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COMMISSION (ENGLAND).

VICTORIA R.

VLT BREY, by the Grace of God of the United Kingdom of Great Britain and
Ireland, Queen, Defender of the Faith,—

To Our trusty and well-beloved Sir William Thomas Denison, Knight Commander
of Our most Honourable Order of the Bath, Colonel in Our Corps of Royal Engineers ;
Our trusty and well-beloved Edward Frankland, Esquire; and Our trusty and well-
beloved John Chalmers Morton, Esquire, Greeting.

¥@hereag We did by Warrant under Our Royal Sign Manual, bearing date the
Eighteenth day of May, One thousand eight hundred and sixty-five, appoint Our trusty
and well-beloved Robert Rawlinson, Esquire, John Thornhill Harrison, Esquire, and
John Thomas Way, Esquire, to be our Commissioners for the purposes herein-after
mentioned, which Warrant We were pleased to revoke and determine on the Fourteenth
day of February last: and

TUbhereas We have deemed it expedient for divers good causes and considerations
that a new Commission should forthwith issue for the purpose of inquiring how far the
present use of rivers or running waters in England for the purpose of carrying off the
sewage of towns and populous places, and the refuse arising from industrial processes
and manufactures, can be prevented without risk to the public health, or serious injury
to such processes and manufactures, and how far such sewage and refuse can be utilized
and got rid of otherwise than by discharge into rivers or running waters, or rendered
harmless before reaching them; and also for the purpose of inquiring into the effect on
the drainage of lands and inhabited places of obstructions to the natural flow of rivers
or streams caused by mills, weirs, locks, and other navigation works, and into the best
means of remedying any evils thence arising :

Potv Knol pe, that We, reposing great confidence in your zeal and ability, have
authorised and appointed, and do by these Presents. authorise and appoint you, the said
Sir William Thomas Denison, Edward Frankland, and John Chalmers Morton, to be
Our Commissioners for the purposes aforesaid.

And for the better enabling you to form a sound judgment on the premises, We do
hereby authorise and empower you, or any two or more of you, to call before you, or
any two or more of you, all such persons as you may judge most competent by reason
of their situation, knowledge, and experience, to afford you correct information on the
subject of this Inquiry.

@ny it is Our further Will and Pleasure that you, or any two or more of you, do
Report to us in writing, under your hands and seals, your several proceedings by virtue
of this Our Commission, together with your opinion on the several matters herein
submitted for your consideration.

and We Will and Command that this Our Commission shall continue in full force
and virtue, and that you, Our Commissioners, or any two or more of you, may from
time to time proceed in the execution thereof, although the same be not continued from
time to time by adjournment.

And for your assistance in the due execution of this Our Commission, We do
hercby authorise and empower you to appoint a Secretary to this Our Commission,
whose services and assistance We require you to use, from time to time, as occasion
may require.

Given at Our Court at St. James’s the Sixth day of April 1868.

By Her Majesty’s Command.
(Signed) = GATHORNE HARDY.

3211€. b
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InsTRUCTIONS to the CoMMISSIONERS.

Rivers Pollution Commission, ,
2, Victoria Street, Westminster, S.W.
Stz 28th April 1868.

I am directed by Her Majesty’s Commissioners for inquiring into the Pollution of
Rivers to state, for the information of Mr. Secretary Hardy, that they held their first
meeting on Tuesday, 20th instant, and after consultation, assuming that the instructions
issued to the late Commissioners are to be taken as instructions to the present Commis-
sioners, it appeared desirable to take up the inquiry entrusted to them to investigate at
the point where the former Commission left off, and they therefore propose (subject to
the approval of Mr. Secretary Hardy) to commence with an investigation and inquiry
into the condition of the basins of the rivers Mersey and Ribble. ,

I have, &c.
The Hon. A. F. C. Liddell, Q.C., (Signed) S. J. Smrru,
&c., &c., &c., Secretary.
Home Office. .
Sir, Whitehall, 29th April 1868.

I am drected by Mr. Secretary Hardy to acknowledge the receipt of your letter of
the 28th instant, and to acquaint you, for the information ofg the Commissioners appointed
to inquire into the Pollution of Rivers, that he approves of their acting upon the instruc-
tions issued to their predecessors, and of their proceeding with the inquiry at the point
where the former Commission left off, as proposed by the Commissioners. '

I am, &c.
S. J. Smith, Esq., Secretary, (Signed) A.F. O. LippELL.
Rivers Pollution Commission,
2, Victoria Street, Westminster, S.W.
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InNsTRUOTIONS to the COMMISSIONERS.

GENTLEMEN, Whitehall, 30th May 1865.

Her Majesty having been pleased to appoint you to be Commissioners for Inquiry
into the Pollution of Rivers, I am directed by Secretary Sir George Grey to send youn
the following instructions for your guidance in the proposed inquiry. -

Although it may be taken as proved generally that there is a wide spread and setious

llation of rivers, both from town sewage and the refuse of mines and manufactories,
and that town sewage may be turned to profitable account as a manure, there is not
sufficient evidence to show that any measure absolutely prohibiting the discharge of such
refuse into rivers, or absolutely compelling town authorities to carry it on the lands,
might not be remedying one evil at the cost of an evil still more serious, in the shape of
injury to health and damage to manufacturers. It is, therefore, suggested that your
inquiry should include selected river basins, illustrating different classes of employment
and population ; that these river basins might be :—

1st. The Thames Valley—both as an example of an agricultural river basin, with

many navigation works, such as locks, and weirs, and mills affecting the flow of

"water, and many towns and some manufactories discharging their sewage and refuse
- into the stream from which is mainly derived the water supply of the metropolis.

2nd. The Mersey Valley—including its feeders, particularly the Irwell, as an

example of the river basin most extensively polluted by all forms of manu«

- facturing refuse, particularly that arising from the cotton manufacture and processes
connected therewith. ' ' :

3rd. The Aire and Calder Basin, as an- additional example of the same
 class, more particularly in connexion with -the woolleri and iron manufactories.”

4th. The Severn Basin, for the same reason, but in particular connexion with
the great seats of the iron trade. :

5th. The Taff Valley in connexion with mining and industry applied to metals.
‘6th. A river basin comprising a mining district in Cornwall.

- Your special points of inquiry should, it is conceived, be in the Thames Valley,
1. ‘The condition of the river as affected by mills, weirs, and locks, and as affecting
the drainage of towns, villages, and adjacent lands; 2. The condition of the river,
as affected by the discharge of sewage from towns and villages, and the refuse of
manufactories, paper mills, &c., and the possibility of intercepting and rendering useful
or innocuous these sources of pollution.

As to the other rivers mentioned, the main object of the inquiry should be how far
the use or abuse of the rivers is, under present circumstances, essential to the carrying
‘on the industry of these districts. How far by new arrangements the refuse arisi
from industrial processes in these districts can be kept out of the streams, or renderzg
harmless before it reaches them, or utilized or got rid of otherwise than by discharge
into running waters. In the course of these investigations you will make inquiry into
the effect on health and comfort of the existing system of sewage of towns and populous
places in the districts examined, and into the best mode of protecting individual and
~ public interests in the purity of running water.

Secondary questions will, no doubt, arise contingent on these leading points, in which
case you will of course include them, so far as it is necessary, within the scope of your
inquiry.

1 am, &c.

* The Commissioners appointed to inquire (Signed) H. WaobineToN.
into the Pollution of Rivers,
2, Victoria Street, Westminster, S.W,

b 2
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InstrucTioNs to the CoMMISSIONERS.

GENTLEMEN, Whitehall, 7th July 1865.

_— I am directed by Secretary Sir George Grey to transmit to you an extract of a
2 letter from Mr. Charles Neate, and to state that it will be desirable to include in your

inquiry into the pollution of rivers, the subject of the water supply suggested by

Mr. Neate, provided such extension of your inquiry will not materially impede or delay

the completion of the primary object of the Commission.

I am, &ec.
The Commissioners appointed to inquire (Signed) H. WappINGTON.
into the Pollution of Rivers,
2, Victoria Street, Westminster, S.W.

Lerrer from CHarLes NeaTe. Esg.. M.P., to the Right Honourable Sir Georce Grey,
Bart., G.C.B., M.P.

DEear Sir, House of Commons, 27th June 1865.

I BEG leave to submit to you, with reference to the Commission recently issued to
inquire into the means of remedying the pollution of rivers, that as the scope of that
Commission has already been enlarged beyond its original and professed object, so as to
include an inquiry into the drainage of lands and inhabited places, it would be right to
extend the inquiry still further as to include the great question of the water supply.

Even if the drainage referred to in the Commission is that only which is required for
sanitary purposes, it may still be a question whether you might not subject the healtk of
the country to far greater danger by wasting too rapidly the winter supply of water than
it now is liable to from the temporary dampness of the soil in certain places.

The effect of drainage, even to the extent it has been already carried out for agricul-
tural purposes, is a subject of serious alarm to many fpeople, and I think it is matter of
pressing Interest to inquire how far the general level of springs in the country has been
lowered, how far it depends apon the height at which the water is maintained in the
neighbouring river, and what is the number of springs that have altogether failed, or at
ieast that fail during the summner.

I believe it to ‘be a matter of urgent necessity to provide reservoirs of water throughout

the country, to be used for all purposes but drinking, and that the spring water should
be habitually confined to that use. :

1f the Commission as it stands, is intended to apply to agricultural drainage, the reasons
for extending the inquiry are more, still more cogent, for then it is no longer a conflict

between one sanitary purpose and another, but between the health of the country and
some increase in the productiveness of the soil.

' I rernain, &c.
The Right Honourable Sir George Grey, (Signed) CHarres Neare.
Bart., G.C.B., M.P,, &c., &c., &c.

P.S.—1 think it would be a great point to inquire whether all the surface drainage of
towns might not conveniently be kept out of the sewers and taken into the rivers.
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COMMISSION (SCOTLAND).

VICTOREY, by the Grace of God, of the United Kingdom of Great Britain and
Ireland, Queen, Defender of the Faith,—

€0 Our trusty and well-beloved Sir William Thomas Denison, Knight Commander
of Our Most Honourable Order of the Bath, Major-General in Our Army; Our trusty
and well-beloved Edward I'rankland, Esquire; and Our trusty and well-bcloved
John Chalmers Morton, Esquire, Greeting :

¢Wbereas We did by Warrant under Our Royal Sign Manual bearing date the
sixth day of April, One thousand eight hundred and sixty-eight, appoint you Our
Commissioners for the purpose of inquiring how far the present use of rivers or
running waters in England for the purpose of carrying off the sewage of towns and
populous places, and the refuse arising from industrial processes and manufactures, can
be prevented without risk to the public health, or serious injury to such processes and
manufactures ; and into the several other matters and things in such Warrant at large
set forth;

And wbhereag We have deemed it expedient that such inquiry should be extended,
and that you Our said Commissioners should be authorised to visit the River Tweed
and its tributaries, and the River Clyde and its affluents, in that part of Our United
Kingdom called Scotland, and also to visit such other rivers or parts of rivers in that
part of Our said United Kingdom as We may from time to time be pleased to direct,
by signifying Our Pleasure, under the hand of one of Our Principal Secretaries of State.

ot FHnoto pe, that We, reposing great confidence in your zeal and ability, have.
authorised and appointed, and do by these Presents authorise and appoint you, the said
Sir William Thomas Denison, Edward Frankland, and John Chalmers Morton, to be
Our Commissioners to visit the River Tweed and its tributaries, and the River Clyde
and its affluents, in that part of Our said United Kingdom called Scotland, and also to
visit such other rivers or parts of rivers in that part of Qur said United Kingdom as
We may from time to time be pleased to direct, by signifying Our Pleasure, under the
hand of one of Our Principal Secretaries of State;

And to inquire how far the present use of such rivers or running waters in
Scotland for the purpose of carrying off the sewage of towns and populous places, and
the refuse arising from industrial processes and manufactures, can be prevented without
risk to the public health, or serious injury to such processes and manufactures, and how
far such sewage and refuse can be utilized or got rid of otherwise than by discharge into
rivers or running waters, or rendered harmless before reaching them; and also to
inquire into the effect on the drainage of lands and inhabited places of obstructions to
the natural flow of rivers or streams caused by mills, weirs, locks, and other navigation
works, and into the best means of remedying any evils thence arising.

@And for the better enabling you to form a sound judgment on the premises, We do
hereby authorise and empower you, or any two or more of you, to call before you, or
any two or more of you, all such persons as you may Judge most competent by reason
of their sntuatlon, knowledge and experience, to aﬁ’ord you correct information on the
subject of this inquiry.

And it is Our further Will and Pleasure that you, or any two or more of you, do
Report to us in writing, under your hands and seals, your several proceedings by virtue
of this Our Commission, togetner with your opinion on the several matters herein
submitted for your consideration.

L3
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and We Will and Command that this Our Commission shall continue in full force
and virtue, and that you, Our Commissioners, or any two or more of you, may from

time to time proceed in the execution thereof although the same be not continued from
time to time by adjournment. - »

@And for your assistance in the due execution of this Our Commission, We do hereby
authorise and empower you to appoint a Secretary to this Our Commission, whose
services and assistance We require you to use as occasion may require.

. In witness whereof We have ordered the Seal appointed by the Treaty of Union
to be kept and made use of, in place of the Great Seal of Scotland, to be appended .
hereto. -

Given at Our Court at Saint James's, the twenty-second day of November, in tbe
year One thousand eight hundred and sixty-nine, and in the Thirty-third year
of Our Reign. , -

Per Signaturam manu S. D. N Regins supra scrip.
Written to the Seal and registered the third day of December 1869. °

(Signed) JOHN M. LINDSAY, =~

Director of Chancery..
Sealed at Edinburgh, the third day ‘

of December, in the year One
thousand eight hundred and
sixty-nine.
(Signed)  Jomn H. Dunn,
‘Substitute Keeper of the Seal.
80!. Scots.




xi

AppITIONAL INsTRUCTIONS TO THE COMMISSIONERS.

Rivers Pollution Commission,
1, Park Prospect, Westminster, S.W.
Si, 1st March 1870.

Tue First Report of the Rivers Pollution Commission (1868), on the Mersey and
Ribble Basins, having been presented, I am directed by the Commissioners to state, for
the information of Mr. Secretary Bruce, that they propose to investigate the condition
of the rivers and streams in the valleys of the Lower Avon and Frome, the seat of the
West of England Woollen Trade, to enable them to complete their Report on the Basins
of the Aire and Calder, “ most extensively polluted by the Woollen Manufacture and -
processes “ connected therewith,” a large amount of evidence on which has already
been collected.

The Commissioners have on several occasions suggested an extension of the instruc-
tions issued for their guidance, and in the present instance they are of opinion that the
Report upon the Pollution caused bty the Woollen Manufacture in the Aire and Calder
Basins will not be complete and satistactory without an inquiry is made into the state of
the streams in the West of England, and I am directed to submit that a modification
should be made in that clause of the instruction which states “ that the inquiry should
« include selected River Basins illustrating different classes of employment and popula-
“ tion,” and that for the future the Commissioners should be directed to inquire into
the specific pollution caused by any particular manufacture wherever located in England
or Scotland.

The Commissioners are of opinion that their Reports will then be more generally
useful ; they will cease to have such a local designation as might lead to the supposition
that their recommendations were intended to apply to a particular locality—and tl‘:gy will
be free from a great deal of extraneous description which has but little to do with the
subject of their inquiry. ‘

The Commissioners also propose as soon as the second Report ( Woollen Manufacture)
is presented to take up that branch of the inquiry relating to pollution by the iron trade.
This investigation will spread over a large area; for it by no means follows that the nuisance
caused by a certain process in one locality is identical in character with that originating
from an analogous process carried on in another place.

I am, &c.
The Under Secretary of State, (Signed)  S. J. Smrrs,

&c., &c, &c, Secretary.
Home Office.

Local Government Act Office,
8, Richmond Terrace, Whitehall, S.W,
Siz, 8th March 1870.

WitH reference to your letter of the lst instant, I am directed by the Secre
of State for the Home Department to inform you, by way of supplement to the instruc-
tions already issued for the guidance of the Commissioners appointed to inquire into the
llutions of rivers, that the Commissioners are to consider themselves instructed to inquire
mto the specific pollution caused by any particular manufacture wherever located in
England or Scotland.
, I am, &c.
S. J. Smith, Esq., Secretary, (Signed) T. Tayror,
Rivers Pollution Commission,
1, Park Prospect, Westminster, S.W.
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SIXTH REPORT.

TO THE QUEEN’S MOST EXCELLENT MAJESTY.

May 1T PLEASE YoUur MAJESTY.

WE, your Majesty’s Commissioners appointed in 1868 to institute inquiries into InrrODUC-
the condition of polluted rivers in England and Scotland, and into the best means — T1°% |
of remedying any evils arising out of the use or abuse of the waters passing down their
channels, have also been directed to include in our inquiry the great question of
the water supply of the country.

* This branch of our work naturally falls into two divisions, viz., first, the water
supply for manufacturing purposes; and, secondly, the water supply for domestic
purposes. With regard to the first of these divisions, we have already given, in our
previous reports, and especially in our first report (Mersey and Ribble basins, Vol. I.,
p- 104), the results of our investigations, but we have reserved for this special report
the complete discussion of the second division of this subject, after having directed a
large measure of our attention to it.during the whole course of our inquiries into the
waters of Great Britain, extending over a period of more than six years. During
this long series of local investigations we have inspected the wells, springs, streams, and
gathering grounds from which a large number of Corporations, Local Boards, and private
Companies derive their water; in most instances we have personally examined the
storage and service reservoirs, and in almost all cases we have collected and analysed
samples of the water from the strect mains, so as to ascertain the quality of the supply
actually being delivered at the time to consumers. We have also analysed numcrous
specimens of spring, lake, and well waters, supplied to communities for domestic purposes ;
but we did not hesitate to include other samples of a typical character, even if not so
employed,—such as the waters of the Cumberland, Westmoreland, and Lancashire
lakes, the springs issuing from important geological formations, as the Chalk, Greensand,
Carboniferous Limestone, Miilstone Grit, Oolites, and Granite, —whenever the chemical
examination of such samples promised to throw important light upon the effecct on water,
of storage in large lakes, or of percolation through particular strata.

An investigation as exhaustive as possible of this subject appeared to us of the
greater importance, firstly, because the volume of water soiled by manufacturing refusc
and sewage is every year becoming greater ; and, secondly, because amongst the nume-
rous processes for cleansing polluted water, with which we have become acquainted,
there is not one which is sufficiently effective to warrant the use, for drinking, of water
which has once been contaminated with sewage or other similar noxious animal matters.
The observations and experiments described in our first report (Mersey and Ribble basins,
Vol. I, p. 18) prove conclusively, that the so-called self-purifying power of streams
contaminated with sewage is altogether untrustworthy, and indeed practically inoper-
ative, the process being one of such extreme slowness that no river, in this country at
least, is long enough to secure even an approach to such a purification as would render
the use of the water as a beverage reasonably free from danger.

We have also devoted careful attention to the present water supply of the metropolis,
and to the possibility of improving its quality. We have visited ans inspected the works
of the eight private companies who daily distribute upwards of 100,000,000 of gallons
of water to the inhabitants of London ; there never having been any previous inspec-
tion of these works by a Royal Commission. We have submitted to analysis numerous
samples of this water, taken both at the works of the companies and from their dis-
tributing mains, and we have also chemically examined very numerous samples of water
collected from various localities within the Z%ames basin, with the object of ascer-

taining how far water, better suited to the wants of the metropolis, could be substituted
for the objectionable portion of the present supply.
32118. A
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These inspections and inquiries have been supﬁlemented by the analysis of a larger
number of samples of rain water, collected, for the most part, at considerable distances
from towns, with the object of ascertaining how far water, which has undergone the
natural process of distillation, becomes contaminated before it reaches the surface of
the earth as rain.

The operations of agriculture tend more or less to contaminate water; and as the
rapid progress of land drainage in this country is thus continually furnishing increasing
volumes of water which has passed through cultivated or manured soil, it has become
a matter of importance to ascertain whether such water is sufficiently pure to be avail-
able for the domestic supply of agricultural districts. We have therefore submitted
to analytical investigation numerous samples of water collected from the outfall drains
of cultivated and pasture land both unmanured and dressed with various descriptions
of manure. ' :

Lastly, we have extended our analyses to sea water, in illustration of the ultimate
dlilsposal of the impurities which the various forms of land water carry with them to
the ocean.

Water has thus been followed through the complete cycle of its migrations; it has
been caught as it descended from the clouds soon after its condensation from colourless
and invisible vapour, collected as it flowed in streams after washing the surfaces upon
which it fell, examined after it had penetrated to various depths through different
geological strata, and finally it has been investigated after it had become part of the
great mass of the ocean.

This, our sixth and final report, which we have now the honour humbly to present to
Your Majesty, is arranged under four heads. The first part explains the mode of
investigation which we have followed in the chemical examination of the various
samples of water, and the meaning of the terms used in the analytical tables. The
second part relates to the classification and chemical composition of drinking water.
The third part discusses several considerations of special importance in connexion with
the wholesomeness of certain kinds of water. The fourth part describes the condition
of the water supplies to the -metropolis, to a large number of cities, towns, villages,
and rural districts of Great Britain, and to the residences of Your Majesty and of His
Royal Highness the Prince of Wales.




PART L

The Chemical Examination of Potable Waters.

Parr L.
CHEMIOAL
EXAMINATION,

The exhaustive chemical examination of a sample of water is one of the most tedious
and troublesome operations known to chemists. It requires weeks, sometimes even
“months, for its completion. This arises partly from the great multiplicity of separate
substances which may be present in the water, both in solution and in suspension, partly
from the very minute proportion in which these substances sometimes exist, and partly
on account of the difficulties attending their exact determination when they are diffused
through vast volumes of water. Such an exhaustive examination includes :— '
1. The extraction and separate volumetric measurement of the dissolved gases.
2. The separate determination of the weight of each constituent of the saline matters
in solution. . ' ' S
3. The determination of the two chief elements of the organic matters in solution.
4. The separation of the suspended matters, if any, and the determination of their
total weight when dry. ' o - o
‘5. The separation and determination of each mineral constituent of the suspended
matters. ' ‘ ‘ o o
6. The separation and determination, as far as possible, of each organic const
the suspended matters. : ‘ ‘ : o o A
Fortunately, many of the more tedious and laborious of these'operations may ‘be
omitted, if the object of .the analysis be only to ascertain the suitability or otherwise
of the water for domestic or manufacturing purposes. Thus, the extraction and volu-
metric measurement of the gases may be safely dispensed with; since, in the present
state of our knowledge, the gaseous constituents of water throw but little light upon
its character. The existence of dissolved atmospheric gases in water doubtless adds to
its palatability : recently boiled water, for instance, has a notoriously flat and vapid taste,
but the solution of these gases by water is so rapid as almost to preclude the possibility of
lack of aération in natural waters. This is seen from the following comparison of the
proportional volumes of atmospheric gases expelled on boiling 100 cubic inches of rain-
water, Cumberland upland surface water, Loch Katrine water as delivered in Glasgow,
Thames water as delivered in London, and water drawn from deep wells in the Chalk,
respectively :— -
VoLUME AND COMPOSITION OF THE (GASES EVOLVED ON BOILING 100 Cusic INCHES OF VARIOUS WATERS.

Gas contents
of water.

ituent of

J

Cumberland .
. : Loch Katrine Thames Deep Chalk-
— Rain Water. M%u:t::n Water. Water, w?lf Weter,
cabic inches. cubic inches. cubic inches. cubic inches. | cubic inches.
Nitrogen - - - 1-308 1-424 1-731 1:326 1-944
Oxygen - - - e - *637 726 704 *588 028
Carbonic acid - - - *128 -281 <113 4-021 5520
2:078 - 2431 2548 5-984 7-492 -

A comparison of the numbers in the foregoing table shows that the total volume of
dissolved atmospheric gases differs but little, even in waters from the most widely different
sources. It was at one time supposed that the proportion of oxygen in these gases
was an important item in the history of the water, and it was believed to indicate, if
small, the presence of putrescent organic matters; but the subsequent discovery that
deep well waters (in which putrescent organic matter is certainly not present) contained
little or no dissolved oxygen, deprived this analytical fact of much of its importance.
The large proportion of carbonic acid which is present in Thames water and in deep
chalk well water scarcely adds to the effective agration of these waters, because nearly
the whole of this carbonic acid is in chemical combination with lime, and not in the
condition of dissolved gas.

The separate determination of the weight of each constituent of the saline matters in
solution is also rarely required. These constituents have, with very few exceptions, no-
appreciable influence upon the wholesomeness of the water ; hence, in the great majority

: A2



Part 1.
CHEMIOAL
EXAMINATION.

Various
contents of
water.

4 RIVERS POLLUTION COMMISSION :

"of*cases, it is not necessary to determine the weight of each. Certain of them, however,

—ammonia, nitrates, nitrites, and chlorides—are very useful in tracing the previous
history of the water, and the separate determination of these must, therefore, on no
account be omitted. Moreover, if the presence of lead, arsenic, or barium be sus-
pected, these poisonous metals must be carefully sought for, and, if found, their respective
quantities determined. The degree of hardness ought also to be ascertained in all cases.

The separation and determination of each mineral constituent of the suspended matters
may be dispensed with, unless poisonous substances occur amongst them.

The separate determination of each organic constituent of the suspended matters
is of comparatively little use in the present state of our knowledge, because it is
impossible to distinguish, amongst the suspended matters in water, those which are
injurious from those which are harmless. The really injurious organic suspended matters
are probably not merely organic but organised matters—entozoic ova, or zymotic germs
capable of reproduction in the human body with the simultaneous development of disease.
Investigations of this class belong rather to microscopical than to chemical analysis, but
even microscopic research is mot yet competent to reveal any facts of direct importance
in connexion with such organised suspended matters. The microscope has never yet dis-
covered, even in the most polluted drinking water, any germ or organism which is known
to be deleterious to human health: but, by showing the presence of living organisms
in water, it proves, either that the water has not been so efficiently filtered as to remove
these organisms, or that it has subsequently become polluted by them; and thus it is
indirectly demonstrated that the water has not been tieated, preserved, or stored under
such conditions as would preclude the access of deleterious germs or organisms. A
microscopic examination of the suspended matters in potable waters thus becomes
indirectly of considerable value.

The analytical determinations, which we have deemed sufficiently important to warrant
the expenditure upon them of the necessary time and labour, are the following ; those
which are of primary importance being printed in “black type” :—

In SoLuTION.

Total solid matters, or total solid impurity.

organic Carbon, or Carbon contained in the organic matter actually
present. ‘

Organic Nitrogen, or Nitrogen contained in the organic matter actually
present.

Ammonia.

Nitrogen as nitrates and nitrites.

Total combined nitrogen.

Estimation of the previous sewage or animal contamination.

Chlorine.

Temporary, permanent, and total hardness.

o=

it
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IN SuspENSION.

10. Mineral matters in suspension.
11. Organic matters in suspension.

Every sample of water, the analysis of which is given in this report, has been sub-
mitted to all these determinations except the last two, which have only been employed
in cases where the proportion of suspended matter was considerable. In all cases where
these last-named determinations were not made, the samples of water were shaken up
before analysis ; and in thesc instances, therefore, the mere traces of suspended matter
which were prescnt are included amongst the soluble constituents.

A full description of the most important of these analytical determinations will be
found in Appendix No. 12. ,

In order to render intelligible the analytical numbers given in this report, and the
conclusions which we have based upon them, it is necessary that we should here offer
some explanations of the object and significance of each of the before-mentioned
detcrminations.

1. Total solid matters in solution, or total solid impurity.——When water 1s evaporated
to dryness, there is left behind a solid residue containing the mineral and organic matters
with ~which the water had become contaminated since its condensation from the atmo-
sphere. Leaving out of consideration the quality of the ingredients contained in potable
anatters, the proportion of solid residue left on cvaporation affords an approximate, though
rough, indication of the comparative purity of such waters. On the one hand it may
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be safely concluded, that waters leaving very large residues on evaporation are unfit for
domestic use, whilst on the other, those containing very small residues are, on this account
alone, well adapted for such purposes, and but very rarely contain, amongst their con-
stituents, any which are seriously objectionable. Not only do waters leaving small
residues on evaporation generally possess a superiority for domestic purposes,.but they
are also much more valuable than less pure waters for a large number of manufacturing
purposes. Thus, in feeding steam boilers, their use precludes the formation of incrusta-
tions, which not only seriously interfere with the transmission of heat from the fuel to
the water, but are probably a frequent cause of disastrous explosions.

We regard these solid matters constituting the residue left on evaporating a sample
~ of potable water as impurities, firstly, because they are quite useless, and secondly,
because they act injuriously in several of the processes to which such water is applied. It
is true that some persons prefer waters which leave large solid residues, because the
saline constituents, with which such waters abound, impart a piquant taste, but this pre-
ference cannot be accepted as a trustworthy guide, because it often leads those who are
influenced by it to resort to shallow wells which are often fed by sewers and cesspools.
It deserves also to be mentioned that a very large proportion of the potable water supplied
to towns is employed for washing and for manufacturing purposes, and here the presence
of a large amount of solid matter giving hardness to the water is undoubtedly injurious.
We have therefore, in the following analytical tables, designated the totai solid matter in
solution as ‘total solid impurity.”

2. Organic Carbon.—From a sanitary point of view, the most important constituent
of the total solid impurity is organic matter, and various processes have from time to
time been devised for the quantitative determination of this matter or of some of its
constituents. 'The problem is surrounded with unusual difficulties, and hitherto no
method, worthy of any degree of confidence, has been discovered by which the weight
of organic matter dissolved’in water can be even approximately determined. We have
already alluded to grave errors which have arisen from reliance having been placed upon
such determinations. (See First Report, Mersey and Ribble Basins, Vol. 1., page 71.)
Even of several analytical processes which do not pretend to the estimation of the total
weight, and aim at the quantitative determination of only some of the elements of the
organic matter, we have found, after practically testing them, that only one yielded results
which were trustworthy. This process is both troublesome and tedious, and requircs
considerable manipulative skill; but, as it is the only method which throws any light
whatever upon the actual pollution of water by organic matter, we have not been deterred
from employing it, and every sample of water recorded in the following tables has been
submitted to this operation. It consists in transforming, by combustion in close vessels,
the carbon and nitrogen of the organic matter into carbonic acid and free nitrogen, and
then measuring the respective volumes of these gases. By a simple calculation, the
weights of carbon and nitrogen contained in the original organic matter present in
the water can be arrived at, from these volumetric determinations, with great precision.
The weight of organic carbon, or carbon contained in the organic matter found in
different samples of water, indicates the amount of organic matter with which the water
is contaminated, but it does not indicate the source, animal or vegetable, whence that
organic matter was derived. Ceateris paribus the smaller the proportion of organic
carbon, the better the quality of the water. Even if the source of the organic matter
be altogether vegetal, experience has shown that a larger proportion of organic carbon
than 0°2 part in 100,000 parts of water is undesirable, because it renders the water
slightly bitter and unpalatable. A larger proportion of organic carbon, if it be contained
in animal matter, does not interfere with the palatability of the water, but it exposes the
consumer to the risk of infection; and we consider that potable water which contains
organic matter, even only partially derived from animal sources, should not yield much
more than 0°1 part of organic carbon from 100,000 parts of water.

3. Organic Nitrogen.—The character of the organic matter contained in potable
water, that is to say, its animal or vegetable origin, may in most cases be judged of by
the relative proportions in which the two elements, carbon and nitrogen, occur in the
organic matters. Hence the necessity for determining the amount of organic nitrogen
in waters used for domestic purposes. This has long been considered as the most
important determination in water-analysis; thus in their report to the President of the
Gencral Board of Health, on the Metropolis Water Supply in 1856, Dr. A. W. Hofmann,
F.R.S., and Mr. Blyth remark :—* It is now generally admitted that the substances
¢“ which constitute the organic matter of water act injuriously by no mcans in conse-
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quence of being poisonous themselves, but by undergoing those great processes of
“ transformation called decay and putrefaction to which all vegetable and animal matter
“ is subject when no longer under the control of vitality, either in plants or animals.
 Tuese putrefactive processes either give rise to the formation of poisonous bodies, or
“ they act simply as ferments, generating similar processes of decomposition in the
“ substances composing the animal organism. Now with special reference to the last
“ mode of action, 1t is well established by general experience that nitrogenous substances
“ are infinitely more liable to undergo putrefaction than organic bodies from which
“ nitrogen is absent. And hence the very general and correct opinion that the deleterious
character of organic matter in water is proportionate to the amount of nitrogen
“ which it contains. Could this nitrogen be estimated with any degree of accuracy,
‘“ such an estimate would certainly afford the most satisfactory element in the exami-
“ nation of organic matters.” :

Eleven years elapsed after these remarks were madc before a process was discovered
by which this desirable object could be accomplished ; and the method which was then
devised, and which includes in addition, as already described, the determination of
organic carbon, is the one which we have employed throughout the analyses recorded in
this report.

