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TO THE LOCAL GOVERNMENT BOARD..

My Lorps AND (GENTLEMEN,

TrE position which I hold as Inspector under the
Rivers Pollution Prevention Act has led me to consider the
question of water, pure and impure, from various points of view,
and I have brought forward several investigations which I hope
will be found of value

The first part relates to questions which rise to the surface
when we study the analysis of water, and mainly t6 the
decompositions “which take place in the organic matter often
found in water. :

The second part relates to the action of air on sewage, and to
the mode of treating sewage so as to hasten the aelatlon. This
includes remarks on the relation which the results bear to
the latest microscopic inquiries on the germs of disease, and
water supply.

The third part relates to the purification of sulphureous
liquids draining from alkali works, and to the action of air upon
them ; with a few experiments on effluents from several -other
works.

These inquiries are continuations of work done in former
years, the earliest going back to 1846, if not prior.

It is really so difficult to come to a conclusion on the many
questions that rise before one, that I have not attempted to do
much more than to give my results, and leave them to do their

work in ripening the mind. Further inquiries may modify all

I have to say here, but I think the matter will in any case be
of use on the road of progress. I would call attention to the
decomposition of organic matter by nitrates, or vice versi; the
use of the oxygen of the nitrates in oxidizing organic matter
and giving out the nitrogen of the nitrates; to the use of
aeration in preventing putrefaction, and to its use in throwing
down the sulphur from the sulphides under the given con-
ditions ; that is, by the constant sulphuration and omdatlon of
manganese.

If in some cases I may appear to bring forward earlier papers
in quotation too often, I may be forgiven, as there is aiways an

‘inclination to put aside earlier work, and occasionally one feels

inclined to show that in former times he has been on the right
track, and not in the way of misleaders.
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PART I.—WATER AND SEWER WATER.
No. I.

SoME CHANGES EFFECTED BY OXYGEN oN OrcANIc BODIES 1IN
WATER—FOBMATION AND DESTRUCTION OF NITRIC ACID.

In a magnificent paper by Messrs. Gilbert and Lawes (Phil.
Trans., 1861, p. 508), read in 1860, it is said, when speaking of
the sources of nitrogen in vegetation,—

« Other investigations to which we have to call attention will
throw some light upon the character of the molecular forces by
which the decomposition of nitrogenous organic compounds i
effected under such circumstances as we have been considering.
These forces might be one or both of two kinds :— -

1. They might be of an oxidising character, analogous to
that of the action of chlorine upon ammonia by which free
nitrogen is evolved.

« 9, They might be of a reducing character similar to @that of
2 great number of substances upon the oxygen-compounds of
nitrogen, by which the oxygen of the latter is appropriated, and
free mitrogen given oi.

“ 3. These two actions may operate in succession the one to
the other.

“ Tt is well known that an oxidising action may be so intense
as to deprive a nitrogenous organic compound of all its carbon

-and hydrogen, converting it into oxygen compounds, as is done
by permanganic acid. The converse action of the transformation
-of oxygen-compounds of nitrogen into ammonia is also very well
Jknown. An intermediate stage In either of these converse
actions may give free nitrogen.”

In the account of an investigation “on the amount and
-« composition of the rain and drainage waters collected at
“ Rothampstead, 1881,” written by Dr. Lawes, Dr. Gilbert, and
Mr. Robert Warrington, Part 11, page 25, speaking of the loss
of nitrates in the soil, it is said,~—

« This reduction in question has been effected by the organic
matter of the soil, and has resulted in the formation of carbonic
acid gas. A part of the nitric acid has probably been reduced
+o ammonia, while a considerable part of the nitrogen has most
likely taken the form of nitrogen gas.” .

The .idea of such a decomposition of nitric acid by organic
substances as to give out free nitrogen bas heen very clearly in
the minds of the authors named.

1 shall add some of my early work and opinions, as well as a page
or two of my latest work, showing that in some conditions free
nitrogen is given off by organic substances with great rapidity.
Tt may seem ab first that such a point was not of very great
importance, but it has such an important bearing on the pollution
of rivers question, or, we may say, rather on the purification of
water, that it might have been treated even more fully than it
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is, and it seems to be a suitable point with which to begin the

subject afresh.
In a previous paper read in 1867, and in one in which I spoke

of the importance of examining the eondition of the organic matter
in water, and not merely showing its amount, I divided the
organic matter into seven sections :—

Organic matter decomposed or putrid.
Organic matter readily decomposed and ready to become

putrid. .

Organic matter slow to decompose.
Recent organic matter.
Old organic matter.
. Vegetable organic matter.
7. Animal organic matter.
I might express it differently now.

T was interested in showing the development of organisms in
the water as a mode of finding the quality of the organic matter.
The idea was correct, and the use of the microscope for the
purpose correct abstractly ; but the subject must pass into the
hands of men who have devoted much time to the study of the

o=

S

- changes which take place in minute forms. I think I was right

in my mode of dividing the organic matter chemically; and,
seeing that the study of the germs of disease threatens to be
difficult and complicated for a long time to come, it seems to be
the duty of chemists to do something towards examining ques-
tions relating to organic matter in their own way. 1 have
turned, therefore, more of late to the study of changes which
take place in the ammonia, nitric acid, and oxygen, so as to find

by chemical methods if the water has active organic matter

in it. I do not say that I have made much progress in it,
but I have done some work which seems to me interesting.

I may as well here give an extract showing some of my
previous views and procedure (Mem. Lit. and Phil. Soc., Man-
chester, 1867) :

«Tf the water contains organic matter in solution, or i a
condition approaching in all appearance to solution, it may be
wholesome or unwholesome. The mere existence of organic
matter is no proof of impurity. We must know if it brings
animalcules or vegetable life, or products of putrefaction. We
must know the quality as well as the quantity. If the matter
is peaty, cousisting of the ordinary humous class of acids and
salts, the colour may be very dark, and the water very un-
pleasant to look at, without being in any way, so far as I have
ever heard, injurious to health, although such water cannot be
quite so wholesome as pure water, since the oxygen of solution
is diminished. ‘T'he taste and other sensible qualities will be
the chief guides.

« Tf the matter is wholly or nearly colourless it may still be
wholesome or unwholesome. It may, for example, contain the
juices of plants of a wholesome character. If these juices are
fresh they may do mno injury; but they will not remain long
fresh; they will putrefy. Water containing organic matter
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ready to putrefy ought to be avoided, as we cannot tell when

the moment of danger begins, whilst the quality at best is never
known to us exactly. SR -

“To ascertain the nature of the organic matter the water is
allowed to stand for a day or two, in which case it may be
found that organised bodies show themselves. Sometimes plants
seem completely to fill the vessel, having come out of a
moderately clear solution. When standing in this case, the
water must be prevented from evaporating, and it must be in
glass, s0 as to be exposed to light; a temperature suiting vege-
tation is also to be given. Animalcules may appear in great
numbers. They are an indication of nitrogenous matter, and one
proof of the presence of substances capable of putrefaction, It
may be that somne form of putrefaction will be the only result;
but whether this occurs alone, or along with organised forms,
an excess of organic matter is proved. Water that will

. not bear the test of standing will in most cases be rejected at
once. If no other can be obtained, it ought to be used before
the putrefactive process has begun ; but this is very dangerous.
The next best method is to wait till after putrefaction  has
terminated, and the products are separated as much as possible.
This is popularly known to be the case when the water has for
some time become clear and colourless and free from smell-and
taste.”

“Water with green organic matter in suspension or semi-
solution is generally full of germs of living things and nauseous
to the taste.” — :

‘The oxidation of nitrogen has been a favourite subject of late,
but I should not think of attending to it for that reason.
However, it may be known to a few chemists that I made nitrie
acid or nitrates from organic matter in water at a very early
stage, as seen in the vol. of the Trans. of the British Association

-1n 1848. T cannot, therefore, be said to be late in the field.

Regarding the deoxidation I may quote from my paper of
1867, speaking of nitrates : « the oxygen seems to be removed as
the oxygen of the air is, leaving the nitrogen to pass off as gas.”
Mem. Lit. and Phil. Soc, of Manchester, vol. 4, ser. 3rd,
1867-8. |

When doing the first experiments, spoken of in 1848, T used

- generally, if not always, yeast for the organic matter, and I did

not give to the organised bodies the credit of producing the
action. The interesting experiments, however, of M. Schloesing
and of Mr. Robert Warington cause every one to reconsider the
subject. I suppose M. Pasteur gave the first idea of the action
of organisms in nitration, but, so far as I remember, did not
prove it. The idea that all nitrates are the products of oxida-
tion of animal matter in contradistinetion to vegetable is another
point which compels us to think over the subject. I have
always objected to the opinion thab they were the products
special of animal life, knowing that my own experiments were
made with vegetable substances, Tt has, on the other hand,
been said (long ago in conversation with me,—I do not remember
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if- the idea is published,) that probably the vegetable life passed

into animalenlar life, and ‘thus- nitrates were the products-only

ig 1 ' t go far. We must
imals. This is hypothesis, and cannot g > 1
ggngéille% ihe" idea of the- action of Bacterllla,, _05' a,rg; zeget:ﬁ]ii
i "oani ,, from the idea that org
nimal forms of organic matter, from t! ea, org
E:Il'aftrélrmmust itself be animal before it passes into 111131a.{:,es;r
leaving it possible that nitrates may come from decomposing
' ion. : | _
Vegrfﬁszzl acain, the drainage of peat lands freguently qontlf?]}s
nitrates, as we know, in great abundance, Ib]?f %n% Ipea%v 1t.s§ﬂt 011?
: X imal life. nd Mr. Waring
not remarkable for much anmma ind ngton
] ] t of mitrates. Our ex
inking otherwise as to the amount : . |
ﬂ;}ileric; differ on this point, but there is a great variety tl)if pfa({;.
F On account of these facts the conditions become complica ed,
now led to believe the following:— - ‘
an(% Iﬂsmal or vegetable matter containing nitrogen qug];lcei
nitrates by oxidation under certain conditions, Wi th and withou

anisms. o - R
org2 Inorganic matter containing ammonia does the same. ]
3. Albuminous matter in a putrefactive condition, if exposea
to excess of air, produces an oxidation of organic 1:11131'0g<_3(111T oo o

‘4, A peculiar putrefactive condition produces-a deoxidation ]g)
nitrates. In some conditions nitrogen is eliminated as_gas, ]P;
0xX gen.goind to the carbon in whole or in part. In We:.]d
solz;tions coxtljta,ining water enough tc{) al.)tslorb 'tl-lg ca]ﬂ?ﬂ% ig(izfl;y,
ire nitrogen be obtained with considerable rapidity.

- néarly pure nitrogen may with considerable Tapicf
of these propositions may require prooi a P .

%‘tww?rill be see1£J inp- this view of the question that mtlfogqn(.)ui
bodies have a peculiar power of taking up oxygen and o g.nr{ng
it out. They seem to be used for the pur}icl)fﬁ of hpu;;f]{a]?éz

. - W

.sanic substances as transferrers of oxygen. ough Ve
gzia%;f)sgd so- far as I know, that in cases of great 1mpu11t_\t-}
nitrates are formed, and their oxygen given out- afterwards, ye

we can prove that when the impurity 1s moderate nitrates are
formed, and in any case they give oub t,lheu‘ oxyj%;en in t.h1s 11;2,%;.1
i '0 1 ‘ganic matter
escape of free nitrogen from solutions o organic ‘
ha,gl}l?een Eoticed, by Reiset, for example, (see J; ahresbericht de}

Chemie fur 1836, p. 806,) and b%rgmaslelf, mf tlale efﬁmglilaél(ﬁ 1;)1

ases of putrefaction, in 1863 (dMem. or the Lit. a hil.
gi)i %rflsi\la.ncl})ester). I certainly doubted if this was an a,ctlé)n

of oreanisms when I found that the nitrogen was evolved at a
heat e(qua,l to 160° F. or 71-1° C. At the same time there was
evz)lved a great deal of sulphuretted hydrogen. The putrefactive
substance then used was blood very much dlhl(:;e'd. e One was

I had occasion lately to examine several mixtures. One iy
formed by the evaporation of urine, and some faaceg 1‘11? ~(-,E-}
process for drying employed by M. Alfred Fryer; an {:1(?; (‘alte
ing to my old 1dea that nitrogen mi ght be given off, I pu b1'1€ ra
of potash in various amounts mto solutions of the subs zmce;

Bubbles of gas began to escape next day, and In sc:metcasli;
came off with great rapidity and regularity, t.c., aoout o
bubble in three seconds.
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No. 8) and 50 grms. nitre,
nitrogen only.

10

Many organic fluids were tried, but the same rapidity
-'was not obtained by any other, although nitrogen was found
escaping from blood, egg albumen, and flour paste in the same
conditions, that is, the putrefactive state being overpowered
by nitre. Tt did not, however, escape so rapidly as in the liquid
mentioned previously.

The nitrate of potash was decomposed and ceased to be found
in the liquid. Sulphuretted hydrogen did not exist, or it was
found in minute quantities only, and it was clear that the action
was entirely different from putrefaction simple. The gas was
frequently collected, and it was found to contain very little,
-sometimes only a trace of, earbonic acid. At the same time the
action seemed to he caused by organisms; that is, it took place
in liquids which had a great amount of organic matter ready to
assert itself. And this I leave for the moment, under a belief
that this may be a kind of fermentation ; certainly it seems g
very new kind. It is like a reversed putrefaction, and must be
carefully noted down in considering the action of disinfectants,

This action not being quite the same as that found b
Schloesing, where nitrogen was slowly given out, I put down
here many of the experiments to illustrate it —

1. 1100 c. c. of water, containing 10 per cent. of exereta
(concentrated hy Fryers apparatus), gave off no gas during

2% months,

2. 1100 e. c. of water, containing 10 per cent. of excreta and

-2 grms. KNO, (nitre), commenced to give off gas after 12 hours.

The gas collected over water

N = 984 per cent. CO, = 1-6 per cent,
3. 1100 c. c. of water, containing 10 per cent. of excreta and

2 grms. nitre, gave off 218 e. ¢, of pure nifrogen when collected

Over water. (2 grms. nitre contain 220G ¢, 0. N )
4. 340 c. e of water, containing 10 per cent. exereta and

05 grm. nitre per litre, gave off 14:8 c. c. nitrogen collected
over water. (The nitre contained 187 ¢, c.)

5. 350 c. c. of water, containing 10 per cent. exereta and

10 grm. nitre per litre, gave off 38 c. c. N collected over water.
(The nitre contained 374 c. c.)

6. 350 c. c. of water, containing 10 per cent. exereta and

025 grm. nitre per litre, gave off 75 ¢. e. N collected over
water. (The nitre contained 9-6 o, c.)

7. 340 c. c. of water, containing 10 per cent. exereta and

10 grm. nitre per litre, gave off 380 c. e. N collected over
waier. (The nitre contained 874 o, c.)

8. 320 c. ¢. of water, containing 10 per cent. excreta (fresh

sample) and 05 grm. nitre, gave off 53-8 c. e. N collected over
water. (The nitre contained 551 ¢ c.)

9. 330 c. c. of water, containing 10 per cent. excreta (as No. 8)

and 10 grm. nitre. Gas collected Over water was nitrogen only.

