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COMMISSION (ENGLAND).

VICTORIA R.

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

To Our trasty 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 Irankland, Esquire; and Our trusty and well-
beloved John Chalmers Morton, Esquire, Greeting.

T®hereas 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

T8hereas 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 :

Holw Fnol 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 cail before you, or
any two or more of you, all such persons as you may Judge most competent by reason
of their situation, Lnowledwe and experience, to afford you correct information on the
subject of this Inquiry.

@nu 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 scveral proceedings by virtue
of this Our Commission, together with your opinion on the several matters herein
submitted for your consideration.

Any We Will and Command that this Our Commission shall continue m full force
and virtue, and that yvou, Qur 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 fo thme by adjournment.

Any 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 C ommission,
whose scrvices 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 186s.

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

oG18T. Al
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InsTrUcTIONS to the CoOMMISSIONERS.

Rivers Pollution Commission,
9, 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. O. Liddel], Q.C,, (Signed) S. J. Smirs,
&e., &c., &e., ’ Secretary.
Home Office. )
SIR, Whitehall, 29th April 18686.

I an directed by Mr. Secretary Hardy to acknowledge the receipt of your letter of
the 28th instant, and to acquaint you, for the information of 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 pomt
where the former Commission left off, as proposed by the Commissioners.

‘ I am, &ec.,
S. J. S_rmth, Esq.,.Secretary, (Signed) A.F. O. LippeLL.
Rivers Pollution Commission,

2, Victoria Street, Westminster, S.W.

Al
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InstrucTions to the COMMISSIONERS.

(GENTLEMEN, Whitehall, 30th May 1865.

Her Majesty having been pleased to appoint you to be Commissioners for Inquiry
:nto the Pollution of Rivers, I am directed by Secretary Sir George Grey to send you
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 serious
ollution 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
‘nto the stream from which is mainly derived the water supply of the metropolis.

ond. 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 connection with the woollen and iron manufactories.

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

5th. The Taff Valley in connection 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 usetul -

or innocuous these sources of pollution.

As to the other rivers mentioned, the main object of the inquiry sheuld be how far
the use or abuse of the rivers is, under present circumstances, essential to the carrymng
on the industry of these districts. How far by new arrangements the refuse arising
from industrial processes in these districts can be kept out of the streams, or rendered
harmless before it reaches them, or utilized or got nid of otherwise than by discharge
into running waters. In the course of these investigations you will make inquiry isto
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 Jeading points, in which
case you will of course include them, so far as it is nccessary, within the scope of your
inquiry.

I am, &ec.

The Commissioners appointed to inquire (Signed) H. WaobpiNgTox.
into the Pollution of Rivers,

2. Victoria Street, Westminster, S. W,
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InstrucTIONS t0 the COMMISSIONERS.
Whitehall, 7th July 1865.

T 4y directed by Sccretary Sir George Grey to transmit to you an extract of a
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.

(GENTLEMEN,

I am, &ec.
The Commissioners appointed to inquire ( Signed) H. WabppingTON.
into the Pollution of Rivers,

9, Victoria Street, Westminster, S.W.

Lerrer from Crarres NEaTE, Esq., M.P., to the Right Honourable Sir GrorGe Ggrey,
Bart., G.C.B., M.P.

DEesar 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 health 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 people, and I think it is matter of
pressing interest to inquire how far the gencral level of springs in the country has been
lowered, how far it depends upon 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 summer.

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.

If 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) Cuarres NEATE.

Bart., G.C.B., M.P., &c., &c., &c.

P.S—I 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.

vil

COMMISSION (RSCOTLAND).

WECTORIEG, by the Grace of God, of the United Kingdom of Great Britain and
Treland, Queen, Defender of the Faith,—

@o 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 Frankland, Esquire; and Our trusty and well-beloved
John Chalmers Morton, Esquire, Greeting :

@@bereas 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 ;

an Wwherras 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 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.

ol LHnoln 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 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;

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 ecffect 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.

@nd for the better enabling you to form a sound judgment on the premises, Wedo
hereby authorise and empower you, or any two or more of you, to call kefore 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.

aAny it is Our further Will and Pleasurc that you, or any two or more of you, do
Report to us in writing, under your hands and scals, your several proceedings by virtue
of this Qur Commission, together with your opinion on the scveral matters herein

submitted for your consideration.
A4
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At 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.

@i for your assistance in the due execution of this Qur 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 the

year One thousand eight hundred and sixty-nine, and in the Thirty-third year
of Our Reign.

Per Signaturam manu S. D. N. Reginz 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.

ADDITIONAL INSTRUCTIONS TO THE COMMISSIONERS.

Rivers Pollution Commission,
1, Park Prospect, Westminster, 5.W.
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 TFrome, 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
« conmected 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 issucd {for their guidance, and in the present instance they are of opinion that the
Report upon the Pollution caused by the Woollen Manufacture in the Aire and Calder
Basins will not be complete and satisfactory 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 instructions 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 inguire 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 they 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.
'+ Thisinvestigation will spread over a large area ; for it by no means follows that the nuisance

caused by a certain process in one locality s identical in character with that originating
from an analogous process carried on in another place.

SIR,

I am, &e.
The Under Secretary of State, (Signed) S. J. Swmirs,
&c., &c., &c., Secretary.
Home Office.

Local Government Act Office,
8, Richmond Terrace, Whitehall, S.W.
SIK, Sth March 1870.

5 With reference to your letter of the Ist instant, I am directed by the Secretary
"¢ of State for the Home Department to inform you, by way of supplement to the instruc-
' tions alrcady issued for the guidance of the Commissioners appointed to inguire into the
bl pollution of rivers, that the Commissioners are to consider themselves instructed to inquire
" into the specific pollution caused by any particular manufacture wherever located in

'+ England or Scotland.
' I am, &ec.
S. J. Smith, Esq., Secretary, (Signed) T. TAYLOR.
Rivers Pollution Commission, .
1, Park Prospect, Westminster, S.W.

26046,
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REPORT.

TO THE QUEEN’S MOST EXCELLENT MAJESTY.

ALAY IT PLEASE YOUR MAJESTY,

Tgr public interest is at present deeply involved in the determination of an
cfficient remedy for the sewage nuisance, to which so large an amount of river
pollution is due; many large towns are under injunction from the Court of Chancery
to abate this nuisance; and the so-called “A. B. C.” patent method of dealing
with it has been so confidently advocated, that it has clearly heen owr duty to submit
this process to careful investigation. 'We have now, therefore, humbly to submit
to Your Majesty the following report upon it, together with the conclusions
regarding it to which our inquiries, observations, and analyses have led us.

We have already eiven some account of this process for the pwrification of sewage
in our first report (Report on the Mersey and Ribbie basins, Vol. 1, pp. 53-57), where
two trials of it were deseribed at which we had been present, our objeet having been
both to test its efficacy as a method of cleansing the drainage water of a town, and to
ascertain the manure value of the material which it extracts. On both of these occa-
sions the patentecs contended that the results of the experiments were inconclusive,
an accident having interfered with their aceuracy at Leicester, and the weather having
heen web and unfavourable at Leamington. Although we could not admit that these
experiments were in any way vitiated by the circumstances referred to, we nevertheless
expressed our willingness to re-visit the works at the latter place, for a further exami-
nation of the method at a time when it could be seen in operation under more ordinary
and favourable conditions.

This intention was carvied out on the 10th and 11th of May last, when, the weather
having been dry for some weeks, the sewage (being then merely the fouled water supply
of the town) might be supposed to be of the strength and quantity for which the works
were adapted.  We collected on this occasion a series of samples both of the sewage
as it arrived at the works and of the cffluent liquid as it left them, and from a
subsequent analysis of those samples we arc now able to report confidently on the
character and results of this process. '

Our attention was first called to the “A. B. C.” plan for sewage defeecation in
June 1868 by Mr. G. W. Wigner, whose report on a trial of it about that time at
Pottenham will be found in the Appendix (No. 1.) It appeared to us desirable that
we should have an opportunity of witnessing its capabilities upon a more considerable
scale, and accordingly at our request (sce Appendix, 3—15) the Mayor and Corporation
of Leicester very kindly put their large sewage works and tanks at the disposal of
the patentecs for a trial of it in comparison with the lime process, which had been
carried out there for several years. This experiment extended over three days, J uly 30
and 81 and August 1, 186S. As already stated, we have since, on two ocecasions,
inspected the works at Leamington, where the < A. B. C.” process has been in
operation for more than 12 months; and finally, on the 27th ult., we visited works
recently established for the same purpose at Hastings.

TWe proceed in the first place to describe the results of our investigation at Leicester,
quoting for this purpose much of what has heen already published in our report on
the Mersey and Ribble basins.

1. Bxperiments at Leicester.

The sewage works at Leicester devised by Mz, Wicksteed for carrying out his lime
process were admirably adapted for the experiments conducted in our presence. They
were indeed, in our opinion, decidedly superior for that purpose to those in which
the A B. . method of treatment is now carried on at Leamington. The sewage
as it acrives at these works is twice violently agitated by machinery after tho
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2 RIVERS POLLUTION COMMISSION (1868): REPORT ON TIE A, B. C. PROCESS OF TREATING SEWAGE. 3

i o — AT

chemicals have been added to it, and it then passes on to large rescrvoirs of
subsidence in which a copious deposit of mud takes place, while the supernatant
liquid flows off in a comparatively clear condition.

At the time of our visit we were informed Dby the patentees that their complete

Submitted to analysis these samples yielded the following results :—

TREATMENT OF LEICESTER SEWAGE BY THE “A. B. C.” PROCEsS.
RESULTS of ANALYSIS expressed in Parts per 100,000.

e

: specification had not yet been filed, and that comsequently they were compelled to Dicsolved Matters. Suspended Matters.

i keep their process sceret; we had, therefore, no opporfunity of ascertaining ecither

. the nature or the proportions of the chemicals wused, consequently our observations Solid Nitrosen

i were confined to the quality of the raw sewage, the efliuent liquid, and the mud (raw Description. Matters | onpge | Organie | gpmg | 98 ot | sierat | Oreanic | Total
. . . D) N1 - e . .

manure) extracted from the precipitating tanks. "We could not, however, help noticing Euapom. | Carbon. N | me | Tana | Nivogen.| | T ] T

that alum, animal charcoal, and perchloride of iron were among the materials tion. Nirrites.

| employed.

§ July 30th, 1868.

' The following is a copy of the specification which was subsequently filed in the | Raw sewage, 130 pm.  -| 11170 | 375 | 722 1eso | om1 | 2non | ewrs | oesrs | siss

: Great Seal Patent Office :— e Effiuent liqud, 6.10 pm. -{ 117:0 | 2778 | -207 2:000 | *000 | 1-944 230 3-82 | 612

“IWe add to the sewage to be purified a mixture consisting of the following ingredients :—Alum, blood, | July 31st, 1868,

clay, magnesia, or one of its compounds, by preference tl}e carbonate or the sulplmt.e, manganate ofpot— Raw sewage, 10 am. to| 112°0 3+536 ryz 1-800 0 9+ 994 18-50 29-58 | 48-08

3 ash, or other compound of manganese, burnt clay otherwise known as ballast, e¢hloride of sodium, animal 9 p.n. i ) ] . )

charcoal, vegetable charcoal,and magnesian limestone. Of these substances the manganese compound, Efuent liquid, 4 pm. to{ 1250 | 2-303 373 2-500 0 9-432 1-22 3-14 | 436

! the burnt clay, chloride of sodium, and magnesian limestone may be omitted, and 1t is not essential 9 pm.

i that both animal and vegetable charcoal should be used. If any of the ingredients named should from | Aucrust 1t. 1868

H any cause be present in sufficient quantity in the sewage it may of course be omitted from the mixture. S ) ) _ - - o

' The proportions in which the ingredients are to be used vary according to the nature of the sewage . Raw sewage, 10 am. to| 1080 | 2-752 103 2°250 0 1956 | 22718 | 3770 | 59-88

i to be purified, as, for instance, if a large proportion of urine is present we increase the proportion of | spm. ' . a-039 | <9296 2-500 0 2-355 1-96 1-50 | 92-76

:: . . - : - . e . - Effluent liquid, 10 a.m. to 119°0 2

it clay, if the sewage is much diluted we slightly increase the proportion of alum and blood, if it contains : 5 pm.

it a large proportion of street refuse we decrease the proportion of clay. {

“ For ordinary sewage the following proportions have answered well : — Before procecding to interpret the results of our analyses, it is necessary to premise

addition produces no further precipitate. The quantity required will be about four pounds of the
mixture to one thousand gallons of sewage. In many cases it is preferable to mix the above compound
with a small quantity of water, and add it in a liquid state to the sewage. The sewage must then be
thoroughly mixed with the compound and allowed to flow into settling tanks. The greater part of the
organic and other. impurities will be immediately separated in the form of large flakes, which rapidly
fall to the bottom, leaving the supernatant water clear and inodorous, or nearly so. The water may
then be allowed to flow away into a river, or be disposed of in any other way, and the sediment or
mud allowed to accumulate at the bottom of the tank. In some cases it is preferable to add the com-
pound of manganese to the water after the sediment produced by the other ingredients has been
allowed to subside. The sediment will be found to possess the power of precipitating a further quantity
of sewage ; it must therefore be pumped or otherwise taken from the tank and mixed with fresh sewage,
the sediment being allowed to subside in the same way as before. The sediment may be used five or
six times over in this way. When the sediment no longer possesses the power of precipitating the
impurities in the sewage it must be removed from the tank and allowed to dry; when partially dry a
small quantity of acid, by preference sulphuric acid, may be mixed with if, which will retain all the
ammonia in a soluble form. When dried the sediment will be a valuable manure.”

The samples of raw and eflluent sewage were collected during the course of our
experiments at Leicester in the following manner :—

On the first day a sample of the sewage as it arrived at the deodorizing works was
taken at 1.30 p.m., whilst at 5.40 p.m. and 6.10 p.m. samples of the ecilluent liquid,
after treatment, were collected ; the intervals of time heing those calculated as necessary
for the passage of the sewage through each of the two processes. On the sccond day
howrly samples of the raw sewage were taken from 10 a.m. to 9 p.m., but dwring the
morning an accident happened to a portion of the apparatus which vitiated the experi-
mental results, and consequently the samples, after treatment, were taken only from
4 p.m. to 9 pm. (Sce Appendix No. 16).  On the third day all the samples were taken
hourly, from 10 amto 5 pm. After our departure from Leicester on the first day
the duty of taking the samples was entrusted to ALr. W. Thorp, the principal assistant
in our laboratory.

Alum - - - - - - - 600 parts. f that the strength of sewage, as regards (]_issolved copstituenfss, is ascertained by twg
Blood - - - - - - - 1 ., - analytical determinations, viz., “ total solid platters in solution left on evaporation,
i Clay - - - - - - - 1,900 i and “total combined nitrogen.” A. comparison of the numbers under these heads,
o Magnesia - X i i - -2 - obtained from the samples of raw sewage collected on each of the three days of the

%Il?;lngta;?l;e of poEaSh B - - ~ : ég » - experiments, and on the occgsion of our previous visit to Leicester (May 13th, 1868),
Chloride of sodium - - - - - 10 . b shows that the sewage of this town is much below the average strength, and that it
. Animal charcoal - . - - - - 15, does not seem to vary in strength between very wide limits.

}\}ege"af’.le ‘31}.‘”‘*’0“1 i - i i A » May 13th. July 30th, July 31st.  Ang. lst.

: Sragnesian fmestone - ) ) ) ) - Total solid matters in solution

“These substances are mixed together and added to the sewage to be purified until a further left on evaporating 100,000 Ibs. »107°5 1bs. 1110 ibs. 112-01bs. 108 Ibs.

of sewage - - -

Total combined nitrogen dis-
solved in 100,000 1bs. of >2-524 |, 2-102 ,, 2-229 ,,
sewage - - -

1-956 ,,

But although the strength of the scwage separated from suspended matter was
thus tolerably uniform, its quality on the last day of the experiments differed widely
from that which it possessed on the previous occasions, the erganic matter in the
sample colleeted on the third day having become so much decomposed that a large
proportion of the nitrogenous constituents had become converted info mineral com-
pounds. This anomaly in the sewage of the Ist of August is clearly scen from the
following comparison of the organic carbon and nitrogen contained in the different
samples of raw sewage after filtration from suspended matters :—

May 13th. July 30th. July 31st. Aug. Ist.
Organic carbon in 100,000 Ibs. of 1 5.17 115, 3-745 1bs. 3536 Ibs.  2-752 Ibs,
sewage - - -
Organic nitrogen in 100,000 lbs.} -800 799, AT, 103 ,,
of sewage - - -

The purification of sewage may be conveniently considered under two heads: 1st,
clarification, or the removal of suspended matters, so as to make the resulting liquid
more or less clear and transparent; and 2nd, removal of matters in solution. The
suspended matters contained in sewage arc well known to undergo rapid putrefaction
and to become very offensive, conscquently their removal, cither by ﬁlh‘ahol} or
chemical treatment, is in itself an important amelioration of sewage. But the liquid
so elarified contains in solution much nitrogenous organic matter, which, m warm
weather, becomes putrid, even when mixed with a considerable \‘olum.e of river water.

In regard to clarification, the experiments at Leicester were not entirely satisfactory,
the cflluent liquid being at all times obviously turbid, and on cach of the three days
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the organic portion of the matters in suspension exceeded the proportion which in our
first report (Report on the Mersey and Ribble basins, Vol. L, p. 130) we suggested
should cause a liquid to be deemed polluting and inadmissible into any stream, viz. :—
« Any liquid containing in suspension more than one part by weight of dry organic
« matter in 100,000 parts by weight of the liquid.” Thus the cffluent sewage at
T,eicester still contained the following quantities (dry) of organic matter in suspension,
during the continnance of the experiment:—

Suspended Organic Matter (dry) in 100,000 parts of effluent Liquid.

1st day - - - - :;3,"82 parts.
ond ,, - - - - - - - 3y,
Sl'd 1 - - = - - - - 1.30 .y

Of the soluble constituents of sewage, the most important are those given in the
accompanying analytical results under the heads ¢ Total Solid Matters in solution
left on evaporation,” « Organic Carbon,” and * Organic Nitrogen ; ” and the following
table shows the manner in which the sewage is altered in these three respects by being
submitted to the process. The numbers all refer as usnal to 100,000 lbs. of sewage.

ErrecT oF Tut “A. B. C.” PROCESS ON THE SOLUBLE CONSTITUENTS OF SEWAGE.

Total Solid
Matters in
Solution.

Organic

Orranie Nitrogen,
Carbon. ganie Nitrog

At Leicester,
July 3u—Ang. 1, 1868.

Added. Removed. | Removed. Added.

Lbs. Lbs, Lbs. Lbs.
15t day - - 60 - 967 <423 —
amd ,, - - 13-0 1-231 *374 —_
ard - - 11-0 : *313 —_ -193

The numbers show that, as applied at Leicester, the process markedly angmented
the total solid matters in solution. This is obviously due to the fact that considerable
quantities of dissolved chemicals are added which are not afterwards precipitated.
1t is also possible that certain constituents present in the suspended matters of the
raw sewage are dissolved, whilst other constituents already in solution are precipi-
tated ; there is thus finally left in solution a balance of solid matters which is greater
than the amount originally present in the sewage.

The process had the effect of diminishing the organic carbon on each of the three
davs during which the experiments were continued.

The material, however, which it is of the greatest importance to remove from the
dissolved constituents of sewage is nitrogenous organic matter, because it is chicfly
this kind of organic matter which enters rapidly into putrefaction, and becomes an
active agent in the pollution of rivers. This material is represented in the analytical
results by * organic nitrogen.” It is precisely here that the process signally fails in
accomplishing such an amount of purification as would render sewage admissible into
an open watercourse. The raw sewage on the third day was, as alrcady mentioned,
very far advanced in decomposition, and the effect of both processes upon this sewage
was actually to increase the amount of organic nitrogen in solution ; that is, the amount
of organic nitrogen dissolved from the suspended matter of the raw sewage was
arcater than that precipitated from solution by the chemical reagents added. Leaving
out of consideration this result, which must be regarded as abnormal, the following
tahle shows the amelioration effected on the first two days :—

Per-centage of Organic
Nitrogen removed.
Ist day - - - - - - 58-86
2nd dﬂy - - - - - - d0-07

It may be stated thereforc in round numbers that, as regards putrescible organic
matter, the application of the process at Leicester during our visit would render it
possible to double the amount of ypwified sewage admitted into the river without
increasing the pollution. Although this is by no means an unimportant result, yet it
£ills far short of what is required to restore our sewage-polluted rivers to a satisfactory
degree of purity. ‘ - '
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An inspection of the analytical table shows that the effluent sewage after treatment
invariably contained more ammonia than the raw sewage; thus on the first day
100,000 Ibs. of sewage contained 1-65 1b. of ammonia before treatment, and 2 lbs.
after treatment; on the second day, 1-81b. before and 25 Ibs. after treatment;
whilst on the third day it contained 2-25 Ibs. before and 25 Ibs. after treatment. The
origin of this additional ammonia is not difficult to understand: alum is used in
the process, and as nearly all alum now manufactured is ammonia-alum, containing
317 per cent. of ammnionia, it is probable that this is the chief if’ not the only source of
the additional quantity of ammonia. Treated according to the specification, 100,000 Ibs,
of the sewage would receive, in the 10 1bs. of alum added to it, *375 Ih. of ammonia ;
but if the proportion of chemicals used ranged up to double that prescribed by the
specification, as was the case at Leamington, then 100,000 1bs. of sewage might recerve
in the alum added to it -75 1b. of ammonia, which almost exactly corresponds with
the maximum increase of ammonia (-7 Ib. in 100,000 lbs. of effluent liguid) observed
in the above experiments. The action of the chemical re-agents upon the nitrogenous
organic matters contained in the raw sewage, partly in suspension and partly in solution,
is also possibly another source of the increased quantity of ammonia.

Quch an addition to the amount of dissolved ammonia has little significance as
regards the pollution of rivers, but it hasan important bearing upon the applicability of
the process to the economical production of a solid manure, hecause it indicates that
the ammonia in solution in the raw sewage-—the most valuable manure constituent—
is not precipitated. Indeed it will he scen from an inspection of the analytical table
that on the second and third day the *total combined nitrogen” (which represents very
nearly the manure value) was actually greater in the effiuent liquid than in the raw
sewage. In other words, the results of the second and third days’ experiments showed
that, as regards dissolved constituents, the effiuent liguid was a more valuable manure
than the raw sewage. This fact is very significant, as bearing upon the manufacture
of manure by the * A. B. C.” process, when it is remembered that Zths of the manure
value of sewage resides in the soluble constituents. (See Report on the lersey and
Ribble basins, Vol. I, p. 27.)

Notwithstanding the loss of actual or potential ammonia in this process for sewage
defecation, the method of treatment still yields a solid manure of greater value than
that obtained by the treatment of sewage with lime; a circumstance which is explained,
to a great extent, by the mud from the new process being acid, whilst the lime mud is
alkaline, so that in drying, the latter loses ammonia, whilst the former, especially if
still further acidified, cannot suffer this loss.

We collected a sample of the mud as it was being raised from the subsidence tanks.
Tt was first dried in the sun, with free exposure to the air, so as to imitate, as nearly as
may be, the process of drying such manure usually employed on the large scale, and
it was then submitted to analysis. The following results, expressed in per-centage
numbers, were obtained :—

Mineral matters - - - - - - - 54TT2
Organic and other volatile matters - - - - - 452238
CﬂI’bOll - - - - - - - 91904
Phosphoric acid - - - - - - - -196
Total nitrogen - - - - - - - 1948
Ammoma - - - - - - - 185
"Total nitrogen calculated as anymonia - - - - 236

The theoretical value of the manure, as estimated from the above chemical composition,
is 17. 13s. 03d. per ton.®

The value of the solid manure obtained by treating the Leicester sewage with lime,
has been cstimated, from the analysis of Voelcker and Versmann, by Hofmann and
Witt, who give the following numbers :—7

Voelcker, Versmann.,

s d. s.d.

Value per ton - - - - - 15 5 17 0
Such is the valuc of these deposits as estimated from chemical analysis ; but expe-
rence has warned the manufacturer of these fechle manures that the value indicated
by chemical analysis cannot be counted upon in the market. Thus the Leicester

* In order to arrive at this result the following prices were fixed upon the several ingredients : ammonia,
591 per ton, and superphosphate of lime, 32/ per ton; if calculated at the rate of 561 a ton for the
ammonia and 151, per ton for soluble phosphate, the manuare appears to be worth only 17, 8s. 9d. per ton.

t Report on the Main Drainage of the Metropolis, by Hofmann and Witt, 1857, page 19.
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6 RIVERS POLLUTION COMMISSION (1868):

mud is actually sold for 1s. per ton, although its indicated value is from 15s. to 17s.
Indeed, without fortification with sulphate of ammonia, nitratc of soda, or super-
phosphate of lime, such manures are scarcely saleable.

I1. Ezperiments al Leamington.

In March 1869 the patentees undertook to apply their “A. B. C.” process to the
sewage of Leamington pending the exccution of the necessary works for the conveyance
of the sewage to a fairm on the estate of the Earl of Warwick, where it is to be used for
irrigation. At the requestof the patentees, and by previous arrangement with them,
we visited these works on December 11, 1869.

Tere we found that the chemical or “A. B. C.” method of treatment had been
supplemented by a subsequent process of continuous filtration through animal charcoal,
sand, and gravel; buf it was soon apparent that the filters could not pass anything
Jike the whole volume of sewage which had been submitted to chemical treatment.
A large and unknown proportion was allowed to flow unfiltered into the Leam, and
consequently no satisfactory average sample of efluent water from the filters could
be collected. As the supplementary process of filtration has sinee been abandoned,
the failure of this part of the operations is not of importance, more especially as it
forms no part of the “ A. B, C.” method of treatment.

The experiments were commenced at 9 a.m. by making the “A. B. C.” mixture,
composed as follows :—

cwt. qrs. lbs.
Alum - - - - - - -12 0
Sulphate of alumina - - - - - -0 3 7
Clay - - - - - - - -8 00
Animal charcoal - - - - - - 020
Clay and blood, containing 5% pints of blood - - - 0 112
A mixture of potash, carbonate of potash, and carbonate of soda 0 0 6
Previously manufactured manure - - - - 0 014
Strong solution of perchloride of iron - - - - - 1 pint.

This mixture was put into a large cauldron where it"was thoroughly incorporated
with river water, and afterwards kept continuously agitated by means of a *rouser”
worked by steam power. The horizontal shaft communicating motion to this rouser
worked a small chain pump by which a regulated supply of the mixture was delivered
into a neighbouring circular tank, in which it was mixed and violently agitated with
the raw sewage. TFrom this vessel the sewage flowed into a series of subsidence tanks
heneath the floor of the building, where a large proportion of the suspended matters
was deposited ; thence the defcecated sewage flowed into other subsidence tanks in the
open air, and from these on to the filter beds above mentioned.

On the occasion of our second visit to these works, (May 10th and 11th, 1870) we
beeame aware for the first time that, between the two sets of subsidence tanks there
is a penstock which feeds a water-wheel from the river Leam, the outlet for the
wheel race being through the sccond set of subsidence tanks; and we were informed
hy 3Mr. W. C. Sillar that this water-wheel is used instead of the steam-engine during the
nicht. The whole of this water-power plant being placed underground, and being
approachable only by means of a trap-door and ladder, we were not cognizant of its
cxistence until it was pointed out to us by Mr. W. C. Sillar on the occasion of our
sccond visit to the works. On that occasion we found that the penstock was not
water-tight ; there was also a hole in the side of the sluice only partially stopped by
a wooden plug; so that even when the wheel was not working, a considerable stream
of unpolluted water from the river Lewmn was mingling with the eflluent sewage before
it renched the place where our samples were taken. The effect of this water-power
arrangement would obviously be to fill the second set of subsidence tanks and the
filter beds cvery night with the larse volume of river water required to work the
water-wheel, mixed with the weak night sewage; whilst during the day fhe cffluent
sewage would be constantly diluted by the leakage of unpolluted river water through
{he penstock. We mention these circumstances here because they throw light upon
the analytical results which unmistakably disclose an admixture of unpolluted water
with the sewage during its passage through the sewage works,

We took hali-hourly samples of raw sewage from 9 am. to 3 p.m., and of cffluent
liquid from 10 am. to 4 p.m. Submitted to analysis these samples yielded the following
results i— '
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ErrFECT OF THE “ A. B. C.”” Procuss oN LEAMINGTON SEWAGE.

RESULTS of AXALYSIS, expressed in Parts per 100,000.

Dissolved Matters. Suspended Matters.
eol .
At Leamington, Dec. 11, 1869. Total solid . . Nitrogeni o1
Matters | Organic | Organic | Am- | as Ni- combimed Chlo- | Mipe-| Or- Total
left on | Carbon, Nitrogen.‘monin.,muesand\v. rine. | ral |ganie. :
) £ e Nitrogen.
evaporation.| ‘ Nitrites. |
i ! t
Raw sewage - - - - 83-5 4+355 9840 i5-971 0 7807 | 1100 06-24 i56-28 [152-52
Ditto after the * A. B. C.” treatment, 94-3 2-803 1-334 4-660 0 5-172 9+50 | 6°68 | 4°12 | 10° 80
but before filtration. l

An inspection of the numbers contained in the column headed chlorine shows that
the sewage has undergone dilution with some liquid containing a smaller proportion of
that clement, for we find that the application of the “A. B. C.” process to sewage, using
some of the mixture actually employed at Leamington, does not appreciably affect the
proportion of chlorine. A knowledge of the water-power arrangements above described
leaves no doubt that the liquid which thus flowed into the sewage and reduced the
proportion of chlorine from 11 to 95 parts in 100,000 was the water of the Leam,
which, according to our analysis, contains 348 parts of chlorine in 100,000 parts.
Before we can ascertain, therefore, from the analytical numbers the purifying effect of
the A. B. C. process in the above experiment, it is necessary to ascertain the proportion
of Leawm water which commingled with the sewage between the two points where the
samples of raw sewage and effluent liquid were taken. A simple calculation based upon
the proportions of ehlorine in the raw sewage, effluent liquid, and river Leam water
shows that the sewage had become mixed with almost exactly one-fourth of its own
volume of river water. The formula

__a—¢
YT el
in which «, , and ¢ represent the amount of chlorine in 100,000 parts of sewage, river
water, and effluent water respectively, and z the required volume of the river water
which has thus commingled with cach volume of the original sewage, gives the pro-
portion 219 of river water to 1 of sewage.

