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The question of sewage purificaiion has
now reached a stage at which old ideas
are being rapidly replaced by new, based
upon the advances which have recently
been made in the direction of treatment
by natural agencies, concentrated and
controiled by art. It must not be consid-
ered that the authors, in attempting to
formulate the present position, desire it to
be thought that they are able to set forth
the whole of the factors which are brought
into play in the course of the destruction
of waste m.atter ; their object 1s rather to
show the broad principles which have
been established as the result of no little
practice. That, speaking generally, all
sewage operations of a successful charac-
ter must be carried out in accordance with
these principles, the authors'are convinced;
they are, however, fully aware that a large
number of questions remain to be solved,
before knowledge on the subject can be
in any sense complete. 1t is by following
the general lines laid down, and by avoid-
ing those which by many have been
hitherto considered as essential, that the
complete solution of the problem may be
found.

Before dealing with the manner in
which purification is to be effected, it will
be advisable to consider what it is that
has to be done. Sewage is a mixture of
a most varymng and complex character, of
animal and vegetable derived substances,
in different stages of decomposition ; and
contains also in many cases, besides
ordinary mineral salts, considerable quan-
tities of trade refuse matters of both or-
ganic and mineral nature. The .organic
matters derived from excreta are, insoluble
remnants of food and soluble albuminous
matters, faity acids, bile decomposition
products, colouring matters, fat, sugar,
excretin, etc., and substances derived from
the destruction of the constituents of unne,
including urea, which 1s the pnncipal
prodact of the metamorphosis 1n the body
of nitrogenised food. Since a heaithy
man secretes from 3¢ to 4o grammes of
urea per diem, this substance may be
taken as an example to show what work
has to be effected in completely oxidising
nitrogenous animal atter; and more
especially as urca has 1ong been known
to be capable of rapid alteration and de-
composition under *he inuence of a fer-
ment resembling yeast, or thuse derived
from putrefying animal matters, like albn-
min. Urea (CH/N:O)is first changed
under these circumstances by the addition
of the elements of water to carbonic acid
(CO) and ammonia (NHs). In order to
complete the oxidation the ammonia has
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to be converted into nitric actd. This, as
is well known, is effected by the action of
a micro-organism, or of a senes of such,
and it is thus established that a typical
excretory substance can be entirely
destroyed by the aid of fermentative or
allied action of mintte organisms without
any adventitious assistance. That non-
nitrogenised substances, such as starch
can, by the life action of micro-oiganisms,
be gradually oxidised und finally converted
into carbonic acid and water 1s, of course,
a matler of common knowledge. The
problem therefore resolves itself into the
question of how this natural method of
oxidation may be best conirolled and
expedited.

In all methods of sewage purification
which have been previously employed, the
final oxidation has been effected by the
agencies that have been alluded to, al-
though this has failed to be generally
recognised. The best and most natural
system hitherto tried—namely, the appli-
cation of sewage 10 land—depends for its
success entirely upon the fostering and
inciease of micro-organisms. But the use
of crude sewage upon land leads to great
difficulties, and wn consequence previous
chemical precipitation has been resorted
to. It has not been seen that the same
agencies which destroy the dissolved im-
purities could, if given the necessary con-
ditions, equally deal with those n suspen-
sion. Hence came all the numerous
chemical schemes, with their inevitable
accompaniment, sludge. With the clear
effluent it was possible to deal, although
the process being dependent so much
upon local conditions and climatic in-
fluences, was always uncertain, but the
sludge always remained, the bete noir of
all those concerned in sewage disposal.
In the recognition of the fact that all pro-
cesses of sewage purification must be
made subservient to the requirements of
the various wmicro-organisms, lies the
whole secret of success. All sterilising
or antiseptic agents must be strictly ex-
cluded ; a condition of neutrality or slight
alkalinity must be maintained ; oxygen,
anyhow in the final stages, must be freely
supplied ; the temperature must be kept
above the freezang point of water; and
the amount 2f food must be proportioned
to the powers of the organisms.

In the process of completely oxidising
cffete mauters, two stages may be. recog-
nised in which distinct classes of organisms
play their respéttive -parts. The actual

identification of these organisms may be
left for future discussion, it bewng sufficient
for the present purpose to divide them
into those that are able to break down
and liquefy solid orgamc matter, and
those that deal with it when in solution.
It is not pretended that a clear dme of
demarcation can be established, although
between the extremes of either class there
are very distinct and clearly defined func-
tional differences. The frstanentioned
class may again be divided into two—
viz., those that do their work in the pres-
ence of air, and those that thrive in its
absence. Bothofthesearealways present
n ordinary sewage, and the predominance
of one or the otheris entirely in the bands
of the sewage operator. 1f, as at Sutton,
the first be employed, care is taken that
oxvgen shall have free access to every
part of the culture medium ; the beds are
frequently entirely emptied to admit the
air to every crevice ; and the most suc-
cessful work, hitherto, has been by work-
ing and resting intermittently. When,
however, the anxrobians are employed,
air is rigidly excluded; a fermentative
action of a putrefactive character 1s en-
couraged, and the process is necessarily
continuous. This is the method which
has been adopted with such sausfactory
results at Exeter. Into the relative merits
of these two systems, «xcrobian and anxro-
bian, the authors do not propose to en-
quire ; both are based upon scientific
principles, both have been highly satis-
factory in practice, and both remove, once
and for all, the troubles of sludge disposal.

" The hquid organic matters are then sub-

jected to the influence ol micro-organisms
which effect final oxidation, and this part
of the process is the same whether the
otiginal breaking down of the solids be
effected by xrobic or anzrobic means.
Whether both processes can be success-
fully carried oui in one operation remains
to be shown; it is, however, probable
that difficultics may be found, owing to
the somewhat diffecent conditions obtain-
ing. As far as theresults of working on
these principles are concerned, the authors
can confidently state, of their own prac-
tical knowledge, that firstly, no previous
chemical treatment is required ; secondly,
no sludge is produced, thereby removing
the chief difficulty hitherto met with ; and
thirdly, the quality of the final emucm can
be controlled, admitting as it does, of be-
ing broughttoany requireddegreeofpunty.

(To be Continued.)
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