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ferred to steam sterhzer, and heated on
four successive days during ten to fifteen
minutes.  Sterilized  test wbes, also
plugged with cotton-wool, may be partly
filled and stenhized in the same way.
Thus prepared, the medmm may be pre-
served in the dack for months.

For the actual tests, at least four dishes
are required for cach sample. and these
tgether wih all other glass apparatus
should be sterilized as usual i the air
oven, several pipettes divided imto Y5 cc.
will be needed, also glass flasks of 100 ce.
capacity for diluting the water.

‘T'he dishes having bLeen placed on a
level table and the nutiient melted at
about g0° C, about 10 cc. 15 carefully
introduced mo each dish, removing the
cover only so far as to allow of the hiqund
being poured in, and taking care to avoid
infecting the murient, by using steritized
forceps for  removmyg the cotton-wool
from neck of flask, the bp of which must
also be gently heated i Bunsen flame,
Before the medium has sohdified varying
quantities of the water samples are mtro-
duced by means of the stenhized pipeties.
Convenient amotums are 1 ce., & cc,
}ec, )5 ce, and |}, cc. but with very
bad water yion c¢. (or even less) will be
sufficient. These smaller quannties are
measured by st preparmg didations of
the original water with 99 or 999 times
its volume of sterilized water.  The water
and medium have now to be thoroughly
mnxed by tiiung the dishes backwards and
forwards several tmes, and then set at
rest it a cold place (refrigerated during
hot weather) until thoroughly set, when
they are transferred to an incubator and
maintained at about 20® C. In those
dishes which contain a sutfie rently small
poruon of the water, cach mdividual or-
gamsm is separated from the others by
mixing with so large a proportion of
medium, and when this sohidifies cach one
is kept 1 its place, consequenidy when it
multiphes it in time produces a “ colony”
sufficiently large to be scen by the naked
eye or a pocket lens. The dishes are
therefore examined from time to time
during several days. By the end of the
second day, bhut frequently much earlier
than this, some colonies will be seen, and
these will increase in numbier until all are
developed, when they must e counted.
If few in number this may easily be done,
but, if many, a special counting apparatus
will be required.  That usuaily employed
is Wolfhugel’s, which consists of a black-
ened plate, upon which the dish is placed,
and covered with a glass plate divided
into squares.  Thedish is viewed through
this divided plate, and the number of col-
omes 1 five of the squares {diagonally) is
counted. From this the number in the
whole dish may be easily calculated.
The followmg figures are given as an
wstance of results actually obiained :

Acc. conl.::im:\l 250 cal’s = 360 bact. per cc.
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In such a case, where the number of

organisms is comparatively small, it is
evident that the figures obtained from
the smaller quantities are less reliable
than those from the larger, and in calcu-
lating results it 15 well to omit them, the
actual number 1o be certified in the above
example would be 460, the mean of the
first three plates. Ou the other hand,
when the number is very large, the results
from smaller quantities are more reliable
than from larger ones, where the difficulty
of accurate counting is a very real one,

Having thus ascertained the number of
bacteria in the water before and after
filtration, a simple calculation gives the
percentage  removed.  When  working
well, sand-filters, as used by most water
companies, will remove from 935 to 99.9
per cent. of the bacteria.  This remark-
able result is explained by the fact that
the bacteria at first arrested by the upper
surface of sand there wultiply, forming a
slimy coating, which serves as a very
efficient filtering medium for the water.
It follows, thuerefore, that a newly-con-
structed filter does not purify the water
well, but requires a few days to attain its
maximum of efliciency. It also follows
that the rate of filtration becomes slower
as the slimy coating increases in thick-
ness—so much so that from time to time
the upper surface of fine sand must be
scraped off to the depth of about Y4 to i
inch.