Applying this correction and assuming the composition of the river water to be the
same as that found Dy analysis on May 10th, 1870 (see page 14), we obtain the following
numbers illustrative of the nett effect of the ¢ A. B. C.” process on this occasion—
1st, on the total solid matters left on evaporation; 2nd, on the elements of organic
matter—organic carbon, and organic nitrogen ; 3rd, on the total combined nifrogen ;
and 4th, on the organic matters in suspension.

Nt E¥rect oF THE “A. B. C.” Process 0X LEAMINGTON SEWAGE.

REsTLTS of ANALYSIS, expressed in Parts per 100,000.

Dissolved Matters.
Suspended
At Leamington, Dee. 11, 1362. . Oreanic
’ ' Total solid Organic Organic Tot.al Matters.
Matters left on Carbon. | Nitrozen combined
Evaporation. : =" | Nitrogen.
law sewage - - - - - 83°5 4-355 2890 74807 56-28
Ditto after treatment by the « A, B. C.”" process . - 99-2 3-319 1-653 6-392 515

These results show that the sewage operated upon at Leamington was much stronger
{han that experimented with at Leicester, for whilst the former contained on the
average of the first two days in 100,000 parts only 8:641 parts of organic earbon, "735
part of organic nitrogen, and 27166 parts of total combined nitrogen, 100,000 parts of
the latter held in solution 4-355 parts of organic carbon, 2-89 parts of organic nitrogen,
and 7-S07 parts of total combined nitrogen, being about equal in strength to average
London sewage, 100,000 parts of which, as we have alvcady shown (First Report on
Alersey and Ribble basins, Vol. I., p. 63) contain in solution 4-386 parts of organic carbon,
92-484. parts of organic nitrogen, and 7-06 parts of total combined nitrogen. It was there-
fore to e expected that the proportional amelioration obtained by the application of the
# A, B. C.” process at Leicester would not be maintained in the application, of the same
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method to Leamington sewage, and a comparison of the Leamington with the Leicester
results from this point of view shows that as regards the soluble polluting matters of
sewage, this anticipation is realised.

CoMPARISON OF RESULTS OF “A. B. C.” TREATMENT AT LEICESTER AND LEAMINGTON.

of Organie Orsanic Nitrogen
Results. Carbon removed. |  removed. i
At Leicester - - 30°3 54747
At Leamington (average) 23-4 42-84

After this comparison it is almost needless to add that as the effiuent liquid at
Leicester was not admissible into running water, the liquid flowing from the works at
Leamington was mueh less so.

Considering it desirable to test the process under more favourable conditions as
regards weather, on the 10th of May 1870, after a long continued drought, we paid a
second visit to the works at Leamington, on this occasion without giving any previous
notice of our intention. We were courteously received by the Messrs. Sillar, who
expressed their gratification that we had come withont giving them warning, as we
should thus have the opportunity of secing the process in its ordinary course of
work, and in the finest weather. In addition to the usual staff of workmen, we
found in charge of the laboratory Mr. Graham an analytical chemist, with an
assistant. We found the yards around the buildings covered with the sewage mud,
which had been spread abroad to dry, in order to get it into saleable condition as
manure. The smell was extremely offensive, and the process, as it was then being
carried out, would be pronounced a nuisance whencver conducted in or near a town.
(See Appendices, Nos. 32 and 33.) The nuisance arose on the present occasion, we
were told, partly from the need of quickly drying a large accidental accumulation of
the material ; but, whether conducted out of doors or under shelter, on a laree seale
or on 2 small seale, this method of dealing with the raw manure extracted from raw
sewage is attended with the evolution of much offensive smell: to abate this nuisance
Ar. W. C. Sillar informed us that they had recently used chloride of lime.

Tt was arranged that every part of the cleansing process should be carcfully watched,
and submitted to rigorous investigation; the ingredients of the “A. B. C.” mixture
were to be weighed out, and put into the mixing eauldrons only in our presence, and
the workmen were to be superintended during the night by the Messrs. Sillar and
ourselves conjointly. To enable us to carry out these arrangements satisfactorily we
took down with us two of the chemical assistants in our laboratory. Ouwr party there-
fore consisted of six; and this staff was divided into three sections, the first having the
duty of collecting the half-hourly samples of raw sewage above the works; the sc%ond
the superintendence of the weighing and manipulation of the chemicals ; and the third
the collection of half-hourly samples of effluent liquid as it fell into the Leam. It was
arranged with the entive acquiescence of Messrs. Sillar that dwing the experiments
the process should follow exactly its usual course, so far as day operations were con-
cermed, but that at night, in order to prevent the admission into the subsidence tanks,
conduits, and filter beds of the great volume of river water which is then necessary
to work the water-wheel, the night sewage was to he allowed to flow through the
works untreated. We expressed our willingness to pursue the alternative cgurse,*
that is, to let the night sewage be treated with small quantitics of the “A. B. C.”
mixture by means of the water-wheel, and then to allow it to mix with river water as
usual in the tanks, samples being taken at regular intervals as during the day; bub
the Messrs. Sillar cntirely agrecd with us that the plan actually adopted would De on
the whole the best, if sufficient time were allowed in the morning for the clearing out
of the untreated sewage before the sampling was commenced. It is well knownD that
night scwage is exceedingly weak; thus the sewage of Preston (sce First Report,
Aersey and Ribble basins, Vol. 1., page 28), contained in 100,000 parts on the averace
of 24 howrs, 3-776 parts of organic carbon, 1-449 parts of organic nitrogen, and 24-08
parts of suspended organic matters, whilst a sample collected at midmght contained
only 1-751 part of organic carbon, 512 part of organic nitrogen, and 4-16 parts of

# See Appendix No. 23 (paragraph 5).
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suspended organic matters. It can scarcely be doubted therefore that the untreated
sewage flowing through the works during the night contained less polluting matter than
ile treated sewage discharged during the day, and the sequel shows that the samples
collected during the morning of the following day exhibit the «“A. B. C.” process to
greater advantage than those collected at any other period. At no time during the
experiments did the Messrs. Sillar or any other person express to us the desirability
of using any other chemicals than those actually employed; but Mr. W. Sillar
informed us that small quantities of other substances were occasionally added tfo the
« A B. C.” mixture. He stated, however, that he considered them neither necessary
nor useful. (See Appendix, No. 22, «“1st,” and No. 23, ¢ 2nd.”

Our investigation commenced at 11 a.m. on the 10th May, at which time a
sample of raw sewage was taken about 200 yards above the works. At the same time
a mixing tank commenced to discharge the « A. B. C.” liquid into the sewage. This
tank contained :—

ewt. grs. Ibs.
Ammonia alum - - - - - - -3 00
Clay (moist) - - - - - - -6 00
Animal charcoal - - - - - - 0 013
Vegetable charcoal - - - - - - 0 020
Fpsom salts - - - - - - -0 020
Blood in a pailful of clay-magma - - - - 0 0 4

River water about, as we were informed, 1,185 gallons.

By rough trials we found that this mixture was discharged into the sewage at the
rate of about 210 gallons per hour; in reality, however, the discharge must either have
heen more rapid or the contents of the vessel smaller in volume, since this tank was
exhausted in 4 hours 40 minutes, which gives an hourly discharge of mearly 24:i
gallons, assuming the tank to have contained 1,185 gallons ; or if the hourly discharge
were really 210 gallons, the above quantities of *A. B. C.” materials must have been
added to only 980 gallons of river water. Ourown analysis of a sample of liquid taken
from this tank indicates that 1,027 gallons of river water had been used.

Ar. V. C. Sillar informed us that the filters became choked soon after our last visit
and had not been in operation since; but a sluice allowed a considerable proportion of
the unfiltered effluent sewage to flow beneath the filter beds, and this, emerging at
the tail-race of the filters, would cause an aninstructed observer to think that the
liquid issuing into the Leam had undergone filtration. It is but justice to the Messrs.
Sillar to state that, neither with regard to this arr: ngement nor the admixture of
river water with the sewage at the wheel-race, was any information kept back from
us on this occasion; both these circumstances having been communicated to us
unasked at the commencement of our operations.

At 12 noon a sample of effluent sewage was taken as it flowed over 2 dam from the
top of the filter beds into the Lewm. At this time its odour was slightly offensive.
Along the filter beds masses of Dblack putrid mud buoyed up by gas oceasionally rose to
the surface and floated into the river. In collecting our samples of cfiluent sewage,
however, eare was taken not to include any of this material. We were informed both
on this and on our previous visit that the sewage requires about an howr to pass through
the sworks to the outfall, and upon this statement our plan of sampling was founded.
Ve find, however, on comparing the dimensions™ of the settling tanks, culverts, and
filters, and the depth of sewage flowing through them above the deposited mud, with
the howly gangings of the flow made for us during thesc experiments by Mr. Robert
Davidson, the Surveyor to the Leamington TLocal Board of Health (see Appendix,
No. 28), that the sewage at the average dry-weather day rate of flow requires
more than 7 hours to fill the culverts, subsidence tanks, and filter beds between the
mixing vessel and the outfall. It is, perhaps, not right to assume that when these
reservoirs are already filled the whole quantity thus collected is successively displaced
by suceessive volumes of the sewage as it passes through the works ; but it is certain,
that, owing to the room thus provided for its collection and retention, instead of being
only onc, it must be several hours (at least five or six in the case of ordinary dry-
weather flow) before any particular volume of sewage just arrived at the works
chall make its exit at the outfall. Even during the maximum wet-weather flow
of the 11th May it would have taken more than two hours to fill those tanks and
veservoirs. A similar caleulation shows that—cxcluding the indoor tanksin which
the © A. B. C.”” mud is deposited for subsequent removal as manure, and referring only
to the outdoor subsidence tanks, flter beds, and culverts—after these have been filled
with the mixture of weak night sewage and river water ordinarily transmitted through

+ Kindly supplicd to us by Mr. W. C. Sillar.
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10 RIVERS POLLUTION COMMISSION (1868): ; REPORT ON THE A.B.C. PROCESS OF TREATING SEWAGE. 11
them dwring the night, it will take more than 5% howrs dry-weather flow of sewage ; In the morning and ill 1 p.m. of the second day 1,714 bs. of the solid “A. B, c.”
to clear them out. These figures show that the cfiluent liquid flowing into the river | mixture were added to 214,252% gallons of sewage, being at the rate of almost exactly
during the greater part of the day is in reality a mixture of the treated weak sewage ‘ 8 Ibs. of the mixture to each 1,000 gallons of sewage.
of the early morning mixed with a large volume of clean river water from the wheel- . In the afternoon of the same day, owing to the increased volume of. sewage, both
race above described; and this circumstance explains the comparative purity of the o tanks were, as already mentioned, set to discharge A. B. C.”” mixture, and between
effluent sewage collected at noon on May 10th; for Mr. W. C. Sillar states in his letter - 1 pam. and 7 p.am. 1,816 lbs. of the solid mixture were added to 404,861 gallons of
fo his brother directors, dated May 17, 1870 (see Appendix, No. 23), that on the | sewage, being at the rate of 45 Ibs. of the mixture to each 1,000 gallons of sewage,
morning of our visit the water-wheel had been at work for two days and a half, and i a, proportion still in excess of that prescribed in the specification. Moreover, the
had not been replaced by the steam engine until 7 a.m. It also proves how fallacious proportion of alum in the afternoon mixture was still further increased by one-third ;
the results of the analysis of single pairs of samples may be; and it shows that the : 4 ewt. instead of 8 having been added to each tank of mixture. An increase of one-

3 analysis of samples taken between 8 am. and 1 p.m,, when the raw sewage is strong fourth was also made to the blood put into the “ A. B. C.” mixing tanks.

b and the eﬁuerﬂ: water weak, will give resuits favourable to the cleansing powers of e On our retwn to town the samples collected as above described were submitted

the < A. B. C.” process, whilst those collected between 1 and 7 p.m.,, when the raw - to analysis, and yielded the following results :—

i sewage is weaker but the effluent liquid strong, will, as a rule, lead to conclusions . .

G unfavourable to the process. . TREATMENT OF LEAMINGTON SEWAGE By THE “A. B. C.” PROCESS.

i On the first day, May 10th, half-howrly samples of raw sewage were taken from ; RESULTS of ANALYSIS expressed in Parts per 100,000.

-l 11.30a.m. till 7 p.m.; these samples were mixed together in a large glass carboy, and
1. at the end of the day an average samplc was taken for analysis from the carboy. A ' Dissolved Matters.

.t similar series of samples of effluent sewage was taken in the same way from 12.30 till Suspended Matters.

. 7.30 p.m., when the treatment of the sewage was discontinued for the night. - , . Total solid . Xitro- | Total gemarks ot
| At 1pm. the second mixing tank was charged, to be in readiness when the first . Deseription. Matters o anie| ! Am- [EF TS | T | Chio- were collected.
38 was worked out. It received the same charge as the first, but delivered its contents . Evapo- 09000 | “gen. |™OMH\ and | Nitro-| P L e o e Tota

e at a slower rate, extending over 5 hours 20 minutes, of which 8 houwrs and 50 minutes b ration. Nitrites| gen. ] i ‘

i were on the 10th’ and 1 hour 30 minutes .O]l the 11th Ofl_[‘dy - ' ' Raw sewage above works at 10.55 125+8 | 6-027 | 2-814 [9-910 0 10'975!17'00 1748 | 33-20 | 5068
15 On the morning of fhe 11th the machinery and mixing apparatus were set to work L am., May 10/70.
gl under our supervision at 5 o’clock. At 6.30 the second or slowfeed tank of “ A. B. C.” . Effluent scwage below works at | B4 |1°326 | -502 1-110| 149 | 1-565 6-10 | 1-21 | 1°14 ] 2:35) Slightly offen
- mixture was exhausted, and the discharge from the first or fast-feed tank, which had 3 1155 2.m, May 10/70. sive fo smet
been charged as before over-night, was set running, but at 8.80 a.m. the second or | ) ] l 1 . ]

L slow-feed tank was again substituted for it, having been recharged in the interim. R“;;,f,;‘;‘;é’“;’}’f’;g‘;f’;‘fs'th:l;“*;};‘,{ 125°7 | 6657 | 1°949 9°980 ) O 10-1761530 § 17765 ) 33112 ) 20780

At 11 a.m. the fast tank was once more substituted for the slow one, in order, as alleged, ‘ May 10/70. v vae | 062 | 5-ass | 10088 esos | o | 57 s-ao | 208 | 252 | 4-6o| Ofenst

to meet the condition of stronger sewage at this time of the day. The sampling of raw | Eﬁﬁ‘;fﬂf;;;‘;ﬁﬁff?gf;ﬁ 730 o R o 56711 9769 | 2:08 | 2:52 1 4°60) Ofenee e

sewage as before was commenced at 7 am., and that of efluent liquid at § am., L p.m., May 10/70.

3 hours after the addition of the “A. B. C.” mixture had begun. Slight rain fell :

during the morning, but, as will be seen from the gaugings, the flow of sewage was Raw sewage above works, half- | 110°5 |4-833 | 2:494 77945 | 0 | 9°03713°00 | 1848 | 28-36 | 4684

not perceptibly affected thereby until noon. At this time the rain hecame heavier, and - g P v 12.30

we deemed it expedient to take separate average samples during the afternoon. The Effuent scwage below works, balf- | 968 | 2:203 1 1°250 3092 | 0 | 3796922 | 1°40 | 3-06 | 4:46] Offemsive ¢

morning average sample of raw sewage, therefore, extended from 7 am. till 12.30 p.m., - o g, o to 130 smell.

and that of 'effluent sewage from 8 a.m. till 1.30 p.m. The afterncon average sample n -

of raw sewage_extended from 1 p.m. till 6 p.m., and that of the effluent liquid from 2‘ L R soware sbove works, half | 112:0 | 4867 | 2+185 6917 | 0 | 7-8511260 | 6224 | 53-32 11556

till 7 p.m. Fma-'171y, a Se%amt% sample of 1'zm:G sewage x(\ias taken at 6 p.m., and of b E?urly lsﬁ’mples, 1 p.m. to 6 p.m., :

effluent liquid at 7 p.m., when the experiments erminated. L May 11770. _ _ N s e ) .

At 1 pm. L cwt. of alum and half a pailful of the blood and clay mixture were added B Eﬁllllc;f:-ltysZ‘;zﬁﬁel},dﬂowp.g.o:ks';: I]:zﬁf 1130 14020 | 10690 §°020 | 0| STIOSII0| 8108 | FE) AEC ‘i?s,::f\fielfhl

| to the slowfeed tank, and at the same time otk tanks were sct to discharge the | May 11/70.
f « A. B. C.” mixture, as the raw sewage now obviously came down in larger volume. i | : .

L At 8.15 the fast-feed tank was re-chal'ge(]_ with the fo]lo“rj_ng iIlgl‘C(liOllt-S S ; R:Ev sewage above works, half- £9+5 | 3426 | 1-962 12-854 0 |4:31210-30 [111°40 ! 86-08 197-4F

- I ourly samples, at 6 p.m., May

cwt. qrs. lbs. P 11/70. I
Alum - - - - - - -4 00 P Effiuent sewage below works, half- | 1063 | 3578 | 2:203 3°652 | 0 | 35°21110°25| 508 5°00: 10°08 Very offensive
Clay - - - - - - 6 0 0 ' hourly samples, at 7 p.m., May i to smell.
Epsom salts - : : - - - - 0 020 P 1if70. !
Animal charcoal - - - - - - 0 015 - ’
Vegetable charcoal - - - - - - 0 020 L In the interpretation of these results it is necessary to take into consideration, as
Blood diffused in a pailful of clay magma ) - - 005 o b before, the proportion of clean river water which mingled with the sewage between

At 4 pm. the slow-feed tank was exhausted, and the fast-feed tank set in action, - the points at which our sampleswere taken, owing to the working of the waterwheel,
and continued until the close of the cxperiments at 7 pm. The maximum flow of . and to the leakage at the water-wheel penstock. Applying the formula already given
sewage ocewrred at 6 p.m. (sec Appendix, No. 25), when it amounted to 95,595 gallons ] to the mumbers in the column headed chlorine, and bearing in mind that 100,600
per hour, but we presume that even this maximum cannot he said to be seriously in . parts of the water of the Leam contain 3-4S parts of chlorine, we find that 100
excess of the volume with which t]le works are capable of dealing, as Mr. G. 'W. Wigner | volumes of true effluent sewage had thus become mixed with the following volumes of
states (Appendix, No. 19) that 1,500 gallons per minute (or 90,000 gallons per hour) river water :—
can be treated with case at these works. - Volumes of river

The proportion of “ A. B. C.”” mixture to scwage used in these experiments was as Efuent sewage at 11.55 am. May 10,70 - , . - - mfff 6 et
follows : — Effluent sewage, average of half-lourly samples from 12.80 a.m. to 7.50 p.m..

On the first day 1,834 1bs. of solid mixture were added fo 43,192 cubic feet, or May 10/70 - - - - - - - - 963
959,352 gallons, which is at the rate of rather less than 7°3 lbs. to 1,000 gallons of ‘_ Em‘w“{t sewage, average of half-hourly samples from 8 am. to 1.50 paz., .
sewage. This is !}caﬂy double the proportion pr_csc%'il.)cd by the specification ; nmoreover | Efﬂ_ue?lélze}wlair_:g 0t 7 p.m': \fav 11 /70 - _ - T 111:1(;)‘;)1?0eiablc.
the proportion of alum, the most active ingredient in the above instance; is 30°5 per Effiuent sewage, 7 p.m., May 11/70 - - - - - Inappreciable.
cent., while the proportion in the specification is only 23-2 per cent. C 3
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12 RIVERS POLLUTION COMMISSION (1868;:

The admixture of a very large volume of river Leam water with the eﬂlugant sewage,
when the sample was taken at 11.53 am. on May 10th, as tlu.ls (letel_'mmed by the
diminution of chlorine, is strikingly confirmed by the presence of nitrates in the ei}}uent
liquid. The Leamington sewage contains no nitrates, neither does the “A. B. C.” pro-
cess produce nitrates; on the other hand, 100,000 parts of the water of the Leam
contain ‘178 part of nitrogen in the form of nitrates; consequently, if ;1:16 _parts of
Leam water were mixed with 100 parts of Leamington sewage, the mixed liquid ought
io contain -143 part of nitrogen as nitrates; our analysis given at page 11 shows 149

art of mitrogen as nitrates in 100,000 parts of the cffiuent liquid, a proportion wh}ch
indicates a slightly larger admixture of Leam water than that d.eduged from the c}ﬂprme
determinations. ‘Nitrates may thus be used for the determination of the minimum
proport-ion of river water which has mixed with sewage. '.l‘hey cannot, however, be
safely emploved as an indication of the mazimum Proportlon, because, as wWe have
already shown (First Report on ersey and Ribble basins, Vo!. L,p. 113)., the admixture
of a laree volume of sewage with river water containing nitrates rapidly decomposes
and destroys all trace of the latter. For instance, the water supply of Leamington
contains 191 part of nitrogen as nitrates, no trace (_)f which, howerver, 1s to be found 1n
the Leamington sewage. Tn like manner the nitrates of: the Leam water werc_not
present in any of the subsequent samples of effluent liquid, because these contained
much larger proportions of sewage. _ _

During the whole course of the experiments we saw the stream of river water {from
tho wheel-race mingling with the treated sewage. That this leakage was inappreciable
by the chlorine test in the afternoon samples of the second dayis doubtle:ss due clngﬂy
to two causes, viz. :—1st, 10 the greatly increased volume of sewage during the rain;
and 2nd, to the diminished strength of the raw sewage as compared with the original
streneth of the treated sewage, OWIDG to the length of time required by the latter to
pass ghrough the tanks and conduits to the outfall where the samples of cffiuent hq}ud
wore taken—the strength of watercloset sewage exhibiting a continual diminution
durine the afternoon. For the same reason the other analytieal results yielded by thfzse
last s::fmples of effluent liquid show an unfavourable com_parison with the companion
samples of raw sewage; more especially is this the case with the final par of samples
in which the effluent liquid is, as regards dissolved matters, in :_1]1 }tqms, exeept
chiorine, actually somewhat stronger than the raw sewage W ith which it is compared
in the above table. . .

\We may therefore dismiss from consideration the first and last pair as comparative
samples, observing however that the cffiuent 1iq11id: cven in the case o§ the first pair,
notwithstanding its dilution with more than four times its volume of river water, was
still polluting and inadmissible into running water. _ . '

Tt will therefore only be necessary to correct for admixture of river water m the
average samples of effiuent sewage collected on _the 10th inst., and on the morning of
the 11th. Thus corrected, the results of the analysis of these samples are compared in
the following table with those yiclded by the corresponding samples of raw sewage :—

NerT RESULTS OF TREATMEXT OF TEAMINGTON SEWAGE BY THE ““A. B. C.” ProcEss.
ResuLts of ANALYSIS expressed in Parts per 100,000.

Dissolved Matters.
Suspended Matters.
Total solid Nitrogen Fotal
Description. Matters . it ) as Tota
’ Jeft on Organic Q_rcnmc Am Nitrates | combined [Chlorine.
. Carbon. |Nitrogen.! monia. and Nitrozen ) .
Lvapo- Tieed e Mineral. | Organic. { Total.
ration. Nitrites. |
[]
Raw se\vnge,]mlf-hour]_v.' sam- 125°7 6657 1+949 9-9490 0 10176 1530 17-68 33-12 '50-80
ples, 11,30 2. to 7 p-m.,
May 10/70. N N - ) .
Effinent sewage, half-hourly 134:6 §+180 | 1-929 | 11-017 0 11-003 | 15-30 3-96 4-80 | 8°76
samples, 12.3¢ pm. 10
7.30 p.m., May 10/70.
R . [
Rzm'sewage,half-houﬂysam- 110-5 4-833 2-404 7043 0 9-037 13°00 18-48 28-36 46°E84
© ples, 7 a.m. to 12,30 p.m.,
May 11/70. ) A )
Eflucnt sewage, half-hourly 1113 3:925 | 2°033) 5 103 0 6-235 | 13+00 2-32 5:08 | 7°40
samples, 8a.m.t0 1.30p.m., ‘
May l]iTO.

It is evident that a certain amount of possible fallacy attaches to the corrceted
pumbers in the last table owing to the varying relations of chlorine to the other con-
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stituents of sewage of varying strength, and to the want of complete correspondence, as
already described, of the samples of raw sewage with those of effluent liquid ; we deemed
it therefore expedient to try the «©A. B.C.” process in our own laboratory upon sewage
of known composition under circumstances excluding any possible alteration of com-
position, except that due to the action of the * A.B.C.” chemicals. For this purpose
we brought back with us from the works at Leamington asample of the « A. B. C.” liquid
actually used in the above experiments; this was mixed with fresh London sewage
in the proportion of one volume of the liquid to 100 volumes of sewage, that being about
the proportion used in the experiments on the 10th May. The mixture was violently
agitated for 5 minutes and then allowed to subside for two hours in a deep glass cylinder.
A sample of the supernatant liquid was then removed for analysis, the results of
which, together with those of the sewage operated upon, are contained in the following
table :—

TRESTMENT OF LONDOX SEWAGE BY THE « A, B. C.” ProCESS.
RESULTS of AxALYsIS expressed in Parts per 100,000.

Dissolved Matters,
Suspended Matters.
Deserioti Total solid Nitrogen
escription. Matters : . as Total
Ormanic | Organic | Am- - . .
ldt[ on Cai‘bon. .\'itl?os:en. moxia, Kitrates cg_mbmed Chlorine.
Evapo- = and | Nitrogen. Afineral. | Oreanic. | Total
ration. Nitrites. neral. Lred mc.i ok
London sewage collected 67°3 3-614 1-886 5-1418 0 6°348 10-23 10+30 18-00 !28'30
May 23, 1870 ]
Ditto after treatment by £0-5 a.957 | 1-878 1 G-086 0 6-890 10-20 | traces. | traces. !tmccs.
A.B. C. process. !;

These results ave very instructive ; they are free from the sources of fallacy attending
the trials at Leamington; and, moreover, this lahoratory experiment, being quite as
likely to yield results favourable to the process as any operations on the large scale,
even with the most perfect plant, may be regarded as exhibiting the true amount of

amelioration which can be obtained by this process cven with the employment of
double the proportion of chemicals prescribed by the specification.

We learn then from the above results :—

1st. That of the dissolved matters those left on evaporation were increased in weight
by nearly onc-half’ the amount of soluble ingredients added to the sewage; for the
< A B. C.” mixture making up 100,000 parts with the sewage to which it was added
contained, according to our analysis, 27 * S parts of soluble matters left on evaporation,
whilst the increase of soluble matters left on evaporation, shown in the above table,
amounts to 13-2 parts. :

ond. That the organic carbon in the dissolved matters was diminished to the
extent of 37-5 per cent.

3rd. That the orcanic nitrogen in the dissolved matters underwent no alteration;
consequently, the organic matters precipitated from solution by the « A. B. C.” mixture
were non-nitrogenous, and therefore valueless as manure.

4th. That the proportion of ammonia was augmented, because more was added in
the © A. B. C.” mixture than was precipitated by the action of that mixturc upon the
sewage. 100,000 parts of the © A B. C.” mixture gave on analysis 132-1 parts of
ammonia; there was consequently added to cach 100,000 parts of sewage in the
« A B.C.” mixture, 1+82 part of ammonia, whilst the augmentation of ammonia
chown in the above table is - GGS part.

5th. That no nitrates were formed in the operation.

6th. That the total combined nitrogen was aungmented by the anumonia added in
the « A. B. C.” mixture; consequently, as regards soluble constituents, the cfilucnt
liquid possessed a greafer manurc calue than the raw sewage, the increase in value
being due to the ammonia in the chemieals employed.

7th. That the proportion of chlorine remained unaltered.

Sth. That the matters in suspension, both mineral and organie, were almost completely
removed, although the defeecated sewage remained perceptibly turbid.

Yevertine to the samples colleeted on May 10th and 11th, the analyvtical results
viclded by these samples show that the “A. B. C.” proccess, as carried out at Leamington,
eficets but a very slight purification of the sewage of that town. Tven the suspended
organic matters were present in the effluent liquid in four or five times the proporiion
suceested in our First Report (Report on the Alersey and Ribble basins, Vol. L, p. 40)

C
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14 RIVERS POLLUTION COMMISSION (1868):

as the maximum admissible into a river; the soluble polluting matters were removed to
but a slight extent even during the dry weather operations, when double the proportion
of “ A. B. C.” mixture prescribed by the specification was employed ; whilst during
a slight fall of rain (*286 inch) in the afternoon of the 11th May, the eflluent
quid discharged into the Lewm contained almost exactly as much seluble polluting
matter as the raw sewage, although it had been treated with a proportion of “ A. B. C.”
mixture one-eichth greater than that preseribed by the specification. On no occasion,
oven when mixed with more than four times its volume of clean river water, was
the effiuent sewage other than a polluting liquid, offensive to the senses even at the
moment of discharae, and always quite unfit to be admitted into running water.

Tt is proper-also to remark herc that in order to ascertain the state of the river
Leam, we cxamined it cavefully both above and below the sewage works. Above the
works the water was somewhat turbid, but on the whole like that of an unpolluted
river; no sewer fungus nor any indications of putrescence were observed. At 6 p.m.
on the 10th May we rowed down the stream from the works to the junction with the
Avon. At this time a large volume of water was flowing over the weir opposite the
works, althougl for some hoursin the middle of the day but little water passed this weir.
Fven to the eye the water helow the sewer outfall was in a marked degree inferior in
purity to that above the weir. Masses of putrid mud, Yike those we had observed in
the filter tanks, were floating here and there on the surface, buoyed up by the gases
cenerated during putrescence. The water, though offensive to the eye, was not so
fo the sense of smell, Everywhere there was a thick stratum of very black mud
at the bottom of the river, which when stirred with the oar emitted large quantities
of very offensive gases, The temperature of the water was 14-6° C. (58-3° F.).
About’ 150 yards below the sewage outfall we found a boom placed across the river to
intercept floating matters. Sewer fungus was growing abundantly on submerged
objects near the banks, and we observed that it markedly increased in quantity as
we approached the works on our refurn up the river. About one-third of a mile belew
{he works the Messrs. Sillar pointed out to us a place on the left bank where they
Lelieved a sewer from Milverton emptied itself into the river bencath the surface. We
could not perecive either an outlet or any flow of sewage here (see also Appendix,
No. 34, Q. 48, 49) ; nevertheless in collecting o sample of the Lewn after admixture with
the treated Leamington sewage, we took the water from the river at a point above this
uspected outlet.