10. 560 c. c. of water, containing 10 per cent. excreta (as
Gas collected over water was

r

11

11. 1100 c. c. of 10 per cent. excreta from a previous experi-

ment, with 2 grms. nitre, were mixed with a second quantity

1 1t] at once, but
of. 2 grms. nitre. Decomposition commenced )

continued very slowly. A gas evolution went on for many

. Liquid became strongly alkaline. B ,
da’?lr:S’Z. 110% c. c. of 10 per cent. excreta from a previous ex%
periment, with 2 grms. nitre, were mlxeq with 1,980 c. c. o
water containing 2 grms. nitre in solution. Decomposﬂno'n
commenced at gnce; the gascollected over water was pure

itrogen. Liquid became strongly alkaline. - )
lllt'il'g?; :40 C. qc. 10 per cent. excreta (as No. 8) and 5 grn;’go
nitre were heated to (120°-125° F.); gave off gas aftei : 0
hours. The speed was much slower than in those experiments a
he ordinary temperature. .
‘ ?l-;).-lcPﬁtl'i}d bloI())d + 3 grms. nitre gave off much gas, which,
llected over water, consisted of pure nitrogen. )
w}lle.;l 01016%8 c. ¢. urine + 05 grm. nitrate of ammonia + 5 c. ¢
trid urine, gave off 70 c. ¢. of N. o o
Pull()’l. Ez'g ;u%d water with nitre gave off gas consisting of
778 percéent. N and 222 per cent. CO,, collected over mercury.
When collected over water the nitrogen only was obtained. NO
17. Blood with (NH,),CO, carbonate of ammonia and KNO,
gave off gas, which consisted of nitrogen when ecollected over
Wafgl‘. To a quantity of blood which had stood several weeks
without apparent change about 2 grms. KNO; were added; a
brisk evolution set in after 2 days. ; -
(as collected over mercury = N = 926, CO, = T4

Gases collected over Mercury.

19. 406 c. c. blood + 1 grm. KNO; gave off gas consisting of
QGEOP%lgigt.pfsfi:li 3:'19 gl'jgfl.ce%gsogéave off gas consisting of
o .‘; 9F71?)L10 g;,s:a ?]-02 orms. KNO, gave off gas consisting of
. _;—.—-2 Gl.ﬁfégcc?ﬁu?;c? S;v('si.th § vols. of water KNO; gave off gas
'510;":’;1:3’ 21‘815 b:.)il.e 1(331?;3, I—E _ltg?if,K(lj\T%s z,airi%ﬁ gas consisting of
o ;L Sfdi55’0 Ccc.) gé.zblloi.d.é .—i— 1 grm. KNO; gave off gas consisting
of N = 4835, CO, q 51-5.

25. 235 c. ¢. bloo + 2 grms. KNQ; gave off gas consisting of

= 04 s = 5. o
N:[_I-l gipi’riligﬁts Nos. 8, 9, 10, and 13 the gas evolution did nof
commence until the third day, the earlier specimen yielding ga,:
much more readily. Urine when fresh did not ;)deld g:is ::11,;
first, unless a small quantity of old urine was mixed wi 11-, 1{.‘
The solutions became more alkaline according to the amount o
nitre decomposed, forming carbonate of potash. :

.. .
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---In-11 and 12 the nitrogen came off slowly at first, but. when
the first charge was exhausted a second. charge of nitre caused
.the gas to come off instantly. : . L

. The gases were exploded with oxygen. and hydrogen: sepa-
rately, and also in conjunction with water gases.. They.were
also treated with caustic potash and pyrogallic acid, but only
carbonic acid and nitrogen were found.

No. II,

ABSTRACT OF WORK BY KUHLMANN, BoUSSINGAULT,
SCHLOESING, AND REISET.

In 1848 (Jahresbericht, vol. 1, page 385) Kuhlmann found
that nitrates were formed by heating sulphate of ammonia and
sulphurie acid with bichromate of potash, peroxide of manganese,
brown peroxide of lead, minium, cr barium peroxidea; also
that by heating sulphate of ammonia. with nitrate or chlorate of

.potash, the ammonia is completely converted into nitrous gas.

Kuhlmann (Ann., Chim. Phys., 1847, XX, p. 223 et seq.)
produces ammonia from nitrates by— -

a. The reducing action of zine or similar metal and dilute
sulphurie acid.

. b, The action. of sulphuric acid, or!bette.r,-hych'ochloric acid,

upon sulphide of iron in contact with a solution of nitrate. .
¢. The action of sulphide of arsenic dissolved in solution of
caustic potash.. -
. +d. Gradually acidulating a solution of sulphide and nitrate of
potash. Ammonia is formed after some days. ~
e. The. reducing action of ferrous or stannous oxide. After
several days a notable amount of ammonia is formed.
/- Passing a current of sulphuretted hydrogen through a

solution containing ShCl; and KNO,.

‘He also obtains nitric acid from ammonia by thé following

~ reactions —

1. By distilling a mixture of bichromate of potash, strong
sulphuric acid, and sulphate of ammonia. F ' PE

Equation :— |

8 (2 CrOy KO) + 3 (SO, NH; HO) + 32 (S0, HO)
= 8 (3 SO,, C1,0,) + 8 (S0, KO) + 3 (NO, HO) + 41 HO.
(There seems some error here.)

2. By distilling a mixture of weak sulphuric acid, hinoxide of
manganese, and sulphate of ammonia,

Equation :(—

© 8 MnO, + SO, NH; HO + 7 SO, HO
= 8 30, MnO + NO; HO + 10 HO.

3. By heating a mixture of nitrate or chlorate of potash with
sulphate of ammonia. The whole of the ammonia is converted
mto nitrous gas. _

4. By acting with strong sulphuric acid on a mixture of
peroxide of lead and sulphide of ammonium.

5. By acting with strong sulphuric acid on a mixture of
peroxide of barium and sulphate of ammonia.

13

6. As published in 1888, by passing air mixed with ammonia
through red-hot tube of porcelain, a small quantity of hyponitric
acid and binoxide of nitrogen is formed.

These important facts, which I have confirmed by similar
experiments, show at least that nitric acid . may be formed by
inorganie agents in solution, as well as by explosions in which
nitrogen gas itself is oxidized.

In the Compt. Rendu, vol. 66, 1868, p. 177, M. Reiset speaks
of the production of mitrous gas when the liquids become too
slightly acid during the fermentation of beetroot solutions.

M. Th. Schloesing, vol. 66, 1868, p. 237, speaking of putre-
faction in tobacco juice, says: ¢ Nitrates: decompose so-rapidly
« that the solutions may be found to differ from day to day.
« When the nitrates are decomposed, the gases, when carbonic
« acid is absorbed, leave a residue containing protoxide of
« pitrogen. Urine was found to give out protoxide and binoxide
« of nitrogen.” The decomposition of nitrates has not been
observed when the solutions remained acid. When they became
neutral or alkaline the decomposition eommenced, and developed
with such activity that all the nitrates disappeared in afew days.

In Compt. Rendw, vol. 76, p. 22, 1873, M. Boussingault
speaks of the disappearance of a small amouat of mnitrogen in
soils, but his chief object is to show that nitrates were not
formed from the nitrogen of the air.

Vol. 84, Compt. Rendw, p. 801. MM. Th. Schloesing and
A. Muntz give experiments to show that the destruction of
germs by chloroform prevents the formation of nitrates. This
result seems in conformity with other results, but Mr. Otto
Hehner thinks a large amount necessary, as I undexrstand him.
Chem. News, vol. 39, pp. 26 and 53.

A fuller abstract of M. Schloesing’s work may be usefully

published, as below :—
Study of Nitrification im Soils (Abstract.)
(Compt. Rendu, vol. 77, pp. 203 and following.)

The necessary conditions for nitrification are known, namely,
a nitrogenous substance capable of slow combustion, sufficient
aeration, a carbonated base, a certain amount of moisture and heat.
~ These may be arranged in several categories :—

1. Conditions pertaining to the soil:—Mineral composition
and the physical properties resulting therefrom, nature and
proportion of the saline constituents soluble and insoluble,
nature and quantity of organic matters, amount of cultivation.

9. Conditions resulting from the joint action of the soil and
atmosphere :—Humidity proportion of O and CO, in the atmo-
sphere contained within the soil, interchange of gas between the

soil and atmosphere.
3. Purely physical conditions :—Heat, light, electricity.

Influence of the Proportion of Onygen in a Confined Atmosphere.

Five quantities of a calcareous earth were placed in long glass
vessels, at the ordinary temperature; the only difference being

Y S L

AT S BT

o f ma e e e

R
AL Al AT §

2P AP A e b

2 I gt B A A, g (P Py e B RS # pg, t )

B 1YY

Y g ok



14

the composition of the atmosphere in each, which consisted of air
and nitrogen as follows :—

No. - - - 1 2 3 4 5

Per cent. by vol. of O 15 6-0 11-0 16-0 21-0

Humidity of the earth 159 per cent.

Nitrogen in the moist earth = 0263 per cent. A fertile earth
rich in humic matter.

The air was deprived of CO, and NH; before reaching the
ezu;;h. The experiments lasted from 5th July till November 7th,
1872.

The following are the mean results for the CO, in the atmo-
sphere expelled from the soils during the months of July and
August. The temperature varied between 21 and 29°.

No. - - - 1 2 3 4 5

Mean T. - - 243 24 231 242 252

Mean CO, formed) Mgm.  Mgm.  Mgm.  Mgm.  Mgm.

in 24 hours per »104 16-6 16-1 15°1 19
kilo. of earth -

In the last four cases the combustion of the organic matter
appears almost independent of the amount of CO,; and in the
ist case, where the O = only 1'5 per. cent., the amount of CO,
formed is 60 per cent. of that formed in the others ;—a difference
between the slow oxidation in soils and ordinary combustion.

The determinations of CO, made in September and October at
temperatures between 14° and 18° call for the same remarks.
They show, moreover, that temperature has a considerable
influence. The production of CO, at 16° is only half that at 24°.

The following are the results of HNO; determinations calcu-
lated in mgms. per kilo. of earth :—

No. - - - 1 2 3 4 5
7th Nov. 1872 - 1518 2018 2386 3527 2687
5th July 1872 - 1061 1061 1061 1061 1061

HNO, formed - 457 957 1825 2466 1626

The nitric acid present at first = 1528 mgm.

Schloesing fancies Nos, 4 and 5 have heen transposed.

The production of HNO, depends on the amount of oxygen in
the atmosphere.

Second series, differing only in the degrees of humidity which
was raised to the maximum, viz., 24 per cent. In No. 1 pure
nitrogen alone was used, and Nos. 2, 3, 4, and 5 had atmospheres
containing 6, 11, 16, 21 per cent. oxygen.

The experiments lasted from 18th November 1872 till 3rd July
1873.

The CO, determinations in November and December gave as
means—

No. - oo 2 3 4 5
er cent. oxygen n

atmosphere -} 0 6 11 16 21
T - 148 145 150 161 142

Cbg formed mgm.

per kilo. earth } 903 1509 160 166 160

The results are similar to the earlier ones. The excess of
moisture favours the oxidation ; the temp. being lower.

- Estimation of the Nitric Acid.
) -1 2 3 4 5
000 263 286 267 289

8th November 1872 640 64 G4 64 64

Nitric acid lost 640,
1 formed - - 199 222 203 225

In No. 1 the nitrates have been destroyed, doubtless by the
organic matéer. In the others the nitrifications have been
fairly equal. | "

The mode of decomposition of nitrates, when the medium is a
soil deprived of oxygen, has not been fo my knowledge the
object of an exact examination. To 12 kilos of earth from
Boulogne were added 7-5 grms. KNO, in dilute solution, the
whole was placed in a 10 litre vessel . with a gas evolution

tube.

No, - =
3rd July 1873 -

Moisture of the earth = 17-46 per cent.
... . [originally present = 0-844
Nitrie 8‘md{added as KNO, = 40095

4-8535

b4
o

‘The experiment commenced on the 20th November 1872,

The mercury at first rose in the evolution tube, owing to
abscrption of oxygen and CO, After five days the pressure
began to increase again. On the 9th December it was equal to
that of the atmosphere. On the 19th a violent evolution of gas
commenced. Some gas was lost. At the end of the experiment
4900 c. ¢’ of N and 1300 mgm. CO, were collected, other gases

were absent.
Analysis of the earth :—

Nitric acid - - - - 000
: . before experiment - 051 mgm.
NH; in 100 grms.q oo i - 185 .
(Gain - - - 084

9nd experiment, conducted chiefly to measure initial and final
volumes of N :—

Weight of earth - ~ - 11-4 kilos.

Moisture - - - 18-2 per cent.

Temperature (surrcunding) - 55°

Air mtroduced - - - 50215 litres.
Do. do. (corrected) - - 48904 ,,

38732
1-0172

Contraction at first as in previous experiment.

Cz
I

[ N
T, Feig Ttea s s

L ey mre
R



e e e gk g -
. " . et
P SRR pep, o LTILE Ak "
R e L T e, 7
S T e N

P
RN AT Ry e S

Lrr L SWTH TS TR A Y

. . . : . . : ' S .
ORIV DRSS P SR ST : v . fm—— . pers r———
[T TSRy AP VR s ot e " -
. R . " . . . o e - . N

B T

[ PR SR T PEP L ST PTIL]

;,..‘.92-'.-‘-_" RR-RTT . S S T-':'-"'”.l s

..' N
Hom e e e e

16
Analysis of the earth :—
Nitric acid - - - - 0-00
NH; in 100 grms. [ before experiment - 135
earth - - | after ” - = 304
Gain - - - 169

Gain of NH, for 11-4 kilos earth - 1927 mgm.
NH; equivalent to 7-5 grms. KNO,- 1262 ,,

Analysis of the gas - - CO, N
Vo%). at 0° and 760, recovered | g404.9 4088°5
y the pump - -
Do., disengaged during} gq.4 809-4
experiment - -

35733 4897-9
Nitrogen present in air ab] _ ggva.9

first - - -
Nitrogen present in 75 __ qoa.
grms, KNO; - = 82890

4701-2

There is thus more N given off than is present in the air and
KNO,.

Boussingault has shown that in a confined oxygenated atmo-
sphere the gaseous nitrogen does not go to form nitrates, which
indeed lose a small quantity of their combined nitrogen.
Schloesing confirms this last result.—Th. Schloesing, Compt.

Rendu, vol. 77, p. 353.

No. 1L

OXIDATION OF AMMONIA.— EXPERIMENTS MADE SOME YEARS AGO,
AND LEADING UP TO THE POINTs EXPLAINED IN No, I

The peculiar effect of the nitrates has led me into the question
of the oxidation of ammonia further than previously because
there seemed to be a question as to the action of organisms,
I am desirous of saying that I have no desire to give my experi-

ments in opposition to Mr. Warrington. The only experiments

"that were caused by reading Mr. Warrington’s were those
relating to the action of light and . those where heat was used.
I so far corroborate Mr. Warrington that light does retard
the action in organic solutions. The action of organic matter
ig further shown by the fact that where there is most organie
matter in a state readily decomposed by caustic potash that is
in so-called albuminoid matter, the action of decomposing
nitrates is strongest. |
Pure water containing 01 per cent. milk, filtered through sand
free from nitrites and nitrates.
The sand was about 8 inches deep and 1 inch broad.
Ist. 100 c. c. filtered from December 2nd to December 20th,
1874, contained 0°185 mgm. HNO..
2nd. 100 c. c. filtered from December 2nd to December 20th,
1874, contained 0°170 mgm. HNO,.
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100 ¢. c. not filtered, kept in a bottle half a day, 0°148 mgm.
HNO,.

100 c. c; of the water used, filtered through sand from
December 2nd to December 20th, 1874, 0-00.

The remaining portions were again filtered tili 28th January

1875, making altogether 46 days, when—
1st gave - - - 0163 mgm. HNO,.
2nd - - - 0148 ,, ’
Pure water - - - 0:00.

There is a slight increase in the amount of HNO; by filtra-
tion from the 2nd to 20th December, 18 days; and afterwards to
January 28th, the 46th day, there is a decrease, but not so small
ag in the unfiltered portion. Pure water filtered through the

sand for 46 days remained free from HNO;.

Ozonized air with phosphorus vapour aspirated through
water containing milk, and water made alkaline contaning

yeast. January 1875.
Through 50 c. c. water containing 0:017)
per cent. yeast for 85 hours, extending \ No ENO, formed.
over 5 days, strong reaction to ozone ‘
paper - - - -
Through 50 ec. c. water containing 001

per cent, milk for 69 hours; 50 c. c. of )
caustic soda pure were then added, ~No HNO; formed.

and the ozonized air again aspirated
for 95 hours, altogether 164 hours -
After passing the 0-01 per cent. milk)

solution, the ozonized air was aspirated | No HNO, formed.
-through water containing 0*01 per cent.

yeast for 164 hours - - -
And finally through another 50 c. c. water |

containing 001 per cent. yeast for 1645}1?0 HNO, formed.

hours - - - -

When the aspiration was stopped all the liquids were alkaline,
and gave a reaction with ozone paper. Each portion smelled of
phosphorus.

