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is, and it seems to be a suitable point with which {o begin the
subject afresh.

In a previous paper read in 1867, and in one in which I spoke
of the importance of examining the condition of the organic matter
in water, and not merely showing its amount, I divided the
organie matter into seven sections :—

Organie matter decomposed or putrid.
Organic matter readily decomposed and ready to become
utrid.
le?gnnic matter slow to decompose,
Reeent organic matter,
Old organic matter,
Vegetable organic matter,
7. Animal organic matter.
I might express it differently now.

I 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 subjeet must pass into the
hands of men who have devoted much time to the study of the
changes which take place in minute forms. I think T 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., I have
turned, therefore, more of late to the study of changes which
take place in the ammonia, nitrie 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) :—

“If the water contains organic matter in solution, or in a
condition approaching in all appearance to solution, it may be
wholesome or unwholesome. The mere existence of organie
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, consisting 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 1 have
ever heard, injurious to health, ulthough such water cannot be
quite so wholesome as pure water, since the oxygen of solution
is diminished. The taste and other sensible qualities will be
the chief guides.

“If 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 no injury: but they will not remain long
fresh; they will putrefy. Water containing organic matter

= S R
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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. SINE N -

#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, so 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 indieation of nitrogenous matter, and one
proof of the presence of substances capable of putrefaction. Tt
may be that some 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
onee. 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 produets are separated as much as possible.
This is popularly known to be the ease when the water has for
S0E #time become clear and eolourless 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 net think of attending to it for that reason.
However, it may be known to a few chemists that I made nitric
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
in 1848. I cannot, therefore, be said to be late in the field.

Regarding the deoxidation I may quote from my paper of
1887, 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,
186G7-8.

When doing the first experiments, spoken of in 1848, I 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. Schloesin
and of Mr. Robert Warington cause every one to reconsider the
subject. I suppose M. Pasteur gave the fivst 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 contradistinction to vegetable is another
point which compels us to think over the subject. I have
always objected to the opinion that they were the products
special of animal life, knowing that my own experiments were
made with vegetable substances. It 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 animaleular life, and thus nitrates were the products only
of animals. This is hypothesis, and cannot go far. We must
separate the idea of the action of Bacteria, or any vegetable
or animal forms of organic matter, from the idea that organie
matter must itself be animal before it passes into nitrates,
leaving it possible that nitrates may come from decomposing
vegetation. :

Then, again, the drainage of peat lands frequently econtains
nitrates, as we know, in great abundance, but the 'peat itself is
not remarkable for mueh animal life. I find Mr. Warington
thinking otherwise as to the amount of nitrates. Our ex-
periences differ on this poiut, but there is a great variety of peat.

' On account of these facts the conditions become complicated,
and I am now led to believe the following :—

1. Animal® or vegetable matter containing nitrogen produces
nitrates by oxidation under eertain conditions, with and without
organisms.

2. Inorganic matter containing ammonia does the same,

3. Albuminous matter in a putrefactive condition, if exposed
to excess of air, produces an oxidation of organie nitrogen:

4. A peculiar putrefactive condition produces a deoxidation of
nitrates. In some conditions nitrogen is eliminated as gas, the
oxygen going to the carbon in whole or in part. In weak
solutions, eontaining water enough to absorb the carbonie acid,
nearly pure nitrogen may be obtained with considerable rapidity.

Two of these propositions may require proof and explanation.

It will be seen in this view of the question that nitrogenous
bodies have a peculiar power of taking up oxygen and of giving
it out. They seem to be used for the purpose of purifying
organic substances as transferrers of oxygen. Although we have
not proved, so far as' I know, that in cases of great impurity
nitrates are formed, and their oxygen given out afterwards, yet
we can prove that when the impurity is moderate nitrates are
formed, and in any case they give out their oxygen in this way.

The escape of free nitrogen from solutions of organie matter
has been noticed, by Reiset, for example, (see Jahreshericht der
Chemie fur 1556, p. 806,) and by myself, in the examination of
the gases of putrefaction, in 1863 (Mem. of the Lit. and Phil.
Soc. of Manchester). T certainly doubted if this was an action
of organisms when I found that the nitrogen was evolved at a
heat equal to 160° F. or 71:1° C. At the same time there was
evolved a great deal of sulphuretted hydrogen. The putrefactive
substance then used was blood very much diluted.

I had oceasion lately to examine several mixtures. One was
formed by the evaporation of urine, and some freces in the
process for drying employed by Mr. Alfred Fryer ; and, revert-
ing to my old idea that nitrogen might be given off, I put nitrate
of potash in various amounts into solutions of the substance.
Bubbles of gas began to escape next day, and in some cases
came off with great rapidity and regularity, i.c., about one
bubble in three seconds.
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11. 1100 c. c. of 10 per cent. excreta from a previous experi-
ment, with 2 grms. nitre, were mixed with a second quantity
of 2 grms. nitre. Decomposition commenced at once, but
continued very slowly. - A gas evolution went on for many
days. Liquid became strongly alkaline.

12. 1100 e. e. of 10 per cent. excreta from a previous ex-
periment, with 2 grms. nitre, were mixed with 1,980 c e. of
water containing 2 grms. nitre in solution. Decomposition
commenced at once; the gas collected over water was pure
nitrogen. Liguid beeame strongly alkaline.

13. 440 ¢. ¢. 10 per cent. excreta (as No. 8) and 5 grms.
nitre were heated to (120°-125° F.); gave off gas after 30
hours. The speed was much slower than in those experiments at
the ordinary temperature.

14, Putrid blood + 8 grms. nitre gave off much gas, which,
when collected over water, consisted of pure nitrogen.

15. 1100 c. c. urine + '3 grm. nitrate of ammonia + 5 e ¢
putrid urine, gave off 70 c. c. of N.

16. Egg and water with nitre gave off gas consisting of
77'8 per cent. N and 22:2 per cent. CO,, collected over mereury.,
When collected over water the nitrogen only was obtained.

17. Blood with (NH,),CO, carbonate of ammonia and KNO,
gave off gas, which consisted of nitrogen when collected over
water. .

18. 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.

Gas collected over mercury = N = 926, CO, = 74

Gases collected over Mercury.

19. 406 e. c. blood + 1 grm. KNO; gave off gas consisting of
96:1 per eent. N and 39 per cent. CO.,.

20. Flour paste + 1 grm. KNO; gave off gas consisting of
N = 970, CO; =30,

21. Flour paste + 2 grms. KNO, gave off gas consisting of
N =64 CO, =936

22, Egg diluted with 8 vols, of water ~ KNO, gave off gas
slowly for some days, N = 854, CO, = 14°6.

23. 205 e c. blood + 1 grm. KNO, gave off gas consisting of
N = 845, CO, = 15°5.

24. 1150 e. c. blood + 1 grm. KNO, gave off gas consisting
of N = 485, C0O, 4 515,

25. 235 ¢. ¢. bloo 4+ 2 grms. KNQ, gave off gas consisting of
N = 94-4; CO, = 56

In experiments Nos. 8, 9, 10, and 13 the gas evolution did not
commence until the third day, the earlier specimen yielding gas
much more readily. Urine when fresh did not yield gas at
first, unless a small quantity of old urine was mixed with it.
The solutions became more alkaline aceording to the amount of
nitre decomposed, forming carbonate of potash.
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6. As published in 1838, by passing air mixed with ammonia
throngh 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
inorganic 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 mifrous gas when the liquids become too
slightly acid during the fermentation of beetroot solutions.

M. Th. Schloesing, vol. 66, 1868, p. 2387, 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 earbonic
“ geid is ahbsorbed, leave a residue containing protoxide of
% nitrogen. 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 commenced, and developed
with such activity that all the nitrates disappeared in a few days.

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

Vol. 84, Compt. Rendu, p. 301. 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 understand 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 in 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:—DMineral 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.

2. 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 physieal conditions :—Heat, light, electricity.

Influence of the Proportion of Ozygen in a Confined 4 tmosphere,

Five quantities of a calcareous earth were placed in long glass
vessels, at the ordinary temperature; the only difference being
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Analysis of the earth :—
Nitric acid = - . = 0:00
NH; in 100 grms. [before experiment -~ 1-35
earth = - | after % - 304
Gain - - =eEng

Gain of NH; for 11-4 kilos earth - 1927 -
NH; equivalent to 7-5 grmg: KNO, - 126:2

Analysis of the gas - - €O, N
Vol. at 0° and 760, recovered : o
by Ii;he pump 5 _ 34842 40885
0., disengaged during : :
exporiment g > r 80 809-4

35733 48979
Nitrogen present in air at _ ;
fret & T = 3BT

Nitrogen present in 7-5
grms, KNO, - -

828:0
4701-2

There is thus move 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 nitr
Schloesing confirms this last result.—Th. Schloesing, Compt.
Rendu, vol. 77, p. 353. :

I

No. III.

- OXIDATION OF AMMONIA—EXPERIMENTS MADE SOME YEARS AGO,
ANXD LEADING UP TO THE POINTS EXPLAINED IN No. L

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
is further shown by the fact that where there is most organic
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 eontaining 0°1 per cent. milk, filtered through sand
free from nitrites and nitrates,

The sand was about 8 inches deep and 1 inch broad.

st. 100 e, e. 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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is not proved, so far as I know, The oxidation of inorganic
nitrogen seems to require higher oxides than the air, But we
may ask, will not the ozone of the air prove to be one of these
higher oxides ? It is probable, and we may expect it to show
its power in some cases, but it cannot be expected to reach far
into sewers or heaps of refuse. We may, however, be certain
that it aets as a purifying agent on substances which it meets
in the atmosphere.

On the table of changes in the condition of nitrogen in water
containing organic matter (p. 26) it will be observed that the
nitric acid column shows a general increase in every case,
There is, however, a curious observation to be made; at a
certain time there is a slight diminution, and this has taken
place in every instance. It cannot be supposed that amongst so
many analyses no error should have occurred, but such a con-
sistent error is not probable. Besides, a similar backward move-
ment oceurred on the oceasion of a previous inguiry; and, indeed,
it agrees with my early observations of the destruetion of
nitrates, and the later ones on the elimination of nitrogen.
Those in the table given all occurred from the end of June to
the beginning of August, as if the heat had been an agent, the
peculiar putrefaction gpoken of having oceurred, I suppose.