The results of the analysis of this sample, and of one collected immediately after-
wards above the weir at the sewage works, are contained in the following table :—

EFFECT OF LEAMINGTON SEWAGE TREATED BY THE ¢« A B.C.” PROCESS TPON THE LEAM.
RESTLTS of ANALYSIS expressed in Parts per 100,000.

Dissolved Matters,
Hardness.
Total solid Nitrogen .
Description, Matters . . a5 Total | LTevious
Organic | Organie | Am- - . o | Sewage .
lett on o O . Nitrates ; combined "/, . |Chlorine.
S Carbon. {Nitrogen.| monia. - LContami- Tempo- | Perma-
Evapo- & and Nitrogen. ;" sion rary nent Total.
ration, Nitrites. l ’ £y :
The Leum above the 748 -499 051 -040 E, *178 l +272 1,790 3-48 1555 12-51 [28-06
sewage  works, | |
May 10,70. i i
The Leam below 81+0 -575 1102 =370 *179 ¢ +586 4,520 3-70 16-40 15-28 {31+68
the sewageworks, |
May 10/70. ;

Calculated from the increase of ammonia exhibited in the above table by the Leam
helow the sewage works, we should infer that one volume of the average netl cfluent
sewage of the 10th May had become mingled with 32-3 volumes of river water in the
Leam. The ammonin of sewage does indeed gradually disappear when discharged
into the water of any running |stream in which plants are orowing, or in which the
water is in a state of putrefaction; but neither of {hese conditions obtained in the
ZLeam on the occasion of our visit, and this caleulation founded on the ascertained
proportion of ammonia present in its water, is thercfore probably trustworthy.
The river is undoubtedly mow being polluted both by suspended and dissolved
matters in the cfffuent sewage, but owing to the comparatively large volume of clean
cater, the -learee of pollution by dissolved organic matters is only small, the organic

RN
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nitrogen Dbeing increased Dby little more than GO per cent. The more serious pollution
is doubtless caused by suspended organic matters, which are gradually deposited in
the bed of this very sluggish stream ; but it is impossible to estimate how much of the
present abominable condition of the bed of the river is due to previous mal-practice,
and how much to the admission, during thirteen months, of sewage treated Dby the
« A, B. C.” process.

We have now to consider this process as a manure-producing operation, because
if it be true that o valuable manure can e thus extracted from sewage, it might be
advantageous to prefix this method of treaiment to some other method capable of
purifying the cffiuent liquid ; thus it might be advantageous to make it preliminary
to irrigation, since, as we have shown, the efftuent liquid still retains the whole of
the valuable soluble constituents and has lost only matters in suspension. It is true
that the field for profitable enterprise is here greatly narrowed by the circumstance that
only about one-eighth of the manure value of raw sewage attaches to the suspended
matters, still, taking into consideration the enormous annual value of the sewage now
for the most part wasted in this country, it might be worth while to extract even this
small fraction if it could be ohtained in 2 sufficiently portable and concentrated form.

The chemical analysis of the precipitated mud which, under the guidance of the
Messrs. Sillar, we extracted for this purpose from one of the subsidence tanks on the
10th of May, does not afford any encouragement to such an enterprise. This mud
acidified with dilute sulphurie acid to prevent loss of ammonia, and dried in the air,
contained the following ingredients :—

Organic matter containing 1813 parts of carbon and 1°35 part of nitrogen - 3497
Ammonia - - - - - - - - - 16
Phosphoric acid - - - - - - - - _ 1-93
Clay and other useless mineral matters - - - - _ . 5613
Water - - - - - - - - _ b

100700

Total nitrogen caleulated as ammonia=2-05 per cent.

In the preparation of the manure at Leamington, the mud is pumped into centrifugal
dryine machines, which were not at work on the occasion of our recent visit. We
were, however, informed that one-half or more of the water which the mud contains
is thus driven off in a filthy black stream, which is sent back to the tank for repeated
treatment. The comparatively dry soil is then taken out of the revolving cages and
spread abroad to lose a further porticn of its water; being ultimately sold in much
the condition as to dryness of an ordinary commercial superphosphate, with probably
from 10 to 15 per cent. of water still remaining in it. Notwithstanding the small
proportion of fertilising matter which our analysis proves it to contain, the manure 1s
snid to have commanded a ready sale at 37. 10s. per ton. We are bound, however, to
say that the cvidence hitherto obtained of its agricultural value is of the weakest kind.
No agricultural experience of the manure resulting from the process was, indeed,
possible in 1869, for we put altogether aside the possibility of determining the value
of a fertiliser by its influence on autumn-sown cafch crops, whose produce oenerally
depends much more on the character of the weather than on the composition of any
manure that has been applied to them ; and the weather of 1870 has hitherto been
such that spring top dressings of even the strongest artificial manures have been
useless. The whole testimony is thus necessarily that of mere garden beds and
flower pots, where enormous quantities per acre are almost certain to have been
applied, so0 that they are eptircly insufficient to justify an agricultural opinion.

In the absence of that test of the manure over acres of various crops during several
seasons, which alone can enable a farmer to speak confidently of its value, we must
&0l back on the ascertained composition of the sample taken from the tank, and
‘t offers the following comparison with such manures as a aood bone superphosphate
worth perhaps 90s. a ton (vwholesale price), and Peruvian guano worth 13/ a ton.

. [ 1 .
i Ingredients in 100 Parts, %Ialgug:. Superlgﬁgse;)hatc l Peruvian Guano.
i [
l Combined nitrogen - - - 1-695 -4 14
equal to sammonia - - " 2:05 "5 17
Phosphoric acid equal to soluble phos- |
hate of lime - - - 3°26 26-0 7
| Neutral phosphate of lim - - — 10:0 22
. Soda salts - - - - — — } 8
i Totash - - - - — —_
26046. ' D
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If on valuing these manures we take the ammonia to be worth 56/. a ton, the soluble
phosphate to be worth 151., the neutral phosphate 5. a ton, and the alkaline salts 1.
a ton—nearly the prices at which they are sold in imported manures—the super-phos-

hate comes out worth about 44. 14s. per ton, which is more than its value in the whole-
sale market; the guano comes out worth upwards of 12Z. per ton, and the “A. B. C.”
manure appears to be worth about 32s. per ton. That is to say, 160 cwis. of the
« A. B. O.” manure would be worth as much as 90 cwts. of guano, or 55 ewts. of
the superphosphate, supposing hoth to have been deposited upon and within the soil.
Tt is plain, however, that this supposition cannot be realised without a much larger
expenditure on the weaker manure for carriage and labour of distribution than in the
case of guano or of superphosphate,—an expenditure which indeed very soon altogether
destroys the commercial value of o manure as it diminishes in strength. The dried
lime mud from the Leicester sewage works, for example, which, according to Dr.
Voelcker's analysis is worth 13s. 5d. per ton, commands only ls. per ton in the actual
market. It is, therefore, certain that the theorctical value of the Leamington
« A B.C.” manure will not be nearly realised when its price shall have been deter-
mined by the ordinary process of competition with other purchascable fertilisers. On
this point we refer to the testimony of Messrs. Lawes and Gilbert (Nos. 29, 30, Ap-
pendix), as still more conclusive of the comparative worthlessness of such manures as
have their fertilising ingredients, Iike those of the ¢ A. B. C.” manure, mixed with a
great mass of inert matter. No doubt a higher value may be obtained if the process
of manufacturing a manure, of which the precipitated sewage mud is only one of
the ingredients, shall be adopted, as it is at Stroud. Guano or superphosphate,
nitrates or ammonia salts may be added to the “ A. B. C.” mud until the composition
of the mixture shall make it worth the farmer’s while to pay 3{. or even morc per
ton for it at the works, even though he should have to cart it several miles to his ficlds.
But in that case it deserves the carveful consideration of the agriculturist, whether,
if he desires to usc a fertiliser of diminished strength, he will not be better served
by carrying only the pure guano, superphosphate, nitrate, or ammonia salt from the
market to he mixed with a sufficient quantity of diluting material at home.

An artificial fortification of the comparatively worthless sewage mud thrown down
by the « A. B. C.” mixture is, however, oceasionally practised. It will be seen in the
Appendix (No. 34) that added crystals of sulphate of ammonia were found in the
« A B.C.” manure at Leamington by Dr. V. A. Miller, F.R.S., and Dr. W. Odling,
F.R.S., who visited the TLeamington works on April 2nd, this year, under instructions
from the Metropolitan Board of Works, to inquire especially into the value of the manure
made there. As these gentlemen have as yet made no formal report upon the subject
(see Appendiz, Nos. 25, 26, and 31,) we called Dr. Odling hefore us, and his evidence
is reported in full in Appendix, No. 34, It will be seen from those of his answers to
our questions which are extracted below* that when a sample of the genuine manure was

* Exiract from Dr. Qdling’s Evidence :—

¢ Did you also examine the manure which was being manufactured 7—Dr. Miller and T took a great number
of different samples of manures, but we found that many of these samples contained large erystals of” sulphate
of ammonia. These are some of the crystals of sulphate of ammonia, which were found in one of the heaps
in the drying shed (producing the same).

« The manure from which these crystals were removed was in the drying shed ?—Yes.

 Did you find any of these crysfals in any other portions of the manure ahout the works 7—Yes, in several
othér portions.

¢ And vou have proved them to be sulphate of ammonia ?>—Yes ; I may say that it was then arranged that
we ghould simply take a sample of the manure as it was going out in the cart, and that we should examine that
alone.

¢« Have you examined it >—We have.

¢ Can you furnish us with an analysis of it ?—I hand in the analysis. (This will be found at the end of
the evidence of the witness.)

« What is your opinion as to the value per ton of that sample which you analysed ?—X might put it in this
way, thatit contains about ZLth part of the nitrogen which is contained in guano, and less than Arth part of the
amount of phosphate, so that, estimating it merely a3 regards those two constituents, it would have been gyth
part of the value of guano, making no deduction for the amount of dilution. B

& Can yvou account for the presence of these crystals of sulphate of ammonia in the manure from any of
the processcs to which the sewage is subjected in the works >—XNo. I may say that when these cryst als were
first discovered, the manager, Mr. Wigner, tolil us that he knew nothing about how they had come there, but
that he supposed that they must have been swept up by aceident.  That was the original information which was
offered. When we pointed out the large extent of the admixture and the number of different heaps, we were
then told that it was sulphate of magnesia which had Leen added in order to assist the desiceation of the
manure, and the fixation of the ammonia.  After we had left the works we were told that the manager
(Mr. W. G, Wigner) had intended 1o order sulphate of magnesia, but that he had accidentally written
» sulphate of ammonia ™ ingtead of sulphate of maguesia.

oy
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examined, its ingredients indicated a value corresponding to about F:th that of Peruvian
guano, or 11s. 3d. per ton, which is considerably below the value based upon our analyses.
MThese were indeed analyses of samples not of the manufactured manure, but of the
yaw sewage mud thrown down by the © A. B, C.”” mixture, and afterwards treated in
the laboratory with greater care for the preservation of its volatile ingredients than is
possible on the large scale of an ordinary manure manufactory. There can be no
doubt, therefore, that our results are especially favourable to the character of the

« A, B. C.” manure.

It may be useful here tfo glance at the weight and value of the “ native guano ?
produced from a aiven quantity of sewage and the expense of the chemicals required to
produce it. Unfortunately our data for the ealeulation arc not so complete as might
be Tished, since it was obviously impossible to investigate this part of the process so
clahorately as the chemical part, without expending more time than we should have
considered oursclves justified in devoting to this one object. The proportion of
suspended and precipitable matters in the Teamington sewage doubtless varies from
day to day, and even the actual weight of clay and chemicals added is, as already
stated, altered according to the strength and volume of the sewage ; nevertheless,
taking as an example the 10th of May, a close approximation may be arrived at from
the following data 9,523,520 1bs. of sewage were treated during S3 howrs on that
day; this sewage contained 1,262 1bs. of matters in suspension, of which about 3ths
or 1,052 Ibs. were retained in the tanks. To this weight of sewage 1,884 Ibs. of solid
¢ A, B. C.” mixture were added, containing 1,215 1bs. (or 925 lbs. when dried at
100° C.) of insoluble matters— clay and charcoal, and 619 lbs. (or 501 1bs. when also
dried at 100° C. of soluble matters—ammonia, alum, Epsom salts, and blood. If mo
precipitation occurred the soluble matters thus added ought to increase the weight of
the * solid matters left on evaporation™ to the extent of 501 1bs. The analytical
table at p. 12 shows, however, that the increase of weight of dissolved matters in
9.523,520 Ibs. of effluent liquid as compared with the same volume of raw sewage
was only 225 lbs., consequently 276 1bs. were precipitated. The following is therefore
the weight of dry manure produced on May 10th:—

Suspended matters in sewage operated upon - - 1,052 1bs.
Tnsoluble matters added in “ A. B. C.” mixture - - 925,
Soluble matters precipitated by action of * A B.C7

mixture - - - - - - 276 ,,

Total manure dried at 100° C. - - - - 2,253

But as the manure when merely air-dried for sale contained 7-46 per cent. of water,
which would be expelled at 100° C. (see p- 15), it follows that the above weight of
manure corresponds to 2,435 lbs., or 1 ton 1 cwt. 2 qrs. 27 Ibs. of manure as sent to
market.

The value of this weight of manure as indicated by its chemical composition is
11, 1ds. 9d.; but appraising it at the value which it will, according to Messrs. Lawes
and Gilbert, feteh in the market, it is not worth one-third of this sum.

Now, besides labour, fuel, wear and tear, and interest upon plant, there was expended
in the production of this manure,—

577 1hs. ammonia alum at 77 per ton - - £116 1

34 1bs. Epsom salts at 20s. per ton - - 0 0 4

961 Ibs. animal charcoal at Gl. per ton - - 0 1 5

34 1bs. vegetable charcoal at 24 per ton - 0 0 7

1,155 1bs. clay - - - - —

7 1bs. Dlood - - - - - —
£118 5

& Upon that occasion was it one of your chief objects to ascertain the value of the manure made by this
process P—Y es, that was our chief object.

« Would the addition of sulphate of ammonia increase the value of the manure P—It would increase its
value to the extent to which ammonia salt was added.

“During your experiments, did you have the chemicals weighed which were added to the sewage >—XNo.”
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Looked at from another point of view, the results of this day’s working may be
thus formulated :—
The manure value of the chemicals added was,—
913 Ibs. of ammonia at 567. per ton, in the ammonia alom - £0 10 8
21-3 lbs. of meutral phosphate at 5/. per ton, in the animal
charcoal - - - - - - - 0 011

£0 11 7

Taking, therefore, the theoretical value of the manure, as above given, at 17. 14s. 9d.,
the nett result of the day’s working was the recovery from the sewage of Leamington
of manure constituents worth theoretically 17. 3s. 2d. We shall certainly be under-
stating rather than overstating the fact if we assume that in the 8% hours day working
not less than one half of the total 24 hours sewage matter of Leamington reached the
works; but taking this estimate it follows that the 20,000 inhabitants of Leamington
would yield annually by the A, B.C.” process manure of the theoretical value of
8451, 11s. 8d., or 10d. per head per annum. It is plain, however, from the table on
page 17, which omits many considerable items of expenditure, that notwithstanding the
recovery of this value of manure ingredients from each individual, the process would
involve an expense greatly exceeding the returns, even when thus calculated on this
Yiberal theoretical estimate. The actual value of the recovered manure would, at 7s. a
ton (see Appendix, No. 80), amount to 255. 10s., or 3%d. per head per annum; and
the actual loss upon the process would therefore be so much the greater. This is an
even less satisfactory vesult than is obtained by ordinary scavenging operations in
the Lancashire towns (see First Report on the Alersey and Ribble basins, Vol. L,
p- 26), where manure of the annual value of rather less than 5d. per head over a
population of more than 1,000,000 is annually obtained.

As therefore the inevitable conclusion is unfavourable to the “A. B. C.” process,
in respect of its alleged power to hinder the pollution of rivers by town sewage, so
also is it altogether unfavourable to the value of the manure which it manufactures.
The one statement is, indeed, in some sense the complement of the other; for just in
proportion to the largeness of the amount of the fertilising matter which escapes
must be the comparative worthlessness of the small remainder which is retained.

Qur visit to the works at Hastings, the greater part of which has been specially
constructed for carrying out the “A. B. C.” trecatment of town sewage, added nothing
to our knowledge of this process. We were informed that these works had been for
some time in operation, and were ready for our inspection, but we found that they
were not yetin the hands of the Hastings Sewage Manure Company ; and the process
was not in operation on our arrival. It appeared, however, on examination, that owing
to the depth of the tanks and the position of the culverts and outfall, no such in-
vestigation of the process could be conducted there as had been carried out at Leamington.
The effluent liquid is delivered into the sea at extreme low water, and it would have
been difficult, if not impossible, to obtain the requisite samples.

CONCLUSIONS.

Our investigations into Billar's or the “A. B. C.” process of treating sewage, as
carried out at Leicester and at Leamington, extending over nearly two years, have
Ied us to the following conclusions :—

1. The process removes a large proportion of the suspended impurities from sewage,
but on no occasion, when we have scen it in operation, has this removal heen so
complete as to render the eflluent sewage admissible into running water.

2. The “ A. B. C.” process removes a very small proportion of the soluble polluting
matters from sewage. After treatment by this process, the efluent sewage is very little
better than that which is obtained by allowing raw sewage to seftle in subsidence
tanks.

3. The manure obtained by this process has a very low market value, and cannot
repay the cost of manufacture.

4. The manipulations required for the extraction and drying of this manure are
attended with a nauseous odour, especially in warm weather, and would occasion a
serious nuisance if the works were situated in or near a town.

t would obviously be rash to set any bounds to the possibilitics of chemistry.
Substunces may, perhaps, be hereafter discovered eapable of combining with and render-
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- o insoluble the filthy constituents of our town drainage; but we are compelled to
]zild?mlial that the prcsentyresom'ces of this science hold out no hope that the foul matters
dissolved in sewage will be preeipitated and got rid of by the application of chemicals
i the offensive liquid. The chemical affinities of these foul mafters are so feeble, and
she matters themselves arve dissolved in such enormous volumes of water, that their
precipitation is a problem of extreme difficulty.

In thus humbly submitting to Your Majesty these results of our investigation into the
« A B. C.” method of treating sewage, we have en.dea-voured to confine ourselves to a
positive statement of the case ; but it would not be right to conclude without comparing
them with those whick have been obtained, where sewage has heen spbpnttgd, not to
the action of limited quantities of chemicals ina tanlk, but, by means of irrigation, to the
action of a vastmass of soil, whose surface is covered with growing plants which it feeds,
whose depth is penetrated by their hungry roots, and whose whole substance provides
an immensely greater quantity of material efficient for sewage defeecation than can be
supplicd by any of the so-called chemical processes which have heen or can be invented

» this purpose. . o
f0111f:']nvre1 exlcept the laboratory experiments in the treatment of sewage by intermittent
downward filtration deseribed in our first report (Report on the Hersey and Ribble
basins, Vol. I., pp. 63-70), no other method of sewage defaecation approaches Irrigation
i1 the uniform excellence of its results. Tt is no doubt very desirable, in the interest of
those towns where sewage cannot be dealt with by irrigation, that an experimentin inter-
mittent downward filtration should be condueted on what may le considered a working
scale, when all those difficulties would arise which do not show themselves 1 a
laboratory experiment, and when i would he proved whether the process can be
conducted on the drainage water of, say, 20,000 people with the efficiency to which
our laboratory experiments pointed, and without creating a nwisance. But the best
result under that system wounld simply be the conversion of a polluting /into a non-
polluting stream. The injury done by town sewage would in that case disappear, but
the agricultural value of it would be wholly lost. By using 1t m irrigation, on the
other hand, the nuisance vanishes, while the fertilising Infiuence is retained and utilised.

By the “A. B. C.” process, again, it is plain from our mvestlgatlons_ that nelt-hqr qf
these results is attained. Considered as a mecthod of merely cleansing sewage, it is
compared with irrigation in the following table, where the composition of the effluent
water at both Leicester and Leamington is contrasted with that of the effluent water
from the sewaged fields at Norwood and at Croydon, the one a clayey soil, and the

other gravelly and open.

PURIFICATION of SEWAGE by IRRIGATION.
RESULTS of ANALYSIS expressed in Parts per 100,000.

| i L ! -
| 1 2 3 4 : 5 : G E :
: i Nitrogen as | 1 |
. Total solid : : PR ee 5 Tota )
Locality and Season. 1 3[aqeers in Organic Organic Ammonia. | Lln'::ltms | combined Chlorine.
: P - Carbon. Nitrogen. {__an Nitromen.
| Solution. ¢ Nitrites, =
Norwood (raw sewage) 949 * 3972 1-586 6°032 o 6-554 8°66
Norwood : ) . " ) 37
Spring (efinent water) £8-1 1500 303 816 220 1.19-_; :1’-0:;,
Summer  do. - £8-6 1-853 -312 462 “657 1-361 1
‘Au.tumu do. - 870 1-348 «203 <833 734 l'G‘.}[I § 5_’-1-
Winter do - 87-0 17271 273 876 -313 1255 4-::1
After seven days’ frost £8-8 1-356 =413 14145 *156 1534 §5-84
(eflluent water).
" - 23
Croydon (raw sewage). 457 2-508 1-051* 3:006 o 3-527 4
Croydon : ) L e . gend
Spring (cflluent water) 3504 -394 “104 072 225 Jb'b 2- 52
Summer do. - 334 <607 -126 '065_1 . 11.-) .fl L: ..‘:.'
Autumn do. - 43+1 <680 *138 *185 ?iq 02 g.:&,
Winter do - 40-6 612 *143 +204 <5333 S-l('; 2 .‘;
X a a -7 - - 1)+ - =88
After seven days’ frost 43°6 -591 =239 37 445 992 2
(efBucent water). |

i ieni i c - i ! as 1*576 in
* The average quantity of erganic nitrogen in 100,000 parts of t’lgu raw sewage of Croy don is erronc‘gusly stated 1:111:11@1 flrc-m
page 88, Vol I. of our First Keport (Report on the Mersey and Ribble busins), where the amount has been mis-ca
analyses nccurately given in a previons table, p. 29 of that repert.
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Porrrrcariox of SEWAGE by « A. B. C.” TREATMENT.

RESTLTS of ANALYSIS expressed in Parts per 100,000.

1 2 3 4 5] G 7
Nitrogen as
. Total solid . . e Tot_al .
Locality and Season. Matters in Organie grgnn ¢ | Ammonia. hl}m&es combined | Chlorine.
- luti Carbon. | Nitrogen. _an Nitrozen.
Selution. Nitrites. o
At Lelcester :
Raw sewage - | 11I1-5 3-651 -735 1725 015 2-166 —_—
Jul.\' 30,31, 1568 Effluent water - 1210 2-5141 =335 235 0 2-188 —
At Leamington : )
- Raw sewage - | 83°5 5-355| 2-890| 5°971 o 7-807 11
Dec. 11,1869 -3 Efjgent water - | 99°2 3+379 1632 54815 0 6+302 1n-
At Leamingzton ;
‘ ° - RHaw sewaze - | 1181 5745 2+221 8-967 0 9°606 14-15
}\Ia“" 10,11, 1870 Effluent water - 123°03 47327 1-592 £-060 0 8+330 14+15

Tt is plain from the figurcs in these two tables, and especially from those in the
1st, 2nd, and 3rd columns, not only that the “ A.B. _C.” method fqlls altogether bplow
irrigation in 1ts powers as 4 mode of sewage defeecation, but that it altogether fails—
never in any instance approaching even in its maximum results those standards of punty
Lelow which we have recommended (Report on the Alersey and Ribble bas:ms,.Vol. L,
p- 130,) that no water shall be discharged into running streams. And if this foilure be
charged upon any alleged unfairness m the conditions under which the experiments
took place at Leicester and at Leamington, it must be pointed out in reply, that when
the experiment was tried In the laboratory under circumstances which execluded all
yossible sources of error, the same result was still more wnmistakeable ; and ’ghe
contrast of this failure with the uniform success of irrigation in sewage defcecation
hecomes still more remarkable (see pp. 13 and 19). _ _

We have, in our previous report (Report on the Mersey and Ribble basins,
Vol. L, p. 88), given the composition of thirty-onc samples of effluent water taken at
regular intervals throughout an entire year as 1t flowed from the irrigated meadows at
Crovdon ; on only one oceasion was the condition of the water unsatisfactory, and even
then but 's]jghtly‘so. e also analysed this water ‘twice during the scvere frost last
winter, when it might be expected that the purifying action both of soil and plant
would be at its minimum; but cven under these ml_favom-able cirecumstances ’ghe
effluent water was perfectly satisfactory, being much within the standards of purity
suggested in our first report. Only on two occasions Were the anthorities conncc,:ted with
the irrigation aware that samples were about to e taken. (See Mr. Rawson’s letter,
Appendix, No. 22. '

At Croyvdon, indeed, the conditions are very favourable for the cleaglsmg of the foul
liquid ; the soil is very porous and the raw sewage weak; but at Norwood the con-
ditions ave unfavourable; the soil over the grcater part of the farm 1s a stiff clay and
the raw sewage strong; consequently, as might have Dheen expeeted, the cfiluent water
was not so completely purified as at Croydon. Yeteven here, and in its worst condition,
it was much superior to anything that has ever been achieved upon a working scale by
anv other means. Here also thirty samples were m}alyscq, taken at regular intervals
throughout a whole year, and, exeept on one oceasion, WlEhout any previous notice to
the manager.

On the other hand, we have never taken a sample of cffluent sewage that had been
subjected on a working seale to any other cleansing process, which was not still so
highly charged with putrescible animal matters as to be utterly unfit for admission
into running water. . .

Tirigation is the omly process of cleansing sewage which has stood the test of
experience, and unless it be extensively adopted, there is bub little hope of any substantial
improvement in our sewage-poliuted rivers.

Considered mercly as a method of utilising the valuable 111.'111111'i31,g substances which
town sewage carries with it, the contrast between the A, B. C.” and irrigation pro-
cosses is no less obvious. Thus the table (p. 19) shows (col. G), that at Norwqod
(where the results are not complicated by the mixture of any unpolluted water with
the cffluent liquid) a proportion varying {rom less than three-quarters during autumn
and winter to nearly five-sixths during the growing scason, of the total combined nitrogen
of {he sewage was extracted and utilized during irrigation ; while at Leamington the

i -
!
i
i
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proportion extracted by the “ A.B.C.” process, taking the average of the three
experiments reported in the table (p. 20), was not one-eighth; and from the lahoratory
experiment it appeared that no influence whatever was exerted by the “A.B. C.”
process on the total combined nitrogen, which is the characteristic manure ingredient
of sewage—the quantity in the original scwage being actually increased in the effiuent
water by a portion of that present in the added chemicals. In fact, the so-called
« A_B. .” manure is little more than the original suspended solid matter of raw sewage,
plus the insoluble materials added in the “ A. B. C.” mixture, nineteen-twenticths of
these being merely clay. The suspended solid matters of sewage arrive at the works
after being roughly driven through the sewers of a town—every 10 cwis. of them
carried along in 1,000 tons of water,—and it is not possible to imagine that they retain
. them on their arrival much that is soluble or valuable. They are then allowed to
subside along with an equal quantity of clay; being indecd materially helped to subside
by the added alum, which may also throw down a trifiimg proportion of the organic
nitrogen dissolved in the sewage water; a proportion which, though insignificant
considering the quantity it leaves untouched, may nevertheless be enough over the
immense {low of sewage passing through the exit sewer of any considerable town to
add 1 or 2 per cent. of nitrogen to the subsided mud. The result is a manuve theo-
retically worth probably one half more than that resulting from the Leicester lime
process, 20 tons of which, according to a chemical valuation, ought fo be worth as
much as 1 ton of Peruvian guano, but for which not more than one shilling per ton can
be obtained from the farmers of the district.

Contrast this with the efficiency of irrigation as a utiliser of the manure ingredients
of town sewage. All these ingredients are in this case taken to the land; and three-
fourths of them in winter, four-fifths or five-sixths of them in summer are left there
for the use of growing plants ; the remainder being rendered unoffensive. These manure
materials are thus carried, distributed, and buried ; and thus, without the costly labour
of the dung cart, manure distributor, or plough, they are brought to the very roots
they are to feed ; and the fertility they accordingly produce is unexampled otherwise
in English agricultural experience. The process can be carried on without offence
to any but those who go close to the tanks or channels; and it can be conducted, as
the experience of many years at Edinbureh and Croydon proves (see Report on
Bersey and Ribble basins, Vol. L, p. 90), without injury to health. ‘We have there-
fore no hesitation in recommending irrigation as the only plan of dealing with the
sewage difficulty at present known to us which at once abates a nuisance and turns to
profitable account an otherwise valueless material.

All which we humbly certify to Your Majesty under our hands and seals.

