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Having obtained a certain fixed foundation with substantial
experiments regarding water, and promising ones regarding the
air, I am naturally led to go further, and to consider hm:ir far the
measurement of zymotic action by hydrogen may be viewed as
a measure of the germs of disease.

When we use the word zymotic, it is quite clear that we refer
to bodies quite other than those which gave the original name to
yeast, and the question may than be asked when measuring the
hydrogen : Are we not measuring also the zymotic action of
innocent microbes ? T think the facts stated here are at least a
partial reply to this, unless we imagine that many classes of
microbes are mixed up together in the different waters in such a
manner as to be always in equal proportion, an idea which may
be put aside. _

To illustrate the belief that the method of measuring deals with
bodies of an offensive character, we bhave the fact of their increase
from the purest water of the mountains to the worst sewage, and
this is practically a reply.

The baeteria found on the surface of gelatine which has been
dissolved in sewage water may be called artificial, but they
produce hydrogen in the same manner as the natural microbes
found in the water and the sewage.

It would appear, then, that so far as hydrogen is concerned
there is, as has been stated, a regular gradation. The question
may now be asked, Is there a similar gradation of noxious material
in all decomposing organic matters? The most noxious gases,
the most destruetive to human life, have been obtained from
substances which pass into the sewer. The waters containing
them gradually diminish in danger and offensiveness until they
become the waters of some of our sewage streams which in certain
stages of oxidation and dilution have lost, to the naked eye, the
Prm}fﬁf’ their noxious ingredients. It would seem, then, as if the
infectious or noxious matter of sewers could exist In almost any
degree of intensity, as we see it mixed in every possible degree of
innocenrce,

This is quite in agreement with what I have some years ago
gaid with regard to the gases from closely confined sewers and
from open sewers,

From these facts, which form the foundation of the inguiry, it
is only natural that we should look forward and slmpulﬂlé on
future work. I these microbes which may Le found in sewage
are analogous to those found in any zymotic diseases, we ma
expeet that these latter will also produce |1:,":11‘(5;_{en. Of course
the question arises, how shall we know which class 1s the producer ?
This question it is not the part of the process to answer, but if
the production of hydrogen is in proportion to the intensity of
:::ﬁcrﬁz:uic life in deceased matter as it iz in the disease-bearing
liquid called sewage, then we have a measure of the intensity
of the disease or zymotic germ.
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ON THE EXAMINATION OF WATERS.

No. 1,
THE HYDROGEN PROCESS—A NEW METHOD.

Havixe shown some of my earlier opinions on the analysis of
water and the necessity of searching for organisms found therein,
it is elear that T have long been conscions of the imperfect nature
of chemical analysis as applied to the question; Ts this water
well fitted for drinking or the preparation of food? 1 attempted
but failed to develop the organisms as at one time I expected
to do, and T was very desirous of obtaining a plan which might
be able by means purely chemical to give us some idea of the
amount of vitality, vegetable or amimal, existing in water when
the microscope failed to guide. FHeisch's test, viz, the use of
sugar as developing fermentation, seemed to promise very much,
but even in the able hands of Mr. Heizeh, Dr. Frankland, and
Dr. Sanderson, did not produce the results which might have
been expected. Some years ngo I made experiments with air
waghings and sugar with unsatisfactory but not unpromising
results, Lately it occurred to me to return to the use of sugar
in the analysis of water. Tubes 7} inches long and 7 inch
diameter were filled with the water to be examined to which
1 per cent. grape sugar was added. These were inverted,
sealed at the bottom by mercury, and allowed to stand. In
every case there was a control experiment made by using the
purest distilled water to which the same amount of sugar was
added. The action was very slow, and for some time I was
inclined to believe that nothing would take place, but. as a rule,
after five days gases commenced to colleet, and in most specimens
of water tried, gas was eliminated. In ordinary cases I would
have presumed that this was carbonic acid and would have
left the matter, but it was considered better to make an
examination. The gas was therefore collected, caustic potash
was added to it, and the carbonie acid absorbed, which was in
some cases very small. Care was not taken to remove the cas
that might be absorbed by the water. Pyrogallic acid was added.
and oxygen was found wanting. The remaining gas was removed
into a endiometer with mercury only ; to this oxyeen was added,
and the mixture fired. Contraction took place iﬁstant]y, It was
expected that a good deal of earbonic acid would be formed, but this
was not the caze ; a large portion of this gas was pure hydrogen,
the rest nitrogen. That hydrogen should come from organic
matter was not a noveity. I had myself found it as a peculiarity
of some decompositions, but in very small quantities, and the fact
will be found 1n books on chemistry. T am not aware, however,
:;:ii, I:}-angen has been obtained in this way before, nor do I know