The nitrogen of the three kinds inereases (i.c, of free ammonia,
albuminoid ammonia, and nitrie acid), being supplied by the
residual albumen, which is supposed to be continually
decomposing,

The effect of darkness has been to inerease the growth of
nitrates in the Manchester water, and the stronger blood solution.
This is not apparent in the weaker.

It seems correct, from the results already given, to believe that
nitrie acid has a mode of growth in nature quite independent of
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 nitrie acid ; and Luca (Jahresbericht, 1855, p. 318) said that,
after passing air ozonized by confact with moist phosphorus
for three months over potassium and potash, there was formed
nitrate of potash in quantities enough to erystallize ; 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
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No. V.
OXIDATION AND DECOMPOSITION IN SEWAGE.

I feel almost ashamed to bring so many fizures to prove so
little, but we know that wisdom grows slowly ; and the enormous
amount of labour spent on sewage within 40 years shows that it
has happened also to all my contemporaries as well as predeces-
sors to give their labour to an extent which seems too great for
the result. Still, I by no means think that my time 1s lost if
I prove no more than this,—that by agitation withair sewage is
kept without smell for two or more weeks in ordinary weather,
and even in warm weather. This is probably the most practical
portion of this part of the inquiry. The numerous analyses are
not at all so telling as I expected them to be, but they do tell
something of the chemistry of the sewage in relation to its loss
of organic matter, and the change to inorganic. This inquiry,
like all inquiries on the subject hitherto, has a preliminary
character; but it is a progress in my opinion, and I am desirous
of publishing it, whether found at present practicable or not,
becanse I think that in time the praetical may be forwarded by it.

The gases from putrefaction I examined some years ago, as
elsewhere quoted. In 1877 I made some experiments simply to
find if abundance of water increased or diminished the offensive
emanafions, and these I supposed to be measured by the
ammonia. It is shown that the air is much more tainted with
ammonia when water is not present: see “ Gases from Sewage,
&e.,” p. 20.  Another inquiry going further may follow this, but
I look to the microseopist rather than the chemist to complete it.

GGases from Sewage.

The gases from sewage are continually receiving attention, but
they are not frequently examined in a quantitative manner, It
is very difficult to obtain them in the condition and state of
dilution in which they cause illness. It has been observed
that these gases produce more cases of illness than gases from
excreta not producing sewage, and it seemed of some importance
to know what was the proportionate amount of decomposition.
The result is insufficiently shown in the table to follow.
The atmosphere over the dry matter contains much more
ammonia than over the wet, This may not mean that more
organic matter is decomposed; it may mean only that the
water keeps the ammonia in solution. Still, bubbles of gas
rise rapidly from sewage in water ; no such rapid evolution takes
place with the dry matter. The quality of the decomposition is
different. Water assists greatly the growth as well as deeay of
most organisms, and to these we must attribute the more rapid
escape of gas, Still, the experiments point only in one direction,
and we have to learn much regarding the quality of the air
which comes out so rich in ammonia. This much we learn : that
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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
oot 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 (365 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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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 eome in
a state so concentrated as to produce sickness; whereas gases
from sewers, in a condition which may not produce 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 ean 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
river and the ever fresh 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 streans the following
{uotation may be added, although written previously :— y

“When azotized eompounds decompose and form ammonia,
how long is (his ammonia retained in the water? On examining
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 cubie 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 05 to 07 grain per gallon, After going
14 miles the amount was only 0007, 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
A at second mile - 0171

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

“I 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 i3 a
sufficient proof that we must not trust to the ammonia as an
indication of the amount of the organie matter which has been,
as it 1s as rapidly removed as the organic matter is decomposed ;

c 2
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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 a mummy, in earbolie acid for a thousand years.

« Fyom 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 mature provides here for the eomplete
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.

«In the passage of organic matter we may observe, from
firures soon to be quoted, that the volatile and organic matter
diminished from 9:33 grains per gallon down to 504, 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. Soe., Manchester,
1867-8 ; also “ Chemical News."

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

Page 8.— The long stretch of water lying between Ardmore
and Dumbarton is not all an aceumulation 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
reseryoir, 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 oub 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.

* {0, hefore spreading.
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¥ I 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 Jarger.”

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 BoarDp by Dr. AxGUs
SyITH, F RS, 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.

Ist. From Aldershot, where irrigation alone is used.

2nd. From Coventry, where precipitation by alum and iron is

used first and irrigation afterwards.

drd. From Birmingbam, 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.

I 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 effluents only, and not at all to the ultimate
value of processes,

FrEE AMMONIA A.

Ammonia abstracted. Ammonia remaining.
B orii b i F

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

L0000, of Total, TOW0, 000 of Total,
Aldershot &, - - 'I 11735 07 90 0-245 [ 2:04
Coventry - = & 206 75+8 0- 520 202
Aldershot a. - - 2:918 8010 0-747 19:9
Aylesbury - - - 2080 745 1:020 25:5
Birmingham . - . 1+425 52-0 1:275 471
Burnley - - - 0120 813 1:380 1:7

| added adided
Birmingham &. - = | . 0:520 18:8 | 3:220 118°8
| |

Nore—Aldershot (a) specimen collected in wet weather ; (B} in dry weather
Birmingham (a) after lime precipitation and irrigation ; () after lime alone,
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The total solids are in this order in the effluents ; the advan-
tage is in being low, of course :—
Farts per 100,000,

Aldershot average of three (wet) - 295
Aldershot dry - - - - 410
Burnley - - e - 340
Coventry - - - - 705
Aylesbury - - - - 895
Birmingham (&) - - - 1005
Birmingham () - - - 1125
During floods the volatile solids stand thus ;—
Coventry - - - -~ 120
Aylesbury - - = e i 8h
Aldershot average of three (wet) =1 as
Burnley - - - - 140
Birmingham (a) - - = 240
Birmingham (&) - - - 265

The chlorine has not been found the same in the effluent as in
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 by itself, but caused a milky deposit in the river into
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 a shallow mountain stream without being noticed.
o of Aldershot and Aylesbury,

In every respect we may say 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 iren compounds
is next.

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
precipitation processes,

I must repeat 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 eourse a
large proportion, if not all of the remaining reasoning, must he
left for Mr. Rawlinson, for whose report this may be considered
as a preparation,

I am, &e.

Manchester, 16th October 1879. & R. ANGUS SMITH,
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No. VII.

MECHANICAL AERATION OF SEWAGE, &e. TABLES OF
EXPERIMENTS,

In the experiments noted in the previous chapter we see how
long and persistently the sewage matter, both with and without
water, gives out amnmonia, 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 oceasionally 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. It 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 aeraiion experiments were all made by Dr. Storer’s and
Mr. Cranston’s apparatus, lent me for the purpose.

It consists of an earthenware vessel containing 3:3 gallons;
into this was put about 2} gallons of liquid, or about 14 litres,
having an archimedean serew 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.

OxipATioN, TABLE 1.

We see here the condition of the sewage before treatment. It
is to be observed that it is not fresh organic matter, but 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 howr’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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No. VIIL

CoNNECTION OF THIS WORK WITH RECENT MICROSCOPIC
I¥QUIRIES.

It may be interesting to connect this subjeet 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 miero-
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 coneerned, 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 organisms 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 putve-
faction. (On this point I have only general ohservation, 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 u
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. It 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 certain 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, T wish to introduce
an extract from two papers; and, first, that already quoted,
Chem. News, 1865, p. 304. Frngig '

“ On the examination of Water for Ovganie Matter.

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

< Dalton found cistern water almost deprived of its oxygen,
and T have found every per-centage of oxygen, from 34 down-
wards. 1 go further into this point in my chapter on water,
whieh I 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
hydvogen 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 T 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 it :—
“We do not know much about the second of these two (ie.
with excess of oxygen), and if I think it is less dangerous it is
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
vesearches 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
&0 organisms on the hills acting with all their poisoning vigour
after being bronght down by rivers. It was my belief at one
time that the eflect of dilution was the purifier, but now that
may be supplemented by the effect of oxygen preventing
putrefaction as proved lere, 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 Attenuation of the Virus of Chicken Cholera,
by L. Postewr.

“ Now that we have arrived at this point, a question pre-
sents 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
ask whether the attenuation of the virus is not due to contact
with the oxygen of air? Would it not be possible that the
small organism which eonstitutes the virus, when left in contact
witk the: oxygen of pure air, in the medinm of eultivation in
which it has developed, may have been modified, 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 not intervene in this phenomenon, the singularity of which
almost justifies my hypothesis.

“ It is easy to understand that the solution of this problem, in
case it depends on our first hypothesis, that the phenomenon is
due to the oxygen in the atmosphere, may he tried by experi-
ment. If oxygen is in reality the cause of the attenuation of
virulence, we may have, to a certain degree, a proof of it by
noting the effect of suppressing it.

“To test this, let us conduct 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 air 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 turbidity 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 sure 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
eontact with pure air, We have already spoken of what becomes
of enltivations carried on in presence of air. We know that
they experience a progressive attenuation of their virulence, and
we will not return to this subject. Let us now only pay
attention to the eultivations 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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“ Micrococei exist wherever pus occurs, save in chronie sup-
purations, such as cold abscess, ebronie acne wvulgaris (7), &e.
Mierococei in man produce the same varying eflects as in
animals ; they may produce blood-poisoning without suppura-
tion, they may cause suppuration, or they may be resisted by
strong individuals under favouring circumstances. Lastly, there
are possibly micrococei that do not produce suppuration.”

An account of numerous cultivation experiments is given, and
the certain opinion is expressed that the cultivation must go on
in absence of air, 4.e. air is hurtful to the ecultivation of the
mierococei, The most successful method employed was to inject
the seed fluid to the end of an egg opposite to a very small
puncture made to admit a hollow needle. Antiseptic precautions
were taken to exelude the action of germs in the air.

“To sum up, micrococei do not produce putrefaction. They
develope best when removed from the atmosphere. The pre-
ceding facts prove that they are able, under suitable circum-
stances, to give rise to blood-poisoning, to acute inflammation,
and to suppuration.”

The experiments deseribed in this report show that aeration
delays putrefaction. If it does not kill the germs or organisms
which produce putrefaction, it weakens them, as in the case of
chicken cholera. It is possible that they may die in the oxygen,
and the liquid may be again supplied with them.