The determination of organic nitrogen, taken in coumexion with that of organic
carbon, frequently affords information of great value as to whether the organic matter
be of animai or vegctable origin; and this information acquires additional importance
and trustworthiness when it is subsequently tested by a chemical investigation of the
previous history of the water as rcvealed by the proportions of the chief products derived
from sewage and animal matters, viz., amu:onia, nitrates, nitrites, and chlorine. The
smaller the absolute quantity of organic nitrogen, and the less the proportionate amount
as compared with organic carbon, the better is the quality of the water as regards
present or actual pollution, and the less likely is the water to contain any organic matters
of animal origin. In connexion with this part of the analytical investigation, however,
it must be borne in mind that vegetable organic matter is far from being destitute of
nitrogen. We have found for instance, that peat, which is a form of vegetable matter
least likely to contain nitrogen, yields to water organic substances in solution containing
much nitrogen. Doubtless different samples of peat vary in the nitrogenous character of
the soluble vegetable matter which they contain; in one sample which we examined the
proportion of nitrogen to carbon was—N : C = 1 :11'4; and we find that such peaty
matters dissolved In water may, after ‘prolonged exposure to oxidizing influences, lose
carbon so much more rapidly than nitrogen, as to materially increase the proportion of
the latter element to the former. N : L :

‘The following tables show the proportion of nitrogen to carbon in waters containing
organic matter of peaty origin. The first table enumerates upland surface waters in
which the peaty matter present could only have been exposed to slight oxidizing action.
The second table contains examples of similar water after exposure to atmosphéric
oxidation in lakes. The third table contains samples of spring water, believed to have
been originally contaminated almost exclusively with peaty matter, which had however
peen subsequently exposed to the powerful oxidizing action of the porous strata through
which the water had filtered before its appearance at the spring.

TasLe I.

PrororTiON OF ORrGANIC CARBON TO ORGANIC NITROGEN IN UNOXIDISED PeATY MATTER
CONTAINED IN UPLAND SURFACE WATER.

Proportion of
SouRCE OF WATER. Carbon to 1 part
of Nitrogen.

Stream at Gazelan Clay Works, Cornwall - - 9-1
Mountain stream above St. Neot’s, Cornwall - - 18-4
The Gelder Burn at Balmoral - - - 103
Stirling watér supply - - - - - 10-7
Greenock water supply - - - - 13+5
The unpolluted Rheidol, Wales - - . 10- 4
The Burn of Mooran, Forfar - = - - - 90
The Tay above Dunkeld - - - - 21-1
An affluent of the 7ay above Dunkeld - - 10-3

Bridge of Allan water supply - - - - 97
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TaBLE L.-—continued. g’Am L
Exautation
L 4 ’ T . 2 .| Proportion of |- - —
Source or Warge. Carbon to 1 part Proportion
of Nitrogen. of Carbon
to Nitrogen
o in surface
The Tweed above Peebles - - - - 82 water and
The Meldon Burn above Peebles - - - 11-5 roservolrs.
The Megget flowing into St. Mary s Loch - : 202
The Levern above Barrhead . - - 102
The Doon at the Brig : - 12-4
Mountain stream above Kmder Pnntworks, Hayﬁeld - 10-7
Leeds water supply from the Wharfe . - - - 10-3
Mountain stream at Allenheads - - - 13 5
One of the head waters of the Wear - - - 85
Another - - - 12-3
One of the head waters of the Tees - - - 14-8
Another . - - - 132
The South Esk above Gladhouse Mill - -1 131
The Douglas at Standish railway station - - 14-7
Water supply to Aldershot Camp - - - 8-7
The Nethan near its junction with the Clyde - - 10-3
The Calder and Brun above Burnley - - - 101
Alloa water supply . - - - - - 11-4
Stream from Malham Tarn - - - 91
The Wharfe at the Strid, Bolton Abbey - - 15-8
The Stonecroft Burn, affluent of the Tyne - - 8-4
Average - - - - -| 11-916

TasLe II.

PrororTiON OF ORGANIC CaRBON TO (RGANIC NITROGEN IN PEATY MATTER AFTER
EXPOSURE TO Amosprmmc OXIDATION IN NaturaL LAKES OR LARGE ARTIFICIAL
Reservomms. . .

. . . . Proportion of
SourCcE oF WATER. Carbon to 1 part
. L o of Nitrogen.

- Water supplled to Devonport from Dartmoor

‘ Gmssmere lake, at foot - - .
dal lake, at foot - -
Wy dermere lake, one mile ﬁ-om head -
Derwentwater lake, at foot - -
Bassenthwaite lake, at foot - -
Buttermere lake, at foot- -

- Crummock lake, half a mile from heud
The Ness, as it issues from Loch Ness
Loch Katrine, two miles from head -
St. Mary’s Loch, at the foot - -
Loch Lomond, at the foot - -
Water from lowest reservoir Rivington Pike -
Water supphed to Manchester from Woodhead reser-

. < —
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voirs -
Water supphed to Sheﬂield from reservoirs - -1
- Preston - .

' Newcastle-on-Tyne from reservoirs
Water supphed to. Edinburgh from Swanston - -
Water supplied to Edinburgh from Colinton - -
Water supplied to Merthyr Tydﬁl - - -

Ol MDA R OB PRAWNDND=OOITW
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Average - ,-. - e
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TasLe III.

PrororTiON oF ORGANIC CArRBON TO ORGANIC NITROGEN IN SPRING WATER CONTAINING
Peatry MATTER.

Proportion of
Carbon to 1 part
of Nitrogen.

SoUuRCE oF WATER.

Lower spring, Malvern waterworks
UPPeY ” 1) : ” -

Water supplied to Plymouth from Dartmoor
Water supplied to St. Austell -
Spring at Abergeldie Castle
South spring on Llandabarn flat, near A
Spring near Burwarton Hall
Another spring

berystwith

12 -

Spring near Penrhyn Castle
Another spring

”

9 ” -
Spring near W hitbeck, Cumberland
Water supplied to Chepstow -
Intermittent spring at Giggleswick, Yorkshire -
St. Winifred’s Well, Holywell -
Spring at Wood Top, Hebden Bridge, ncar Halifax
- Penny Well Spring, Hexham, Northumberland
Springs at Longwood, near Huddersfield
Spring in railway cutting near Barnard Castle
Source of the Windrush at Taddington
The Wishing Well, St. Boniface Down
The Manor, near its source
The Roclhdale Road Calder, near its source
Spring in Mother Ludlam’s cave, Moor Park, near

Farnham

, Isle of Wight :
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Average -

An inspection of these tables shows clearly that the proportion of carbon to nitrogen
in the pecaty organic matter of water decreases rapidly as oxidation progresses. The
average proportion in the unoxidized peaty matter contained in 31 samples of water
was N: C 1: 11-93. .

After the water had been stored for wecks or months in lakes, the slow progress of
oxidation there effected decrcased the proportion of carbon, on an average of 20 samples,
toN: C 1: 5-92. :

The anomaly, presented by the water of St. Mary’s Loch in this serics, disappears
when it is known that this loch is fed chiefly by the Megget, in which the proportion of
organic carbon to organic nitrogen is very high. This stream moreover, enters the
loch, not at the head, but at a point about equidistant from the hecad and foot. The
proportion of organic nitrogen to organic carbon in the Megget water was 1:20 *2, and
in that at the foot of the loch it was 1:11-4. There is consequently here also a
decrease of the proportion of organic carbon about equal to that observed in other cases.

After the water containing the peaty matter has been subjected to the powerful
oxidizing influences which accompany filtration through porous strata, it re-appears as
spring water with a greatly augmented proportion of organic nitrogen, although the
absolute quantity has been much diminished. In other words large quantities of both
carbon and nitrogen have been oxidized and converted into mineral matter, but the
carbon has undergone this transformation more rapidly than the nitrogen. The average
of 25 samples of spriéxg water from such sources exhibits the following proportions :—
N: C 1: 3-26.

This concentration of nitrogen during oxidation assimilates oxidized vegetable, to
unoxidized animal, organic matter in chemical composition, so far, at least, as the pro-
portion between the chief elements nitrogen and carbon, is concerned. There is, how-
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ever, still a considerable difference in this respect between these two kinds of organic
matter ; but even this disappears when the water containing animal organic matter is
subjected to oxidizing influences ; for whilst vegetable organic matter suffers a concentra-
tion of nitrogen during oxidation, animal organic matter exhibits, as a rule, a concen-
tration of carbon, and a diminution in the proportion of nitrogen under the same
influence. 'This is evident from an inspection of the following tables, in one of which the
proportion is given of carbon to nitrogen in animal organic matter present in water which
has been slightly or not at all exposed to oxidizing influences, whilst the other records
the proportion in animal organic matter present in water which has been subjected

to the oxidizing action attending slow percolation through porous strata in its passage
to shallow wells,

Tasre 1V.
ProporTiON OF CARBON TO NITROGEN IN ANIMAL ORGANIC MATTER DISSOLVED IN
WATER.

Proportion of

DESCRIPTION. Carbon to one

part of Nitrogen.
Fresh urine - - - - - . -99
Average of fresh sewage from 16 watercloset towns - | 2-1
Average of fresh sewage from 15 midden towns -1 2-1
Urine preserved without oxidation for 24 days - =" 1-6

TasLe V.

PrororTION OF CARBON TO NITROGEN IN THE ANIMAL MATTER CONTAINED IN POLLUTED
SHALLOW WELLS.

Proportion of
SOURCE oF WATER. Carbon to one
part of Nitrogen.

Shallow well at Gainford, near Darlington - -l 3°1
Shallow well at Horbury, near Wakefield - -1 4-1
Another shallow well at Horbury, near Wakefield -] 1°+8
Shallow well in High street, Kilmarnock - -l 26
Shallow well at Musselburgh - - - -1 28
Another - ” - - - - 29
Shallow well in Birmingham - - - -] 32
Another ’ ’ - - - -1 1-6
» ” 9 - = - - 2-4
L) ”» ” - - = < 59
»” ” ” - = = = 2-1
) ” 9 ” = - = = 3°0
Shallow well at Darlington - - - -1 39
» Greasely, Notts - - -| 45
’ Hurworth, near Darlington - - 1-6
Another - - - - - -1 1°6
Shallow well at Kidderminster - - - 1-8

. Leamington - - - - 38
’ Newent, Gloucestershire - - 1°2
Another ” ” - - -1 4°7
”» ”» ”» b - = 1-8
L3 L] ” - - - 1-8
Shallow well at Newnham - - - -0 2-1
’ Retford, Notts - - -1 39
’ Clarboro’, near Retford - - 24
’ Stafford - - - - 3:3
’ Worksop, Notts - - - 4°1
Another . ” - - -{ 3°6

32118, . B
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Lo -+ . TasLe .V.—continued.

Proportion of
SOURCE oF WATER. { Carbon to 1 part
of Nitrogen.

Shallow well at Bitteswell, Leicestershire - -1 2-9

.- Hillmorton, near Rugby - -1 5-5

» Somerby, Rutlandshire - -l 25
Another ' y = - . .y
Shallow well at Somerton, Somerset - - -| 56

” Warkton, Northamptonshire - -1 61

” Oakham, Rutland - - -1 2-6

”» Pepper Harrow, Surrey - -] 1°2

” Norwich - . . .| 8.0

s Sudbury, Suffolk * - -] 187

” Thetford, Norfolk ~ - - -l 27

» Wokingham, Berks - - -| 4-6

I Christchurch, Hants - - - 4-4

" v Barking Sewage Farm - - 47

’ Leigh, Essex - - - . -] 3-2
Town pump, Peterborough - - - -] 2-8
Pump 1in Gray’s Inn Road, London - - -] 4-6
Pump in Wellclose Square ’ - - - 3-2
Pump in 1dol Lane, London - - - -] 32

’ Wandsworth Road, London - - - 3-4
- .. Manor Street, Clapham, ,, - - -| 2-8

Average - - - - 3:126

A large proportion of the soluble organi¢ matter of sewuge is of animal origin, and
Table IV. shows that on the average of 31 samples of fresh sewage the proportion of
nitrogen to carbon 'in the organic matter was—Nitrogen : Carbon = 1:2 - 1.

The water of highly polluted shallow wells consists chiefly of sewage and the drainage
of cesspools, middens, or urinals which have percolated through a few fcet of porous
soil, and Table V. shows the following average proportion of nitrogen to carbon in
the soluble organic matter remaining in the water atter it has reached such wells :(—
Nitrogen: Carbon = 1:3-126. :

It is thus evident that, unlike the effect of thc analogous operation upon vegetable
organic matter, there is here a marked diminution in the original proportion of the
organic nitrogen to the organic carbon. But the conditions to which sewage is exposed
on its way to a shallow well are not all of an oxidizing character. Such sewage is often

, retained for weeks in ccsspools, where it is exposed to the condition of putrefaction,—

a condition essentially different from, and quite opposed to that of oxidation. In the
experiments upon ‘the upward filtration of sewage through sand, described in our First
Report (ifersey and Ribble Basins, Vol. 1. page 63), we have a good illustration of the
putrefactive treatment -of sewage; and they prove that, under this condition, the pro-
portion of nitrogen to carbon, though 4t first diminished, may again become considerably
increased, when the putrefactive process is in full activity. ' '

Cuances IN THE CoMposiTION OF THE ORGANIC MATTER OF SEWAGE DURING

PutrEFACTION.
Sewage before filtration - - - - Nitrogen : Carbon=1:1"8
Sewage after filtration Oct. 11, 1869 - - w1, =1:32
” ” 9 Oct. 19 9y - ” : P =1:37
» s ” Oct. 25 = - ” : 9 =1:30
2 ” ' ) Nov. 1* » - 9 . » | = 1:2°1
2 ” ” ‘Nov. 8 » - = ” : s =1:17
”» n 2 "Nov. 15 ,, - - ’» : s =1:19
» 9 3 _'NOV- 22,7 - - ’ : s =1:1'8

* At this date active puirefaction :wa.s estabi‘ished, and it continued until the close of the experiment.
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This behaviour of the soluble organic matter of sewage, when exposed to the putre= Pare 1.
factive process, explains one or two anomalous numbers i Table V., and suggests that _ Crmmoas
the average proportion of carbon in the organic matter of sewage after oxidation, as o o"
deduced from that table, is too low. This suggestion is confirmed by an appeal to the Proportion
results of our experiments upon downward intermittent filtration described in our first of Carbon te
refzort (vol. 1., Mersey and Ribble Basins, pp. 63-68). These experiments show the g;ﬁ?égn n
following alterations in the coniposition of the soluble organic matter of sewage during waters.
the very powerful oxidation to which it was subjected as it slowly filtered through

porous soils of various kinds :—

(i.) In the downward intermittent filtration of London sewage through ‘quartz sand,
the average composition of the sewage before filtration, and the average results of the
analysis of 12 samples of the filtered sewage, afford the following comparison :—

Average sewage before oxidation - - Nitrogen: Carbon=1:1"8
Average scwage after oxidation - - st sy =177
(ii.) In the similar filtration of sewage -through a mixture of sand and chalk, the
average results of the analysis of 11 samples of the filtered sewage afford the following
comparison with the sewage before filtration :— _ : ST
Average sewage before oxidation - =~ . Nitrogen: Carbon=1:1-8
Average sewage after oxidation =~ - - s+ s 1:6°9
(iii.) After downward intermittent filtration through soil taken from the sewage farm
at Beddington, near Croydon, 18 samples of cfluent sewage water were analysed. The
average results afford the following comparison with those yielded by the fresh sewage
before filtration :— ‘ . 3
Average sewage before oxidation - - Nitrogen: Carbon 1:1°8
Average sewage after oxidation - - N 1:6-5
(iv.)- A similar series of experiments, in which Hambrook "soil was the oxidizing

medium, gave the following comparison :— S
Average sewage before oxidation - - Nitrogen: Carbon=1:1+8
Average sewage after oxidation - - st s =1:701
(v.) The average results yielded by 12 samples of sewage water filtered intermittently
through soil taken from the Barking sewage-farm exhibit the following comparison
with the original sewage :— ‘
Average sewage before oxidation - - Nitrogen: Carbon—=1:1-8
Average sewage after oxidation ~ = - - s 1, =1:6-9
(vi.) Lastly, 16 samples of sewage similarly oxidized by intermittent filtration through
Dursley soil show the following comparison with the raw or unoxidized sewage :—
Average sewage before oxidation - - Nitrogen : Carbon=1:1"8
Average sewage after oxidation - - w o =1:4°9
It is thus evident that the proportions of nitrogen to carbon in soluble vegetable and
animal organic matters vary in opposite directions during oxidation ; a fact which renders
more difficult the decision as to whether the organic matter present in any given sample
of water is of animal or vegetable origin. This difficulty can, however, be greatly
diminished or entirely overcome by an appeal to the previous history of the water as
revealed partly by a knowledge of its source, and the kind of contamination to which
it has been expcsed, and partly through the information afforded by chemical analysis.
In the first place, if' the water is known by an inspection of its source to have been
polluted by animal matters, and to have been subjected, after such pollution, only to
the slight oxidation cffected in rivers or streams, a portion at least of the organic matter
which 1t contains must have been derived from animal matter, because we have proved
_(pages 134-138) that there is no river in Great Britain long enough to completely oxidise
or diestroy the soluble animal organic matter present in polluted water. In the second
place, if the water is found, on analysis, to contain considerable quantities of one or
more of the mineral compounds, ammonia, nitrates, and nitrites, into which anima!
organic matter is resolved during its decomposition or oxidation, the inference may be
drawn that the soluble organic matter of such water has been derived from animal sources.
But this inference must only be provisional ; it must stand or fall by an investigation
mto the source of the water ; for although the presence of the products of the decom-
pOSI_tion of animal matter indubitably convicts the water of previous pollution, yet it is
obviously possible, from the facts and considerations which we have just adduced, that
the whole of the original organic matter may: have been oxidised and converted into
Innocuous mineral compounds during the prolonged filtration of .the water through a
B2
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great thickness of porous strata, and that the water so purified may afterwards have
become contaminated with vegctable matter only. In other words, water polluted by
animal matters may become pure spring water, retaining only the innocuous evidence of
its former pollution, and may then become polluted by the soluble matter of peat.
Such water would be suspicious owing to the evidence of its previous pollution, which
it still bears about with it, and it could only be cleared from tEis suspicion on proof of
efficient purification after its pollution by animal matter. To render the water safe for
domestic use the animal pollution must have occurred before it became spring water.

It is upon this part of the investigation of potable water that the next four determi-
nations have a very important bearing.

4. Ammonia.—This mineral nitrogenous compound is rarely absent from potable
waters, which derive it, sometimes from the atmosphere, but more usually from decom-
posing animal matters. An inspection of the analytical table at page 29 shows that
rain water falling in London sometimes contains as much as *21 part of ammonia in
100,000 parts of water, but this is exceptional, and the proportion rarely exceeds one
third of that amount. The average quantity present in the 71 samples of rain water
from Rothamsted, the analyses of which are given at page 27, was - 049 part in 100,000
parts of water. In river water the proportion rarely exceeds * Ol part; in unpolluted
well water it is usually still less; whilst in spring water it is either absent altogether or
present in only very minute proportion. On the other hand, it often abounds in the
water of much polluted shallow-wells. The analytical results given at page 85 show
that the proportion of ammonia in the London shallow-well waters sometimes rises as
high as 275 parts in 100,000 parts of water. In contact with animal matter and under
the operation of oxidising influences, ammonia is very rapidly converted into nitrites and
nitrates, and its presence therefore in considerable {)roportion in shallow well waters
indicates their very recent contamination with animal matters. Its occurrence in water
from deep wells, howevet, does not permit of the same inference being drawn, because
we find that in such water the decomposition of nitrates not unfrequently gives rise to
ammonia. This is particularly the case in very deep wells, and in those which are sunk
into the Chalk beneath the London Clay. The ammonia which occurs under such cir-
cumstances is obviously still more remote from the animal matter whence it originated,
than the nitrates fiom which it was immediately derived, and which were themselves
generated by the oxidation of animal matter.

The chief significance attaching to the determination of ammonia in potable water lies
in the circumstance that this compound is derived almost exclusively from the decom-
position of animal matter. It is obvious, however, from the considerations just men-
tioned, that all inferences to be drawn from its presence must be controlled by a study
of the physical and chemical history of the water.

5. Nitrogen as Nitrates and Nitrites.—In the presence of oxygen, the nitrogen of
animal matters is transformed, in great part, into nitric acid and nitrous acid ; and these,
by combining with the basic substances always present in polluted water, are in their
turn converted into nitrates and nitrites. This transformation takes place most rapidly
and completely when the polluted water soaks through aérated soil. Thus 97 per cent.
of the combined nitrogen of London sewage is converted into nitrates during its slow
percolation through a stratum of gravelly soil only 5 feet thick. In hot climates and
in villages where the concentrated excrements of the population are allowed to soak
away into a porous soil, large quantities of nitrate of potash (nitre) are often generated.
It is thus that nitre is produced in India. Dr. W. J. Palmer, F.R.C.S., additional
Chemical Examiner to thc Government of India, thus describes the process (Journal of
the Chemical Society, vol. xxi. page 318) :—

“ The sorawallah (collector of nitre) goes about the village, examining the small surface drains
which issue from holes in the mud-wall, usually found around native dwellings and their cow»
houses; when he detects a faint white veil-like patch of crystalline ‘formation, on or near the
dark coloured borders of these little drains, he knows that a considerable quantity of nitre exists,
on or near the surface of all the surrounding earth ; he accordingly proceeds to scrape off a very
thin layer of the surface soil, which he carries away to his place of manufacture. The nitre-
producirig parts of India are more densely populated than England ; the villages are large
and are made up for the most part of mud houses surrounded by a mud wall, which generally
encloses the dwellings of a whole family, including uncles and aunts and their families as well
as grandparents and grandchildren ; every family will have at least one pair of plough oxen.
The only drains from these houses are the small surface ones before alluded to, and the onl

“ fluids which pass by these drains are urine and the small quantity of refuse water brought to the
“ house for culinary or drinking purposes. These drains open on to a small open plot of ground
“ where the drainage diffuses itself and is rapidly dried in the sun.” ’
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As further evidence that the production of nitrates in India is dependent essentially
upon the presence of animal excrements, and especially of urine, Dr. Palmer states:—

“ Firstly, that no other known source of nitre exists; and secondly, that nitre is found only in
* and near populous villages ; that it continues to be found on the same spot of ground so long as
“ it is inhabited, and gradually ceases when a village is deserted.”

Whilst the oxidation of animal matters in solution in water yields abundance of nitrates
and nitrites, vegetable matters furnish under like circumstances none, or mere traces,
of these compounds. A reference to the analytical results at pages 33-47 shows that
upland waters, which have been in contact only with mineral matters or with the vege-
table matter of uncultivated soil, contain, if any, mere traces of nitrogen in the form
of nitrates and nitrites; but the analyses at pages 47-53 show that ' as soon as the water
comes into contact with cultivated land, or is polluted by the drainage from farmyards
or human habitations, nitrates in abundance make their appearance. The presence of
these salts in sufficient quantity is, therefore, trustworthy evidence of the previous pollu-
tion of the water with animal matters. It must be borne in inind, however, that nitric
and nitrous acids are present, though in but minute quantity, in the atmosphere, and
that rain washes them out of the air through which it falls. In 71 samples of rain water
collected at Rothamsted, near St. Albans, the proportion of nitrogen as nitrates and
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nitrites varied from nil up to - 044 part in 100,000 parts of water. Even the highest -

proportion, which occured only once, is a very small one, and we have never met with
one so large in unpolluted upland waters.

6. Total combined Nitrogen.—The element nitrogen may exist in water in four forms ;
viz. :—firstly as a constituent of organic matter, sccondly as a constituent of ammonia,
thirdly as a compound of nitrates and nitrites, and fourthly as a constituent of dissolved
atmospheric air. In the last case, the nitrogen is in the free or elementary condition ;
and as it neither pollutes the water nor throws any light upon its previous pollution,
it may be left out of consideration. In all the other three forms; the nitrogen is com-
bined with other elements, constituting, either polluting matter, or the resultant of pre-
viously existing polluting matter. With a slight deduction for the minute amount of
this element which is met with in combination in rain water, the determination of total
combined nitrogen sums up, as it were, the evidence of the past and present pollation of
each water by nitrogenous organic matter of either animal or vegetable origin. The
evidence is unfortunately incomplete—i.e. the quantity of combined nitrogen which it
indicates is generally less than what was originally present—especially in spring and
summer, because some of the compounds containing nitrogen constitute an important part
of the food of both animal and vegetable organisms. Combined nitrogen also suffers
diminution whenever the organic matter in the water enters into putrefaction or under-
goes oxidation in the absence of atmospheric oxygen and in the presence of nitrates
and nitrites. The latter salts supply, under these circumstances, the oxygen required to
transform the carbon and hydrogen of the organic matter into carbonic acid and water,
whilst their nitrogen is converted only to a slight extent into ammonia, the rest being
set free and consequently ccasing to exist as combined nitrogen. It is thus that the
water of very deep wells frequently retains few or no traces of the nitrates and nitrites
which it previously held in solution, whilst a comparatively small proportion of ammonia
is found in their place. The artesian wells of I.ondon afford striking instances of this
destruction of nitrates and consequently of combined nitrogen.

7. Previous sewage or animal contamination.—It has been established by very
numerous chemical analyses, the results of which are given partly in our previous reports
- and partly in the following pages, that animal matters dissolved in water, such as those
contained in sewage, the contents of privies and cesspools, or farmyard manure, undergo
oxidation in lakes, rivers, and streums very slowly, but in the pores of an open soil very
rapidly. When this oxidation is complete, they are resolved into mineral compounds;
their carbon is converted into carbonic acid and their hydrogen into water,—products
which can no longer be identified in the adrated waters of a river or spring; but their
nitrogen is transformed partly into ammonia, chiefly however into mnitrous and nitric
acids, which, combining with the bases prescnt in nearly all water that has been in
contact with the earth, form nitrates and nitrites, and frequently remain dissolved in
the water for a long time ; there constituting a record of the sewage or other analogous
contamination, to which it has been subjected since its descent to the carth as rain.

It is convenient to have a concrete cxpression for the amount of previous animal
contamination revealed by this record of the past history of the water. Such an ex-
pression is obtained by taking as a standard of comparison the amount of total combined
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nitrogen contained in solution in 100,000 parts of average London sewage. Although
a cousiderable proportion of this nitrogen 1s found at the sewer outfall in the condition
of ammonia, it is wcll known that in the perfectly fresh sewage, the nitrogen of this
ammonia was present as a constituent of animal organic matter. The earlier analyses
of London sewage made by Professor A. W. Hofinann, F.R.S., and Mr. H. M. Witt,
F.C.S. (Appendix No. 1 to Report on Metropolitan Drainage, 1857) give the number
8:363 as the amount of total combined nitrogen contained in 100,000 parts of average
London sewage. QOur own more recent analyses (First Report, 1870, Mersey and Ribble
Basins, Vol. 1. page 63) show that 100,000 parts of average London sewage contained
in 1868 and 1869 only 7 06 parts of total combined nitrogen. This difference is doubt-
less owing to the more abundant supply of water to the metropolis at the later period.
For simplicity, however, a round number—10—was assumed as the amount of total
combined nitrogen in solution in 100,000 parts of average London sewage. This number
is considerably higher than that furnished by the earlier analyses, and is still less in
accordance with that derived from the more recent ones; but as the standard thus
adopted has now becn in use for several years, and as it would obviously be, in any
case, only a conventional one, it is not desirable to alter it merely for the sake of
bringing it into closer harmony with the present strength of London sewage, more
especially as that strength is liable to vary from 'time to time,—to be increased by a
more efficient inspection of water-fittings, and to be diminished by a more abundant
supply of water to the poorer districts of the metropolis.

In estimating, in terms of this standard, the previous animal contamination of
water, from the proportion of nitrogen, in the form of ammonia and of nitrates and
nitrites which it holds in solution, it 1s necessary to bear in mind that rain water itself
contains these substances, although in minute quantities. The average composition of
seventy-one different samples of rain water collected for us at Rothamsted by Dr. J. H,
Gilbert, F.R.S. (see page 27) gives tne amcunt of nitrogen in these forms as ‘047
part in 100,000 parts of water. This differs rather widely from the number 032 derived
from a more limited number of previous analytical observations upon rain water, and
always used by us as the constant to be deducted from the nitrogen in these forms found
in potable waters. It is excecdingly difficult however to collect samples of rain water
quite free from animal pollution. The ruin colicctor used in obtaining the samples just
alluded to was a wooden tray lined with lead — ' ,th of an acre in arca. It was
erected at a height of two fect above the ground in the middle of an arable field, and
the rain water was delivered into a glass carboy placed bencath the tray. The water
was liable to pollution, firstly from the dust of the highly manured field in which the
collector stood, and secondly, from the excremcnts of birds, the collector forming an
inviting perch near the middle of the ficld. To avoid these pollutions, the collector was
somctimes watched during heavy rain, and a sample collecied apait after the tray had
been cleansed by the rain itself from all polluting materials.  The samples mentioned in
the analytical table at page 27 and described as having been collected at a particular
hour as “3 to 4 p.m., May 18, 1869,” were sccured under these fuvourable circum-
stances.  Fifteen samples of this kind were analysed, and the mean proportion of
nitrogen found in them as a constituent ol nitrates, nitrites, and aimmonia was "034 part
in 100,000 parts of water, the maximum being *125 part and the minimum 004 part.
The average does not therefore differ materially from the constant (+032) which we have
adopted in our estimations of previous sewage or animal contamination.

After this number (-032) has been subtracted from the amount of nitrogen, in the
forms of nitrates, nitrites, and ammonia, found in 100,000 parts of a potable water, the
remainder, if any, represents the nitrogen derived from oxidized animal muatters with
which the water had been in contact. Thus a sample of water which contains, in the
forms of nitrates, nitrites, and ammonia, *326 part of nitrogen in 100,000 parts, has
obtained 326 —-032=-294 part of that nitrogen from animal matters. Now this last
amount of combined nitrogen is assumed to be contained in 2,940 parts of average
London sewage, and hence such a sample of water is said to exhibit 2,940 parts of
previous sewage or animal contamination in 100,600 parts 5 or in other words, 100,000 1bs.
of the water contain the mineral residue of an amount of animal organic matter
cqual to that found in 2,900 lbs. of average London sewage.

We are, therefore, of opinion that this constant (*032), when deducted from the
amcint of nitrogen in these forins contained in any sample of potable water, very rarely
indeed Teaves a remainder, when the water has not actually been polluted by animal
matter.  For although the maximum amount of nitrogen in the form of nitrates, nitrites
and ammonia, in rain water amounted on onc occasion to *125 part in 100,000 of water,
yet these componnds are so rapidly appropriated by vegetation as to leave, in nearly
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every case, a far smaller proportion of nitrogen in these forms, than that with which we
have debited rain water. Thus out of 195 samples of upland surface water mentioned
in the analytical tables at pages 33-47, there are only 20 which contain in 100,000 parts
more than ‘032 part of mitrogen in the form of nitrates, nitrites and ammonia, and of
these there was not one collected under such circumstances as to preclude the possibility
of animal pollution. Again, out of 21 samples of spring water from indisputably unpol-
luted sources, there were only two which contained in 100,000 parts more than 032
part of nitrogen in the form of nitrates, nitrites and ammonia. These were both taken
from a very small spring known as St. Boniface’s Wishing Well. The spring issues from
the steep slope on the south side of St. Boniface Down, Ventnor, Isle of Wight, about
100 feet below the summit of the down. The first sample was taken on November
16th, 1872, when the spring was scarcely running 2 gallons per hour: 100,000 parts of
this sample contained ‘083 part of nitrogen in the form of nitrates, nitrites and ammonia.
The second sample was coﬁected on March 8th, 1873, when the issue of water was at
least twentyfold as great as on the former occasion. This sample contained ‘061 part
of nitrogen as nitrates, nitrites and ammonia, in 100,000 parts of water. Scveral ex-
planations of this abnormal excess of ‘nitrogen in the forms just specified offer themselves.
In the first place, the upper part of Boniface Down is occasionally pastured by sheep and
cattle ; secondly, chalk naturally contains fossil animal remains in which all organic
matter is probably not oxidised ; and thirdly, the nitrogen compounds in the rain falling
upon Boniface Down may undergo concentration by the evaporation of a considerable
proportion of the water from the spongy surface of this chalk down. Considerable sup-

ort is given to the last explanation by the fact, that the proportion of chlorine as
chlorides (which are chiefly derived from sea spray), is very high, viz. 6°4 part in 100,000
parts of water in the autumn, and 74 in the spring sample, whilst the proportion in
springs at the base of the down is only from 3 to 3-6 part in 100,000 parts of water. In
summer and autumn the deposit of sea spray would be small and the evaporation great,
whilst in winter and spring the deposition of sea spray would be copious, and the
evaporation comparatively small. This would explain, on the one hand, the occurrence
of a larger proportion of nitrates, nitrites, and ammonia, and a somewhat smaller pro-
portion of chlorides in the autumn sample, and on the other, the presence of a smaller
proportion of nitrates, nitrites, and ammonia, and a somewhat larger one of chlorides in
the spring sample. Whatever be the true explanation, however, of the abnormally high
proportion of nitrates, nitrites, and ammonia in the unpolluted water of the Wishing Well,
the fact is one of but slight importance, because, as we shall presently show, the presence
of a moderate excess of nitrates, nitrites, and ammonia in spring water very rarely throws
suspicion upon the quality of the water.