at Heisch, who first used sugar as a test for water, came to make

.
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Again, do these microzymes constitute some of the secret
qualitics of water which have been found good or evil in the
opinion of g0 many of mankind? If the hydrogen is a measure of
the vitality of these bodies found in water, can it be used also as
a measure of the vitality of similar bodies in diseased liquids, or
in substances which are the products of disease ¥

This subject is a very interesting one, but requires a great deal
of attention  Results of the experiments made on waters
examined seem to point in the direction of those- suggested
questions, but it cannot be supposed that I should be able, at
least at present, to give n sound answer to any of them. A great
deal of work must first be done

I am inclined to think that the present aspects of the question
point rather in the direction which has been imagined by some,
that many dizeases may grow out of the same so-called germ,
and 1 cannot help looking back to an expression of my own made
in 1848 : “ On the history of pestilence it has been remarked,
“ that new ones arise; we see here ite analogy. New fer-
“ mentations do arise; when one is doing itz work it pro
* duces entirely new conditions where it works ; these new con-
“ ditions cause new uactions, and it seems in the complexity of
“ organic nature as if the power of producing novelties were
“ increased by the number produced. Man, capable of one
# disense to-day, is capable of another to-morrow.”

For the present, then, I bring forward the production of
hydrogen as « measure of the orgamsms which are active in water.
Whether it measures their activity, quantity, or other character-
istics is a matter to be deeided.

The time allowed for the collection of gases was in all cases
several weeks, It will be seen that the amount varies from 0 up
to 14 c.e. from 50 c.c. of water. The gas consists of hydrogen,
earbonie acid, and nitrogen. Carbonic acid we must expeet in
any of these decompositions. Nitrogen has, I suppose, come
from the nitrogenous compounds, but it is also part of the
nitrogen in solution ; this opens up another investigation, viz., How
are the nitrogenons compounds decomposed? The point at
present under attention is the production of hydrogen, and as
neither the carbonic acid nor nitrogen has ever appearved in
such cases without hydrogen, I consider that gas to be the
characteristic of the decomposition.

As a rule one may say that the suspended matter always gave
the greatest amount of hydrogen and other gases, and that the
relation of the nitrogen to hydrogen was often greater in such
cases. Solid matter, however, taken from the water was always
more active than anything in solution, thus leading ns to the
knowledge of the nitrogen in the organic master and especially of
undiseolved matter,

[ know that it is rather dangerous to publish these results.
People will inquire how far they are hurt by drinking waters
capable of producing this decomposition, but the work must be
done, the inquiry must go on, and we cannot defer the publication
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qualities are concerned. This, however, I cannot add that- we
ean measure in the same way the effect upon health, that question
1 must leave for the present.

SUMMARY.

So far as the higher waters of Derbyshire are concerned, it is
evident that the hydrogen given out is less than in the lower
waters where sewage entered the brooks.

These waters gave out less gas than the lower waters of the
drainage of any place tried, the Thames Valley included.

Waters from Flintshire gave out less hydrogen gas than the
lower waters of Lancashire and the Thames Valley.

The same freedom from hydrogen was observed in experiments
in some of the upper streams of Longdendale and neighbourhood
where the Manchester water 1s obtained. Sometimes none what-
ever is obtained from the water-supply in Manchester, showing the
areat purity of the water at times =o far as this test iz [.‘.':'L['}E'l,hh} of
illustrating it.

The amount of hydrogen escaping when sugar is used is the
main point of this inquiry. I may repeat that this gas is never
evolved when pure distilled water is taken or when the water is
boiled.

The hydrogen is evolved abundantly when the sugar solution
15 supplied with bacteria or microbes. The class of mierobes
used was obtained from the surface of the gelatine which had been
dissolved in water containing more or less sewage and allowed to
stand for a time.