(Signed) ~ W. DENISON, Major-General. (L.s.)
E. FRANKLAND. (L.s.)
JOUN CHALMERS MORTON. (1s.)
S. J. Saurn, Secretary,

4th July 1870
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%
‘ teport by Mr. G. ANALYSES OF SEWAGE AND SUPERNATANT WATER.
- L W. Wigner on ex- . : e
; : periments at Totten- Mixed No. No.3 | No.5 | Larce Tank,  Tottenham
L ham  with Sm“_'"f" — Sewage. | Water. | Water. | Water. E 36,000 Guls.© Water,
A P P E N D IX precess of deodoriz- | __ ] B S C e
<he P ing sewage—cont. Total solid matter per gal. - | 203-80 | 86-3¢ | 76-20 | 81-24 9116 13°70
P Combustible matter - - !‘ 108-20 1 13-31 13-16 ¢ 17-40 1g-50 | AR 1.
Oxygen absorbed from per- . §:761 1  1-512 1-515 § 1-617 1-720 1-260
manganite. . : : :
Ammonia - - - -! 397 | -390 g2 | +561 587 . —
Chloride of sodium - -f B7410 : 6GO°13 55-41 | 57-00 5704 y-21]
: Sulphates of alkalies - - 4-22 | 10-91 6-62 : 6-08 9-03 2+41
L No. 1. : Lime, silica, alumina, and ©  26-00 | 1-83 -40 . | *33 1-67 i 1i-06
L Grove Lane, Camberwell, , ot T o . _
i Report by Mr. G. | Six, June 15, 1868. 2 {fl:ln(r)isc],ﬂls,o;fltgmd- SR o 1 1 <30 134 . 13764
Ak W. Wigner on ex- T pEG to submit to the Rivers Pollution Commissioners the following report . Loss - - - - : ‘14 -11 07 | -13 - 18 1-u7
aE periments at Totten- | of cxperiments with Messrs. Sillas’ process of deodorizing sewage tried at the § * :
Bt ham with Sillars’ | Tottenham Sewage Works under my dirvection. |
at process of deodoriz- I have added analyses of the sewage itself, the supernatant water and the residue. ! Axavysis or SEwack RESIDUE.
Bl ing sewage. The first tank used held 5,000 gallons ; the sewage was pumped into this at the * — o
s rate of about 500 gallons per minute. The chemical agents used having been mixed ; Water - - - - - 4o
v with water to the consistency of cream were allowed to flow in at the same time. ' Organic matter - - = -1 20-05
ke The amount of dry material used was 76 Ibs., forming about 14 gallons of solution. Yielding ammonia 2-37 - - - _
f : The tank was 10 feet in depth, and after settling for 18 minutes a sample of water ‘ Sulphate of lime - - - - l_'ﬁf
o ' was drawn from a tap one foot from the botlom of the tank. An analysis of this ‘ Phosphoric acid - - - - 933
b sample is at the end of this report marked No. 1. E Oxide iron - - - - "11
It was very slightly turbid when first drawn, but speedily settled. Tt was almost L Various salts - - - - 16-61
L free from smell and tasted only of salt. ‘- Siliew - - - - - a1+l
: +x ‘ The 4,600 gallons of water having been run off, the deposit was stirred, and the tank b Loss - - - - - "0
again filled with sewage. This occupied about 25 minutes in settling to the same P -
¥ level ; the time required being probably increased hy the want of a suitable agitator. - 100-00
The water was decidedly clearer and freer from smell than the first sample.  Only L (Signed) G. W. WiexER.
. two pounds of chemical agents were added. T =
The supernatant liquor, 4,600 gallons, having been again run off, the tank was filled ! -
S as before, agitation being kept up while filling (nine minutes) by two large stirrers; o No. 2.
the changes were sooner effected, and in 20 minutes the sample analysis of which P 9, Victoria Street, Westminster, S.V,

is marked No. 8 was drawn from the lower tap.

On the tank being filled for the fourth time it was found necessary to defer the
conclusion of the experiments until the following day, and the liquid remained 16
hours. There was but little difference in the analysis of the water drawn at night
and that allowed to settle until the morning.

The tank was filled for the fifth time and allowed to settle in exactly the same way.

The analysis of the supernatant water after half an hour is marked No. 5.

Letter from Seere- | SIR, J une‘QO, 1868. )
tary to the Commis- I sckNOWLEDGE the receipt of your Report of the‘ experiment recently carr{exl
sion to Mr. G. W. | outat Tottenham on the sewage of that town by Messrs, Sillars’ process, together with
Wigner. an analysis of the sewage before and after treatment, and of the supernatant water
I have brought the communication under the notice of Her Majesty’s Commissioners
for inquiring into the Pollution of Rivers, and am directed to inform you that a copy
of that report has been sent to the Mayor of Leicester, with a sugzestion on the part

At this point of the experiments the settled residue, owing to an acciden . . . o i
of the t:;é)o;nd (fn} ]eae;}lfu sfm];;}i:%uld be Obt'lilled’f()l‘ anbnlysis ident, ran out | of the Commissioners that the quporatlon .f-th_ou}d cause an elperm‘lent to 138 made with
: A I‘ll‘ﬂ’el,‘ quantit}_;,' of the residue being required, a sccond ‘-:et of experiments ; the process on the sewage of Leicester, and intimating that the Commissioners would
i ai= : o } = = ; ' bt :
precisely similur were undertaken, and {excepting a small decrease in the quantity Lo arrange to be present. I am. &e
of silica and salt present in the sewage) with identical results, L N Sj N :
h . . P ‘ s igned S. d. SuITH
The next experiment was with a large tank holding 36,000 gallons of sewage. ‘ G‘g\j _“ II,Jg:ner, (]:?Extf{ter\\- oll. London (Signed) Secr(’:tnry.
The necessary ingredients were mixed as before in two large tubs, and the sewage . rove Lang, Lt ” |
being allowed to flow by gravitation at the rate of about 1,000 gallons per minute into {
i No. 3.

the tank, {he liquor ruaning from the tubs at the same time.

Owing to the absenc? of any mechanical agitator this experiment was not quite so 9, Victorin Street, Westminster, S.W.,

o successful ; nevertheless, the greater part of the impurities were precipitated, as will ' L from S iz Suae 20, 13868
D - rois -ater. which was di . ; in i ; etter from deere- | * R .. ST . .
. . Efnieiié‘lgz;h:‘, :;gg:}f:)l: ‘?(f)' Iﬂ:g‘;;m , which was dipped out after the sewnge in the o tary to the Commis- "I ax directed by Her Majesty’s Commissioners for mquu'{ng into "l}le\\:?olll]tl()]l
i I have given at the end an analysis of the water supplied to Tottenham drawn on a ~ sion to the Mayor of of Rivers to forward to you r W Orshlprl? ;-to p}{ of abrfa porlt; glOzlolflzegio‘riz'ilmlé:léf\l;,gz
Leicester. an experiment recently earried out at “Lottenham by 4 proces o sewag

previous day from a tap in the neighbourhood.
The analysis of sewaee is of an average sample taken at intervals during the day. - : -
The ex 'Y s of this process T esti (o at bP t 17s. Gd. per 100,000 o 1l 5 The arrangements at the sewage works at Leicester for carrying out an experiment
e expense of this process 1 estimate at about ' 7s. Be. PET 7400 84 078 P on a laree scale are more complete than elsewhere, and it has occurred to the Com-

t'lI] cons:del't_t];:nt t]f proper agitators could have been used the results would have been - missioners that it would be desirable to give Messrs. Sillar an opportunity of completely
still more satisfactoryr » 88 ) Je 8T - ] NPT el
The solid resi duerz\'ﬂl weich about G ewt. from the 25,000 gallons i testing their process, which, if SllCCC:-Sflll,- W ould. enable .the Cor poration to beneficially

- N 2 ; ) 2 - utilise the buildings and plant at present in usc n working the lime process.

invented by Messrs. Sillar.

TIts value I consider sufficient to pay all expenses and leave a considerable profit. b ; : . . ivors P ion €
The samples of water after smd})nf for wl days are perfectly free from smf:]ll. o If the Corporation agree to this expel:unent_bcmg made, the Rivers Pollution Com-
- 1 am, &e 3 missioners will arrange to be present to investigate the prfccss.&
U A [ am, &e.
S. J. Smith, Esq., Sccreta Signed G. W. WIGNER. :- . s ; g
i Rivers ’Polﬁx;ion Com]r?;’if-'cion (Signed) D The Worshipful the Mayor, (Signed) S, d. SL{ITH:
. T I sices Secretary.
2, Victoria Street, Westminster, 5. W. P Leicester. o -
H NO. 4-
! . o .
Letter from the | Siw, Borough of qucesler, June 23, lS(fb.
Town Clerk of Lei- I ax directed by the Mayor to acknowledge the receipt of your letter of the
coster to the Secre- | 20th inst. with its inclosare, and to inform you that the same shall be laid before the
tary to the Commis- Sewaee Committee on Friday evening. I will then write to you.
sion - I am, &c.
3 . . . . v a .
The Scerctary Rivers Pollution Comunission, {Signed) SAMUIEL STOXNE,
2, Victoria Street, Westminster, S.W, Town Clerk.
E
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Letter from Secre-
tary to the Commis-
sion to the Under-
Secretary of State,
Home Denartment.

Letter from the
Under-Sceretary  of
State, IHHome Depart-
uent, to the Secre-

Fi01l.

T.eicester, 10 July 1868,

Letter irom the
Town Clerk of Lei-
cester to the Under-
Secretary of State,
IIome Department,
enclosure in No. 6.

Letter from Secre-
tary to the Commis-
sion to the Town
Clork of Leicester.

tary to the Commis- !

| Sm,

No. 5.

2, Victorin Street, Wesiminster. 8.3,
July 2, 1868,
1 ax divected by the Rivers Pollution Commissioners to sequaint you, for the
information of Mr. Secretary Ilardy, that Messrs, Sillar Lave brounght under their
notice a process of deodorizing sewage, and in the opinion of the Connnissioners it is
desirable that an experiment, on a large seale, should be made upon the process,

The Commissioners believe that such experiment may be fairly tried ar the Sewnge
Works at Leicester, and I am directed to request that the Secretary of State will be
pleased to cause an application to be made to the Mayor and Corporation of Leicester
to carry ont the experiment, with an intimation that the Commissioners will atiend to
investigate the process.

SIR,

I am, &e.
(Nigned) B, JL Sy,
Secretary,

The Under Secretary of State,
&e. &e. &e.
Hoeme Department.

No. 6.

Whitehall, July 11, 18685,
I ay directed by Mr. Secretary Hardy to inform you, with reference to your
lotter of the 2nd instant, that, in accordance with the suggestion of the Rivers Iol-
lution Commissioners, he has communicated with the Mayor of Leicester relating to
the proposal to experiment upon Messrs, Sillars’ process of deodorizing sewage, and 1
am to transmit to you herewith, to be laid before the Commissioncrs, a copy of a
letter which has been reecived from the Town Clerk of Leicester expressing the readi-
ness of the Highway and Sewage Committee of the Corporation to afford the Com-
missioners every facility for making the proposed experiments, and requesting carly
intimation of the course proposed to be adopted in carrying them out.

I am, &e.

(Signed) A.F. 0. LibbgLr.

Sir,

The Seeretary,
tivers Pollution Commission,
2, Victoria Street, Westminster, S.W.

No. 7.
(Enclosure in No. 6.)
Leicester, July 10, 1868.
1 BEG to inform you that I have laid your letter of the Gth instant hefore the
Highway and Sewage Committee of the Corporation, and that the Committec will be
glad to afford every facility for muking experiments upon Messrs, Sillurs’ process of
deodorizing sewage.

The Committee presume that the means of making the experiment will be supplied
by the Rivers Pollution Commissioners, and ecarried out under the direction and in
the presence of some of the members.

The Corporation will be glad to have an early intimation of the course proposed to
be adopted, and of the time when Messrs. Sillar and the members of the Commission
will attend in Leicester.

The Exhibition of the Royal Agricultural Society will comrence on Thursday the
16th and close on the 21st instunt.

I have, &e.
(Signed) SAML. STONE,
Town Clerk.

The Hon. A. F. O. Liddell,
&ec. &e. se.
Home Office.

No. 8.

2, Victoria Street, Westminster, 5.3V,
. July 13, 1568,
I ax directed by the Rivers Pollution Commissioners o acquaint you that the
Seeretary of State has caused a copy of your letter addressed to him to be transmitted
to the Commissioners.

The Commissioners are pleased to learn that the Highway and Sewerage Com-
mittee of the Corporation of Leicester are willing to afford every facility for making
the experiment upon Messrs. Sillars” process for deodorizing sewage.

1 have forwarded a copy of your comununieation to the Messrs. Sillar, and have
requested them to arrange with you the mode of conducting the experiment, and
when all the details are settled to notify to the Commissioners the time at which the
experiment is to take place, when some or all of the members of the Commizsion
will be present for the purpose of examining the proces.

1 may state that in the opinien of the Commissioners it would be desirable that the
experiment should extend over several days, so that a fair average may be obtained.

I am, &ec.
8. J. Sarrn, Sceretary,

Sir,

The Town Clerk,
&c. &e. &e.
Leicester.

(Signed)
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Letter from Mr.
(:. W. Wigner to the
Seeretary  to  the
(‘ommission.

Letter from MNr,
G. W. Wigner to the
Town Clerk of Lei-
coster.

Letter from DMr.
G. W. Wigner to the
Seecretary  to the
Commission.

Letter from  the
Secretary to the Com-
mission to the Town
Clerk of Leicester.

Letter from  the
Town Clerk of Lei-
cester to the Secre-
tury to the Commis-
sion.

No. 9.
Grove Lane, Camberwell,
July 16, 1868.

1 excrosk copy of letter I have just seni to Town Clerk of Leicester pro-
posing July 27th to 315t as the date of our experiment in that town on Messr=.
Sillars’ sewage process,

The first day would probably be ocenpied in getting the process fuirly to work, but
of course we will arrange the date to suit the convenienee of the Rivers Polintion
Commizsion.

SIR,

I am, &e.
S. J. Smith, Esq., Secretary, (Signed) (. W, Wiexee.
Rivers Pollution Commission,

2, Victoria Street, Westminster, 5.W.

No. 10.

Grove Lane, Camberwell,
July 16, 1868.
Wirn reference to the experiments on Messrs, Sillars’ process for deodorizing
sewage, I have now to make you the following offer :—

We will undertake to purify one half of the Leicester sewage (say two million
gallons per day) for four or five days, while the other half is purified in your usual
way with lime,

if the Corporation will put the works (machinery and stafl) at our disposal in their
present state, we will pay all expenses of the experiments including the necesgary
materials and analyses of sewage water, residue, &e.; taking in return the manure
whiclh is made, we paying the expenses of removal of the same.

The object of this being to enable us to put the manure on the market in sufficient
quantity to get a commercial and practical test of its value, the Corpcration would, of
course, he at liberty to Liave any quantity they required for similar uses.

The analyses already forwarded to you of the Tottenham experiments afford a
sufficient proof that the quality of the efluent water will be such as not to cause any
nuisance to the neighbourhood.

I have writien the Royal Rivers Pollution Commission proposing July 27th to
31st as the date of the experiments.

If these mrrangements are satisfactory to the Corporation I shall be glad of an
early reply.

Sz,

1 am, &ec.
S. Stone, ksq,, (Signed) G. W, WIGNER.
&e, &e.
Town Clerk, Leicester.

No. 11
Grove Lane, Camberwell,
(No date.)
I 1ave received a letter this morning from the Town Clerk of Leicester,
assenting to all my arrangements as mentioned in my letter to him of the 16th July :
1 therefore ouly want the assent of the Commissioners to the proposed date, or if that
is not suituble, to know what date will be eonvenient to them to attend in Leicester.
I have, &c.

(Signed) G. V. WiGNER.

Sir,

The Secretary,
Rivers Pollution Connission,
2, Victoria Street, Westminster, S.W.

No. 12. .
Palatine Hotel, Manchester, July 22.
T ax directed by the Rivers Pollution Commiszioners to ascertain from you if
the arrangements at Leicester are sufli ciently advanced for the experiment to be made
on Tuesday next, on the process of Mesars. Sillav for deodorizing sewage, and the
{ime convenient to the Mayor, the Sewage Committee, yourself, and the Borough
Surveyor, to meet the Commissioners at the Sewage Works.
I am, &ec.
(Signed) S. J. Sanrin, Secretary.

Sin,

S. Stone, Lsq.,
&ec. Le.
Town Clerk, Leicester.

No. 13.
Leicester, July 23, 1868,

I 1ave just seen the Borough Surveyor, who agrees with me that Thursday
next, the 30th instant, would be the most suitable day for witnessing the experiments,
and if that day will be convenient to the Commissioners, at 12 o'clock, I would
inform the agent of Messrs. Sillar, and request the presence of the Mayor, and some
of the members of the Sewage Committee.

Mr. Wigner, the chemical agent of the patentees, will commence on Monday, and
we think that it may rvequire two or three days to have the works in a satisfactory

condition for the experiments.

SIR,

I am, &e.
(Signed) SAML. STOXE,

S. J. Smith, Esq., Secretary,
Town Clerk.

Rivers Polluiion Commission,

Palatine Hotel, Manchester.
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Letter from M.
(. W, Wigner to the
Seeretary  to o the
Cuonnnission.

Letter  from  the
Seeretary to the
Commission to  the
Town Clerk of Lei-

rester.

Letier from  Mr.
(. W. Wiguer 1o the
Qivers Pollution
{'oinmissioners.

Letter o the
Secretary  to the
Commission 1o Mr.
G. W, Wigner.

Letter from Mr.
G, W. Wigner to the
Secretary  to  the
Commission,

1

|
E

No. 14.

Grove Lane, Camberwel; 8.,
July 24, 1868,
Tnw Town Clerk of Leicester has just forwarded me your letter, and states that
lie has recommended Thursday in preference to Tuesday. 1 hope to have all in order
and the experiments in full operation by 12 o’clock on Tuesday, but cither that day or
Thursday, or both, will suit me. T therefore only want your reply on Monday to say
when 1 am to be prepared to receive you.

Sin,

I am, &c.
S. J. Smith, E«q., Sceretary, (Signed) G. W. WigNen.
Rivers Pollution Commissian,

Palatine Hotel, Manchester.

No. 15.

Georze ITotel, Stockport.
July 27, 1868,
T ackxowLEDGE the receipt of your letter of the 23rd instant, and in reply have
to inform you that the Rivers Pollution Commissioners will be in Leicester on the
day and at the time you propose, viz,, at noon on Thursday next, for the purpose of
witnessing the experiments, with Messrs. Sillars’ process, on the sewage of Leicester.
I am, &c.

Sk,

S. Stone, Esq., (Signed) 8. J. Satn, Seeretary.
&e,  &e,
Town Clerk, Leicester.
No. 16.

Sewage Works, Leicester,
GENTLEMEN, Avgust 1, 1868,

On Friday 31st July when the samples of sewage purified by Mr. Siilu's
process were taken by Mr. Thorpe, on behalf of the Royal Commission, 137,000
rallons of raw sewage were throngh the breakage of a dam allowed to flow into the
reservoir containing the purified sewage, and about 15,000 gallons of limed sewage
also entered. The conscequence of course is that the samples drawn that day cannot
be considered as final tests of the value of that process, Those tuken before 4 o’clock
were by my request kept separate, as I consider them uite valueless. The subsequent
ones probably contained « small admixture of sewage, but this source of contamina-
tion was entirely removed by the next morning.

T am, &ec,
The Rivers Pollution Commissioners, (Signed) G. W. WiGNER.
&e. &e. &e.
2, Victoria Street, Westminster, S.W.

No. 117.

1, Park Prospect, Westminster, S.W_,
December 8, 1869.
I Ay directed by the Rivers Pollution Commissioners to inform you that
Dr. Frapkland and myself will visit the Sewage Works at Leamington at 3.15 p.m.
to-morrow, for the purpose of making arrangement for a further investigation by the
Commissioners (on Saturday the 11th inst.) of the “ A. D. C. Sewage process,” carried
on at those Works.

Six,

I am, &ec.

G. W. Wigner, Esq., Managing Director, (Signed) S. J. SaitH, Secretary.
Native Guano Company Limited
(A. B. C. Sewage Process),
62, Cornhill, E.C,
No. 18.

62, Cornhill, London, I2.C.,
December 8, 1869.
I BEG to acknowledge reecipt of your communication, and shall be happy to
meet Dr. Frankland and yourself at Leamington at 3.15 p.m. to-morrow.
I am, &c.
(Signed) G. W. WiGNER,
The Sceretary, Rivers Pollution Commission, Managing Director.
1, Park Prospect, Westminster, S.W.

Sir,

=
s
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Letter from Mr.
G. W. Wigner and
Ar, C. Rawson, Ma-
nagersofthe AB.C.
Sewage  Frocess”
Compuny, to the
Rivers Pollution
Commission,

Letier from Secre-
tary to the Commis-
son 1o Mr. G. WL
Wigner and Mr. C.
Rawson, Managers
of the “A. L. C.
Sewage  Process”
Cowpany.

Letter from Mr. C.
Rawson, General
Manager  of  the
<A, B. C. Sewage
Process ™ Company
to the Seeretary to
<he Commission.

1, St. Swithin's Lane,
E.0, May 19, 1870,
Sewage Works, Leaming-
ton, May 17, 1870,

No. 19.
1, St. Swithin’s Lane, London, E.C,
GENTLEMEN, December 17, 1869.
Ix consequence of the heavy rain which fell on the oceasion of your official visit
to our works at Leamington on the 11th instant, we take the liberty of asking you to
favour us with another visit under more favourable auspices, o that you may be able
tv report on the results of our ¢ A. B. C, process ” in fine as well as in wet weather.

You are doubtless aware that the tanks were consiructed for the lime process, and
adapted only to receive and treat an average supply of about.'TOQ gallons per minute,
allowing the eflluent water to subside for 1} hours before running mto-the Leam. We
find, however, that we can with ease treat twice this quantity, or 1,500 gallons. On
the 11th the quantity of sewage rose to 5,700 gallons per minute, and the effluent
water would thus ouly be about seven minates in passing through the works, and
leaving enough time for a proper admixture and settlement to take place. The conse-
quence also of the heavy flood was to surcharge the sewers, and to bring down the
decomposed deposit on their sides and top. .

We have no fear but that the results of last Saturday will be found saglsfactory
under these inauspicious circumstaunces, but we chould wish the Commissioners to
catisfy themselves as to what our process can cffect in more favourable weather.

It is on this account that we take the liberty of asking for another visit, feeling
assured that you are only anxious to ascertain the real advantages of every system
hefore reporting upon it.

We have, &e.
(Signed) G. W. WIiGNER,
’ Managing Director.
C. Rawsox,
General Manager.

The Rivers Pollution Commissioners,
&e. &e. &e. .
1, Park Prospect, Westminster, 5. W.

No. 20.

1, Park Prospest, Westminster, S.W,,

GENTLEMEN, January G, 1870. .
REFERRING to your letter of the 17th December 1869 and subsequent interview
with me, 1 am directed by Her Majesty’s Commissioners, for inquirmg 1nto the
Pollution of Rivers, to inform vou that they will visit the works at Leamington again
in more favourable weather to further examine the “A. B. C. process,” but are unable
at present to fix the date.

I am, &e.
(Signed) S. J. S»aTn, Secretary.
Mr. G. W. Wigner and Mr. Christopher Rawson,
&e. &e. &e.
1, St. Swithin’s Lane, E.C.
No. 21.

1, St. Swithin’s Lane, London, E.C.,
May 20, 1870.

I a3t sure the Commissioners must have been so satistied of the very unsatis-
fuctory way in which our ©A. B. C. proeess ” was being worked at Leamington during
their Iate visit, that neither you nor they will be surprised to hear that the board of
thix company have felt ound to lay all the particulars before the Home Secrctary and
to take his opinion whether the results, which must be arrived at by Dr. Frankland,
can he considered as a fair and true criterion of the merits of our “A. B. C. process.”
1 feel sure that the Commissioners will bear us out as to the facts stated, and that the
process was not treated in a way to do itzelf justice. o

I am dirceted by the board to send for the perusal of the Commissioners copy of the
correspondence with the Home Oftice, and 10 express their regret that they have feit
obliged to ask the favour of another visit after the works have been put into working
order amain and the old accumulations have been cleared off. _

T am sure that the object of the Royal Commissioners is to ascertain the real menits
of our process and how far it can be utilised for the good of the country, and that
they would really wish to see the process working at its best, so as to satisfy them-
selves whether it can be really useful to the country. 1 hope, therefore, their next
visit, if they determine on paying another to_the works, will be when assured by us
that the process is really being worked to the best advantage that these old worke
will admit of.

We shonld be glad if the Commissioners would also visit our new works at Hastings,
but. here, too, we must ask that sufficient notice be given of their intention, that
every precaution be taken by our staff at the works 1o show the process to its best
advantagze.

S,

I am, &e.
C. Rawsox,
General Manager.

S. J. Smith, Esq., Sceretary, (Signed)
Rivers Pollution Commissioners,

1. Park Prospect, Westminster.
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Letter from the
General Manager of
the Company to the
Right Ifon. the Se-
cretary of State,
Home Department—
enclosure in No. 21.

Report by Mr. W,
. Sillar to the Direc-
tors of the  A.B. C.
Sewage  Process”
Company, enclosure
in No. 2] and referred
1o In No. 22,

No. 22.
(Enclosure in No. 21.)
The Native Guano Company, Limited (A. B. C. Sewage Process),
1, St. Swithin’s Lane, London, E.C., May 19, 1870.

REFERRING to your lefter of the 11th inst., received hiere on the following day,
intimating that the Royal Rivers Pollution Commissioners were about to vizit. the
works at Leamington, it is with much reluctance that the directors of this company
have irstrueted me to enter their protest against tlie results of that visit on the 11th
and 12 b instant [10¢k and 11¢4], being considered a fair criterion of the merits of
our “ 4. B. C. process.”

I willsimply state the grounds on which the board feel this protest necessary,
leaving it to your judgment to decide ns to whether the process has had a fair trial.

1st. Our private analysis of the efliuent water samples, drawn by Dr. Fraukland on
that occasion, showed a result so different from, and so inferior to, the uzual run of
the effluent water that our board immediately wrote for an explanation from Mr. Sillar
at the works. It appeers by the copy of his reporf, attached hereto, that the formula
then being used at Leamington was not that of the improved % A. B. C. process,”
important ingredients having been omitted. Of this omission Dr. Frankland was
cognizant.

9nd. Dr. Frankland having expressed a wish that the water wheel shonld not work
during the night, according to the invariable custom, the consequence was, that whelly
untreated sewage, with all its contaminations, flowed through our tanks and canal=,
necessarily leaving a deposit therein of sewage slime which alone would seriously
affect the cfilnent water for days afterwards.

On these fwo points the beard found their present protest,

The present Leamington works (being adapted from the old lime process, and not
specially constructed for the “ A. B. C.”) could hardly be expected on every occasion 1o

Sir,

-

do full justice to the process, but we certainly have a right te expect that on such an
important occasion due notice should have been given, so that the works should be
seon at their best instead of being visited, as on this oceasion, under a combination
of peculiarly unfavourable circumstances, s shown by Mr. Sillar’s report.

As this is a question of great importance to the public, the board feel it their duty
to submnit this matter to your consideration, as {o whether, under these circumstances,
a fair and just test of our process can have been made.

It may be objected that we have been for some time inviting the visits of the public,
and many deputations have certainly visited the works; but these came to see the
process in operation, and were not of the important nature of a Royal Commission,
on whose verdict so much depends, not alone for our private interest, but for the
publie good.

I am further instructed not to conclude this letter without bringing to your notice
that no step has been faken ou the part of any department of the Government to
azcertain ithe value of the manurc now made by the <A, B. C. process,” the Royal
Commissioners having, on each occasion of their visit, stated their duty was solely to
take cognizance of the purity of the cffluent water. It will not eseape your notice
that the national value of the process must depend on the valuable properties of the
sewage retained in the manure.

Under these circumstances it is respectfully submitted to you that it would only be
an act of justice to withhold the report of the Rivers Commissioners on their recent
visit, until a further examination into the process has taken place. In a fortnight
from this time the old accumulations will have been cleared off from the works, and
the tanks and canals cleaned out, and otherwise returned to a state to show the real
merits of the process.

I have, &e.
(Signed) C. Rawsox,
General Manager.

The Right Hon. H. A, Bruce, M.I’,,
Secretary of State,
ITome Department, Whitehall.

No. 23.
(Enclosure in No. 21.)
Sewage Works, Leamington,

Dear Sins, May 17, 1870.

YerERRING to my report to you of the yvizit of the Royal Rivers Commissioners,
T now beg to call your attention prominently to the following circumstanees, as they
may have a considerable bearing upon the state of the eflluent water, of which samples
were taken by them.

Of course, you nre aware that since you determined to construct permancent works
at Hastings and clzewhere, our engineering and chemical staff have been transferred
from Leamington, and though, on receiving nofiee that we shoulil retain Leamington
for a farther period, you engaged another chemist, that gentleman did not take up
his appointment till Tast Thursday, or the day after the visit of thie Commissioners.
Consequently we were ab the time of the visit, and for a month previously, without
the chemical supervision requisite 10 do justice to the process.

As I do not pretend to more than «a very limited chemical knowledge, T merely
state the fncts to you and leave you to draw your own inferences, merely premising
that, as the Commizsioners expressed their wish for the process to be worked * just
¢ 43 we had been working it,” 1 made no alterations whatever on the previous day’s
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work which, as you will sec further on, was not according to formula.
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Report. by  AIr.
W, C. Sillar 10 the
Directors of  the
<+ A, B, C. Sewnge
Process”  Company,
enclosure in No, 21
and referred to in
No 22—cont.

Letter from the Se-
eretary to the Com-
mission to Mr. C.
Rawzon. Manager of
the = AL ClSewage
Process ™ Company.

Latier from the Se-
eretary io the Com-
mis=ton to ihe Clerk
o e Metropolitan
Powsd of Waorks,

1st. Preparing for our new twelve months occupancy of the works, orders were given
to seale the boilers and repair the shaft of the mixing pit. This neeessitated blowing
out the fives on Saturday at 5 pan.  They cooled during Sunday. On Monday the
scaling was done, so that we recommenced working the process at 7 a.m. on Tuesday,
or four hours before the visit of the Commissioners, During these two days and «
half, onr machinery not being in duplicate, we worked the process by the water
wheel, which you know but imperfectly clarifies the day sewage.

ond. Our stock of the chemicals forming the new patent had been exhausted, and our
new supplies which arrived on the 5th May were not opened, as I was waiting the
arrival of our chemist, consequently neither in quantity nor kind were the materigls
in use those of our improved “A. B. C.” process, and this fact was mentioned to
Dr. Franklad.

3rd. We were oseupied in clearing away accumulations of deposited manure pre-
vious to the recommencement of our new year’s work, and congequently our setiling
tanks were overburdened with deposit; their contents being 160,000 gallons, of
which 110,000 gallons were occupied by deposit, so that we had ouly 50,000 gallons
available as settling room. This would seriously affect the character of our outfall.
1f we had notice of this visit we could have prepared for this, but the sudden manner
in which it was made, conveyed to me the jmpression that the oliject was as much to
soo what we were doing as what we could do. Consequently no change in the
programme was made.