A curious question arises then: What is the value of a process
of oxidation which does not kill the germs of putrefaction;
because, if they are not killed, what proof have we that the
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 disease
are made innocent by the action of air; and I find as a distinet
fact that the germs of putrefaction are also so weakened that
they produce no effect until after considerable time. If the
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 by
weeks, the water or sewage treated can in almost all cases be
far removed, and sent to places where its impurities will be
without effect.

The proposal quoted from my previous papers to examine the
growth of the organisms in water was not carried out by me,
but I am glad to have been in the right track so long ago, and
to have been so also with the inquiries as to oxidation. The
results obtained by Koch and also by Klebs must receive the
attention of chemists. It does not appear that even if we kill
all the germs in any process that much advantage is gained if
they are so readily producible from neighbouring sources. The
discussion whether those which are most common in smaller
numbers, and are in constant supply, ean by some peculiar
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
niot 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 ehernists 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.

MThese researches do not prove to us that the germs spoken of
are destroyed by oxygen ; they become weak, and this weakness
inereases to 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 helieve in
complete annihilation of the first series in the case of those that
produce putrefaction, so that they may make room for their
successors. The relation of the succeeding to the first is mot
known to me at least, and T judge simply from analogy that the
first organisms will be destroyed with the mass of the organic
matter which is 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 cavrbonic acid,
hydrogen, carbonic oxide, carburetted hydrogen, nitrogen, sul-
phuretted hydvogen.

Still theve 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 time is required to destroy
the several classes of organisms has not been made out. I see
no reason as yet for Pasteur’s hypothetical influence other than

oXygen.
When Dr. Storer eame to me with a proposal to use his
apparatus for aerating sewage, we had not investigations of

Pasteur to go upon, but I was very glad to have the opportunity
of using the means put 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
vemarkable observations recorded in the Royal Agrieultural
Society’s Journal, No, XXXIII, Part 1, 188l, by Dr. W. S.
Greenwood.

It 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 to 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 putrefiction and oxidation are in ordinary cases sufli
cient. But there ave some differences of opinion, and it is pro-
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bable that these processes of destruction and purification, in
eases 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 refer to the remarkable inquiry 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 disivfect the wool it was
exposed to the air on a field. Ina few 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—whieh, 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 oceurred many years
ago. I was rather disgusted on entering into & room in a large
paper-works where rags were sorted. These rags came from all
the miserahle 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, about 20 years of age, were working
diligently there. I certainly mever 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 neighbourhood. I asked if none of them were ever
poisoned: no 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 coneclusion that
the original substances had undergone a transformation, and the
germs of disease had been destroyed by am 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.

“ Some Hippeny QuariTizs oF Toww 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. I did not find
that putrefaction was a 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 guantity of air was washed with
pure water, and a fized quantity of sogar 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 sngar 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 numerons
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.

¢ 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 summed 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 researches of Dr. Koch, however, have obtained results
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? T 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 peculiarly
poisonous centiped in the mud opposite Liverpool, and feaxs, 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 is an excellent feeder of fish, these do not enter the
places where sewage is very strong, and, I believe, never ab all
where there is putrefaction going on. We do not effect enough
by removing the tendency to putrefy. We may then ask, what
more is 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
thorough enough,—which it seldom, if ever,is, In most cases
there is not ground enough for it; and although some towns tale
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room enough by converting the rivers into putrefying tanks, and
so purifying the water, the result has the ohjection 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
e 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 pecssess many good qualities. It clears the sewage
with great rapidity to a certain extent. But I need not describe
its action, as this has been done so well before, and especially
by Dr. Wallace, of Glasgow, who has mude 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 efluent 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. ?t is probable that in
this ease none would take place whatever in any of the circum-
stances usually found at towns,

The results here 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.




B
e

e+ =

e p——

it :'-..-..r.;‘.un;._ﬁ.._l-:.-t-:-:-,.-—_-g-:r'-;a'--mﬂ-nﬂmm.;-pa;__g.'_'_.-' Zovuigntieg

b, o L r o S e

G4

No. IX.
EXTRACTION OF AMMONIA.

I have not at all considered independently the expeuse of
aerating in this manner a million gallons, but T am assured that
the apparatus is not at all likely to be too expensive. It has
been considered that one hour's agitation will be enough. This
has been variously calculated for expense. I shall not give my
caleulation: The amount arrived at is much higher than that
obtained by Messrs. Storer, but I must yield to their greater
experience,

When sewage is aerated, and left with the solid matter in it,
there is, of course, abundant room for a new succession of putre-
factive material, and it is necessary to remove that rapidly by
precipitation or by filtration. These methods may both be
useful ; namely, precipitation, so as to allow the deposit to leave
a considerable amount of clean water above. After this filtration
may be used for collecting the deposit, if it is true that the
improvements in filters is as great as I hear of I have read
and been told of several inventions in this direction which seem
to me of great value, but I have not entered practically on a
study of them. It was found, however, that ammonia came off
more readily when the sewage was not filtered. : :

This subject has baffled all engineers. Sewage has caused
expense, and it has failed to produce profit in cases which cannot
be called exceptional. It is not proposed to deseribe the causes,
but one certainly is pre-eminent,—the great bulk of water now
used for supplying towns. And this cause allies itself to another,
namely, the great mass of water as rain, which in some parts of
the country weakens the sewage in its flow or in the fields
already drenched. The amount of ammonia, as we have long
known, is great in sewage, but we have not known how to
remove it. It has truly almost as little weight in proportion to
the sewage itself as a man has to a castle.

In working with the apparatus described, a constant loss of
ammeonia was observed, and sometimes this was found by the
smell itself, The sewage was tossed about; the volatile part
was carried up by the currents of air, and it had no opportunity
of returning. Here it was thought was at last a method of
obtaining a revenue from sewage ammonia. If we take a grain
of ammonia only out of a gallon of sewage, we have from a
million gallons a million grains, equal to 142°81 Ibs.—let us say
140 1bs.: let us for a large city like Glasgow multiply this by
50, and we have 7,000 Jbs. of ammonia daily = 1,140 tons per
annum, which at 60L a ton, its present market price, is 68,4000
per annwn,

Can we obtain a grain out of every gallon? In the laboratory
with a small apparatus this has not always been done unless
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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 sew.
containing about nine grains of free ammonia, T 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 ehloride of caleium ; from which the
ammonia, which bas always carbonic acid along with it, would
throw down carbonate of lime in fine division, and leave chloride
of ammonium in solution, :

It 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 T 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 it, as
there is simply a bubbling of aiv through the liquid. Another
patent was taken ount by Messrs. Hills and Biggs in 1872, one
by Messrs. Weleh and Scott in 1876, and one by W. L. Wise in
1878. I bave tried only Dr. Storer’s, and it is not for me here
to give opinions of the comparative merits.

Ammonia 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. Thisdisplacement 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 vesult has been obtained equal to that by
a current of air; and we must remember that the current acts
oxidizingly as well as hy 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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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
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 nob 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 1s,
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 is a 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 ab 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 first we must look to the action of common
air. The sewage could be rapidly deprived of its gases, and then
simply allowed to flow away. When it had flowed even a very
<hort 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.
H, however, the oxygen were caused to enter in a condition more
concentrated than it i1s in the atmosphere, the oxidation would
o 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 caused 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
came time T 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,
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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 chareoal,
It was at one time apparently certain to me that oxygen eould
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, heen always successful
in obtaining it back by pumping it out of the chareoal; occa-
sionally it Lias come out very well, but it has sadly disappointed
me. The plans, however, are not all exhausted. The amount
of gas regained from the charcoal usually has less oxygen than
the air.

Finding that charcoal was not manageable I have had recourse
to water. Pure water absorbs air, not exactly as sueh, but in
the proportion of one-third and a little over of oxygen, 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 can 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 18 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. Another 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
s0 as to finish the process very rapidly.

These methods of inereasing 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 hefore passing air. The next effects, namely, of
stronger mixtures of oxygen, may be considered certain, although
not tried. The mode of obtaining oxygen is eertain also, as shown
by Mallet. The analysis of the air at successive stages is very

E 2

g -.'m.-l-.._'.. o e




68

interesting (sce 2nd Supplement, Watts’s Dict,, “ Oxygen "), but
the practicability of the process on a large scale has mot been
put to the test to my knowledge.

1 send out these writings, being chiefly the deseription of
work done, but partly of course lookin forward to work that
m;.}r l:}e hetter done after the information here has been con-
sidered. AR

; No. X..
ArrAaTION 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 turn to it again. We have now many towns sup-
plied with surface water without filtration. The result of this
inust 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 not 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 deseribed by Dr. Greenwood
must not be forgotten, and we do not know the limits of the
impurities from manured land. ~ As a 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 destruetion
by putrefaction which has recvived 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 oxidation. In such cases
it does seem right that water should have some time to undergo
its changes, or that it should be filtered, or both. The reason for
Sltration 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 filtration
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
mechanical 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 Ppasses down to 27 in
ihe 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,
anel it is o 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 habits. Our reservoirs are
filled by streams in flood, and we do not wait until these rough
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waters pass away leaving the calmer streams to be taken; such
as are filled by the water filtering through the soil, and thereby
purified, as they often are, to brillianey. . :

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 ear-
bonic acid. I believe it would, and probably air also. In the
first proposals for purifying water by Thowas Henry, F.R.S,
Manchester, about a 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 T have seen
& 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 atfected. ;

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 naturs provides us by its
means the best of water, which comes through soils holding
many unlovely things, and still without carrying them forward,
it is an important watter to imitate this, and we try with some
suceess, 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 a
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: T do not
lonore 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
I will not say that in some cases they are not by far the best to
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be chosen ; but it Lias 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 Filters.

There are several such filters, and a remarkable one is devised
Ly 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 between 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 when applied to less pure hquids
the result has been shown to be excellent. The advantage of
the mechanical 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
shonld rejoice.

I doubt if Mr. Bowing’s filter, as ade 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 expeet 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
value. I have nothing to say of new modes of filtration,
but am looking to experiments on a large scale. I have not
_%i‘?&l"l sufficient attention to the spongy iron filter of Mr. Bischof’s,

ut having got remarkable results from iron filings in 1848, T am
much in favour of iron, and must give it more attention.