The occurrence of nitrates in minute quantity in the earth of unmanured forest land
observed by M. Boussingault, was probably due to the evaporation of rain water from the
surface of the soil, and the concentration of nitrates in the upper layers. The term
unmanured as applied to soils must also be accepted with some reserve, since it is evident
from the analytical tables given at pages 60, 61, and 62, that the complete decomposition
of animal manures in soils requires a very great length of time. During the past 29 years
Mr. J. B. Lawes, ¢"R.5., and Dr. J. H. Gilbert, I.R.S., have been making an important
series of experiments at Rothamsted on the continuous cultivation of wheat on the same
land in some cases without manure, and in others with the coutinuous application of
the same manure from year to year. We were furnished by these gentlemen with
samples of drainage water from the plot of continuously unmanured lind, as well as
from those plots to which various manures had been annually applicd.  The composition
of thesc waters revealed the fact that, occasionally at least, there was an admixture
of water in the subsoil from neighbouring plots. The experimental plots constitute a
single field about 352 yards lon:z, the plots themselves are strips of this ficld running its
whole length : some are cicht yards wide, others only four yards, a separate drain pipe
passes up the centre of each at a depth of between three and four feet from the surtace.
The field is gently undulating with a zcneral inclination across the drains, but in opposite
directions at the top and bottom of the ficld. The following table, which gives the
proportions of chlorine in the drainage waters from the different plots, shows that the
£roportion of this element in the drainage water from a plot to which no chlorine has

een added in the manure is occasionally increased by contiguity to a plot upon which
manure containing chlorine has becen put.

Thus, on December 8th, 1868, the water discharged from the drain pipe of plots 3
and 4 contained only 3-8 parts of chlorine in 100,000 parts, whiist 100,000 parts of that
discharged from the drain of plot Y contained no less than six parts of chlorine.  As no
chlorine had been applied to the latter plot during seventeen years this large proportion
could only have becn derived from the neighbouring plots, which had received large
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Part L. . . . .

Crmacar.  yearly doses of chlorine. A similar comparison of the samples collected from the same
EXAMINATION. plots; on January 5th, 1872, May 18th, 1872, and October 26th, 1872, shows a like
Character of Admixture of drainage water from neighbouring plots, although to a less extent.
drainage
waters. ProprorTiON OF CHLORINE IN 100,000 PARTS OF AGRICULTURAL DRAINAGE WATERS.

Pror 2.| PLOT 3.' Pror 4.| PLoT 5. ProT 8.| ProT 7.| ProT 8.| PrOT 9.|PLOT 10.PLOT 11.|PLOT 12{PLOT 13./PLOT 14./PLCT 15.PLOT16.
) ) @
100,000 Parts of Drainage| ~ | £5 | By (88 | £ | £E | £ |E2E | & | & | £ L] £ 2 | B
Water contained. EE ég 22 | 53¢ | 235 | 2ZE| 23¢ S2f| 22¢ | 836 | 228 | 238 | 38 2EE £3
E5 | ©4 | % (G5d|Z23|22|223|C2E|fza|f8g | s | fii| g |iad iz
g3 | 2 | 5% |2%% 555 |§5R |57 247 | 579 | 56R | 5eR | 554 | g8 |Fam | S8
Chlorine, Jan. 13, 1848 - - 1'40 18 - 445 - 145 — —_ —_ —_ — — s
Do. Jan. 22,1868 - 90 —_ —_ _ — — —_ —_ —_ — — — — —
Do. Nov. 23,1868 - el 1'6 24 - —_ —_ — —_ —_ —_ —_ —_ — —
Do. Dee. 8, 1868 - 3'8 2°0 — 70 —_ 60 —_— —_— — — —_ — —
Do. Dec. 15,1869 - - - 1°42 —_ 39 -—_ —_ - - —_— i — -— —
Do. Dec. 16, 17,1869 - 114 1°23 - 4°65 - 12 _ — —_ — - — —
Do. Feb.7,1870 -| 1°03 90 *90 - 2:22 —_ 81 —_ — —_ —_ — — —
B e e | s 14 14 | 43 |68 (125 | 18 | 735 | 928 | 8o 1 5 7 =
. Jan. 5, -] 8 . . . . .3 . . . : ; - . -
Do, Jan.e1873 - | 1'4 — ol IRt il R Rt 351 9% | 805 ) 91 ) 95 | BT | 1'%
Do. Mayl1s, 1872 - | — 105 ;5 | 11 | 1es |16 |12 | 20 |28 | e1 |1 | e | e | =
Do Oecaamrs - | 8 Lo 2] |88 |2 |76 [ 1w | te | 70 | a8 | 14 | 7% r t
Do. Nov.30,1878 «| '9 it i [ e R i it A LS L T IR R e
Do. Doc.9,1872 - 105 —_ _— - — —_ —_ —_ p— — —_— — — —
Do. Dec. 17,1873 14 - — b -— _ —_ —_ —_ —_ — — — —
Do, Jan.8,1878 .| 11 — — — - — - - — — - - - -
Do, Jan.10,1878 -| 10 — — — — — - — - _ - - - -
Do. Jan.19,1878 7 ‘8 °85 1-95 25 33 —_ 2°4 2:76 275 31 25 ‘93 —_
Do. Feb.26,1873 -| ‘65 -85 10 | 100 | 13 | 18 | 70 | 145 | 15 13 1s 1'% | 170 s

But although it is thus evident that the drainage water of one plot is liable to, and
sometimes does, travel into the adjoining plots, this does not take place to a sufficient extent
toaccount for the excess of nitrates and nitrites (see pages 60, 61, and 62) above the propor-
tion contained in rain water, sometimes found in the drainage waters of those plots which
have received no nitrogenous manure. There can be no doubt that much of this excess
of nitrates is due to the oxidation of animal manure still remaining in the soil of the plots,
even although those plots have received no dressing since the year 1852 ; for the con-
siderable proportion of nitrogenous organic matter present in the drainage water shows
that there must stiil be a large quantity of such organic matter in the soil through which
the water had percolated. That this is the case, and that the nitrates are not derived
to any material extent from the crops grown upon the land is corroborated by the
analysis of numerous samples of water draining from land which had not only been
continuously unmanured, but also continuously uncropped for five years. A reference
to the table at page 62 recording the resuits of these analyses shows that the soil con-
tained considerable quantities of soluble and highly nitrogenised organic matter, and
that very large amounts of this matter were, even after the lapse of many years, still
undergoing oxidation, and yielding abundance of nitrates and nitrites.

The character of the organic matter dissolved in the drainage water of the unmanured
plots does not materially differ from that found in solution in the drainage from a plot
continuously receiving heavy annual dressings of animal manure; and it is therefore to
be inferred that in both cases a portion of the organic matter in solution is of-animal
origin. Such old animal matter as this is doubtless less likely than that which is of more
recent origin to render potable water unwholesome ; and consequently the evidence of
previous animal contamination afforded by the nitrates, nitrites, and ammonia, derived
from its decay and oxidation might, from a hygienic point of view, cast more suspicion
upon such drainage water than it really deserved. But it must be remembered, that the
results we are now commenting upon were obtained from experimental plots of unmanured
land, upon which annual crops of wheat had been grown without interruption for twenty
years, a combination of circumstances which is not likely to occur upon any considerable
scale on British farms. We are, therefore, of opinion that the presence of nitrogen in the
form of nitrates, nitrites and ammonia, in water, in quantity above that which can be
derived from rain (see p. 14), is reasonably safe and trustworthy evidence of the previous
pollution of that water by animal matters.

On the other hand, it must not be forgotten that the absence of nitrogen in these forms
is not absolutely conclusive evidence of immunity from this pollution. There are several
agencies at work by which this testimony, as to the amount of animal matter previously in
contact with the water, may be weakened or altogether destroyed. Thus we look in vain for
the full evidence of previous animal pollution in the efluent water from fields irrigated with
sewage ; because the growing plants have removed a considerable proportion of ammonia,
nitrates, and nitrites, from the liquid as it flows amongst their rootlets. In like mannel"
tle aquatic vegetation of rivers, lakes, and reservoirs, slowly removes these compounds
from the water, and to that extent destroys the evidence of anterior animal contamination.
Nitrates and nitrites are also rapidly destroyed when the organic matter in the water
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containing them enters into putrefaction,—a condition which often occurs in streams or
reservoirs containing much polluting organic matter. It again not unfrequentiy takes
place in water-bearing strata far removed from the surface, although the water in this
case may contain but a comparatively small amount of organic matter; the latter,
however, cut off from a supply of atmospheric oxygen—as in the Chalk beneath the
London Clay for instance— accomplishes its oxidation at the expense of the nitrates
or nitrites, and thus destroys them. Owing to this cause, the evidence of previous animal
contamination is not met with in the water of some deep wells in which it might otherwise
be expected to occur. . /

The previous animal contamination of water, us deduced from chemical analysis, must
therefore always be regarded as a minimum quantity ; it does not denote the comparative
freedom of different samples of water from anterior pollution ; but whenever analysis shows
this excess of nitrogen in the shape of nitrates, nitrites and ammonia, the water stands
convicted of previous contamination at least to the extent so indicated.

The importance of the history of water as regards its anterior pollution with organic
matters of animal origin, does not arise from the presence of the inorganic residucs
(pitrates, nitrites, and ammonia) of the original polluting matters, for these are in
themselves innocuous, but from the risk lest some portion (not detectable by chemical
or microscopical analysis) of the noxious constituents of the original animal matters
should have escaped that decomposition, which has resolved the remainder into innocuous
mineral compounds. This evidence of previous contamination implies, however, much
more risk when it occurs in water from rivers and shallow wells, than when it is et with
in the water of deep wells or of deep-scated springs. In the case of river water, there
is great probability that the morbific matter, sometimes present in animal excreta, will
be carried rapidly down the stream, escape decomposition, and produce disease in those
persons who drink the water; for the organic matter of sewage undergoes decomposition
very slowly when it is present in running water. In the casc of shallow-well water, the
decomposition and oxidation of the organic matter arc also very liable to be incomplete
during the rapid passage of polluted surface water into shallow wells. In the case of
deep-well and spring water, however, if the proportion of previous contamination do not
exceed 10,000 parts in 100,000 parts of water, this risk is very inconsiderable, and may
be regarded as nil if the direct access of water from the upper strata be rigidly excluded ;
because the prolonged filtration to which such water has been subjected in passing
downward through so great a thickness of soil or rock, and the rapid oxidation of the
organic matters contained in water, when the latter percolates through a porous -and
aerated soil, afford a considerable guarantee that all noxious constituents have been
removed.

It follows from what has been already stated that chemical analysis cannot discover
the noxious ingredient or ingredients in water polluted by infected sewage or animal
excreta; and as it cannot thus distinguish between infected and non-infected sewage,
the only perfectly safe course is to avoid altogether the use, for domestic purposes, of
water which has been polluted with excrementitious matters.

Neverthcless, as it is very difficult in somc localities to obtain water, which has not
been more or less polluted by excrementitious matters, it is desirable to classify such
previously contaminated drinking waters into :—

Reasonably safe water.
Suspicious or doubtful water.
Dangerous water.

Reasonably safe water—We consider that water, although it exhibits previous sewage
or animal contamination, may be regarded as reasonably safe when it is derived cither from
deep wells (say 100 feet decp), or from deep-scated springs; provided that all contami-
nated surface water has been rigidly excluded from thc well or spring, and that the
proportion of previous contamination do not exceed 10,000 parts in 100,000 parts of
water. '

Suspicious or doubtful water is, first, river or flowing water which cxhibits any propor-
tion, however small, of previous sewage or animal contamination; and, second, well or
spring water containing from 10,000 to 20,000 parts of previous contamination in 100,000
parts of water. '

Dangerous water is, first, river or flowing water which exhibits more than 20,000 parts
of previous animal contamination in 100,000; sccond, river or flowing water containing
less than 20,000 parts of previous contamination in 100,000 parts, but which is known,
from an actual inspection of the river or stream, to reccive sewage, cither discharged into
it directly or mingling with it as surface drainage ; third, as the risk attending the use
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of all previously contaminated water increases in direct proportion to the amount of such
contamination, well or deep-seated spring water exhibiting more than 20,000 parts of
previous contamination in 100,000 must be regarded as dangerous. ’

River or running water, containing less than 10,000 parts of previous animal contami-
nation, should only be provisionally placed in the class of suspicious waters, pending an
inspection of the banks of the river and tributaries ; which inspection will obviously transfer
it either to the class of reasonably safe waters, if the previous contamination be derived
exclusively from spring water, or to the class of dangerous waters, if any part of the
previous contamination be traced to the direct admission of sewage or excrementitious
matters.

8. Chlorine.—The chlorine found in potable waters is always in combination with other
elements, and chiefly with sodium in the form of chloride of sodium or common salt.
A knowledge of the proportion of chlorine in water often throws important light upon
the history of the water as regards its previous contamination with the liquid, as distin-
guished from the solid, excrements of animals. Human urine contains about 500 parts of
chlorine or 824 parts of common salt in 100,000 parts, whilst upland surface water free
from previous or present pollution rarely contains more than one part of chlorine or 1-648
part of common salt in the same weight ; and it is present in but comparatively minute
proportion in the solid excrements of animals. Again, in the casc of the metropolitan
water supply, the proportion of chlorine has sometimes afforded evidence of the admixture
of the brackish tidal waters of the polluted reaches of the Thames with the contents of
the storage reservoirs, some of which reservoirs are situated on the banks of the river and
below high water mark. By this means the admission of tidal water into the reservoirs of
one of the London companies was detected on several occasions in the year 1868, and
the culvert, through which this water was admitted, has since been removed. It is
scarcely necessary to state that the determination becomes valueless, for the purpose of
indicating previous sewage contamination, in the neighbourhood of the sea and of natural
deposits of salt. The normal proportion of chlorine, as common salt, existing in British
waters which have never been polluted by excrementitious matters is, as just stated,
about 1 part in 100,000 parts of water; but it varies considerably in different parts of
the country. Thus, at the Land’s End with a strong wind from the S.W. even rain
water contains as much as 21-8 parts of chlorine in 100,000 parts, while the Gelder Burn
at Balinoral contained on March 9th, 1872, only *35 part in 100,000 parts. Unpolluted
rivers and lakes in inland countries contain still less. Thus the RhAine at Schaffhausen
contains only ‘2 part, and the lakes of Zug and Zurich 27 and -17 part respectively
in 100,000 parts of water. The proportion of chlorine in rain water varies in like manner,
and the variation is also here doubtless due to the varying distance from the sea at which
the rain falls. Thus, whilst rain water at the Land’s End was found to contain 218 parts,
the average proportion in rain at Rothamsted was only *33 part. "

Dr. R. Angus Smith, F.R.S., Your Majesty’s Inspector Geuneral of Alkali Works,
has made numerous determinations of chlorine in rain water. We give an abstract of his
results in the following table :—

AvVERAGE CHLORINE IN RaiN WarTER.
Expressed in Parts per 100,000.

Rain obtained from ' Chlorine.

London, specimens for 1869 - - - . 12
Birkenhead, Liverpool - - - - 31
Scotland, inland country places - - - 33
Near an alkali works - - - - - ‘33
England, inland country places - - -1 39
Manchester, 1870 - - - - L 56

’ average of 1869 and 1870 - - 57
Scotland, towns (Glasgow not included) - - 57
Manchester, 1869 - - - - - 57
Newcastle-on-T'yne - - - . . 9
England, towns - - - - - -85
Glasgow - - - - - - ‘87
St. Helen’s - S - - - - 93
Liverpool - . - - - -1 99
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AvERAGE CHLORINE IN RaIN WaATER—CORtinued.

Rain obtained from ' Chlorine.
Scotland—sea-coast country places, west - - 119
» . ’ » average of, east 1-22
and west. .
Scotland—sea-coast country-places, east - - 126
Runcorn - - - - - -| 250
Waterloo, near Liverpool - - - -| 355
Ireland, Valentia - - - - - 473

5'46

England-—sea-coast country place, west, only one

Samples of rain water collected and analysed for us by Mr. J. Broughton, B.Sc., the Go-
vernment Chemist on the Cinchona plantations at Ootacamund in India, contained only
*04 part of chlorine in 100,000 parts of water during the S.W. monsoon in the spring of
1870, and 03 part when the wind blew from the N.E. In different parts of Great
Britain the proportion of chlorine in unpolluted upland surface waters varies between
wide limits, being greatest in Cornwall and Devonshire where all winds, except the east,
are liable to carry sea spray,less on the eastern side of the island which is sheltered from
the westerly gales that bring rain and spray from the Atlantic, and least in the midland
districts of England and the eastern side of Scotland. Of ten unpolluted samples of water
from Cornwall and Devonshire the maximum, minimum, and average proportion of
chlorine in 100,000 parts, were as follow :— ’

- Maximum - - - e . 210
Minimum - - . - .12
Average = - - . - - 1-53

In twenty-nine . samples from the Midland districts of England the proportions
were :(— ’ '

Maximum - - - - 152
- Minimum - - - - 57

Average - - - - ‘99 ,

The proportions in forty-three samples collected on the west coast of England
were :— ,

Maximum = - - - - 2:00

Minimum - - - - 52

Average - - - - 1'12.

The proportions in thirteen samples collected on ‘the north-east coast of England
were :— o i

Maximum - - - - 159
Minimum - - - - ‘65
Average Ca - - - 1:04

Twenty-three samples collected in the river basins on the western side of Scotland
contained chlorine in the following proportions :— , - '
Maximum - e e 152

Minimum . - - .- .- 70
Average - - - - 1-114

Lastly forty samples taken in the eastern river basins of Scotland contained the
following proportions of chlorine : — :

Maximum - - - - 140
Minimum - - - - 35
Average - . - . e - ‘841

Besides the contributions of chlorine which water receives from the ocean and from
inland saline deposits, many polluting agents furnish considerable quantitics of this
element. We have already mentioned that the liquid excrements of animals abcund
in chlorine in the shape of common salt. The drainage from sewers, middens and
cesspools is consequently rich in chloride of sodium. Twenty samples of sewage from
towns in which the midden system prevailed contained the following proportions of
chlorine in 100,000 parts :— ' i o '

- Maximum - - . 7 . 215 parts.
Minimum - = - 7 . - 65
Avel'agc R -’ - v - 11-54 .

Lo = e A . Ccs
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In thirty-six samples of sewage from towns in which the watercloset system prevailed,
the following proportions were observed :—

Maximum - - - - 21'5  parts.
Minimum - - - - 40
Average - - - - 10066 ,,

The pollution of water by the washings of the solid excrements of animals imparts
comparatively little chlorine to water. Thus seventcen samples of drainage water from
fields dressed with farmyard manurc and night soil contained in 100,000 parts the
following proportions of chlorine :—

Maximum - - - - 335 parts.
Minimum - - - - 60 ,,
Average - - - - 1'54

Of refuse liquids from manufactories seven samples of drainage water from works in
which calico was printed, dyed and bleached, gave the following proportions of chlorine
in 100,000 parts of the water :—

Maximum - - - - 7°29 parts.
Minimum - - - - 148
Average - - - - 356

In fifteen samples of drainage water from factories in which wool was scoured, dyed
and fulled, the following proportions of chlorine were observed :—

Maximum - - - - 16000 parts.
Minimum - - - - 150 ,,
Average - - - - 2069

In seven samples of drainage water from mills in which linen, flax, and jute, were
bleached, dyed and spun, contained the following proportions of chlorine : —

Maximum - - - - 83225 parts.
Minimum - - - - 429
Average - - - - 147113

In a sample of refuse liquid from a tannery the proportion of chlorine was 430-8.

The proportions of chlorine in nine samples of drainage water from paper mills were
as follow : —

Maximum - - - - 5800 parts.
Minimum - - - - 300
Average - - - - 1912,

The drainage from alkali works is nccessarily rich in chlorine. Four samples ex-
hibited the following proportions :—

Maximum - - - - 717°50 parts.
Minimum - - - - 9928
Average - - - - 53849 ,,

Still larger contributions of chlorine arc made to water by tinplate, galvanizing and
other metal works. Fifteen samples of drainage from such works contained the following
proportions :—

Maximum - - - - 19,750°00 parts.
Minimum - - - - 850
Average - - - - 1,920:30 ,,

On the other hand, operations in connexion with metalliferous mines contribute com-
paratively little to the proportion of chlorine inriver or spring water. TForty-four samples
of effluent water from mines and dressing floors exhibited the following proportions, which
are, on the average, not much higher than those contained in unpolluted water :—

Maximum - - - - 12°40 parts.
Minimum - - - - ‘60 ,,
Average - - - - 237

But the effluent water discharged from collieries and coal-washing establishments is
frequently charged with a considerable proportion of chlorine, as is seen from the follow-
ing proportions observed in twenty-seven samples of such water :—

. Maximum - - - - 7173 parts.
Minimum - - - - 120
Average - - - - 811

It is thus evident that, besides the liquid excrements of man and animals, there are
many other sourccs whence excessive proportions of chlorine in potable waters may be
derived, and that it would, therefore, be unsafe to convict a water of animal contamination
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merely upon the evidence afforded by an excessive proportion of chlorine. Nevertheless,
our experience has taught us that, in a vast majority of instances, excessive proportions
of chlorine in potable waters are due to excremental pollution; and it would, therefore,
only rarely lead to the rejection of good water if all samples, containing such an exces-
sive proportion of chlorine as 5 parts in 100,000 parts of water, were condemned as
unfit for domestic use. Of no less than 569 samples of water which our analyses have
shown to be good and wholesome there are only 53 which contain more than 5 parts
of chlorine in 100,000 parts.

9. Hardness.—Some of the mineral substances which occur in solution in potable
waters communicate to the latter the quality of hardness. Hard water decomposes
soap, and cannot be cfliciently used for washing. ‘The chief bardening ingredients met
with in potable waters are the salts of lime and magnesia. In the decomposition of soap,
these salts form curdy and insoluble compounds, containing the fatty acids of the soap,
and the lime and magnesia of the salts. So long as this decomposition goes on the
soap is useless as a detergent, and it is only after all the lime and magnesia salts have
been decomposed at the expense of the soap, that the latter begins to exert a useful effect ;
as soon as this is the case, however, the slightest further addition of soap produces
a lather when the water is agitated, but this lather is again destroyed by the addition
of a further quantity of the hard water. Thus the addition of hard water to a solution
of soap, or the converse of this operation, causes the production of the insoluble curdy
matter above mentioned. These facts render intelligible the process of washing the
skin with soap and hard water :—The skin is first wetted with the water and then soap
is applied; the latter soon decomposes all the hardening salts contained in the small
quantity of water with which the skin is covered, and there is then formed a strong
solution of soap which penetrates into the pores. This is the process which goes on
whilst a lather is being produced in personal ablution; and now the lather, and the
impurities which it has imbibed, require to be removed from the skin-—an ;peration which
can be performed in one of two ways, viz., either by wiping the lather off with a towel,
or by rinsing it away with water. In the former case, the pores of the skin are left
filled with soap solation; in the latter they become clogged with the greasy, curdy matter
which results from the action of the hard water upon the soap solution which had
previously gained possession of the pores of the cuticle. As the latter process of
removing the lather is the one universally adopted, the operation of washing with soap
and hard water is analogous to that used by the dyer and calico-printer when he fixes
his pigments in calico, woollen, or silk tissues. The pores of the skin are filled with
insoluble, greasy, and curdy salts of the fatty acids contained in the soap, and it is
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only becausc the insoluble pigment produced is white, or nearly so, that such a repulsive .

operation is tolerated. To.thosc, however, who h.ave been accustomed to wash In soit
water, the abnormal condition of the skin thus induced is, for a long time, extremely
unpleasant.

Of the hardening salts present in potable water, carbonate of lime is the one most
generally met with; and to obtain a numerical expression for this quality of hardness,
a sample containing 1 lb. of carbonate of lime or its equivalent of other hardening salts
in 100,000 lbs. is said to have one degree of hardness. Each degree of hardness
indicates the destruction and waste of 12 lbs. of the best hard soap by 100,000 lbs.,

or 10,000 gallons of the water, when used for washing.

Hard water frequently becomes softer after it has been boiled for some time. When
this is the casc a portion, at least, of the original hardening effect is due to the bi-car-
bonates of lime and magnesia. These salts are decomposed in boiling water into free
carbonic acid, which escapes as gas, and the carbonates of lime and magnesia. The
latter, being nearly insoluble in water, ceasc to exert more than a very slight, hardening
effect. As the hardness resulting from the carbonates of lime and magnesia is thus
removable by boiling the water, it is designated temporary hardness, whilst the hardening
cffect which is due chiefly to the sulphates of lime and magnesia, and cannot be got rid
of by boiling, is termed permanent hardness. The fotal hardness of a water is therefore
commonly made up partly of temporary and partly of permanent hardness.

Hard water not only acts injuriously when it is used for washing; but, when it
is employed for the generation of steam, it forms troublesome and dangerous incrusta-
tions in the boiler. A constant supply of hot water has become almost a necessity
in every household, but great difficulties are thrown in the way of its attainment by
the supply of hard water to towns, owing to the formation of thick calcareous crusts
in the heating apparatus. Waters which have much temporary hardness are most
objectionable in this respect, and the evil is so great where the heating is effected in
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a coil of pipe, as practically to prevent, in London for instance, the use of this most
convenient mode of heating water. ‘

We shall atterwards notice the advantages which a temporarily hard water has over
that which is permanently of equal or even less hardness. ‘T'he property of softening
by boiling is, however, practically of not much domestic use, because household water
is, even when used hot, either not heated to the boiling point, or is boiled for too short
a time to remove more than a small proportion of its temporary hardness. Thus thirtcen
samples of water drawn on thirteen different days from the kitchen boiler of a dwelling-
house and from that of the Athenseum Club were found to be usually nearly as hard as

the cold water with which those boilers were supplied, as is seen from the following
tabulated results :—

Errecr or Heat uroN THE HARDNESs oF WATER.

Hours at which Sample was drawn. | Harduess of Cold Water. | Hardness of Hot Water.
. "o o
8 p.. 146 136 °,
. 8 r.M. 14-4 13-9
r 8 A.M. 14-4 13-4 .'..»
9 P 146 116
8 Am. 146 7-6
8 P.M. 14-4 11-7 .
8 A.m. 14-4 121 -
8 p.M. 15-4 143
8 pP.M, 159 11°9
8 A 16°1 11-9
- 5 P, . - 187 . 18-4
5 pM. - . ) 18-7 186
6 P ' 18-7 18-4

The hardness of rain water as seen from the analytical table at pages 27-29 varies from
0° to 10°. The latter degree of hardness is, however, only attained near the seashore
and in rough weather. At Rothiamsted, in seventy-one samples, it never exceeded 1°7
and averaged only 0°49. The hardness of water which has once touched the earth
depends obviously upon the character of the gathering ground or water-bearing stratum
over or through which it passes, and also upon the length of time during which it has
been in contact with the earth, Calcareous and magnesian soils or strata cause the
water passing over or through them to be hard. If the calcareous or magnesian matter
contain carbonate of lime or carbonate of magnesia, a portion at least of the hardness will
be temporary. If, on the other haud, gypsum (sulphate of lime) be the calcareous
material, the hardness will be permanent. Unpolluted water collected from Igneous rocks,
either as surface drainage or springs, is the softest. Its hardness varies from 0°8 to 59,
and averages 2°4. Next to this in softness must be ranged the unpolluted waters
from Metamorphic, Cambrian, Silurian, and Devonian rocks, the Millstone Grit, London
Clay, and Bagshot Beds, which range from 0°4to 32°5, and average 56. The Lower
Greensand also yields very soft water (about 4° of hardness) when the water does not
previously percolate through calcareous strata, but this is so rarely the case as to prevent
any reliance from being placed upon the softness of Greensand water. The hardness of
unpolluted Greensand water sometimes ranges as high as 44°.

Amongst the slightly calcareous strata, the New Red Sandstone generally yields
water of moderate hardness, a large proportion of the hardness is, however, frequently
ermanent. In 51 samples of unpolluted New Red Sandstone water, the temporary
rdness ranged from 0° to 19>8, and averaged 7°7; whilst the total hardness varied
from' 5°7 to 35°7, and averaged 17°9.

.. Of true calcareous strata, the Mountain Limestone yields water of least total hardness,

whilst the permanent hardness is in general ouly a small proportion” of the total. T'he
analysis of nineteen samples of wunpolluted limestone water showed a total hardness
varying from 9°8 to 27°9, and averaging 15°7. The permanent hardness ranged
from 373 to 12°9, and averaged 7°1. o
The Dolomite or Magnesian Limestone generally imparts to water great hardness, a
large proportion, and sometimes nearly the whole of which is permanent. This stratum
occupies, however, a comparatively small area in this country, and the water from it is
consequently but little used for domestic purposes; we have indeed only been able to
obtajn five samples for examination. These varied in total hardness from 14°7 to 67°-3,
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and averaged 41°2; whilst the permanent hardness varied from 83 to 40>8, averaging
24>8, and the temporary hardness from 0°-8 to 26°5, averaging 16°4.

The Lias yields water of variable, but always of great hardness. The permanent
hardness of water from this geological formation is also invariably high. In ten
samples, the total hardness argued from 10°3 to 50°, and averaged 29°; the per-
manent hardness varied from 1°7 to 17°4, averaging 8°2; and the temporary hardness
from 8%6 to 35°3, averaging 20°9.

The Oolite and Chalk strata yield water of great, but chiefly of temporary hardness.
In forty samples of unpolluted Oolitic water which we have examined, the total
hardness ranged from 12°4 to 38°, and averaged 23°3; the permanent hardness varied
from 3°5 to 13°5, averaging 6°2, whilst the temporary hardness was from 6°6 to 30°,
and averaged 17°1. , :

In ninety-six samples of unpolluted water from the Chalk, the total hardness ranged
from 12°4 to 50° and averaged 26°4; the permanent hardness ranged from 2°7 to
13°8, averaging 6°2, whilst the temporary hardness varied from 6°8 to 38*6, and
averaged 20°2.

The Chalk beneath the London Clay yields water which is usually much softer than
that obtained from Chalk which is not covered by an impervious stratum. In thirteen
samples of water from this source the total hardness ranged from 0>9 to 48°5, the
average being 18>4; the permanent hardness varied from 09 to 25%4, but this
extreme number and the extreme of total hardress occurred only in the water from a
deep well at Harrow-on-the-Hill. Omitting this well, the extreme total hardness was
282 and the extreme permanent hardness 9°7; whilst, omitting the Harrow sampic,
the temporary hardness varied from 0° to 21°2, and averaged 6°-2. :

The Coal Measures yield water of very variable hardness owing to the variety.in
chemical composition presented by these rocks. The surface waters are generally very
soft, but those derived from springs and deep wells are not unfrequently very hard. .- In
sixty samples, the total hardness varied from 23 to 75° and averaged 14°7; the per-
manent hardness ranged from 1°2 to 48%5, and averaged 9°6: whilst the temporary
hardness varied from 0° to 28°-2. : , :

Water obtained from any stratum permeable to the foul liquids of sewers, middens,
and cess-pits is always hard, and generally exhibits a large proportion of permanent
hardness. The food of man and beast contains considerable quantities of lime, nearly
the whole of which, in the adult, is discharged in the liquid and solid excrements. In
272 samples of shallow well water polluted by excrementitious matters to such an
extent as to exhibit evidence of 10,000 parts and upwards of previous sewage or animal
contamination (see pages 69-88), the total hardness ranged from 9°9 to 191°, and averaged
50°5. The permanent hardness varied from 3°8 to 164°3, and averaged 31°5; whilst
the temporary hardness ranged from 0° to 52° and averaged 19°.

10. Mineral matters in suspension.—The mineral matters in suspension in potable
water are almost invariably of an innocuous character, but they diminish or altogether
destroy the transparency and brilliancy of the water, and impart a repulsive appearance,
which often leads to the rejection of a wholesome water for a bright and sparkling though
dangerous one. Slow filtration through sand is almost always effective for the removal
of visible suspended matters, but the washings of clay soils are very difficult to render
bright by sand filtration ; and in all cases filtered water, if turbid previous to filtration,
is always seen by suitable optical means, to be full of minute suspended particles, although
to unassisted vision it is perfectly clear and transparent.