This series of experiments was made for the purpose of finding
whether the microbes were the actual cause of the evolution of
hydrogen.

Nitrogen and carbonic acid are also given. It is found on
inquiry that the nitrogen did not wholly appear to come from any
of the substances, organic or saline, in the water, but part was
driven out from solution by the naseent hydrogen and earbonie acid.
To ascertain this an experiment was made on water which had
given out a great deal of hydrogen; more sugar and bacteria
were added without removal of the water from the tube scaled
at the bottom with mercury. The gas that escaped after this
contained only hydrogen and earbonie acid with a mere trace of
nitrogen.

Notwithstanding this the amounts of nitrogen and ecarbonic
acid have been retained in the tables, although the leading columns
are the total gas; and pre-eminently the hydrogen, which has been
put therefore in larger type.

From waters A. and B. of Tuble 18 it was found that Medlock
water, which contains sewage and chemicals, gave ont its hydrogen
much more rapidly when bacteria were added.

From C., when a large amount of sngar was added, the
action was not so rapid, a%tht}ugh the total amount did not differ
much. It may here be suggested that bodies analogous to sugar
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SewagE Warers. (Table 17.)
A.—Salford sewage.

B.—Ditto.
C.—Ditto.
D.—Ditto.

Sucar and BacreEria with various Liquips. (Table 18,)

A.—50 ¢ c. Medlock water -+ Bacteria + 0°5 grm, sugar.
November 3, 1883.

B.—50 ¢.c. Medlock water + Bacteria + 0'5 grm. sugar
November 5, 1883.

C.—-50 ¢ c. Medlock water + Bacteria + 1°0 grm. sugar.
November 5, 1883,

D.—50 e.c. Medlock water + Bacteria + 0°5 grm. sugar +
0+ 5 grm. sulphate of ammonia. November 3, 1883.
E—50 c.c. Medlock water + Bacteria 4+ 05 grm. sugar +
05 grm. sulphate of ammonia. November 5, 1883.
F.—50 c.c, distilled water + 0'5 grm. sugar + Baeteria.
November 3, 1883. _
G.—50 e c. distilled water + 0*5 grm. sugar + DBacteria.
November 5, 1883.
H.—50 c. c. Manchester water 4+ 05 grm. sugar boiled. When
cooled 05 grm. sugar added and Bacteria.

1.—50 c. e. Manchester water + 0°5 grm, sugar boiled. When
cooled shaken up with exeess of air and 05 grm. sugar
and Bacteria added.

J—50c. c. Manchester water + 05 grm. sugar boiled. No gas
evolved.

K.—50 e e. Manchester water + 0°5 grm. sugar boiled. When
cooled 05 grm, sugar added. No gas evolved.

L.—50 c. c. Manchester water + 0°5 grm. sugar boiled. When
cooled 05 sugar and Bacteia added. November 7, 1883.

M.—50 ¢. e, pond water 4 05 grm. sugar, After the gas had
been evolved 0°5 grm, sugar and Bacteria were added.

The new light which this hydrogen process promises to throw
on the internal condition of liquids and the surfaces of solids in
which there is an action of microbes suggests of course the
examination of so many substances that the end of the inquiry
seems far away. As a specimen I shall give the results obtained
from =oil and from drainage in a few cases; also from perspiration
and a few surfaces. I cannot of course tell the conclusions to be
drawn from these results, but in one case it is quite clear that the
organic activity of the =oil in producing hydrogen was a measure
of the organic growth; the amount of phosphate has a ver
powerful influence, and as the examination of a soil for phosphate
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#“The same organic bodies in a state of decomposition, and
in water, may oxidise at the expense of nitrates, and give out
nitrogen. -

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

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

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

« Putrefaction destroys organic matier without the influence of
oxygen ; it breaks up organic compounds and destroys organisms.
The evidence seems to indicate that it destroys even those bodies
that produce disease, but that in certain conditions it produces
others. This is a point not to be enlarged upon without more
kunowledge, but it is evident that by putrefaction we get rid of an
enormous amount of offensive matter. Oxygen cannot enter
under the surfaces of actively putrefying bodies, but whenever it
is allowed to enter by the putrefaction being less active, an action
begins which in time completes the destruction of the body. We
are not, therefore, to suppose that the germs of dizease can resist
all these efforts of nature to destroy noxious things, nor are we to
suppose that an invisible germ of disease can pass on from stage
to stage unaffected by the putrefaction of sewage and the action
of air. We must believe for the present that it is not so. In
water we see perfect purification, nitrogen itself being lost.