4th. The barometer had been falling steadily for three days, and this you know
senerally canses a disengagement of any gas that may be contained in the deposit.

5th. During the night the water-wheel could not be worked, as Dr. Frankland
partienlarly wished that no water other than sewaze water should enter the culvert.
Stopping the wheel gained this object, but it necessitated a flow of night sewage
totally unpurified through our settling tank. You can judge whether this is detri-
mental to the process. I presume that if it had been so Dr. Frankland wonld not
have committed the error of allowing me to sanction if, but to the best of my know-
ledge such a thing has never lefore been permitted since we took the works,

6th. Heavy rain set in on the secend day, and so increased the tlow through our
tanks, that I should not be surprised if it washed out of them a considerable qujlntitv
of previonsly deposited and untreated sediment from the previous night work, and
consequently deteriorated our outflow, )

Lastly. Our filter being completely destroyed by the flond the last time the river
rose, the samples drawn were from the further overflow, and {otally unfiltered.

1 therefore consider that on all these points a chemical opinion should be at once
taken as to the various circumstances I have mentioned, in order to see if in any
points the process was improperly worked.

I am, &e.

To the Directors of the Native (Signed) W. C. SicLar.

(tuano Company, Limited. "

No. 24.
1 Park Prospeet, Westminster, 5.\,
May 23, 1870.
I icexowLepGE the receipt of your letter of the 20th instant, transmitting
copy of a communication dated 1, St. Swithin’s Lane, London, May 19th, 1870, and
addressed by you to the Right Ienourable the Secretary of State, Home Department,
tozether with a copy of a Report. dated Sewage Works, Leamington, May 17th, 1870,
addressed to the Directors of the Native Guano Company, Limited, Dy Mr. W, C.
Sillar, referred to in the communieation of the 19th May, and I have to acquaint you.
for the information of the Directors of the Compauy you represent, that I brought the
correspondence under the notice of the Conmmissioners at ihe meeting to-day. N
I am, &e.
(Signed) S, JJ ST,
Secretary.

SIn,

C. Rawson, Esq., Manager,
Native Guano Company, Limited,
1, St. Swithin’s Lane, E.C.

No. 25.

divers Commisz=ion,

], Park Prospect, Westminster, S.W,
May 23, 1870,

I ay divected by Her Majesty’s Commissioners for inquiring into the pollution
of rivers to forward to vou for the information of Sir John Tlwaites and the menibers
of the Metropolitan Board of Works a copy of their report on the basins of the Merscy
and Ribble, and espeeially to draw attention to pp. 33 1o 38, the deseription and ex-
amination of the « . B. .7 process for the treatment of sewage by chemical agents,
which process is, at the present time, carried on at I.L-:uuingtoﬁ by the Native Guano
Company, Limited. ) ]

The Cemmissioners have investizated the process three times @ first, at Leicester on
July 30th, 31st, and August 1:t, 1868 sccond, at Leamington on December 11th,
18G9 ; and, third, at Leamington on the 10th and 11th of the present month,

The Commissioners were informed that Dr. W AL Miller, FLILS., Dr. W, Oiling,
ILR.S., and Professor Abel, ILR.S., under instruction from and on hehalf of the
Metropolitan Board of Works, had recently iuspected the Works at Leamington,
examined the process and the manure obtained by the treatment, and have reported
thereon, and I am directed to request that you will be pleased to move your Bouard to

E 4
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Letter from the Se-
cretary to the Com-
mission to the Clerk
te the Metropalitan
Board of Works—
conf.

Letter from the
Clerk to the Metro-
politan  Board of
Works to the Secre-
tary to the Commis-
siom.

Letter from Mr.
C. Rawson, General
Manager of the “A.
B. C. Sewage Pro-
cess” Company to the
Secretary to the Com-
mission.

Gaugings of the
Sewage of Leaming-
ton farnished to the
Commission by DMr.
Robert Davidson,
C.E., Surveyor to the
Local Board of
Health.

vause a copy of that Report to be forwarded to Iler Majesty’s Commissioners with as
little delay us possible.

T am, &e.
(Sigued)  S.d. Sy,

Sceretary.

J. Pollard, Iisq.,
&e. &e. &
Clerk to the Metropolitan Board of Works.

No. 26.

Metropolitan Board of Works,
Spring Gardens, S.W,,
SIR, Jiune 1, 1870.

I gavE to request that you will kindly convey the thanks of the Board to
fhe Comimissioners for inquiring into the Pollution of Rivers for sending to the Board
a copy of their report on the basins of the Mersey and Ribble, which contains a
description and examination of the ¢ A. B. C.” process for the treatment of sewage
by chemical agents. i

\Vith reference to the request of the Commisstoners to be furnished with a copy
of the report of Dr. Miller, Dr. Odling, and Professor Abel, on the process of thie
Native Guano Company at Leamington, I have to state that the Doard have net
yet received the report in question, but that as soon as they do so, they will have
much pleasure in furnishing the Commissioners with a copy thereof.

I am, &ec.
S. J. Smith, Esq., Secretary, (Signed) Joux PoLLARD
Pollution of Rivers Commission, Clerk. ’
1, Park Prospect, Westminster, S.W.

No. 27.

The Native Guanoe Company, Limited,
(“ A. B. C.” Sewage Process),
1, St. Swithin’s Lane, London, E.C,,
SIR, June 1, 1870.
I mave the pleasure to send herewith the plans of our Hastings Sewage
Works which your Commissioners asked for during their late visif. °
1 am sorry to say they are still so behind with their work at Leamington that they
will not have clean tanks before the 15th instant, and the works will ‘not be in a fit
state to be visited before that date.
I have, &e.
5. J. Smith, Esq., Secretary to the (Signed) C. Rawsoy,
Royal Rivers Pollution Commissioners. General Manager.

No. 28.
LEAMINGTON.

Gaverxes of SEWAGE flowing down Mamx SEWER on May 10th and 11th, 1870, taken
at the first Manhole above Sewage Works.

Height of Water ubie T
1870. Hour. ¢ in thi;lgc. ¢ ilcl(}:l‘::tt'zt pet
May 10 - - -| 12 noon - - 4 inches 4531-80
» - - -| 1pm. - - 4 453180
” - - -y 2, - - 33 » 4133-40
» - - -1 3 5 - - 3t » 373560
’ - - - 4, - - 5 4 6332-40
., - . s, - - 43 543150
” - - -1 6, - - 4 4531-80
" - - N Y - - 4L, 5431-80
May 11 - - -l 7am. - - 3 » 2938-80
9 - - -| 8 ,» - - 3 . 29:,8-80
2 - = - 9 ” - = 3‘1_!' ” 4735760
i, - - {w, - - 4, 4531-80
” - - - 11, - - 4 45:31-80
» - - - | 12 noon - - 5 » 6332-40
' - - -tlpm - - 3 » 2.0
» - - -2, - - 5 » G:512-40
Y - - -13 ., - - 5% K429+ 80
. - - I O - - T 10:12-60
bH - - =15 » - - 7 ” H512-60
” - - -1 6 » - = 9 2] 1529520
(Signed) lonT. 11as10soN,
Surveyor to the Local B i Health,
25th May 1870. Lewn'rzom,
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Letter from Dr
Jodward Frankland,
F.R.S. to Dr. J. H.
Gilbert, E.R.S.

Letter from Dr.
J.H. Gilbert, F.R.S.,
to the Rivers Pollu-
tion Commissioners.

Letter from the
Clerk to the Metro-
politan ~ Board of
Works to the Secre-
tary to the Commis-
=tan,

26046,

No. 29. |
Rivers Commission, )
1, Park Prospect, Great Queen Street,
SIR, Westminster, S.W., June 9, 1870.
WiLL you kindly give the Rivers Pollution Commissioners your opinion of the
value of two samples of manure which yielded on analysis the following results :—

No. 1. Manure manufactured by A. B. C. process at Leicester.

Minera] matters - » - - 54:772
Organic and other volatile matters - - - 45-228
Carbon - - - - - 24-994
Phosphoric acid - - - - - -496
Total nitrogen - - - - - 1-943
Ammonia - - - - - -185
Total nitrogen calculated as ammonia - - 2.36

No. 2 Manure manufactured by the A. B. C. process at Leamington.
Organic matter containg 18 15 parts of carbon and 1°355 } 34-97

parts of nitrogen - -
Ammonia - - - - - -16
Phosphoric acid - - - - - 1-98
Clay and other uscless mineral matters - - - 87°13
Water - - - - - 746
100-00

Total nitrogen calculated as ammonia = 2°03 per cent.
I am, &ec.

J. H. Gilbert, Esq., F.R.S. (Signed)  E. FRANELAND.

No. 30.

Harpenden, St. Alban’s,
GENTLEMEN, June 14, 1870.

In reply to yours of June 9th, requesting my opinion of the value of two
samples of manure made by the ¢ A. B. C.” process, No. 1, made at Leicester in 1868,
No. 2, made at Leamington, May 1870, the statement of the analysis of which you
annex, I beg to say that I have consulted Mr. Lawes on the subject, and our opinion is
as follows :— :

It appears that neither sample contains 2 per cent. of total nitrogen, the Leicester
(1868) sample containing 194, and the Leamington (1870) sample only 169 per cent. ;
on ihe other hand, the Leicester (1868) sample contains scarcely 0°5 per cent. of
phosphoric acid, whilst the Leamington (1870) sample contains nearly 2 per cent.

In any estimate of value these differences would so nearly balance one another that
practically the same valuation may be considered as applicable to both. Further,
experience has shown that when such small amonnts of valuable are mixed with such
a large proportion of calueless constituents in a manure, that which may be called the
theoretical value according to composition is never realizable in practice on the large
scale. Assuming such a manure to be produced in large quantities, our opinion is
that it would certainly be worth more per ton than stable dung, provided the ni-
trogenous substance were in an easily decomposable condition, and its nitrogen
readily available, and provided the phosphoric acid were also in a readily soluble con-
dition ; but if the nitrogen and phosphoric acid were not in such conditions, it may
be a question whether the “A. B. C.” deposited manure or stable dung would be the
most veluable. The result would depend in a measure on the quantity of the
respective manures in the market, the cost of carriage, and other local circumstances.
Stable dung would, however, probably have the preference for market gardening.

In conclusion, it should be remarked that the amount of mixture in the sample “A.”
is mot given, and that it is stated to be only about 74 per cent. in the sample “ B.”
There can, however, be no doubt that it would average much more than this, and the
caluable constituents would accordingly be still further diluted.

I am, &e.
To the Rivers Pollution Commission, (Signed)  J. . GiLBERT.
1, Park Prospect, Westminster, S.W,

No. 31

Metropolitan Board of Works,

Sir, Spring Gardens, S.W., 15th June 1870.

ReFeRRrING fo my letter to you of the lst instant, and o our interview of this
day relative to the request of the Commissioners for inguiring into the Pollution of
Rivers to be furnished with a copy of the report of Drs. Miller and Odling on the
process of the Native Guano Company at Leamington, I beg to inform you that I have
since seen the Chairmnan of the Board on the subject, and I find that no report has
been presented by those gentlemen, and that as the Board have completed their evi-
dence before the Connittee on the Thames Navigation Bill and that Coemmittee have
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Letter from the
Clerk to the Metro-
politan Board of
Works. to the Secre-
tary to the Commis-
sion—cdaf.

Letter from the
Rev. Henry Pixell,
M.A,, to the Secre-
tary to the Commis-
siom.

Letter from the
Rev. Henry Pixell
and other residents
at Milverton to the
Rivers Pollution
Commissioners.

reported to the House, no such reports will now be made. The gentlemen referred to
had simply & memorandum before the Committee, but this was very crude, and more-
over of 4 confidential nature, I fear that I shall be unable to let yon have a copy of it.

With regard to Dr. Keates I will write and request him to call upon you on the
subject of the process before he proceeds to Leamington, and I shall be glad if you
will give him any information in your power.

I shall also be glad to receive a copy of the Report of - Commissi
published, for which of eourse I shall bepgappy to pay? your Commission, whex

) , I am, &e.
S. J. Smith, Esq., Secretary, (Signed)  JomN PoLLARD,
Rivers Commission. Clerk to the Board.
1, Park Prospect, Westminster, S.W.

No. 32.

Milverton, Leamington,
- 16th June 1870.
_ I and many of my neighbours solicit the protection of your Commission from
a serious grievance, namely, the offensive smell from the Leamington Sewage Works,
We have soffered much for the Iast twelve monihs but we have forborne to complain
publicly till two months -ago; many have been our complaints to the chairman of the
:::e:mmgém]l: Iﬁocal Bo:rctlh ofl Hea.l{;lh, etill the nuisance is now if possible worse than
ver, an ave not the least hesitation in asserting in this
neighbourhood is at times pestilential. g that the atmosphere in this

Sir,

I am, &e.

S. J. Smith, Esg., Secretary, (Signed) Hexry PIXELL.

Rivers Pollution Commission,
1, Park Prospect, Westminster, S.W.

No. 38.

Milverton, Leamington
GE.NTLEHL:N, ] _ 20th J’une 187(%1; ’

Ir is with reluctance we trouble you, but we feel compelled to use every en-
deavour in our power to obtain relief from the extreme annoyance and suffering we
have endured for meny months from the Leamington Sewage Works., I1tis difficult
to describe in fitting terms the intolerable smell we have been subject to day and
night for a long period. It is distressing to think that the air in a populous neigh-
bourhood should be so contaminated, bringing, as we are apprehensive, disease and
death to our very door. , ’

Earnestly soliciting your attention to the matter.

We remain, &c.
(Signed) Henry PIXELL.

E. LyxcH Brossg, Lt.-Colonel.

Husert Lroyp, Milverton Lawn.

H. Beaver Roserts, D.L., Thorn Bank.

Taouas Crow, Milverton Lodge, South.

RoserT BARER, Milverton Hill.

Joan N, Q. Harrorawn, Courtenay Villa,
Milverton Hill

WirLiam Moorg, Knightcott House.

Vixcent R. CorsiT, Riversdale.
To the Royal Rivers Pollution Commissioners, T, Riversdale

1, Park Prospect, Westminster, 5.W. ’
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No. 34.
MINUTES OF EVIDENCE.

No. 1, Park Prospect, Westminster, S.W., Friday, 24th June 1870.

PRESENT .
= MAJOR-GENERAL SIR WILLIAM DENISON, K.C.B, F.R.S, iv THE CHAIR.

Dr. Epwarp Frangraxp, F.R.S.

Mg. Joux CHALMERS MORTON.

Mr. S. J. SautH, Secretary.

Dr. WiLLiaM OpLING examined.

1. (Dr. Frankland.) You are a Fellow of the
College of Physicians, a Fellow of the Royal Society,
and Professor of Chemistry at the Royal Institution ?
—1J am.

2. | believe that you are acquainted with the ABC
process of treating sewage ?—Yes.

3. Where and when have you seen that process in
operation ?—1 saw it in operation at Leamington on
April the 2nd of this year.

4. Did you examine the effect which it had upon
the quality of the sewage there ?—I may say that I
was conjoined in the inquiry with Dr. Miller, on
behalf of the Metropolitan Board of Works, and we
made an attempt to ascertain its effect wpon the
sewage, and we were very much struck by noticing
the different quantities of common salt contained in
the original sewage and in the effluent water. The
average amount of chlorine in the original sewage
was 113 grains in the gallon. The average amount
of chlorine in the efluent water was 6°3 grains in the
aallon.

5. Did you ascertain the cause of this reduction of
the chlorine ?—No ; but we know that it is impossible
by any chemical means to_cxtract chlorine from the
water, and we were satisficd that something was being
concealed from us.

6. (Mr. Morton.) That is to say, that it cannot be
extracted by any chemical meuns in practical use P—
There are no chemical means, which are practicable
on a large scale, for removing chloride of sodium from
the sewage water, and certainly not the chemicals
which are alleged to be employed in the A B C pro-
cess.

7. (Dr. Frankland.) Have you_since ascertained
the reason why the chlorine was diminished ?—Only
from information that the water of the river Leam is
let into the efluent water, which would amply account
for it. I know of no other means by which it can be
accounted for.

8. Have you gone into any calculation as to the
effect which the admission of such a volume of river
water would produce upon the quality of the effluent
water, independently of any operation which might
have been performed upon the sewnge by the ABC
process 7—Even if we took the river water as free
from chlorine it would be equivalent to diluting the
original sewage with that bulk of river water ; but sup-
posing the river water to have eontained about two
grains of chlorine in a gallon, a much larger bulk of it
mnust have mixed with the effluent sewage.

9. You of course took samples both of the raw
sewage arriving at the works and of the sewage after
treatment ? — Yes, we took samples of what we
thought was the sewage after treatment.

10. Was that sewage which you thought had been
treated by merely a chemical process or by a chemical
process plus the subsequent filtration ?—It was plus
the subsequent filtration.

11. Did you examine the filters, and are you at all
acquainted witl the materia! through which the sew-
age was filtered 2—No,

12. Arc you sure that the effluent sewage was at
the time passing through the filters ¥—I am not sure

of it. I only noticed that from the tail of the filter
issued clear water.

13. Have you analysed samples of the water ?—
Yes.

14, You can furnish us with the results ?—I hand
in the analysis. (This will be found at the end of
the evidence of the witness.)

15. Can you state to us now the general nature of
those results, as showing the effect of the process upon
the sewage ?—The results are in the lower portion of
the table.

16. Did you find that the effiuent water contained
less total residue than the original sewage ?—Yes.

17. Have you made any laboratory experiment on
the application of this process to sewage >—Xes, but
chiefly with a view to the manure.

18.” You do not know whether in operating upon a
quantity of sewage the total solid residue is increased
or diminished by the A B C process 7—I am not sure
that I have a note of that, but it must almost necessarily
be increased.

19. Soluble matter is added ?—Yes.

20. And the increase of course depends upon how
much is precipitated >—Yes.

21. Was the effluent water of a quality which was
fit to be admitted into the river 7—1I do not think that
the river at that time, in April, was suffering much
from the admission of the effluent water into it ; but
T very much doubt whether it would not suffer in hot
weather.

99, Was there much water coming over the weir #—
There was a good deal of water coming over the weir.

93. How was the effluent liguid as regards suspended
matter 7—1It was clear ; it was practically free from
suspended matter.

24, Have you formed any opinion from these ana-
Iytical results taken in connexion with the probable
dilation of the sewage by the river water, as to what
proportion of amelioration was cfiected by the process ?
__T should be inclined to think that the removal o
matter in solution was exceedingly small ; but owing
to the admixture of the effiuent sewage with an in-
definite amount of river water it is difficult to speak
positively.

95. Did the water which flowed into the river Leam
emit any perceptible smell >—No.

96. Did you also examine the manure which was
being manufactured >—Dr. Miller and I took a great
number of different samples of manures, but we found
that many of these samples contained large crystals of
sulphate of ammonia. These are some of the crystals
of sulphate of ammonia, which were found in one of
the heaps in the drying shed ( producing the same).

27. The manure from which these crystals were
removed was in the drying shed ?—Yes.

28. Did you find any of these crystals in any other
portions of the manure about the works ?—YXes, in
several other portions,

29, And you have proved them te be sulphate of
ammonia *—Yes ; Imay say that it was then arranged
that we should simply take a sample of the manure as
it was going out in the cart, ard that we should,
examine that alone.

Ir2

Dr. W. Oditny.

14 June 1870.
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Dr. W. Odling.

24 June 1870.
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30. Have you examined it ?—We have.

31. Can you furnish us with an analysis of it ?—
1 hand in the analysis. (Thkis will be found at the
end of the evidence of the witness.)

32, What is your opinion as to the value per ton
of that sample which you analysed ?—I might putitin
this way, that it contains about gith part of the nitro-
gen which is contained in guano, and less than J th
part of the amount of phosphate, s0 that, estimating
it merely as regards those two constituents, it would
have been iyth part of the value of guano, making
no deduction for the amount of dilution.

33. Can you account for the presence of these
crystals of sulphate of ammonia in the manure from
any of the processes to which the sewage is subjected
in the works?—No. I may say that when these
crystals were first discovered, the manager, Mr. Wigner,
told us that he knew nothing about how they had come
there, but that he sapposed that they must have been
swept up by accident. That was the original informa-
tion which was offered. When we pointed out the
large extent of the admixture and the number of dif-
ferent heaps, we were then told that it was sulphate
of magnesia which had been added in order to assist
the desiceation of the manure, and the fixation of the
aromonia. After we had left the works we were told
that the manager (Mr. G. W. Wigner) had intended
to order sulphate of magnesia, but that he had acci-
dentally written ©sulphate of ammonia ” instead of
sulphate of magnesia.

34, Upon that occasion was it one of your chief
objects to ascertain the value of the manure made by
this process >—7Y es, that was our chief object.

35. Would the addition of sulphate of ammonia in-
crease the value of the manure ?—1It would increase its
value to the extent to which ammonia salt was added.

36. During your experiments, did you have the
chemicals weighed which were added to the rewage ?
—No.

37. Did you geuge the sewage or effluent water —
No.

38. Did you witness any of the experiments of
drying manure in the hydro-extractors ?—Yes.

39. What was your opinion of that process 2—It
seemed to me to be perfectly inefficient. We had very

considerable difficulty in getting a sample {rom the

extractor.

40. Did you find that what was left in the extractor
was tolerably solid and consistent, or was any liquid
left in it ?—It was tolerably consistent.

41. What length of time did it require to dry one
extractor full of manure ?—I cannot say.

42. Did vou notice whether there was any unplea-
sant smell or otherwise about the works?—There
was the general smell of sewage, but it wasa cold
day, and there was nothing very marked excepting at
one particular time, that was when they were adding
salphuric acid to the portion of dried sewage in order
to fix the ammonia ; then there was sulphuretted
hydrogen given of very perceptibly.

43. Would that be likely to eause a nuisance ?—

"That would depend upon the scale on which it was

done. Upon the scale on which we saw it I should
say no ; the greater nuisance arose from the accumu-
lation of sludge which had not been dried. It was
giving off gas from its entire surface, and no doubt
in hot weather it would be very offensive.

44. Did you notice the temperature at the time of
your visit7—Yes. I am not sure ahout the tempera-
turc of the air. I think that it was 36 degrees, but
the temperature of these manure heaps was 45
degrees Fahrenheit.

45. It was a cold day ?—Yes.

46. Did you go down the river below the works ?
—Yes: we went down the river.

47. What did you notice in the river 7—There was
nothing very objectionable in the river until we got
some considerable distance down to below Dr. Jephson’s
foot bridge; between that bridge and the chain which
crosses the river above its junction with the Avon
the condition of the stream was objectionable. There
were patches of filth Iying upon its surface.

48. Do you know whether in the neighbourhood of
that bridge which you speak of any sewer enters the
river —We were told that there was a sewer, but
whether that is so or not I do not know.

49, Could you yourselves see that sewage was
coming in there >—No.

50. Did you make any examination of the plants
growing in the water or on the margin of the river as
to whether there was zny sewer fungus upon them ?
—There was sewer fungus upon them, especially by
and below this bridge.

51. Looking at the wholeresult of the experiments,
do you consider that this is a process to be recom-
mended for the purification of town sewage?—Certainly
not. No doubt this method, like all other methods of
precipitation, does keep out a considerable proportion
of filth from the river, but there was a great deal of
putrescible matter in the effluent liquid, and in com-
paring this mode of precipitation with others it did
not seem to me that its allezed superiority had any
foundatign. As regards its superior defeecation of
sewage, and the high value of the product yielded,
I came to the conclusion that it was simply a juggle.

52. T think that you have examined into the treat-
ment of the Northampton sewage?—TYes; 1 am
examining into it now.

53. Do you consider that the process which they
use there is at all equal to the A B C process?—
Judging from the manner in which everything is con-
ducted, it being perfectly above board and fairly done,
it seems to me that the effect upon the sewage there
is at least equal to that which is effected by the
A B C process.

54. Does the river there refain its pority 7—The
river there was looking pretty well. There had been
apparently a very considerable growth of aquatic
vegetation all the way down ; but at the mill, two
miles or so lower down, during the working of the
wheel the stench was very great, notwithstanding the
comparatively good appearance which the river pre-
sented. I have no doubt that in the hot weather,
when this aquatic vegetation is less active, sewer
fungus will appear again there.

55. Do you know of any chemicul process of treating
sewage which produces an effect at all equal to that of
irrigation ?—1I do not. .

56. Taking into consideration all the processes
which are known o us at the present time for dealing
with sewage, which process would you prefer as 2
means of purifying the liquid before its admission
into the river P—Irrigation, undoubtedly.

57. (Mr. Morton.) Incomparing the A B C manure
with the guano, what standards of value did you use for
the fertilising ingredients?-—1 have taken no standards.
The nitrogen in the A B C process is one twenty-
fourth of the quantity in the guano, and the phos-
phate is about the same. Therefore it seems that
judging from these two constituents, the value would
be about one twenty-fourth.

58. As regards the samples of manure that were
taken for analysis, are you certain that they too were
not fortified by the addition of any material ?—The
manure was so extremely poor that I should think
that that was not the case.

The witness withdrew.

Adjourned.

35

Analyses referred to in Questions 14 and 31.

LEAMINGTON SEWAGE.

No. L.—MEax of Six SampLEs of SEWAGE, one taken hourly from
Five SamrrLes of EFFLUENT WarkR from tail of filter, one taken

8.30 a.m. {0 1.30 p.mn.
hourly from 10.30 a.m. to 2.30 p.m.

II.—Meax of

Parts in 100+000.
No. 1. Sewage. No. II. Effinent Water.

Total residue - - 233-1 149-3
Ash (saline matter) - 166°6 123-%
Cllorine - - - 16-1 9-0
Sulphuric acid (804) - 7.7 32-0
Nitrogen of ammonia and

organic matter - - 12-0 3-0

——————

LEAMINGTON MANURE.

fAN 1 s goi ; No
To. [.—SaMpLE of MaNURE from Bag in Cart as going out for Sale; No.
o from precipilated Sewage taken out of subsiding Tank on the_Works; No.

yielded by an Experiment made in London by adding A B C Mixture to

IL.—SamrrE of DEPOSIT collected
II.—SanprLe of DEPOSIT

above Leamington Sewage.

N ;l No.1 \ No. IL ‘ No. 1.
Moisture - - - l, 27-54 24-80 24-80
Orgzanic matter - -+ 10-90 18-98 33:00
Matter soluble in acid - tl 15+48 11-48 19-32
Clay and sand Co- -1 46-08 44-74 22-88
Nitrogen - - - ‘l 0-68 0-86 1-72
Phosphoric acid (PO,) " 0-59 — —

) ¢

April 2nd. 1870.
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COMMISSION (ENGLAND).

VICTORIA R.
BECTORYQ, by the Grace of God of the United Kingdom of Great Britain and
Ireland, Queen, Defender of the TFaith,—
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 ;
Qur trusty and well-beloved Edward Frankland, Esquire ; and Qur trusty and well-

beloved John Chalmers Morton, Esquire, Greeting.
d@hereas We did by Warrant under Our Royal Sign Manual, bearing date the

CONTENTS.

Eighteenth day of May, One thousand eight hundred and sixty-five, appoint Our trusty
S and well-beloved Robert Rawlinson, Esquire, John Thornhill Harrison, Esquire, and
John Thomas Way, Esquire, to be our Commissioners for the purposes herein-atter
Page | , mentioned, which Warrant We were pleased to revoke and determine on the Fourteenth
. ge | Tage ?
Commissions and Instruetions to Commissioners Hi-ix Part I.—REMEDIES - - - - 9832 day of Februm'y last : and )
IXTRODUCTORY - - - - - 1,2 Purification of polluting liqui 2
»2 : polluting liquids - - 23 . . 7 : . ; - Biver : :
Map Of;Ri\'er Basins of Great Britain,—fecing I Treatment by evaporation - - - on @E:“J Creas “.e .have deemed 1t e:xpefhent for divers gUOd caus.es and considerations
page 2. | Purification by chemial ag . . that a new Commission should forthwith issue for the purpose of inquiring how far the
Pasr I DESCRIPTIV o og | ) mical agents 30 q S
: Yo;ktm‘;m]‘oz‘l'l‘_l‘ﬁ]j e - - T ';: : Purification by intermittent filtration - 33 present use of rivers or running wafers n England for the purpose of carrying off the
:shire clothing disiricts - - - -13 . . . . -
The dire - i ) _ i 3 | panp ILTWaTER S sewage of towns and populous places, and the refuse arising from industrial processes
9 . Panr IL—WaTER SCreLy - - - , . . . . ..
The Calder - - - - - 9 i Potable “.ater: i“LxIIirt‘and Caldder hasins 36”;? and manufactures, can be prevented without risk to the public health, or serious mjury
.« w - . = - ? : 3
Fags}bmle ?f m}mgrandumlj)vntten with l . . Seernbasin - . 39 to such processes and manufactures, and how far such sewage and refuse can be utilized
alder water,—facing page 12=. : ’ . - R J N - i . 3 Tver . 3 . . .
Fac.simile of yellow paper spoiled by gaseous | ,  otherbasins - - 43 and got 1id of otherwisc than by dlscbalgfa into rivers or runnmmg waters, or rendered
emanii?'nns from the River dire,—facing . o 16 harmless before reaching them ; and also for the purpose of inquiring into the effect on
page 12, . (GEXERAL SUMMARY - - - - -4 . . . . N .
) e ; ( abited ces tr . ;
Toat of England clothing distriets - RRTSTS Condition of rivers - j i ] 16 the drainage of lands al'ld inh '1 place of obs 1uct1c.)ns .to the natural ﬂ.ow of rivers
g Prosesses of the woollen manufacrure - 17-28 i; Remedies - ] ) ] ] 50 or streams caused by mills, wes, locks, and other navigation works, and into the best
" Sheep-washing - - - - 18 | Water supply - - - - 53 means of remedying any evils thence arising:
i Wool dyeing - - - - 18 | m o T 1 - i MK
! The dlofh manufacture - ] ] op . CoNciusions - ] ) ] ; 54 Holv Huol YL, that We, reposing great confidence mn your zeal -and ability, have
The blanket manufacture - ] i 2 | oo ) authorised and appointed, and do by these Presents authorise and appoint you, the said
H SCOMMENDA! NS - - - - 5 . P rEn . ~
. The flannel manufacture - - - oy | 0 INEXDATIONS 9 3 Sir William Thomas Denison, Ldward Frankland, and John Chalmers Morton, to be
; . e ? 3 3
The carpet manafacture - - - 25 | INDEX - - - - . . 57 3 Our Commissioners for the purposes aforesaid.
A The woollen yarn and rug manufacture - 26 Y . . )
§ any for the better enabling you to form a sound judgment on the premises, We do

b 2 hereby authorise and empower you, or any £wo or uiore of you, to cail before you, or
any two or more of you, all such persous 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.

qud 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.
A And We Will and Command that this Our Commission shall continue in full force
5 o S - and virtue, and that you, Our Commissioners, or any fwo or more of you, may from

: time to time proceed in the exccution thereof, although the same be not continued from

time to time by adjournment.