Permanganate and yeast :—

03 grm. yeast mixed with water and?y
permanganate of potassium, stood}l\o HNO, formed.
20 days - - - -
Hydrogen peroxide and yeast:—
03 grm. yeast mixed with water and 25 c. c¢. H,O, solution,
stood 20 days. .
The 0-3 grm. yeast contained before} 0-444 mgm. HNO,
mixture - - - -
After mixture with H.O, solumon,}o.]g3 mgm, ANO;.
and standing 20 days - -
There has been a decrease in the amecunt of HNQ,,.

-\
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Reduction of Nitrate by H,S in slightly Acid and in slightly

Alkaline Solutions.

Both columns were determined in the same way by reduetion with aluminium.

Bottle, loosely closed with paper, December 5th, 1875. 200 c. c.
KNOQ; solution + 1 c¢. c. NaHS solution + 0°5c. c.

Acetic Acid. Acid - - - -
Bottle stoppered do. do. do. -
Open, December 5th, 1875, 200 e.c¢. KNO; sol. + 0°5 e.c.

NaHS sol. + 0°1c.c. A - - - -
Stoppered do. do. do. -
Open, December 5th, 1875, 100 ¢. c. K2 T03 sol. + NaHS sol.

0-25c.c. Alk. - -
Closed do. do. do. -
Open, 200 c. e. KNOQO; sol. + 1 ¢. c. NaHS sol. Alk. - -
Closed do. do. - -
Open, 200 c. ¢. KNQO; sol. + . ¢. NaHS sol. Alk. -
Closed do. do. -
Open, 200 c. ¢. KNOj; sol. + 5 ¢. ¢. NaHS sol. Alk. - -
Closed do. do. -
Open, 200 c. ¢. KNOjsol. + 5 ¢.c. NaHSsol. + 0*5 c.c. A Alk.
Closed do. do. do. -

Open, 200 c. ¢. KNO, sol. + 10 ¢. c. NaHS sol. Alk, -
Closed do. do. -

Open, 200 c. ¢. KNO; + 0°25 c. ¢. NaHS + 01 c. c. AAIL.
Closed _ do. do. do. -

Closed, 200 c.c. KNO; + 10 c. e, NaHS sol. + 0-7 c.c. A Alk.

H,S was found in two bottles only. After 39 days these were
alkaline,

Milligrammes
HNO,.
1st day. {39th day.
§-750 | 8-214
8:750 | 8°214
41st day-
8-750 | 8177
8750 §-326
42nd day.
4:375 | 4-012
4-375 4:012
38th day.
8:750 8-194
8-750 8342
8750 8:405
8750 | 8105
8-750 | 8-356
8-750 8-504
8:750 | 8°357
8-750 8:504
8750 &:561
8-750 8-483
8-750 84153
8-750 8-301
§:750 | 8561

I have spoken of the oxidation of organic nitrogen, and we
must now consider the oxidation of inorganic mtroo'en or

ammonia,

Oxidation of Free and Acid Solutions of Ammonia by

Hydrogen Peroxide.

- Milligrammes
‘;ﬁq“g:g?ﬁf HNO, in the
Total Liquid. | , .08
efore mixing.
10 c. e. NH; solntion + 50 c.c. H,O, solution
Tested after eight months - 14-45 0-77
10 c. c. NH; solution, acidified with 20 c. e. dxlute
H.SO, + 50 c. ¢, H,O, solution. Tested after
eight months - 3-56 1-29
10 ¢, ¢. NH; solution, acxdlﬁed Wlth 10ec.c. dﬂute
H,S0,; + 20 c.c. Hy,O, solution. Stood ex-
posed to light from February 20th, 1874, to
March 24th, 1874 - 1-48 0-89
30 c. ¢. NH; solution + 55 c. c. H..O.. solut:on - 12-28 0-81
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LATER EXPERIMENTS.

OXIDATION OF AMMONIA.
PERMANGANATE of PoTasH, AMMONLA, and SuLPHATE or Axmonia. Oxygen and Nitric Acid in Parts per Million.

2 p. c. sol.

5 p. c. sol.

5 p. c. sol,

Water
to
1 litre.

}

9 ¢.c. (NH,),SO, sol.
3 c.c. NH,OH sol.

Days in
Contact.

=)

-

43

111

180

Avail-
able
0O lost

379

491

679

1,158

HNO,
formed,

593

104+5

206

267

278

‘Water |60 c.c. KMnO, sol.

to
1 litre.

}

6 c.c. (NI,),S0,s0l

Days in
Contact.

35

43

111

180

Avail-
able
QO lost

32

126

632

66

680

formed

16+3

23+0

'8

97

778

to
1 litre.| 2 c.c. NH,OII sol.

Water |40 ¢.e. KMnO, sol.

}

3 c.c. (NH),S0,sol.

Days in
Contuct.

43

111

180

Avail-
able
O lost

16

211

formed

G- 67

4-45

7N

to
J 1 litre.

MnQO, sol. 'L\Vater 20 ¢.c. KMnO, sol,

{
1 ¢.c. NH,OH sol.

[

D

ays in
Contact,

[

111

180

Avail-
able
O lost.

8

63

63

103

281

HNO,
formed

11-12

15+2

14°1

u

[le]

347

Water|{20 c.e. I

to
1 litre.

1

20 e.c. KMnQ, sol.
dec.c (NI‘I,;)QSO.‘ sol
1 c.c. NH,OH sol.

Days in
Contact.

1

29

32

43

111

180

Avail-
able
O lost.

16

47
47

289

HNO,
formed.

9-34

2000

23°2

17+0

81-5

D

1880.
15t Qect.

291k ,, -

1st Nov.

1

4th
12th ,, -

1881.

29th Mar.

==

N1 19th Jan.
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Lir found as much as 35. I do not know if this is an error of experi-
b i | ment ; I think not.

: - We learn that by a natural process all traces of organic impurity
may be removed from water, and that part of this may be done
more rapidly by the assistance of organisms probably, but that
it may be concluded without organisms. The only usual bodies
that cannot be removed are the alkalies and their salts, of which
chloride of sodium is the most striking. The attention paid to
this salt has been too small. I brought this forward also in
1867, but that also was attended to before me by Dalton, and
forgotten. I hope it will not again be left out. It is remarkable
; . with what complacency many chemists look on an amount of
chlorine in water far above that of the natural drainage of the
district.

organic matter, as well as one which is intimately associated
with organic matter. We have arrived at a very firm stage, but
we require to learn more. The inorganic matter from which
nitric acid is made contains ammonia, and we require now to
learn in what conditions nitrogen is used for forming ammonia
if there be any methods of doing so.

Schonbein showed long ago that ozone caused the formation
of nitric acid ; and Luca (Jahresbericht, 1855, p. 318) said that,
after passing air ozonized by contact with moist phosphorus
for three months over potassium and potash, there was formed
nitrate of potash in quantities enough to crystallize ; from 7,000
to 8,000 litres of air being used. 'With these views before us we
may look to the formation of nitrates from inorganic nitrogenous
compounds in cases where ozone exists, and that may possibly
be found in very pure water, where the oxygen exists to the
nitrogen in a proportion above 83 per cent. Alkalinity seems
an essential condition in many of the mixtures, but I have
found nitrates in wells very acid. This was remarkable in the
case of a polluted well, the use of which had probably caused

'f 24 25
- There is here mentioned a series of trials made some years is not proved, so far as I know. The oxidation of inorganic
ago by passing air drawn over phosphorus, first through pure nitrogen seems to require, higher oxides than the air, But we
B i water, to find if the reagents were pure. After 60 hours the may ask, will not the ozone of the air prove to be one of these
SN water was found to contain in 10 c. e 0°01 mgm. of ammonia, higher oxides ? It is probable, and we may expect it to show
E _ and that in contact with phosphorus contained no nitric acid. its power iu some cases, but it cannot be expected to reach far
N This phosphorised or ozonized air drawn through water for a into sewers or heaps of refuse. We may, however, be certain
T week produced no nitric acid in it. that it acts as a purifying agent on substances which it meets
B F Then through dilute ammonia for three days no nifrie acid. in the atmosphere.
N Another (time not recorded) gave 0°22 mgm. HNO,. On the table of changes in the condition of nitrogen in water
g 1t will be seen from the tables that an ammoniacal condition containing organic matter (p. 26) it will be observed that the
N greatly increases the nitric acid. This action of the alkaline nitric acid column shows a general increase in every case.
- state is probably an explanation of the effect produced in the There is, however, a curious observation to be made; at a
R presence of chalk, and may explain the amount of nitrates in certain time there is a slight diminution, and this has taken
R at least some chalk waters. The water having organic matter place in every instance. It cannot be supposed that amongst so
R in it and percolating through the chalk has this matter more many analyses no error should have occurred, but such a con-
S readily oxidized. sistent error is not probable. Besides, a similar backward move-
-8 : Tt is clear then that oxidation is continually ready to take ment, occurred on the occasion of a previous inquiry; and, indeed,
. BIRRLR place when organic ‘substances are in water, and oxygen is it agrees with my early observations of the destruetion of
& presented to them. This takes place rapidly if air is abundant, nitrates, and the later ones on the elimination of nitrogen.
R but it takes place much more rapidly when oxygen is presented Those in the table given all occurred from the end of June to
SR in a concentrated form, as in nitrates, &e. & the beginning of August, as if the heat had been an agent, the
s Tt may be asked how far this may affect the estimation of . peculiar putrefaction spoken of having occurred, I suppose.
g t | albuminoid ammonia Whez_l heat is used Wit-].'l perpmngana.tes. _ The. niifrogen of t]z‘te three ki_nd_s inc?ea.ses (2.e., of frefa ammonia,
40 The consequence also is that waters with little oxygen in albuminoid ammonia, and nitric acid), being supplied by the
- ERW: solution are under suspicion, or rather they have or have recently residual albumen, which is supposed to be continually
,_ ,j l 1 had substances in solution taking up oxygen. I brought this decomposing. )
i .; subject forward many years ago, but it is not sufficiently The effect of darkness has been to increase the growth of
- attended to by chemists. Dalton saw the 1131&1301'1"2?1103 of this nitrates in the Manchester water, and the stronger blood solution.
4l examination long before our time. It is a merit, which o'nly the This is not apparent in the weaker.
8 b;st W;Ia,iier ]f‘ﬁ’ to 3]:;““79 the Ofy %elzha,n% n;trogen 121. the Iflal‘fmru Tt seems correct, from the results already given, to believe that
1 of noy less than oo per cent. of the LTSL. 1SOMOLIMES L have nitric acid has a mode of growth in nature quite independent of
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FURTHER ON THE ACTION OF THE AIR oN CoMBINED NITROGEN.

The air oxidizes the nitrogen which is found in nitrogen com-
pounds. That this is done when organic substances are absent,
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death to more than one of a family in Manchester before the
present water supply was universal in the eity.

Imferences.

We may then come to the following conclusions :—Bodies
containing protein compounds, when in abundance of water
and in common air, may oxidise and form nitric acid.

The same organic bodies in a state of decomposition and in
water may oxidise at the expense of nitrates, and give out
pitrogen. _

The first condition is that in which a certain amount of
sewage is in the water, but is overpowered by the amount of air.

The second is when the sewage is in excess, and overpowers
the nitrates. .

Nitrates may be formed by the oxidation of inorganic nitrogen,
but not so far as we know by contact with common air under
ordinary conditions. The oxygen must be presented in a more
concentrated or more active condition.

Putrefaction destroys organic matter without the influence of

27

Putrefaction and oxidation are two well-known modes of
destroying organic bodies at ordinary temperatures. The second
is not proved to be connected with organisms.

How far then can oxidation or a great supply of air be
employed to destroy putrefaction or to purify.

The bearing it has on the analysis of water will be clearly
seen by chemists. The bearing on the sewage question is also
interesting. Substances and living things may be carried by the
rapid sewage system into the range of a mnew activily before
undergoing that putrefaction which breaks them up in prox-
imity to us or in the sewers themselves. It seems to point to
a plan of causing the destruction of organisms by putrefaction
and subsequent oxidation or by chemical action. At least it
seems to me that we require to learn if it be true that any of
the germs of disease, or which germs of disease, will live in an
abundance of good air. We know that abundant dilution will
render them all ineffective, It is probable that there will be a
difference amongst them in this respect, whilst all will yield to
the double action of first putrefaction and then oxidation.

On oxidation, more will follow, when speaking of its applica-
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oxygen ; it breaks up organic compounds, and destroys organisms,
The evidence seems to indicate that it destroys even those bodies
that produce disease, but that in cerfain conditions it preduces
others. This is a point not to be enlarged wpon without more
knowledge, but it is evident that by putrefaction we get rid of
an enormous amount of oftensive matter. Oxygen cannot enter
under the surfaces of actively puirefying bodies; but whenever
it is allowed to enter by the putrefaction being less active, an
‘action begins which in time completes the destruction of the
body. We are not, therefore, to suppose that the germs of
Jisease can resist all these efforts of nature to destroy noxious
things, nor are we to suppose that an invisible germ of disease
can pass on from stage to stage unaffected by the putre-
faction of sewage and the action of air. We must believe,
for the present, that it is not so. - In water we see perfect
purification, nitrogen itself being lost. .

In ordinary putrefaction sulphuretted bydrogen comes off in
abundance, with much carbonic acid and some nitrogen. Oxygen
: resists this action, and if the oxygen is supplied in a concentrated
condition a change takes place, nitrogen is evolved as the prin-
cipal gas, and a decomposition of nitrogen compounds takes
place. Nitrogenous bodies are thus destroyed, in one manner by
their voluntary putrefaction, in another by oxidation. Up to a
certain point not determined the greater the amount of nitro-
genous bodies the more rapid is their decomposition,

The oxygen of the nitrate passes in part to the carbon ; some
will be retained, forming a carbonate. I have not estinated how
| mueh, or if all, is taken by the earbon.