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 é){:ssibility
«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. Bub then these Easterns are so cave-
less that the water which they call not good for drinking is to
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 0-7 per
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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 proportionate, that is, the
same water does not give the same numbers on every trial,
beecause the amount of light differs.

People may be afraid that alum will remain in solution, but
there 1s 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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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 carbide of iron ones at use on a large scale, and cannot
allude to them. -

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 1s certainly small.: The amountI
used for Manchester water was *7 grains per gallon, or about a
ton for 20,000,000 gallons, which ton would cost 50s. '
~ The results of analysis are as follows, but it is enough to judge
by the effect in brilliancy already mentioneéd :— FA L gk

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

{
1
1

= i B e
l &5 |25 | §8 || ES
g | =g SE | 2w
& <t [ B4 [ 45
Munchester water = - LA 6r75 | 0-0022 | 00076 1437
Dia. with 1 part alumino-ferric | 7-00° | 0:0028 | 0-0056 | 1403

cake per 100,000.

Do. with 1 part ferric chloride | ¥-16 | 0:008 | 0-0080 | 1-00

If this turns out as well as it promises it will be necessary to
give up the metbhod of using surface or Hlood 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
}:E the world, it is not for us to expeet even if it is to be hoped
Or.

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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MopgE oF ESTIMATING THE TRANSPARENCY OF WATER.

In the 16th Report under the Alkali Act, also in the pro—
eeedings of the Royal Society, Vol. XXX, I gave an account of a
mode of measuring the amount of light over any given period
of time. Finding that the idea had previously occurred to
Dr. Leeds of the United States, I gave him of course the credit.
However my intention was to pursue it for the purposes of my
office, and to endeavour to measure the influence which fogs
natural and artificial or smoke have on the amount of light |
transmitted through the atmosphere immediately aboveus. I also
said that I intended to apply the knowledge to an estimation of
the transparency of water. I have in my 16th Report under the
Alkali Acts given a table of the total comparative light during
six hours of the day for above a year, and in this report under
the Rivers Pollution Prevention Act I now describe the same
method as applied to water.

A few of the results are given, and I may say that they are
most satisfactory, The order of the figures is certainly the
same as I made out for myself by using the tube when the
waters were brought to me without description; but I had a
difficulty in judging, Time was required, a certain amount of
anxious consideration was needful, and in one case I gave a
decision, which, on reconsideration, I reversed. I may add that
I am not behind in this mode of judging ; two pairs of young
eyes belonging to chemists were less correct and constant in
their judgment, at least on this occasion. I say this to show the
accuracy of the experiment, and to prove that we save time by
it and uncertainty. However, this is not all. We obtain exact
numbers, such as the eye cannot pretend to determine.

I always use of course as a standard distilled water, and it is
necessary to have it in the experiment, as the numbers are not
definite in a continuous sense on account of the constant change
of light. They are comparable with pure water ; but the same
numbers do not occur on every experiment, as the light differs.
The exact law of change requires study, but the order is certain.

Every new idea has its own mode of development, and I
cannot tell how this may grow, considering all the various
changes of colour in impure streams in this country; but for
natural streams there is less difference of shade. I have here
used it to define the brightening effect of precipitation as an
example unless otherwise mentione
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PART II. ;
EFFLUENTS FROM PRINTWORKS, DYEWORKS,

P Pa'w@itmtian.—ﬁmw; Rules,

If the effluents from dyeworks or printworks are alkaline,
containing organic substances coloured or otherwise, an acid
generally throws down a decided amount of solid matter, If the
efluent contains soap, the fatty matters are separated, and fall or

rise to the surface. These fatty matters may contain a large

amount of colouring matter which may or may not be of value.

If acidis expensive at the place of precipitation a similar
result can be obtained by chloride of caleium or any cheap
metallie or earthy salt. Chloride of calcium is the simplest, and
has a great influence. Tts effect is not limited to the soap, but
1s observed in the effluents from paper works, and other eases
where the liquids are alkaline.

Salts of caleium are, therefore, very valuable ; and as they are
found at bleachworks, printworks, and paperworks, and wher-
ever bleaching is done, they have a great influence on the dis-
charges. This influence is not always seen at once; it requires
some time, and it would appear as if settling tanks were abso-
lutely necessary. Tt would be very good if we could hasten
this precipitation. To some extent this is done by adding
metallic or aluminous salts, but it is done also by stirring or
shaking, as we often find in a laboratory, and previous to allow-
ing the solution to rest. Thinking of this, one would have
supposed that very violent action would have assisted still more
the fall ; but this was not the case; we found that by agitating
the effluents after mixture with the precipitant, these could be
reduced to a state of division so fine as to delay their fall,

The advantages of chloride of calcium are that it is frequently
a waste product, and a great deal could be obtained if it were
wanted. .

Lime will certainly throw down the fatty matter of soap, and
it will also take a great deal of solid matter out of the e uents
of paper and other works, but it will not néutralize in such
cases; on the contrary, it causticises these liquids. Chloride of
calcium also can be thrown in considerable quantities into a river
without injury, whereas this is not the ease with lime.

The first thing to be done with the effluents from works
generally is to allow them all to mix together, when large pre-
cipitates occur, and frequently complete neutralization, arising
from this, namely, that the processes have required equivalent
amounts of acid and alkali, although they escape separately.
Cases exist, however, in which such a mixture would be of no
advantage ; and in other cases, as in alkali works, the mixture
of the acid and sulphide liquors produces intolerable results,
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The works, however, specially under consideration give out
liquids which by this treatment cause eonsiderable and sometimes
large precipitates. The addition of chloride of ealcium causes a
second precipitate frequently, and it may be that this will be in
some cases a sufficient treatment.

When better results are required, it is apparently essential to
use salts of iron or aluminum ; and few waters from these works
under consideration will not become clear after this treatment ;
most, if not all, can be made also nearly colourless.

It would be quite wearisome to detail all the experiments
made to come to these conclusions, but wvarious results will be

here given, and they may be compared also with those from
sewage treatment.

Effluents from Paper Works.—-May 1878.

Discharge Water from Settling Ponds, Carron Grove Works.—
19th April 1878.

(1) After filtration,—
10 1bs. Alum The filtrate was slightly acid;
25 Ibs, Lime [ Per 1,000 galls, colour = (*1 ¢. ¢. NH,Cl with

Volatile = 4:0 gr. per gull. Nessler. No permanent froth
Mineral = 65-04 5 on shaking,
Total = 7084

{2.) Atter filtration,—

8 lbs, Alum The filtrate was faintly alkaline ;

2-5 Ibs, Lime }Pm‘ 1,000-gulls, colour = 0+4 ¢. e. NH,Cl with
Volatile = 567 gr. per gall. Nessler. No permanent froth
Mineral = 57-23 . on shaking.

Total = 63:00 ,,

(3.) After filtration,—

4 Ihs, Alum The filtrate decidedly coloured.
23 Ibs, Lime }P“ Lt galle FPermunent froth on shaking.

Sample received 29th April 1878,

(4.) After filtration,— ey
lﬂo.lﬁhﬁﬂ;‘?lﬂ%& }PH 1,000 galls. Similar to No. 1.
Volatile = 0-28 gr. per gall.
Mineral = 7616 ]
Total = 7644 e

{5.) After filtration,—

8 lbs. Alum Similar to No. 2 as to froth,
2-5 Ibs, Lime [ Per 1,000 galls. Filtrate slightly coloured.
Volatile = 1148 gr. per gall.
Mineral = 7755 L
Total =82-04 o

(6.) After filtration,—

6 lbs. Alum Filtrate decidedly coloured,
2+5 Ibe. Lime }‘-‘“ 1,000 galls. Froth lingered elightly.

Q 7516, F
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Logwood liquor treated in the converter with soda waste for
two hours had a stronger colour than by simple lime precipitation
(20 grm. waste to 15 litres liquor).

Logwood liquor which had been treated with lime and after-
wards aerated was submitted to the action of ozonized air in
the converter, but no further decrease of colour ensued.

A quantity of logwood liquor was enclosed in a glass tube
along with oxygen under pressure of two atmospheres, but no
apparent change took place after 10 days.

Irvon and Tin Plate Works.

The solution coming from these works consists entirely of
sulphate of iron with a little extra acid. The acid is in nearly
all cases sulphurie. T have proposed some rules which for the
present are very mildly stated.

“Seme Rules applicable especially to Works in South Wales.”

1. After the 31st day of December 1880, it is expected that
at every tin and iron work the solutions of sulphate of iron or
copperas, being the liguids remaining after the processes in which
the acid solutions called “ black pickle” and “ white pickle ” are
used, shall be treated or removed in such a manner as shall
prevent any of it flowing to any river or stream.

2. It is not proposed to insist at present that the water
used for washing the plates which have been taken out of the
acid or pickle shall be treated in such a way as to remove all
the acid. It is, however, known that there are two methods
by which it may be done; one by passing the plates singly
throngh rollers, and thus removing the acid almost entirely.
It the water should contain a little carbonate of lime in solu-
tion, it may be enough, and it is in a known case in the
district more than enough to neutralise all the remaining acid.
The second plan is to dip the plates in a cistern of water before
exposing them to the great rush of wash water. This cistern
removes nearly all the acid, and will last a long time. The solu-
tion will require to be boiled down along with the so-called
pickles, or otherwise treated so as to be innoeuons.

I wish to call attention to this point, namely, that at present
I should not think it right to give a certificate under the Act
unless one of these methods is adopted, or a better.

3. Dregs of the crystallising vessels containing sulphate of
iron are not to be thrown on the ground in such places as
render them liable to be washed into streams. The dregs
ought to be thrown away only after the copperas is fully
washed out,

4. All the work must be done in such a mawnner as to he

easily inspected. It must be open and free to the surface in
every possible case.

it
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all the gas passages. This sulphurisignited as the heat advances,
and 1t burns according as the oxygen is supplied ; the process
may be so slow that the heap cools before the sulphur receives its
supply of oxygen. The action of the air, if followed further, leads
to an oxidation of the hypo-sulphite into sulphite, and afterwards
slowly to sulphate, when the final stage is reached.