 In ordinary putrefaction sulphuretted hydrogen comes off in
abundance with much carbonic acid and some nitrogen. Oxygen
resists this action and if the oxygen is supplied in a concentrated
condition a change takes place, nitrogen is evolved as the principal
oas and a decomposition of nitrogen compounds takes place.
Nitrogenous bodies are thus destroyed, in one manner hy their
voluntary putrefactions, in another by oxidation. Up to a eertain
point not determined the greater the amount of nitrogenous bodies
the more rapid is their decomposition.

“The oxygen of the nitrates passes in part to the carbon;
some will be retained forming a carbonate. { have not estimated
how much or if all is taken by the carbon. If the solution is
weak the nitrogen takes up the oxygen and does not allow it to
pass away, thus forming nitrates.

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

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

“The bearing it has on the analysis of water will be clearly
seen by chemists. The bearing on the sewage question is also
interesting.  Substances and living things may be carried by the
rapid sewage system into the range of a new activity before

-
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3. Bridgewater Canal water 50 ec.c. + 50 mgms. EN_DH.
Experiment commenced April 30, 1883. No gas evolved during
46 days observation. _

Manchester water containing nitrate of potash did not evolve
any gas during 46 days observation.

Escarr of Freg Nitrogex from Sorvrions of ORGANIC
MatTER containing N1TRATE of PoTASH.

1. Salford sewage 50 e.c. + 50 mgms, KNOs Experiment
commenced April 31st. Gas evolved colleeted over mercury and
analysed, May 22nd. Gas evolved 553 c.c. nitrogen. 0050
grm: KNQ, contain 551 e.c. mtrogen.

2. Salford sewage 50 c.c. + 25 mgms. KNO, Experiment
commenced April 31st.  Gas evolved collected over mercury and
analysed, May 22nd. Gas evolved 2:75 c.c. nitrogen and a trace
of CO,. r020 grm. KNO, contain 2-75 c.c. nitrogen.

3. Salford sewage 350 c.e. + 035 grm. KNO,  Experiment
commenced April 30th. Examined May 28th, 1883, Gas evolved
3780 c.c. nitrogen. 0035 grm. KNO, contain 3860 c.c. nitrogen.

4. Sewage mud + 009 grm. KNO, Experiment commenced
May 4, 1883. Gas evolved examined May 28, 1883. Gas evolved
11} e.e. nitrogen. 0:09 grm. KN(O, contain 993 c.c. nitrogen.

In each of the above experiments the gases were exploded with
hydrogen and oxygen separately, but only nitrogen was found.
They were also tested with caustic potash and pyrogallate of
otash,

: In experiments 1, 2, and 3 the gas evolution commenced on the
sixth day, but experiment 4 commenced on the third day.

APPENDIX

It is only fair to give here the results obtained by Mr. Lauth,
when examining the sewage of Paris. He tried aération before

I made my fullest experiments, given in the First Report under -

the Rivers Pollution Prevention Aect, 1882, both with and without
lime, and took out the ammonia to a greater extent than I have
been able to do. The cause must lie in the different qualities of
the sewage and the temperature.

O~ THE SEWAGE WATERs OF Paris (Note from Mr. Ch,

Lauth, presented by Mr. Wurtz)—Comptes Rendus, 1877
Vol. 84, page 617. :

Origin—The sewage waters upon which I have operated have
been drawn from a syphon of the Alma Bridge and in the gather-
ing ground of the Pépinitére ; they have been mixed in a :‘.IH.I]IIEI‘
to represent the mean of the large gathering ground. T obtained
them through the kindness of Mr. Belgrand?

Compesition—The sewage waters vary sensibly in composition
according to the hour and the time at which they are collected
Mr. Durand Claye has verified this fact before in 1869, ‘

L]
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In another series of ohservations, which lasted three days (with
analysis and aeration each day), we have had the following results,
before aeration 5+ 282 grs, after 13 grammes.