If the solution is weak the nitrogen takes up the oxygen, and
does not allow it to pass away, thus forming nitrates.

cation to sewage, &c.
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e~ A § - ]
S olswema| 111 EEEEZSE D8 No. V.
o= e T B = T o R B .| |
p.j - r
=8 | oNH 1111822833388 | OXIDATION AND DECOMPOSITION IN SEWAGE.
23 se X 2 o S b iy i b i . ‘ ' '
] : - I feel almost ashamed to bring so many figures to prove so
sF [THNUV| 8 283 § & P EE2TEES 2 S : :
25 | SN gegal |l vorerrpr? little, but we know that wisdom grows slowly ; and the enormous
0 2 - amount of labour spent on sewage within 40 years shows that it
S |THN®W] 2 3 R g ] | HB 35 58888 : :
: S8 N 5 5 i o b b b B b o has happened also to all my contemporaries as well as predeces-
: 1111 1 E&scszs8a sors to give their labour to an extent which seems too great for
. g | LSO ©» s 535 @ 5 3 5 the result. Still, I by no means think that my time is lost if
= =2 |Tooxm 1111 888883832388 I prove no more than this,—that by agitation withiair sewage is
! 5 9 | X S B e A kept without smell for two or more weeks in ordinary weather,
g S lEANyav| 8859 1 835588838 and even in warm weather. This is probably the most practical
', = . 2 AT - - - - . - - - - . - - . . . . .
5 g2 SN D 0 o o2 =2°2°29°92 portion of this part of the inquiry, The numerous analyses are
;‘;5 = G |UENoI| S S 28 ) ) SHEEEEREE not at all so telling as I expected them to be, but they do tell
= — SR something of the chewmistry of the sewage in relation to its loss
L FLs ~H E oD ] c - - . - » .
= sxgoqg [ 1 1 L1 11 B3 % &8 S 538 | of organic matter, and the change to inorganic. This inquiry
: I B . - . a . . . . 2 1. o . 2
i 2F |—— — i 1 ies | 1 as a preliminar
‘ © like all inquiries on the subject hitherto, has 11 y
i & BEWE | 11 BEEESEEESE character; but it is a progress in my opinion, and I am desirous
a". = - .QO__‘ N - o o 5 H 4 4 om — A 3 . . 2 .
= 8| % g | B 28, BEZEcozBES of publ1;h1;;g I{lt,hwhgthis_r fm;nd at present practicable or not,
S 5| 58 SN : S = 5 & 55 55565 - because I think that in time the practical may be forwarded by it
g ‘= s | = a— ' . . g
i 8 E 82 oy oo £ 28, 88385888 ¢% The gases from putrefaction I examined some years ago, as
i Q S8 X P S S s & =5 & 5 o elsewhere quoted. In 1877 I made some experiments simply to
A R EEE find if abundanco of water increased or diminished the offers
g2 £ sweon| 1 1 1 1 1 18 385 BBER3F | nd if abundance of water inereased or diminished the offensive
Wi -l .-__‘5 £ . L) - - :_- . . - .
i = g | B S e B L emanations, and these I supposed to be measured by the
o | 5 | oxH P11 1 1 28238 38888 | ammonia. It is shown that the air is much more tainted with
il 'dé So SE N - - T I T - . 11
i o 8| A2 — o o o ammonia when water is not present: see “ Gases from Sewage,
R3] . . . N g = < A B e = : . : :
i H S| Sy |TENAV) 2 8 % ¥ | | § 50 555 o Ed &e.,” p. 29.  Another inquiry going further may follow this, but
i o S| 8% st N & 5 & & c e 2o =299 2 Il’kt t! i 1st thc'lb the chemist ¢ 1%'{;
i S | g2 — S 2w s 2 5 = 2 S = ook to the microscopist rather than the chemist to complete it.
ik g ©&| 58 |tEnoaa] § 2 § 2 2288581583 °¢%
i 5 2 58 N sl lge2g2 22253 )
T L I A e — R - v TO% .
A T gsemm| 1111 1 1 BEEEREFEE Gases from Sewage
o - 2, o o o o (-] = [ . L) .
i © =15 T e ————— — The gases from sewage are continually receiving attention, but
] o E = & =) O (=) *
il 8 S| OFE | 11112888 EERS they are not frequently examined in a quantitative manner. It
r!‘ -—JD ., :. - . - . - g
; = 88 - = R i3 very difficult to obtain th
| Rz St |myav| RE28,  BB88EZ288E8 s very di to obta em in the condition and state of
1 = 28 S8 N c 222 2z 22z 2 = dilution in which they cause illness. It has heen observed
I ° Z lomyoug| =388, 883552233228 that these gases produce more cases of illness than gases from
Bt = = ST N\ S 5 5 5 S5 o6 &5 5 5 o 5 5 excreta not producing sewage, and it seemed of some importance
HH % — == [ B . “- .
li o g lexgeong| 11 111 1 528888588 to know what was the proportionate amount of decomposition.
N = e} 555555 5 . T > o :
i - P = °=---°-°=° The result is insufficiently shown in the table to follow.
| £ Z ONH 1 1] 1 888888888 | The atmosphere over the dry matter contains much more
i — = HE, & < = = . .
i g "5 == == = ammonia than over the wet. This may not mean that more
- -2y B . - I~ e I~ 2 = 13 o 1D W . . 7 .
§ S g= |THYAV) S S8855 1 18828822222 organic matter is decomposed; it may mean only that the
\ — A [ ol . L] - . .
: I = 2 = 5 = = % 3 38 water keeps the ammonia in solution. Still, bubbles of gas
i = . L o o = =2 = c 2 . . . . . -
i Ao Per| 2282811228822 ¢% ¢ P rise rapidly from sewage in water; no such rapid evolution takes
.'_ , =~ - i lace with the dry matter. The quality of the decomposition is
* o — — —t i q- ) P
i - : I3 2] & = & r:hl:‘.'-. 3 . . 3 Y
i £: 8 27 =R g 288 EH =8 o different. Water assists greatly the growth as well as decay of
it Z 3 most organisms, and to these we must attribute the more rapid
; ?m o o W o o oo 2 o e In o= EE = . - . . - 7 .]-
i 258888783 L = o escape of gas. Still, the experiments point only in one direction,
g E 3 £ & e and we have to learn much regarding the quality of the air
T = D = 2 =] By . . . . .
B A = ER g = 3 & ~which comes out so rich in ammonia. This much we learn : that
i 1y =t ] - N i
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water assisting the conditions of putrefaction causes a much
greater destruction of organic matter, and the emanations are
offensive, but we do not hear much of decided injury when they
are mixed with a great profusion of air. Perhaps the paper by
Dr. Henderson of Helensburgh has touched this point more
directly than anything that has been done—See “ The Sewage
Question in its relation to the Gareloch and neighbourhood.”—
Helensburgh.

It was natural, however, to inquire what advantage could be
got, out of this knowledge ; and at a later period, after obtaining
Dr. Storer’s apparatus, a fresh stimulus was given to the inquiry
in a new direction.

It will be observed that in the “dry” column the ammonia
rises much higher than in the “wet.” This would show that,
however much gas may escape from sewage, it is never very
full of the products of decomposition of animal matter. The
result of breathing sewage gases, if more hurtful, must be attri-
buted either to the supply being more abundant, although more
dilute, or of a more offensive kind. This latter explanation
seems the more probable one, but requires examination. This is
quite in agreement with the statement elsewhere made as to the
rapid destruction of organic matter in water. We know that there
is a stage of great danger, and, when the sewage is diluted and
exposed to the atmosphere, a rapid and remarkable stage of
diminished, if not disappearing, injuriousness. The materials
were kept in carboys holding about eight gallons (565 litres);
the carboys were kept closed, a certain measure of air drawn out
and washed, and an equal amount of fresh air allowed to enter.
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Gases from Sewage and Sewage Materials.

NH; from the NH; from the
Solid. same in Water.
Date. T°C. ] _
S1E/E| 8| E|E
= s = T = =2
e & = [ M w | 2
18%7. Mgm. per cubic metre of air.
QOctober 17th - - — * 85 *7'0 Nesslerised direct
i h i '. '. 1]
» 18th,10a.m, - — *10°0 *7°5 without distillation
» » 1pm. - —_ *('5 * 75
» 2 5}].113. - - *10'0 * 50
, 19th,10am. - | 16° * 89 * 35 )
2 » Z2pm. - —_— *6'5 * 50
2 23 5 p.m, - A *10'5 * 5.0
s 20th - -} 16° *80 *7'5 -
» 22nd,10a.m, - | 18° *20°75 *17°5 VWet, smells strong and
repulsive. Dry, more
R , noon - — #3200 *19°5 _ intgnse than at first,
” » S3pm, - 18° *92°5 *25°0
5 28rd,10.30 a.m.| 15° #2245 75 Corks on carboys re-
moved,and caoutchouc
» sy dpm. -| I7° *23°5 —_ caps substituted.
s 24th,10am. -| 1%7° *31°0 *17°5 Smell from the wet be-
coming less intense.
” »  3.50 pam. 15°5 *33+0 *12-5 {The wet had ancther
5((!1,30(()1 grns. water
added.
» 26th,10am. - | 16° *37°5 *2905 )
, 9th,noon - | 1° 1526 155 Distilled from alkaline
permanganate,
s  27th,10am. -| 16° *30°0 *10°0
67's 6 —_ Fretlzlf tTiu 24th no dis-
tillations.
»  20th,10.30 am.] 17° 140 40 15 35 '
o 30th,10.830 a.m.| 17°°5 105 24°0% 12°5 2°5 !
0 15°0 | 1'5 | (Acidulated wafer
used to collect the
» » Spm. -{| 18° 100 16] — —_ — ammonia.)
» »  3.30 p.m. — 140 20 8 0 08
» 81st,10.30 am.|{ — 0| 150} 20| 48| o0 j 2
November 1st, 10 a.m, - | 16° 170 0 251 4°0 0 1°0
LT L13 noon . 179 140 0 ? - — -
", ond - - | 16°5 160 | I'5] 3'0) 46 02| 1'0
3 3rd,10a.m,-| 16° 1601 170 75| 26 0 10
" bth, 9.30a.m.{ 16°>'5 | 160 0 25} 44| — 4
. 6th, 9.830 a.m.| 16°'6 1625 20) 50| ~ 14 .
- 7th, 9.30 a.m.| 19° 225 —_ — 76 Soda lime,
- » 1230 pm.} -— 250 — — /] Not distilled.
FTy St'h - - 17° 200 — —_— 6
» 9th, 10 2.m. - 195 — — 56 Do.
— g2 Soda lime,

* Asterisks show the three ammonias given ; italics the first two,
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Ammonia from A?ﬁ?g;‘fﬁef‘{flm Flesh, Decomposition of. g
i the Solid. Water. :
Date. T . R . _ —_— Ammonia. *
g s| 128|883 Date. m L 7,
g ;,:‘ = E ﬁ = %‘ % Free. | Saline. | Albmd,
5.
: : 1877. 1877,
7 1 November 10th,030am) 17 | - | 200] — w4| — | Ngt distlled beforo November2znd -1~ s b e e with ater, showed
; 36| — ! =odalime, . osth _ 19° 0'8 02 ammonia by Nessler’s test.
ﬂi ., 1th,gam. | 16° a0 |25 | #2'0 | 30} Acidulated water uscd . %th - | 10° 6' ? | Flesh tainted.
r s 13th - -1 15%5 150 7°5 8 20| nia, » 28th - - —_ 29 -— :
; »  14th,930am.| 145 170 — 8'0 2°6 . 20th I 240 - ;
'J; ,»  15th- -] 16° 245 a5 — | 84| — December1st - - 190 30 _ - i
| : . 16th = | 16° 275 30 70 0°6 | Surface. »  8rd - i - 44 02 | Flesh smell putrid. g
! ‘ 290 2°0 - — | 1{t. from surface. .  4th - -] 1 56 Trace ‘
. 17th -] - 230 55 5°2 12 , sth - A ge0s 1170 10
» 19th - | 1 200 6°0 50 1°0 T T . 13°0 1
%’ a8 20th - =1 12°°5 455 25 &8 10 . 8th « - 12° 11°8 2.0
H s st = -} 12 1625 | 60 2 0'8 o 10th-  -| = 198 Trace .
i ' 190 149 — o — | ByFrankland’s method. , 11th - - 140 130 Trace i
i »  220d - 1 250 60| &2 1'6 s  12h- | — 19°0 Trace by
o 200 - - — | Soda lime, . 18h - -] m° 14+ _ )
!1 , 28rd - -] 12 212°5 70 40 10 . 14th- . 190 18°0 - %;
) ] B 2000 —_ — — | Soda lime. L th - - 11° 180 _ 3;
, " 24th - -f 12 2250 60 0 00 ) 1%7th - ] 129 050 B _ :}
! s 2th = -] 10° 187"5 25 2'2 04 s 19th - - 12° 220 — 3
il 50 — | — | 224 — | Drybysodalime. . 20th- . 5o 210 0°s ”'
December1st = -] 12° i - —= 1 =1~ . 20th - - 11° 16°0 Trace '
1 , 8d- - - 252°0 2°5 30 1°0  ast- | e 160 Trace i
i ., 4th o« -l 13 — — 50  |trace 3
“ , sth- -f1235| oo | 03] — - 1878. %
. , | L 10th - -] — _ _ a2 1°0 January2nd - - 10° 22°0 - f
'I o oume -] _ - 6 0'8 » 20st - | 15 | 5#0 [ 124 30 i
:‘ . 14th - | 190 4550 — 0'0 *g00 [ * ‘%}ﬁ‘é’yf’i“‘%i‘% . mgrbsr;; »w 25th - - 100- %0'0 904 2.0 i
: R 1 R B T eso0 | — | — | — | — | wellagitated. Februarylst -  -| 1475 | 70°0 16 3°0
i i | , 10th- -] 1P oysr0 | — | 0°0| 36| 00 » d - - IT0 B4 0°2 4 ' I
? L agth - | . . 0°G _ »  4th - .| 1°5 34°0 10 26 ‘
1 i , Slst -« -] 10 300°0 2°5 1'0 00 »  12fh - « | Freezing | 15°2 04 0°2
e o
" s January 2nd - -1 107 300°0 — - - - ”
al , olst - -{ 15°5| 700|1070} 00}10°1| 12| 34 b
J ; . 25th w -] 10° 600 5| 80| 24 1°0
‘ { i w | February 1st » | 14°5 | 700) 80 5l 12| 000 16 '
il , omd . | 1° | 190| 45]205] 88| 42| 26 :
Nk , 4th - | 15! 200| s0{ 55{ 38| 0'2] lost
: 1, , 12%th. - l|Freezg| 0001240 | 45| 36} 02| 12 Q 7516. C
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No. VL

EARLIER RESULTS—AERATION IN WATER.

This subject has long interested chemists, and aeration has
formed one of the plans of engineers from a long date back.
The mode of bringing down the water from the hills to Man-
chester has been founded on the idea that aeration is of value, the
artificial falls being constructed with that view. It has also
been a common saying that water is best when aerated, and
mineral waters aerated to an excessive extent have been in use
since first invented by Thomas Henry, F.R.S, of Manchester,
last cenbury ; although it must be remembered that aeration”
by carbonic acid, as is the case in prepared waters, does not
carry out the true idea of aeration which is by the oxygen of
the air. “ Aeration” by carbonic acid gives a secondary mean-
ing. In ovder to test the purity of iater to be used in
distilleries, it was said jocularly in a publication, some 20 years
ago, in Scotland, that one asked, “ How many falls does the
water fall? Talisker water comes down 80 falls.”  (See Highland
Drovers, Douglas, Edinburgh.) The idea of purification by air
must be considered then as a general one.

Of course water, as such alone, is not oxidized by the air,
althouch a certain amount is held in solution ; but water does
not exist quite pure or unmixed in nature, and we really mean
the destruction of orcanic matter in it when we speak of
purifying water. I am obliged to approach this matter very
cautiously because there are already men (one or more) who
claim the aeration of water under certain conditions of impurity,
such as sewage, as their invention ; and it is not for me to state
what is their legal position ; but it is a long time since I began to
study air and water, as well as sewage, as my published papers
show, and I may be allowed to save myself trouble by making a

" few more quotations, instead of writing the old facts in new

words, from a paper on “The Mud of the Clyde,” (lasgow
Philos. Soe. 1880, by R. Angus Smith,

P. 17.—« This raises a question to be solved, but the fact is
certain that fevers have not been traced to the escape of gases
of putrefaction when there has been a large amount of water
and exposure to the air. But they have been found when the
water is not very great in amount and the decomposition is
made under cover, as in sewers. The question arises, is this
owing to the concentration or to-the difference of decomposition
in darkness, or to the better supply of oxygen? The effect of
sunlight in warm countries does mot allow us to suppose that
the daylight always produces in vapours an innocent state,
although it has a great effect in that direction when there is
little water . . . . With us, at least, innocence in the
atmosphere seems to be rather something connected with the
abundance of air in proportion to the impurity. This air may
act in two ways. It may act by rapid oxidation of the sub-
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stances in water, or by dilution of the gases when formed; and
the destruction of putrid matter in water is really very rapid
when plenty of air is allowed. This air is brought to the Clyde
by the water, and also by the waves, both artificial and natural,
exposing a great deal of surface, The air may act also merely
by rapid dispersion of the gases. Still we must not forget that
these gases or vapours are not reported to us to produce any
marked type of disease over the Clyde, even when they come in
a state so concentrated as to produce sickness; whereas gases
from sewers, in a condition which may not produece immediate
illness, may produce in time typhoid fever, as we are credibly
informed.

« We must conclude then that it is not mere dispersion, but
that it is a more thorough putrefaction and oxidation, which
takes place in the Clyde, and a more complete destruction of the
organic substance by the abundance of air, than can take place
in sewer water, whatever the senses may indicate to us. Of
course we must ever give some credit to the flow of air up the
viver and the ever iresh breezes that come from the Atlantic
as well as the mixture of air with water caused by steamers.

« Whilst then there is oxygen enough at present to prevent
disease, there is not enough to prevent smells which disgust and
cause sickness for the time.”

In connection with the purification of streanss the following
quotation may be added, although written previously :—

« When azotized compounds decompose and form ammonia,
how long is this ammonia retained in the water? On exanining
a very putrid stream, I estimated the amount of ammonia at the
most putrid portion, where carburetted hydrogen was passing off
in great volumes, and where a cubic foot could be obtained in a
very few minutes by stirring.