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

e e T i

I S I

may require.
Given at Our Court at St. James’s the Sixth day of April 1868.
By Her Majesty’s Command.
(Signed) GATHORNE HARDY.

8G534, . A2
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‘InstrucTIONS to the CoMMISSIONERS.

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

o Tax 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. O. Liddell, Q.C., (Signed) S. J. Smrrs,
&e., &c., &e., Secretary,
Home Office.
Sz, Whitehall, 29th April 1868.

T ax directed by Mr. Secretary Hardy to acknowledge the receipt of your letter of
the 28th instant, and to acquaint you, for the information of 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,

9, Victoria Street, Westminster, 5.W.

V‘

[nstrucTIONS 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 you
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 serious
ollation 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 Jands,
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 :—

ist. The Thames Valley—both as an example of an agricultural river basin, with
many navigation works, euch 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.

ond. 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.

grd. The Aire and Calder Basin, as an additional example of the same
class, more patticularly mn connection with the woollen and 1ron manufactories.

4th. The Severn Basin, for the same reasom, but in particular connection with
the great seats of the iron trade.

sth. The Taff Valley in connection 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 end rendering useful
or jnnocuous 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 arising
from industrial processes in these districts can be kept out of the streams, or rendered
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

laces 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.

I am, &c.

The Commissioners appointed to inquire (Sigﬁed) H. WADDINGTON.

into the Pollution of Rivers,
9, Victoria Street, Westminster, S.W.
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IxstrucTions to the COMMISSIONERS.
Whitehall, 7th July 1865.

I ax directed by Secretary Sir George Grey to transmit to you an extract of a
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 Commuission.

(G ENTLEMEN,

. I am, &c.
The Commissioners appointed to inquire ( Signed) H. WADDINGTON.
into the Pollution of Rivers,

9, Victoria Street, Westminster, S.1.

e —————————————

Lerrer from Cuaries NEATE, Esq., M.P., to the Right Honourable Sir Georee GREY,
Bart., G.C.B., M.P.

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

1 sEc 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 health of
the country to far greater danger by wasting too rapidly the winter supply of water than

it now is Hable 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 people, and I think it. is matter of
pressing Interest t0 inquire how far the general level of springs in the country has been
lowered, how far it depends upon the height at which the water is maintained in the
neighbouring river, and what s the number of springs that have altogether failed, or at
least that fail during the summer. '

[ believe it to be a matter ot 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.

If the Commission as it stands, is intended to apply to agricultural drainage, the rcasons
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 heulth of the country and
come increase in the productiveness of the soll.

I remain, &c.

The Right Honourable Sir George Grey, (Signed) Cuarnes NEATE.

o

Bart., G.C.B., M.P., &c., &c., &c.

» ST 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.

vil

COMMISSION (RCOTLAND).

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

& o 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 Frankland, Esquire; and Our trusty and well-beloved
John Chalmers Morton, Esquire, Greeting:

Jabereas 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 fingland 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 Jarge

set forth ;

gny tohrereag 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.

How Huol P, 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 Trankland, and John Chalmers Morton, to be
Our Commissioners to visit the River Tweed and its tributaries, and the River Clyde
and its afflucnts, in that part of Our said United Kingdom called Scotland, and also to
visit such other rivers or parts of tivers 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;

any Lo 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 he prevented without
risk to the public health, or serions injury to such processes and manufactures, and l}ow
fuse can be utilized or got rid of otherwise than by discharge into
rivers or running waters, or rendercd Dharmiess before reaching them; and a}so to
inquire into the offect on the drainage of lands and inhabited places of obstruct{ons'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.

dny for the better enabling you to form a sound judgment on the premises, Wedo
hereby authorise and empower you, or any two or more of you, to call before you, or
any two or more of you, ali such persous as you may judge most cox_npetent 'by reason
of their situation, knowledge, and experience, to afford you correct information on the
subject of this inquiry-

anu 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 ‘\"il‘tli:e
of this Our Commission, together with your opinion on the several matters herein

submitted for your consideration.

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

ADDITIONAL INSTRUCTIONS TO THE COMMISSIONEKS.

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

Tre 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
ihe 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
¢ copnected 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 by the Woollen Manufacture in the Aire and Calder
Basins will not be complete and satisfactory 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 instructions which states that the inquiry should
¢ include selected River Basins illustrating different classes of ewployment 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 3 they will cease to have such a local desiznation as might lead to the supposition
that their recommendations were intended to apply to a particular locality—and they 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

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

SR

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

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

b (Signed) JOHN M. LINDSAY,
Director of Chancery.

. Sealed at Edinburgh, the third day

i of December, in the year One
! thousand eight hundred and
. sixty-nine.

(Signed)  Jomn H. Dunw,
Substitute Keeper of the Seal.
801. Scots.

B Tt s sadt A LA UL I b

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. Swarrh,
&ec., &ec., &ec., Secretary.

Home Office.

Local Government Act Office,
8, Richmond Terrace, Whitehall, S.\V.
Sit, 8th March 1870.

Wirs reference to your letter of the Ist instant, I am directed by the Secretary
of State for the Home Department to inform you, by way of supplemeut to the instruc-
‘i tions already issued for the guidance of the Commissioners appointed to inquire into the
. pollution of rivers, that the Commissioners are to consider themselves instructed to inquire
5 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. TayLor.
Rivers Pollution Commission,
1, Park Prospect, Westminster, 3.1V,
26584 B
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THIRD REPORT..

TO THE QUEEN’S MOST EXCELLENT MAJESTY.

May IT PLEASE YOUR MAJESTY,

Wg, Your Majesty’s Commissioners appointed to inquire into the best means of InrrODTC-
preventing the pollution of rivers, have, in our Report upon the basins of the Mersgy ~ T
and Ribble, described the foul condition of those rivers and their affluents, and the
causes which have acted so injuriously upon their waters. We have also given in that
Report the results of our examination of the various remedial processes, whether of pre-
vention or of purification, which had been brought vnder our notice; and in our second
Report (187 0)—on the “ A, B, C” method of treating sewage—we have given the results
of a further inquiry into a suggested mode of purifying sewage which has been tried
upon a large scale at Leicester, Leamington, and Hastings. o .

The instructions originally issued to us limited our inquiries to the basins of cerfain
vivers, which were considered to exhibit with sufficient accuracy and completeness the
character and the amount of the injury inflicted by particular classes of manufactures
upon the streams into which their refuse was passed. In the course of our investigation,
however, into the state of the running waters in the basins of the Mersey and Ribble,
the conviction was forced upon us that the information derived from an examination of
the refuse of various manufacturing processes in any single district would not be sufficient
to enable us to recommend rules applicable to analogous processes throughout the country
at large. ' _

We were, indeed, justified in reporting confidently regarding ordinary sewage, both as
to its influence upon the running waters into which it is discharged, and as to the methods
by which its polluting constituents may be transformed into innocuous compounds;
£r the character of town sewage and its effect upon rivers is substantially everywhere
the same. ‘There are also certain classes of manufactures, fully represented in the
Mersey and Ribble basins, the various drainage waters of which have been so fully
investizated, that we have been able to speak, in our report on those basins, of the
river pollution which they create and of the remedies for it which ought everywhere
to be enforced, with as much confidence as was possible in the case of town sewage.
But there are other technical operations which have been examined and reporied on
by the first Rivers Pollution Commission as well as by ourselves, in which, though the
staple dealt with is the same, the mode of treatment differs in different localities, so that
the drainage from them is not everywhere the same ; and it appeared probable, there-
fore, that one remedy or set of remedies would not be uniformly applicable. Hence, we
deemed it advisable to suggest such an aiteration of our instructions as would authorise
us to prosecute inquiries mto the effect of particular manufactures wicrever we might
think it important to do so. This suggestion was approved, and in a supplement to the
instructions issued for our guidance, we are directed “ to inquire into the specific pollution
“ caused by any particular manufacture, wherever located, in England or Scotland.”

The Report therefore on the Woollen Manufacture which we now humbly submit to
Your Majesty will be found to deal with the effects-of this manufacture on rivers and
streams generally—including not only the clothing districts of the West Riding of York-
shire, but also those of Gloucestershire and Somersetshire, the flannel trade of Wales,
the blanket manufactories of Witney and of Dewsbury, the worsted and rug factories of
Kendal, and the carpet works of Kidderminster, Halifax, Rochdale, Durham, and Wilton.

In August 1867 our predecessors submitted to Your Majesty a report upon the
rivers Aire and Calder, the principal seats of the woollen and worsted trades in the
West Riding of Yorkshire. In it they described the topography, geology, and meteor-
ology of Yorkshire, and gave a special account of the dire and Calder basins, including
a description of the obstructions and pollutions they had witnessed in the course of
these rivers. An account of the various processes in which water is employed in these
valleys was also given, along with an estimate of the nature and amount of the filth
discharged in the course of the operations of the woollen and worsted manufacture.

Attention was also directed to methods by which the different matters contained in
the waste water, rendering it unfit for use, might be precipitated or got rid of’; some

B2
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Intropuc- of them being described as effective, others as only partially available, though admitting

TION,

of improvement. o o
The report also contained a statement of the extent to which these rivers were

polluted by refuse from tanyards and by the ochrey water from coal workings; and
the opinion was expressed that both these causes of river pollution might be got rid of
without injury to the industry of the district.

That we might properly appreciate the information gathered on this subject by
our predecessors, and collect such further evidence as seemed necessary, we have
examined the whole course of the Aire and Calder for ourselves, holding public meet-
ings at all the principal towns in these valleys, inspecting the sewerage arrangements
of both towns and factories, and taking samples for examination, not only of the
varions drainage waters which these rivers receive, but of the river water itself at
differenit points in its course. We have held meetings and made inspections in this
way at Skipton, Keighley, Bingley, Cullingworth, Saltaire, Bradford, Leeds, and Castle-
ford upon the Aire and its tributaries; and at Todmorden, Halifax, Huddersfield,
Dewsbury, Batley, and Wakefield on the Calder and its affluents.

We have also held public meetings, made inspections, and taken samples in all the
other localities of the woollen manufacture in both England and Scotland ; as at Trow-
bridge, Frome, and Bath, in Wiltshire and Somersetshire ; at Stroud and Nailsworth in
Gloucestershire ; at Newtown, Montgomeryshire, a principal seat of the flannel manufac-

ture; at Witney near Oxford, a seat of the blanket manufacture ; at Kidderminster,

Durham, and Wilton near Salisbury, seats of the carpet manufacture ; at Kendal In
‘Westmoreland, where worsted and rugs are made ; also at Galashiels, Peebles, Jedburgh,
Selkirk, Hawick, and Kilmarnock, Scottish towns chiefly occupied with the manufacture
of various woollen fabrics, to which fuller reference will be made in our fourth Report,—
on the rivers of Scotland. In all these places every assistance needed for the prosecu-
tion of our inquiry has been cordially rendered by nearly all the Local Authorities, and
also by a large number of individual manufacturers and traders who have returned
replies to our series of questions. To the information obtained orally, by inspection, and
by the ezamination of samples, must be added the large mass of documentary evidence
thus received, which will be found in Volume II. of this Report.

We have also kept in view the inquiry suggested by Mr. Charles Neate (see Letter to
the Secretary of State, Home Department, p. vi.) into the water supply for domestic and
manufacturing purposes in the districts and towns which we have visited. We have
everywhere examined into the amount and quality of unpolluted water supplied to towns
or likely to be rendered available for them. "The results of this mvestigation and of
the analysis of numerous samples of such water will be found in Part II. of this Report.

Our predecessors, at the conclusion of their report upon the Aire and Clalder, after
having given a sketch of the special conditions of the principal towns visited, and described
the general state of the water supply of the district, and after having brought under
notice the defects of the existing law relating to river pollution, showing its action to
be.slow, cumbrous, expensive, and ineffective, postponed the recommendations to which
their inquiries in these valleys had led them, giving their reasons for this postponement
in the following paragraph :—

“ As we are now, in obedience to Your Majesty’s Commission, about to visit rivers
“ specially polluted by other manufactures, and by mines, we respectfully reserve the
¢ absolute recommendations which would appear to be in this place due from us, partly
“ in deference to the express objection on the part of the West Riding manufacturers
“ to any legislation which should not also be enforced upon the textile trade of other
¢ districts, and partly in the hope and expectation that by postponement of final judgment
“ to experience of other pollutions and localities, our recommendations will be more
“ yaluable, and more capable of general application to the improvement of the rivers of
* England.”

Having the advantage of the evidence collected in 1866, as well as of that obtained
by ourselves since that date, both in Yorkshire and in other parts of Iingland, and in
Scotland, we are now in a position to lay before Your Majesty a completed report upon
the river pollutions which are due to the woollen manufacture ; including such a descrip-
tion of processes, localities, and samples as shall define the nuisance thus created; a
discussion of such remedial or preventive measures as may help to abate the same; and
such conclusions and recommendations as ought, in our opinion, to guide legislation on
this subject.
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WOOLELEN MANUFACTURE AND PROCESSES CONNECTED THEREWITH. 3

PART L

SECTION A.—DESCRIPTIVE.

Part 1.
Descrir-
TIVE.

Yorkshire
clothing dis-

We will now describe in defail the condition of the rivers in the two leading seats of ;o

the woollen manufacture in England; viz., (1) the Yorkshire clothing districts, and (2)
those of the West of Lngland; and then (3) refer to those manufacturing processes
which, there and in other localities of the woollen industry, are the causes of river

pollution.

1. The Yorkshire Clothing Districts.—In their veport on the rivers Aire and
Calder, the Commissioners first appointed by Your Majesty to inquire into the best means
of preventing the pollution of rivers have minutely described the condition of the
streams in the Yorkshire districts of the woollen manufacture in the year 1866. During
our visit to the same districts three years later, we had abundant evidence leading us to
substantially the same conclusions, which it is therefore unnecessary for us here to
recapitulate. We have, however, areatly extended the basis of chemical facts, upon
which the evidence of pollution and its causes rests, by analytically examining numerous
polluting liquids, together with samples of the rivers and streams in their pure and

olluted condition. We have also carefully studied the effect of each of the chief seats
of the woollen trade upon the water flowing through it, and we now proceed to describe
the results of our investigations.

Tue Ame.—The sources of the dire lie arcund the little village of Malham. A strong
ciream flows from the foot of Malham Tarn, and after running a few hundred yards
suddenly and silently disappears in a bed of limestone fragments, to reappear again at the
1ot of the escarpment of Malham Cove,—ncarly a mile distant. There isa tradition that
the stream from Malham Tarn formerly flowed along the surface and fell over the precipice
ot Malham Coove in a sheer Jeap of about 285* feet,—a tradition which is supported by the

~parent traces of a river bed leading from the fissure, into which the water now sinks,

app
to; the summit of the precipice of Malham Cove and it can scarcely be doubied that the

river flowing out of Malham Tarn would now take this course if the “swallow holes,”
down which it at present disappears, were blocked up. Other streams on the high moors
in the neighbourhood disappear in a similar manner, and doubtless furnish the water which
gushes out in such abundance at several places on the plateau at the foot of the limestone
crags of which Malham Cove and Gordale Scar form portions. Thus the floor of
Gordale Gorge is covered with copious springs, whilst in the middle of a field just below
the village of Malham a considerable river of sparkling water suddenly bursts from the
earth. This last and the streams flowing out of Malham Cove and Gordale Gorge consti-
iute the chief sources of the Aire, which here unite and form a river, the water of which is
excellent, although somewhat hard from its solvent action upon the mountain limestone
through which it has percolated ; it also contains a larger proportion of orgamic matter
than is present in the streams issuing from the chemically analogous chalk and oolite

formations of the southern counties.
The following table contains the results of our analyses of the chief sources of Aire :—

CoMPOSITION OF THE HEADWATERS OF THE AIRE.

RESULTS OF ANALYsIS expressed in Parts per 100,000.

Stream issuing at base of Malham . §°0 :
Cove, Sept. 30, 1869. ‘ i
i

Dissolved Matters,
CTem- | o :
Deseription ‘ {‘5{3' Or Nitro- Total Hardness,
| o Omgme e am EEZE SR | Chle
: grade- Wratters.  bon. I\:tm- monid. © ;4 Nitro- | 00 Tem- ! Perma- Total
: , gea- Nitrites. gen. poravy.  uent. | N
- ! ] : : | ] i
o ‘ | : .
Stream issuing from Malham Tarn [ o1ae2 12451 203 050 -002 ] | o032 L9535  9-29 4725 | 13754
.—Sample taken where the water ' : '
sinks into fissure, Sept. 30, 1864, : i : :
Large spring in Gordale Gorge, © 779 19:90 ° -176 012 0 064 1 076 0 00 1 12°09 4 52 | 16-61
Sept. 30, 1869, ' ‘ : ‘ i i .
Aire Head spring below Malham, =~ 10° 15-50 ' -165 <007 -v0l . -017 | 023 ° 99 0 802 3-33 12-25
Sept. 30 1869. ‘_ ;
014 0 ‘012 i

16:20 | -286 -026 ' 1-15 | 11°36  4-52 | 16°08
: |
i 1

i
1
! i
) .

* This height is given in Phillips’ Yorkshire, Murray, 18635,
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Ali these samples were clear and colourless, and fit for domestic and manufacturing
purposes. A comparison of the constituents of the last-named two samples shows that

i chlorine

am The great
difference In temperature (4° C.) of the two samples taken within an hour of each

other indicates that the water of Malbam Tarn is not conducted in a simple conduit to
the base of Malham Cove, but passes through a sublerranean lake or subdivides itself
into very numerous streamlets, either of which conditions of flow would enable it to

the water from Malham Tarn becomes mixed with other water richer
and organic carbon before it again issues at the foot of Malham Cove.,

assume the temperature of the surrounding rocks.

"The pollution of the Aére begins at Skipton, where silk and cotton spinning and paste-
board manufactures are carried on ; the cotton manufacture here as at "l'odmorden, having
forced its way over the watershed which divides the Ribole and Aire basins, Soon
after leaving Skipton the river encounters the woollen trade at Bradley, Keighley,
Silsden, Bingley, Allerton, Saltaire, Bradford, Baildon, Guiseley, Yeadon, Rawdon,
Horsforth, and Headingly ; but the volume of its waters is so great that at Kirkstall
bridge above Leeds, it wasin September 1869, only moderatel y polluted, notwithstanding
that it had been fouled by the sewage of more than a quarter of a million of people, and
the refuse of, at least, the following manufactories; the numbers in both cases being
taken from the tables published in the Third Report (1867) of the first River Commission .

1 Silk mill. ! 26 Tanneries.

1,341 Cloth and woollen factories. ; 13 Chemical works.
1 Flax mill, ; 8 Grease extracting works.
7 Paper mills. | 4 Glue factories.

The above include many gigantic establishments, of which the principal example—
that of Sir Titus Salt, Bart., Sons, & Co., who employ 3,500 hands—may be quoted
in detail. Here the following quantities of materials are used annually :—

Logwood and similar dyewares - - 320,000 Ibs.
Chloride of lime, ammonia, and oil of vitriol - 15,000 Ibs.
Gallipoli oil - - - - - 40 to 50 tons.
Soap - - - - - 700,000 Ibs.
Alkali - - - - - 40,000 lbs.
Coal - - - - -

14,000 tons.

Skipton, a town of 6,000 inhabitants, is situated on the Eler Beck, a mile or there-
abouts above its junction with the dire. The stream is fouled by the refuse from silk,
and cotton factories, as well as from gasworks and from tanyards. The sewage of the
town also passes at present into the Eller Beck, a tributary of the dére, but the Local
Board of Health is applying for powers to take about 70 acres of land conveniently
situated for a sewage farm three-quarters of a mile below the town. The land is a
fertile loam, varymmg from § inches to 20 inches in thickness, resting upon a moderatel
stiff clay. The average dry weather flow of sewage Is said to be 150,000 gallons per
day, but even storm water will be passed over the farm if its volume does not exceed
43 millions of gallons per day.

Ten miles below Skipton, Keighley, a town of 20,000 inhabitants, pours its drainage
into the Aire through the river orth, on which it is situated about a mile above the
junction of the two streams. Both the Worth and the North Becl, which pass through
the town, are polluted by town sewage and liquid refuse from manufactories ; they are also
the receptacles of slag and cinders and other solid refuse ; the bed of the Norsj, Beck in
particular has been raised four or five feet in this way. Mr. T, B. Laycock, a wool
comber, spinner, and weaver at Aireworth on the orth below Keighley, says—*
“ Opposite my works the bed of the river has silted up very considerably ; forty years
“ ago the bed was five or six feet deeper than it is at present, and the silting up to this

great depth has been caused by ashes and rubbish thrown in by manufacturers and
others. Formerly trout were very plentiful in the stream, but now no living thing can
exist except rats, which feed on the dead carcases of animals thrown in. The river
for more thap half a mile above my works is very seriously polluted by town sewage
and refuse from manufactories and works, and in the summer the stench is so bad that
the smell is perceptible for more than half a mile off.” M. Laycock adds— If the
river were clear and celourless it would be of considerable value to me.” That it is
not so is owing first to the discharge of the town sewage into it, and next to the fact
that - the liquid refuse of the factories finds its way into it uncieansed. Thus one of the
large-t firms at Keighlev, employing 1,900 hands, and iising & cwt. of soap a day, state
in answer to our inquiries, < The soapsuds are not treated for the recovery ‘of the
“ grease.”—“The excrements of our workpeople are conveyed into the river.”

[

(11

* Volame 2, Section 2,
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WOOLLEN MANUFACTURE AND PROCESSES CONNRECTED THEREWITH. 5
- At Shipley, the refuse of Bradford is poured into the dire through the Bradford Beck.  Pixr1,
The population of the borough of Bradford at thej las't Census was 106,000, but 1t 1s now Di'sxirim-
timated at 140,000. The Bradford Beck takes its rise about two miles above the town, .
g?ld enters the borough in a not altogether unpolluted condition; it is, however, clear, fit Bradford
for most manufacturing purposes, and appears to abound with fish. In passing through Becz.
Bradford it receives, besides the sewage of 140,000 people, the drainage and refuse of
pumerous factories, some of them situated on the Thornton Beck, Pinch rBeck, Clay?on
Beck, Bowling Beck, and Eastbrook, tributaries of the Bradford Beck. The followlng
numl::ers representing the factories of Bradford, are extracted from the tables accompanying
! > . T - -
the Report (1867) on the dire and Celder, p. Ixxvi:—
168 Worsted and woollen mills. 10 Chemical \?01:ks.
94 Stuff mills. 10 Cotton factories.
35 Dyeworks. 3 Tannenes-. o .
7 Size works. 3 Grease extracting works.
The character of the Bradford sewage, and the effect upon the Bradford Beck of the
vast amount of polluting materlals: poured into its comparatively small }folume of'.wat.er, .are
seen from the following results yielded by samples collected for chemical examination :—
Comrosrriox oF RIVER AND DrAINAGE WATERS AT BRADFORD.
RESULTS OF ANALYSIS expressed in Parts per 100,000.
l Dissolved Matters. Suspended Matters.
Tem- : ' i
pera- Total | © Or . Nitro- ' Total :M | ‘ ; Hardness.
iption, ture, ; Total + Or- - rom as - Metale ‘ -
Description Centi-§ Solid | ganic ganic Am- ﬁf&?e”s gicr;?d gt ceAr-l Chlo- .1 ! ) Mmle ﬂg;;-c Total.
grade. | Mat. ;. Car- Nitro- monia. ™" ™" ~q 0 0o emic., TIE- g—-; 55 2 ral. | ganic,
ters. | bon.  gen. Nitrites, gen. I = 18=, 8
- : ' i : ' t i
o ; . L
Bradford Beck above the town, | 13°S 440 +349  -081 . -105 P -268 | -485 | 0 i 1-87 | 1-34 ]10°46 |11°80 | trace | trace | trace
A ! i | , T A I S o lac
Diggt.b?l;\iﬁsz;)\\'n and sewer i 30°5 . 75°5 4-024 . +392 1-220 g 0 1-397 ‘ "002 | 5-45 '10-76 13-75 |24+51 313'93 ;36'03 52-00
= 5 9, | 1 ; : : | ' : [T -
&?viﬁuétaolzi};"o{:&:ﬁ1')’513?1; . 73+0 67330 - -§17 1-956 . O i-z-zzs 008 16:52 1 — © — | — 118'18 4856 ls6+74
ot-_ ] it : i ‘ i ; |
Se:?-;::eo’n}:s?\!;} Holden's ex- i 2G4 1 79°9 6-303 | *577 1-845 | 008 2-104 | o le4o: — i — — I1-1-9:» 36:05 [51-00
perimental sewage works, f i ; r ! : | ! | i ;
445 pm, Oct. 5, 1865 ! Ly 602 | 635 1615 o {14985 | — 1553| — | — | — 112:20 '35-45 |50-65
Ditto at 9 a.m., Oct. 6, 1869 ~  23+6 ' 746 ‘3 602 . 655 ] ! . i ’ .tf !
H H . N } : 1 1 1S s . .
Ditto, average of 12 hours, | — | 950 9-505 ' -926 2-771 0 jw0s, — ’ o0 | — | — | — 2170 6080 [ss-50
] =] 1 : ' ' :
Dec. 3, 1869, | : ! | [ | i | ; !

The Bradford Beck as it leaves the town is a black, filthy, and offensive stream ; even
above the sewer outfall, it was, at the time of our inspection, emitting oili:f:ns?*e 'gaS}{:S
and could scarcely be distinguished in appearance from the sewage ’1tse e t ﬁs the
most filthy stream we have yet met with, surpassing even the worst examples 11;) anc}ix-
shire. The Cornbrook just before it joins the Irwell at Manchester contains :}3 out}: t .g
same proportion of soluble polluting ingredients, but 1t falls far short of the hr% Ifor
Beck in the proportion of suspended polluting matter which its waters cat fl’ y \\'I(ti - t exi_.

The Bradford sewage receives a great amount of the refuse liquors 101fnd _)"ewmt 5,
worsted mills, and other factoriess it is also mixed with a great volume o . J.E -Wa(flfé
which reduces its agricultural value. There are 6,500,000 gallons of water dai yo 10{1laD
into the town and district by the corporation waterworks,—equivalent to about -1 g? ons
per head of the population—a quantity which, without tzﬂ{mg the land dra!nageken ering
the sewers into consideration, is sufficient to account ior the fact that 1t ta esumouz‘
than two gallons of average Bradford sewage to equal in manure Y‘alue 01?eﬁ§ai) l011 0
average London sewage. Nevertheless we should not despair_of making a ]:)wi _ ar e 1;5&?
of this sewage if it could be applied to land by gravitation. Much of the w :ll)s 113%1.\:*:1‘(:(11
from dyewo:;‘ks which is now discharged into the sewers could doubtless be de iv I?‘}(it
direct into the river without infringing the standards of purity laid down rlf‘}l Ollql ’11(:(:
Report (1870)—on the Mersey and Ribble basins (Vol. I, page. 130})). ' tlle hz\;él%f
‘would thus be preserved from excessive dilution, and might then ev en ea; 1lel u(l:; st
pumping, if necessary. Analysis reveals nothing in it likely to be injurious to p{s ' .
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6 RIVERS POLLUTION COMMISSION (1868):—POLLUTION ARISING FROM - WOOLLEN MANUFACTURE AND PROCESSES CONNECTED TIIEREWITH. 7
Parr I At Leeds the river receives the sewage of a population now estimated at 270,000, and [ C D W L
Descre-  the refuse from the numerous manufactories, of which the following list is extracted [ +OMPOSITION OF VARIOUS LRAINAGE WATERS AT LEEDS. g ol Ii;
i TIVE. . - . . s i -
X rt (1867) on the Aire and Calder ba . Ixxvil, i — :
; el from the Appendix to the Report (1867) ¢ sins, p. Ixxvil i REsuLTs OF ANALYSIS expressed in Parts per 100,000. TIVE.
2 ollution by . . . T3 .
Leeds. 224 Cloth and woollen factories. | 1 Silk mill. 1 : Pollution by
: 62 Dye works. ' 28 Tanneries. & Dissolved Matters., | Suspended Matters, Leeds.
] 6 Dyewood mills. ; 29 Chemical works. % , , : ; | T
i 25 Flax mills. ; 10 Carpet factories. - . Witro- | | |
2 9 . : 1 P . . A Deseription. Total | . Organic! A + genas . Total (Metallic ]
29 Paper mills. : 3 Glue factories. £ Solia : Orgamic | xgpo " AM- N tes'combined,  Ar- | Cilo- Mige-y Or- o)
7 Soap works. ‘ Z Matters, | C2TbOD- gen. ;O™ ang Nitrogen., senic. : rwe, | ral. | ganic.
a5 | i Nitrites.
1 : : , R . & : ' .‘ .
The mfukﬁ:d effect of tl.ns mass of ppllutmn even upon a large river is seen from ;;% <aze from the only outfall, Sept. | 923 | 3-981 | 567 | 2106 | 038 | 2-359 | -008 | 10+30 £330 2852 79-02
A Sewag Y 2 €] ;
a comparison of the analytical results yielded by samples of water taken at Kirkstall 28, 1869. sl |
1 . ot water used in spinning flax, ;| 185°0 | 58-849 ; 2-841 =717 3+431 — 72:00, 146 G-84 8-30
bridge and below the Leeds sewer outfall. 5 From Afosers. Trew and. Ten- | :
M pant's mill, Sept. 27, 1364, ' e ' |
& Esparto liquor from Messrs. Mellor | 40380 :935+845 [76-816 | 1-116 0 77735 0 3800 0 f O 0
= raddington’s ll, | , i
CoxposiTioN oF AIRE WATER ABOVE AND BELOW LEEDS. B ;’;;L ‘},3‘1‘};‘};;,‘“” paper Mt : !
.§ » + =y * ; 1

RESULTS OF ANALYSTS expressed in Parts pex 100,000.