11. Organic matters in suspension.—The organic matters in suspension in potable
water possess not only all the objectionable qualities of similar matters of mineral origin,
but in addition they are sometimes actively injurious (see page 140), and they always
promote the development of crowds of animalculee. Their presence in drinking water
is therefore much more objectionable than is the occurrence of mineral matters in sus-
pension. Like the suspended mineral matters, the finely divided organic matters in
suspension cannot be entirely removed by sand filtration. o -

In the performance of the analytical operations to which reference has now been made,
and of the vast mass of computations involved in the following part of this report we
have to acknowledge the valuable aid which we have received from Mr. W. Thorp, B. Sc.,
who has occupied the position of chief assistant in our laboratory during the whole
course of this inquiry. We have also to thank Mr. J. J. Day, Mr. F. Clowes, B. Sc., Mr.
J. W.Bell, and Mr. Walter Odling, who were employed during a portion ouly of the time,
for the efticient help which they rendered in the execution of the necessary analytical work.
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PART IL |

Classification and Chemical Composition of the Potable
Waters of Great Britain. |

The results of our investigations show, that as soon as water quits the vaporous ;

Crassirica-  oondition, and assumes the form of clouds and rain, it becomes more or less contami-

TION OF
WATERS.

nated by atmospheric impurities. When it reaches the earth it flows over surfaces, or .
percolates through strata, more or less soluble, and thus acquires further impurities in
addition to, or sometimes in the place of, those which it had previously contracted from
the atmosphere. It thus becomes, in some cases more, in others less, suitable for
domestic use. The nature of the changes which water suffers from such influences
must obviously depend to a great extent upon the character of the geological formations
over or through which it passes; and in studying the vast mass of analytical facts which
we have collected in reference to potable water it will, therefore, be instructive to
classify the various samples, chiefly according to the geological positions of their sources,
but also partly according to the condition of the land as to cultivation ; the last-named
basis of classification being obviously most important in the case of surface waters. It -
must be clearly understood, however, that in many cases the surface water drains not i
altogether from the solid rock formations, but also from the superficial deposits which lie ,
upon them. ]

".

|

1

!

!

In making this geological classification we have received important aid from the Officers
of the Geological Survey of Great Britain, more especially from Professor A. C. Ramsay,
F.R.S,, the Director-General of the Survey, and from Messrs. E. Best, W. Whitaker,
B.A., William Topley, and C. E. De Rance, Geologists on the English Survey.

Geological, Hyetographical, and Hydrographical Maps of the United Kingdom are
added to this report, facing page 24 ; also a Map of the polluted river basins of Great
Britain. |

CLASSIFICATION OF THE POTABLE WATERS OF GREAT
BRITAIN.

The following is the scheme which we have adopted in the classification of the waters

of Great Britain: — \
CLASS I.—RAIN WATER.

CLASS II.—UPLAND SURFACE WATERS.

This class includes all those waters which drain chiefly from uncultivated land slightly
or not at all manured. It naturally falls into the two following divisions :— 4

DIVISION I.—-WATERS FROM NON-CALCAREOUS STRATA; OR STRATA WHICH
CONTAIN NEITHER CARBONATE NOR SULPHATE OF LIME.
DIVISION IL.—WATERS FROM CALCAREOUS STRATA.
The first division is sub-divided into the following four sections :—
SecrioN I.—Surrace Warter rroM IeNwous Rocks.
SectioN II.—Surrace Water rroM MEeTaMORPHIC, CAMBRIAN, SILURIAN, anp
Devonian Rocks.
SectioN IIL—Surrace WaTer rRoM THE YOREDALE AND MILLSTONE Gryre
AND THE NON-CALCAREOUS PORTION OF THE CoAL MEASUREs.
SecrioN IV.—Surrace Warer rrom Lower LoxpoN TERTIARIES AND Bagsnoq
Bebs. '
The sccond division is broken up into the following five sections :

SectioN I.—SurracE WATER FRoM THE CALCAREOUS PORTIONS oF SILug

-
IAN ANT

Devonian Rocks. !
Secr1oN II.—Surrace WaTErR FROM MOUNTAIN LLIMESTONE.

SectioN I1I.—Surrace WaTer FROM THE CALCAREOUS PORTION OF oy Coa
MgasvREs. .
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Section IV.—Surrace Water rroM THE Lias, New Rep Sanpstone, Con-
GLOMERATE SANDSTONE, AND MAGNEsIAN LimesToNE.

SecTiON V.—Surrace WATER FRoM QOLITES.

CLASS III.—SURFACE WATERS FROM CULTIVATED LAND.

This class embraces all waters which drain from cultivated land, or from fields to
which manure is applied. Like the first class it falls into the two following divisions :—

DIVISION I.—SURFACE WATERS FROM NON-CALCAREOUS STRATA.
DIVISION II.—-SURFACE WATERS FROM CALCAREOUS STRATA.

The application of manure to land exercises such a dominant influence upon the
surface water as to nearly mask geological differences other than those broad ones which
distinguish calcareous from non-calcareous strata. It would therefore serve no usetul
purpose to classify surface waters from cultivated land more minutely by breaking up
these divisions into sections.

) CLASS IV.—.SHALLOW WELL WATERS.

This great class comprehends all those waters which are drawn from wells not more
than 50 feet deep and rarely exceeding half that depth. These wells are almost always
sunk close to human habitations, and they are then exposed to excremental pollution,
which imparts to the water salts of lime even when the well is sunk into an otherwise
non-calcareous stratum. It is, therefore, not necessary to adopt the intermediate classifi-
cation which has been employed in Classes II. and 1II. Hence Class IV. is imme-
diately subdivided into the following fourteen sections :—

SectioN I.—WaTeRs FRoM SHALLow WELLS IN SILURIAN Rocks AND GNEIss.

SectioN II.—WaTeRs FroM SHaLLow WELLS IN DevonIAN Rocks.

SectioN III.—WaTERS rroM SzarLow WELLS IN THE YOREDALE AND MiLL-
STONE GRITS.

SectioN IV.—WaTERs FroM SHaLLow WELLS IN THE CoaL MEASURES.

SEcTION V.—WaATERS FROM SuALLow WELLS IN MOUNTAIN LIMESTONE AND
MaGNESIAN LIMESTONE.

SeEcTioN VI.—WaTeRs FrRoM SHALLow WELLs IN THE NEw RED SANDSTONE.

SectioN VIL-—Waters FrRoM SuarLrLow WELLs IN THE Lias.
Section VIII.-—~WaTgRrs FrRoM SHALLow WELLS IN THE QOLITES,

SeEctioN IX.—WaTErs rFrRoM SHarLLow WEeLLs IN THE Urper anp Lowkr
GREENSAND AND WEALDEN,

SectioN X.—Waters FrRoM SrarLLow WeLrs IN THE CHALK.
SectioN XI.—Waters rFroM SsarLow WELLs IN THE GraveEl oN Lonpon
CLay.

SectioN XII.—WaTERs FrRoM SHaLLow WELLs IN BacsHor Bebs.
SectioN XIII.—WaTERs ¥roM SHALLow WELLS IN Fruvio MaRrINE Skeries.
SectioN XIV.—WaTeErs FroM SHALLow WELLS IN ALLUVIUM AND GRAVEL.

CLASS V.-DEEP WELL WATERS.

These waters have been obtsined from boreholes and from wells which are rarely
less than 100 feet in depth, and sometimes penetrate as far as 1,285 feet from tie
surface. The water feeding many of these wells started from the surface in much
the same condition as that which supplics shallow wells, but a deep well not only
compels originally polluted water to filter through a great perpendicular thickness of
strata, but also draws it from great distances in a more or less horizontal dircc-
tion, and thus the water from deep wells has usually been exposed to an exhaustive
process of purification by intermittent filtration. Such purified water is, however,
occasionally polluted, either by foul drainage entering the shaft near the surface, or by
polluted surface water gaining access to the well through open fissures in the rocks

32118. . D
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C?AR'{F fl- in which it is sunk. Hence it is necessary to distinguish two divisions in this class of
iCrassvich  waters, viz. :— : :

Spring DIVISION IL—UNPOLLUTED DEEP WELL WATERS.
waters. DIVISION II—POLLUTED DEEP WELL WATERS. .

"The first division is subdivided into the following eleven sections :—
StcrioN I,—UnpoLLutED WaTer FrRoM Deep WeLLs IN DEvonian Rocks.

Section IL.—Un~roLLuteD WaATER FROM DEEP WELLS IN MILLsTONE GRIT.

SecrioN III.—UnporLuteD WaTeEr FRoM Deep WeLLs IN THE CoAL MEASUKES,

SectioN 1V.—UnpoLLuTED WATER FROM Deep WELLS IN MAGNEsIAN LiMESTONE.

SectioN V.—Un~poLLutep WATER FROM DEEp WELLS IN New. RED SanDpsTONE.

SectioN VI.—Un~roLLuteD WATER FROM DEEr WELLS IN THE Lias.

SectioNn VII.—Un~proLLutep WaTeEr rroM Deep WELLs IN OoLITES.

SectioNn VIII.—UnrorLutep Water ¥roM Derr WEeLLs 1IN HasTINGs SAND AND
iNn THE Lower AND Upper Greensano aAND WEearLp Cray.

Secrion IX.—UnrorLLutep WaTer rroM Deep WELLS IN THE CHALK.

Section X..—Un~porrLutep Water rroM Deep WerLns IN CHALK BELOW LoONDON
Cray. ,

SectioN XI.—Un~porLuteD WaTer rroM Deep WEeLLs IN THANET SAND AND
Drirr. - ' ’

The second division (Polluted Deecp Well Waters) of this class is represented by but
few samples, as the pollution of deep wells does not often occur. - It is not, therefore,
necessary to make any formal classification of this division into sections. We have,
however, given in each case the name of the stratum into which the polluted well is

sunk. . .
CLASS VI.—-SPRING WATERS.

This large and important class consists of waters which closely resemble that obtained
from deep wells in their general chemical character. Though rarely liable to pollution,
we have found some examples in which contamination by actual organic matter has
occurred, owing, no doubt, either to the shallow source of the spring, or to the admis-
sion of polluted surface water through open fissures. It is therefore necessary to
subdivide spring, like deep well waters, into two divisions, viz. :—

DIVISION I1L—-UNPOLLUTED SPRING WATERS.
DIVISION II.—POLLUTED SPRING WATERS.

The first division is further classified into the following fourtecn sections :—
SECTION I.—UNPOLLUTED SPRING WATER FROM GRANITE AND GNEISss.

Secrion IL.—UNpoLLuTED SPRING WATER FROM SILURIAN Rocks.

SectioN III.—UnpoLrutep SPrRING WATER FrRoM DEevonNiaN Rocks, ano OrLp
RED SANDSTONE.
SgctioN IV.—UnPoLLUTED SPRING WATER ProM MOUNTAIN LIMESTONE.

SectioN V.—UNPOLLUTED SPRING WATER FROM THE YOREDALE AND MILLSTONE
GRITS.
SectioN VI.—Un~PoLLUTED SPRING WATER FROM THE CoAL MEASURES.

SectioN VI1.—UNPoLLUTED SPRING WATER FROM MAGNESIAN LIMESTONE.
SectioN VIII.—UNPOLLUTED. SPRING WATER FROM THE NEW RED SANDSTONE.
SectioN IX.—UNroLLUTED SPRING WATER FROM THE Lias.

SecTioN X.—UNPoLLUTED SPRING WATER FROM THE QOLITES.

SectioN XI..—UnpoLLuTED SrrING WATER FROM THE LOWER GREENSAND AND
HastiNGgs SAND.



SIXTH REPORT. 27 .

SecrioN XII.—UnpoLLuTeD Seriné WATER FroM THE UrpeR GREENSAND. Parr II
Section XIII.—UNpoLLuTED SPRING WATER PROM THE CHALK, 7 o

Secrion  XIV.—UnpoiLutep Sprine Water FroM FLuvio-Marine, DRIFT, AND Rain water.
GRAVEL. ' | B ‘

Polluted spring waters are, like polluted deep-well waters, of comparatively rare
occurrence, and it is, therefore, not necessary further to subdivide the second division
of this class. Lo ! ' : .

CHEMICAL COMPOSITION OF THE POTABLE WATERS OF GREAT
I 'BRITAIN. | o

- CLASS I..—RAIN WATER. |
In the investigation of the composition of rain water we have been indebted to the
courtesy of Mr. J. B. Lawes, F.R.S., and Dr. J. H. Gilbert, F.R.S., for the coliection of
samples upon Mr. Lawes'’s experimental farm at” Rothamsted, near St. Albans, 25 miles
from London; where a lesden rain collector g4 th.of an acre area has been erected.
This collector stands in the middle of an arable field, and is supported at a height of
two feet above the ground, and about 420 feet above the sea-level. The rain is delivered
by a spout into & glass carboy placed beneath the apparatus. "We have also collected a
sample in London, and one at the Land’s End when a S.W. wind was blowing, The
following table contains the results of our analyses of these samples :— - :
o ~ CoMposITION OF Ramv 'WATER; S B
Resvrts of ANALYSIS expressed in Parts per 100,000.

o Dissolvod Matters
: . : : 22 | g &
: | A te | E = : : 1 . Hardness.
DESCRIPTION AND DATE| gociite® | = é | B - z g‘fa  Hardness
OF COLLECTION. Wind. L ﬁ 281 4 |5 8!8 % : ,§§ s 1 g g ReMARKS.
' — 2 ] ° &: 2. . .
B E DESET ]
s ae g7 |58 8 18| 8| &
FroM ROTHAMBTED RAIN '
COLLECTOR.
1869. - P . . :
During thunderstorm, 9 a.m. to | S.W.to S.E. | 5-04 |-243|-022{ -126 | o0 | 126 | 720! 35| 0 | 6| -6 |No arsenic.
to 4.30 p.m. April 14. ’ . o o : ’ Traco of phos-
) ) . . I N . phoric acid.
From April 14, 4.30 pm., to | S.E. to SW. | 8:58 | ‘2135 | -02&| 070 O | -082| 260| ‘46| 9| 7|16 |Trace of phos-
April 16,9 am. . . P 4o N ‘ horic acid.
From 9 a.n’x. to 4.30 p.m., April S.W. 7°54 -iss ‘02&| 040°| ; 0 | -057 10| *59 | -9 3!1-2 P Do.
16. o . , . il e P . .
From April 16, 4.30 p.m.,, t0 sw. 7°00|233°|-00%| 055 | 0| -049| 130 ' ‘26| 6| -4f1-0 Do.
April 17, 9 am. . . ] S T ¢ ‘ . )
From 9 a.m. to 4.30 pm., April |S.W. to N.W. | 5-92 |-255 (019 +040| . 0 |-052 | 10| 40| -3|11|14 Do.
17. . = : T e .
From April 17, 4.30 pm,, to |[NN\W.to S.W.| 816 |*220|-006| *155 | 0 | 184 | 960 | ‘93| -3|1-2|1-5 Do.
April 20, 4.30 p.m. ) . NE . o
From April 20, 4.30 p.m., to 8.W. 7-06 | 121 | -018 | ‘040 0’| ‘048 10 *43 0| -1 °1
April 21, 9 a.m. . . o R s N
From 9 a.m. to 4.30 p.m. April S.w. 6°60 |'3%8|-0X9 | ‘060 | 'O °{-055| 170| 35} —| —| -3
23, distant thunder. ) L, .
From April 23, 4.30 p.m, to |S.W.to N.W.| 2-30 |-266 |-008| <055 | 0 [-048| 180| 16| — | — | 0 |Metallic arsenic
April 24,9 a.m., continuo ' - e . ) =+002,
and copious fall. : ' ' ) ‘ '
From May 8, 4.30 p.m., to May | S.E.to NE. |4-22|-131)-026| ‘040 | 0 |-059| 10| -19 | 5
4,9 a.m. .. ‘ ‘ '
Fro;n 9 am. to 4.30 pm, N.E. 2+50 | 117 | ‘015 | ‘011 0 *024 0 ‘14| — — 0 | Metallic arsenic
May 4. . : . . . . ' =001,
FromyMay 5,4.30 p.m.,to May | N.E.to 8.E. | 4-20 |-139 | 031 -055| o0 |[-076| 130| -28| 2| —| .2
6,9 am. o [ T . . .
From 4.30 pm., May 17,t09 |  S,W. 844 *109| 017|026’ 0 [-038| o | ‘38| —| —| -3|Showery.
a.m., May 18, 1869. : : . .
~ From 8 to 9 am., May 18 - S.w, 5°20 | *105 | *023 | <018 0 | -038 0 4l —f —| -1 Do.
From 9 a.m. to 430 pm, May | - S.W. 4:14 |'122(°023| ‘026" | 0 | -044 0 35| — [ — | 0 |Heavy showers.
18, 1869. - e ‘
From 3 to 4 pm., May 16,1869 |  S.W. 4-20 [-10a|-021 | -020| 0" [-037| o [ 8| | —| 1| Do
" From 9 a.m. to 4.30 p.m., May S.w. 3:24 |'128 (018 ‘018 Q | -033 0 ‘22| — | — | 0 |Heavy showers
19, 1869. , ' ) .with thunder.
From 10 to 11 am., May 19, |  S.W. 7:90 (*200(:009| <005/ ©0 |-013/ o | *16| .| .| o-| Do
©1869. , . ' Ao . o - N
From May 22, 9 am., to May |[N.W.to S.W.| 3-30 (-238 009 | -075] o0 |-071| 800| ‘0 | -=| — | .5 |No arsenie.
23,9 am.. - . ’ R - ¢ ' o , : RE . [N . y o

, i | ) . ' o PR A A . ..
. ) ) ' . J ) : i l ; . . D2
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CUABSIFICA- -
TION.
Rain water. . ComposITION OF RAIN WATER—CcoOntinued.
Dissolved Matters.
. ) %] - -
DESCRIPTION AND DATE | PProrimeto L é K e :. Eég Hardness.
s B4 - S| 2
OF COLLECTION. wind. | %5 | 5. | 88| £ |g.8| 8B H §§ ¢ | §| B Rzuinxs.
ot} a a S 35 £ | 5. = g g .
cH §3 g gs'" i [33E| & g
g AR R IR B AR
FroM RoTHAMBTED RAIN
COLLECTOR.
n-c;sn ;uay 27, 4.30 p.m., to May N.E. 258 | -012| *065 | ‘004 | 070 | 260 | ‘60| —| — | -8
, 9 a.m.
May 28, from 9 a.m. to 10 a.m. N.E. 270 | 027 | 009 | -030 | 015 | *049 80| 55| —| —| -6
Fnl:zn gune 11,9 a.m., to June N.W. 228 |‘081|°-020| ‘060 | ‘040 | ‘099 | 570 80| — | — | -1
, 9 am.
June 14,2t 6.30 am. - - N.W. 62 |-026 [-008] -041 | 010 | 052 | 120 80| —| —| —
Frtl)ga gune 14,9 a.m., to June [ N\W.to 8.W.| 1°60 |-098 {016 | 025 | 013 | <050 | 20| <45 — [ — | -1 |Hailstorm
,9am. :
From 9 a.m. to 4.30 p.m., June 15 N.W. 2:54 |‘O48|-008 | <065 | 017 | <076 | 390 45
. —| —|14| Do
From 4.30 pam., July 22 to | S.W.to SE | 2:84 |-227|-039( -080 | o0 | ‘105 . — =11 arseni
July 28,9 a.m. 340 20 14 | No o,
July 28, at 9 a.m. - - S.E. 1-80 | -086 |-007 | *020 0 | -023 0 0 —| =1 -
At 4.30 p.m., August 3 - S.W. 1'34 |-0%1 |-010( -010| O | -018 0 0 — —] 11
grom 7&0 to iu.n;., guxust ltg NES'W.S W 2°16 [-062 |-007 | 027 o | -029 0 ‘10 —| —| -8
rom September a.m., E. toSW.| 452 |-096(-032| 080 | O | -098 . — . i
September 6, 9 a.’m. 0 ® 1'4 | No arsenic.
From 6 to 7 a.m., September 10 S.E. 1:37 | ‘086|030 ‘056 0 | 076 | 140 0 — | — | 1°0 | No arsenic; thua-
. t]
From 9 am. to 4.30 p.m., Sep- | S.E. to S.W. | 1-51 |-092 [-020 | r028 | 0 | -043 — . fler ot
tember 10. o e T 1| lector ashed
From 6 to 7 a.m., September 12 N.W. 1°87 | -071 [-016 | 027 | '003 | -041 0 95 — | — .4 previonely.
From September 13, 4.80 p.m., | N.W. to SW. | 2:35 | -084 | -014 | 1020 0 | -030 0 40| —| —1| -4
to September 14, 9 a.m.
From September 18, 4.30 p.w. S.w. 1'88 |-040| 008 | ‘018 | — — — . —
to September 19, 9 a.m. 12 -1 °
From September 30, 9 a.m.,to | SE.to S.W. | 1:32 | -02a8 | -011 | ‘016 0 | -024 0 0 —| —| o
QOctober 1, 9 a.m.
From October 12, 9 am., to S.W. 2:08 | -028|°006 | ‘030 0 | -0 lecto
October 13, 9 a.l;l. o o o B n‘ruhed.
From October 18, 4.30 pm., to |S.W.to NW.| 178 [ -070 | 022 | ‘025 0 | -033 .
October 19, 9 am. ! 0 Bl Bl B Do,
From October 24, 9 a.m., to N.W. 802 |-083|°010; *035 (] +039 . .
October 26, 9 a.m. 0 20| —| —| -4 Co(l)lectg: washed
From 9 am., to 4.30 p.m., No- . N.W. 180 | -o&1 | 008 | 008 0 <015 0 0 _ _ 1 ctober 25.
vember 22.
From November 26,9 a.m., to |INW.to SW.| 191 |-032]|-0 +011 0 | -016 .
November 27, 4.36 p-m. o7 0 0 0 - - 7 | Collector washed.
From November 30, 4.30 p.m., N.E. 3:60 {131 |-043| 075 0 *10 . .
to December 4, 9 a.m. ’ 5| 300( 80| — | — | ‘6 |Snow.
1870.
From Janunary 24 to Jan .E. .E. . . . . . . v .
31’9:11‘. y uary ( N.E. to S.E. | 714 |-278 |-321 | *150 | -006 | *250 | 970 | 1°35 | — | — | 1°7 | Sample frogen.
From 12 noon to 4.30 p.m., S.E. 3°46 188 |°036| 090 | *013 | -128 35 .
oty o _ 550 35| —| — 6 C:Pﬁ?:;. washed
From 9 a.m. February 1,to 9 S.E. 2:68 | ‘036 |-017 | *042 | <005 | <057 80| 35| —| —| -3
a.m. February 2. .
From 9 n2.m. to 4.30 p.m., Feb- S.E. 2:84 |-070|+016) 048 | *002 | ‘058 100 | ‘35| —| — | -3
ruary 2.
From 4.30 p.m., February 2, to S.E. 2:03 |‘0S8|-034| 040 | ©028 | 090 | 240 | ‘28| —| — | ©
9 a.m., February 3.
From 9 a.m., February 4, to 9 S.E. 1'98 |‘O8B6 (‘023 | 045 | 003 | 063 80 *17 —_ — 0
a.m., February 5.
From 4.30 p.m., February 5, to S.E. 3:80 |*210 |-033| ‘045 | -013 | <083 . — .
4.30 p.m., February 6. ’ ? 180 40 - 4
From 4.30 p.m., February 6, to 8.E. 1:71 [-060 | -01Y | *014 | *004 | 033 0 ‘5| —| —| o0
9 a.m., February 7.
From 4.30 p.m., February 7, to S.E. 2-85 [-137 [*0&0 | ‘075 | <036 | *138 | 660 | 45| — | — | ©
9 a.m., February 8.
From 4.30 p.m., February 8, to | S.E. E. <96 |- . . . . . .
om 43 ngm;ry bre y 8, to N.E. | 2°96 [-128 |-078 | 127 | +026 | *209 | 990 65| — | — 3 | Snow water.
From 4.30 p.m., February 16 N.E. 700 | 156 (‘086 | 140 | *028 | . — |1
to 4.30 p.m,, fegmaq 16. ’ i Rl et el B e C(i!lee‘:!ttl);w;snlzod,
From 4.30 p.m., February 19, [ N.E. to N.W. | 4:30 | ‘099 | -016 | ‘077 | * - 094 . . otor washe
to 9 a.m., Fel{;rua{y 21. ’ ! 018 | rog | 440 o1 = = (i?clll)ecgtlorpw;s l:::{
At 4.30 p.m., March 1 - - S.W. 3:64 ‘038 |-028 | ‘040 | ‘004 | c062| s0| 50| — | —| - |26 am
F¥rom 4.30 p.m., March 1,t0 9 S.W. 1°50 | -027 | -014 | -020 | 011 | -041 p 2l 2| Z 06 Feb, 26, a.m.
a.m., March 2.
From 7 to 9 a.m., March 4 - N.E. 1°94 (-089 |-0258 | *035 | ©005 | <059 | 20| 50 — | — [ 1'0 |Snow, hail, and
Aitd ,
From 9 a.ni. to 3.30 p.m. March 4 N.E. 1:54 |-027 |-019| -025 | +008 | -043| 0 | 35 ™b.
From 3.30 p.m., March 4, to 9 N.E. 2:84 | -054|-026| ‘045 | -012 | -075 | 170| 70| — | — ?5 Do
a.m., March ?M ) :
From 9 a.m., March 12, to 9 NW. 64 |- . . . . . .
o e s 38 037 | ‘022 020 | <004 | 042 0 30| —! —1| -9 s,};,;o:,te,, f;;:
From 9 a.m., March 14, to 9 | N.W. to S.W.| 3-66 | -0a3 |-028 | 055 | -009 | -079 . . oas
F a.m.,9 March 16. 16, (ol el I el el ﬁ:' 127’7 ::]d
rom 9 a.m., March to 9 8.W. 2-78 [-087 | -o11 | -022 | - . . — =1 e :
am., March 17. ' . ‘ 0oL | w030 0 10 2
From 7 to 8 p.m., April 26 - N.w. 2:86 {021 |-010 | -025 | -001 | 032 0 10
T — | — | -2 |Collector washed,
From 4.30 p.m., April 29,t0 9 |S.W. to N.\W.| 3°20 {034 |-027 | 045 | -044 | - . . v
am., Apri 30, ’ ° 108 4500 108 =] =] 3| Do
From 9 am., May 1, to 9 a.m., | N.W. to S.W.| 8-22 | ‘099 [-00& | 080 | -021 | 091 | 5 . — *2 | Thander, rain
May 2. ’ "\ i B - !
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ComposITION oF RAIN WATER—cOntinued. . Rain water.
Dissolved Matters.
. | ) Ot ~ o ¢
: Approximate | 8 5 za ] g Hardness.
DESCRIPTION AND DATE| “gioctionor | = | © R . e 5 $§=. ——
OF COLLECTION. woi |58 | 88| 4 |58 5|3k s Bl E Rexinxs.
B . - =
I ARRL L IR
SR 88 | 88| 9 |57 g= E'as 28|82
FroM ROTHAMSTED RAIN
COLLECTOR. .
At3pm,May11 - - S.E. 4-08|-093|-018| -130 | -018 | *143 | 930 | ‘10| — | — | 1°4 [ Collector washed
. t 11.30 a.

At 4.30 pm, May 11 - - S.E. 2:94 | -062|-019 | *045 | 013 | 069 | 180 08| —| — | O * -

From 4.30 pm., May 11,t0 9 S.E. 2°10 {-026 |-016 | <025 | -012 | -049 10 ‘10| —| —| o0
a.m., May 12. .

From 9 a.m. to 4.30 p.m., May 18 | S.E. to SW. | 4-50 | ‘129|020 | <033 | -023 | -070 | 180 | ‘80| — | — | °4

From 9 a.m. to 4.30 p.ra., May 13 S.w. 3:26 | ‘080 -019 | <025 | 017 | ‘057 60| 25| —| —| %

1872.

From 9.30 am. to 4.30 p.m, S.E. 268 | ‘372 |-066| <095 | -029 | -178 | 750 | ‘45| — | — | 14 | Collected duri
Jan 26. The greater : v unm
panfellbetweenﬁmdlp.m. d:rrineu.

1873.
CORNWALL.

Rainwater from landward roof S.W. 42:80 | a31 |-03&| O | -020 | ‘054 0 [21°80| o {10°0 10°0|S ded
of Land’s End Hotel, Janu- ':fo“ miner:’l':
ary 2. *25; organics=

MIDDLESEX. 89,

Rainwater collected at Lancaster 8S.w. 2°76 |-383 |-0&0 | °210 | 008 | *221 | 1,490| 50| O | 1°1{1°1
Gate, Hyde Park, Novem-
ber 8.

Average - - - 8'95 | -099{-022| ‘050 | 007 | 071 | 220 ‘68| 3|17 -62

Note.—The numbers in this and the following analytical tables can be converted into grains per imperial gallon by multiplying them by 7 and
then moving the decimal point one place to the left. The same operation transforms the hardness in thesatgbles }i'nto depgreespngof hardges::n

Clark’s scale.

These results of the analytical examination of samples of rain show that this kind
of water, even when collected at a distance of twenty-five miles from any large town,
is by no means so uniformly free from impurities as is commonly supposed, and we
have every reason to believe that when rain water is collected from the roofs of houses
and stored for domestic use in tanks, it generally contains, especially if the latter are
underground, far more impurity than was found in the samples enumerated in the fore-

going table.

Indeed five out of eight samples of store

rain water which we have

examined were; very badly polluted, as is seen from the following results which they

yielded on analysis.

CowmposiTioN oF RaIN WaATER sToreD ror Domestic Usk.
ResuLts of ANALYSES expressed in parts per 100,000.

Dissolved Matters.
Previous
Total i Hardness.
. ) 1 Nitro- { Total | Sewage
DESCRIPTION solid o l::n o - genss Com- or Chlo- REMARKS.
- . itrates| bined | Animal s
In- |Carbon-|¢rogen,| ™0 | and | Ni. | Come | rine. g.- B | 4
purity. irtes, (rogon tamina- gE' E2| 2
Rain water collected in tank at |[11°70( -331 090 | ‘005 *094 | -188 660 | 1°10 4 (46| 50 | Small quantity
Qakham, Rutland, May 30, 1870. of suspended
matter.
Soft water pump, Morley’s yard, |10°80| °127 031 | ‘012 °261 | -302 2,390 | 1-20 *7 | 5°1 | 5°8 | Slightly tarbid.
. Greaseley, Notts, June 1871. .
Br'ﬁg!’ soft water cistern, Brook [126°60| ‘672 *301 | 780 | 7°910 [8-812 | 84,790 {11°50 | 4-2 [51°5 65°7 Do.
ill, Greaseley, Notts, June 1871.
Rain water from tank supplying | 810 167 021 | 009 +301 230 2,770 *90 0 8:9 | 8°9 | Contained a few
cottages at Epsom, August 1872. suspended par-
. ticles.
Ditto, September 24, 1872- -1 850 *248 088 V] +228 | -286 1,960 *70 0 89 | 39 | Turbid.
Rain water from tank Qf four ?ot- 9°42 -218 061 | 032 972 | <1589 660 <80 ‘4 {75 79 | Clear.
tages at Shurville Hill, Goring,
Nov. 20, 1878.
‘Water from Mr. Allen’s rain water | 5-28 142 ‘029 0 *031 | -060 (] *90 0 38,38 Slighﬂy tarbid.
tank, Podehole, near Spalding
(unfiltered), Nov. 24, 1873.
Rain water from N.E, tank in rear {12:00| °18%& 063 | 130 +227 | 387 3,020 | 160 0 50| 5°0 | Turbid,
of North Ca Soldiers’ Block,
Shefield Barracks, Dec. 8, 1878.
Average - - -124°05| -287 080 | 115! 1°140 {1315} 12,082 | 2°34 *7 {10°7|11°4

Note~For the translation of these numbers into grains per gallon, see note to preceding table.
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Only one of these samples was fit for domestic use, viz., that taken from Mr. Allen’s
rain’ water tank ; the others were all polluted by animal matter. -The so-called soft
water collected in a.cistern at Brook Hill, Greascley, consisted of sewage of even greater
strength than average London sewage.

In the rain falling at Rothamsted the proportion of total solid impurity ranged from
*62 part to 8+58 part in 100,000 parts, the minimum occurred in a sample collected
at 6.30 a.m. on the 14th June 1869 when the wind was blowing from the N.W., and
the maximum in an average sample collected from 4.30 p.m. on April 14th, to 9 a.m.
on April 16th, 1869, the wind having varied during the time from S.E. to S.W. The
total solid impurity averaged in seventy-one samples 3 * 42 parts in 100,000 of water. It
is very difficult to preserve average samples of rain water collected over a period of many
hours from contamination by the excrements of birds and by other terrestrial polluting
matters, but in the list of samples enumerated in the analytical table at pages 27-29
there are fifteen samples each collected during a brief period and under personal super-
vision. In these samples, however, the total solid impurity varied from *62 part in one
of the samples just.mentioned to 79 parts per 100,000 which were extracted from a
sample collected from 10 to 11 a.m. on the 19th of May 1869, when the wind was
blowing from the S.W., the average being 2+ 97 parts in 100,000 of water.

The direction of the wind exercises great influence upon the proportion of solid
impurities in the rain falling at Rothamsted. The S.W. wind brings the greatest, and
the N.W. wind the least proportion of foreign matters, as is seen from the following

table :—

ToraL Sorp ImpurrTY in 100,000 parts of Rain WaTkr.