“In the sewage stream of which I have spoken the amount
of ammonia was from 053 to 07 grain per gallon. After going
14 miles the amount was only 007, and after 20 miles none at
all was found.

«The mud of the same stream was in a state of putrefaction,
and contained per cent.:—

“ Ammonia - - - 0797
” a mile lower - - 0420
’ at second mile - 0171

«The ammonia rapidly disappeared, and the mud itself
diminished very greatly in amount.

« T estimated that one grain of ammonia evaporated in some
seasons from every square foot per hour.

«In taking sewage water to the land, I think it very im-
portant that the movement should be as rapid as possible.

«The water in its passage of 20 miles has lost its valuable
ammonia, and that within two or three days. This is a
suflicient proof that we must not trust to the ammonia as an
indication of the amount of the organic matter which has been,
as it is as rapidly removed as the organic matter is decomposed ;
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that is to say, the length of time necessary for complete putre-
faction is, under favourable circumstances, no greater than the
time afterwards required for the removal of its products. In
this water there was no life to be observed ; but the. estimation
of the organic matter would have shown no difference, whether
vitality had been present, and the substance had been capable of
entering into .active and unwholesome forms, or had been ready
to break up into instantaneous putrefaction, or had been pre-
served, like 2 mummy, in earbolic acid for a thousand years.

« From this observation regarding the ammonia we are
clearly led to beware, in our schemes of irrigation by sewage
water, that the land shall be overflowed before the ammonia is
thoroughly formed, or else, if the ammonia is formed, that it
shall not be subjected to loss by long exposure to evaporation.

«We see also that nature provides here for the complete
obliteration of organic matter. It ceases altogether to be found
in the water. It may be traced, either as such, or as ammonia,
and carbonic acid, long after the bubbles of carburetted hydrogen
have ceased to appear, until at last it dwindles down to an
amount which is rather difficult to remove from water, and
which, so far as we know, may be utterly disregarded.

«Tn the passage of organic matter we may observe, from
figures soon to be quoted, that the volatile and organic matter
diminished from 9-33 grains per gallon down to 5:04, even when
there was an increase of fixed matter, and that the decomposing

‘matter in solution diminished still more rapidly, in the ratio of

283 to 17.

« The organic matter having left the water, we may next
inquire whether any trace of its existence remains behind.
That trace we do find in the increased amount of alkalies,
sulphates, and chlorides.”-—Memo. Lit. and Phil. Soc., Manchester,

1867-8 ; also “ Chemical News.”

I had also, even so early as 1848, shown the oxidizing action
of filtering (veport to the British Association already quoted),
and in a paper to the Glasgow Philosophical Society, “ On the
Mud of the Clyde,” the following words were used :—

Page 8—* The long stretch of water lying between Ardmore

and Dumbarton is not all an accumulation of mud, which is an .

indication that the mud falls down,* and is carried off mainly by
the deep channels. The channel is inclined to act as a depositing
reservoir, and the northern side receives the overflow water. The
mud remaining in the channel is carried partly by nature, and as
the water leaves the channel it becomes less disturbed and clearer.
This water has, of course, some of the lighter and the soluble
parts which the putrefying river brings down, but it really seems
as if a very large portion of this were rapidly oxidized ; and,
whilst the neighbourhood is freed from the mud which might
continue sending out more gases, the water is rapidly undergoing
purification, and it flows then down as the tide goes out, bring-
ing unexpectedly good water below, although, of course, not
perfect. We see a rapid change of water about this district.

* {.e. before spreading.
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«T feel inclined, therefore, to repeat that this space is of great
value to all the watering-places of the Clyde, and if it is ever
made into arable land they will suffer severely. I only wish it
were still larger.”

This led to an examination of the effects on the atmosphere
of the putrefaction in sewage and sewage materials. The ex-
amination, as usual, is not complete, except in one direction ; and
although the work was done four years ago, I have brought it
forward in this Report: see p. 29. It may convey some idea of
the work going on when putrefying substances in water are
exposed to air in the conditions mentioned. The amount of
organic matter becoming decomposed is great, and ammonia is
continually given off, The experiments might be continued with -
advantage by finding the total amount of nitrogen and carbon
from a given quantity of material in various conditions, but it
is not easy to do this in conditions purely natural.

REPORT to the LOCAL GOVERNMENT BoARD by Dr. ANGUS
SartH, F.R.S., as to TREATMENT of SEWAGE.
SIR,
~ As requested (by Mr. Sclater Booth, M.P., late President
of the Board) I have the honour to submit a careful examination
of five effluents, the results of processes for the purification
of sewage water by different methods.

1st. From Aldershot, where irrigation alone is used.

9nd. From Coventry, where precipitation by alum and iron is

used first and irrigation afterwards.

3rd. From Birmingham, where precipitation by lime is

employed.

4th. From Burnley, where also lime is employed.

5th. From Aylesbury, where the ABC process is used, a

precipitant of alum being employed, also of clay.

T shall extract from the larger tables some of the more im-
portant points ; but I wish it to be observed that in this report
I refer to quality of efluents only, and not ab all to the ultimate
value of processes. :
FREE AMMONIA A,

Ammonia abstracted. Ammonia remaining.

Parts per | Per Cent. | Parts per Per Cent,

100,000, of Total. 100,000. of Total.
Aldershot b. - - 11735 9796 0+245 2-04
Coventry - - - 2-06 79-8 0-520 20-2
Aldershot «. - - 2-913 8¢+ 10 0747 19-9
Aylesbury - - - 2-980 745 1-020 255
Birmingham a. - - 1-425 52'9 1-275 47°1
Burnley - - - 0-120 53 1-330 91+7

added added

Birmingham b. - - i 0-520 18°8 3-220 118°8
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Tree includes saline ammonia, Its existence is of no dis-
advantage so far as the effect on the atmosphere is concerned,
but its absorption by the soil is important as manure. Its
amount indicates decomposition. So far as free ammonia is
concerned, the first on the list is Aldershot during dry weather
specimen b; Coventry stands second. There two processes ate
used, both precipitation (with alum, iron, and lime) and irri-
ga.{ci.mtli The next is Aylesbury. The lime processes are certainly
beimna.

ALBUMENOID AMMONIA B.

Ammonia abstracted. Ammonia remaining.

Parts per | Per Cent. | Parts per | Per Cent.

100,000, | of Total. | 100,000. | of Total
Aldershot b. - - 5+193 98-95 00550 1-05
Coventry - - - 1-639 9640 0-061 3:60
Aylesbury - - - 0-59 89-40 0-070 10°60
Aldershot a. - - - 1-543 88-2 0-207 11-8
Birmingham a. - - 0°840 800 0-210 200
Burnley - - - 0-895 746 0-305 25-4
Birmingham &. - - 0+390 371 0:660 62+9

On this table Aldershot on a dry day stands best, but not on
a wet day. Coventry with its double system is mnext best.
Aylesbury with precipitation alone is almost the same as
Coventry with its double purification.

Perhaps this expression “ on a dry day” is not quite fair, it is

" meant to show that in a case of an overflow there may be little

or no purification, but there is generally some unless the flood
be great.

REsipuaL AiaonriAa C.

Ammonia abstracted. Ammonia remaining.

Parts per | Per Cent. | Parts per | Per Cent.
100,000. of Total. 100,000. of Total.

Aldershot b. - -1 11-36 100-0 0-00 G600
Coventry - - -| 5-081 99-8 0-009 0°2
Aylesbury - - - 4269 88:0 0581 12-0
%.ldegshot a. - - - 3-177 83-0 0-636 17+0
Birmingham «. - - 3-351 61-4 2-109 35-6
Burnley - - -1 1-200 2965 2503 70+ 35
Birmingham 5. - - 1-530 280 3-930 72-0

R _l%lldershot (dry) is again the best ; Coventry next; Aylesbury
third.

The two chief ammo
albuminoid and residual.

TaprLi D.—ToTAL ORGANIC AMMONIA, ..,
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nias in a sanitary point of view are the

They are therefore added here.

Albuminoid and

Residual; both Ammonias may be called “ possible.”
Ammonia abstracted. Ammonia remaining.
Parts per | Per Cent. | Parts per Per Cent.
100,000. of Total. 100,000. of Total.
Aldershot b. - -1 16+555 99-65 0-055 035
Coventry - - - 6:720 98-97 0-070 103
Aylesbury - - - 4-859 88-20 0-651 11-80
Aldershot a. - - - 4-720 8484 0-843 15°16
Birmingham a. - - 4-191 64-40 2-319 35°60
Burnley - - - 2-095 42-73 2-808 5727
Birmingham &. - - 1-920 2960 4-590 70-40
TapLE E.—TOTAL AJMAMONIA.
Aldershot b. - - 28-31 98-9 0-300 11
Coventry - - - §-78 93°6 0-590 64
Aldershot a. - - 7°633 82-7 1-590 17-3
Aylesbury - - - 7-839 82+4 1671 17-6
Birmingham a. - - 5-616 609 3-594 391
Burnley - - - 2:215 34-9 4-138 651
Birmingham b. - -| 1-400 152 7-810 848

Tt is seen here that the lowest effiuent for total ammonia 1s

from the irrigation farm in dry weather. Coventry next. .

Aldershot (wet) and Aylesbury stand third nearly the same.

NITRIC ACID.

Effluent.

_ Sewage. Parts in

100,000.
Aldershot b. - -1 - - 9-23
Aylesbury - - - | None - 3-19
Aldershot a. - - | Traces - 2-79
Birmingham . = - - | None - 2-13
Coventry - - - » - 1-22
Burnley - - -1 - - 1-20
Birmingham a. = - | None - 1-19

Nitric acid shows the effect of oxidation on the organic matter,
and here the great action of air and of a porous soil shows itself
remarkably.

The best seems to be irrigation in dry weather when the land
has full opportunity to act.
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The use of precipitation has a decided advantage in wet
weather as it raises the purity of the Coventry water above the
Aldershot wet specimen. The precipitation method by alum,
&e., at Aylesbury, is better in Tables B and C than in A, Itis
the best of the single processes in wet weather. Aldershot is the
best of the single processes in dry. Coventry, the double pro-
cess, is the best in wet weather. Those which are good in wet
weather would probably show still better in dry if the specimens
were taken frequently during the year. The precipitation pro-
cesses, when alum or iron is used, have an advantage in wet
weather, since the act of precipitation becomes an act of disin-
fection.

The effluent specimens were examined as to their tendency to
putrefy, Those with lime changed most. Ammonia is in parts
per 100,000.

Free Albumenoid

Date. Ammonia. Ammonia.
Bumstey, collected  16th | June 20, 1879 . 1-33 0°305
June 1879. July 17, ,, - 1-92 0-23
11} 28, 23 - 1.92 0.30
Sept. 4, - 2-15 0-13
Birmixceuay, collected 23rd | June 25, ,, - 3-222 0662
June 1879. . July 17, ,, . 4+20 0-336
» 18, . - 4-15 0356
» 28, - 3:90 0:324
ALDERSHOT (wet) - - no Bow i 0:44 0" 144
Emuent C - - - L} ] 28, 9 - 0 364 0.130
: Sept. 4, - 0°140 0-092
ALDERSHOT, dry - - s 16, - 0245 0055
' Qct. 11, ,, - 0°240 0-058
AYLESBURY, collected 2nd | July 23, ,, - 0°'96 0-067
July 1879. » 26, 5 - 1-00 0-06
29, . - 0-96 0'06
Sept. 4, » - 0-045 0-035

Birmingham (efluent) ammonia rose in 23 days from 3-222 to
42 ; then began to fall ; Burnley in 27 days from 1-33 to 192 ;
Aylesbury changed none in a week ; Aldershot (dry) may be
sald not to have changed in 25 days.

The capacity to froth when shaken is a very useful mode of
finding the comparative sewage matter rapidly. It may be said
to have been absent in Aldershot (dry), Coventry and Aylesbury
effluents. The clearness of the liquid is very important although
a popular indicator. In the Coventry sample there were a few
white floating particles ; when these fell the water was clear and
colourless. Three specimens—Aldershot (dry), Coventry and

Aylesbury were without colour, when they had stood in a large
colourless glass vessel.

tage is in being low, of course :—
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The total solids are in this order in the efluents ; the advan-

Parts per 100,000.

Aldershot average of three (wet) - 29%
Aldershot dry - - - - %1'0
Burnley - - - - 540
Coventry - - - - 70'2
Aylesbury - - - - 895
Birmingham (b) - - - 1005
Birmingham (&) . - - 1125
During floods the volatile solids stand thus :—

Coventry - - - - ?[:23(; |
Aylesbr - - - - -
Ajvdershggaverage of three (wet) - 138
Burnley - - - - 140
Birmingham (a) - - - 240
Birmingham () - - - 265

The chlorine has not been found the same in the efiluent as
the sewage. This, I suppose, is owing to the effluent being from
sewage of a time previous to that of the specimen of sewage.

The question has been asked which of these specimens is most
suited for passing into a sewer. None of these effluents can be
called sewer-water in the ordinary semse. The Birmingham
stream froths readily, and is not pleasant to the eye. The
Burnley water was pretty clear, would do well in appearance as
a stream Dby itself, but caused a milky deposit in the river 11.11;0‘
which it fell, arising, we may suppose, from the free lime taking
up some carbonic acid from the river water and precipitating
carbonate of lime. The Coventry effluent went into a stream
which was very impure, and it might, so far as appearance went,

ass into @ shallow mountain stream without being noticed.

dershot and Aylesbury. -
SOICIZE é%:flery respect Weinayzlzgr that the best result has been ob-
tained by irrigation when the weather is not so wet as to cause
overflowing. Still it was not found highly successful after lime

at Birmingham. _ ;
That the precipitation with alum or alum and iron compounds

is next. _ _ o
That in wet weather there is an advantage in precipitation,
because the action is largely, if not wholly, independent of

dilution.
That the lime process is valuable but not equal to the above

yecipitation processes. .
l 1 Iimsb 1'epéat that in this report I allude only to the merits of
the effluent. There is a good deal to be examined before pro-
nouncing on the ultimate value of the processes, and of course a

s . - [} . . -e
large proportion, if not all of the remaining reasoming, must be

left for Mr. Rawlinson, for whose report this may be considered
¢ reparation,
as a preparati T am, S0

R. ANGUS SMITH.

‘AN

Manchester, 16th October 1879.
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Sampres from Aldershot, collected 1st July 1879 (wet weather).
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No. VII,

MECHANICAL AERATION OF SEWAGE, &, TABLES OF
EXPERIMENTS.

In the experiments noted in the previous chapter we see how
Jong and persistently the sewage matter, both with and without
water, gives out ammonia, and we must add at the same time
putrid, and therefore offensive, gases and vapours. The sub-
stances were preserved in vessels partially exposed to the air;
that is, the air filled the vessel excepting a very small space
occupied by the sewage matter, and fresh air occasionally allowed
to enter. These carboys resembled the sewers themselves and
similar confined places. .

I now go to entirely different conditions, and give to the
sewage matter abundance of air, examining the results. I must,
however, add, that in the following experiments the amount of
air supplied is greater than that usually given to sewage water in
nature. 1t does, however, show qualitatively the result of
aeration, and I look on the effect as a parallel to that which we
see in the Clyde and elsewhere. The oxygen does its work, and
the gases of putrefaction are to a large extent modified, and in
time the action itself ceases.

The aeration experiments were all made by Dr. Storer’s and
Mr. Cranston’s apparatus, lent me for the purpose.

Tt consists of an earthenware vessel containing 33 gallons;
into this was put about 2} gallons of liquid, or about 14 litres,
having an archimedean screw in the centre, acting on a vertical
shaft, and driving the water down a cylinder which does not
reach to the bottom of the earthenware vessel, called the con-
verter. Along with the water air is driven, and the mixed
water and air rise up on the outer side of the centre cylinder
ready to flow in again, and so continuously. The screw was
driven by a gas engine of half-horse power.