“The result to the atmosphere may be, first, the spread of
sulphuretted hydrogen, second, the spread of free and sublimed
sulphur, and third, the spread of sulphurous acid. If it is asked
why these Lwo gases, sulphuretted hydrogen and sulphurous acid,
are put together as being in the atmosphere, secing that they
decompose each other, I then add that they do not decompose
instantly when in a very dilute state in the air, and T might
also add that it is not proved that they come from the exact
same point of the decomposing or oxidizing substances.

“In any case these gases ave offensive, but if in a concentrated
form, or rather if' a considerable quantity of each is put together,
or if they meet in water, the result is that tlie sulphur of both
15 thrown down in a free state, and no smell of either gas of
course ean be perceived; both have ceased to exist. It has
therefore been the object of several inventors to cause the
sulphur to be partly oxidized into sulphurous or more con-
veniently into hyposulpburous acid, so as to form hyposulphite
of lime, a salt whose acid is converted into sulpliurous acid and
sulphur when acted on by any strong acid. This result has been
attained, especially by Mr. Mond, who oxidizes a certain portion
of the sulphur in the waste by blowing air through it ; and when
the exact amount of hyposulphurous acid is formed capable of
destroying the sulphide of hydrogen or calcium remaining, he
dissolves in water all that will dissolve, and adds bydrochlorie
acid, which releases hoth the acids so as to let them act upon
each other. The result is that the sulpbur is thrown down free
and useful instead of combined and noxious.

“Not many people bave used this process; it was said to be
troublesome, it required considerable capital to establish ; still
there was, and T suppose still is, a profit on the sulphur regained.
This is fully established by Mr. Worsley, of Netham, near Bristol,
who, however, showed that the profit was not great, and that
most of the manufacturers preferred to use their capital in another
direction, It was a question whether they ought not to be com-
pelled to adopt some plan of purification.  Where capital is
abundant, it might not be a hardship ; where money is scarce it
was said to be decidedly so.

“Then it was said that the remaining waste or undissolved lime
salts which still contained some sulphur combined in sulphide of
caleinm, decomposed more readily than when Mr. Mond’s process
was not used, and that they sent out (for a shorter time certainly)
but still for a time, more of the offending gases. I do not think
that this was a valid objection by any means ; when the waste is
well oxidized by this method, it certainly is more porous, but if
well washed the oxidation does not produce offensive gases to an
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Lrocess of Dieuze.

“This process, I believe, was first proposed by Dr. Emil Hof-
mann, developed by E. Kopp, and advanced under the care of
M. Marchal. A report on the process was written by Professor
Rosenstiehl, of Mulhouse, and communicated to the British
Association by Mr. I, Lothian Bell, M.P., but I do not find that
anything above a short notice has appeared in English., I shall
extract from the memoir by Professor Rosenstiehl whatever may
seem to be of interest to English alkali makers at the present
time.

Process, as used at DIEUZE, for recovering SULPHUR from the
Wastre Heaps, Reporr by PROFESsoR ROSENSTIEHL, of
Mulhouse, 1867 (and still in use in 1878).

“ The solid residue left on lixiviating erude soda is called “ mares
de soude” or “charrde” The elements which compose this
substance are sulphur, carbonate of lime, caustic lime, silicates,
and water, in proportions which greatly depend on the purity
and division of the materials employed in the manufacture of
soda. Generally the fresh “waste” contains 12 to 16 per cent,
of sulphur according to the quantity of water remaining with it

“The residual liquors from the manufacture of chlorine eontain
the chlorides of manganese, iron, and barium, free chlorine, free
hydrochloric acid and water, in proportions which vary with the
nature of the manganese employed,

“The following is the composition of the liquors at Dieuze
according to an analysis made by M, Hofmann :—

Manganous chloride - - - 22
Ferrie 5 - - Sy
Baric 5 - - - 106
Free chlorine - - - - 009
Hydrochlorie acid - - - 680
Water - - - - - G455
10000

“These are the residues in question which it is proposed to
transform into inoffensive residues or useful products, but in
either case without the consumption of fuel,

“The different steps in the procegs may be summed up as
follows :—

1. Transformation of the waste into soluble sulphur compounds
(vellow liquors).

2. Precipitation of the sulphur by the acid in the chlorine
residues ; neutralization of these.

Elimination of iron by fractional precipitations.

Precipitation of manganous sulphide,

Combustion of this sulphide,

Utilization of the ash of the sulphide.
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useful effect than the sulphide of manganese. The liberated
sulphur forms polysulphides with a portion of the sulphide of
ealeium,and hyposulphite with another portion,underthe influence
of the air,

For practical purposes it was very important to know how to
produce separately one or other of these compounds, The ad-
vantage was thus obtained of mixing them in such proportions
that an evelution of sulphuretted hydrogen or sulphurous acid
should be completely avoided when acted upon by acid,

This important result was obtained by observing cavefully the
progress of the oxidation.

The waste containing the sulphides of iron and manganese is
exposed to the air in heaps for eight days. The interior of the
mass heats and would arrive at iccandesence if care were not
taken to turn over the heap during the interval. In this manner
the temperature rarely exceeds 90° (C.) The lixiviation of this
modified waste furnishes a saturated solution of a polysulphide
of caleium ; there is only a small quantity of hyposulphite pro-
duced ; doubtless the high temperature destroys this latter com-
pound, it being decomposed at 50° (C) into polysulphide and
sulphate.

After this first lixivation the residue is again exposed to the
air for two or three days, then it is washed a second time. In
this case the temperature is less elevated, and considerable
quantities of hyposulphite are formed. The residue from the
second washing, exposed to the air, again heats, the sulphides of
iron and manganese being oxidised, in this case no product is
obtained by washing.

According to an analysis of M. Hofmann, this residue is
composed of —

Sulphate of lime - - - 66248
Carbonate ,, - - - 1:320
Caustic lime - - - 200982
Oxide of iron and alumina - - 7T
Oxide of manganese - - 1500
Inscluble matter| - - - 2:800
99:85

This residue does mot occupy more than two-thirds of the
original volume of the waste ; it does not now contain any sub-
stance which, by dissolving in the drainage water, could injure
vegetation or manufactures.

I have often examined the drainage water from heaps of the
residue, and have been able to prove the absence of soluble sul-
phides ; this fact is important from a sanitary point of view.

It has been said that the result of the first washing is a solu-
tion of polysulphide of ealcium in which acids produce an abun.
dant precipitate of sulphur and an evolution of sulphuretted
hydrogen,
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which is more advantageous and an easier operation, and the iron
is eliminated by sending into the liquid a little waste mixed with
caustic lime ; the precipitate, which is a very impure mixture of
sulphide and oxide of iron, is added to the total mass of waste
and serves to induce oxidation,

4 — Precipitation of Sulphide of Manganese.

The liquids coming from the preceding operation contain only
the chlorides of manganese and caleium. After clarification in a
special tank, the sulphuretted yellow liquors are added, and a
beautiful rose red precipitate of manganous sulphide free from
iron but mixed with sulphur is obtained. The use of yellow
liquors containing hyposulphite is carefully avoided in this
operation because the latter compound does not precipitate salts
of manganese, and the corresponding sulphur would be lost.

When the precipitate is formed, it is allowed to settle, and the
clear liquid is deeanted and allowed to flow into the river ; the
sulphide of manganese is collected, washed, drained, and dried on
warm plates,

The preparation of sulpbide of manganese on the large scale
permits of the close study of the chemical properties of this body.

As it is obtained at Dieuze, it contains 586 per cent. of sul-
phur ; sulphide of carbon dissolves two-thirds of the sulphur if
it has been dried rapidly, there is therefore only one third of the
sulphur combined with the manganese,

According to these data it would contain—

Sulphur - - - - 40
Manganous sulphide - - 55
Oxide of manganese - - =S

100

approximately 3 atoms of sulphur for 1 of manganese ; whence we
may conclude that the sulphuretted yellow liquors contain
tersulphide of caleium. Exposed to the air it becomes hrown
rapidly. This colouration is due to a remarkable phenomenon of
oxidation effecting the separation of the sulphur from the man-
ganese which forms an oxide. This combustion is continuous,
and, from the observations of M. Hofmann, the final result would
be the total decomposition of the sulphide ; no sulphate is formed.
The quantity of heat disengaged during this exposure to the air
is considerable ; it accumulates sufficiently from fragments of
sulphide in heaps 2 to 3 decimetres high, so that after five minutes
the heat disengaged is sensible to the hand, and at the end of
twenty minutes it is sufficient to inflame the sulphide. At Dieuze
there has been constructed a small furnace which permits of this
experiment being conducted on a larger scale, and to give most
striking evidence of this singular fact. This furnace is a cylin-
drical space about 1 metre high ; the grate is a simple arch of dry
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of manganese, containing 55 per cent. of the binoxide, and
equalling the native manganeses. In certain cases it may be
advantageous to the manufacturer to produce a richer oxide ; pure
manganous sulphate is then employed, and an oxide containing
70 per cent. of binoxide is obtained.

' To recapitulate : the process adopted at Dieuze converts two
troublesome and offensive residues,—

Ist. Intoa solid residue, composed of sulphate of lime, carbonate
of lime, oxide of iron, and oxide of manganese, substances
which are insoluble and inoffensive.

2nd. Into a liguid residue, containing part of the caleium, and
all the chlorine from the manganese vesidues, in the form
of calcium chloride. This neutral salt, dissolved in a certain
quantity of water, is inoffensive, and may with impunity
flow into a river.

It furnishes as useful products:—

1st. Sulphur either free or combined with manganese.

2nd. An oxide of manganese, which can be used for the
preparation of chlorine.

It will be seen that this process still produces residues ; it does
not, therefore, attain to the ideal of chemical manufacture, but
these residues, not being hurtful to any manufacture, will not
readily induce litigation.

Some attempts have been made at Dieuze to utilize the caleium
chloride.

The production of pure caleium sulphate by the action of
sodium sulphate was tried; the fibrous structure of this bady
seemed to indicate it as a substitute for kaoline in the paper
manufacture ; but this product has not been accepted hitherto,
and this part of the Dieuze process still remains a proposal,

Two useful products have been obtained, viz., sulphur equal to
36 per cent. of the total quantity in the waste, and sulphate of
manganese, which contains a further amount of from 8 to 10
per cent. of that substance.