The sewage of Leeds enters the Aire about a mile below the town by a single channel,

i |
l Dissolved Matters.  Suspeuded Matters, By in which at the time of our inspection (2 p.m.) there was a stream 8 feet wide and about
Tfﬁ:: i v | Hardnoes | T fg 2J feet deep flowing at the rate of 4.0 _yards per minute. This corresponds to nearly
Deseription. ilt’ur‘e: | Total O Or- ;J:xr(: | gz::‘_‘mm_i - 7_7“7“7“}:" o 900,000 gallons an hour. We were mforr_ned that_the_ dry weatl_1e1_' sewage of the: town
| Centi-; Jolid  gumic. ganle | M ‘Nitates. bined -Ti Ar- f,]hl}gl foits o )'i;:;‘f‘gggfi‘c_ Totsl. 4 amounts to 11,000,000 gallons daily, which, considering the diminished waste in the e
P ters, | bom. | gen. | o itro-! senie. 2 52 £~ f ! % night time, is not incousistent with our observation. The corporation have no jurisdic-
i : i | i i IR T GRS | i bs tion over the Aire, which flows through the centre of the town. Tiwenty years ago the L
o ‘ : ! | river was comparatively clean; it is now a black and greatly polluted stream. There are :
The Adire at Kirkstall Bridge  12'8 24°5 749 <082 068 119 | *257 tmec 1-77 512 S$-11113-23 54| 22 +% several weirs across its course in the town for the purpose of raising the water to give
ﬂﬂe"z‘;ﬁefgeg%aiig‘-&’ﬁ‘i%% s 1950 127 ol | -ad % 954 010 320 645 946 1501 278 | 962 | 5o motive power to mills. These dams cause a silting up of the bed, and check the free flow

below the Leeds sewer out- | of flood water. Property on the banks is thus injured during floods. Both the river and

fall, Sept. 28, 1869. § |

T L s S R )

i : . . _ : its affluents flowing through the town are, especially in ti'me of drought, very foul, and
| - consequently prejudicial to the health and comfort of the inhabitants. The corporation,
' 1t 44 ir i : sy from whose replies to our inquiries we quote these particulars, suggest as the best means
By comparing the composition of the dire at Kirkstall bridge with the mean composition E . A ’ . 2 _
of it}s chie? sources, we ﬁII)]d that the aggregate of polluting matters poured into tﬁe river B of avmdu]a]g (})ollut;_c])p foghtl}e futu;:, fﬁgt}ﬁl{lﬁlgiﬂfu@gt}glitg,egltz;l‘d drggggrf;az%tuigas S.hofﬂ.d
and its tributaries above Leeds has increased the proportion of sofudle polluting elements 2 be compelled to utilize their sewage and liq e g 3 » ang precipi-
he followine extent :— ' ° = tate it hefore allowing it to flow into rivers or their tributaries. We understand that the
to the foflowing e ' 3 question of the utilization of Leeds sewage has_ beer long under discussion by the corpo-
Organic carbon - - 3:33 fold. 3 ration, in accordance with their own declaration of what they ought to be compelled
,  nitrogen - - 521 2 to do.
1S it = : . . In illustration of the quantity of filth which the town now throws into the river, we
This increase represents the addition of *524 1b. of organic carbon and ‘066 1b. of organic B o : ; 3
nitrogen to everypl(lo,OOO 1bs. of water; but the above analytical table shows th%t in Ei ;nal_}; a(lid t}[]at th(fleoillz nllolbeggs ?11);1;2 Sﬁ?i?i?iezgt?géosi:ﬁ l:f:“iﬁf gfn\l:rﬁligﬁra(i tgg‘;%];;gg
passing Lecds the river reccives a further increase of -601 Ib. of organic carbon and -045 1b. 2 \3i[l:h ’fhzsgef\{cils] sThese are clezll)ned piriodicalb; 11nder thI:e direction of the sanitary com-
of organic nitrogen; so that, in regard to soluble matters, the polluting effect of the single E . Y = - N He Sat o
towngof Toeds ]r% ot much less th?m the arorecate foulir;rr produced 'gy all the towns a%l i E mittee of the cmpomtlon: at a cost of about 12,000/ a year, and !:he corporation receive
{actories above it =2 ° 3 about 6,5007. a yefm' Fo]r 70,000 tonﬁ of5 reg%s[e ; the cost ’]?]E _cleaning them exceedmghifh}elt
‘ . ’ : i . . E amount received for the manure by 5,500/. a year. 1s scavenging process, whic
At the time our samples were taken, the organic portion of the swspended impurities :. thus costs about one shilling aunually’ per head of the populatiof?, while aboilt 6id.

reaching Kirkstall was very small, only, in fact, 22 1b. in 100,000 Ibs. of water; but vast B3 a head annually is obtained for the excrementitious matter removed, is at the same time
quantities of these foul matters were doubtless deposited in the still pools of the river, most offensive. ¢ The cleaning of the privies, middens, and ashpits is complained of as a
waiting for the next flood to carry them down the stream.  Even in passing through Leeds “ anuisance affecting the health and comfort of the inhabitants. The stench in Leeds
the river has some opportunity to deposit its load of suspended matter, there being several “ from 10 p.m. till 4 a.m. while this operation is going on is described as something
weirs across the river within the boro:ugh boundaries : nevertheless it was, on the 28th of “ fearfal” ~ In addition to the sewage proper there is the waste from a very large number
September 1869, leaving the town with a twelve-fold proportion of the organic or chief of dyeworks, woollen factories, tanyards, and chemical works. The replies from some of
polluting portion of these suspended matters, as compared with the proportion it con- the firms to the inquiries addressed to them will be found in Vol. IL. of this Report.
tained on entering the town. This dlff_'erence was_very O_bVIOUS to the eye, the river at They deserve perusal as furnishing both a graphic account of the existing condition of
Kirkstall being but slightly muddy, }"h’ISt below Leeds it Presented a very filthy and the Aire, and a statement, to some extent, of the contributions to that condition made by
repulsive appearance. And a comparison of the above analytical results with those given the manufacturers themselves.
at_page 17 Of.' our report on t,he Mersey an.d LRibble basins shows that while the dire Seventeen manufacturers of Leeds have answered our inquiry as to the money value to
below Leeds is, in respect of dissolved matters, much less polluted than the Jrwell below them of clear water if it could be had in place of the present foul river. Messrs. Kinnear,
Manchester, as regards organic suspended matters the Jrwell contained, only on two out Holland,and Co., cloth manufacturers, say—* if the river were rendered clear and colourless
of four occasions When we e?can.lmed 1t, 59 large a propf)rtlon as the dire. ‘¢ it would be a direct money value to us of from 60/. to 70/. a year.” Messrs. W. Walker
The nature of the fllthy ]quIdS COIJt.I'lbl.lted to the river by the town of Leeds may be and CO., wool and cloth dyel-s’ sav—*¢¢ If the river were rendered clear and colourless it
jllglged of from the analytical results yielded by the samples mentioned in the following “ would be of considerable money value to us, but we cannot give the amount.” A
table :— 96534, C
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at 20. a year. Messrs. Neill and Co., paper makers, value it at 751. a year; Messrs. J.
Houldsworth and Sons, silk spinners, at 2007. a year. Messrs. W. Robinson, stuff and
woollen printers, value it at 34/ 10s. annually; Messrs. J. Crawford and Son at 100/. a

valley, and a portion of the line of railway had, on the same occasion, a narrow escape
from being washed away. Another feeder of the Calder comes down the valley
through which the Rochdale road winds, and is hence known as the Rochdale Calder.
A third affluent takes its rise in a similar but narrower gorge of millstone grit, called

8 RIVERS POLLUTION COMMISSION (1868):—POLLUTION ARISING FROM WOOLLEN MANUFACTURE AND PROCEBSES CONNECTED THEREWITH. 9

Parr L similar reply is given by Messrs. G Hirst m{d SOUS:_d}’ePS- Mr. J. C. Waddington, cloth &1 jnto a common bed at or near Todmorden. The high road and railway from Todmorden

Descrp- dyer, says, “ If the river, from which we might derive a supply of water, were rendered B! ;7 Burnley pass through one of these valleys, which assumes in places the character of a

TVE: " glear and colourless, it would be a direct money value to us of 100/ a year.” Messrs, precipitous gorge with several lateral gullies. In rainy weather the water sometimes

Junction of Ives and Tennant, flax spinners, say “a cleansed river would be a direct money value to g3 sweeps down these ravines with irresistible fury, carrying trees, rocks, and walls with it.
Aire and « us of 251, a year, which we pay to the waterworks company, besides being indirectly of  B= At the village of Portsmouth we saw the débris of a substantial factory which had Basin.

Calder. « great value.” Messrs. A. Paterson and Son, hemp and tow spinners, value a cleanriver g4  peen thus suddenly destroyed last autumn by one of these torrents entering the main

]

year. Messrs. T. Smith and Sons, linen cloth manufacturers, value it at 157, to 20/, ; and
W. Robinson, wool manufacturer, says, “ If the river were rendered clear and colourless
"« it would be of great benefit to us, but we are not able to fix the amount.” On the other
hand, there are two or three firms who say that their arrangements for water supply being
already perfect, the cleansing of the river would do them no service. There are not
wanting, among the manufacturers in this river basin, those who fear the tax which will be
imposed upon them by the cleansing operations on their drainage water, which they
expect to be enforced before it can be permitted to be discharged into the river. On the
whole, hiowever, it is apparent that, as stated to us by other manufacturers, the foul

o
Lal

Ramsden Clough; whilst the fourth tributary, called the Migelden Brook, has its origin
chiefly in the adit of a coal mine situated near the summit of the road from Todmorden
to Bacup. We collected samples of all these streams above all sources of pollution, and
submitted them to analysis with the following results :—
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CoMPOSITION OF THE HEAD WATERS OF THE CALDER.

ResuLTs OoF ANAvYsis expressed in Parts per 100,000,

(1L T £ TS PR A o

condition of these rivers is really one of the heaviest taxes which manufacturing industry %a
has to bear. % Dissolved Alntters.
The Leeds sewage contained, when our sample was taken, rather a large proportion of ; Tem-
suspended matters ; but it was very deficient in soluble fertilizing ingredients, containing 4 Deseription. iy Nitro- | Total Hardness. :
; | Total Organic Am- | genas | eom- | o i

Centi- -3 |Organie j ok RE .
grade. MSOhd 'Carbon. | 110 | monja, [T frates; bined !
atters.! gen. and | Nitro- {Tempo- | Perma- Total.
Nitrites.; gen. ! Tary. | mnent. °

only about one third of the proportion present in average London sewage. This latter
rine.

circumstance is due partly to the discharge of much slightly polluting water from factories
into the sewers, and partly to the circumstance that “ springs were tapped during the exe-
¢ cution of the sewerage works " (see Vol. IL, section L.). It is, however, probable that
the sewage was exceptionally weak at the time our sample was collected (1.30 p.m.},
since Glasgow, with a daily water supply of more than 50 gallons per head, furnishes
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The Burnley Road Calder near its | 0
source above Portsmouth, Jan.
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sewage twice as rich in fertilizing ingredients as that of Leeds. O e tond Caldersbove | 0 | 730 | 03| 02| co01| o | -or3| 120 | 26| ses1| 377
At a distance of about 10 miles below Leeds, and immediately above Castleford, the Rell Tees, and near its sourec I

Calder joins the Aire. The inhabitants complain of the stench and filth brought ‘The Ramsden Clough Caldersbove | 0| 774 | +093 [ <013 -003 | -042 -057 | 1'10 | <26 364 390
down to them by both rivers. At the weir beside the Aire and Calder corn mill here, g Ml Jan 26,1511 s loseoo | c167 | coar{ v120| o | -1ss | 120 | 400 33-0 [ssion

into Migclden Brook near sum-
mit of Bacup Road, Jan. 26,
1871.

not only the water, but the foam upon it, was black at the time of our inspection; and
the miller and his men complained of the frequent nausea which they suffered from the
sickening filthy stench to which they were continually subjected.

We took a sample of the river water just below Castleford, where the two rivers had
become thoroughly mixed, and again at Carlton Bridge, near Snaith, about 22 miles
lower down, between which points the river receives the sewage of Brotherton, Ferry
Bridge, Pontefract, and Knottingley. The results of the analysis of these samples are
contained in the following table :—

Gy e D
B S,

EaniHA ST A

_ These analytical numbers show that the Burnley Road, Rochdale Road, and Ramsden
Clough tributaries of the Calder were delivering water of a degree of purity rarely found
in rivers or brooks. At the time the samples were taken a severe frost had prevailed for
several weeks, and these streams were fed exclusively by deep seated springs ; it may be
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A

z anticipated therefore that in ordinary weather these head waters of the Calder will not

: ' = exhibit so high a degree of purity as the samples we have analysed, but there can be
CosposrrioN. oF WATER OF THE ARE BELOW ITS JuncTioN witH THE CALDER. . no doubt from the geological nature of the two gathering grounds, that the three head
. . waters of the Calder just mentioned are always softer and on the whole better adapted

RESULTS OF ANALYSIS exPressed in Parts per 100,000. 3 for domestic and manufacturing purposes than those of the déire. Even at Todmorden the

§ Calder has only about one-third the hardness of the Aire at its source. The Aligelden

Dissolved Matters. % Suspended Matters. [ Brook is so highly polluted by mine water as to be unfit for all purposes ; it cannot be

Tem- q | . - : . =;_ firunk? it would be useless fO}' washing, an_c_l its corrosive action on iron is sucl_l as to prevent

Deseripton pera- | il on | o | | Mo | Touli Hardness. ! = its being emplo_yed for feeding steam boilers. At present its admixture with the Calder
Centi-| Solid | gaic | ganic | Am- LB 28 | Come el | Gpio- 17T Mine-| Ol B at Todmorden is useful in precipitating the foul organic matters from the sewage and

grade. | Mat- | Car- | Nitro- |monin™ 113" | Nitro-! senie. | "M | 51 E5 | 3 ral. | ganie. | & manufacturing refuse of that town, whilst by this act of purification its own acid and fer-

ters. ! bon. | gen. Nitrites.| gen. | SFi88 8 | ;i;i ruginous character is nearly obliterated ; indeed, as we shall show below, the Calder leaves

: 1 : ; | Todmorden not more polluted by dissolved organic matter than it was on entering the town.

thE)

The stream of water entering the Migelden Brook from the summit coal mine has an
acidity equal to that produced by the addition of 220°5 parts of sulphuric acid to
100,000 parts of distilled water, and it contains, in 100,000 parts, 50° 88 parts of metallic
iron as sulphate of ironj; it leaves no ferruginous or other deposit on the stonesin the
bed of the brook ; but lower down, water containing carbonate of iron in solution enters
the stream from other coal mines, and furnishes the red deposit which thenceforward
characterises the bed of this brook. i

Todmorden, where the first considerable pollution of the river Calder takes place, is a
town of 12,000 inhabitants, engaged in the cotton Tanufacture, lying around the junction

C 2
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The Aire just below Castleford, | 14+6 {25401 *661 | <091 § -125 0 98 1411 |14-39
Sept. 17, 1869, i ;
Ditto at Carlton Bridge, | 157 |35°60| *677 | 116 *193 0 *275 | -001 | 2+58 | 3-96 112-41 16-37 E 99 1-36 ] 1128
Sept. 17, 1869. | | l i
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These results show that the pollution of the combined streams Aire and Culder is
much less than that of the chief polluted rivers in Lancashire.

Tue CaLper.—The Calder takes its rise on the ridges of millstone grit separating
‘Lancashire from Yorkshire, TFour upland valleys deliver the head waters of this river
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10 RIVERS POLLUTION COMMISSION (1868):—IOLLUTION ARISING FROM
Part I of the streams just described. The river is polluted by town sewage, liquid refuse from
1’;‘::’,;‘“’" manufactories, chemical works, gas works, dye works, and mines. The river bed has
" been raised by making it the receptacle of all kinds of solid refuse, as scoria from iron
Calder at  foundries, slag, cinder and road sweepings. At page xi. of the report of our predecessors
Todmorden.  on the dire and Calder (1867) will be found an account of the injury which Todmorden
has suffered from floods, greatly aggravated by this condition of the Tiver bed.

In passing through Todmorden the Calder receives the Migelden Brook, which consists
in great part of highly ferruginous mine water, containing, near its junction, 6 504 parts
of iron as sulphate in 100,000 parts of the water. We found the acidity of the water of
this brook to be equal to that which would be imparted to 100,000 parts of water by
the addition of 8-075 parts of sulphuric acid. After boiling for half an hour the acidity
was reduced to 2:951 parts of sulphuric acid in 100,000 parts of water. The total
quantity of sulphuric acid in this water, both free and combined, was 19-48 parts in
100,000. The further character of this stream, and the condition of the Calder above
and below Todmorden, is seen from the analytical results in the following table :—

Conrosrriox or Ciper WATER ABovE AND BELOW TODMORDEN.
RESULTS OF ANALYSIS expressed in Parts per 100,000,
i! Dissolved Matters. Suspended Matters,
Tem- | F 1 ; I
pera- Nitro- | | I: ss, '
Dezcription. ture, : Total | Or- | Or- 3;:::‘; é[‘otn_l Metal : Hardne
Centi- : Solid | ganie | ganie | Am- Nitrtod bl b Ko I Mine- Or- |,
DN 1 P jo) DNtrates bined lic Ar-| %74 2 L o2 ;0 X .| Total
grade.: Mat- | Car- | Nitro-, monia. and | Nitro- | sepic, | D¢+ | S5 | £ € = ril. ! ganic.
; ters. I bon. | gen- IXitrites.‘ gen. | I = 223 P I
: T E
AMixed sample of two branches | 13+6 {1240 | -270 -031 | +015 | -03t ! 057 0 1-17  1-04 [ 4-11 | 515 | — — Traces.
of the Calder above Tod- E ! { i
morden, Qct. 2, 1869. ! l ;
vhe Aligelden Brookjustbefore | — {32+004§ -162 ; 0356 ' 023 253 ' +308; 0 1457 0 |20-34 20-34 ] — —_ —
its junetion with the Calder. | i
Oect. 2, 1869. i | l i i
The Calder below Todmorden : 14-4 [15°10] <192 ¢ -056 1 *095 094 7 "228 | o 149  1-56 | 6-06 | 7-62 | 2-99 | -910 | 3-90
sewer ontfall, Oct. 2, 1869. | i i i ]
I !

The proportion of dissolved polluting material in the Calder is not very different below
and above the town, a circumstance owing partly to the admixture of the purer water (as
regards organic matter) of the Migelden Brook, but chiefly to the ferruginous character
of this brook ; such water being known to exert a powerful purifying action upon
moderately polluted streams. On the day of our visit the river below Todmorden
was muddy from dark coloured suspended matter, but after the separation of this by
subsidence, the water, though unfit to drink, could not be complained of as a nuisance.

Below Todmorden, on the north bank, the Culder receives the water of the Helble, a
stream which brings down to it a very filthy contribution from the town of Halifax,
where there are 65,000 inhabitants engaged chiefly in the woollen. manufacture. The
Hebble and the Quvenden Beck unite close to the town, and flow through it, carrying
off the drainage from many manufactories and dye-works, and from about 1,000 water-
closets and 8,000 privies, middens, and ashpits. The Hebble, rising in a moorland
district about five miles north of Halifax, enters the town in a comparatively pure state.
In its passage through the town it becomes discoloured and polluted. * In July 1869
“ an injunction was obtained from the Court of Chancery to restrain the local board
“ from making any new sewer into existing drains in connexion with the outfall, and
“ from and after the 1st of Junc 1870, to remove the entire sewagce of the town out of the
“ Helble, until or unless the same shall have been sufficiently purified and deodorized.”
The local board have in the meantime removed the whole of the sewage by an inter-
cepting channel to the lowest point on the river within their jurisdiction ; and they have
under consideration plans for abating the undoubted nuisance which it creates. The con.
dition of the river above and below the town, and the character of the foul liquids poured

into it, during its transit through Halifax, arc seen from the following results of analyses
of samples collected during our visit +—

WOOLLEN MANUFACTURE AND I'ROCESSES CONNECTED THEREWITH. 11

Comrosrtion oF River aAND DraiNaGE WATERS ABOVE AND BELOW HALIFAX. I])?ART 1.
ESCRIP-
RESULTS OF ANALYSIS expressed in Parts per 100,000, TIVE.
'*é E Dissolved Matteré. Suspended Matters.
d : — l ¥
o - : . -
s ! Xitrg- | Total * Hardness, ]
seription. £ i Total ! ! Or- ‘:, i Me- | '
Descript £ 3 solid Or- | ganic | Am- | Sc0 85 ) COM- 1 4 pig | Chlo- | Mine-i Or- 1
Z38 'L ganic ;2. + | Nitrates, bined A - TR A P . s | Total.
2= Mat-  Carbon f Nitro- monda, = e Ar- irine.: g3 P EE = ral. | ganie.
£, ters. | g T97 senie. §2 ., 52| 2
= o ters. | | Nitrites.! gen. y senie l S5 a5
; ' " ! !
° ; ! ' i i i
Mixed sumples of the Hebble | 16-8] 24:50. 4740 -071 -0441 188! -245 o0 !2:15 -09 . 10°91. 11-00;  +88l 32, 120
and Quenden brooks above i i | i ; ?
ulifax, Sept, 24, 1869. | . ) _
Wflisti;ﬁ(;uor i}')rom Mr. E. Ing- | 25°0' 9470, 14-813' -523; 472, 435 | 1 647l 0o 472 — ! — — | 34-B0, 81-00115-80
ham’s dye and bleach works, | ; i { ; !
Sept. 24, 1869. . ! L o _{ N . : 1 el grann
Sewage from town sewer out- | 17°0 63'(){)i G188 1-°83f 3'46;:i U 4'68:i Trace| 7°50 — - o— 1 — 1322 aa'ﬁoi 8772
all, 9.45 a.m. Sept. 25,1869, | | | ' . : ! :
D;;-vnt fviter ﬂgwing into { ~— 460-00129-345 2-857) 4-848 O 6°849 0 —_ = — 1 — | 36°40,100-50136°90
river from Messrs. Crossley ! | : ! . |
and Co.’s eurpet works, Sept. ! ; i ! : }
25, 1869, i < i | . : o _: !
Residual liquor after extraction | — 366-00 23-264 3-267. 4'512, 0 7°230° +028 25°20 — | — — — — —
of prease from same works, | "L i ? i : : |
Sept. 25, 1869. ! : i i ; I N N
The Hebble below I-Ialifnx, 22-2 57°60 2'472! '033: 064; 0 '064‘ 004 | 4 30.‘ 736 ; 2.)';1[ 33-07; 9-36 13-28' 22-64
Sept. 24, 1869, | : | i i i ; ; l |
: ! : | : .
Huddersfield, a town of 70,000 inhabitants engaged in the woollen manufacture, is -
situated on the Cblne and Holme, which unite and form the Colne at Bradley Mills
bridge, about four miles from its junction with the Calder. The streams are polluted
throughout their course, and, especially as they pass through Huddersfield, by town
sewage, refuse from chemical works, gasworks, dye and bleach works, and tanyards.
The condition of the river and canals passing through the town is said to be a source of
. . o ;
ill health and discomfort. (See Volume II., Sec. 1.) Films of tar were floating on
the surface of the foul stream when we saw it. The following analyses show the effect
of the pollutions of Huddersfield upon the water, and also the composition of the drainage
from several woollen mills :—
ContposiTioN OoF RivErR AND DraiNace WATERS ABOVE AND BELOW HUDDERSFIELD.
RESULTS OF ANALYSIS expressed in Parts per 100,000.
Dissolved Matters. Suspended Matters.
Tem- I
pera- XNitro- | Total Harduness.
Description, ture, | Total | Or- | Or- | ) ) l )
P Centi-{ Solid | ganic | ganiec | Am- [\E°0 @5 Com- , Metal Chlo- i L Mine- | Or
2 ; . |Nitrates| bined jlic Ar-| . S .| 2a b . | Total
grade.i Mat- | Car- | Nitro- monia. and' | Nitro-! senic. | TiD€ E—-:\ g = ral. | ganie.
I 1 - - = = E. = —
ters. | bon. | gen. ‘ Nitrites.| gen. S5|2% 8
Mixed samples of the Colnennd | 14+7 |10-50 | *556] ~078; -005, <113 | -195 002 ) 1*35 , 2*32 | 5°12 | 7-44 | traces  tmces | traces
Holme above Huddersfield, !
Sept. 23, 1669, N . ] N
Drainage from Messts. Crow- | — [29°70 | 2-469) -216) -336; 0O *500 004 1 1°76 . — | — | — 3476 | 35-84] 70-60
ther's scouring and washing :
mills, Sept. 23, 1869. . _ S N L .
Drainage from Shepley New | — {112+3 122-455 4°143:10°350° 0 12667 020 12-75 = — —  35-40 {185°30.293° 50
Mill, Sept. 22, 1869. N 1 | | ] )
Waste woollen dye liquor from | — (j204°7 '43°207:2-719; 2340, O 47646, 0 |14.40 5 — — — | 1-80 | 25-28] 27-08
Bradley Mills, 1 . ‘ { - -
The Colne at Bradley Mills [ 16+4 | 16+25° 1-227, +186| -109 © '276, 008 | 194 | 0 |87 lsrr — | — | —
Bridge below IHuddersfield, } i
Sept. 23, 1869, ! |

It thus appears that in its passage through Huddersfield the water of the Colne more
than doubles its proportions of organic carbon and organic nitrogen. The waste liquor
draining from Messrs. Crowther’s mills was polluting almost sclely from its suspended
matters, Were these strained off, or allowed to subside, the effluent liquid would only
slightly transgress our proposed standards of purity in the item of organic carbon : the
standard we have suggested being 2 parts in 100,000, (Report, 1870, Afersey and
Ribble Basins, Vol. L., p. 130,) whilst the drainage in question contained 2469 parts.

About six miles lower down on its north bank the Calder receives the water of a small
beck, an extremely filthy stream which brings down: the drainage of Batley and Dews-
bury,—towns of about 20,000 inhabitants engaged in the blanket trade as well as in the
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12 RIVERS POLLUTION COMMISSION (1868) :—POLLUTION ARISING FROM

Parr L. manufacture of woollen goods in which large quantities of shoddy are employed.
DEscRie-  The stream is polluted in the usual way by liquid drainage, and encumbered by all sorts
TNE. ecolid refuse.  We collected a sample of the drainage from Messrs. Holdroyd and Son’s
diroand  woollen mill, which gave the following results on analysis :—
Calder.

CoaposITION CF DRAINAGE \WaTER FroM A WooLLEN MILL.
RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Suspended Matters.
Deseripti Nitro- | Total ! 7_/ (_-,/ ’ ﬂ/ 7//”’/9
es . . o A 5 ) o
eeeniphen Total |y, ol Orgamic: pp_ | BeRaS | SO0 xfegallic: Chlo- |y, | or SHe Alornards S/orES)
Solid C % Nitro- | | onia Nitrates] bined Arseniel rine Mineral.! ani Total. .
MMatters. arbon. l and | Nitro- : ' j ganic.

gen,

‘ Nitrites,| gen. |

| ;
Drainage from Messrs. Holdroyd | 24780 i 2-610 | -262 ] +208 | -144
and Son’s woollen mill, Sept. 21, !
1869. I

002 | 1'82] 3'64| 9°16 | 12*K0
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Here, as at Messrs. Crowther’s mills in Huddersfield, the polluting character of this
drainage is chiefly due to suspended organic matters, the organic matters in solution but
slightly transgressing our proposed stand_ards of purity.