Thus, by aération, the nitrogen of the insoluable parts diminishes;
the nitrogen of the soluble parts increases the same quantity,
nitrates do not form, and the quantity of ammonia inereases to

a high proportion.

Purification by Lime—Several chemical agents facilitate the
purification of sewage waters; lime has been recommended for a
long time and I have obtained with it the following results:—

s ?"?‘:}ILEL::E]“ 3'b|‘;.lrla;-1;1pun Nitrie Acid.| Ammonis.
3T, i, Gr. Gr.
Water without treatment - 14+70 2065 117 84
Water treated by lime - - 19+15 25-55 2-60 18-20
Water treated by lime and air - 663 2587 2:]12 21-35

The maximum effect has been obtained with a water which of
5°282 grammes ammonia has increased to 18:550. Water treated
by lime is inodorous and colourless after two months observation.

These observations may perhaps attract the attention of agricul-
turists and authorities who have studied the question of the
assimilation of the nitrogen and who doubtless may consider that
the reactions which take place in the laboratory also take place at
the surface of the =oil, uné that considerable quantities of nitrogen
disappear in the atmosphere in the state of ammonia.

Microscorical Examixamion. A, Water preserved by the
Action ef Air—Water containing sewage shows at first upon its
surface moving and stationary bacteria, some vibrionis, seme
monads ; at the bottom of the beaker debris of all sorts without
animal life. After two days the surface presents a pellicle of
bacteria, germinating growths on its lower surface; monads
abundant, kolpoda commence to show themselves. On the fourth
day vorticelln and large infusoria (englena, parmecia) appear;
at the same time alge show themselves, some extremely fine, long
points larger than 1 of a millimetre and twisted round them-
selves, others large and short and between these two extreme
forms, others intermediate, all of which perhaps it is not
correct to comnect with a single polymorphe.* A recent work
presented to the Academy on the sulphuration of waters by the
“gulfuraires” has naturally attracted my attention on ‘these
points.  Towards the seventh day, the water which had no odour
beeame nauseons, commenced to blacken, a thick alobule seemed
to collect appearing to contain some infusorial enkystes; numerous
remains of dead and black points.  After four to five weeks the

* Onee 1T have found one of these aérial germinating alge presenting the
character of Penicilliom.

Hpﬂ' W
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PART IIL

Dr. KOCH'S GELATINE PROCESS.

WaEN Dr. Koch published his very interesting account of the
action of gelatine in giving an opportunity for the expansion of
living germs in water it was natural that I should be attracted to
the subject as T had myself failed to produce good results by
cultivation. I seized on the use of gelatine with great earnestness,
and soon satisfied myself that there was much to be gained by its
use. I do not know, even now, if I employ the method which
Dr. Koch would consider the best, but the book on the subject
promised by himself and his coadjutor not having appeared, I
consider myself at liberty to proceed with my inquiries, especially
as Dr. Koch has himself informed me that he is glad I have taken
up the subject. It has been my wish to eollect together a con-
siderable variety of waters, to expose them to the conditions
involved in the use of gelatine, and to endeavour to find how far
the results will be found advantageous to the public. The method
of working was this : a solution was made containing 5 per cent.
of golid gelatine. This was prepared from the thin leaf, then, when
dissolved, clarified by filtration or by fresh albumen. This solu-
tion melts at about 27° C. or about 80° F.; 25 c.c. of this have
been usually mixed with 25 e.c. of the water to be examined, and
kept for some minutes about the temperature indicated, but much
smaller quantities are frequently sufficient.

The experiments were all made in test tubes with stoppers of
cotton wool only. The tubes contain about 80 ec.c., and are in
length 8 inches (in diameter 1 inch), or they contain about 1,230

raing, The size of the tube is a matter of no importance, and
it may be better to give up test tubes entirely.®

One of the chief advantages obtained by the gelatine method is
found, as I believe, in the fact that the gelatine prevents the
water from moving, that every point, therefore, which has vitality
in it is able to assert itself, and one sees at a clanee the number
existing in the water. The advantage of this is great to the
operator, but it is also important to the public, as the whole may
be photographed and a picture given which cannot speak falsely,
The result scems to be that in sewer waters and very impure
waters the gelatine is rendered fluid at the surface, and this fluidity
increases in depth until the whole is rendered fluid. If this fluid
part be examined, it will be seen to be alive with bacteria. Tt
seems as if, in a very impure water, this class of activity eould
not transmit itself to a great depth at once, because of the want
of oxygen. These very impure waters, therefore, might at first
sight by this test appear to some advantage. Perhaps the better
way to treat them would be to take out a small portion and add it
to pure water and then compare the results. As at times this
interruption of the flow of oxygen is so great that the gelatine