Wind. . 'N.E. S.E. S.W. NW.
Maximum < - 2:70 4+08 7:90 2:86
Minimum - - 1-94 1-37 1-34 ‘62 -
Average - - 2:32 2-55 4-07 1:78
No. of samples - 2 4 6 3

The organic elements contained in 100,000 parts of the rain water falling at Rotham-
sted varied from 031 part in the rain which fell from 7 to 8 p.m. on the 26th April
1870, when the -wind was blowing from the N.W., to ‘438 part in the rain which fell
chiefly between 2 and 4 p.m. on the 26th January 1872 during very unusual darkness,
and when the wind was from the S.E.—the direction of London. The average pro-
portion of organic elements in the seventy-one samples collected at Rothamsted was ‘116
part in 100,000 parts of water. It is, as already stated, very difficult to preserve average
samples of rain water collected over a period of several hours duration from contamina-
tion*by the excrements of birds and by other terrestrial polluting matters, and it was found
that samples collected under personal supervision were much less contaminated with -
organic matters. 'The organic elements in the latter samples varied from *128 part in the
rain which fell from 8 to 9 a.m on the 18th May, 1869, when the wind blew from the
S.W., to 031 part per 100,000 parts, in the rain collected from 7 to 8 p.m. on the
26th April 1870, when the wind came from the N.W., the average being - 081 part of
organic elements in 100,000 parts of water. By comparison with the average of organic
elements contained in spring and deep well waters given at pages 131 and 409 it will b¢
seen that even specially collected rain water contains more organic polluting matter than
that present in water which has undergone an exhaustive treatment by natural intermittent

" filtration, whilst the best rain water that could be collected from the roofs of houses is

far less pure as regards organic pollution than water derived from deep wells or deep
seated springs. 'This result is not surprising when we reflect that the atmosphere, in
a densely peopled country like Great Britain, is the recipient of vast aggregate quantities
of impurity, derived partly from the respiration of animals, partly from the combustion
of enormous- quantities of fuel, and partly from excremental dust, the fine particles of
which, in dry windy weather, become suspended in the air to the extent, over the arca of
this country, of hundreds of tons, and remain there for weeks unless washed out by rain.
The condensation of moisture in the form of clouds in such an atmosphere must of
necessity include the imprisonment of these dispersed particles in the excessively minute
globules of water which constitute cloud and fog. Thus rain is in reality water which
has washed a more or less dirty atmosphere. It is laden with mincral and excrementitious
dust, zymotic germs, and the products of animal and vegetable decay and putrefaction.
A half-pint of rain water often condenses out of about 3,373 cubic feet.of air; and thus,in



drinking a tumbler of such water, impurities, which would only guin access to the. lungs
in about 8 days, are swallowed at once. In Great Britain, and more especially in Eng-
land, we shall, therefore, look in vain to the atmosphere for a supply of water pure
enough for dietetic purposes. Doubtless such water can be occasionali)y collected under
favourable circumstances of wind and rainfall, but the average of water so collected,
even in favoured localities, would probably always be found to be much below the
standard of purity which is easily obtained from springs and deep wells.

The direction of the wind has less influence upon the proportion of  organic impurity
in the rain water collected at Rothamsted than might be -xpected ; nevertheless, when
the wind blows from quarters between S.E. and N.E. it delivers rain distinctly more
highly charged with organic impurity than when coming from any other point. Thus
in four samples, collected when the direction of the wind was between these points of
the compass, the maximum proportion of organic elements was ‘396 part, the minimum
‘157 part, and the average ‘232 part in 100,000 parts of water. When the wind blew
from the S.E., the maximum proportion was ‘438 part, the minimum ‘042 part, and
the average in fourteen samples -127 part in 100,000 parts of water. Six samples, coi-
lected when the wind blew from points between S.W. and S.E., contained a maximum
of *166 part, a minimum of 036 part, and an average of ‘126 part of organic elements in
100,000 parts. Eighteen samples, collected when the wind blew from S.W., averaged
‘114 part of organic elements in 100,000 parts of water, the maximum being -39 part,
and the minimum ‘034 part. In eleven samples, collected when the wind blew from
N.W. to S.W., the average proportion was *110 part, the maximum being ‘216 part and
the minimum ‘039 part in 100,000 parts of water. Rain from the N.E. contained a still
smaller proportion of organic elements, the average of eight samples being ‘109 part,
. the maximum -212 part, and the minimum -036 part in 100,000 parts of water. Of all
winds, however, that blowing from the N.W. delivers rain at Rothamsted with, by far the
smallest proportion of organic elements. In eight samples the average was only ‘054
part, the maximum being only ‘087 part, and the minimum -031 part in 100,000 parts
of water. These results are nearly though not entirely in accord with those yielded
by the fifteen samples of rain collected under personal supervision, asis seen from the
following table, which shows on an average a maximum in. rain-from the S.E. and a
minimum in that from the N.W. ' I

Organic ELements in 100,000 parts of RAIN WarTk.

Wind, . N.E. ~ SE. SW. N.W.
Maximum - . ‘114 | -116 128 | 087
Minimum - - -086 *0638 *051 *031
Average - . - 075 +093 090 051
No. of samples - 2 4 6 - 8

We have already remarked at page 14 upon the mineral combined nitrogen, or
nitrogen in the form of nitrates, nitrites, and ammonia contained in rain water, and its
importance in reference to the estimation of previous sewage or animal contamination
in potable waters gemerally, and we have now only to add that, in the fifteen samples
collected under personal supervision, the average proportion of mineral nitrogen was
‘034 part in 100,000 parts of water, the maximum being 125 part and’' the minimum
‘004 part. The influence of the direction of the wind upon the proportion of mineral
nitrogen i3 illustrated by the following table in which the fifteen specially collected sampies
are embodied :— | ’

MiNERAL cOMBINED NITROGEN in 100,000 parts of RaiN WaTER.

Wind. N.E. S.E. S.W. N.W.
Maximum - - - 040 125 *037 . 044
Minimum - - <034 016 +004 022
Average - - 037 059 017 030
No. of samples - 2 4 6 8 |

1

On the average, therefore, the S.E. wind, which is liable to blow over London before
it reaches Rothamsted, delivers rain most highly charged with mineral nitrogen. The
N.E. wind comes next, then the N.W., and lastly the S.W. wind deposits rain in which
there is not one third as much mineral nitrogen as in the rain from the S.E.

D4
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Finally, the rain at Rothamsted which is most highly charged with chlorides is that
which comes from the N.E., that being the direction in which wind that has travelled
over a great extent of sea reaches Rothamsted over the shortest stretch of land. The
next most intensely chlorinous winds are the S.W. and N.W. which are nearly equal,
whilst the rain from the S.E., contains on the average only {};th as much chlorine as that
present in the rain from the N.E. The following table, which illustrates these points,
1s compiled from the results yiclded by the fifteen samples of rain which were collected
under personal supervision. The proportion of chlorine found in these samples varied
from O to 55 part in 100,000 parts of water.

CHLoRrINE in 100,000 parts of Rain Warkr.

Wind. N.E. S.E. S.w. N.W.
Maximum - - + 55 ‘10 *50 *30
Minimum - - *50 0 0 *10
Average - - *52 <04 *25 22
No. of samples - 2 4 6 3

A sample of rain water collected by us at a height of about 100 feet above the sea at
the Land’s End when a strong wind was blowing from the S.W., contained no less
than 218 parts of chlorine in 100,000 parts of water.

The average proportion of chlorine contained in the fiftcen samples was * 23 part
in 100,000 parts of water.

We have already remarked on the hardness of these samples of rain water at
page 22,

Dew anp Hoar Frosr.

Closely connected with rain water, in character, are the deposits of dew and hoar frost,
several samples of which, collected on the leaden gauge described on pp. 14 and 27, we
have submitted to analysis with the results enumerated in the following table :—

CowmpositioN oF Dew anD Hoar Frosrt.

RESULTS OF ANAL'YSIS expressed in Parts per 100,000.

Dissolved Matters.

1
|
I
!

N v I l I Nitrogen | Previous

DESCRIPTION. 1 Total Organic s Total Sewaro or

| wolid [OFE8DIC| W4e | Amuonia| Nitrates |Combined | Animal | Chlorine. | Hardness.
;Impurity.‘c”bon-. trogen. Niat‘ll'li(tlcs. Nitrogen. (:(I’llllttia()ll’]l.l.
§

Collected from May 12 to June 7, 1869 - | 5-42 ‘214 | 052 | -194 1049 9261 1,770 <60 1-4
Ditto from July 17 to August 24, 1869 - 6°20 *317 +088 140 *050 +250 1,330 *55 2.5
Ditto from June 19 to September 28, 1869 - 8:00 *268 | 057 210 1032 +262 1,730 <80 2:-4
Ditto from October 6 to October 7,1869 - | 320 ‘197 | -073 | 130 0 “180 750 .35 2-4
Ditto from October 10 to October 12, 1869- | 4°16 | -207 | -046 | -260 0 -260 1,820 .35 16
Ditto from November 17to November18,1869| 4-50 ‘195 | ‘026 *170 0 *166 1,080 53 1-6

April 2, 1870, 11 oz.
y 4, 5 1loz.
Ditto " g, ”» ;4% 0z. p - - - 2-64 ‘4350 *196 280 *028 *455 2,270 -55 1-3
” y » 0Z.
» 14, ,, 18} oz

Average - - - - | 4-87 ~z§s' ‘076 | 198 023 '262][ 1,536 53 19

Note. —For the translation of these numbers into grains per gallon, see note to table on page 29.

These results demonstrate that dew and hoar frost are even still less pure than rain
water. They are condensed out of that stratum of atmospheric air which is nearest to
the earth’s surface, and which conscquently contains, in a given volume, more impuritics
than are prescnt in the higher regions of the air where rain condenses. These forms of
water may therefore be regarded as the washings of the most impure portions of the
atmosphere. The very large proportion of ammonia contained in all these samples is
remarkable ; but it need not cxcite surprise, as it is obviously due to the continuous
cvolution of ammonia from manured land, and from putrescent animal matter near the
surface of the carth.
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CLASS II.—UPLAND SURFACE WATERS.

DIVISION IL—WATERS FROM NON-CALCAREOQOUS STRATA,

Secrion I.—UprLaND Surrace Waters rrom IGgyrous Rocks. .

The following Table contains the results of our analyses of potable waters derived ~ FA%? ol

from igneous rocks, or the uncultivated soil resting thereon. All the samples were col-  rron.

lected by ourselves personally, except the two from the river Erme, near Ivy Bridge, Colond
which were forwarded to us through the Local Government Board :— surface
waters,
CoMPOSITION OF UPLAND WATER FROM IGNEOUS ROCKS.
RESULTS OF ANALYSIS EXPRESSED IN PARrTS PER 100,000.
Dissolved Matters.
Proevious
Total [ Hardness.
Nitro- | Total owage
DESCRIPTION. Bolid |Organto m:::uo Am- | perres | ot or Chlo- _ Bemanxs,
Im- |Carbon. trogen. monia. .ndmﬁ biﬂ-?:‘ Oon- | rine. E-E. o 7
purity. trites. | trogen mﬂoﬂ. g 2 ;3
CORNWALL AXD DEVOXSHIRE. l l I
Brook at Vale Pieasant Clay Works, | 5°10 | 074 | °-013 | ‘001 0o | ‘014 o 2°10( 0 |12 | 1'2 | Very slightly
St. Austell, June 9, 1871. turbid.
Stream at Gazelan Clay Works, | 4°28 | *23% | 026 | ‘003 | 029 | 057 ) 180} © ‘8 | *8 | Clear. Yellow-
ber 20, 1872. ish.
Mountain stream above St. Neot’s, | 5:96 | ‘883 | 030 | -002 0 | -032 (] 1'70| 0 | 9 °9 | Very turbid.
September 20, 1872.
The Teign above Old Wheal Ex- | 6:08 | ‘882 | ‘088 | 004 | O [061| © 1408 (1826 |Turbid Brown-
mouth, September 26, 1872. ish.
The South Teign at Yeo Bridge, | 3:62 ‘366 | ‘019 | ‘001 0 | -020 o 1°25}.0 | 1°1] 11 | Slightly turbid.
September 27, 1872, .
Water supplied to Devonport from | 3:50 | ‘10& | -02& 0 0 | 024 o 1'25| 0 '8 *8 | Very turbid.
Dartmoor, June 2, 1878.
The Erme above Harford Bridge, | 3°38 | 128 | -o1a | -001| o | -015 o 1-20 0 |1°1]1°1 |Slightly turbid.
near Ivy Bridge, June, 1871.
The Erme, two miles lower down, | 3:70 | ‘133 | -0Z0 [ 0 | +020 ) 1'80| 0 [1°4]1:4 " "
June, 1871.
SCOTLAND.
Basixs or THE DEE AND Dox. 4
The Dee above Balmoral, March9, | 1°52 ‘132 ‘0la 0 1] 014 o *50 (] 15| 1°5 | Clear and co-
1872. . lourless.
The Gelder Burn, at Balmoral, | 1-98 | ‘196 | -019 (1] o | -o019 o 35| 0 ‘9 | -9 | Slightly turbid.
March 9, 1872. Yellowish,
Kentore Den water, Abergeldie, | 4'68 | ‘198 | 036 0 0 | -036 [ 140 | 4| 2°2| 26 | Turbid.
March 9, 1872. .
Water supplied to Aberdeen from | 4:36 | *399 | 029 [ o | -029 o *56 | 4] 1°7 | 2°1 | Slightly turbid.
the Dee, September 12, 1870. Yellowish.
The Don, at Alford, March 11, | 5°66 | *312| ‘026 | -001 | o | -027 o 1°20] -4 {32]38:6|Very slightly
1872. . turbid.
Basix or THE FoRTH.
The Banmockburs, above the vil- |[13:70 | *3%76 | *060 | 001 0 | -061 o ‘951 2| 57| 65°9 | Turbid.
lage, August 23, 1872. X
Stirling, water supply of, August2l, | 6°44 | ‘481 | -O&8 | -001 | 0 | ‘046 o ‘700 o |e7fa7]| light
1872. brown.
Basix or THE CLYDE.
Dumbarton, water supply of, August | 7°26 | -386 | 071 | 002 0 | 073 ) ‘85| 0 | 38|38 Cil:;.r. Yellow-
4, 1872.
ro:-t' Glasgow, water supply of, | 710 [ *2y3 | -0oas | -002| o0 | -047 o 85| 0 [88]|33|Very slightly
August 14, 1873. turbid:
Greenock, water supply of, July 26, | 5-42 | -801 *03Y | ‘002 0 | 039 o 1:00| 0 1919 Ye}low:sh .
1870. Slightly turbid,
Average - - -|{515] -ava| 033|001 |-003|-035| o [1'13| -1]30]31

Nots~For the translation of these numbers into grains per gallon, see note to table on page $9.
32118, E
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These analytical results, together with the known history of the several samples, lead
to the following conclusions :—

Total solid impurity.—Igneous rocks, undergoing as they do the process of weathering
but very slowly, and containing but mere traces of matter soluble in water, constitute an
excellent gathering grouxitl ' for the rain falling . upoun them. | Moréaver, as these rocks
are very slightly absorbent of moisture, a very large proportion of the rainfall flows off
their surfaces. As a natural consequence of these qualities of the collecting ground, the
water from igneous rocks always contains a very small proportion of total solid matter in
solution (total solid impurity). The total quantity of lime and magnesia contained
in waters belonging to this section is generally considerably less than one grain per
gallon, and the total weight of solid impurity is seen from the above table to vary from
1'52 part in 100,000 parts, or 1°06 grain per gallon, in the Dee at Balmoral, to 12'7 parts
in 100,000, or 889 grains per gallon, in the Bannockburn, and to average 5°15 parts in

100,000, or 36 grains per gallon. o .

Organic Elements.—Unfortunately for the purity of the water drhining ﬁom it, a large
proportion of igneous gathering ground in this country is covered with peat, which often
communicates to the water falling upon it a yellowish or brownish colour and a slightly bitter

. taste, both of -which are due to the vegetable matter of peat which is slightly soluble in

water. A moderate proportion of this matter does not appear to have any deleterious
effect upon persons drinking the water ; but when it is present in large proportion, it has a
tendency to produce diarrhcea, especially in the case of strangers to the locality who
have been accustomed to the use of non-peaty water. Thus the medical officer of health
at Inverness informed us, that the peaty water of the Ness supplied to that town
frequently affected families in this manner, for a short time after the commencement of their
residence in the town, (Fourth Report, Rivers of Scotland,Vol. II., page 53). A similar
result is known to ensue in other places in Scotland, where water strongly impregnated
with peat is used for domestic purposes. The non-absoirbent character of the igneous
rocks prevents that removal of .much of the peaty matter from the water, in the process
of percolation through an aérated material, which is so frequently observed upon

gathering grounds of a more porous description. B _ ‘
In the eighteen samples of water,belonging to this section, enumerated in the foregoing

“table, the sum of the chief organic elements (organic carbon and organic nitrogen) varied

from 087 part in 100,000 parts, or “061 grain per gallon, in the brook entering the Vale
Pleasant Clay Works near St. Austell; to *64 part in 100,000 parts, or ‘448 grain per
gallon, which was found in the Teign above Old Wheal Exmouth, in Devonshire. ’I?Ife
latter proportion is much too high to permit of the use of the water for drinking, (see
page 5). The average proportion of organic elements in the eighteen sumples was
‘311 part in 100,000 parts, or 218 grain per gallon.

‘That the organic matter contained in these waters is of vegetable origin is proved,
firstly, by the large proportion of carbon to mitrogen which it contains (see page 6),
varying from N : C = 1 : 4'31 in the organic matter contained in the Don at Alford,
March 11, 1872; toN : C = 1 : 1843 in the organic matter found in the wmoun-
tain stream above St. Neot’s, Cornwa]l, September 20, 1872,—and secondly, from the
entire absence of any evidence of previous sewage or animal contamination in all the

samples. : ‘ , e, : -

Previous sewage or amimal contaminatiorn.—All the samples having been derived
from uncultivated gathering grounds, and not having been polluted by the drainage
of inhabited places, are free from all evidence of prévious sewage or animal con-

tamination. g O SR T S

Hardness.— All the samples of upland water which we have examined from igneous
gathering grounds are very soft, owing to the almost total absence from these formations,
of' soluble : compounds of lime and magnesia. The above analytical table shows a
variation in hardness from 0°8 to 5°°9 and an average hardness of 2°1. :

General character—These waters may be shortly described as soft and peaty.
They are also generally turbid and of'a yellowish or even brownish colour, and ought,
therefore, as a ‘rule to be filtered- before being supplied for domestic use. Thosc
samples which contain more.than 0:2 part of organic carbon in 100,000 parts, equal to

* 014 grain per gallon, are not desirable for domestic use. The extreme softness of these

waters makes. them well adapted for ‘washing and for manufacturing purposes. Their
freecdom from previous sewage or_animal contamination is ‘a.considerable guarantee for

their,who]esomeness. S U ST YOOV BN INTEE > LA O VL N U T TR S IR S
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SecrioN II.— UpLaNDp SurracE WaTERS PROM METAMORPHIC, CAMBRIAN, SILURIAN, ANp PARt IL

A CLABBIFICA-
Devonian Rocks. TION.

The following table exhibits the composition of eighty-one samples of upland surface ’Surfz
waters from Metamorphic, Cambrian, Silurian, and Devonian rocks. 'g‘he numbers m"m f"’#
attached to the samples marked with an asterisk are taken from the Appendix to the mfl oﬂfe? 1

Report of the Royal Comnissior; on Wiater Supply, pp. 17 and 18. Nearly all the remaining rocks,
samples were collected by us, and all of them were analysed in our laboratory :— -

E2
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Cuisatmca- 3¢ RIVERS POLLUTION COMMISSION:

Burface waters

from Meta-  COMPOSITION OF UpLAND SurracE WATERs FROM METAMORPHIC AND OTHER

othar Tooks. Rocks—continued.

Dissolved Matters.
Previous
Total Hardness.
Nitro- | Total | Bewage
DESCRIPTION. Solid |0 fo Ame o Sl or Chlo- ‘ Remarxs.
. ni- bined | Animal g .|
Im- |Carbon. trogen. monia. and Ni- Con- rine. B ‘g 3-
parity. Nitrites.| trogen. Wﬁon. Sg 8 2
Epex Basin.

Haweswater Lake, off the Earl of | 356 ‘168 | ‘00& | ‘004 ) *007 o 54| 0 [ 18|13 |Clear and oco-
Lonsdale’s Boat House, May 16, lourless,
1867.*

Measand Beck, just above Mea- | 2°14 *31197 003 1] o +003 [ —_— — 1| —|20{Clear and co-
sand Hall, May 16, 1867.% lourless.

The Upper Lowther above Rossgill | 5-10 263 006 | ‘004 | *002 | ‘O11 [ —_— — | —121/|Clear and co-
Bridge, May 16, 1867.* A lourless.

Ullswater Lake near Pooley Bridge, | 3:63 067 000 | ‘003 | ‘0053 | ‘007 [ *60 5{1°4|1°9|Clear and co-
May 21, 1867.* . lourless.

Airy Beck just before junction with | 4-60 | -289 | ‘009 | ‘004 | O | -012 o — | —| —21]{Clear and co-
Ullswater, May 17, 1867.* lourless,

Grisedale Beck above Patterdale | 3-77 189 0312 | ‘001 | ‘012 | ‘025 o —_— — | —| 28 |Clear, Blightly
Hall, May 18, 1867.* yellow.

Goldrill Beck just above Patterdale | 8:95 | 262 | ‘0031 | ‘002 | 0 | -008 ° — | —=| —|1-6|Clear and oo
Hall, May 18, 1867.* Jourless,

Basix oF THE Demrwexrt, Cux-

BERLAND.

Thirlmore Lake at bridge in centre, | 2°66 | 194 | -00& | ‘003 | ‘003 | 008 [ 2 52| o0 ‘7| -7 |Clear and co-
May 18, 1867.* lourless,

Main feeder to Thirlmere, Ml] 18, | 2°75 ‘298 008 | 001 | ‘008 *013 o — -— — | 1°0 | Clear. Slisllﬂy
1867.* brown.

Naddle Beck above Keswick Road, | 4-05 | 366 | -00& | 001 [ *010 | ‘015 © — | =] =] o
May 183, 1867.* . lourless.

Troutbeck (Greta) May 10,1867* | 6:00 [ 836 [ 006 | <004 [ -001 | -0l0| o — | —| —{21|Clear. Yellow.

Troutbeck (Greta) in flood,May 11, | 5°91 (1089 | ‘068 | ‘006 | “015 | -088 o — | —| —|2:9{Clear. Yellow-
1867.* ish brown,

Mosedale Beck in flood, May 11, | 4°90 ‘9&A | *O&2 | ‘005 | ‘006 | 052 [ ] — — | — |20 |Clear. Yellow-
1867.*

Helvellyn Gill just above Keswick | 38-31 | :188 | 001 | “004 | *008 | -007 o - — | — |16 | Clear and co-
Road, May 13, 1867.* louless,

Watendlath Tarn at outlet, May 14, | 305 | -308 *033 | *002 | "006 | -019 [ -_ — | — |10 |Clear. Brown-
1867.* : ish.

Derwentwater Lake at foot, Septem- | 656 ‘218 | 043 | ‘001 0 +044 o 129 | 0 | 17|17 |Clear.
ber 29, 1868.

Keaw'ick: water supply of, from Skid- | 4:34 | -132 | -02& | -001 0 <025 o 1°09 | 1°3 | 2°1 | 34 | Very slightly
daw, September 29, 1868. d.

Bassenthwaite Lake at foot, Septem- | 4°64 | *18& | ‘037 0 0 087 [ 1°29 [ *8)2:0| 28| Very slightly
ber 29, 1868. id.

The Cocker near its junction with | 4°63 | -069 | ‘022 | ‘001 0 028 o 109 | “1|2:0 |21 |Very slightly
the Derwent, September 28, 1868. tarbid.

Buttermere Lake at foot, September | 3:56 | *127 | *0%0 | 004 o 043 ) ‘89| 0 | 10| 1°0 | Clear.

29, 1868.

Cmn’lmock Lake half a mile from | 4-06 | ‘3183 | °-038 | 007 0 <061 o 89| 0 (18|18 .
head, September 29, 1868.

Water supplied to Maryport from | 6:00 | -230 | 081 | ‘004 [ *044 o 1°09 | 4 |30|84|Very slightly
the Derwent, September 28, 1868. tarbid,

EHEN Basix.

Ennerdale Lake as supplied to | 2:'16 | ‘o0&z | °01% 0 o ‘017 o 99| 0 |14/ 1°4 | Clear.

Whitehaven, September 28, 1868. .
SCOTLAND.
BasiN or THE Ngss. ’

The Ness as it issues from Loch | 3:30 | -361 | ‘088 | *002 o *057 o 85| -3 |2:8 |26 |BSlightly turbid.
Ness, March 8, 1872. Yellow.
Norta Esk Basix. Forrar. *

The Bura of Mooran, March 13, | 3:04 | 224 | °*0Z8 0 0 *025 o 65| 1|17 |18 |BSlightly turbid,
1872. N

Tax Basix.

The Zay above Dunkeld, Septem- | 286 | 274 | ‘013 0 0 018 68| 4| 9|13 |Slightly turbid
ber 15, 1870. : ellow.

Water supplied to Dunkeld from | 4-02 | -185 | ‘018 0 0 018 ‘15| 0 27|27 |Clear and eo
an affluent of the Tay, March 7, lourless,
1872.

Water supplied to Blairgowrie, | 4'10| *336 | +021 | 001 0 +022 o ‘85| 0 |2:121|8lightly tarbid
August 20, 1872. and yellow.

BasiN oF THE FoRrTH. :

Loch Katrine, August 3,1870 - | 2:40 [ -188 | -022 | -001 0 | -023 o 85| 0 9| 9 | Slightly turbid.

Water supplied to the’Bridge of | 8:54 | °63a | ‘068 | 001 0 +066 ) ‘80| 0 |49 49 Bhrg'n’ and tur-
Allan, August 24, 1872. bid.

Basiy or THE TWEED.

The Tala near its source, September | 4:°02 | +108 { 017 | -003 (] ‘ol9 o ‘68| *6{1'7|2:'3[Clear and eco-
24, 1870. lourless,

The Tala near its source, April 3, | 2°92 | -080 | ‘008 0 o *008 [ 67| *4[1-7{ 21| Clear and co-
1871 lourless.

The Tweed above Peebles, April 5, | 8°16 | ‘097 | 010 0 | 048 | c053 | 110 ‘98| *6|4'2|4°8 | Clear and oo-
1870. lourless,
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Parr II.
CLASSIFICA-
TION.
Surface waters

ComposrrioN ofF UPLAND SURFACE WATERS FROM METAMORPHIC AND OTHER from Meta-

. morphic and
. Rocks—continued. other Tocks.
Dissolved Matters.
Previous
Total : 8 Hardness.
. Nitro- | Total ewage
DESCRIPTION Soid |0 1o Or::nlo Am- ng;nf% Sg“;a or Chio ; REMARKS,
Im- |Carbon. " | monia. | Nifrates bined | Teon Ul e |
N trogen. and Ni- rine. =1 ] -
purity Nitrites trogon. | tamina- NN
The Tweed above Peebles, March | 5°50 | ‘310 | ‘038 0 0 +038 1'10 | *4 | 38| 4-2 | Slightly turbid.
13, 1872.
Water supplied to Pecbles from | 7-68| ‘318 | -ox9 | o | -008 | -027 15| <634 |40
Meldon Burn, April 5, 1870.
The Megget flowing into 8t. Mary's | 4°22 | ‘€08 | -020 | 001 0 021 ‘70| *3]2°2|2'5|Yelow aud
Loch, June 20, 1871. slightly  tur-
bid.
St. Mary’s Loch at the head, April [ 4°90 | -330 | -018 | © o | -o18 o ‘65| 0 |2:6] 26 | Slightly yellow
3, 1871. and slightly
tarbid.
8t. Mary’s Loch, one mile from the | 4:74 | °293 | ‘023 0 0 023 ] ‘64| 3|23} 26 |Slightly yellow
head, September 24, 1870. and turbid.
8t. Mary’s at foot, September | 4°48 | 284 *019 0 0 +019 o <72 12021 |Clear and co-
24, 1870. . lourless.
8t. Mary’s Loch at foot, April 8, | 3:58 | -as& | 025|001 | O | 026 o ‘69| *1{1'9|2-0 |Slightly turbid.
1871.
The Ettrick above Selkirk, April 2, | 6°20 -3183 018 0 +023 | ‘038 o 80| O {3737 !Clear and co-
1870. lourless.
The Heriot near its source, Sep- | 8°'12 ( -083 | ‘010 0 0 *010 [ ‘85|18 | 4°8 | 6°1 | Clear. Brown-
tember 24, 1870. ish.
The Heriot near its source, April 1, [ 7°30 -099 *018 0 0 -015 o *89 | 11| 4°6 | 57 | Clear and co-
1871, lourless.
The Manor near its source, Feb. | 352 | ‘048 | -011 | ‘001 0 012 ) 65| 0 | 15| 1°5 | Clear and co-
22, 1873. lourless.,
Basixs or THE CLYDE AND Doox.
The Clyd: at Elvanfoot, July 19, | 572 117 *0%2 | ‘001 0 *043 o ‘70 0 [ 2:7) 27 | Slightly tarbid.
1870.
The Elvan above Leadhills Mines, | 4-30 *091 018 | *001 0 +016 75| *2(11°7|19 ” "
July 22, 1870.
The North Calder at head reser- | 9:06 661 *078 | 006 | *030 ‘110 30 1‘10 0 42 | 42 | Tarbid.
voir, March 14, 1872.
Water supplied to Hamilton, July |11°76 ‘4748 °082 | 004 0 *055 o 1-40 0 6°3 | 6°3 | Slightly turbid.
28, 1870. Brownish.
Water supplied to Glasgow from | 8-80 *339 ‘089 | *002 | ‘018 | 069 111 *1(4°3 ) 4°4 | Clear. Yellow-
Gorbals, A t 3, 1870. ’ ish.
Water supplied to Paisley from [11°68 | -8$21 | -068 | -002 0 *070 o 1°'20| 0 |59 59| Clear. Brown-
Rowbank Reservoir, July 21, ish,
1870.
Water supplied to Paisley from | 9-14 | -262 | -034& | -002 0 036 o 112 | 23941 |Clear and co-
Stanley Reservoir, July 21, 1870, lourless.
The Levern above Barrhead, July | 6°62 [ *601 | ‘089 | <008 0 066 o ‘98| 6| 1°7| 2:3 | Turbid.
27, 1870.
The Leven flowing from Loch Lo- | 346 ‘194 | 027 | <003 [} *029 [ 90| 5|13 )18 |Clear and co-
mond, July 23, 1870. lourless.

The Leven flowing from Loch Lo- | 3-40 -245 -028 0 0 +025 [ 120 ‘1129 | 30 | Slightly turbid.
mond, March 14, 1872, Colourless.
‘The Doon at the Brig, October 3, 6°60 +288 *023 | -001 (1] <024 o +87 *6 [ 2:6 | 3-2 | Slightly turbid.
1870. Colourless,

Average - -|51a| ‘298| -0a& | -002 | 006 | -031| -3 92| +3|25]|25

Note.~For the translation of these numbers into grains per gallon, see note to table on page 29.

A consideration of the results contained in this table leads to the following conclusions : —
Total solid impurity—The area of exposed Metamorphic, Cambrian, Silurian, and

Devonian rocks in Great Britain being comparatively large, the geological formations
of this section constitute some of the most important gathering grounds for potable water
supplied to towns, more especiallg' in Scotland. These formations are nearly as insoluble
in water as the igneous rocks, which they also resemble in being but slightly absorbent.
Most of the rain which falls upon them neither evaporates nor disappears beneath the
surface, but flows off rapidly as rivulets and streams, and has consequently but little time-
to take up soluble impurities. The total solid impurity in the water belonging to this
section is, therefore, but little greater than that found in upland surface water collected
from igneous rocks. i .

It varies from 2°14 parts in 100,000 parts or 1'5 grain per gallon, in the water of the
Measand Beck, Cumberland, to 12:48 parts in 100,000 parts, or 8-74 grains per gallon
in the water supplied to Ilfracombe from Slade Valley; the average of eighty-one
samples being 5'12 parts in 100,000, or 3:58 grains per imperial gallon.

Organic elements.— A large area of the rocks constituting the gathering ground of
this section of potable waters is covered with a layer of peat, which contaminates the

E3
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Parr I, Water with a brownish yellow, organic substance, rendering it slightly bitter to the taste.
Cusssrrca-  (See page 6.)

TION.
Surfaoe The weight of the chief organic elements (organic carbon and organic nitrogen), -
S ore from ©Ntering into the composition of this peaty organic matter in the eighty-one samples con-
Millstone  tained in the foregoing table of analytical results, varied from 054 part in 100,000 parts
Gritand - of water, or 038 grain per gallea in. the Manor (a tributary of the Tweed) near its
non-cal- sonrce, to 1:127 part in 100,000 parts, or *789 grain per gallon, in the T'rout Beck a
careous beds

of the Coal  tributary of the Greta in. Cumberland 5 the average amount being 317 part in 100,000
formations.  parts, or "222 grain in one imperial gallon.