Ox1pATION, TABLE L

We see here the condition of the sewage before treatment. It
is 40 be observed that it is not fresh organic matter, bub matter
which has undergone decomposition as well as oxidation. We
see the first by the ammonia in solution, and the second by the
nitric acid. The amount of free oxygen shows the source,

It is a curious fact, observed frequently, that one hour’s
aeration removes oxygen as well as carbonic acid, and there is a
general coincidence of rise and fall with free exposure. The
cause of this is not clear, It may be that the motion causes the
oxygen to combine; there is also a slight rise of temperature,
part of which may be due to friction and part to oxidation.
After an hour’s aeration the effect diminishes considerably, and
oxygen tends to assume its original amount. The analyses were
made a day after the aeration. There were many done imme-
diately after aeration,—that is, after allowing the bubbles to
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rise,—but the differences were too great to allow of any useful 5 — :
. . = oty Jad s 8 R &2 e 2 e 2 5
table, the gases coming probably at varylng speeds from the g iyl S sz S & & o " L
liquid. It was decided, therefore, to wait for a day. a = © e @ °
After standing for 16-18 days, we find that the oxygen of the § ;;*gg!!g ;{’& SO B * ¥ & B A
non-acrated has greatly diminished, and the other shows itself E = = =2 2 @~ @
in proportion to the amount of aeration. Aeration, therefore, g 2 | oy 3d o o 3 o > o o o
has preserved not only from all sensible signs of putrefaction, but = < | FHN%ag ® o oo a a9 ,
from such chemical action as these gases would indicate. = DOI=N 40 JR— - - = = =
. . . . . . R = = e T A it
The nitrogen being 1997 in one case is very high, and in ‘N °fo e - - o
j—ra . 2 » . o . @ @ o w < o g g e
another 22+7 c.c. in a litre ; indeed all the nitrogens are very high, £ p— ~ —
E . . - . - * == \T i '
but T suppose the liberation of nitrogen in the experiments already = 00}0 t},“: 0 P Y N ® D ¥ i
- . . . v e — - [+ 2] [+ 0] RO
given may account for this. Perhaps time was required toremove e A -~ = = = _
the nitrogen, or some may have been evolved during the extrac- A w® "Te10g, 10 °o 28 8 3 % | 2 =
- - “.‘ L] - . - - :4::
tion of the gases, but it was found frequently when there was no o o 00 g 3 3 2 2 % I o
reason for believing in a mistake. = V10, 50 % e 2 5 9 s 3§ o o
= - - - . p—t [X) - * - - - - - - T
The carbonic acid, as we may suppose, is driven out by aera- 3 ‘URSOLIN T 3 3 g T % 2 8
i ion, but gradually i tanding = 3 3 9 Z 58 3
E 11 B - 3 o - —t II.i'_
1 tion, but gradually increases on standing. g w105, 70 %, % 3 3 8 2 3 = & i
, !E o The free ammonia diminishes uniformly with aeration, but % ‘w8 {x() e = o o b o e o i ]
1. more rapidly in the first hour, as we might expeet. After stand- s o = o o
o - . . . . . . - B aapry 1ad *n -0 = 8 & T 3 203
3 ine there is no difference in.the free ammeonia of the specrmens = s Y L 5 . e 2 °
A8 ! =] ry o sel) 1810, .'.'3 g g c? -+ = = oo i
al o aerated for one and for more hours. 5 OH = D o w8
: . ! - . . . . Gt . by T :-t b N = o £
a The albuminoid ammonia is not much changed in any of the 2 ° alw{;(l)ag 2 ° e T e Dl B
i 1 : - . » — -
o aerated specimens, and this we might expect from the absence of = B AR @ S
i % putrefaction ; some organic substance, however, has evidently | g -ongyy 18d *0 %0 § 3 2 2 S 5 2 =1
il decomposed, forming free ammonia. This organic substance is % S ‘zasonINy a3 2 S 2 a a
jE o . . . . W — —
H i * P N = —
o that which produces the ?es1dual ammonia—the nitrogenous = = g oxyy 3d "0 S 7 9 3 2 = = 2
! . matter not decomposed in the treatment for albuminoid ‘gaSix Y oA w6 N
: i ' . . . . . 4 e O ™ ™ — [} oy
LI ammonia. In the non-aerated the albuminoid ammonia has A = '
o ! - . ! 1 1
bno increased decidedly. é g N o o
B4 . ' . . . . . . — E_ Al
1. The nitric acid has in every instance disappeared, when kept 2 = 3 = = & 2 =
: -’ - » . . 4 9] I o vy -_-'._ N - -
. long, and, no doubt, has given out mitrogen 1n conformity with "o Ll — I3
previous experiments. ~ This 1s an important point in the = 2 2 5 2
arification of rivers, and settles the question, do rivers purify ? 2 &8 = = 2 B a2 a2 o=
i . - p- = b - Pgd
'; but not the time. 3 2 o g -
: 1S 1 1 3 L & > ] i
' In this inquiry Wanklyn’s process for ammonia and albuminoid = T ... Z ..
f_ ammonia was used, but I divide the nitrogenous matter into i g ¢ ot g ¢ 1o 8
'_ three parts, the ammonia free and saline as one, the albuminoid, 4 g o g oo
| nd the residual. We do not follow the stages of decomposition % S g 1t 2
when we estimate the total nitrogen only. © i - R 4
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Glusgow Sewage, received 5/2/81:—

Before treatment

-

Acrated 1 hours

3

3

Glasgow Sewage, received 5/2/81:—

Before treatment

with lime.

Acrated 1% hours alone, and 1} hours

51

Summary of Expertments, Aeration of Sewage.

In ali cases putrefaction is delayed by aeration. The oxygen
recovers itself in the aerated specimens better than in the non-

aerated. Nitrates are formed more readily in the aerated than
in the non-aerated specimens.

Ammonia is lost by agitation, but specially by the previous
addition of lime. The amount of lime added was 171 gr. per
litre, or 12 grains to the gallon.

TABLE IV.

The experiments were made with water containing 10 cub. cent.
of putrid blood to 15 litres.

They show a diminution of oxygen and of carbonic acid by
agitation ; also an increase of nitrates.

The peculiarities came out more strongly here than with the
sewage.

The diminution of oxygen is not observed so much in the
aerated as in the non-aerated.

The oxygens rise and fall very irregularly ; this may come from
changes of temperature,

The nitrates always rise up to a certain point, and then begin
to fall.

It appears as if the putrid matter were able to contain nitrates
to a certain extent before the action which destroys them both
commences. This also depends on temperature.
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No. VIIIL

CONNECTION OF THIS WORK WITH RECENT MICROSCOPIC
INQUIRIES.

It may be interesting to connect this subject with the pro-
gress of microscopic inquiry. After writing the opinion on
the action of the air, I made many examinations of aerated
sewage, and found that the act of aeration prevented putre-
faction. It was my intention to examine the matter micro-
scopically ; and, indeed, I did so, but not with that fullness which
a professed microscopist attains. I am therefore glad to allow
this part of the subject to pass into other hands, so far as sewage
is concerned, remarking that the chemical change is most decided.
An hour’s aeration will enable sewage water to keep without
putrefaction from two to three weeks in weather ranging from
the beginning of July 1880 in Glasgow, where experiments were
first made with Storer and Cranston’s apparatus, till the end of
spring 1881 in Manchester.

My idea was to kill, by the use of air, the germs of disease
and of putrefaction, whatever they might be, judging this
possible simply from the fact that they seemed to be killed when
they passed from sewers into rivers. Still it seemed to me that
it would be better if putrefaction were allowed its full action
first, so that many organic substances should be decomposed,
and some living crganisms themselves broken up into gases or
into intermediate products, when afterwards the oxygen would
purify the solution. This is a.plan that may be adopted syste-
matically in some places, as I believe it is adopted practically,
but without intention, in many places. The action in the sewer
rivers is partly this; and when there is little water, that is, when
there is a strong solution of sewage, this is probably the chief
action. The oxidation takes place very rapidly after putre-
faction. (On this point I have only general observation, not
measured results) As we seldom can allow the water to stand
long enough to undergo complete putrefaction, it comes from the
sewers into the rivers in a condition which, so far as I know,
has not been characterised microscopically with a knowledge up
to the latest date. I am therefore speaking somewhat vaguely
when I say that we may take it for granted that the minute
organisms causing disease have not been acted on sufficiently to
be destroyed. 1t would be interesting to know at what stage
they are destroyed. The mixture of the sewage water with
river water will produce an act of oxidation to a cerfain extent,

and will, in cases where there is water enough, produce an act
of purification so far, but a further flow will increase the oxida-
tion. In the Clyde and the Irwell (as in the Thames before the
new sewage system was adopted) the action of putrefaction is

decided, but it is limited by the struggle with oxidation. A

part of the river becomes a reservoir for putrefaction, although

probably not to its utmost, and the lower part a place for
oxidation. For this reason it is suitable to have the first part
confined, so as to allow the putrefaction full force, and after this
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to have the water spread as much as possible to allow of fullest
oxidation. A fair example of this is given in the action in the
Clyde above Dumbarton as putrefactive, then down to Greenock
as oxidizing ; and if by no means satisfactory, it is so far good
and nature’s method.

This is entirely regardless of the comfort of the inhabitants,
who may object to the part of the river being devoted to
purification by putrefaction. That, however, brings in another
subject. For irrigation purposes solely, rapid transference is best.

To return again to the effect of oxidation, I wish to introduce

an extract from two papers; and, first, that already quoted,
Chem. News, 1865, p. 304.

“ On the examination of Water for Organic Matier.

¢ The gases of pure water contain 34 per cent. of oxygen.

¢¢ Dalton found cistern water almost deprived of its oxygen,
and I have found every per-centage of oxygen, from 34 down-
wards. I go further into this point in my chapter on water,
which T hope to bring out soon. Meantime, I may say that the
examination for oxygen is a very important one.

¢ The loss of the oxygen with peaty matter and no vegetation
indicates, as already said, the formation of carbonic or a bitter
acid. The loss of oxygen with evolution of sulphuretted
hydrogen indicates putrefaction. But there are two conditions
which externally resemble each other very much,—the growth of
vegetable matter with diminished oxygen, and the growth of
vegetable matter with excess of oxygen. Water in the first
of these conditions may contain, as I imagine, the most dangerous
ingredients. Germs of all kinds may exist in such waters,—we
do not know to what extent ; and as we are very ignorant on
the subject, it is well to be alarmed at the conditions until we
have examined them and made distinctions.”

I add, perhaps too cautiously, but still believing in the power
of oxidation, even when vegetable matter was growing in 1t :—
“We do not know much about the second of these two (u.e.
with excess of oxygen), and if I think it is less dangerous it 1is
perhaps more from a prejudice in favour of the abundance of
vital air, and of those hill waters which do not contain bitter
peat.”

So far as this purification by air is concerned, it is interesting
to see that it is the right track, and to be able to look at the
researches of Pasteur and of Dr. Ogston as confirming the views,
if indeed there was any need of confirmation of the fact that air.

- purified. Yes, there was need, as there have been questions as

to organisms on the hills acting with all their poisoning vigour
after heing brought down by rivers. It was my belief at one
time that the effect of dilution was the purifier, but now that
may be supplemented by the effect of oxygen preventing
putrefaction as proved here, and by weakening the action of
the germs, at least of some diseases, as shown by Pasteur in

his researches on the chicken cholera, and by Dr. Ogston on
the micro-organisms in pus,
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The words of Pasteur may be given here, as introduced into
the « Chemical News,” 22nd April 1881 :—

« On the Attenwation of the Virus of Chicken Cholera,
by L. Pasteur.
« Now that we have arrived at this point, a question pre-
cents itself which relates to the cause of the attenuation of

virulence. _ .
«The cultivations of our virus must take place in contact

with air, because our virus is aerobian, and, without air, its
development becomes impossible. We are then naturally led to

sk whether the attenuation of the virus is not due %o contact
with the oxygen of air? Would it not be possible that the
small organism which constitutes the virus, when left in contach
with the oxygen of pure air, in the medu.lm of cultivation in
which it has developed, may have been 11_10d1ﬁed, and the change
remains permanent, even after the organism has been ‘withdrawn
from the modifying influence? We may also inquire whether
some chemical principle in the atmosphere, other than oxygen,
does ot intervene in this phenomenon, the singularity of which
Imost justifies my hypothesis. -
e ?[t iJs easy to gnerPsta,nd that the solution of this problem, in
case it depends on our first hypothesis, that the phenomenon 1Is
due to the oxygen in the atmosphere, may be tried by experi-
ment. If oxygen is in realiby the cause of the attenuation of
virulence, we may have, to a csrta,in degree, a proof of it by
ine the effect of suppressing it. .
HOEIICI[\% i;;est this, let usp 1c?onduc? our cultivations in the following
manner —We may take a certain quantity of our chicken broth
and place in it the most virulent virus, and fill with it a series
of glass tubes -up to two-thirds, three-quarters, &e. of their
volumes. These tubes may then be closed over the lamp. By
the presence of the small quantity of amr left above the liquid
the development of the virus may be started, which is ascer-
tained by the increasing turbidity of the liquid. The develop-
ment of the cultivation gradually absorbs all the oxygen

" contained in the tube: The twrbidity then diminishes, the

growth is deposited on the sides of the tube, and the liquid
becomes limpid. This takes places generally in two or three
days. The microscopic organism is then deprived of oxygen,
and will remain in this condition as long as the tube is not
opened. What will become of its virulence? To be suve of our
results we will have prepared a great number of such tubes and
an equal number of flasks, which last will continue to be left in
contach with pure air. We have already spoken of what becomes
of cultivations carried on in presence of air We know that
they experience a progressive attenuation of their virulence, and
we. will not retmrn to this subject. Let us now only pay
abtention to the cultivations in closed tubes. Let us open them
__one after an interval of a month, another after three months,
and so on until we open one that has stood ten months, I have
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not gone any further at the present time. It is a remarkable
circumstance that the virulence in all these cases is of the same
degree as that of the liquid which served to fill up the tubes.
As to the cultivation exposed to the air, they are found either
dead or in a condition of feebler virulence,

“The question we have proposed is then solved: it is the
oxygen of the air which attenuates and extinguishes the

virulence.

“To all appearances we have here what is more than an
isolated fact. We must have reached to a general principle.
We may suppose that an action which is inherent to atmospherie
OXygen, an agent present everywhere, has the same influence on
other viruses. At any rate it is worthy of interest that possibly
2 general cause of attenuation exists dependent on an agent
which is in & manner cosmical. Can we not sSuppose even now
that it is to this cause that we can attribute in the present, as
in the past, the limits set to great epidemies.

“The facts which I have had the honour to communicate to
the Academy suggest many proximate and remote inductions.
From all these I must hold hack with reserve. I will not feel
authorised to present them to the public unless T make them

- pass into the domain of demonstrated truths.”

Also from Dr. Ales. Ogston :—

From a “ Report wpon Micro-orgawisms in Surgical Diseases,”
by Alear. Ogston, M.D.—Brit. Hed. Jour., 12th March 1881,

“The results, so far as has been gone, may be summed up as
follows :—

“ Cold abscesses contain no micro-organisms, and their pus is
harmless. | _

“ Acute and pyzmic abscesses always contain microeoces.

“ Pus whose micrococci have heen killed by carbolic acid or
high temperature is harmless.

“Pus containing micrococei is resisted by animals if the dose
be minute, or if it be injected into the peritoneal cavity.

“Doses of one or two minims injected into the sub-cutaneous
tissue may cause death by blood-poisoning, or may cause
sphacelus of the site of the injection, or may be resisted by an
unusually insusceptible animal.

“As a general rule such doses produce acute inflammation,
accompanied by blood-poisoning and ending in abscess.

“The third part, upon micrococei in wounds and suppurations,
is summed up as follows :—

“ Suppurating wounds contain micrococei, whose numbers and
activity are proportionate to the intensity of the suppuration.

“ Listerian dressings prevent, micro-organisms from gaining
access to wounds,

“ Micrococci in wounds withstand most antiseptic applications.

“Where no micrococei are present in wounds, no pus is
produced ; the discharge is serous.

W
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« Micrococel exist wherever pus occurs, save in chronic sup-

L] L] 7 :
purations, such as cold abscess, chronic acne vulgaris (?), &e.