* Equally good results have been obtained by using other vessels.
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these results ought to be published and explained before we are
able to ascertain what is the exact physiological effect of an
increase of that elass of bacteria or microbe of whatever kind it is
that is most {requently found in waters. Is any one of them a
g.:u'rm producing a disease ! Is any one to be supposed produc-
tive of disease according to the multiplication of the individuals ?
Now none of these questions am I able to answer. I see no
hope of answering them at an early period or without an amount
of investigation which years and numbers of men are required to
produce. Arve we therefore to withhold this minimum of informa-
tion until it is perfect, or are we to frighten the public at once by
showing them clearly on paper the numerous living points which
they are doomed to swallow? T see no difficulty in answering
the question; the information ecannot be withheld and I think the
public will not be too much alarmed. It has already for many
years heen a custom to listen to wonderful stories about the
enormous number of living things which we are supposed to be
swallowing continually in every drop of water apparently pure,
and these stories have been sent out by scientific men to the
wonder of many who have known how false they have been. The
origin probably has been this, microscopists have allowed the
solid matter of water to fall to the bottom and having taken out a
drop of the preecipitate have forgotten to make allowance.

from the examination of the photographs here given we see
that there is a great variety in the appearance, and we are obliged
to confess that some waters are given out by nature very much
purer than others although not strikingly =o to the eye.

This gelatine process has the great value of bringing out the
smallest points by causing them to exert their energies, and, as it
were, to build their etructures, the size and numbers of which we
can to some extent measure and count. But the great fear I have
is this, that in waters that are considered excellent people may see
danger when certainly there is none, Take, for example, Loch
Katrine water, which we have always held as a model ; we still
see forms there. Take the Manchester water, which we have at
least been aceustomed to consider as very fair; forms arve always
present, but then we can say in this case that at times they are
more numerous, and in those eases where they are more numerous
the water is not so good to the senses, so that here we have clearly
a measure of excellence that does not depend on the opinion of
any man, and which may be shown as a witness to speak for
itself.

The gelatine test with water alone gives, 1 incline to think,
clearer and simpler results than with phosphate of soda added.
The use of sugar increases those results immensely, but experience
must discover whether this is an advantage. The use of phosphate
of soda is productive of a much greater number of spheres and
frequently causes confusion, and renders the comparison of the
waters more difficult.

The hydrogen method agreed well with the results obtained
with the gelatine, but the geﬁntina somefimes shows spheres when

rl'






32

appearance ; also a few spheres, but very minute, dispersed
throughout the gelatine. On the fourth day the surface layer
was liquid to a depth of 2 mm. About five or six spheres
appeared dispersed throughout the gelatine.

Below Buxton, receiving sewage although looking clear (Fig. 7).
—On the second day a distinet band of minute specks appeared
at the surface of the gelatine. On the third day the surface of
the gelatine was quite liquid to a depth of 5 mm. and of a greenish
colour. On the fourth day a few dises of gas appeared, the
surface of the gelatine was liquid to a depth of 7 mm,

Well at Burbage, 2} miles from Buxton (Fig. 8)—On the
second day a few minute specks appeared near the surface forming
a faint band. On the third day the specks had enlarged to spheres
and a number of minute spheres appeared, dispersed throughout
the gelatine. On the fourth day surface band 3 mm. deep, semi-
liquid, and greenish.

Fountain near the railway station, Buxton (Fig. 9).—On the
second day a few minute dots appeared. On the third day the dots
had enlarged to spheres. The surface layer semi-liquid to a depth
of 2 mm. No decided alteration was visible on the fourth day.

Fountain, West Street, Buxton, turbid (Fig. 10).—On the
second day a number of minute specks appeared near the surface
forming a distinet band. On the thirﬁf day the surface of the
gelatine was liquid to a depth of 4 mm., and of a greenish colour.
On the fourth day a few minute spheres appeared, the surface of
the gelatine was liquid to a depth of 6 mn.

