlated with three drupa of o
broth enlture of the I:-jl'phﬂ-il'.'l bacillus {I'ﬂ-ur I:Iu.ya old). The enltivation was tested at intervals bj‘
removing & platinum loopful and ing it over the surface of o gelatine tube, A sub-culture thus
made immediately after its inocnlation with the typhoid bacillnz yielded more than 100 typhoid
colonies.  After the lapse of 213 hours a sub-culture yielded 15 colomies. After 50 hours only one
eolony was obtained, and after 78§ hours none. The typhoid bacillus thus appears to die speedily
when cultivated in Bawu%m sterilised by heat and incubated at 37° C. death occurring within a few days.

A temperaturs of 37°0, is not, howevar, o normal condition in sewage, and we next a.tbamp‘had
to determine the duration of vitality of the typhoid bacillus in sewage kept at the ordinary temperature
of the air—207 0, The two following experiments show that at this temperature life s maintained for
a longer period, thongh probably not beyond s fortnight.

Erpeviment IV.—A tube of sewage sterilized ﬁ heat was inoenlated with the typhoid bacillus
as in the preceding experiment, and incubated at 20° (g It was tested in the same way by sub-cultures
on gelatine at suitable intervals, a control sub-culture being made at the outset, immediately after
inoculation.  After 24 hours a slight increase in the number of colonies was noticed, as i.fys'li
multiplication had oceurred. The diminution in the number of colomies was thenceforward x
till at the end of ten days a large capillary pipetteful of the sewage yielded only 30 or 40 colonies, and
in 13 days none at all were found.

Erperiment V.—A tobe of sewage sterilised by heat was inoculated with ene drop of a fresh
broth eulture of B. fyphosus, and incubated at 20° (. A small quantity was removed on a platinum
loop and transferred to gelatine immediately after inoculation to determine the number of colonies
originally present, and the process was repeated at stated intervals. The results were as follows :—

Immediately after inoculation... e 22b colonies arose
Atter 24 hours ne ., "
n 08 N E L s "
w0 odays e a8 "
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i g 0

¥ 5 2

It is to be obeerved that the removal of so small a quantity of fluid as can be conveyed on a
platinum loop is no fair test of the total absence of living bacilli from a culture, and it is quite ible
that the removal of larger quantities might have shown living bacilli to be present after 13 days.
Similar, or approximately gimilar, amounts would neverthelesz be removed by a platinum loop on each
occasion, &0 that the experiment clearly shows that althongh an attempt at growth may occur durin
the first E-:!- hours, the typhoid bacillus gradually but surely dies ont in sewage, and is quite incapable
of nny active growth therein.

Sewage, therefore, even in the shsence of the normal micro-organisms which it econtaing iz
clearly an unfavourable mediom for the h of the typhoid germ. whereas the colon bacillus can
grow and multiply freely in it. It might be anticipated that in competition with other organisms able
to grow well in sewage, the typhoid bacillus wounld die out even more speedily. The problem is a
eomplex one, and in order to ;%niu some idea of the influence which varions non-pathogenic bacteria
normally present in sewage would exert upon the life and growth of the typhoid bacillus when growing
side by side with it, we selected certain of the organisms which we had sently found during the

ess of our observations, and experimentally tested their effect on the duration of vitality of the
typhoid bacillns. In order to simplify the problem we confined our attention to those organisms
which are incapable of ing at a terperature of 377 C., by which means it became to separate
out the typhoid bacilli from any other organism or organisms to which it had been added, and to
determine the number still alive after any given interval. When the agar-agar plate cultivations
ware incubated at 37° 0., only the typhoid bacilli could grow. The organisms we selected were all
capable of growing freely in sterile sewage at the ordinary temperature of the air, and were as
fﬂlm—ﬂwrﬂmﬁiﬁwm liquefuciens, bacillus albus putidus, and two of the species which we have
'iﬁ-ﬂl“llbl!tl above ns bacillus fuorescens slercoralis and hasillus cloges Muorescens.  In the first two
experiments the sewage was sterilised by boiling.

Exrperiment V1.—The typhoid bacillus grown in sterile sewage with becillus fucrescens stercoralis
and B. albus putidus respectively.

To two tubes each containing 10 c.c. of sterilised sewage, three drops of a fresh typhoid broth
culture were added. To one of these tubes three drops of a freeh calturs of B. flucrescens sfercoralis, and