1 1 i n vproduce the same varying effects as in
ﬁﬁgﬁgiﬁhﬁ} Ezy Il)i‘oduce ]_Jlood-'poisoning without s_;upléuli)a,—
tion, they may cause suppuration, or they ma,yﬂ beLreillsteth y
strong individuals under favouring circumstances. _ Lastly, there
are possibly micrococei that do not produce suppuration. 1

An account of numerous cultivation experiments i1s given, an
the certain opinion is expressed that the cultivation must gfotcl)]n
in absence of air, 4.e. air is hurtful to the cultivation of | i
micrococei. The most suceessful method em_ployed was t'o mJe(il
the seed fluid to the end of an egg opposite to a very sma
puncture made to admit a ho}}l_ow n;ed]e. %&n{‘fﬁiegt{ic precautions

< exclude the action of germs 1n .
We‘l“?[‘ga;f; E.?p, micrococei do nob produce putrefactlo% : They
develope best when removed from the a,tmosphe.re.b1 e pre-
ceding facts prove that they are able, under sulf,aﬂ e _c,n?m-
stances, to give rise to blood-poisoning, to acute inflammation,
and to suppuration.”

xperiments described in this report show that aeration
delrg];r: t)in})trefaction. If it does not kill the germs or t(l)rga,msm?
which produce putrefaction, it weakens them, as in the case o
chicken cholera. It is possible thab they may die in the oxygen,
and the liquid may be again supplied with them. -

A curious question arises then: What is the value o ‘afpl ocess
of oxidation which does not kill the germs of putre act10]111,
because, if they are not killed, what proof have we that t e
germs of diseases are not killed? We have no proof; but we are
told by Pasteur that in certain cases at least the germs of dzlsgasz
are made innocent by the action of air; and I find as a d(isuﬁ.ct
fact that the germs of putrefaction are also so weakene Iftt I?
they produce no effect until after considerable time. . &
germs of all diseases are affected as the germs of chicken cholera
and putrefaction are, then we must look to the aeration as a
cure for a certain time. This time being long and measured 1])Jy
weeks, the water or sewage treated can in almost all cases be
far removed, and sent to places where its impurities will be

1 ect. -
Wl%iﬁau}gr?)f;i)sal quoted from my previous papers to examine the

rowth of the organisms in water was not carried out by mr—zi
but I am glad to have been in the right track so long ago, %1111
to have been so also with the inquiries as to oxidation. he
results obtained by Koch and also by Klebs must receive lfiiﬁ
attention of chemists. It does not appear that even if we di r
all the germs in any process that much advantage is ga,meTll
they are so readily producible from neighbouring sources. ule‘
discussion whether those which are most common in sma.].el.
numbers, and are in constant supply, can by some pecu ﬁur
change of condition not visible to us become so abundant as by
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their very bulk to be deadly, or by their character to be active,
virulent, and equally destructive to higher animal life, is one
which must greatly interest chemists as well as biologists. As
chemists we can only exhibit the inorganic phenomena so far;
we have no test for vitality. The advice I gave so long ago has
not been sufficiently taken by myself, but Koch has made it
easier to take, and we must not forget the results. At the same
time, as chemists we must not forget that chemical tests are not
exhausted, and the two inquiries must go on until they blend
into one, as they must ultimately do.

These vesearches do not prove to us that the germs spoken of
are destroyed by oxygen; they become weak, and this weakness
inereases 1o absolute ineffectiveness, and so far we are guarded ;
and they may be supposed also from their weakness to increase
less rapidly, or to cease to play a prominent part, but ready to
begin again. Analogy, however, would lead us to believe in
complete annihilation of the first series in the ease of those thab
produce putrefaction, so that they may make room for their
cuccessors. The relation of the succeeding to the first is nob
known to me at least, and I judge simply from analogy that the
first organisms will be destroyed with the mass of the organic
matter which js destroyed. The destruction is so great in the

case of putrefaction that we see the bubbles rising before us

rapidly. The gases given out were found to be carbonie acid,
hydrogen, carbonic oxide, carburetted hydrogen, nitrogen, sul-
phuretted hydrogen. ”

Still there is a limit to the proportion of organic matter
destroyed by putrefaction, and I suppose oxygen to be the body
which comes and concludes the process. There is, however, an
oxidation going on slowly in sewage before putrefaction, but it
is not a very rapid one, and what fime is required to destroy
the several classes of organisms has not been made out. I see
no reason as yeb for Pasteur’s hypothetical influence other than
oXygen.

When Dr. Storer came to me with a proposal to use his
apparatus for aerating sewage, we had not the investigations of
Pasteur to go upon, but I was very glad to have the opportunity
of using the means pub into my hand, Dr. Storer’s apparatus, as
the time for considering the subject was come.

To the opinions and facts already given we must add the
remarkable observations recorded in the Royal Agricultural
Society’s Journal, No. XXXIII, Part 1, 1881, by Dr. W. S.
Greenwood.

T4 seems clearly proved there that sewage that has undergone
no putrefaction or sufficient oxidation is a very destructive
agent when it contains the débris of diseased action in the
human body, in some if not all cases. It seems %o follow as a
natural conclusion that as disease has not been observed to any
very decided extent as following the use of sewage irrigation,
that the putrefaction and oxidation are in ordinary cases suffi
cient. But there ave some differences of opinion, and it 1s pro-
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bable that these processes of destruction and purification, in
cases where the sewage has been injurious, have been interrupted
too rapidly by the rapid transfer of the sewage to the soil. - On
this point we must vefer to the remarkable inguiry by -Dr.
Greenwood. At a mill near Bingley, woolsorters’ disease and
malignant pustules had broken out amongst those who worked
with mohair coming from Van. To disinfect the wool it was
exposed to the air on_a field. In afew days a cow died in a
field which received the village sewage, and next month cattle
and sheep were attacked by anthrax. In a series of experiments
carefully made it was abundantly proved that the disease had
come from the wool,—which, however, seemed to have been
roughly torn, let us hope, from dead animals, as some of the skin
and flesh was at times found attached.

In relation to this report on impure wool, I may mention a
circumstance elsewhere mentioned, as it occurred many years
ago. 1 was rather disgusted on entering into & room in a large
paper-works where rags were sorted. These rags came from all
the miserable wretches that lived or died in unwholesome dens,
prisons, workhouses, and hospitals on. the continent, and - seemed
to call up every variety of human bodily misery lingering in
our civilisation. What diseases might not be there, and must
have been there. In this room dust was flying about, and a
number of young people, aboub 20 years of age, were working
diligently there. I certainly never had seen more healthy
looking specimens of young women. They were much beyond
the average in bulk, their cheeks were ruddy, and their com-
plexions remarkably good, different decidedly from other women
in the meighbourhood. 1 asked if none of them were ever
poisoned : 1o such thing was said to be known. I asked the
owner to weigh them, but he never did so. I have often con-
sidered this case, and every time I came to the conclusion that
the original substances had undergone a transformation, and the
germs of disease had been destroyed by an act, if not of putre-
faction, of at least some analogous chemico-organic change.
This first showed me the value of putrefaction as a purifying

agent.

I may add here that I had attempted by the use of fermenta-
tion to estimate the amount of vitalized matter in the air, and
I give one attempt heve from the 10th Annual Report, pp. 42

and 43.
« Qoxe HIpDDEN QUALITIES OF Towx AIR.

¢ Some years ago I made inquiries into the effect of various substances
in preventing putrefaction ; the effect was measured in one set of trials
by the amount of sulphuretted hydrogen produced, and in another set
by the amount of gases of decomposition evolved. Lately I made
another series, with the view of finding if there were any bodies in the
atmosphere of large towns which prevented decomposition, the opinion
heing that the sulphurous gases must have this effect. 1 did not find
that putrefaction was & satisfactory method of trial, and I trusted to
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fermentation of sugar as one more under our command. The air of the
town was used first, that is, a certain quantity of air was washed with
pure water, and a fixed quantity of sugar and yeast added. At the
same time there was a control experiment made, lest the yeast should
be peculiar. This was done simply by using the same amount of yeast
and sugar in pure water, without adding any air washing, There was
no mode, however, employed of preventing ordinary contact of the air.

“The results of these experiments are very irregular, as one might
suppose when dealing with such substances as yeast. Sometimes the
amount of earbonic acid obtained was almost nothing, and at other
times, apparently with the same quality of substance, there would be
disengaged a large amount. It was needful, therefore, to make numerous
experiments, satisfied that absolute exactitude could not otherwise be
gained, if it even then could. The results, however, are not without
interest if we take the averages, because in them we see a uniformity
which it is impossible to see in the list of apparently struggling
individual experiments. cmE

“These trials were made at various times, occupying a portion of
every month for two years. It seemed to me that nothing would come
of them, and that much time was lost. However, I did venture to look
the whole in the face lately, and summmed them up, bringing out the
averages. It is apparently true that the air of a town influences fer-
mentation in sugar to a certain extent.” '

The re_:searches of Dr. Koch, however, have obtained resulis
far superior, and by using a part of his process I am obtaining
very promising results, to be spoken of later,

Having now given some of the principal points connected with
the idea of aerating sewage, I may make some further investiga-
tion into the result. What advantage would it be to any city to
send down its sewage into a river in a condition in which it did
not putrefy, if it were to have an appearance of impurity as
great as ever? 1 think this would be an advantage, but not a
sufficient one, We demand more. Indeed, the appearance is
quite as much a matter to be considered as any other point.
Perhaps we may say that it is the chief point. We have not
proved any disease to occur from the sewage below Glasgow or
Manchester, although I see that some one has observed a pec?lliarly
poisonous centiped in the mud opposite Liverpool, and fears, pro-
bably too well founded, are rising on the Clyde where shores are
left bare. The appearance of a river is, to say the least, a prominent
point ; next, the fish question is an important one ; and although
sewage 1s an excellent feeder of fish, these do not enter the
places where sewage is very strong, and, I believe, never at all
where there is putrefaction going on. We do not effect enough
by removing the tendency to putrefy. We may then ask, what
more 1s to be done ?

A very common plan is to allow the sewage to pass into
tanks and deposit. This generally brings on purification by
putrefaction, and of course would receive favour if it were
thoroggh enough,—which it seldom, if ever,is. In most cases
there is not ground enough for it; and although some towns take
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room enough by converting the rivers into putrefying tanks, and
so purifying the water, the result has the objection already
mentioned. This certainly has the advantage of being well tried.
I might have mentioned. as an argument in favour of putre-
faction and the destruction of diseases in rivers, that the Thames
water not along ago was considered the best of all water on
ships, after it had stood and putrefied in the barrels on board.
I am therefore on safe ground. Still it is desired that the water
be cleared, and it is cleared at present very slowly by putrefaction
and subsequent subsidence or filtration in its own bed.

For sewage filtration unaided has been given up, but filtration
with lime is a possible process.

The use of lime has now been long tried, and it has been
shown to pcssess many good qualities. It clears the sewage
with great rapidity to a certain extent. But I need not deseribe
its action, as this has been done so well before, and especially
by Dr. Wallace, of Glasgow, who has made a special study of the
subject. It may be even asked, what advantage can we obtain
by any aeration if lime is used ?

It is agreed that the effluent from lime is still liable to putre-
faction, although this action is postponed for a time and dimi-
nished also. Dr. Wallace finds that if the sewage water of
Glasgow is allowed to mix with twelve times its bulk of river
water, the result will be entire freedom from further smell or
putrefaction. It has, among other results, been oxidized. By
aeration, then, we seem to do that something for a time which
twelve times its bulk of water does to the sewage permanently.
The absence of putrefaction after aeration, even with the solid
remaining in the water, is a very great result; still I am unable
to decide on its ultimate value from present results.

Lime, then, does not disinfect in such a way as to prevent
putrefaction as long as aeration does, but it clears the liquid
much more thoroughly, and if the efiluent is removed the putre-
faction resulting cannot be equal to that which would take place
in the aerated sewage after a certain time.

This seems to lead to another point, namely, is it not best,
then, to use both processes—the lime and the aeration? The
lime to clear, and the aeration to delay putrefaction, until the
water flowed out of the reach of danger. It is probable that in
this case none would take place whatever in any of the circum-
stances usually found at towns.

The results heve are given of a great many experiments, but
they are all laboratory experiments, we must remember. I have,
however, seen enough of lime precipitation to make me believe
that something more would not be a disadvuntage.

This account does not contradict anything already said of the
great value of the use of alum and iron salts, and it is
thought well to append the account previously given, 1879.
The matter of expense must be settled by others.
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No. IX.
EXTRACTION OF AMMONIA.

not ab all considered independently the expense of
aega,tl'g;in this manner a million gallons, but I am agsured tlﬁat
the apparatus is not at all likely to be too expensive. It Th%s
been considered that one hour’s agitation will be enough. This
has been variously calculated for expense. I shall not give my
calculation. The amount arrived at 1s much higher than that
obtained by Messrs, Storer, but I must yield to their greater
experience. S . .
When sewage is aerated, and left with the solid matter m %t,
there is, of course, abundant room for a new succession of putre-
£ctive material, and it is necessary to remove that rapidly %y
precipitation or by fltration. ‘These methods may bot]ll e
useful ; namely, precipitation, so as to ?,How the deposit to | etq,ve
o considerable amount of clean water above. After this filtra 1%n
may be used for collecting the deposit, if it is true that t 3
improvements in filters is as great as I hear of 1 have rea
and been told of several inventions in this direction which seem
to me of great value, but I have not entered practically on 3
study of them. It was found, however, that ammomnia came 0
more readily when the sewage Was not filtered.

i :oot has baffled all engineers. Sewage has caused
exp%é:e,szkéegt has failed to produce profit in cases which cannot
be called exceptional. It is not proposed to describe the ca:uses,
but one certainly is pre-eminent,—the greab bulk of water ifll]o“'r
used for supplying towns. And this cause allies }tself to ano el%
namely, the great mass of water as rain, which 1n some pa,rtsl g
the country weakens the sewage in its flow or m the ﬁle s
already drenched. The amount of ammonia, as we hafle 0]1,%
knowﬁ, 15 greab in sewage, but we have. not.knm‘vn ow t
remove it. 1t has truly almost as little weight in proportion to
the sewage itself as a man has to a castle.

- kino with the apparatus described, a constant loss of
aégoiggbwnag observed, a,gg sometimes this was found .lby th-(ta,
smell itself. The sewage was tossed about; the volati e pfxz
was carried up by the currents of air, and it had no oppor 1l;u(rin 5;'
of returning. Here it was thought was abt_last a 11{1_191; od o
obtaining a revenue from sewage ammonia. If we t}iz, e :} grain
of ammonia only out of a gallon of sewage, wWe ax]ret ron: a
million gallons a million grains, equal 10 142-81 lbs.—le 1;Jls sla;,y
140 1bs. ; let us for a large city like Glasgow multiply this y
50. and we have 7,000 Jbs. of ammonia daily = 1,140 {',ggs4 ()%all
a,n’num, which at 601 a ton, its present market price, 15 DO,XTLE.

per annuin.

Can we obtain a grain out of every gallon? In the Jaboratory
" with a small apparatus this bas not always been done unless

——————— ——————— e - ——
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lime has been used in sewage containing six grains of ammonia,
In an experiment made in Glasgow with one hour’s aeration
without lime, two grains per gallon were obtained from sewage
containing about nine grains of free ammonisa, I am told. This
appeared as a very remarkable and cheering fact, opening up
a new field of action for sewage operations.

The question now came to be, How is this to be proved? We
know that the world will not spend its money unless it can
receive the hope of a good reward. |

There is, however, a second question :—When the ammonia is
removed from the liquid, how is it to be retained; that is,
removed from the air which carries it up, and held in a concen-
trated form? The present ideas on that point have not been
subjected to procf, but it is contemplated using either an acid or
a solution of a salt, such as chloride of caleium ; from which the
ammonia, which has always carbonic acid along with it, would
throw down carbonate of lime in fine division, and leave chloride
of ammonium in solution. -

Tt was found, however, that the idea had come into the mind
of another, ten years before, and had been thrown away. A pro-
visional specification of a patent had been made out in 1870:
was it right to throw it aside, and must I do the same? The
first projector seems to have acted from theory, and his plan was
so imperfect that success, we can easily see, was impossible.
A liquid must be very rich in ammonia before such a process
would allow any important quantity to be taken from i, as
there is simply a bubbling of air through the liquid. Another
patent was taken out by Messrs. Hills and Biggs in 1872, one
by Messrs. Welch and Scott in 1876, and one by W. L. Wise in
1878. I bhave tried only Dr. Storer’s, and it is not for me here
to give opinions of the comparative merits.