Stream in the public park (Fig. 11).—On the second day a
number of specks appeared near the surface forming a distinet
band. On the third day the band was becoming liquid and of a
greenish appearance about 5 mm. deep; also a nuniber of small
spheres dispersed thronghout the gelatine. On the fourth day
dises of gas appeared, surface of gelatine liquid to a depth of
G mm.

Mud from stream in the park (Fig. 12).—On the second day a
white band appeared at the surface which became liquid on the
third day to a depth of 2 mm. On the third day an innumerable
number of dises of gas appeared dispersed throughout the gelatine.
On the fourth day the surface layer was quite hquid to a depth
of 7 mm.

All the waters mentioned about Buxton were clear unless it is
otherwise stated. We learn from this that a distinet advantage
is obtained by the use of the gelatine process. The results are
very different, and in some cases the presence of sewage was
known to be the cause. The number of spheres or centres of
microbes is one measure, the depth to which the surface becomes
liquid is another important one, and the number of days mentioned
is also a mode of comparison beeause about that time putridity
set in.

But it must be distinetly observed that the effects differ very
much with temperature and without comparison with known
waters there is a danger in drawing conclusions,

-
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had formed at the bottom of the spheres which had not enlarged.
Minute dots and specks had appeared; the surface layer was
liquid and turbid to a depth of 4 mm,

F. Pump at Newmarket near Rhyl (Fig. 20).— After one day
a distinet band appeared at the surfice, and innumerable specks
appeared dispersed throughout the gelatine. After two days a
number of dises of gas appeared, the surface of the jelly was
liquid to o depth of 3 mm. After three days the gelatine was
one mass of dises of gas ; surface layer liquid to a depth of 4 mm.
After four days the surface layer was liquid and turbid to a
depth of 8 mm.

G. Water Tap, Mostyn (Fig. 21)—After one day a distinet
band appeared at the surface, and innumerable dots appeared
dispersed throughout the gelatine. After two days the surface
layer was liquid to a depth of 3 mm., and a few spheres appeared
dispersed throughout the tube after three days in a similar
condition. After four days the dots had enlarged, were opaque
and varied in size, the surface of the gelatine was liquid and turbid
to a depth of 7 mm.

We may remark here a distinet inferiority to the Derbyshire
waters which latter have the advantage, one long recognised, of
being filtered through chalk. The Flintshire waters partake more
of the character of surface waters and from them organisms are
likely to be obtained. The results seem to agree with our
ordinary observations, but the advantage of the experiment is that
the ordinary eye can judge.

Warers rroM Lancasaire AND Districr.—Oectober 5th,
1883.

Examinarion of the Warers by the GELATINE PrOCESS.—
Experiments commenced October 6th, 1883,

Distilled water.—No alteration during eight days observation.

Manchester water (from tap in laboratory).—After three days
innumerable small spheres appeared. After four days these
spheres had increased in size, the surface of the gelatine remained
firm. After five days a deposit had formed at the bottom of the
sphl?irIeﬂ, and transformation of the gelatine was taking place very
rapidly.

Samples of water taken from the reservoirs hetween Woodhead
and Hatfield which supply Manchester with water gave similar
results to the specimen taken from the tap in the laboratory,

Samples of water taken from the streams on the mountain sides

developed a large number of points after three days. After four
days discs of gas appeared, but spheres were absent. Dots were
observed, but they did not increase in size, :
. Scum taken from one of the reservoirs showed after three days
inumerable dots dispersed throughout the gelatine and a larze
number of dises of gas also appeared. The gelatine gradually
softened and the development of the germs was far more advanced
than in any of the other specimens of water nnder examination.
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Sample of West Middlesex water from works at Hammersmith
(filtered) (Fig. 20).—After two days a very faint band appeared
near the surface.  After three days, a few minute spheres appeared.
After four days, the spheres had increased in size, the surface of
the gelatine had become semi-liquid to a depth of 1 mm.

London waters of February 15th, 1883, containing 80 per cent.
of distilled water gave similar results to those with London water
alone.