The exclusively vegetable character of the organic wmatter in nearly all the samples
in the foregoing table is testified, firstly, by the large proportion of carbon to nitrogen
which the organic matter contains,—this proportion varymg from N : C = I : o in
Ullswater Lake near Pooley Bridge, to N : C = 1 : 2'47 in Ennerdale Lake as
supplicd to Whitehaven, and averaging N : C = 1 : 29-78,—and secondly, from the
absence of any evidence of previous sewage or animal contamination in all but the
following three samples :—(1.) an affluent of the Camel in Cornwall which is slightly
contaminated with the excrements of workmen who are employed in the tin-stone -:
quarry above the mine; (2.) the Tweed above Peebles which is not quite exempt from .
occasional drainage from manured land ; (3.) the North Calder in Scotland, which is also
liable to receive c%rainage from cultivated land. ' a -

Previous sewage or animal contamination.—With the three exceptions just mentioned |

all these samples of water from upland gathering ground are free from evidence of °

- previous pollution by animal matters. In the exceptional samples this evidence is very -
‘slight ; it amounts to only 30 parts in 100,000 in the North Calder, 70 parts in the
afluent of the Camel, and to 110 parts, on one occasion, in the Tweed above Pcebles.
These three streams ought, however, to be inspected before their waters are used for

domestic purposes, and they' ought to be avoided if it be found that unpurified sewage °
enters them. (See remarks on page 17.) : o o

Hardness.—Nearly all the samBles belonging to this section are very soft,—the Meta-
morphic, Cambrian, Silurian, and Devonian rocks containing, as a rule, but mere $races of
soluble salts of lime and magnesia. The analytical table shows that the minimum hardness
occurs in the water of the Bala Lake, which has a hardness of only 0°4, and the
maximum in the water supplied to. Ilfracombe from the Slade Va]legr which has 69 of
hardness. The average hardness of the eighty-one samples is only 2°5. U

General character.—The general character of these waters closcly resembles that of the -
. upland surface waters from igneous rocks ; both classes of waters are soft and, generally,
peaty. The waters of Section II. are, however, less liable to turbidity than those from
igneous rocks, and they are also, on the average, less contaminated with peat. Their
general freedom from previous sewage or animal contamination is favourable testimony to
their wholesomeness, whilst their extreme softness renders them very suitable for washing
and for manufacturing purposes. Sand filtration will diminish the yellow tinge, and -
generally - improve the quality of these waters for domestic use; but it is somerv,riit less
imperatively required than in the casc of uplaind surface waters from Igneous. rocks.
Those samples which contain more than 0°2 part of organic carbon in 100,000 parts of
water, equal to 0'14 grain per imperial gallon, should not be supplied for domestic use ‘if
they can be dispensed with, as they are usually slightly coloured and unpalatable. -

SectioN TIT.—UpLaND SurracE WATERS FrRoM THE YOREDALE AND MiLLstoNE GRITS
' AND THE NON-CALCARELUS PORTION OF THE CoAL MEASURES. ~ . R

The following table contains the results furnished by forty-seven samples of upland’
surface water from the Yoredale and Millstone Grits and Coal Measures WI;ICH submitted
to chemical analysis. The hcad waters of the Wear and Tees drain a country in which

there is a good deal of mountain limestone, but this is so covered wup with peat as to-y
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prevent the hardness of the water from being thereby much affected. All the samples ~ Paer 1L

PR - ' oy 91 : CLASSIFIOA-
were analysed in our laboratory, and nearly all were collected by us personully :— TIoN.

: - Surface waters

CoMPOSITION OF UPLAND SURFACE WATERS FROM THE YOREDALE AND MILLSTONE GRITS  from Millstone

‘ ‘ ) AND THE COAL MEASURES, Grit and Coal
Measunes.



Part 1L

Crassirca- 40 RIVERS POLLUTION COMMISSION:
TION.

Burksce waters ComMprosITION OF UPLAND SURFACE WATERS FROM THE YOREDALE
m ne .

Grit and Coal Grrrs, &c.—continued.

Mensures.

Dissolved Matters.
Previous|
Total . Hardness.
RIPTION. Nitro- | Total | Sewage
DESC ON. Solid wu;-‘..uo Am- | genas | Com: or Chio- REMARKS.
Im- oarbon.| . o op,, | monis. itratos bﬁ’f;" Con- | rine. %E é°§
! 3 ° Nitri
. purity. tes.| trogen. tion. = E B g

One of the head waters of the | 6°30 | ‘713 | ‘08& (] 0 084 o ‘80| O (29|29 | Slightly turbid.
Wear, October 3 1871.

Another of the head waters of the {10°20 + 666 084 | ‘001 0 *055 o *65 |12 | 59| 7°1 | Turbid.

Wear, October 5, 1871.

One of the head waters of the | 7°60 {1° 083 071 | *001 0 *072 o *75 ‘712784 ”
Tees, October 5, 1871.

Another of the head waters of the | 7°40 | 922 | ‘069 | *001 0 +070 o *70 | 4|81 85| Very turbid.
Tees, October 4, 1871.

Basix oF THE Don.

Water supplied to Sheffield, Decem- | 8-36 386 *08Y | 001 | -032 *090 10 -85 (1] 4°'4 | 4°4 | Turbid.
ber 20, 1872.

BasiN oF THE DErwWENT (DERBY-

SHIRE). :

Water supplied to Buxton from [10°28 (| ‘623 | -086 | *001 | ‘016 | 0738 ° 70| o | 57|57 | Turbid Brown-
Burbridge reservoir, October 11, ish.

1872,

Water supplied to Buxton from [11°14 | -411 [ 108 | -001 | -012 | ‘116 ° 70| o [53|538]|WV turbid,
Watford reservoir, October 11, tly yel-
1872. low.

Water supplied to Buxton from | 5°54 | -809 | °-O&1 | 003 | 014 | -057 o 70| 0 |32:2|2:2|Slghtly turbid.
Lightwood reservoir, October Slightly yel-
11, 1872. low.

WALES.

Swansea, water supply of, October | 4°84 | ‘208 | °028 0 | 010 | -035 o 1°110 | °*1(2°2| 2'3 | Turbid.

17, 1872.
SCOTLAND.

. Basix or tae ForTa.

Water supply to Edinburgh from (11-28 | -187 | °031 | 001 0 +032 o 1°04 | ‘7| 54|61 |Clear.
Crawley Burn, September 22,

1868.

Ditto from lee reservoir, Pent-| 888 | ‘638 | -O3& | ‘005 0 *038 ) ‘95, O | 4°7 | 4'7 | Brown and
land Hills, June 13, 1871. slightly turbid.

Ditto from Harperrig reservoir,Pent-| 716 | 1 &87 *061 | *012 0 *071 [ ] -77 ‘4127|831 | Verybrownand
land Hills, June 6, 1871. turbid.

Water supplied to Stirling, August | 6-44 | ‘481 | ‘048 | ‘001 0 <046 o 70, 0 | 27127 | Tarbid and
21, 1872. brown.

The South Esk at Gladhouse Mill, | 9°86 | 682 | °082 | ‘004 0 +055 o ‘90 | O | 57| 5'7 | Brownish and
June 16, 1871. very turbid.

Basix or THE CLYDE.

The Dotglal' at Standish Railway |11-48 ‘777 083 | 001 1] *054 [ ] *95 0 6°3 | 6°8 | Turbid.
Station, March 15, 1872.

Average - - - - 875 -377 ‘033 | 003 | 010 *050 6 1:05 ‘414847

Note.~—For the translation of these numbers into grains per gallon, see note to table on page 29.

Upon the foregoing amalytical results we have the following observations to offer :—

Total solid impurity.—The Millstone Grit and the non-calcareous portions of the Coal

Measures contain somewhat larger quantities of constituents soluble in water than are met
with in the Igneous, Metamorphic, Cambrian, Silurian, and Devonian rocks ; hence upland
surface waters collected from gathering grounds consisting of the first-named forma-
tions contain larger proportions of total solid impurity. Still these proportions are but
moderate, and these rocks form some of the best collecting surfaces in Great Britain.
Many of the large manufacturing towns of -Lancashire and Yorkshire are supplied with
water for potable and manufacturing purposes, by the storage, in vast reservoirs, of the
upland drainage from these formations. Being but slightly absorbent, they yield to the
impounded rivulets and streams a large proportion of the actual rainfall. The total solid
impurity in these waters varied from 4:58 parts in 100,000 parts, or 3:21 grains per
gallon, in the water supplied to the town of Lancaster from Bleasdale Fells, to 15 parts
in 100,000, or 10°5 grains per gallon, which we found in the water supplied to Leeds
from gatbering grounds at Eccup. On the average of forty-seven samples the total solid
impurity was 8'75 parts in 100,000, or 612 grains per imperial gallon of water.
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Organic elements.—There is a good deal of peat upon these gathering grounds, and
consequently the water flowing from them often contains rather a large proportion of vege-
table organic matter. The weight of the chief elements of this organic matter (organic
carbon and organic nitrogen) in the forty-seven samples enumerated in the foregoing table
of analytical results ranged from *045 part in 100,000 parts, or 032 grain per imperial
gallon, in the Rochdale Road Calder, which was, however, chiefly supplied by springs
at the time our sample was taken ; to 1'518 part in 100,000 parts, or 1°063 grain per gallon,
in the water of the Harperrig reservoir on the slopes of the Pentland Hills near
Edinburgh ; the mean of forty-seven samples being 41 part in 100,000 parts, or ‘287 grain
per imperial gallon. The remarks which -we have made at page 34 respecting the
organic matter in upland surface water from igneous rocks are equally applicable to
organic matter found in the waters we are now discussing. That it is almost universally
of vegetable origin may be inferred from the large proportion of carbon to nitrogen which
it contains : '

Maximum - - - N:C=1: «
Minimum - - - N:C=1:2%5
Average - - -« N:C=1:99

The minimum proportion occurs in the water of the Rochdale Road Calder which,
as stated above, was chiefly spring water at the time the sample was taken; and we
have shown at page 8, that when peaty water becomes spring water, there is always a
great diminution in the proportion of carbon to nitrogen. Omitting this sample the
minimum proportion would be N : C =1 : 3:99.

The vegetable character of the organic matter is confirmed in all the samples except
five, by the absence of all evidence of previous sewage or animal contamination.

Previous sewage or animal contamination.—In only five samples is there any evidence
of previous contamination of this kind. These occur in the Burnley Road Calder, to
the extent of 130 parts in 100,000 parts of water ; in the Ramsden Clough Calder, in the
proportion of 120 parts in 100,000; and in the waters supplied to Halifax and to Sheffield
to the extent of 10 parts per 100,000 in each case. One of the samples supplied to Man-
chester also exhibited 30 parts per 100,000. Even the highest proportion is very small,
nevertheless the cause of its occurrence ought to be sought out and the water judged
as explained on page 17.

Hardness.—The upland surface waters from the Millstone Grit and Coal Measures are
but slightly harder than those collected from Igneous rocks and from Metamorphic,
Cambrian, Silurian, and Devonian rocks. The hardness is nearly all of the permanent
kind ; that is to say, it is not removed by boiling the water. Of all the waters which we
have examined from these formations, that supplied to Lancaster from Bleasdale Fells
was the softest. It had only {%ths of a degree of hardness. The hardest sample was
that supplied to Preston, which had 9°. The mean hardness of the forty-seven samples
was 4°7. ‘

General character.—The waters collected from the uncultivated surfaces of the Mill-
stone Grit and Coal Measures are always well adapted for manufacturing purposes, and
generally for domestic use. They are soft and therefore suitable for washing and
cleansing operations, but they are, as a rule, somewhat peaty, and therefore liable to
be slightly unpalatable and to be tinged of a yellow or brownish colour. These
waters are generally turbid and ought always to be subjected to prolonged sub-
sidence, or, preferably, to sand filtration, before distribution to consumers. When the
proportion of peaty matter becomes so large as to raise the organic carbon above 0-2 part
in 100,000 parts, or 014 grain per imperial gallon, the water ought not, except under the
pressure of necessity, to be supglied for domestic use, as it will usually be more or less
unpalatable. The freedom of these waters, with very few exceptions, from all evidence
of previous sewage or animal contamination affords favourable testimony to their whole-
someness.

SecTioN IV.—UpLAND Surrace WATER ¥roM LowtR LoNDON TERTIARIES AND Bagshor
Bebs.

The following table shows the chemical composition of three samples of upland surface
water from the Lower London Tertiaries and Bagshot Beds. The two first-named
32118. ¥

Panr IL.
CLASSIFICA-
TION.

Surface
waters from
the Lower
Tertiaries.
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P IL
C:.::Txmu- eamples .were collected by ourselves, and all three were analysed: in the laboratory
mox- of the Commission :— : ' :

Surface ' . ' .
waters from CoMPOSITION OF UPLAND SURFACE WATER FROM LOWER LoNDON TERTIARIES AND BAGsHOT BEDS.
gt‘:::.““’ : : REsULTS OF ANALYSIS, EXPRESSED IN PARTS PER 100,000. .
Dissolved Matters.
Previous
Total : 8 Hardness.
L : Nitro- | Total | Bewage
DESCRIFTION. Solid |Organto[O"FC Ay, | geu'ns | Com- | o ©F | Chlo- Reuazxs.
- Nitrates| bined | Animall = g | s
Im- |carbon, trogen. monia. | and Ni- Oon- | rine. & Eg
purity. * Nitrites.| trogen. “a‘::." 5 g E gl £
Water supplied to Bournemouth, | 5°92 | ‘282 | ‘039 (] o | -039 o 2:85| 0 | 1'8 | 1°8 | Clear.
March 11, 1873.
Taames Basmv. '
Water supplied to Aldershot Camp, | 6°14 | ‘417 | ‘048 | 001 0 | ‘049 o 124 | 9 [ 32| 41 | Slightly tarbid.
May 1, 1868. ' - ‘
One of the afluents of the Ravens- [13-14 | ‘439 | ‘086 | -012 | <020 | -086| o |2:60| 0 |56 |56 |Turbid
bourne at Keston near Bromley, : i - " :
April 17, 1873. . : : )
Average - - - -|840| -399 | -oa8 | 004 | 007 | ‘058 o 2:06| ‘88538

Note.—For the translation of these numbers into grains per gallon, see note to table on page 29.

The number of samples of these waters which we have met with is too small to
enable us to give any trustworthy opinion as to the quality of water likely to be yielded
by the lower London Tertiaries and Bagshaot Beds. .The three samples enumerated in the
above table contain 8 moderate amount of total solid impurity in solution, and a large
proportion of organic elements (organic carbon and organic nitrogen). They exhibit
no evidence of previous animal pollution, and are soft, the water supplied to Bournemouth
from the Bagshot Beds having less than 2° of hardness. These samples are probably
not actually unwholesome, but they contain so much vegetable organic matter as to
render them somewhat unpalatable.

DIVISION IL—WATERS FROM CALCAREOUS STRATA.

' SectioN I.—UpLAND SurracE WATER FROM THE CALCAREOUS PORTIONS OF SILURIAN
AND Devonian Rocks.

The following table contains the results of our analysis of three samples of water from
the calcareous portion of the Silurian and Devonian formations. All the samples were

collected by us:—

ComPoSITION OF UPLAND SURFACE WATER FROM SILURIAN AND DEVONIAN RoCKs.
ResuLTS OF ANALYSIS, EXPRESSED IN PARTS PER 100,000.

' Dissolved Matters.
: Previous
Total Nitro- | Total | Sewage Hardness,
I . 1 0
DESCRIPT QN Solid |organto Or:::uc Am- | gens g&u;& P Chlo- : " REMARKS,
Im- |Carbon. monis.| “and Ni- | Oom= | line. : =
. trogen. 3
purity. Lt Nitrites, trogen. | tamina-| s%’ EE g
SCOTLAND.
HAwiok, water supply of, April 1, (14°46 | °103 | -008 0 +008 | *016 o 83 [ 35| 5-2 | 87 | Clear.
1870. .

Berwick-oN-TweeD, the Whit- (12:26 | 327 | 028 0 ‘055 | 0801 230 [1°62| 0 | 7:5| 75| Slightl i
adder above Chirnside Paper . Slightly turbid.
Mill, April 4, 1870.

The n near junction with [14-40 ‘478 056 0 0 +046 o 115 0 96|96 » »
Clyde, March 15, 1872. ' ‘ ‘ : ' : :

Average - - - - {183-71 301 | 026 0o <021 | -047 77 120 | 1-2 | 7°4 | 8°6

Note~For the transiation of these numbers into grains per gallon, see note to table on page 29.
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The Silurian and Devonian series of rocks occasionally include limestone, but'this is Paer 1L
always compact and usually very sparsely distributed, consequently the upland waters, Crassica-
collected even from the calcareous portions of these formations, present the characteristics
of calcareous waters only in a mitigated degree. ~They are harder than most of the Snl'fwefr
waters from non-calcareous rocks, but much softer than upland water collected from the M“‘momsm:m
Mountain Limestone and other more recent calcareous strata. The water supplied to Jimestone.
Hawick is satisfactory in all respects; but the Whitadder and the Nethan are too mucly
polluted with organic matter to be desirable potable waters. The Whitadder is not
altogether an upland water, as it receives drainage from cultivated land, und bhence
exhibits some evidence of previous animal contamination.

Section II.—UpranD SurracE WATER PROM MOUNTAIN LiIMESTONE.
The following Tdble contains the results of analysis of seven samples of upland surface
water which we collected from the Mountain Limestone : — '
CoMPoSITION OF UPLAND SURFACE WATER FROM MOUNTAIN LIMESTONE.
RESULTS OF ANALYSIS EXPRESSED IN PARTS PER 100,000.
MAIRER SRR T T T * .
Dissolved Matters.
o Previous ‘
ESCR Total . Sewage Hardness.
. i - . Nitro- | Botal wag -
DESCRIPTION Solid|Organte| "Tnr'% Am- | gonas | Com- | o OF | Ohlo- |- : Raunxs.
In.;- Oarbon. trogen. ‘monia. ::‘tes mﬁ‘ﬁd ocon- | rine. Q.E. E§ 4
puriey. : A Nlmm ) t’om R é ~ g i
YORKSHIRE. :
Stream from Malham Tarn, Sept. (1245 | 278 | ‘030 | *002 0 -032 [ *95 | 9:3 | 4:3 |18°6 | Clear.
30, 1869. '
Slm;mx.water supply of, October {16°40 ‘361 | ‘038 | 002 | ‘042 | -082 120 | 1°41 88| 7:3 106 [ Very turbid.
. 4,1869. . : e Partly from
‘ , Millstone Grit.
The Wharfe at, the Strid, Bolton {1630 ‘364 *028 | ‘001 o 1024 ‘92 [ 6°9 | 7°0 [13°9 | Clear. Yellow.
Abbey, October 4, 1869. ) . . .
The Hodder at junction with the |14:06 | ‘218 | ‘038 0 0 *038 1°29 [ 4°1715:7 | 9°8 | Clear.
Ribble, July 31, 1868. . . . * . .
NORTHUMBERLAND AND
DURHAM. ‘ , ‘ , .

NEwCASTLE, water supply of, from. [28°40 ‘237 +062 0 0 +062 o 1'59 |-5°8 | 8°1 [18°9 ”
Whittledean, September 16, 1868. : ' o
Hexnau, water supply of, Septem- [19°10 | ‘328 | ‘043 0 | -088 | -081 60 1°40 | 8°7 | 5°9 {146 » ™

ber 80, 1871.

The Stonecroft burn, afluent. of the [17°76 ‘812 ‘097 0 0 +097 o 1415 | 1°7 {10°6 {123 | Slightly turbid.
. Tyne, Beptember 80, 1871. ) o i : Brownish.
. . "
Aversge- - - [17:07 | ‘370 | -eay |-001 | -011 |-059 | 26 |1-24 .67 | 7-0 127

Note.—For the translation of these numbers into gré,ix;s per gallon, see note to table on page 29.

The investigation of these samples leads to the conclusion that the Mountain Lime-
stone is not a favourable formation for the collection of surface water, if the latter be
required for domestic purposes. -The water is not of excessive hardness, and is therefore
not unsuitable for manufacturing purposes, but out of the seven samples examined there

is not  one which can be unreservedly recommended for domestic use. The chie
objection to these waters is due to the large proportion 'of peaty matter which the

f

contain in solution. -The proportion of organic carbon which they yield on analysis
surpasses, in every instance, that which we would recommend to be observed as the

maximum whenever practicable (0°2 part in 100,000 parts).

Although the organic

matter yielding this carbon is almost altogether, if not entirely, of vegetable origin, and
therefore not intrinsically unwholesome, still it colours the-water of a yellowish or brownish . -
tint and makes it unpalatable; and experience demonstrates that the supply of such co-
loured and somewhat bitter water often drives the inhabitants of towns to the use of the
very unwholesome but much more palatable beverage of polluted shallow wells. The
proportion of. nitrogen to carbon in the organic matter of these waters varied from

1
1

.

.
-

.

b '

8°57.
SectrioN IILI. —UPLAND SURFACE WATER FROM THE CALCAREOU

s PORTION OF THE
CoAL MEasURES. - ‘

We have examined twenty-six s

-portlons of the Coal Measures. : T

C. = 1 : 882 in the water supplied to Newcastle from Whittledean to
15'83 in the Wharfe at the Strid near Bolton Abbey, the average being N. : C. =

amﬂ:s of upland surface water from the calcarébu;
e waters are drawn upon :for the supply of
¥ 2
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many important towns, as will be seen by an inspection of the subjoined table, which
contains the analytical results yielded by specimens of these waters collected, with one
exception, by ourselves.

CoMPOSITION OF UPLAND SURFACE WATER FROM THE CALCAREOUS PORTION OF THE CoAL MEASURES.

ResuLTs OF ANALYSIS, EXPRESSED IN PArTS PER 100,000.

Dissolved Matters.
Previous
Total 8 Hardnees.
, Nitro- | Total | Boewage
DESCRIPTION Solid |Organto o:;a:lc Am- 17“ % | oo or Chlo- REMARKS.
Im- \Carbon.| ooy, |monis. Hratos b}}'ﬁd Con=- | rine. Q.E'. é‘é z
purity. Nitrites.| trogen. tion. 2 ﬁ -} g
ENGLAND.
BasIN oF THE TRENT.
Head waters of the Trent, April 20, |24°64 ‘921 | ‘088 | ‘003 0 *090 o 1-70 *9 (1346 |14°5 | Very turbid.
1871.
BasIiNs OF THE MERSEY AND
RiBBLE.
One of the sources of the Irk at {19°78 *183 ‘001 | ‘009 | °061 | 069 363 1°42 | 87| 7°7 [11°4 | Clear.
Thorncliffe, June 18, 1868.
ASHTON-UNDER-LYNE, water supply (24°14 | °200 | -031 | *010 | °028 | *067 48 | 1:89 | 3'2 [11'0 [14°3 | Very turbid.
of, July 24, 1868.
Stockrort, water supply of, from [14°18 | ‘204 | ‘019 | <007 | -015 | -040 1'29 | o |88 |83 |8Slightly turbid.
Disley, July 27, 1868.
The Blakewater above Blackburn, (77:86 | 206 008 | ‘008 | -028 | ‘034 1-89 (10°6 {101 [20°7 | Clear.
August 5, 1868.
BurNLEY, the Calder and Brun |27°66 ‘181 ‘018 | 003 V] *020 1:09 | 81|69 [10°0 ”»
above the ‘town, August 11,
1868.
Basins oF THE TYNE, WEAR,
AND TrEs.
DuraAM, the Wear above the |49°56 | °166 ‘030 | ‘010 0 | -088 o 4°60 [11°8 [10°9 |22°2 | Slight] i
town, October 5, 1870. .| Blightly turbid,
Durnax, water sapply of, October |54:50 | ‘082 | ‘020 0 *041 | -061 90 | 4°85 [11'6 |13°4 [25°0 » "
5, 1870.
DA;u.morox, the Tees above the (17:92 | -183 | 020 0 o | -020 *95 [10°4 | 3°0 |13°4 »
town, October 6, 1870. . ”
STOCKTON AND MIDDLESBORO’, (17°24 ( 180 ‘018 | *001 0 ‘014 *90 | 8°6 | 36 [{12°2 | Clear.
water supply of, October 6,
1870.
Bisnor AUCKLAND, water supply {14:90 | °378 | -034 0 *061 | <095 290 1°10 | 4°7 | 57 {10°4 | Turbid.
of,, October 2, 1871.
SCOTLAND.
BasiN oF THE ForTH.
The North Esk above Penicuick, [13:98 ‘443 080 | ‘003 0 *058 o 1:09 ] 71| 7°1 | Slightl H
September 27, 1868. ’ ightly tarbid,
EpinBurcH, water supply from [12:70 378 089 | 001 0 *060 [ 1'89| 0 | 6°2 | 6:2 | Clear.
Swanston, September 22, 1868.
EbiNpunci, water supply from Co- (14°10 | 203 | 042 0 0 | -042 o ‘89 | 4°4 | 4°8 | 9°2 —_
linton, September 22, 1868.
AvrLoa, water supply of, August |14°24 307 02Y 0 0 *027 o 1-00 8| 87|90 | Clear.
24, 1872,
Basy o THE TWBED.
JEDBURGH, the Jed above the town, {17°44 | ‘234 | -024 | *002 | -012 | *038 o 105 | 6°3 | 7°4 [13°7 | Slightly turbid.
March 31, 1870.
Hawick, the Slitrig above thetown, [14°70 *189 +012 0 <039 | 051 70 *84 | 1°7 167 | 84 | Clear.
April 1, 1870.
Basixs oF THE CLYDE AND IRVINE.
KiLuarnock, the Kilmarnock [19°60 | *839 | 038 | 002 0 | 085 o 1:52 | -1 {11-6 [11-7 | Slightly turbid.
above the town, April 7, 1870. Brownish,
KiLManrNock, water supply of, |12:'44| ‘808 | -032 0 *028 | 060 (] 1°'40 | 1°0 | 7°6 | 8:6 | Clear.
~_April 7, 1870.
KIRKINTILLOCH, the Luggie above (26:78 | *663 | ‘072 | -008 o | 079 o 1'45 | 58 | 76 |13°4 | Very slightly
the town, July 25, 1870. turbid.
AIRDRIE, water supply of, July 29, [23-98 | *381 | °O&T | *002 | 014 | 063 o 1°38( 0 | 9:8 | 9-8 | Slightly turbid.
1870.
The South Calder, above weir at [23°44 | ‘887 | 090 | ‘004 | 025 | *118 o 1°40 | 35 [12°1 |15°6 | Turbid. Yel=
Coltness House, March 13, 1872. lowish,
The Avso;; above Hamilton, March {1134 | @86 | ‘073 | -002 | -018 | ‘098 o 1°00| 0 |7°3[78 Sgghtly turbid.
14, 1872. . ellow.
The Mouse, at junction with the [18-34 ‘840 089 | 001 ‘082 | 122 10 1:85 0 (11'5 |11*5 | Turbid. Yel-
Clyde, March 15, 1872, low.
WALES.
MerTeYR TYDFIL, Water supply (10°20 | 182 | :021 0 0 021 ‘90 | 4°2 | 4-2 | 8-4 | Slightly turbid.
of, June 20, 1871. : .
Nnvlvr;):;‘l, water supply of, June {1730 | ‘083 | 020 0 018 | +038 [ 1°65 | 8°2 | 96 (178 | Clear.
21, . ’
Average- - [22°79 ‘346 037 | -003 *016 | 056 33 1:52 | 4°0 | 8°3 [12°3

Note.—For the translation of these numbers into grains per gallon, see note to table on page 29.
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To these analytical results we append the following remarks :—

Total solid impurity.—The calcareous portions of the Coal Measures contain rocks
of very variable composition, some of them friable, easily weathered, and yielding
considerable quantities of soluble matter to aérated water; others compact, capable of
resisting atmospheric disintegration, and yielding up to water but a small amount of
soluble ingredients. Collected off such a variety of material, it is not to be wondered at
that the upland surface waters of the Coal Measures present great differences in the total
amounts of soluble solid impurity which they contain. The samples in the above table
contain proportions varying from 10°2 parts in 100,000, or 7°14 grains per imperial
gallon, in the water supplied to Merthyr g‘ydﬁl, to 77-36 parts in 100,000, or 54°15 grains
per gallon, in the Blakewater above Blackburn, the average being 2279 parts in 100,000,
or 15°95 grains per imperial gallon. The proportion of total solid impurity in the:e
waters is therefore on the average 2'62 times as great as that contained in upland
surface waters gathered upon the non-calcareous portion of the Coal Measures, and upon
the Yoredale and Millstone Grits. ’

Organic elements.—Like the geological formations already described, the upland por-
tions of the Coal Measures are liable to be more or less covered with peat, which often
imparts much soluble organic matter to rainwater falling upon or flowing over them.
When this is the case, the water acquires a yellowish or brownish-yellow colour, and
a slightly bitter taste (see page 34). The quantity of the chief organic elements
(organic carbon and organic nitrogen) of this soluble organic matter of peat, in the
samples contained in the foregoing table, ranged from 102 part in 100,000 parts, or ‘071
grain per gallon, in the water of the Wear after filtration through sand, as supplied to
Durham, to ‘929 part in 100,000 parts, or ‘65 grain per gallon, which was found in the
Mouse at its junction with the Clyde. In but very few cases was there evidence that any

Parr II.

CLASSIFICA -
TION.

-
Surface
waters from
caleareous
portion

ot Coal
Measures.

portion of the organic matter had been derived from animal sources. Omitting the

sample from one of the unpolluted sources of the Irk which yielded an abnormal result,
the proportion of nitrogen to carbon ranged from N : C =1 : 412 in the Blakewater
above Blackburn, to N : C = 1 : 4'1 in the water supplied to Durham; the mean being
N:C=1:1053.

Previous sewage or animal contamination.—Evidence of previous animal pollution
in these waters occurred in only six out of twenty-six samples. One ot the sources of the
Irk exhibited evidence of 363 parts of previous contamination in 100,0C0 parts. There
is a considerable area of manured land near this source of the Irk; indecd the spring
issues from the soil in a tolerably fertile meadow, and the previous contamination was
doubtless due to solid animal manure as distinguished from sewage. The water supply
of Bishop Auckland gives evidence of Frevious contamination to the extent of 290 parts
in 100,000 ; it is abstracted by natural filtration from the Z'ees opposite the town ; and,
as the river does not there exhibit any such evidence, there must be some infiltration or
polluted subsoil water from the adjoining sewers or middens of the town. In the re-
maining four cases the evidence of previous contamination is slight, and does not call
for special notice. ‘

Hardness.—The causes which have been already commented upon as affecting the pro-

rtion of total solid impurity also exert an active influence upon the hardness of the waters
collected from gathering grounds on the Coal Measures. The twenty-six samples in the
analytical table range from 6°-2 of hardness in the water supplied to Edinburgh from
Swanston, up to 25° in the water supplied to Durham from the //ear. In many cases a
considerable proportion of the hardness is temporary, that is, it can be mitigated by
boiling the water for half an hour (see page 21), but, in a not inconsiderable number
of cases, it is all permanent, or nearly so, and cannot be so mitigated. The mean hard-
ness of the twenty-six samples was 12°3.

General character.—The waters collected from the upland slopes of the Coal Measures
are of very variable quality. When soft, they are well adapted for manufacturing purposes
and for washing ; but they have generally too much peaty matter in solution to be agreeable
for drinking. When hard, they are unsuitable for manufactures and for washing, but they
then contain much less peaty matter, and are consequently more palatable. . Those which
contain more than 0-2 part per 100,000 parts, or 0-14 grain per gallon, of organic carbon
should be avoided for domestic use; the others should always be subjected either to
filtration through sand or to prolonged subsidence before they are supplied as drinking
waters. These |latter are palatable, and, if free from evidence of previous sewage
contamination, wholesome

F3
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SectioN 1V.-—Upranp Surrace Waters rroM THE Lias, New Rep SaNDsTONE,
CONGLOMERATE SANDSTONE, AND MAGNESIAN LiIMESTONE.

Several important towns are supplied from these sources. . We have collected and
analysed nine samples of these waters. The results are given in the subjoined Table : —

CoMmpoSITION OF UPLAND SURFACE WATERS FROM THE Lias, NEw RED AND CONGLOMERATE
SANDSTONE, AND MAGNESIAN LIMESTONE.

RESULTS OF ANALYSIS EXPRESSED IN PARTS PER 100,000,

Digolved Matters.
[Provious Hardn :
Total Nitro- | Total WR e
DESCRIPTION. Solid |or co:;‘a:lo Am. | gnas m or | chio- - ReMARKS,
| Im- jcarbon. o . |monia| and | Ni | Oom- | rine. Q.E'- €]
party. e o, encpima-) " | GE | EE | R )
‘ |

BaRNARD CASTLE, the Blue Beck,|11°98 | 187 | ‘024 | '003 0 +028 1:50 { 4°4 | 4:7 | 91 | Slightly turbid.

Aug. 1871, :
OmesTER, water supply of, May 19, (16'84 | ‘219 | -oas | o o |-0a3) o 2:00 | 50| 5°7 [10°7 | Turbid.