Before entering wpon the financial part of this report, it is
necessary to examine the value of the products obtained,

Grey sulphur contains about 90 per cent. of pure sulphur ; it
is, therefore, almost equal to Sicilian sulphur, which contains
from 2 to 5 per cent. of impurities.

On the REGENERATION of the SULPHUR employed in the
ALKALYT MANUFACIURE, as conducted at the works of
Messrs. Cuarres Texwaxr & Co., St. Rollox, by the
“MACTEAR” PROCESS.

Read before Section B, British Association, Plymouth,
Tth Aug. 1877.

The “ Mactear” process owes its origin to the great nuisance
produced by the natural oxidation of the enormous heaps of
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water which were supposed to exist under the deposits was
made, a shaft being sunk to the sandstone rock some 40 or
50 feet in depth, and a series of mines or galleries were then
driven in various directions, extending in one direction to nearly
300 yards, and following up all water sources that were meot
with. A large amount of water was thus drained off, and it was
pumped out of the mine and run away. This was continued
night and day for years, and must no doubt have decreased the
amount of sulphide of ealeium liquor, which, however, existed
still to the extent of about 80,000 gallons per day, of from 11° to
14° Twaddell. :

The rainfall of Glasgow being about 42 inches per annum, and
one inch of water being equal very nearly to 100 tons per acre,
the amount of drainage due to the rainfall alone, supposing half
the total amount of rain to pass through the mass of waste
(which is of rather a porous nature), would he very nearly
1,300 gallons per acre. The deposifs covered at this period
about 10 acres, so that there would be equal to at least 13,000
gallons per day due to rainfall alone.

The damp climate of Glasgow thus adds to the difficulties in
the way of utilizing the waste and prevention of nuisance.

- In the year 1864 an iron pipe of some 9" diameter was laid
«direct from the St. Rollox Works to the River Clyde, and the
sulphide of caleium liquors were thereafter run away by this
channel, a large reservoir being constructed to enable the liquid
to be stored up, so that it might only be allowed to flow away
into the river while flooded with rain, which in our climate is
not seldom, '

Still the nuisance, although it had been removed altogether
from the district in which it had formerly given such cause of
complaint, was only transferred in a lessened degree to another,
and serious complaints were made as to smell, and also as to an
.alleged action of the water of the Clyde on the copper sheathing
of the ships which lay in the river. The late Professor-Anderson
made an investigation, and prepared a long and interesting report
on the subject for the Clyde Trustees in 1865, and thereafter,
year by year, pressure was brought to bear on the Messrs. Tennant
by the authorities, in order to force them to take such steps as
were possible to prevent nuisance arising from this drainage.

And here it is worth eonsideringe one of the greatest difficulties
in dealing with a question of this kind. Tt is fhis :—

The drainage comes chiefly from heaps of waste which have
been some time deposited, not from the fresh waste, and if the
usual ery of the aggtieved public were to be acted upon, and the
works abolished or forced to remove, the drainage would' still
remain, and continue for years to be as great a nuisance as before ;
indeed, were an alkali work compelled. to close on acecount of its
waste heap drainage nuisance, there would be no hope whatever
of the nuisance being reduced: for years to come. On the other
hand, by such a process as that now in use at St, Rollox, the
alkali work, while it produces hydrochloric acid, can utilize this
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tie rods. These towers, after five years’ use, seem at this
date almost as good, and the wood as fresh, as when new.

These towers are filled with coke in three stages, strong
cross joints dividing the tower into three divisions, A
tray, with a large number of little tubes of lead, covered
over with lutes to avoid entrance of air, divides the
water into fine streams, and the sulphurous acid gas is then
lead up one tower, down to the bottom, and up another tower.

The solution of sulphurous acid in water, in practice, is
only of about 2° T'waddell, and in this lies the worst feature
of this modification of the process, viz, the heating to the
proper temperature for decomposition of such a large bulk
of liquid. ;

The solution of sulphurous acid is led, by means of a
wooden shute, to the decomposing vessels, and is mixed on
its way with a stream of the yellow liquor or sulphide of
caleium ; it then runs into the decomposing vessel, where
it is met by a stream of hydroehloric acid, the whole kept
carefully at as near 145° Fahr. as possible. With moderate
care, little sulphuretted hydrogen is evolved, and the de-
composition is regulated in the easiest manver by a very
simple means of testing :—A burette is fixed to a wooden
upright, and filled with the yellow liquor, a sample is drawn
from the decomposing vessel, a drop of solution of sulphate
of iron added, and then the yellow liquor run in from the
burette ; the number of divisions required to blacken the
solution indicate the acid still present.

The sulphur is allowed fo settle, and the clear liquor run
off through a catch pit, so as to retain any sulphur that
might otherwise be lost ; and after some 5 or 6 operations,
the sulphur sludge is run off into a drainer.

After draining into a stiffish mud, it is transferred to a
melting vessel, where it is melted by steam; and, iff neces-
sary, the arsenic removed by an application of the well-known
fact that alkaline sulphides dissolve sulphide of arsenic.
This process was first applied at St. Rollox in 1869, while
working Mond’s process, and has been adopted by almost
all those manufacturers who recover sulphur. It has the

drawback, however, that it also removes a quantity of

sulphur, which is of course just so much loss.
The plant required is simple, and, looking at the results
obtained, very inexpensive,
It consists of :—
1st. Pumping arrangement and cistern for the yellow
liquaor.
2nd. Kilns for burning pyrites or sulphur, and pro-
ducing SO,
37d. Condensing towers, and water supply.
4th. Steam boiler.
5th. Wooden decomposers, with stirring cear,
6th. Wooden drainers for the sulphur,
7th. Steam melting arrangements,
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It will be seen that the cost, which is based on an ex-
perience of five years, and extracted from the annual
accounts of my firm, shows that a ton of sulphur has heen
made for an expenditure of about 61/ per ton. In this
nothing is charged for hydrochlorie acid ; it is usual to treat
hydrochlorie acid in this way when used in the manufacture
of bleaching powder, and therefore it is the proper way to
compare the results on the same basis,

We may assume that the Weldon process is the one by
which bleaching powder is now almost universally made,
and that it requires in the usval practice the acid of

55 cewt. of salt to 20 ewt. of bleaching powder.
If we take the lowest cost of bleaching powder as being
50. 10s. per ton,
and compare it with sulphur, when
36 cwt. of salt yields 20 ewt. of sulphur,
at a cost of, say 3[. 5s.

we have—
Clost. Price. Margim
Bleaching Powder - 57, 10s. 7L 0s. 11 10s,
Sulphur - - 3l bs. 6L 108 8L ba

Or for each one ton of salt decomposed, the profit obtained
will be—

In the case of bleaching powder,

say 1ls,
While in the ease of sulphur it will amount to,
say 30s.,
A larger profit in favour of the manufacture of sulphur to
the extent of
\ 25s. per ton of salt
used in producing the acid required for its manufacture.

These figures will of course be modified from time to time
by the market price of the articles.

It will at once be seen that the manufacture of sulphur
by this process is a mueh more profitable means of using
hydrochloric acid than is the manufacture of bleaching
powder, and I am of opinion that it will long continue so,
because, in the first place, Sicilian sulphur cannot be reduced
much below its present price without shutting up some of
the mines, and reducing considerably the production there ;
and secondly, the effect of the Alkali Acts and recent
Royal Commission has been to increase the manufacture
of bleaching powder, and by an excess of production over
demand, to keep the price at a point at which it is no longer
remunerative to the manufacturer.

So far as the question of removal of nuisance is concerned,
this process has been amply successful in dealing with the
sulphide of caleium liquors which used to flow into the
Clyde from our works ; and on the last oceasion on which
a complaint of smell was made, it was traced to the escape
of coal gas, which, owing to some accident at the city gas
works, had been allowed to pass into the pipes unpurified
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yellow stream, or with some iron a dark bluish one, which be-
comes decomposed by the carbonic acid of the air, and gives off
sulphuretted hydrogen. If this stream is not kept within
bounds, but allowed to overflow the fields, the acid rain falling
on such a great surface still further decomposes the sulphide, and
more sulphuretted hydrogen is formed,—a very common oceurrence.
If a stream of water containing acid meets this stream of sul-
phide, the formation of -sulphuretted hydrogen is abundant, and
the liquid becomes opaque and yellow from free sulphur. This
acid stream is frequently found coming from chemical works
where muriatic acid is made.

The sulphur solution is that which nature has formed from the
heaps, and which Mr. Mond forms by mechanical oxidation ; at
least it is so to a great extent. It does not contain the exact
amount of hyposulphite to form the decomposition wanted, but
by a little further oxidation the proper state may be produced.
The two acids, hyposulphurous and hydrosulphurie, do not de-
compose each other when united to the ecaleinm, but if that base
is removed the former acid is decomposed, leaving sulphur to fall,
and sulphurous acid to decompose the sulphuretted hydrogen.
It is on the solution made by nature from the heaps that
Mr. McTear begins his process.

Angus Smith's Process for treating Sulphide Solutions,

The process which I proposed in 1877, or earlier, was not
given to the publie till 1879. However, the date has been pre-
served so far that after I had made frials for about a year
Mr. McTear was good enough to make an experiment for me,
and the account of them is dated Sth August 1878. (See Report
for 1877 and 1878, p. 38.) I say this more particularly hecause
of some mistakes having been made in this respect, and it
abundantly shows that 1 could have taken the idea from no one
in any sense. But as ideas grow from their ancestry, and this
ancestry I described clearly, I shall repeat the account here.

I have already mentioned that the manager of Mr. Tennant's
works fold me that he had tried the burnt pyrites for purifying
the solutions at the base of the waste heap, and that for a time
they came through the iron quite clear ; that he had given up the
plan, however, as the clearness did not continne. We know, of
course, that nothing will continue. The removal of the sulphur
from soluble sulphides by hydrated oxide of iron has not been
able to make a successful process. The action is slow ; and with
great quantities only, and by allowing a great space, can it be
expected to suceeed even with the hydrate. The same slow
process must be allowed for the re-oxidation, when the iron will
be able to begin its work again. :

When I saw from the evidence of Mr. Shaw given before
the Noxious Vapours Commission that the drainage from the
heaps at the South Shields Works was deodorized by means of
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676 grammes per 100 litres, or 108 grammes of S out of 140 in
the original solution.