‘I'he vast majority of bacteria present
in natural wateis are of a harmless charace-
ter, but there is no reason to believe that
pathogenic organisms, such as cholera
and typhoid genms, will hehave in any
way differently from the ordinary “water
bacteria,” in fact, the experic..ce of Ham-
burg durimyg the cholera epidemic of 1892
shows that they behave similarly.  The
towns of Hamburg and Altona both drew
their supply from the river Elbe. The
formier received the water from a point
above the outfall of the town sewers, and
did not filter it before supplying, whilst
the latter 100k its supply below the out-
fall of sewers of both Hamburg and Al-
tona. The neighboring town of Wands-
beck received water froin an inlangd Iake
after filtration.  The deaths from cholera
in the three towns were as follows :

Hamburg......... 12.28 per thousand,
Altona .. L oee 2439 ¢
Wandsbeck. ... 2.13 o

2. THE GENERJAL EXAMINATION OF WATER
AS TO SUITABILITY FOR DRINK-~
ING PURPOSES.

The first siep in this cexamination is
the same as already described, but it is
evident that the bare determipation of
the total number of organisms present is
of practicaily little value, because the
great majority will usually be harmless
forms, and the purest natural waters are
capable of sustaining the life of vast num-
ber of bacteria ; morcover, as has heen
before observed, a water naturally very
purc bacteriologically becomes teeming
with bacterial life a few days after collec-
tion, by multiplication. There are, how-

ever, other considerations of much greater
value, viz., the number of bacteria which
cause liquefaction of the gelatine, and the
number of different  species present,
When examining the dishes for the num-
ber of colonies it will be apparent that
great differences exist between them, some
appear within thirty-six hours or even
earlier, whilst others do not become visible
for several days; moreover, some are
found only upon the surface of the gela-
tine, others are entirely embedded beneath
the surface; the color may vary, the
commonest being yellowish or white, red-
dish, brown, or gray. One very impor-
tant difference is that while some forms
cause rapid liquefaction of the gelatine,
others liquefy it but slowly ; others, again,
do not possess this power at all. This
liquefaction may extend far beyond the
visible circumference of the visible
colony, or may be confined to a small
radius ; the liquid gelatine may be thin or
viscid, transparent or turbid. The form
of the non-liquefying colonies is also im-
portant—round, oval, or irregular, or of
characteristic form.

‘These liquefying bacteria are very fre-
quently the cause of putrefaction, and
produce unpleasant odors consequent
upon the decomposition of the gelatine ;
morcover, they are not able to live and
multiply in pure waters to anything
like the extent that the non-liquefying
species do, hence their presence in large
numbers is a very bad feature,

A water which hccomes polluted by
sewage and other household filth is
thereby contaminated not only by
great aumdbers of bacteria, but by many
spectes, whereas a water drawn from a
deep spring or other source remote from
polluting influences contains compara-
tively few, and very few, perhaps only
three or four, species of bacteria. The
gelatines cultures having been made as
usual, they are carcfully examined, and a
minute portion of cach form of colony is
removed by means of a ncedle (pre-
viously sterilized by heating in the Bun-
sen flame, and cooled), and transferred to
test-tubes of gelatine or other culture
media. The inoculation of test tubesis
carricd out either by * stroke” or * punc-
ture ” as follows :

For stroke culture test-tubes are used,
containing gelatine, agar-agar, or sterilized
potatoes. Agar-agar culture medium is
prepared n the same way as gelatine-
peptone, substituting for the gelatine
20 grams of agar-agar, which, however,
requires prolonged heating td ensure solu-
tion. Potatoes are difficult to sterilize ;
they are first washed, soaked in solution
of bichleride of mercury {1-1000) for an
hour or two, and then peeled; again
placed in bichloride solution for five
minutes, washed with sterilized water, and
cut into slices about one-third of an inch
thick, with a sterilized knife. The slices
are then put into sterile cultivation plates
or test-tubes (plugged with sterilized
wool), and placed in the steam sterilizer
for an hour longer.