1873.
GLOUCESTER, water supply of, |24°82 | -375 ;| -04&2 0 | -026 | 068 1-52 160 [ 36 {19°6 »

March 18, 1870.
Carpirr, water supply of, October (2350 | 212 -031 0 | -084 | 065 20 140 | 71 {129 [20°0 | Clear.

18, 1872. g
Lzeicester, water supply of, No- [23:70 | ‘806 | -020 | <001 | -001 | -022| o — | —| =[13'4 | Clear mna ye-

vember 1867. low.
LE1cEsTER, water supply of, Au- [26°32 | ‘488 | 078 | -001 | 005 | ‘081 o 148 [15:8 | 9-0 [248 | Slightly turbid

gust 30, 1871. . B and yellow.
CrEWE, water supply of, May 17, |11-08 | -186 | 066 | <008 | -027 | *100 20 1°60 | 2:9 | 8*1 | 6°0 | Very turbid.

1873.
CArLISLE, water supply of, Sep- 1310 | -233 | -037 | ‘001 0 038 ° ‘99 { 35| 85°2]8'7 —_

tember 23, 1868,

MAGNESIAN LIMESTONE.

RrIpON, the Kex Beck 8 miles from (1784 172 036 | ‘001 0 +037 o 1°40 | 6:4 | 8°8 [14°7 Slightly turbid.

source, January 27, 1874. ‘

Average - - - |18:80 -286 *O%2 | ©002 | *010 | -054 L 1'4? 7°6 0'5 141 |

Note.—For the translation of these numbers into grains per gallon, see note to table on page 29.

These analytical results lead to the following conclusions :—

Total solid impurity.~—The weathering of the Lias, New Red Sandstone, and Conglo-
merate Sandstone sets at liberty a considerable amount of mineral matter, chiefly car-
bonate of lime, soluble in aérated water, whilst the Magnesian Limestone is directly
soluble, and the surface water collected from these formations accordingly contains, as
a rule, rather a large proportion of total solid impurity. It varied from 11°08 parts in
100,000, or 7°76 grains per gallon, in the water supply of Crewe, to 26'32 parts in
100,000, or 1842 grains per gallon, in the water supplied to Leicester, the average
being 18'8 parts in 100,000, or 13'16 grains per imperial gallon.

Organic elements. — These waters contain less soluble peaty matter than those
collected from the mountain limestone. Of the nine samples examined, only three surpass,
to an important extent, the limit of organic carbon (0-2 part per 100,000 parts) which we
desire to see observed ; these are the Gloucester and Leicester water supplies, both of
which contain a much larger proportion of peaty matter than is desirable, or perhaps whole-
some, in water used for drinking and cooking. The proportion of organic elements
(organic carbon and organic nitrogen) in these waters varied from ‘208 part in 100,000
parts, or '146 grain per gallon, in the water of the Kexr Beck near Ripon, to ‘56
part in 100,000 parts, or *392 grain per gallon, in the water supplied to Leicester. As
regards the effect of this peaty organic matter upon the health of water drinkers, see
remarks at page 34. The proportion of nitrogen to carbon in the organic matter of
these waters varied from N. : C. = 1 : 282 in the water with which Crewe is supplied,
toN. : C. = 1 : 253 in the water supplied to Leicester in November 186P , the
average being N. : C. = 1 : 826. : : :

Previous sewage or animal contamination.—Only.two of the samples exhibited any
evidence of previous animal contamination, and, even in these cases, the evidence was
very slight. In both instances, however, the water was supplied to towns, and the source
of the contamination ought therefore to be investigated.

Hardness.—The upland surface waters from the Lias, New Red and Conglomerate
Sandstone, and Magnesian Limestone vary considerably in hardness, owing doubtless to
the varying proportions of calcareous matter in these rocks. A large -proportion of 'the
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hardness is due to the carbenates of lime and magnesia, and these waters would therefore Paer II.
be much improved by undergoing: the softening process described at page 205. In Crasstrrca-
the samples Investigated by us the hardness varied from 6° in the water supplied to = —
Crewe up to 248 in the water supplied to Leicester in 1871. The average hardness of Surface
the samples was 14°1. Watars from
General character.—These waters are very similar in quality to those collected on the careous

Coal Measures, but they are considerably harder and therefore less adapted for manu. SMtivated
facturing purposes and for washing. They are sometimes tinted yellow by peaty matter disricte
‘and are nearly always turbid ; they ought therefore to undergo pro]onget})e subsidence

before distribution for domestic use, and whenever the organic carbon much exceeds

02 part in 100,000 parts they ought to be filtered. When the organic carbon does not

exceed 02 part in 100,000 parts, and when sewage and animal poTlutions are excluded

from them, they are fairly good and wholesome waters for domestic use. -

SectioN V.—UprLAND Surrace WATER FRoM OQOLITES.

The Oolite rock is so freely permeable to water as to prevent more than a very small
proportion of the rainfall from flowing off its surface. We have, in fact, only collected
oone example of surface water from this formation. The analytical resuits which it yielded
are contained in the following Table : — :

CoMPOSITION OF UPLAND SURFACE WATER FROM QOLITES,
Resurts OoF ANALYSIS EXPRESSED IN ParTs PER 100,000,

’ Dissolved Matters.
. Previous
) Total Nitro- | Total | Bewage Hardness.
DESCRIPTION. ] | Solid Oorganic Am- nas | Come or Chlo- REMARKS,
» Organic) g, itrates| bined | Animal :
‘ Ill}- Carbon., trogen. monia. and Ni- co:-._ rine. § E’. Eaﬂa j
! purity. Nitrites.| trogen. mﬂ on. & g g §

The Frome, above Woodlands Mill, (17-46 | -326 ‘O28 | ‘004 | -042 | 070 130 | 155 Slightly turbid.

Somersetshire, Mareh 10, s70.

66|58 ]12'1

Note—For the translation of these numbers into grains per. gallon, see note to table on page 29.

The Frome above Woodlands Mill is a water of comparatively moderate hardness, but
contains a large proportion of organic matter. It is not derived exclusively from upland
.sources, but contains some drainage from cultivated land, hence it exhibits evidence of
previous animal contamination. It is not at present supplied to any town, and at the
goint whence our sample was drawn, the river would not afford a desirable water for

0

mestic use.

CLASS III.-.SURFACE WATERS FROM CULTIVATED LAND.

DIVISION I.—FROM NON-CALCAREOUS DISTRICTS.

The following Table contains the results of our analyses of thirty-one samples of surface
water from non-calcareous cultivated districts. The numbers attached to the samples
marked with an asterisk are taken from the Appendix to the Report of the Royal Com-
mission on Water Supply, pp. 17, 104 and 119. Nearly all the remaining samples were
collected by ourselves. ’ v :

CoMPOSITION OF SURFACE WATERS FROM CULTIVATED LAND IN NON-CALCAREOUS DISTRICTS.

RESULTS OF ANALYSIS EXPRESSED IN PARTS PER 100,000.
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Surface waters

from non-cal-
careous culti- ComposiTION oF SURPACE WaTekrs FroM CurtTivaTED LAND, &c.—continued.
vated districts.
Dissolved Matters.
Previous
Total Hardn
g Nitro- | To Sowage e8s.
DESCRIPTION Solid olOrsanicl | SOt Jotal or Chlo- ReMARKS.
organic o0, . |Nitrates| bined | ARimal
Im- |Carbon.| g0 on, | oNS | and | Ni- Con- | rine. | &5 | 82 | 4
purity. Nitritea, trogon, | tAZiina~ gh | ES| F
on. & & &

Bopmix, water supply of, January | 9°56 148 | 032 | 002 | -075 | -108 480 | 280 | -7 | 5-6 | 6°3 | Slightly turbid.

1,1872.

BARNSTAPLE, water supply from | 9:94 ‘126 | -018 0 *098 | 116 660 | 1°55| 0 | 59|59 |Clea
nth% Yeo, October 1, L e oad co-
e Eze above junction with the | 9-90 +164 [ ‘043 | ‘011 | *016 | 068 O (1°47) 0 | 49| 49 |8l 3
Culm, May 26, 1870. Slightly turbid.
The Eze above junction with the | 8:98 ‘137 | +029 | "005 | -058 | 091 300 |1:70| 0 | 54|54
Culm, September 26, 1871. » »
The Ez: above junction with the | 6:76 ‘218 | 023 | ‘001 | -080 | “104 490 | 1°60| 0 | 49|49
Culm, October 22, 1871. r ”»
TaunTON, water supply of, Sept. | 8°58 -284 | 038 | *001 | -183 | °219 1,820 ( 1-50| 0 | 2°6 | 2°6 | Slightly turbid.
4, 1873. latabl
Hx:REFORD, water supply from the | 6°50 ‘490 | 016 | ‘001 0 | °017 o| 70| o | 86|36 v e
Wye, Scpt. 6, 1873. Tarbid. Brown.
The Kent, just above Kendal, | 6°48 149 | ‘020 0 *044 | *064 120 90| o | 89|39 . .
March 17, 1871. ’ Slightly turbid.
KexpAL, water supply of, March | 8-50 -128 | ‘021 | *001 { ‘093 | ‘115 620 | 1°'10| 0 |4°2 |42 »
23, 1871. »
Bou,'ou, Lancashire, water supply [11-84 ‘388 | -024 | ‘018 | 044 | 083 269 {139 | +3|5'7|60 —
of, from Heaton reservoir, June
24, 1868. N
BovrroN, Lancashire, water supply | 774 *333 | 'O47 | °015 | °029 | +088. 96 [ 1-14| *7|38]|35 —
of, from Sweetlove’s reservoir, i
Jupe 24, 1868. )
Bury and RApcLIFFE, Lancashire, {11°00 ‘229 °000 | 032 | ‘066 | °092 598 | 1°22 5| 4°9 | 54 | Turbid.

water supply of, June 24, 1868.

BATLEY,

Dyke (Yateholme), Feb. 1871.

BaTLEY,

Clongh (Ramsden reservoir),
February 1871.
BatLEy, Yorkshire, Rake Dyke | 6°36 ‘183 | 019 | ‘001 | 074 | -094 &30 | 95| *1|2'5]26
(Holme reservoir), Feb. 1871.

Yorkshire, Great Bent | 5-26 *182 | *017 | “004 | 047 | -067 180 | ‘85| -5|1:8 |23 | Slightly turbid.
Yorkshire, Netherley | 5:26 *161 | 021 0 *050 | *071 280 | 95| 419|283

» ”

CnuLMLEIGH, Devon; water supply |11°24 -273 | ‘0851 | ‘007 | 186 | 243 | 1,59% | 2°08 [ 1°3 | 4°5 | 58 —

of, October 31, 1868.

MaccLesFIELD, Cheshire, water {10°10 :188 | -008 | 1020 ( 030 | -051 146 | 1:11 | 4+6 | 4-8 | 9-4 | Slightly tarbid.

supply of, June 16, 1868.

The Wey, above Godalming, April [14°83 538 | °*065 | ‘001 | "079 | °145 480 [ 1°42 | -3 | 8°0 | 83 |Clear. _ Slightly
21' 1868.* . sreenilh:'e W.
The Wey at junction with the |18-10 *307 | 077 | -005 | 090 | -171 620 | 1'83 | 4°0 | 6°1 |10°1 —

Thames, October 28, 1868.*

TUNBRIDGE, water supplied to, {15:08 207 082 | -009 | -180 | °239 1,580 | 240 | 1-0 | 7-0 { 80 | Turbid.

from Medway, Feb. 21, 1873.

WALES.

Stream in Domen Valley, near | 7-80 -187 030 | 001 | *073 | °104 420 | 1-70| 0 | 21| 2°1 { Clear.

Aberystwith, December 7, 1869.

The Carno, above Pont-y-ddolgoch, | 6:49 338 | ‘007 | -003 | *049 | -058 2190 | 1°04 | 0 | 3°0| 3°0 | Clear and co-
June 12, 1867.* lourless.
SCOTLAND.
T)uxpeE, water supply of, from [1352 415 063 | -006 | *047 | °115 200 | 1°46 | 1°3 | 5°3 | 6°6 | Very turbid.
Monikie, Sept. 15, 1?70. [ Brownish yellow.
DuNDEE, water supply o om (11°16 ‘418 ‘069 | ‘001 | -081 | 141 800 | 175! 0 | 6°0 | 6°0 | Turbid. -
Monikie, March 12, 1872. ish yelg:vo.“

The Gala, above Galashiels, March | 9-74 ‘326 ‘035 | 002 | -046 | ‘083 160 | 1-06 | 9 | 4-4 | 5°3 | Slightly tarbid.

30, 1870. .

G ALASHIELS, water supply of, April |10-44 -128 011 0 +882 | °393 3,500 | 1°28 | 1'6 | 4°4 | 6°0 | Clear and co-
2, 1870. ’ lourl
The Tirced, above Kelso, April 4, | 890 | 185 | 025 | -002 | *059 | 076 | 290 |1:20| 0 |48 |4°8 Slightly tarbid.

1€70,

Averige- - -|9-52 ‘27 6/ ‘034 | -007 [ 089 | -128 635 | 1°49 *6 | 4°3 | 4°9

Note.—For the translation of these numbers into grains per gallon, see note to table on page 29.

These analytical results lead to the following conclusions :—

Total solid impurity.—The cultivation of a non-calcareous soil does not b.ppear to add
much soluble matter to the rain water falling on it. The total solid impurity in the
samples enumerated in the foregoing table was, on the average,not much in excess of
that found in the upland surface waters from non-calcareous strata.

Average amount of total solid impurity in 100,000 parts of npland

surface water from non-calcareous formations - - - 632 parts.
Average amount of total solid impurity in 100,000 parts of water
from cultivated land in non-calcareous districts - Sf 992

The proportion of total solid impurity in the thirty-ore samples mentioned in the fore-

going table varied from 5:26 parts in 100,000, or 368 grains per gallon, in the water
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supplied to Batley in Yorkshire from gathering grounds, to 181 parts in 100,000, or
12'87 grains per imperial gallon, in the ey above Godalming ; and averaged 952 parts
in 100,000, or 6:66 grains per gallon.

Organic elements.—The analytical results containéd in the foregoing table show
conclusively, that the cultivation of land diminishes, as a rule, the amount of organic
matter dissolved by the water flowing off the soil. At all events this is the case when
the comparison is made between water from uncultivated peat on the one hand, and
water from land under tillage on the other. Peat is sodden with water, and its pores
are not aérated. It moreover contains a considerable proportion of soluble organic
matter; rain falling upon it takes up the latter, and has but little opportunity of getting
rid of it by oxidation. On the other hand, even the portion of the rain which falls
upon cultivated land and then flows off again, makes its way to a considerable extent
through the broken-up surface soil, and the organic matter which it contains is subjected
in some degree to that powerful oxidizing influence which we have shown to be exerted
by air and soil combined. (See page 57.)

The sum of the organic elements contained in the samples which we have examined
varied from °136 part in 100,000 parts, or 095 grain per gallon, in the water supplied to
Galashiels ; to 1236 part in 100,000 parts, or ‘865 grain per gallon, in an affluent of the
Tidi, near Liskeard ; the average being *310 part in 100,000 parts, or *217 grain per gallon.
Out of thirty-one samples, there are only eighteen which could reasonably be objected to
on the ground of excessive proportion of organic elements ; but it must not be overlooked
that the organic matter is here liable to be of animal origin, and consequently these waters
are not desirable for domestic use; and when the evidence of previous animal con-
tamination is strong, they ought to be rejected as suspicicus or doubtful, if not dangerous.
This rejection should be absolute in all cases in which nightsoil is used upon the land.
These waters are almost invariably turbid ; on this account, and also because of the
animal matter with, which they are constantly liable to be polluted, they should
always be efficiently filtered before distribution for domestic use. The proportion of
organic nitrogen to organic carbon varied from N : C =1:00 in the water supplied to
Bury and Radcliffe; to N : C=1: 3'81 in the Eze above its junction with the Culm,
near Exeter, and averaged N : C=1: 10'64.

Previous sewage or animal contamination.—A very large proportion of the manure

used in agriculture consists of refuse animal matters. Notwithstanding the usc of

mineral substances, such as the phosphates of lime and the salts of ammonia, there are
probably but very few fields under tillage or grass which do not receive, either farmyard
manure, the droppings of sheep and cattle, privy stuff, or guano. Thus water collected
from the surfaces of such fields is almost always polluted with animal matters, which, by
decomposition and oxidation, yield nitrates, nitrites, and ammonia. These latter com-
pounds, constituting, as they do, the evidence of anterior pollution by animal matters,
are very rarely absent, and are generally present in considerable proportion, in surface
water collected from cultivated land. Consequently, nearly every sample of water be-
longing to this class which we have examined has exhibited marked evidence of previous
animal contamination. In the case of the water supply of Galashiels this evidence
showed that the water had been polluted by an amount of animal matter equal to that
which would be introduced into it by an admixture of 3} per cent. of averagc London
sewage. Most of the samples in the foregoing table, however, represent the drainage
from uncultivated land which has mingled with that from cultivated districts, and in such
samples the evidence of previous contamination is but moderate.

Hardness.—Many of these waters are very soft, and the remainder are of a moderate
degree of hardness. In the thirty-one samples enumerated in the foregoing table the
hardness varied from 2°1 in the stream in Domen Valley, near Aberystwith, to 101 in
the Wey, at its junction with the Thames, and averaged 4°9.

General character—The surfice waters draining from non-calcareous cultivated
districts contain usually but a moderate amount of organic matter, some of which, how-
ever, is of animal origin, and therefore objectionable. They are, as a rule, soft, and,
after efficient filtration, colourless or nearly so, and palatable. Being usually turbid
and subject to animal contamination, they should always be carefully filtered through
at least two feet of sand before they are supplied for domestic use, and when the
organic carbon much exceeds 0-2 part in 100,000 parts of water it is very undesirable to

employ them for drinking, although they would still be available for washing or for
manutacturing purposes.

32118, ‘ G
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DIVISION IL—SURFACE WATERS FROM CALCARE

RIVERS POLLUTION COMMISSION:

OUS STRATA IN CULTIVATED

DISTRICTS. ,
Parr T1 Calcareous strata yield, by weathering and disintegration, soils of a-more fertile character
EaRme 4 than those from which lime is nearly or wholly absent ; consequently a large proportion of
the total area of calcareous soil in Great Britain is cultivated ; and therefore sources of
Sm‘tﬁ‘c"f water from such soil are much more numerous than those from - calcareous but non-
aters from . o e .
cultivated | cultivated districts. We have analysed no less than one hundred and twenty-four samples
calearcous  from calcareous districts more or less in cultivation, and the results are contained in
districts,.  the following table. ‘The data attached to the samples marked with an asterisk are
extracted from the Appendix to the Report of the Royal Commission on Water Supply,
pp- 104 and 119.
ComposiTION OF SURFACE WATERS FROM CULTIVATED CALCAREOUS DIsTRICTS.
ResuLT8 OF ANALYSIS EXPRESSED IN PARTS PER 100,000.
Dissolved Matters.
o | ‘ mraions —
S . Nitro- | Total :
DESCRIPTION Solid |Organte/OTF8MO \ | pinae | com- | o OF |chlo |- Remazs.
m - - |Nitrates| bined i & .
- Carbon. monia. | and Ni- Con- rine. 3 < 4
urit; trogen. Nitrites.! trogen a- Ead gg 3
purity. | OReR | T elom. gf|ga| @
. .
ENGLAND. _

SToNEHOUSE, DEVON, water supply |29°70 ‘099 086 0 +321 | *357 2,890 | 3-70 [11°8 | 7-6 (19-4 |Slightly turbid,
of, June 2, 1873. Palatable.

West Cowrs, 1. W., water supply 22-44 *636 ‘138 | 004 | *167 | -308 1,380 | 3-20 | ‘6 |8'1 |87 |Very turbid.
of, March 8, 1873. Brownish.

East Cowrs, L. W,, water supply |26° 60 *510 ‘097 | 001 | 354 | *452 3,230 | 3'60 | 2°5 | 99 |12-4 | Very turbid.
of, March 8, 1873. '

The Lukeley,above Newport, I. W., 134:00 | -072 ‘028 | 003 | *298 | *325 2,680 | 3:30 (16°5 | 7°7 [24°2 | Very slightly
November 4, 1871. ! : turbid.

The Pan,at Panbridge, above New- 26:40 ‘303 064 | ‘008 | *177 | -248 1,820 | 4°15 {10°0 | 7°4 (17-4 | Turbid.
port, I. W., Nov. 4, 1871. ) .

The Yar, above Sandown, Sep- |22-52 -262 ‘064 0 <158 | -222 1,260 | 3°85 | 5°1 | 6°4 |11°5 | Slightly turbid.
tember 29, 1873. . .

The Yur,above Sandown, April 8, [20-20 284 ‘039 | 008 0 <046 0|38 |38| 71 (109 Very turbid.
1874, .

SoutHAMPTON, Water supply of, 130°72 | -113 | ‘023 | 001 | *308 | ¢332 2,770 | 1-80 [I18-4 | 6°1 [24*5 | Slightly turbid.
March 12, 1873.

Nonwich, water supply from the {30:92 | ‘432 | -080 | ‘014 | -036 | *128 160 | 3°10 1218 | 5°3 (26°6 | Slightly turbid.
Wensum, June 18, 1872.

SprALDING, water supply, November |28°48 | 179 | ‘043 0 0 | -043 0270 | 8°0 | 9°7 {177 | Clear.

24, 1873. .

Witax, water supply, August 7, [24-78 | 380 | -0a8 | -007 | *071 | 125 480 | 1:79 [ 85| 86 [12°1 _
1868.

W1GAN, water supply, May 10, 1874 |22:38 | 294 | °-070 | *003 | *079 | -151 490 | 1°90 | 1°7 13*5 !15°2 | Slightly turbid.

SeVERN BasIN.

TROWBRIDGE, the Biss, above the 3586 | 325 | ‘028 | 003 | *150 | *180 1,200 | 193 [21°6 | 5°0 (26°6 » ”
town, March 11, 1870.

The Frome, (Gloucesterhsire,) |27-50 | ‘062 | ‘009 | o | -208 | -307 | 2,660 | 1:05 {19-6 | 4°0 (236 | Clear and
above the highest mill, March 18, colourless.
1870. ’

LEAMINGTON, water <apply of, (68-92 -380 +035 0 <191 | +226 1,690 | 2-30 [15°9 {116 |27-5 | Slightly turbid.
May 12, 1870.

StroUD, upper water supply of, [42-34 ‘499 ‘093 | <030 | 846 | -464 3,390 | 1°90 [26°3 | 63 [82°6 | Very turbid.
April 18, 1871.

The Azxe, n’boveMcndippnper mill, (23°24 +112 ‘029 | +026 | *190 | -240 1,790 | 2°10 |13°7 | 4°2 [17°9 | Slightly turbid.
Wells, May 18, 1872. '

Rucny, water supply of, from the (2624 | ‘3128 | ‘037 | 002 | 382 | -421 3,512 | 2°:03 | 6-8 | 9°1 [15°9 R
Avon, May 12, 1868. .

W ORCESTE R, water supply of, from [28-12 ‘280 ‘039 | (002 | -116 | 157 860 | 6°70 | 5:6 | 8:4 |14°0 | Slightly turbid.
the Severn, August 1, 1873.

TEWKESBURY, water supply of, [19-26 ‘408 ‘043 1) +041 | -084 920 | 3°50 0 {10°0 [10:0 | Clear. Light
from the Serern, September 6, brown colour.
1873.

Nunney near Frome, millpond {30-74 ‘091 c030 | ‘003 | *207 | 239 1,770 | 1°60 [21°8 | 49 {267 Slightly turbid.
above village, November 1870.

SoMERTON, Somerset, brook above [40°40 ‘272 ‘O%0 | ‘003 | 636 | "678 6,060 | 2°80 |21°2 | 79 {29°1 . »
sewers, Junuary, 1871.

King’s Cliff Stream, near Bridge [13-22 +181 ‘058 | ‘001 222 | -278 1,920 | 217 | 10 | 7°6 | 8-6 | Very tarbid.
water. March 13, 1871.

Durleigh Stream, near Bridgwater, |25°74 | 241 | 036 | ‘001 | “148 | “185 1,170 | 2:37 {11°3 | 6°7 |18°0 | Turbid.

March 13, 1871. .

Raulet Common and Severn Wells [19°64 ‘280 ‘027 | 001 | *183 | 211 1,620 | 2-10 [ 6°1 | 5°9 [12-0 | Very turhid.

Streams, near Bridgowater, mixed,
March 13, 1871,
' Basin oF Tne THames. .

Banpury, water supply of, from |36:60 | -382 | -05% | ~003 | -230 | -287 2,010 | 2:09 (13°6 |10-5 241 —_
the Cherwell, Octoher 17, 1868,

The Cherwell, above Oxford, April |32°95 + 265 *025 | "0Vl | -264 | °290 2,330 | 156 |17°6 | 5-1 [22°7 | Turbid. Very
29, 1868.* ! slightly yellow.

The Cherwell, ubove Oxford, at [30-08 | ‘274 | 062 | “012 | *186 | "258 | 1,680 | 215 13:7 | 8:7 [22-4 | Slightly turbid.
Marston Ferry, May 30, 1873. ' i !

The Windrush, above Bourton, (24°02 | ‘071 | 038 | ‘004 ; 377 | ‘418 | 3,480 | 1°30 {14-7 | 4°6 [19°3 »

August 2, 1873 ‘
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CowmposiTION oF SURFACE WaTERS rRoM CurtivaTeED CALcareous DisTricTS—

Parr IL
CLASBIFICA-
TION,

Surface waters
from cultivated

'

. calcareous
continued. districts.
. Dissolved Matters.
Previous,
! Total . o e Hardness, .
DESCRIPTION. Solid |Organtc|OT8RBlel o | ST TR " Tar T | oo REMARKS.
Im- - . |Nitrates| bined (Animal .| oas | .
m- |Carbon. trogen. | " | aud | Ni- con-._ rine. §E ERI
i - o itri tamin: = <
purity Nitrites.! trogen. ton. & & g &
Thl'e)ec Windrush, above Witney, |28°30 | -108 | 033 | -001 | °293 | 327 { 2,620 | 113 {180 | 5:0 |23-0 | Turbid.
. 9, 1870. .

The Leach, at junction with [27:98| -a22 ‘037 | ‘004 *328 | 368 2,990 | 1:40 [18:0 | 5:3 |23°3 | Slightly turbid.
the Thames, May 3, 1873.

The Cole, at junction with the {2940 | ‘276 | ‘064 | -009 | 148 | -219 | 12,280 | 1780 |17°1 | 4-4 215 ” .

*  Thames, May 3, 1873. :

The Coln, 1} miles rrom junction [26:68 | ‘098 | ‘029 | <003 | -180 | *211 | 1,500 | 1°40 [15°4 | 4°9 [20°3 » »
with the mes, May 3, 1873. .

The Ray, at junction with the |35-04 ‘354 ‘323 | '028 *225 | -367 2,120 | 2:60 [17°5 | 6°7 {24°2 | Turbid.
Thames, May 3, 1873.

The Churn, at junction with {26°86 | -149 | -050 | -011 | 167 | -226 | 3,440 | 1°45 (156 | 4-4 [20-0 | Slightly turbid.
the Zhames, May 3, 1878. ’

The Ampney Brook, at junction (26:04 | -081 | -023 | *001 | -359 | -383 | 3,280 | 1°45 |15°6 | 5°0 {206 w e
with the Thames, May 38, 1873.

Stream from Thames Head aund |27:00 ‘088 | ‘028 | "008 | -287 | -317 2,870 | 140 |14°7 | 56 [20°3 | Slightly turbid.
Ewen springs, at junction with Palatable.
the Thames, May 3, 1873. : .

The Swillbrook, near its source, [31°85 -220 068 | -008 *071 | °146 460 | 1°45 |19°7 | 5°7 125°4 | Slightly turbid.
May 3, 1873. . .

The YSwillbrook st junction with [29-04 | 228 | ‘040 | -004 | 217 | 260 | 1,880 | 1:65 [16°6 | 4°9 [21°5 . "
the Thames, May 3, 1873. ) .

The Purderop reservoir at foot,near [19°32 | ‘888 [ 098 | ‘012 0 | -108 0| 180 | 74| 5°9 {13-3 | Turbid.
Swindon, May 5, 1873.

The Thame at junction with the {38°53 *397 *072 | 001 +080 | -158 490 | 1°83 [19°2 | 64 |25°6 | Clear and co-
Th.ames, April 30, 1868.* . ' lourlexs.

Tke Thame at junction with the |{31-74 ‘402 | -103 | ‘010 *098 | -209 740 | 2°15 (1783 | 5°4 [22°7 | Very turbid.
Thames, May 29, 1878, :

The C(ck at junction with the {3316 399 ‘085 | *024 *125 | -230 1,130 | 2°05 {19°9 | 4-9 [24°8 | Turbid.
Thumes, May 29, 1878,

The Ewanlode at junction with the 129-50 363 *104 | 001 *234 | -339 | 2,030 | 190 |15°7 | 70 [22'7 | Very turbid
Isis, May 29, 1878. :

Coonl’s Stream, Stow-on-the-Wold, |30-30 -147 ‘043 | O *776 | -819 7,440 | 120 {15°7 | 7°8 [23°0 ” ”

July 2, 1873. ‘

The ;%mg at junction with the [33:58 | -114 | -034& 0 294 | -328 | 2,620 | 190 |19°8 | §°9 |25°7 | Clear.
Thames, November 20, 1873.

The Kennet above Hungerford, |25-58 ‘195 *031 | 003 | *113 | *146 830 *54 [18°1 [ 3°6 [21°7 | Clear and co-
April 20, 1868.* lourless.

Reaping, water supplied to, from [25-90 +208 ‘017 | -001 | 187 | -155| 1,060 | 1-25 (20°4 | 2°4 [22°8
the Kennet, March 19, 1870. i

The Kennet just above Reading, | 2562 +228 +039 | 001 *029 | -069 0| 1°18 [17°2 | 24 |19°6 |Turbid. Slightly
April 24, 1868. greenish yellow.,

The Kenwet at junction with the {2736 | ‘234 | ‘056 | <013 | *101 | <168 800 | 1°60 {18°4 | 4°6 |23°0 | Very turbid.
Thames, May 31, 1873.

The Loddon at Twyford Bridge, |23°80 ‘306 072 | *005 *077 | *153 490 | 1-85 {13°6 | 3-8 |17°4 | Turbid.

May 29, 1873. . ) ' '

The ";’ye as it enters the Thames, {3696 | 3°338 | 307 | 014 0 | :319 O |2:70 [22°9 | 4°3 [27°2 | Very  turbid.

October 9, 1873. : Slight carthy
. . : : taste & odour.

The Colne above Watford, Novem- {3150 +133 - 043 | -001 *322 | ‘366 | 2,920 | 1°50 [21°5 | 8:9 |25°4 | Clear and co-

" ber 11, 1870. . lourless.

The Colne at junction with the |32-14 *282 071 | ‘017 +302 | +387 | 2,840 | 1°59 (17°8 | 8-9 [21°7 —_—
Thames, October 28, 1868.* . ) : . . :

The Wey opposite the waterworks |18:16 | 246 | -078 0 *148 | *223 | "1,160 | 220 | 7'6 | 5°0 |12°6 | Slightly turbid.
well at Guildford, Oct. 4, 1873. R A . . :

The Mole, one mile above junction |23-51 *166 022 0 231 | -253 | 1,990 | 1-78 |11°7 | 44 ({16°1 | Turbid. Yel-
with the Thames, May 4, 1868.* ) lowish.

The Mole at Ditton bridge, Jamuary |25-00 | * 236 082 | -007 *328 | -376 3,020 | 1-90 (11°3 | 5:6 (16°9 | Turbid.

31, 1873. . .

The’ Wandle below Beddington [30-00 -100 ‘031 (4] 414 | 445 | 3,820 | — (132 | 85 [21°7 | Very slichtly tur-
sewage farm, May 11, 1868.* . ‘J;l“lm(léf"‘:;‘:l".m’l

animalculse,

The Lee at New River intake, Jan. {34:40 ( 287 | ‘067 | <005 | 381} ‘452 | 3,580 | 1:80 (197 | 6°0 (25°7 | Turbid.

24, 1878.

The Lee and Mimram (mixed), 2588 | -125 | -028 | o0 246 | -271 | 2,140 | 1°48 [17°8 [ 2°1 {199 | Very  turbid.
above Hertford, May 5, 1868.* : Yellowish.

HerTrorp, water supply of, from [33:96 | -322 ‘068 | ©003 | 396 | ‘466 | 3,660 | 1°85 [20°1 | 4°7 [24°8 | Turbid.
the Lee, January 24, 1873.

The Lee at intake of East London |{36°90 ‘240 -087 | ‘015 *384 | -453 3,640 | 1-95 [18°9 | 8:0 {26°9 »

Water Company, February 1,
1873. .