Another sample of drainage liquor from Widnes gave ‘14
grammes from 1'8 litres, or only 77 per 100 litres.

The precipitate of sulphur is mixed with carbonate of lime,
and, unless carefully washed, some hyposulphite, also with a high
oxide of manganese when thoroughly oxidised by passing an
excess of air.

It is not often, however, that the exact numbers quoted are
obtained, because some manganese remains with the sulphur.
This is no great objection if the sulphur is to be burnt, as the
sulphide of manganese burns readily, at least when tried on a
small scale, and leaves a porous friable ‘mass which is capable of
being used again, and this could be repeatedly done were it not
for the lime remaining, which gradually inereases. If the lime
were removed by acid this would introduce a feature which it
was desired to avoid, but the amount of acid although small
might be saved by throwing away the whole, the manganese
being so small in amount in comparison to the sulphur gained.

It is also to be remarked that the process has never succeeded
in strong solutions. That which usually flows from the heaps
requires to be diluted until the amount of sulphur, as in a sul-
phide, is equal to one-tenth per cent.

This is an objection, as water must he added; but it is not a

t evil, since the supply of fresh liquor may be proportionately

small. It demands that the vessels be larger, and necessitates
more pumping than would otherwise be required.

The reason that the process is not successful in strong solutions
is, at least partly, that the sulphur is re-dissolved as soon as
precipitated. It has already been said that the sulphide dissolves
sulphur readily.

A solution of sulphide of calcium, sodium, or barium gives
off sulphuretted hydrogen when common air is passed through it
It is slowly oxidized. Three hours were required to destroy the
sulphide of the first, using a solution of the same strength as that
taken to compare the oxides of iron and manganese. The sulphur
15 partly precipitated. An experiment comparing the use of air
alone, and air with oxide of manganese, gave—

With air alone - - =. 178
With oxide of manganese - 582

In the first case sulphuretted hydrogen is given off, not in the
second.

Caleulation for Work on a large scale.

Some idea of the amount of work to be done may be estimated
in this manner : let us suppose an acre to receive 537,600 gallons
of rain annually after deducting one-third for evaporation; and
let us suppose this drainage to be of the strongest kind that flows
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turned on the current of air from a blowing engine ; kept a small
stream of yellow liquor constantly running into the oxidizing
vessel at the rate of about 2 gallons per hour.

At this rate the air eould not quite oxidize it as it ran in; but
as, for sundry reasons, it was only run in during the day while
the air was kept on night and day, the oxidation was complete
enough in the morning ; in fact in two cases the manganese had
been raised to the black colour, indicating its oxidation to the
state of peroxide.

Measurement of liguovs.— The fresh liquor was carefully
measured in a cast-iron cistern made specially for measuring
purposes, and the oxidized liquor was also carefully measured in
a similar eistern,

Each morning, after the complete oxidation of the liquor in the
oxidizer, the air was turned off, the precipitate allowed to settle,
and about § of the liquor run off and measured. A fresh amount
of liquor was then allowed to flow slowly into the oxidizer, while
the air was again turned on. This alteration was carried on
until there had been used 216 gallons of yellow liquor. Samples
were taken from each operation, and the amount of the sulphur
compounds estimated. The precipitate was at the completion of
the experiment washed and dried, and its sulphur contents also
estimated.

The following give the results :—

Yellow liquor used 216 gallons at 8}° Twaddell,
Containing :— Lbs.

Sulphur as hyposulphite of lime - 1015
i sulphate of lime - - 712

B sulphides of calcium - 53569
Total sulphur - 55206

Manganese nsed 10 1bs., containing 68 per cent. MnO, (Dunlop’s
recovered black oxide).

Oxidized liquors :—

421-8 gallons of 43° Twaddell.

(The specific gravity varied from 1° in the beginning to 64° at
the end of the whole experiment.)

Containing : — Lbs.
Sulphur as hyposulphite, CaS,0, - 34377

x sulphite, CaSO; - - 1350

,, sulphate, CaSO, - - 506

Total sulphur - 36233
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sulphate or carbonate of lime. As the amount of sulphate is not
high, it would seem as if the CO,; had done nearly as much work
in precipitating the sulphur as did the oxidation and reduction
of the manganese.

The amonnt of air used was enormous compared with the
work actually done.

From all the results obtained I would be much inelined to think
that if gases such as those from a chimney were foreed through
DILUTE yellow liquors (perhaps washing fiist to get rid of acid
vapour) the results would be from every point of view much
more satisfactory. I intend trying this, and will report to you
the results.

Yours, in haste,
JAMES MACTEAR,

The amount of free sulphur obtained by Mr, McTear is less
than that obtained by me. He used a large excess of air, and this
seems to explain much. If we use as little oxygen as possible
we limit the amount of thiosulphate formed. If we use no air,
but only the lower oxide of manganese or carbonate of man-
ganese, for example, we obtain with difficulty any result. Some
of the solutions have stood for weeks with oxide of manganese
without losing the yellow colour, but those with earbonate of
mancanese are decomposed more rapidly.

Abstract. (p. 45 of Report.)

MnO, protoxide of manganese, added to the solution without
air, the CaS, is not decomposed.

If MnO, or any oxide above MnO be added the sulphur is
taken down rapidly and the caleium is oxidized, but no sulphur,
so that no thiosulphate is formed.

No sulphurous acid or sulphite 1s formed.

No sulphurie acid or sulphate is formed.

If this sulphide of manganese is exposed to air it becomes
oxidized, and sulphur is thrown out in a free state.

If air is passed through the liquid in which the sulphide of
manganese lies oxidation takes place, and oxide of manganese is
formed, at first white and afterwards dark, according to the con-
tinuation of the current of air. During this oxidation there is
hyposulphite formed by the oxidation of part of the sulphur.

Carbonate of manganese may be used instead of oxide.

If air is passed through the sulphide solution by itself hypo-
sulphite is formed, and some sulphur is deposited, and the action
is slow, but there is still some, and H,S is given off.

When solutions of sulphide of sodiom were deoxidized with

manganese (p. 36 of Report) a constant formation of hyposulphite
of sodium took place.
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Gas Lime.

It was then held possible that the same process might apply to
the sulphuretted lime of the gasworks so much complained of,
and it was found that by treating with water, and removing the
sulphur from the water solution by means of manganese, there is
obtained a liquid quite free from smell, and a considerable supply
of that sulphur which in part had existed in the gas is precipitated
in a free state, and will probably be found extremely pure.

Apparatus used,

A drawing is given of the apparatus by which the experiments
were madein the laboratory. Ihave notmade any attempt to use
larger apparatus, but I should not suppose that it would be well
to imitate this particular form. It is probable that a revolving
water-wheel raising the fluid mixed with the manganese and
allowing a stream of gas to pass through would present a very
much larger surface than any gas forced into the liquid in pro-
portion to the power applied. If, however, pressure is important
the advantage would be against the wheel; and pressure is of
advantage, as the experiments show, if not too expensive.

Since writing the above I have used a small dash wheel to make
spray, and have very much quickened the process.

‘When this was published I received a visit from Dr. Storer, of
(lasgow, a gentleman whom I had not seen before. His object
was to show me an apparatus which he considered well adapted
for mixing the air with the solutions to be aerated. He had also
new views regarding the substances which might be aerated.
He had already been interested in aeration, and had been
applying his knowledge successfully to the treatment of oils, so
as to make drying oils. He had also been oxidising sulphates
and chlorides of iron after adding lime.

He also spoke of applying the process to the oxidizing of
manganese in the Weldon process, and in oxidizing sulphur
liquors in soda works, a purpose also laid down in my report.

This, of course, was interesting to me, but I was at the fime
engaged in examining questions relating to water, and it was
in this department that I was inclined chiefly to renew my
interest.

MEessis. HELBIG AND SCHAFFNER'S PROCESS : FROM PROFESSOR
LUNGE'S WORE ON “ SULPHURIC ACID AND ALKALL"

Complete vecovery of Sulphwr and Lime from Tank-waste.

« We shall conclude this chapter by describing in ewtenso the
new process of Schaffner and Helbig (patented in England,
March 9th, 1878), which, if it succeeds as well in the long run as
it has done hitherto, scems destined to put the final touch to

4l
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Leblane’s process, since it entirely does away with the only
serious drawback attached to that process, viz., the tank waste.

“The sulphur recovery processes hitherto in use are based
essentially on oxidizing the tank waste to a certain extent,
dissolving out the sulphur liquor, and precipitating the sulphur
by muriatic acid. In the best case, however, ouly 50 to 60
per cent. of the sulpbur arve thus recovered; the other 40 to 50
per cent., together with lime, form a new waste, containing un-
decomposed calcium sulphide along with sulphite and sulphate,
This new waste is not a nuisance similar to fresh tank waste;
but, owing to its great bulk and its very slight utility, it is a
great burden upon alkali works, This will be done away with
by the invention of Schafiner and Helbig, which recovers by far
the greatest portion of the sulphur and also the lime,

“ It is chiefly based on :—

“(a.) The applicability of magnesium chloride, hitherto not
employed in the arts, to decomposing caleium sulphide, thus:—

“I CaS + MgCl, + H,0 = CaCl, + MgO + H,S

(caleium carbonate not being acted upon by MgCL).

“(b.) The recovery of the magnesium chloride by exposing the
residue from the first operation (eonsisting of magnesia, calcium
chloride, and the impurities of soda-waste), after driving off the
H.S to the action of carbonic acid, by which caleium carbonate
and magnesium chloride are formed, thus :—

“IL MgO + CaCl, + CO, = MgCl, + CaCO,

A portion of the magnesium chloride ean be replaced by the
simultaneous action of muriatic acid, by which the separated
magnesia is always dissolved again, and again becomes active.
This reaction might be applied where an excess of muriatic acid
is obtained, and at the same time yields caleium chloride in case
the latter is not got otherwise as a by-product. In this case the
mud, after being treated with boiling water, is allowed to settle,
and a corresponding portion of the clear CaCl, liquor is drawn
off. Of course the action of CO, can only recover as much CaCO;
as corresponds to the MgCl, employed.