Amamonia removed, by Exhaustion.

In aerating water by the method just spoken of, there is a
removal of the gases contained in the water, and a substitution of
air, This displacement is not effected without using a large amount
of air, as one part of fresh air removes a small part only of the
gases contained in the water. We cannot expect to do the same
work with a small amount of air, unless we first remove the
gases contained in the water. This may be done to a large ex-
tent by pumping them out; and it is remarkable how much is
done, at least on a small scale, in a minute or two by this method.
I cannot say that a result has been obtained equal to that by
a current of air; and we must remember that the current acts
oxidizingly as well as by displacement; but a great deal is
effected by the exhaustion methods. The gases come off in a
condition strongly impregnated with organic matter, and very
disagreeable to the senses. They may in this case be sent
through a disinfecting process; say, by passing a fire, if neces-
sary, and if the ammonia cannot be got out. It was expected
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Viewing the matter in this way, I have called to mind my ex-
periments made long ago in the absorption of gases by charcoal.

that by taking them out in a concentrated state they could be
passed through acid, and the ammonia removed in a small ab-
sorbing. space, thereby getting over the difficulties which may
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be expected when we try to absorb the ammonia from a large
amount of air. This, however, was not found in practice to take
place to a sufficient extent; very little ammonia was removed
by pumping. At the same time it is very probable that the
failure was not inherent to the process, but caused by the limited
and imperfect scale of laboratory operations. In some cases it
is probable that ammonia would come off in this way; that is,
when the sewage was stronger than usual.

If this method of pumping out the gases were adopted it
would only be as a preliminary to aeration, which might be
effected either by allowing the air to enter, or by assisting it.

How far this plan will be found useful in extracting ammonia
from various decomposing bodies, other than sewage and solu-
tions, is still to be found out, but it certainly seems to recommend
itself in many cases where putrefaction causes offence, because
the putrid gases are drawn out at once and may be treated by
fire or otherwise rapidly. It isa new mode of disinfection.

Some enquiry is necessary to enable us to find if the plan of
previous pumping out of the gases, and then aerating, is to be
recommended in any case in preference to the mode of passing
air through the sewage at first. My belief is that such cases
may exist when ammonia is to be extracted, but they are more
likely to be found where purification and oxidation are required,
without looking to the ammonia. This pumping simply draws
out the gases which are not very soluble in water, and makes
room for others to enter. Those which enter are expected to be
oxidizing agents ; and frst we must Jook to the action of common
air. The sewage could be rapidly deprived of its gases, and then
simply allowed to flow away. When it bad flowed even a very
short time the air would enter, and during this period more
would come out. Still it cannot be denied that if the sewage
smells badly, the removal of all the air that can be pumped out
does not quite remove the smell. Tt does, however, diminish the
quantity of gases and of vapour capable of causing a smell.
1f, however, the oxygen were caused to enter in a condition more
concentrated than it is in the atmosphere, the oxidation would
go on more rapidly. It has been a matter of thought to supply
the concentrated oxygen to the sewage. We know what wonder-

{ul effects are cansed by permangates and by peroxide of hydrogen;

and I have shown also what high oxides, such as nitrates, effect.
A careful study is not required to show that pure oxygen gas,
at the present price of materials, is too expensive if we are to
saturate the solution, or to give it two per cent. only. At the
same time I have not ascertained how much would be necessary.
Unless the action were very rapid, the amount would be rapidly
diminished by diffusion, and the most active agents for supplying
solid oxygen are too expensive.

It was at one time apparently certain to me that oxygen could
be filtered out of the air by charcoal; and, indeed, I have found

‘large proportions of oxygen taken out by charcoal. Indeed, we

may say that the amount removed from the air is, as a rule, 30

to 40 per cent. I have not, however, been always successful

in obtaining it back by pumping it out of the charcoal; occa-

sionally it bas come out very well, but it has sadly disappointed

me. The plans, however, are not all exhausted. The amount

f(,)lf gas regained from the charcoal usually has less oxygen than
1e air.

Finding that charcoal was not manageable I have had recourse
to water. Pure water absorbs air, not exactly as such, but in
the proportion of one-third and a little over of oxygeu, the
rest being nitrogen—leaving out traces. In other words, we
can pump out of water a mixture containing about 13 per cent.
more oxygen than common air contains. Such a great increase
of per-centage of oxygen has a remarkable influence in most.
cases, and I suppose will have in oxidizing the substances in
sewage. There is a disadvantage, namely, in the small total
volume of air that ecan be obtained from water. In some cases.
this is of little consequence, because the water is abundant, and
one would suppose a stream to be an endless source. In other
places, it may be said, where should we obtain water? Water
may be used as a filter ; when it has been exhausted of air it.
begins again to drink it in; and the same may be repeated for-
ever. The question, however, remains, How rapidly can this be
done? For example, what surface and depth of water are ne-
cessary to supply continuously a cubic foot of air having 13 per
cent. of oxygen added to its present amount.

If this mode of obtaining oxygen were manageable, the water
would not require to be pumped high; but it could be put into
a closed vessel, first pumped for a short time. and then allowed
to pass off for more air. This water would require to be kept
pure.

These are ideas regarding the supply of oxygen :—Methods of
hastening the action of the air. Amnother method consists of
using pressure to save time. The water, after being exposed
to a vacuum, might be exposed to pressure with common air, or-
with the richer air from water, and pressure might be applied
so as to finish the process very rapidly.

These methods of increasing the purifying action going on
in water, are based on the first facts; namely, that a large
and important effect is produced in one hour by passing air
alone ; next, that a more rapid effect is produced by pumping
out the gases before passing air. The next effects, namely, of
stronger mixtures of oxygen, may be considered certain, although
not tried. The mode of obtaining oxygen is certain also, as shown

by Mallet. The analysis of the air at successive stages is very
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interesting (sce 2nd Supplement, Watts’s Dict., “ Oxygen ), bub

‘the practicability of the process on a large scale has not been

put to the test to my knowledge.

" T send oub these writings, being chiefly the description of
work done, but partly of course looking forward to work that
may be better done after the information here has been con-

sidered.

No. X.

AERATION OF WATER SUPPLIES.—DRINKING WATER.

This is not quite a new subject to speak of, but it has not
been well worked out. These latest ideas as to the value of air
compel us to twrn to it again. We have now many towns sup-
plied with surface water withoub filtration. The result of this
must be that there is some deposit in the reservoirs if the solid
matter is not carried away. Perhaps I ought first to have said
that there is solid matter in all cases nearly, although there may
not-be much. Indeed it is nobt easy for us to suppose that the
washings of fields can be free from floating bodies. When the
water sinks deep into the ground we have magnificent filtration
and clear brooks. The experience described by Dr. Greenwood
must not be forgotten, and we do mot know the limits of the
impurities from manured land. As 2 rule, however, it seems to
be true that the organisms washed from fields, and coming into
our streams, rivers, and reservoirs, are not hurtful. And why not ?
When we have the great dilution and the great aeration together
we may draw the conclusion that the researches of Pasteur em-
power us, even when no opportunity is given for that destruction
by putrefaction which has received favour in this Report. Still
we have this fact before us, that in great floods there is little
time for change, and the increase of material washed off the soil
is equal to a diminished opportunity of oxidatien. In such cases
it does seem Tight that water should have some time to undergo
its changes, or that it should be filtered, or both. The reason for
Altration is twofold: we remove solids by it; and in removing
visible although minute floating matter, we remove also much
which is insensibly small. But this is not all : the act of filfration
in a good filter is really an act of oxidation,—in sand, for example,
and other porous bodies. Of this I have spoken elsewhere,
When this is not sufficiently done, would it not be well to use
imechanical aeration for drinking water? It is certain that many
of our water supplies do not contain as much oxygen as the best
water. Manchester, for example, has a fair supply of water, but
it varies considerably, and the oxygen passes down to 27 in
the 100 of air dissolved in it. How far this could be remedied
by the use of more oxygen, it is not possible to say without trial,
and it is a trial which ought to be made. This is rather an
addition to the duties of waterworks proprietors, but it is one
which comes with the changes of our babits, Our reservoirs are
filled by streams in flood, and we do not waib until these rough
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waters pass away leaving the calmer streams to be taken, sueh
ag are filled by the water filtering through the soil, and thereby
purified, as they often are, to brilliancy. ‘

In speaking of this it is natural to consider the use of lime
now proposed in so many cases of purification. In Clark’s pro-
cess, for example, lime is used, and carbonic acid is removed. It
has been asked if it would not be an improvement to add car-
bonic acid. I believe it would, and probably air also. In the
first proposals for purifying water by Thomas Henry, F.R.S,
Manchester, about & century ago, lime was used, and after pre-
cipitation carbonic acid was employed to neutralize any excess.
Any excess of carbonic acid over the lime would be an improve-
ment. Free lime in water is a great disadvantage. Indeed we
must look carefully to our streams whenever lime is used for
precipitation. - 1t is a favourite poison for fish, and I have seen
a clear solution from a precipitating tank become suddenly
whitish on entering a river of clear water. The process was
intended for purifying the river, but it was in reality adding a
new poison. It was in small amount, certainly ; but who knows
the amount used at times ? There must be a careful measure of
lime used in all cases where a river may be affected. - .

This use of carbonic acid might take place along with air, and
if the water were to be used rapidly, it would add sapidity, which
is not obtained at once by natural aeration, and is best obtained
by deep filtration or by carbonic acid. | | .

We may now consider generally the effect to which the newest
information regarding germs of minute life seems to point.
Water, when standing long with germs of life, has, or may have,
according to the weather, increase of growth. Abundance of air
will be preventive of or destructive to many of the lower forms,
certainly those that cause putrefaction. Stagnation allows the
oxygen to be consumed. Filtration and aeration ought to take
place just before the water is to be used, according to these VIews.

" Note on Depositing or Filtering.

" The use of filtration is great, and nature provides us by its
means the best of water, which comes through soils holding
many unlovely things, and still without carrying them forward.
Tt is an important matter to imitate this, and we try with some
success, but we cannot imitate the self-purification in nature as-
fully as we wish ; we cannot remove the carbon so rapidly and
make it from a constituent of a filthy compound to one of &
pure gas. The consequence is that our filters become covered with
much impurity, and through this all our water supplies go, that
is, there is an accumulation which is not an imitation of nature
as we find it on the soil, but a simple product of art. I do not
ignore the fact that various modes have been devised of removing
this, and I have much good feeling towards the oxidizing filters
used, especially those with compounds of iron or iron itself, and
T will not say that in some cases they are not by far the best to
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be chosen ; but it has seemed to me that it would be a fine thing
if we could avoid completely the passage of water through an
impure deposit, and if we could remove that as rapidly as it is
formed.

Note on Mechanical Filiers.

 There are several such filters, and a remarkable one is devised
by Mr. Bowing, in which the liquid to be filtered is pressed
against canvas or cloth, which lies on a perfectly plain surface
of metal. The water works its way hetween the metal and
the cloth. The fact is curious, and the result is remarkable.
How far this would do for finer water I do not know ; it would
probably be insufficient ; but wheun applied to less pure liquids
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cent. of oxide of iron in it. It is made from bauxite, a mineral
containing chiefly soluble alumina.

The Manchester water is considered a very fair one; it is a
little yellow, being coloured by peaty matter. But when this
sulphate of alumina is added, and it is allowed to settle for two
days, it obtains a brilliancy equal to all we can desire. I made
some experiments, and obtained the following results. The
estimation of the purity of tint made by my new method is as
follows. (See for explanation, No. XL, p. .)

The highest numbers show the greatest transparency; bub it
must be remembered that it is only proportiohate, that is, the
same water does not give the same numbers on every trial,
because the amount of light differs. :

People may be afraid that alum will remain in solution, but

the result has been shown to be excellent. The advantage of
the meehanical filter is that the deposit is removed rapidly, and
is not allowed to remain and putrefy ; and if it could be so applied
for drinking water as to produce an unobjectionable result, we
should rejoice.
1 doubt if Mr. Bowing’s filter, as made by Manlove and Alliott
of Nottingham, has been tried otherwise than for sewage; but
even then it seems as if it were too much to expect a good result
on account of the enormous bulk of sewage to be passed. If
‘however, a deposit were allowed first, and mechanical filtration
-applied to it afterwards, we might obtain something of more
-yalue. I have nothing to say of mew modes of filtration,
‘but am looking to experiments or a large scale. I have not
_given sufficient attention to the spongy iron filter of Mr. Bischot’s,
but having got remarkable results from iron filings in 1848, I am
‘much in favour of iron, and must give it more attention.

there is rarely a water to be found so free of lime as not to
decompose the small amount of sulphate of alumina used in these
experiments. This point must of course be remembered, and the
water kept alkaline.
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Precipitation in Drinking Water.

" The very great attention given to precipitation of sewage has
'led us from its application to drinking water, and it is
| ‘remarkable that we have so much neglected the possibility
| .of ‘improvement in this direction. We know the old methods
! .of adding alum to muddy water and finding it rapidly
| .cleared,—a method used in India and China, and probably
| .elsewhere. We send many tons of alum to Asia for this
purpose, as it is supposed. But then these Easterns are so care-
E Jess that the water which they eall not good for drinking is to
LEEH us horrible, and that which they consider just drinkable is bad
to our sight and smell. The wonderful clearness obtained by
throwing down flocculent precipitates has been often remarked.
Tt has occurred, however, to Mr. Peter Spence, of Manchester, to
use an aluminous salt not merely for sewage and very impure
| ‘ ~waters, but also for town supplies, and the results obtained in

Manchester water are remarkable. The substance he uses is
called by him alumino-ferric cake, but the name can be readily
altered. The salt is a sulphate of alumina, with only 07 per
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Could this result be obtained in great reservoirs? I can only
gay that it is so remarkable that it ought to be tried. It is
certainly far beyond any method of filtering -used at any water-
works seen by me ; it can only be compared to deep soil filtration.
I must mention that I have not seen either the recent iron filters

or the earbide of iron ones abt use on a large scale; and cannot
allude to them. T .

" The alumina which-falls takes down organic ‘colouring matter;-
but the alumina may be dissolved out of -the precipitate. "How
far it can be dissolved again is a®point into which I have not
entered, - Mr. Spence says that for sewage this may be done re-
peatedly ; in treating drinking water it may not act so well a
second time, but the expense is certainly small. The ‘amount I
used for Manchester water was * 7 grains per gallon, or about a
ton for 20,000,000 gallons, which ton would cost 50s. o

The results of analysis are as follows, but it is enough to judge
by the effect in brilliancy already mentioned :— -~ L

ErFECT of PRECIPITANTS on MANCHESTER WATER.
Analyses in Parts per 100,000. |

= . 4 | B4 | 2
w8 | 38 | 8§ | ES
—— -3 ol g § L
g= | ™ 28 | =38
= < 2 < <
Manchester water - - - -1 6°75 | 0:0022 { 0°0076 | 1:87
Do. with 1 part alumino-ferric | 7'00 | 0-0028 | 0:0056 | "1°03
cake-per 100,000. - :
Do, with 1 part ferric chloride | 7-16 | 0-003 | 00060 } 1-00

If this turns out as well as it promises it will be necessary to
give up the method of using surface or flood. water, Hitherto
it has been allowed to settle only, but we can neither remove
the colour nor the germs of life by any such process, and by
precipitation we remove at least the visible part of the organic
matter, and some of the very material on which organisms live.
That none should be left, considering the very vital conditions
of the world, it is not for us to expect even if it is to be hoped
for.

Examination of this process continues. I look on it as chiefly
valuable for throwing down fine floating matter, taking, how-
ever, some organic matter out of solution.
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