The Cray above Joynson’s Mill, /30-06 | ‘168 | ‘200 | -013 | 310 | “421 | 2,890 | 138 |20°6 | 3-1 (237 "
July 6, 1870. ' L )

The ames at Lecnlade, April 18, 1 28-43 ‘133 033 | -003 157 | 192 1,270 | 1°06 |16°8 { 5°1 {219 | Clear and co-
1868.* iourless,

The Thames at Midley Lock (Isis), ! 28°40 ‘199 028 | 001, 218 | =247 1,870 | — [10°5{ 7°7 |{18'2 | Turbid. Yel-
April 29, 1868.* . C lowish,

The Zhames below Oxford, April |31:60 *216 ‘028 | 0 +277 | -305 2,%50 — 10°9 | 82 {19°1 | Turbid. Green-
29, 1868.* ‘ . ’ . ish yellow,
The Thames at Abingdon, April 3160 | 234 | -Q26 | :002 | +245| 273 | 2,180 [ — [13:0 | 9°0 22°0 | Turhid. Very

30, 1868.* ) ) . slightlyyelow.

The Thames above Reading, April |32-70 ‘291 032 | ‘001 + 286 319 2,580 — (12-8 | 8°2 |21°0 | Turlnd. Yel.
24, 1868.* : . . lowish,

The Thames above Reading, May 28°80 +217 087 | -007 *178 | -241 1,820 | 1°80 {16°8 | 5°3 (22°1 | Tyrbid.

31, 1878. . “ : ' o

The Thames below_ 'Beadmg, May 2886 L *261 + 071 '00’7 *167 244 | A/810 | 170 |1§°8 | 69 .32'7 | Very turbid.
31,1878 Lo T Tt 2 ! o x . . k

G2
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Surface waters .
%‘;:elgtl;:ated ComposITION OF SURFACE WATERS FROM CuLTIVATED CALCAREOUS DISTRICTS—
districts. continued.
Dissolved Matters.
Previous
Total Hardn
DESCRIPTION. ganic Nitro- | Total | Sowage o8- MARKS
S Solid |orgaate|T Am- ﬁpga':at; Com- | 9F o | Chlo- Rs .
. . itra in . . 0
p::';ty Carbon.| o on, | mORI Ni:;,#“ Ni. | Com- | rine. g.r_- éfé 4
) ™| "tion. E £ & = &
The Thames at Shiplake, April 25, |30°00 *263 *032 | *001 *215 | <248 I;..lo — |12°5 | 7°5 |20°0 | Turbid. Green-
1868.* . ish
The Thames just above Shiplake |28-42 -245 ‘068 | ‘007 | -155| °229 | 1,290 | 170 |15°9 | 7°4 {233 Tl:rblytle.now'
Mill, May 31, 1873.
The Thames at Medmenham, April (3040 | ‘248 | °036 0 | -229)°265| 1,970 | — J11°9 | 7:5 194 | Turbid. Yel-
25, 1868.* . lowish.
Tl:‘nThames ju:t above Windsor, [31°00 | ‘2859 | ‘028 | 002 | 205 | *235 | 1,780 | — |14°8 | 7°4 [22-2 |Turbid. Slightly
2, 1868. ellow.
The Thames opposite wells supply- (2692 | -198 | ‘06% 0 *169 | *233 | 1,370 | 1°90 |17°4 | 47 . o ’
ing Windsor Castle, Sept. 29, 1873, ’ 7 21 | Clear.
Thse Thames at Old Windsor Lock, {2712 -186 081 (1] *059 | -110 270 | 1°90 |16°2 | 59 |22°1 ”
cpt. 29, 1873,
The Thames two miles below [30°40 | 289 | ‘029 | ‘003 | 211} -243| 1,820 | — |15°0 ‘4 |22° i -
Windsor sewers, May 2, 1868.* . 7 2 Tlnorvl:;gl.l el
The Thames at weirabove Staines, |31°20 | -30# | -027 | ©0 | -215| ‘242 | 3,830 | — 1103 |10°5 208 | Turbid " Slight-
2, 1868. ly yellow,
The Thames at weir above Staines, |31°40 | ‘30%& | 097 | 004 | 173 | 273 | 1,440 | 1°66 |17°4 | 4° . v y____ :
October 28, 1868.* ’ ’ 1768 (1704 476 pp2-0
The Thames at Sunbury, January |31°24 | ‘334 | -049 | *002 | -305 | 356 | 2,780 | 180 {172 | 7°0 [24°2 | Turbid.
81, 1873.
The Tlaam:e above Hampton, May (27°87 [ -260 | 024 0 | 196 | -220 | 1,640 | 148 [15°7 | 4°3 {20:0 | Very slighily
4, 1868. t\:!l'bid. Faint
low tint,
The Thames above Hampton, (2990 | -263 | °087 | *006 | 205 | -267 | 1,780 | 1° 69 4 . 7 —_—
October 28, 1868.* ’ ’ rre i
The Thames above Hampton, [32:50 *212 ‘064 | 007 | 353 | *423 | 8,270 | 198 [19°2 | 4°7 |23°9 | Turbid.
January 4, 1871,
The Thames above Hampton, |31°84 +288 *080 | ‘002 | -331 | ‘383 3,010 | 1-80 [18°5 | 5°1 [23°6 Sligbtly turbid.
January 31, 1873.
The Thames above Hampton, {3178 246 ‘033 | ‘005 | 355} 392 3,270 | 1'75 {179 | 6°6 |24°5
February 3, 1873. " ”
She Thames above Hampton, |32°10 22 -O%2 | 003 | -875 | -419 3,480 | 1-80 {18°9 | 5°0 |23°9
February 5, 1873. " ”
The Thames above Hampton, |29°84 +276 083 | ‘009 | 346 | 406 3,210 | 1'80 (152 | 6°6 |21°8 | Turbid.
February 7, 1873.
The Thames at Thames Ditton, |31:36 *325 *076 | 003 | -312 | -391 2,820 | 175 |18'3 | 56 [23°9
January 31, 1873 "
BasiN oF TuE GrREAT OUSE.
Th;a Olu;esubove Bedford, October [47:90 | ‘620 | ‘088 | 004 [1-G05 [1-096 | 9,760 | 268 [13°5 [15°1 [28-6 —_—
0, 1868.
CAMBRIDGE, water from Hobson’s {88°12 *130 021 | *002 | 717 | *740 6,870 . 17°6 . .
conduit, April 10, 1873. ‘ " 280 1 i C}g:rrle::d *
ELy, water supply of, Dec. 29, 1878 | 46° 64 *300 *039 | *002 | 156 | *197 1,260 | 2-80 [24°2 |12*1] |36°3 )
L, water supply of, June 19, |22-34 | -177 | -o#a | -002 | -283 | -326 | 2,830 | 2:05 [11°0 | 5°9 |16°9 | Turbid.
Tuerronrn, the Snarehillabove the |42-80 *570 ‘079 | 009 | 439 | 525 | 4,140 | 2-88 {19°7 |10°3 {30°0
town, February 7, 1871. "
TurtrorD the Lesser Quse above |[44°10 | -416 | 088 | 004 | 630 | -721 6,010 +00 |20°1 . . i i
the town, February 7, 1871. ’ 3:0 9°0 [29°1 | Slightly turbid,
BasIN OF THE TRENT. [
The Bourne near Birmingham, 3600 | 213 | -039 | <006 | 275 | ‘319 | 2,480 | 1° ‘1| 86 |26 i
November 17, 18_69. y &8 182 [18°1 | 86 |26 7 | Turbid.
Thlesgoume at Whitaker, May 16, |32°10 *116 ‘0%0 | -003 | 277 | -319 2,470 | 1°70 |18°3 | 5°6 [28°9 ” !
Tl:;a Bll37/thlesg; Whitaker, Novem- |38°46 *453 *074% | 006 | °153 | -232 1,260 | 1'98 | 7°2 [10°9 |18 1 ”
er 17, .
The Blythe at ‘Whitaker from |28°64 ‘463 *132 | 004 (1] *135 [ . . . . i q
o orre rescrvoir, May 16, 1873, 1°70 | 8-4 |11-9 [20°3 | Slightly tarbid.
Plant’s Brook at pumping station, (24:38 | ‘380 | -084 | ‘012 | -320 | -384 | 2 . . . .
December 7, 1869. ’ 980 | 140 | 4°7 110°9 115°6 » »
Plant’s Brook at pumping station, |22°26 | *323 | 638 | -007 | +245 | -289 190 | 1° . . .
April 14, 1870. ' » R R R e I
Plant’s Brook at pumping station, |[19°64 | ‘440 | ‘092 | 008 | -063 | <162 38 . ‘1| .
e e, e ) o|1e0 |61 |70 | ,
Hawll{omBrook near Birmingham, |19°20 091 010 | <002 | *571 | -583 5,810 | 1°46 | 3°4 | 77 |11°1 | Clear.
April 14,1870, ’
Pexy .lll?:oolk878ear Birminghawm, |30-00 260 032 | 005 | *583 | *619 8,880 | 1°90 {10°1 | 9-5 [19-6 | Turbid.
pril 14, .
The Witton Brook near King’s |22-28 *°323 ‘083 | 008 | *756 | *816 7,310 . . .
Vale Well, May 16, 1873. ! 21301 0 11070 110°0
WOLVERHAMPTON, water supplied |26°92 ‘466 *1568 | 011 *169 | *333 1,46 . . . . i
o from Tettenh a'll reservoir, May +460 | 2:05 | 7°3 | 9°6 |16°9 { Very turbid.
17, 1873.
W;;vf;x;urmn, the Worf, Sept. {2720 *392 “O%6 | ‘006 | 194 | 245 1,670 | 2°30 {139 | 7°6 215 Slightly turbid.
, .
'WOLVERHAMPTON,Albrighton Brook,|31°10 | +306 | *092 | 005 | °355 | ‘451 { 3,2 . . ‘0 |21°
September 25, iy o ) »270 2. 00 |13°5 | 80 |21*5 | Clear.
Brook at Wilnecote near |37°90 087 ‘030 | ‘008 | 413 | °4 . . . .
Tamworth, April, 1868. » 50 3,880 | 191 [15°2 | 9°5 (247 —
Lul:;n;grisn, water supply of, May |34:24 | 209 | ‘039 | ©002 | 583 | 624 | 8,530 | 280 |12°1 | 97 [21°8 | Slightly turbid,
) .
Lx;«g;)el.u, water supply of, July 12, [18'88 | ‘286 | 038 | o0 | -095| -133 630 | 360 4| 76|80 |Turbid.
Bo;:&n,mtetsnpply of, July 15, |19°88 | -182 | -033 0 0 | -0s3 0| 215 [10°6 | 3:8 (144 »
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53 CLassIFICA-

TION.
CompostTioN oF SURFACE WATERS FROM CULTIVATED CaLcareous Districrs— 222?&53.‘.‘23
continued. Slcarcous
Dissolved Matters.
Provi
DESCRIPTION. o | organtc| OFSante] , | Nitro | Tota s.:;‘“: s Rexangs,
Im- |Carbon. u,:':;n_ monia. ﬁ{‘,,’;‘“ bined | AZIDM | e, | &5 | &2 | <
purity: Nitrites.|trogen, | tazinas 55' Eg 3
Pog:gm?;;yinﬂenwms& 11040/ 2:327 | 289 | *080 | O | -225 340 (1275 (25°2 [42°1 [673 | Tarbid.
Th;eme:ﬁgggf Nottingham, (14°24 | ‘240 [ -017 | <006 | 461 | *483 | #,340 | 1°30 | 44 | 48 | 9-2 | Very turbid.
nﬁgﬁ,?ﬁg.nm Nottingham, [15-70 | 283 | 047 | <005 | -321 | 872 | 2,930 | 1°34 | 1'5 | 97 [11-2 | Slightly turbid.
B Decober, 1870, canal [22:12 | 227 | ‘048 | "003 | 134 | ‘184 | 3,080 | 1-56 | 7°2 | 9°8 |17°0 —_
Nii'?,"&i’,'fr‘.’;e,’i’é‘;‘if' Greaseley, 137°74 | °220 | -036 | 006 | 076 | 117 490 | 3:70 [10°9 [11-2 [22-1 | Turbid.
W&:ﬁﬁyé,?;%? at Manor, Sep- (42:00 | +228 | +029 | -002 | ‘637 | -668 | 6,070 | 2-40 13-3 [19-6 [82:9 |
w&‘:&ﬁ.ﬁie'ﬁ?fﬁv’sf Hob Wood, [46°20 | ‘069 [ ‘023 | O | -809 | 832 | 7,770 | 2:00 [15°0 (24°2 [39°2 | Slightly turbid.
wl‘;::xd;(ew %set;:;:b;-bg.vﬁgt;.bbing 44:72 | -232| ‘032 | O |-332 | -364 | 3,000 | 8:20 /176 :21*5 [39-1 | Turbid.
ng:;m:rgfﬁ;;.mmmhom’ 4224 | ‘108 | ‘026 | *001 | *409 | *436 | 3,780 | 2:00 (15°9 {23°6 (39°5 | Clear.
w?s’??&ﬁf&f’ﬁ?nf‘ Shireoaks, 4092 | 218 | ‘033 | o0 | -527 | 558 | #,980 |1-90 | 83 (269 (352 | Slightly turbid.
MersEY Basiy.
N°»‘$Z?1§“Bf;oi,"§.'y ;‘;?l;lgss.ﬁom 27°96 | ‘633 | ‘049 | O | 064 | ‘118 320 | 2:48 | 24 [116 [14°0 | Very turbid.
mh'&‘::ﬁs%f“’ near Knutstord, [20-34 ses ‘072 | -002 | -053 | ‘127 | 230 | 2:65 | 4°8 [10°6 [15°4 | Slightly tarbid.
Buiw or THE OUSE.
T‘l‘iﬁi’,‘éﬁﬂé‘?ﬁf’?ﬁé‘a‘f”“‘m‘ 40-90 | ‘294 | ‘020 | -020 | *25¢ [ ‘290 | 2,380 | 6-23 | 26 | 7°9 (10°5 | Turbid.
F’.‘iﬁ';’z,sl‘ﬁ?' near Doneaster, [51°70 | 37y | 098 | 010 | ‘415 | -518 | 3,920 | 3:00 | 88 |18:¢ [17°7 | Very turbid.
Hooton Robert’s Brook, near Don- [25°00 | -31& 209 | -020 | *300 | ‘425 | 2,840 | 3:80 | 5:5 |11:6 |17°1
caster, July 3, 1872, i »
sﬁ?o;nd;{}ﬁ;s;i;}dlg‘f abfm 26:30 | -185 | ‘028 | -002 | "3R2 | 412 | 3,820 | $:30 | 4°5 |11°0 |15°5 | Turbid,
s Wl e o 0 e B o 1 s
qurxb:ratl:;sl:;;iyfromthe Ure, |17°04 | -289 | ‘037 | -001 0 <038 0| 1-2|25]|9-3(11-8|T ”'
W{:‘::u:x};:?'wla%::.eupply of from [44°76 | ‘432 | 062 | <001 | -065 | -128 337 | 4-47 | 59| 95 15:4 vr:tt’);g’. P“l‘“
the Calder, September 18, 1869. ' *6 | Clear.
Yo:::’a,' ater supply of, June 10, {30°08 | -180 | ‘024 | 0 | 070 | -094 380 | 1-80 [11°5 [15°1 [26°6 | Clear.
' Tges BasIxN.
Thlesf(l)c.e:-ueabove Darlington, May, 4652 | ‘199 | :‘0&0 | -002 | 119 | *161 890 | 250 | 6°4 [12°9 [193 | Slightly turbid.
WALES.
nge?hr%;eﬁ:sfg f'o:'ttmll;’ll:ll;ilb?rst 15746 | 694 | -223 | 030 | <087 | -185 300|100 | °8) 7°0| 78 | Turbid,
ships, October 16, 1872.
SCOTLAND. )
”f.‘};'i’sf)‘r‘ﬁi"ffﬁi‘ D, water supply |33:50 | 249 | 022 | -008 | -789 | +813 | 7,890 | 3:79 | 78 [11'8 [19°6 | Clear.
“&ffﬁ:%mﬁf’fgﬁﬂ‘fnff%f”“ ‘361 | ‘088 | 003! ‘116 | *158 860 | 1:90 | 4:7 | 83 {13-0 | Slightly turbid.
Wﬁ:ﬁ?&,sﬁﬁuﬂﬁ:m&e" 32:°00 | ‘130 | ‘030 | -001 | 612 | ‘643 | B,8L0 | 8:25 [10°5 | 5'8 [16°3 | Turbid.
%ﬁ‘;‘fl;ﬁ;‘;{i’midfwf Burn, |14°40 | -237 | ‘038 | <002 | -080 | *120| 800 |1°95| °5|9'1|9°6 | Slightly turbid.
Lﬁ;‘?;mtgggg{yﬁommmon. 20°84 | ‘290 | ‘080 | O | -231 | -281 | 1,990 | 1:50 | 5:2 | 8:1 {133 | Very turbid.
Gl;:l"'ll'g}l‘é."ﬁm supply of, March [39-88 | ‘216 | ‘083 | -002 | -269 | 324 | 2,390 | 340 {149 [12°6 [27°5 | Clear.
Thiesf.;:fmaboveCupar,August 22, (19°86 | ‘269 | 081 | ‘005 .19“ 249 | 2,660 |1-90| -6|83|89|Turbia
”;ii"%’ﬁﬂdﬁ'f’ﬁ :}"ﬁ?fff’m’ 13:76 | ‘108 | -01% 0 | -306| °323 | 2,780 | 1°40 | 2'9 | 66 | 9'5 | Slightly turbid.
M%xsz’vﬁm;nﬁguleég,fmm 18:68 | ‘202 | 037 | o |-509 | '526| %,770 | 310 |35 |96 131 | Cleor  ana
Average - - [30-08| ‘268 | -083 | -005 | -257 | -314 | 2,306 | 2-24 |12:4 ‘ o2 o | oo

Note.—For the translation of these numbers into grains per gallon, see note to table on page 29.

districts illustrates very

The analytical inv&ﬂti%ation of these numerous samples from calcareous and cultivated

ully the character of the water obtainable from this description
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5¢ . .. RIVERS POLLUTION COMMISSION :
of gathering ground. In addition to the import of the columns headed ¢ ammonia,”
‘““nitrogen as nitrates and nitrites,” * total combined nitrogen,” and  chlorine,”—
discussed at pages 12, 13, and 18, we have to offer the following remarks upon the
foregoing numerical data.

Total Solid Impurity.—The proportion of total solid matter in solution in these samples
is almost constantly high ; only in rarely occurring instances, does it descend below 20 parts
in 100,000, or 14 grains per imperial gallon. The mineral portion of this impurity consists
chiefly of the carbonates and sulphates of lime, the nitrates of lime and soda, and chloride
of sorf;um. The organic portion constitutes but a small fraction of the whole. In the
144 samples enumerated in the foregoing table, the total solid impurity varied from 13-22
parts in 100,000, or 925 grains per gallon, in the King’s Cliff Stream,near Bridgewater ;
to 110°4 parts per 100,000, or 7728 grains per imperial gallon, in the water from Podehole,
the averaze being 29'53 parts per 100,000, or 20°67 grains per gallon.

Organic elements.—The forcgoing analyses confirm the conclusion arrived at by the
study of the composition of surface waters derived, on the one hand, from upland
non-calcareous strata, and, on the other, from cultivated non-calcareous strata ; they show
that cultivation, by breaking up and aérating the surface of the land, favours the oxidation
cf any organic matter which dissolves in the water, to such an extent as to more than
compensate for the addition of such watter in the manures applied to the soil. But
although the water is thus rendered more palatable; it must not be forgotten that the
organic matter, if present in smaller proportion, is of much more objectionable quality, than
that contained in surface waters from uncultivated and unmanured land ; indeed when
any portion of the manure consists of human excrements, the organic matter dissolved
in the water becomes not merely disgusting, but also dangerous. In the samples wiiich
we have analysed, the proportion of organic elements (organic carbon and organic nitrogen)
varied from ‘071 part in 100,000 parts, or ‘05 grain per gallon, in the Gloucestershire
Frome, to 1'645 part in 100,000 parts, or 1°151 grain per gallon in the Wye as it enters
the Thames, and averaged *321 part in 100,000 or ‘225 grain per imperial gallon. The

roportion of nitrogen to carbon in the soluble organic matter of these waters varied
rom N : C = 1 : 14'7 in the Don above Doncaster ; to N : C = 1: 1'68 in the Cray
in Surrey, and averaged N : C=1 : 5:66.

Previous sewage or animal contamination.—Most calcareous soils are highly cultivated,
and the ready transformation of the nitrogen of animal manure into nitrates and nitrites
impresses upon the surface water draining from them strong evidence of previous animal
contamination. Out of 144 samples which we have examined, there are only eight
which do not furnish conclusive testimony to their previous pollution with animal matter,
and of these three were drawn from lakes or large storage reservoirs in which this
evidence had doubtless been destroyed as described at page 16, and a fourth (the Spalding
water supply) had had it destroyed by admixture with ferruginous fen drainage. The
maximum evidence of anterior pollution was found in the Ouse just above Bedford.
This river exhibited evidence of previous contamination equal to that which would be
caused by the admixture of nearly 10 per cent. of average London sewage with its
water. This water, after flowing about 70 miles and receiving the sewage of Cambridge
and other places, is afterwards drunk by the inhabitants of Ely. o '

. Hardness.—Calcareous soils always yield hard water, and when they are broken up and
pulverised in the operations of agriculture, the solution of the calcareous salts is facilitated ;
it is therefore not surprising that all the samples which we have examined are hard, and
that most of them are very hard ; that is to say, have a hardness of more than 20°, which
renders them very unsuitable for washing, cleansin%, and manufacturing purposes. In
the 144 samples enumerated in the foregoing table, the hardness varied from 7°8 in
the Feeder at Newport, South Wales, to 67°3 in the water from Podehole, the average
hardness being 20°6. The hardness of these watcrs is chiefly of the kind termed tem-

Eorary, that is, it can be to a great extent removed ecither by boiling the water for

alf an hour, or by adding a certain small proportion of lime to it. After being thus
softened by the latter process, which is known as Clark’s method of softening water
(see description of this process al page 205), the hardness of these waters would range’
from 2° up to about 12° and there are only about thirty samples in the foregoing table,
the small temporary hardness of which would render this process of little or no benefit.
General character.—The surface waters from calcareous cultivated land are poiluted
with but a moderate amount of organic matter; but as some of this wmatter is
almost always of animal origin, they are always undesirable, and may at any time
become dangerous for dowestic use. If necessity compels their use, great care ought
to be taken to secure their efficient filtration before they are delivered to consumers. This

affords some, though by no means complete, protection from the propagation of zymotic
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diseases through the agency of such waters, Moreover these waters are generally very Paer II
turbid, and on this account alone require filtration, after which they are mostly bright, Crassirioa-
sparkling, and palatable. They are generally very hard, and, unless artificially scftened, y
occasion a great waste of soap when they are used for washing. Drainage
Closely connected with surface waters from cultivated soils, are the land drainage Water from
waters from sewage farms, from land through which sewage is intermittently filtered, g0 5°
and from cultivated land upon which manures of various kinds are employed. It is
true that water flowing from land drains, laid at depths varying from three to six feet, is
not, strictly speaking, surface water; but the conditions to which it has been exposed
are not widely ditferent from those to which much of the so-called surface water draining
from land has been subjected, inasmuch as it has either flowed from the surface of a
catchwater sewage farm, or passed through only a small thickness of soil to the drains,
and has, as a rule, made the transit from surface to drain in a few hours, thus affording
much less time for the oxidation of organic matter within the pores of aérated soil, than
that which clapses during the passage of surface water to shallow wells. Of all waters
of this description, those which flow from the surface, or from the drains, of sewage farms
are, generally, most impure, because here the time during which the foul sewage is
exposcd to the purifying action of plant and soil is reduced to o minimum.
he following are the results of our analyses of samples of drainage waters from
sewage farms :— : ' '
ComposiTION oF LAND DraiNaGe WATER FROM SEwAGE Farwms.
RESULTS OF ANALYSIS expressed in Parts per 100,000.
‘Dissolved Matters.
. ) . Previous
. ! Total ‘ Nit Total Sewage " Hurdness.
DESCRIPTION. Solid otcmdihga.nlo Aue K}_lnr:?; qg tal or Chio-
Im-  |carbon.|, o | monia. Nitrates| bined | “Goma | vine. | L. | 24 ;
gon. Nitrites.| trogen. | tamina= 2 £EZ 2
purity. ) . i . gen. tion. a: &= g
. . 1
Drainage from Barking Sewage Farm, | 79°25 ’1'366 329 | ‘800 | 2:955 | 3-943 | 38,820 - — — —
April 22, 1868. . : :
Dl':lilr)mgc ﬁ:om Barking Sewage Farm, 7950 ’ ‘887 ‘236 | 425 | 2°535 | 3121 | 28,5830 | 11'50 ‘9 299 | 30°8
June 23, 1869. .
Drainage from Barking Sewage Farm, 91-30 ‘ ‘676 ‘198 ‘005 | 4143 | 4345 | 41,280 | 13°40 7 39:3 | 40°0
September 5, 1871. ‘
Drainage from Barking Sewage Farm, 8322 ‘395 ‘09%& *003 | 3:937 | 4-033 | 39,070 | 13°10 ‘4 36°0 | 36-4
November, 9, 1871, .
Drainage from Aldershot Sewage Farm, | 39:00 | ‘50% | -129 +622 | 1'312 | 1953 | 17,920 — — - —_
May 1, 1868. ,
Drain%agc from Aldershot Sewage Farm, | 1860 ‘665 ‘132 *486 | 1-152 | 1°684 ;| 18,200 3:55 0 3:9 3.9
July 16, 1869.
Dmingge from Aldershot Sewage Farm, | 24:60 | ‘108 ‘088 029 | 1'712 | 1791 | 17,040 4:05 0 9-2 9-2
Shurvile Qutlet, October 30, 1871. .
Drainage from Aldershot Sewage Farm, | 66:00 | ‘329 ‘146 228 | 6:499 | 6'833 | 66,880 | 12°80 | 5°2 | 248 | 30°0
Alma Outlet, October 30, 1871. .
Drainage from Bedford Sewage Farm, | 76°76 ‘875 ‘163 ‘023 | +398 | -580 3,848 7-15 | 26:7 | 19'3 | 460
September 10, 1868.
Drainage from Bedford Sewage Farm, 78-30 ‘742 ‘381 -010 +600 ©989 5,760 7-95 _ _ —
October 10, 1868.
Drainage from Bedford Sewage Farm, 81-70 ‘558 ‘034 *095 *505 *617 5,510 8-17 | 36°3 20°8 56°6
July 24, 1869.
Drainde from Bedford Sewage Farm, 7680 ‘273 ‘083 - 003 +338 -393 3,090 7:40 | 36°9 183 55'2
November 16, 1871. :
Drainage from Romford Sewage Farm, 79:90 |1-244 ‘247 ‘036 | 1°418 | 1695 | 14,160 9-45 | 25°9 17-7 43°6
QOctober 22, 1870. o .
Drainage from Romford Sewage Farm, | 85-60 | -844 ‘233 040 | 1143 | 1°409 | 11,440 9-30 | 27°9 | 20°6 | 48-8
November 26, 1870. ' . .
Druinage from  Altrincham Sewage | 6040 | 898 ‘049 *660 | 682 | 1°274 | 313 940 7920 | 2-6 338 | 364
Farm, November 24, 1871, ‘ (
Drainage from Norwood Scwage Farm, | 81-68 | 1-621 ‘21% | "-013 | ‘843 [ 1°068 | g 220 9:73 | 1864 | 14-26 | 32°90
September 24, 1868, .
Drainage from Norwood Sewage Farm, | 95-30 | 1-516 ‘189 <006 | 587 | -781 5,600 | 9°93 | 1584 | 22-14 | 37-98
October 8, 1868, . :
Drainaee from Norwood Sewage Farm, | 88-40 | 1372 - 1:080 710 - 15,670 9:93 | 17-68 | 16-70 | 34-38
QOctober 22, 1863. '
Dmin:x,':c from Norwood Sewage Farm, 78:00 | 1°473 *285 | 1366 *167 | 1577 | 12,600 9:73 | 1180 | 22:90 | 34°70
November 19, 1868.
Drainage from Norwood Sewage Farm, | 79-60 | 1°258 ‘323 | 1-052 694 | 1°883 | 15,280 854 | 4-18 | 2774 | 81-93
December 3, 1868, .
Drainage from Norwood Sewage Farm, | 10300 | 1187 ‘120 | 1-254 *796 | 1°948 | 17,970 874 8:18 | 30°45 | 38°63
December 17, 1868. ‘
Drainage from Norwood Sewage Farm, | 77-80 | 1291 | 098 | 497 | 1:450 [ 1°957 | 18,270 | 675 | 930 | 25:56 | 3486
December 31, 1868. .
Drainage from Norwood Sewage Farm, | 86-50 | 1'221 - T 721 287 — 8,490 7-84 | 15°97 | 21-35 | 37°32
January 14, 1869.
Drni‘nugr:)f:rom Norwood Sewage Farm, 91-30 | 1°173 ‘265 +7920 +088 -946 6,290 8-44 | 19-31 | 18-99 | 38-30
January 21, 1869, after two nights’ . )
frost. o
. Drainage from Norwood Sewage Farw, | 100730 | 1°&32 | %19 | 1-095 | 072 | 1'393 | 9,420 | 1013 | 24:23 | 16-37 | 40°60
January 25, 1869. after seven nights’
frost. ! ‘ : I :
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RIVERS POLLUTION COMMISSION :

TION.
Dfrominage water
m sewage
forms. . C ComposiTioN OF LAND DRAINAGE WaATER FROM SkwAcE FarMs—continued.
Dissolved Matters.
Previous
DESCRIPTION. : Olt:ll Organic Nitro- | Total 'e'ﬂl’o L 'Hardness.
01¢ |organic| 4. Am- enas | Com. | o OF o | Chlo-

Im- Carbon. monia, | Nitrutes bil\'-'f,d Con- rine.

purity. trogen. Nitrites.| trogen.

Tempo-
rary.
Perma-
nent,

tion.

Total.

Drainage from Norwood Sewage Farm,
January 28, 1369.

Drainage from Norwood Sewage Farm,
February 11, 1869.

Drainage from Norwood Sewage Farm,
February 25, 1869.

Drainage from Norwood Sewage Farm,
March 12, 1869.

Drainage from Norwood Sewage Farm,
March 25, 1869.

Drainage from Norwood Sewage Farm,
April 8, 1869.

Drainage from Norwood Sewage Farm,
April 22, 1869.

Drainage from Norwood Sewage Farm,
May 6, 1869.

Drainage from Norwood Sewage Farm,
May 20, 1869.

Drainage from Norwood Sewage Farm,
June 3, 1869.

Drainage from Norwood Sewage Farm,
June 17, 1869.

Drainage from Norwood Sewage Farm,
July 1,1869.

Drainage from Norwood Sewage Farm,
July 15, 1869.

Drainage from Norwood Sewage Farm,
July 29, 1869.

Drainage from Norwood Sewage Farm,
August 12, 1869.

Drainage from Norwood Sewage Farm,
August 26, 1869.

Drainage from Norwood Sewnge Farm,
September 9, 1869.

Drainage from Norwood Sewage Farm,
September 24, 1869.

Drainage from Croydon Sewage Farm,
September 24, 1868.

Drainage from Croydon Sewage Farm,
October 8, 1868.

Drainnge from Croydon Sewage Farm,
Qctober 22, 1868.

Drainage from Croydon Sewage Farm,
November 5, 1868.

Drainage from Croydon Sewage Farm,
December 3, 1868.

Drairage from Croydon Sewage Farm,
December 31, 1868.

Drainage from Croydon Sewage Farm,
January 14, 1869.

. Drainage from Croydon Sewage Farm,
January 21, 1869, after two nights’
frost.

Drainage from Croydon Sewage Farm,
January 25, 1869, after seven nights’
frost.

Drainage from Croydon Scwage Farm,
January 28, 1869.

Drainage from Croydon Sewage Farm,
February 11, 1869.

Drainage from Croydon Sewage Farm,
February 25, 1869.

Drainage from Croydon Sewage Farm,
March 12, 1869.

Drainage from Croydon Sewage Farm,
March 25, 1869.

Drainage from Croydon Scwage Farm,
April 8, 1869.

Drainage from Croydon Sewage Farm,
April 22, 1869.

Drainage from Croydon Scwage Farm,
May 6, 1869.

Drainage from Croydon Scwage Farm,
May 20, 1869.

Drainage from Croydon Sewage Farm,
Junce 3, 1869,

Drainage from Croydon Sewage Farm,
June 17, 1869,

Drainage from Croydon Sewage Farm,
July 1, 1869,

Drainage from Croydon Sewage Farm,
July 15, 1869.

Drainage from Croydon Sewage Farm,

77°30 { 3°280| °&06| 1-195| -240| 1-630 | 31,920 | 7:55 | 18-99 | 17-02
83:80 |1°230 | ‘238 | .300 | -549 | -929| 9,680 | 6-80 | 20:30 | 19-97
7320 {2877 | 391 | -988 | -423 | 1-628 | 32,080 | 5-70 | 16°86 | 17°19
8310 |1-294 | ‘3107 | -965 | -381|1-283 | 11,440 — — —
97:80 | 3-061 | ‘189 | -342 | -462| -933| 7,320 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>