London waters, February 15th, 1883, containing sugar, gave
gimilar results to waters with sugar and sodium phosphate, exeept
that the surface layer did not become liquid as soon as those with

sodinm phosphate.
London waters, February 15th, 1883, containing only sodium

phosphate, gave similar results to those containing both sugar and
godium phosphate, the surface layer becoming rapidly liquid.
London waters, February 15th, 1883, containing gelatine alone,
did not give =0 many spheres, and were not so distinetly Jdifferent
from each other as those with sugar and phosphate of =oda, still
there was a marked difference which coinecided with the sugar and

sodium phosphate experiments.

Figuare 43 is a distilled water experiment. _

Figures 30, 44, 51, 64, 71, 78 are Manchester waters taken
from the tap in laboratory.

Figures 31, 32, 33, 34, 35 and 36 are London waters,
February 15th, 1883, with sodium phosphate alone added to the
walers.

Figures 57, 38, 39, 40, 41 and 42 are London waters, Februa
15th, 1883, with 80 per cent. distilled water added to the
waters, besides sugar and sodium phosphate. Photographed after
five days.

_Figures 43, 44, 45, 46, 47, 48, 49, and 50 are London waters
February 15th, 1883, with sugar and sodium phosphate added tc
the gelatine.

Figures 51, 52, 53, 54, 55, 56, and 57 are London waters,
February 15th, 1883, with gelatine alone,

Figures 58, 59, 60, 61, 62, and 63 are London waters, February
15th, 1883, with 80 per cent. distilled water added to the waters,
]]:-esllles sugar and sodium phosphate, Photographed after seven
days.

- Figures 64, 65, 66, 67, 68, 69, and 70 are London waters,
February 15th, 18583, with sodium phosphate alone added to the
gelatine.

_.l*'igure.‘.' 71, 72,73, ?f‘l, 75, 76, and 77 are London waters,
February 15th, 1883, with sugar alone added to the gelatine,
Photographed after five days.

Figures 78, 79, 80, 81, 82, 83, and 54 L

i 4 s are London waters
February 15th, 1883, with sugar alone added to the gelatine,
Photographed after seven days. '







Loxpox WATERs ; received May 8th, 1883,

Examination of the WaTErs by the GELATINE PROOCESS.
Experiments commenced May 9th, 1883, Sugar and sodium
phosphate added to the gelatine. Photographed after six days.*

1. Distilled water (Fig. 117)—No alteration during six days’
observation.

2. Manchester water (Fig. 118).—After four days innumerable
spheres appeared. After five days the spheres had increased in
size and the surface of the gelatine was still firm. After six days
a deposit had formed at the bottom of the spheres. Surface of the
gelatine liguid to a depth of 3 mm,

3. London water. Water from river above Hampton (Fig.
119).—After four days innumerable small spheres appeared.
After five days these spheres had increased in size, and the surface
of the gelatine had become liquid to a depth of 4 mm, After six
days a deposit had formed at the bottom of the spheres; surface
of the gelatine liguid to a depth of 7 mm.

4. Grand Junction Waterworks, Sample from their under-
ground supply of Hampton (Fig. 120).—After four days in the
same condition as 119. After five days the surface layer was
liquid to a depth of 4 mm. After six days a deposit had formed
at the bottom of the epheres, globules of gas had alsc appeared, and
the surface of the gelatine was liquid to a depth of 4 mm.,

5. Water from River at Hampton (Fig. 121) — After five days
gimilar to London water No. 119, except that the surface layer
was liquid to a depth of 6 mm,

Figures 122, 123, 124, 125 are the same series of waters with
gelatine alone ; photographed after six days.

The London waters of February 15th, 1883, with sodium
phosphate and sugar, and the Derbyshire and Flintshire waters
may be compared on the photographs.

They are inferior to the DerE?ﬂhh_‘e and Flintshire waters, also
Lancashire and district. The same may be =aid of London waters
received April 26th and May 8th, 1883, but these waters gave
way more at the surface, and, as T have previously stated, the effect
of temperature uii.tm the experiments makes it very difficult to
draw correct conclusions, especially as all the experiments were
not made at the same time of the year; but this we can say, the
Manchester water wzs always superior to any of the ILondon
waters when tested at the same time. It seems necessary, there-
fore, before drawing sweeping conclusions, that all these waters
should be tested carefully at all times of the year.

* Bee foot note on page 81.
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