“(c.) The sulphuretted hydrogen escaping in the first opera-
tion is transformed into sulphur by means of sulphurous acid :—

# 1T, 2H,S 4+ S0, =8, + ,H.O.

Ordinarily this reaction does not take place as smoothly as the
formula would indicate, but, as we have seen hefore, large quan-
tities of pentathionic (or tetrathionie) acid are formed ; and it
would fail to be available in this case, as it has done in all
previous cases, unless Schaffner and Helbig had discovered a plan
for preventing to a great extent the formation of pentathionic
acid, or, if the latter has been formed, precipitating the sulphur
from it. This consists in the application of solutions of caleium
or magnesium chloride, also of other mineral salts and acids,

Q) 7516, H
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the magnesium chloride and ecaleium carbonate as previously
mentioned, The way in which this is done will be apparent
from the subsequent description of the apparatus.

“ The sulphuretted hydrogen from the first operation is now
brought into contact with sulphurous acid and a solution of
caleium or magnesium chloride, which can be done either in tubs
or towers. In the latter case the H,S should be introduced at
the bottom of the tower, the SO, a little higher up. The preci-
pitated sulphur settles down with striking rapidity, owing to the
action of the chlorides ; it is separated from the liquid by decan-
tation or filtration, and the same solution used over and over and
over again for running down in the tower. The gas pipes must
be easily aceessible from without, for rapid cleaning.  The requisite
S0, is made by burning pyrites, sulphur, or sulphuretted hy-
drogen, or taken from any metallurgical process; it is either
conveyed direetly into the decomposer, or first condensed in an
ordinary acid condenser to a solution of SO, in water, or in a
solution of CaCl, or MgCl,.

“ This process is applicable not merely to tank-waste, but also
to caleium or barium sulphate after their previous reduction to
CaS or BaS ; it also permits the utilisation of the SO, evolved in
many metallurgical operations. Tts advantages are: it is easy
and safe in its execution ; the working-up of the tank-waste costs
much less time and wages than hitherto; at least 90 to 95
per cent. of the sulphur contained in the waste are recovered, as
against 50 to 60 per cent.; 80 per cent. of the total lime are
recovered as caleium carbonate adapted for black-ash mixing.
The CaCl; and MgCl, are all recovered except the unavoidable
mechanical losses, which can be made very small; in any case
they are as nothing compared with the saving in wages and in
the muriatic acid required in the processes hitherto employed.
If the requisite SO, is made from pyrites the produection of sul-
phur can be increased by 50 per cent. over and above that
recoverable from the waste. The ultimate residue only amounts
to about 20 per cent. of the fresh waste, thus saving a great deal
in carriage and depositing ground.”

SoME RESULTS OF THE STUDY OF WASTE.

The question now arises, what result or advantage to the
public will result from using any of these processes ?

Ist. It is clear that streams of yellow liquid giving out
sulphureited hydrogen may be converted into streams quite
innocent, in a sanitary point of view, so far as the effect on the
atmosphere is concerned.

A sub-question, however, arises, is it possible to apply the
plan to streams containing very little sulphur unless at an
unreasonable expense? On this point it may be considered
enough to say that it is not well to begin our reforms with the
most innoeent, let us begin with the larger evils. Tt is certaim
that in many places smaﬁtrmms may be made to run together

Q 7516. I
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and form a large one, and this may be treated as one. I am not,

however, inclined to say that it is necessary to have any streams

at all from the waste heaps. I may say, as already said, that if

a well were dug in the middle of a heap the drainage would go
into that well so long as it was properly pumped. The rainfall

would go inwards, instead of ontwards as at present, and the

heap as well as its drainage would he innocent. There is no

doubt of this, it is a certainty. Let us suppose cases where the

heaps are large and the drainage great, as at St. Helens; we have

only to use the method proposed, and we cease at once to allow

any yellow liquid to flow into the river, but we obtain the

sulphur in a profitable form. The manufacturers have imagined

that they invented something valuable when they removed the

acid from the brook at St. Helens, but the evil is only slightly

diminished. The brook doesnobsmell so badly, but it does smell,

and as to appearance it is worse, whilst its effect on land cannot
be much altered, This collective mode of treating the drainage

from the waste will make the heaps give up some of their

treasures.

In cases where this collective action is not required the same
of course may be done by individuals: but in such cases, and,
indeed, in all cases, the question arises, whether it would not be
better to treat the tank waste beforehand and take out the
sulphur before it reaches the heap. The various modes of doing
this may be studied. I am not sure, of course, how far the
newer plans are to be recommended, which have not been tried
on a large scale, and nome of the alkali makers have been
pioneers of late, Mr. Chance excepted; but Mr. Mond's plans
are well known, and they are mow so well tried that proof is
unnecessary.

But we know enough to say that, with all these facts together,
there is no reason for allowing waste and drainage to be left to
their natural and offensive decompositions.

This is perhaps scarcely the place to enter very fully on the
plans for carrying out the mew © Alkali, &c. Works Regulation
Act,” but go far as our streams are concerned it is necessary to
speak of the subject here, and it may from this find its way to
the alkali makers also.

Tt seerus to be certain that no mode of laying down fresh tank
waste has succeeded in avoiding offence. I must say, after
abundant experience, that every method tried has been a decided
failure. 'The offences have been twofold; one is by sending
gases direct into the air, the other by sending solutions from
fhe heaps, hurtful as solutions and ready themselves also to send
sulphuretted hydrogen into the air.

Are there no exceptions to this rule? There may be prac-
tically ; that is, there ave a few places where the waste is laid
in places not observed. These cases injure mo one at present;
it is not possible to say when they may cause injury. One can-
1ot tell into what unlikely places men may take their habitations,
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or what horrors may be caused by some day finding that houses
had been built on waste from which there was no drainage, and
which had remained long unoxidised. We have no right to
spoil ground for our posterity ; at least, if we have a legal right,
1t is not a humane act to exercise it.

But some of these places may be so situated that drainage
comes from them ; in which case oxidation goes on, and perfect
innoeence of ground will follow, such cases being common. The
answer is, certainly this is true, but this drainage is an offensive
sulphureous solution, and if it flows away must be objectionable ;
if it is retained it may remain long unchanged, as stated above.
If it is allowed to flow, can it do so without being a nuisance ?
Such cases may exist, but they must be few,

Is the mode of covering heaps with soil not sufficient? I have
never seen it done well, and on inguiry, I meet so many objee-
tions that I do not expect it to be done so well as to be a
complete remedy for untreated waste.

It has been lately a favourite belief of alkali makers that the
waste should be patted down ; it was once a favourite belief that
it should be put in small heaps ; one is to prevent oxidation, the
other to hasten it. DBut neither have been fully suecessful,
judging by the senses or by any way. Covering would do
very well, if it were done very completely. If no oxygen is
allowed to enter, then combustion does mnot begin; and this
result might be obtained by digging deep pits, and putting the
waste into them, as has been done in some places. But in
nearly all cases this would be too expensive. There are,
however, cases in which considerable depth can be obtained
without inordinate expense, and I have seen this used without
offence. It is probable that a very small depth would be
enough if the soil were immediately put over the waste, but
it must be done at once; any delay in putting on the soil allows
the heating to begin. Still, any mode of laying the soil without
previous desulphurising renders a careful mode of drainage quite
essential, unless in cases where the waste is thrown so deep
that the drainage never reaches the surface. If well beaten down
it is probable that it would lie in a deep pit for ages unaltered.

Unless in cases where the waste (or let us call it the sulphides
of caleium, since it ought not to be waste) is put out of the reach
of oxidation and drainage, we must make up our minds to let
nature partially oxidize it, or we must do it ourselves. After
oxidation the liquid must be treated to remove the sulphur.
There is a choice ; there is no monopoly of method ; and more
than one method pays at least its own expenses, and at times is
said to do a great deal more.

I have objected to the mode of laying down the waste. Tt is
not sufficient to pat it as usually done, simply because it is never
done well enough to destroy its porosity. It is possible, perhaps.
It is also, as said, possible to cover it over with earth sufficient to
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< Experiments made with known quantities of acid gave a yield
of sulphur at the rate of one ton sulphur for less than 50 ewt. of
acid at 28° Tw.

- The operations having been removed fo their present site, a
powerful Kirting’s blower was introduced, and the mixing of the
liquor’' and the acid is now effected, after aboub three nours’
blowing of the liguor, without the slightest trace of sulphuretted
hydrogen being liberated; in fact the only eseape from the
mixing vessel is of quite another character, consisting of a little
sulphurous acid arising from decomposition of hyposulphite, in
excess of what is necessary for the reaction. This formation of
excess of hyposulphite (by overblowing) is, indeed, the chief
thing to be guarded against in the process, being followed, as
I find, by the formation in the sulphur precipitate of an undue
proportion of insoluble lime salts, one sample tfested having
contained as much as 13 per cent. of fixed residue. Ordinarily
the proportion does not exceed 3, and has been as low as 0:75
per ecent.

The batch, as soon as mixed, is run straight into wooden
boxes lined with canvas, in which the sulphur is deposited, the
chloride of ealeium liquor draining off, and then passing through
a tank containing crushed limestone, by which any free acid is
neutralised, and thence into the canal.

I ought to mention that Messrs. Chance are making the only
complete trials of Messrs. Helbig and Schaffner’s process that
I know of. The production of the sulphuretted hydrogen and
its combustion are a complete success. As to the rest, I have
not full results to record.

Supply of Sulphwr,

I have in this report and on a former occasion spoken of
digging deep wells in the mounds at St. Helens, and causing all
the yellow drainage to run into them instead of into the rivers,
I find that Messrs. Chance are treating a mound close to their
works at Oldbury in this manner, and removing the sulphur
from the yellow liquid obtained. This is the true method of
relieving the streams, and preventing the evil arising from old
waste heaps. New waste heaps may be treated much more
effectnally.

After considering all the methods now known, I see no reason
why a very large amount of sulphur, which is wealth and power,
ought not to be saved to the country. Enormous quantities of
waste are thrown away daily. It 1s difficult to find rocom for
the great masses, which are unsightly and for a long time un-
pleasant. They destroy land and every pleasant property of air,
water, and landscape, besides causing illness in many ecases.
So useless is this matter held that it is taken out in steamboats
built for the purpose, or dragged out in barges down the Tyne, to
the ocean, where it is thrown out. The great sea does not allow
us to observe the movements of the waste, but we do not know
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