Wakefield with its 26,000 inhabitants is the lowest town on the Calder, making the
last considerable addition to its pollutions, and suffering from all those which are brought
down from the towns higher up the valley. 'The river is here polluted by many kinds
of liquid refuse, and is very much discoloured. We 1"eceived from Mr. Charles Clay,
agricultural implement manufacturer, whose works are situate on the Calder at the foot of

the town, the river's own testimony to its occasionally miserable plight, in the form of a
memorandum repro
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duced in fac-simile on the adjoining page. This document was

written on the date specified upon it, the pen having been dipped in the river water
immediately below the outfall sewer of the town at a time when there was an unusually
filthy discharge from if. o
On the 20th of September 1869, the Aire and Calder Navigation Company kindly
laced their steam yacht at our disposal for a more minute inspection of these rivers.
Embarking at Wakefield, we proceeded up the Calder to a point above the town,
where we took a sample of the river water, which was here of 2 brownish yellow colour,
but inodorous and tolerably free from suspended matter. This sample was taken at
9.37 a.m. Returning down the tiver we took a second sample of the river water when’
£2irlv below the town. Here the river was turbid and of a dark brown colour; an oily
&lm foated on the surface, and the water emitted a mixed odour of sewage and gas tar.
At a point somewhat below this, *about a mile below the main sewer outlet,” the water
supply of Wakefield is taken from the river. At 12.10 p.m. the junction with the dire
was reached, chiefly through the Aire and Calder canal, which is fed by the river water,
and at 100 yards above it another sample of the Calder was taken. The stream had

here greatly i i
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mproved in appearance; the improvement being due, as shown by the
analysis, to the deposition of more than two-jahlrds of the :sgspended organic matters,
and not to any important diminution of the dissolved impurities. The water was also |
here inodorous. It presented a marked contrast with that of the Aire at the junction of .
the two streams, the latter river emitting an offensive odour, and being black and much |
more turbid than the Calder. Amalysis confirms these observations, and shows that en |
this day the Aire was polluted to more than twice the extent of the Calder by both }:
dissolved and suspended matters. Ve then steamed up the Aire, taking a sample of its |
water about 100 yards above its junction with the Calder at 12.15 p.m. :
On our way up to Leeds we landed at \Voo@lesford, and lllspfzcted the paper mill
of Mr. Joseph Crampton Oddy. Here a delicately yellow tinted paper, for the
acking of certain goods, is manufactured by hand. The tint is given to the paper by
vellow chromate of lead, and the proprietor showed us a considerable quantity of this
imper which had been utterly spoiled in the summer of 1868, as shown in the annexed
fac-simile, by the gaseous emanations from the river water which he uses for power. |:
Chromate of lead is instantly blackened by sulphuretted hydrogen gas, and therefore i
constitutes & test of considerable delicacy for the presence of that gas in the atmo- )
sphere. At the time of our visit the temperature ot the ri}rer was only 14°+1° C, and |:
no evolution of sulphuretted hydrogen was observed ; but in summer, when the tempe-
rature rises to 20° C., the river will ‘doubtless hold a considerable volume of this gas
ju solution, and when the water In this condition is agitated upon the water wheel, the
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WOOLLEN MANUFACTURE AND PROCESSES CONNECTED THEREWITH, 13

atmosphere in these works must become impregnated with sulphuretted hydrogen making  Paur L
it impossible to carry on the operations of the factory. DESCRIP-
The following table contains the results of our analysis of the samples above enume- TIVE.

rated, and also of a sample of Wakefield sewage collected at 9.15 a.m. on the 22nd of Aire and

September 1869 :— Calder.
CoMPOSITION OF THE WATERS OF THE AIRE AND CALDER.
REsuLts OF ANALYSIS expressed in Parts per 100,000.
Dissolved Matters. ) Suspended Matters.
Tem- -
pera- Ji dness.
Description. ture, | Total | Or- | Or- Kitro- | Total Hardness l
) . . : gen as | Com- | Metal- .
Centi- | Solid | ganic | ganic | Am- |\ A . Chlo- | . Mine-| Or-
wde.| Mat- | Car- | Nitro- | monia Nitrates| bined |licAr-} opo ) 2.0 | 22 | 2 ] ;. | Total.
grade. ters. | bon en | and | Nitro- | senie. "1 821 E§ = ral. | game.
) - | e Nitrites.| gen. A A =
l
e !
The Calder above Wakefield, | 13¢1 {17710 *424 | <097 | 088 «166 | *335 | trace : 173 43| 550 | 5-93 | 4°39 2-31 670
Sept. 29, 1863. , ! £
Ditto below Wakefield, Sept. | 13°6 19-801 530 | *050 | *086 | ~-134 . *255 | “008 ! 2-30 | 1-13 | 5°50 663 | 3:00 ; 2:02 | 5-02 i:
“29, 1869, | ;
Ditto 100 yards above junction | 13-8 |19°50 | +480 | -044 | 082 } +130 bioga] o |23} +71]598)6-49 | 1-94] "61| 2-53 b
with the Aire, Sept. 29, 1869. ; i
The dire 100 yards above 14+1 [27-60 -822 1 105 | 131 ‘075 | *288 | trnce | 181 | 9+10 | 5-64 |14°74 | 1+84 | 146 3-30 £
junetion with the Calder, | ! ¥
Sept. 29, 1869. ; i B
Wakefield sewage from only | — 85°50 2665 | *701 ;2233 0 2540 ~010 {1476 — — — 18386 7-40{ 1076 i
outfall, Sept. 22, 1869, E ‘ | =
i ' |

These numbers show that, probably owing to a recent discharge of polluting matter
from the mills above Wakefield, the river was, at 0.30 a.m. on the day of our inspection,
slightly more polluted above than below the town by suspended organic matters. The
Wakefield sewers are made the medium for the discharge of large volumes of dye-water,
and consequently the sewage is, like that of Bradford, exceptionally weak,—one gallon
of average London sewage being equal to about three gallons of the Wakefield discharge.
Still even this dilute liquid might be profitably applied to land, if it could be conducted

=
to an irrigation farm by gravitation. .
It must not be supposed that the filth obvious to both eye and nose in the streams

which drain these valleys is due to the woollen manufacture only. Town sewage, in-
cluding the personal waste of a dense population, is a leading source of river pollution
here as in all other populous districts. The waste from tanneries is a cousiderable addi-
tion to the polluting ingredients, especially of the Aire below Leeds. The report (1867)
of the former Commission enumerated more than 30 kinds of manufactures or parts of
manufactures situated on the Aire and Calder, to which, in different degrees, the present
foul condition of these streams is owing. After the addition of town sewage, however, it
is to the drainage from the dye and scouring vats of the woollen manufactories that the
Althy plight of both the Aére and Calder in Yorkshire and of the Fromes of Gloucester-
shire and Somerset is due; and this has been exaggerated of late years, especially in the
first-named district, by the extremely filthy character of much of the raw material
employed ; or rather by the work of preparing this raw material for its use. The great
extension of the shoddy manufacture and of the woollen manufacture based on shoddy
a5 its raw material, has unquestionably materially increased the filthiness of the waters of

the Aire and Calder.
9. The West of England Clothing Districts.—The character of the pollu-

tions due to the manufacture of short wools can be nowhere better studied than on the
small streams uniting below Stroud in Gloucestershire. The Gloucestershire Frome drains
an area of about 70 square miles, and below the lowest mill upon the stream, when our
final sample of its waters was taken, it was four or five square yards in section, where
flowing at the rate of about a mile an hour. On this stream, and on its tributaries in
the valleys of Nailsworth, Chalford, Slad, and Painswick, above their junction at Dud-
bridge, there are 33 woollen mills turning out about 340 pieces of broadcloth, equal to
17,500 yards weekly ; and below the point of their junction there are six woollen mills
turning out about 170 pieces, or 8,700 yards weekly. In all, upwards of 25,000 pieces of
cloth are made in this district annually, and the greater part of this large quantity is
black and blue cloth, not above 10 or 15 pieces in every hundred being of fancy colours.
In addition to the drainage from this large manufacture, there is the waste from six or
cight shoddy mills, as well as from the ordinary industries of the considerable population
here located, including flour mills, saw mills, engineering shops, a small chemical and
manure manufactory ; not to speak of eight or ten dye houses, the waste of which, how-
C 4
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i RIVERS POLLUTION COMMISSION (1868):—~POLLUTION ARIs NG FROM

ever, we shall include in our estimate of the materials which drain away in the manu-
facture of 500 pieces weekly of finished woollen goods. And besides all these there
is the sewage of cousiderable villages—Avening, Horsley, Nailsworth Woodcilester
Chalford, Brimscombe, Painswick—and of Stroud, a town of 8,000 inhab;tants to whosé
sewage a process for extracting the manure contained in it has been applied with, how.
ever, but hittle useful effect. Sec Report (1870) on Mersey and Ribble basins \;ol. 1 ’p 59

The character of the water rising in the upper reaches of these Valléys-—in’ s.ome;
instances, as at Chalford, in wonderfully copious springs,—may be gathered from the
following analyses of samples collected on March 17th, 1870 :— °

CowmposiTion oF Serine WaTERS 1IN THE STROUD VALLEYS.
RESULTS OF ANALYSIS expressed in Parts per 100,000,

Dissolved Matters,
Tempe- E { ﬁ—'i_"’ T T, |
. e ture, ! Nitro-* Total | 2
Description. ratur f . | g | Are- Jlota 1
plion Centi- | Total I Or- Or_ £ : penas Com- ! < . | Tardness,
grade. | Solid | ganie | F™ | & ‘Nitates bined |28 £ |
EIntters.;Carbon. ‘gen. Z ??'mgcl ‘ ;\'itro-i £ § _§ ?'l‘empo-lPermn- Total
! < Il\ltrltes.i gen. | p | o ! rary, I nent. otal,
. | N = :
SpringatChalford,Mar. 18,1870 | 11°7 | 28°86 | 083 - -019, 0] ‘285 | -304 f 0 | r97 {2001 357 | 24-48
' . ] [

The Frome above the highestmill i 10-8 ! 27°50 | -062 ! 009 | 0] *20¢ 307 o0 | 1-05 | 19-p0 @ 4. .
inthe Cimlfordmlle;?, Mar. 18, | i ' ‘ [ 1°05 | 19-62 i 1704 ¢ 23760
1870. : ! : |

The unpoliuted Avor above the ‘ 10-3 ! 2556 +053 007 0, -398 ! * 405 ‘ 0 99 | 16-82 | 4.
highest mill in the Avening ! | : ’ ! 1221 16-82 | 47661218
valley, Mar. 17, 1870. ; | : : ! ;

: l |

These spring waters are bright, clear, and useful for all manufacturine and domestic
purposes, having the beauntiful blue-green tint of pure water; and -“?henever as in
flood times, they can be diverted from the work of filling mill ponds, they are pa,ssed n
several places along their course over water meadows with the best effect, owine doubtless
to the considerable proportion of nitrates which they contain. ’ °

To the eye the Frome, where it receives the Azon from the Nailsworth, Avening, and
Horsley valleys, appears to be considerably more polluted than the latter stream. and
analysis confirms this estimate of comparative pollution. The following table give,s the
composition of samples taken above and below Stroud on the Frome, above Dudbridee
on the dvon, at Dudbridge just below the junction of the two, and acain below Eastineton
some miles lower on the united stream. ° >

CoMPOSITION OF GLOUCESTERSHIRE STREAMS ABOVE AND BELOW STROUD.
RESULTS OF ANALYSIS expressed in Parts per 100,000,

_ Dissolved Matters, Suspended Matters,
Tem: ‘ ] E i i :
Descripticn. EZ‘E Total | 9% Or- | A EJ;‘"Z ngt:?l iMetal-! Harduess.
grade. |, 5004 | Car. ! Ritro- monia,[irstes, bined |Tie Ar. (0"~ = |Mine- | Or- iy
! l bon. | gen, and | Nitro- | seniec. : Tempo- Perma- Total, ral, - gane.
1

Nitrites.| gen. | I i rary. | ment. !
3 - I

The Frome, above Stroud and be- | 11-5
tow Frampten Mill, Mar 17,

1870.

!

I

The Frome, just above junection | 11°4 }
with the Aven, Mar. 17, 1870, |
The Avon, justabove its junction | 11+1 o |
with the Frome, Mar. 17, 1870, : i
The Frome, ut Ebley, just below | 116 i
junction with the Aren, Mar. i

17, 1870,

The Frome, at Eastington and ; 11°6
below Meadow AMill (the last
mill), Mar. 17, 1870.

' : !

30-30 } -202 | ‘031 | -003 =273 | -308 0 1°25 17+77 | 4+53 |22-30° 2-30 | 63 | 2.95

29-30 | -239 ; +033 { 010 *359 | -400 0 1-50 . 17-47 | 4+29 [ 21-5¢ *84 : 46 | 1-30

29-24 | *188 1 -021 | 015 *281 § +314 } -003 | 155

28-44 | 165§ 022 | <013 | -317 1 -350 0 | 140" 16-93 | 4-29 |

3026 | -157 | 023 | -013 +203 | 327 0 T+d6 . 17-8G | 4+16

i
1
o202! 53110 63
|
!

A comparison of these analytical results with those given in the previous table shows
the extent to which the two streams, Frome and Avon respectively, were deteriorated in
quality at the time of our inspection. Thus, the total solid matters in solution in
100,0001bs. of the water of the unpolluted Frome was 27:5 lbs., whilst just before its
Junction with the dwvon, the weight of these matters had increased to 29-3 Ibs.. showine
an addition of 1-8 lb. besides 1°3 1b. of suspended matters consistine of -84 1b, mineral.
and <46 1b, of organic matter. ° ' ’

i3
]

[Pty St
Wy £ e i et WA

RN

N

2

T

Yo T
witaan1nd B

L TEE

oo
Jt .

WOOLLEN JANUFACTURE AND PROCESSES CONNECTED THEREWITH. 15
The actual pollution by soluble matters is measured by the increase of organic carbon  Pamr I
and organic nitrogen ; and a comparison of the analytical tables shows that the proportion  Descrre-
TIVE.

of organic carbon had increased from -062 1b. in 100,000 Ibs. of the unpolluted water, HVE
to +239 Ib in 100,000 lbs. of the river water just above the junction with the dvon at Gioucester-
Dudbridge, and that the proportion of organic nitrogen had been augmented from *009 Ib. shire woollen
to -033 1b. in 100,000 lbs. during the flow of the Frome between the same places. Thus, trade.
the proportion of both organic carbon and organic nitrogen had increased nearly fourfold.

Again the unpolluted Avon contained 25-56 Ibs. of dissolved matters which bhad in-

creased to 29-24 lbs. in 100,000 lbs. of water at its junction with the Frome, giving an
addition of 3:681bs. per 100,000 lbs. of water, whilst it had received between the same

points and carried down to the junction - 35 1b. of mineral matter in the form of suspended

mud. The proportions of organic carbon and organic nitrogen at the junction were

ahont threefold as great as thosc in the unpolluted stream. It is proper to remark that,

as may be gathered from a comparison of the above analyses with those given below,

the maximum poliution of these Gloucestershire streams takes place almost immediately.

The analyses show that the foulest sample of the whole series was taken very near the

head of the valley. Nowhere is the water of the Awvon or the Frome more polluted than

below the highest mill on the former of these streams. And not only is the effect of a

single large mill upon the stream, where the latter is small, at once the maximum example

of river pollution which the district offers, but the analyses indicate a gradual diminution

of the pollution visible at stations lower down; so that, at the time when our samples

were taken, the river below the lowest mill was really not so foul as it was immediately

below the highest. This is owing to the number of short valleys which here unite, and

to the confluence of so many streams, some of- them altogether unpolluted, by which

the intensity of the eflect of the woollen manufacture on these rivers is diminished

rather than incrcased the farther they flow.

In order to ascertain the character of the manufacturing pollutions poured into the
Gloucestershire strcams we collected samples of effluent liquors from Messrs. Wm.
Playne & Co.’s mill (Loongfords) at the head of the Gloucestershire dvon, from a factory
for the extraction of indigo from waste wool near Nailsworth, from the woollen rag washing
engines at the shoddy mill of Messrs. Grist, Brothers, at Brimscombe, near Stroud, and
from wool washing and dyeing at Messrs. Alfred Smith & Co.’s dyeworks near Dudbridge.

The analyses of these liquids gave the following resuits :—

CoarrosiTiIoN OF VARIOUS WASTE Liguors rrnoM WooLLEN MILLs.
RESULTS OF ANALYSIS expressed in Parts per 100,000.

At
AL 34 g et b b (g
- +

|
Dissolved Matters. i Suspended Matters.

i

% _ ; , i i

- 1 : Nitro- : Total !

Description. ‘ Total . ‘Orgzanie  @enas © Com ;Metal-

v Selid Qrg:lmc. XNitro-

Matters, Carbon.  gepn, momia.' gapq

' : . Nitrites. gen. :
I ’ | !

Nitro- ' senic. ¥ine. | ral. | ganie.

:

Am- Nitrates bined lic Ar- Chlo- | Mine-| Or- | otg),

Liquor entering the Avon from grezse extracting process  307°7  23-509 10°810 15475 0 23-554 080 121'40 r *485 | 5°68 | 6°16
at Messrs. W Playne & Co.’s mill, Longlords, March ' : : :
17, 1870. _ |

Wasl’e liquor from indigo extraction entering the Fuck- 3630 59049 14-380° 2-480 0 16-422 o 10°00 i -82 <43 | 195
brook (tributary of the Awvon) near Nailsworth, March ‘ : ; :
18, 1870. | , ‘ i

“"asl’eliqlmr from woollen rag washing engines in Messrs.  32-80. 1+364; -114 *180 0 262 0 1-90 f11'92 1700 2592

Grist, Brothers’, shoddy mill at rimscombe, near ‘ i

Stroud, March 18, 1870. ‘ ; ;
Water from wool washing and dyeing at Mezsrs, Smith’s | 29+ 62

dyeworks, Dudbridge, March 17, 1870. :

*344 - -406 002 ; 1-50 *i2 *§8 ; 1-60

\
]
;
: i
o
J
i
i
t

-189}1 053, -0ll

f |
t 4 !

These analytical results show that the liquids discharged from woollen dyeworks differ
widely in their polluting power, for whilst the liquors, which were being run from the
grease cxtractors at Messrs. W. Playne & Co.’s mills and from the indigo factory at the
time of our inspection, were of a highly polluting character, that being discharged from
the Dudbridge dycworks, at the time of our inspection, was in all respects far below the
standards which we have suggested in our first report, as the limits above which liquids
should be deemed inadmissible into running water. The effluent liquors from this null
are not submitted to any cleansing operations, and therefore we have no reason to sup-
pose that they are in any way different from those discharged from Messrs. Wm. Playne
& Co.’s mill; hence it is evident that large quantities of used water discharged from
woollen miils might be admitted into rivers without any purification, if the much smaller
volumes of highly polluting liquids were carefully kept apart for treatment by remedial
agents,
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16 RIVERS POLLUTION COMMISSION (1868) :—POLLUTION ARISING FROM

_ The polluting effect of a single large mill upon a stream of moderate volume is well
illustrated by samples of the Avon near its source, above and below Messrs. Wm, Playne
and Co.’s mull at Longfords :—

CoxposiTioN oF RIVER WATER ABOVE AND BELOW A WoorLey Miv..
ResuLts OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters,

o

Suspended Blatters.

us

Hardness,
A Chlo-{ ———

rine.

Selid

Description.

Mine-| Or-

C Porma. ral. |ganic.
Tempo-; Permu  Total. |

rary. ' nent. |
!

Total.

Nitrotes and

trogen.
Nitrites.

Matters.,

bon.

Organie Cur-
lOrgsmiu Ni-
Nitrogen

P Ammonin,

"Totul

{
21481 0 T 0 0

!
!
'

1
[543
.
h
=2}
o
[
(]
k=
(=]
~7
-
]
o
o
5
ol
13
(E/]
—
[=1]
el
[

The Arvor above Long-
fords Mill,
Ditto below

20096 +23 16 . -39

S017  -372 ] 443 1°28 | 16-04 | 4+82
t : .

The stream below the mill had a slight blue-black tint, and we were informed that its
volume during the day was about double the natural flow, the water being impounded
during the night. The above comparative analyses show that the polluting elements,
organic carbon and organic nitrogen, were much augmented—the former more than
five-fold and the latter cight-fold. Nevertheless the water below the mill, although slightly
tinted by dye, was in reality not more polluted than the ZYhames at Hampton ; and in no

art of the Gloucestershire streams which contribute to the Frome did we find any nearer
approach than this to the condition of the frightfully polluted streams of Lancashire and
Yorkshire.

" The drainage liquors from wool factories are certainly not less polluting than those
of calico printworks, but on these Gloucestershire streams their volume bears a very
small proportion to that of the rivers with which they mingle.
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We turn now to another Frome and Avon, draining the valleys In Somersetshire and
North Wilts which are also an important seat of the woollen manufacture. The tribu-
taries of the .Jvon, above Bath, are fouled in the same way and by very much the same
processes as those in operation on the streams of Gloucestershire. '

At Frome, Trowbridge, Bradford, and Bath, we collected samples of the rivers Frome
and 4von above and below the towns, as also of the polluting liquids entering those
streams ; and the following table contains the results of our analyses of these samples: —

CoMPOSITION OF RIVER AND DRaINAGE WATERS ABOVE AND BELOW BATH. -
REesuLTs OF ANALYSIS expressed in Parts per 100,000.
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WOOLLEN MANUFACTURE AND PROCESSEX CONNECTED :THEREWITH. -- 17 :

The Frome, being at this point a considerable stream, is but slightly polluted-in passing  Parr I
through the town and mills of Frome, nevertheless the total solid matter in solution Descrie-

and the hardness are augmented by one half. The sample of waste liquor which we

saw flowing into the river from Messrs. Thompson and Le Gros's crape and silk mill wilts and

was, as the above analysis shows, of a very offensive character in respect of both dissolved

and suspended organic matters; moreover the deposition of foeces around the draip

outfall here was very unsightly, and showed that the excrements of the workpeople were -
turned into the river.

The Biss, a tributary of the Avon, above Trowbridge, is a tolerably clear and unpol-
Juted stream of but small volume. Within and near the town it receives the drainage of
several mills besides town sewage, and it issues from the last mill opposite Mr. Usher’s
malt house a black, turbid, and unsightly stream ; analysis also shows that a considerable
proportion of organic matters, both in solution and suspension, has been added to it;

. pevertheless, the tint of the dyc-water causes the river here to look much fouler than

chemical analysis declares it to be.

The main stream of the Avon flows through Bradford almost unpolluted. It here has
a volume nearly one hundred times as great as its affluent below Trowbridge, so that,
on reaching Bradford, the pollutien of Trowbridge was scarcely detectable. At the
time of our visit there was but little manufacturing activity in Bradford, and the river
left that town with scarcely a perceptible increase of impurity. Indeed the volume of
water here is so large that all the mills in Bradford, when at full work, would probably
not produce a very marked effect upon it. Thence the dvon flows to Bath, receiving
on its way the Frome and two other considerable but unpolluted streams.

It enters Batheaston above Bath a tolerably clear and but slightly polluted river, and
although it receives the sewage of about 60,000, people in passing through Bath and
its suburbs, the volume of its waters is so large that the total addition to the proportion
of solid matters, both in solution and suspension, is only 026 part in 100,000 parts of
water ; and of polluting elements there is an increase of only - 021 part of organic carbon.
and - 012 of organic nitrogen. Owing to the deficient water supply, the sewage of Bath
is exceptionally strong, being of about double the strength of London sewage. It is,
we believe, ihe intention of the corporation no longer to waste this valuable fertilizing
matter, which moreover renders the river unsightly, for we observed solid feeces floating
down the stream. , . :

There are several other localities of the woollen manufacture in England, as Witney,
Kendal, Rochdale, Kidderminster, Newtown, and Wilton, to which reference will be
made; but Yorkshire and the west of England are the only two considerable districts
requiring the detailed description we have now given them, and we proceed, therefore, to
describe the processes to which the characteristic river pollution of these districts is due.

3. The Processes of the Woollen Manufacture.—In enumerating the
various operations connected with the woollen industry, reference must first be made to
the practice of sheepwashing, which, as carried on in brooks or tanks draining into them,
occasionally creates a sensible pollution in many an upland stream during the spring
months of the year. The character of the dirty water which thus finds its way into our
rivers may be gathered from the following analysis of a sample of water pouring from the
tank in which sheep were being washed last year on the farm of Rawburn on the southern
slope of the Lammermoors, near Dunse, Berwickshire, sent to us by Mr, J. Wilson of

Edington Mains in that county.

COMPOSITION OF SHEEP-WASHING W ATER.

RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Suspended Matters.
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id
Parr L It was an extremely filthy liquid, much stronger in its powers of pollution than Ey  « gand the waste liquid is allowed to flow away.—This waste liquid is the great and chief Parr 1.

. . . . . . 3 ”
« gource of pollution of the rivers, so far, at least, as their offensiveness is concerned.’ Descure

TIVE.
We have only to add to the above description of this mode of black dyeing that the
use of green copperas (sulphate of iron) has been‘nearly dis'contmued, bichromate of potash Wool
(chrome) being now employed in its place. This change in the process renders the waste dyeing.
black dye liquor to some extent less intensely polluting, but on the other hand, the

DescrIP-  ordinary watercloset sewage, and fur below the standards of purity which were proposed
TVE- 5n our first report as those under which no water ought to be discharged into rivers,
Pollution  'That such water has not created a nuisance, like that which is due to wool-washing in the
by sheep manufacturing districts, is owing both to the wide dlstrib.utlon of a comparatively small
washing.  eyil, and to the fact that the poliution happens only during a few days at one scason of
the year. The quantity of home grown wool which thus receives its first washing is not
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one half * of the whole weight which is converted into textile fabric in our manufacturing
districts ; and moreover this washing is scattered over all the streams of the country as
widely and as evenly as the sheep themselves ; not confined, like that conducted by the
manufacturer, to a few districts of limited arca, vhose streams are also fouled by the
drainage of the large population whom he employs. In addition to this, it must be
borne in mind that in and on the country streamlets, which every year are fouled by a
few days sheep-washing, there is, in the spring and early summer, abundant vegetation,
which must soon remove much of the highly fertilizing matter present in this washing
water, to which its filthiness is due, and of which otherwise no doubt complaints would
500N arise.

The fibres of wool as they come from the back of the sheep, even though it had been
washed before it was shorn, are covered with a greasy brownish matter, the residue left
behind on the evaporation of perspiration; and as this material protects the fibres from
the attacks of moths, it is not desirable that it should be removed long before the pro-
cesses of manufacture commence. A chemical examination of this greasy matter shows
it to be composed chiefly of a species of potash soap, mixed with traces of acetate and
carbonate of potash, and a peculiar animal matter of unpleasant smell. As a rule, the
finer the wool the larger the proportion of this residue of perspiration which it contains.

Thus from one half to nearly two-thirds of Merino lambs’ wool consists of this
offensive material, whilst ordinary qualities contain of it only about one-third of their
weight. From one-half to one-third of the grease is of a waxy nature and 1is left in the
wool after the washing and scouring operations.

Wool Dyeing.—It is not our intention, neither is it necessary, to enter minutely here
into the processes of wool dyeing, as this has been already done in the Report (1867) on
the rivers Aire and Calder made to your Majesty by the first Rivers Pollution Commission,
vol. I, page xxiii. It will suffice if to the following passage from that Report, descriptive
of the process of dyeing black, we add a short description of the use of indigo and of some
other dyes used in the production of fancy goods. The former Commission say :—

«“ The materials used in dyeing black, omitting indigo, are several different woods—
“ guch as Jogwood, barwood, camwood, peachwood, fustic—and various salts, principally
“ copperas or sulphate of iron, iodine, ‘ argol,’ or crude bitartrate of potash ; to these
“ must be added an invention of a later date, ¢ chrome,” or bichromate of potash. Every
“ dyer may be said to have his own particular method of treating the wool ; we do not
“ pretend to give a description which shall be absolutely true of any one case, but in
“ general the following may be taken as an outline of logwood dyeing without chrome :—
“ A quantity of washed wool, say 200 Ibs., is put into an iron vat or cistern holding from
“ 700 to 1,000 gallons of acid liquor made by boiling camwood and barwood with a
«“ certain quantity of ‘argol’ and alum; by this process, which 1s called ‘souring,’ a
“ certain pink colour is given to the wool, and it is prepared for subsequent treatment by
“ logwood. After boiling for two hours the acid liquid js let off from the bottom of the
“ cistern by a valve or tap furnished with a grating, and the wool having been removed,
“ the vessel is again filled up with water. DBags of logwood reduced to the condition of
¢ saw dust are now suspended in the liquor from a pole placed across the vat, so that a
« clear exiract may be obtained. A certain quantity of alum and argol is again added.
“ When the soluble parts of the logwood are supposed to be dissolved in the water, the
“ bags of exhausted wood are removed, and the wool which has been ““ soured ” by the
“ last process is put into the vat. The whole is now kept at the boil for two or three
“ hours, at the end of which time the copperas, dissolved in a small quantity of water, is
¢ added. The boiling is continued for some time longer, and the fire being withdrawn,
¢ the whole is allowed to cool down to about 100° Fahrenheit, when the valve is opened

% At the meeting of the Statistical Society, on December 20th, 1870, Mr. A. Ilamilton read a paper “Oun
the Wool Supply,” in which our home-grown wool was estimated thus: from sheep shorn, 124,017,421 Ibs. §
* from lambs shorn, 2,470,158 1bs. ; skin wool, 33,451,629 1bs. ; total, 159,969,208 1bs. The amount of wool
retained for home consumption in the year 1869, was stated as follows :—Domestic wool as estimated above,
159,969,000 lbs. ; foreign and colonial imports, 255,161,0001bs. ; skin wool from sheep imported, 2,381,000 1bs. ;
totul, 417,511,000 Ibs. ~Exports,—domestic, 12,410,000 Ibs. ; foreign and colonial, 116,589,000 lbs. ; total,
128,999,000 lbs. Leaving for home consumption, 288,512,000 lbs.
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somewhat increased difficulty which the chrome liquor opposes to purification has to be
overcome. . '

It is a quantity of the blackest of this waste vat liquov that has been subjected to
‘ntermittent filtration in the laboratory of the Commission, with the result described in
pages 33 and 34. ] i . ) ‘

In dyeing the “ superiine black c}oths of the West qf Eugland, th(ra manufacturer
depends on a basis of indigo colouring, or woading, as 1t 1s called. The process is
conducted in the following way :— . o

In a copper or vat containing 1,000 gallons of water, about 40 Ibs. of indigo are

laced, and 101bs. of indigo or thereabouts are added weekly whll_e the dyeing is going
on. When the dyc liquor is in proper condition, about 80 lbs. of wo?l are put into it
for about 20 minutes; and three such quantities may be woaded thus in every 24 hours
__qa certain interval of time, and manipulation during it, being needed after one use
before the liquor is fit for another. These vat liquors have: however,.only an mdirect
relation to our subject. They are not fli]'ectly disg:hm"ged nto the river. The same
vat, its contents being constantly replenished, remains in use for a year or more: and
when ultimately its accumulated sediment Lecomes excessive, 1t 18 emptied on to the
dung heap. The wool thus woaded is, however, \‘\'ashcd n 1'u1111i9g water, which of
course carries off a certain quantity of vat liquor mto thg viver. ‘This woaded wool,
after being thus washed, is then put into another vat of hot hquor prep.m'ed as follows :—
About 60 1bs. of powdered dyewood-—for the most part logwood, with, however, some
barwood, camwood, or Brazil wood added to give a certam brilliancy of colouring—
are boiled in about 1,500 gallons of water; the woody matter s then skimmed off,
and the liquor reccives 400 1bs. of woaded wool—a quantity equivalent to 560 Ibs. ot
raw wool in the fleece,—and this is boiled for half an hour. Sixty lbs. of t.nordz}nts
(50 1bs. of alum and 10 1bs. of argol) are then addpd gradually, and the whole is bmle.d
another hali hour. The wool on being taken out 1s by some dyers washed, by othe}'§ it
is left unwashed. The liquor in which it. has been stgeped is then_ run to waste. The
copper is filled again, and abouf 260 1bs. of logwood, with a proportion pf t_he other dye-_
woods added, are again boiled for an hour or nore in another charge of 1,500 gallons of
water which is again carefully skimmed, and the same wool 1s 1'ep1;u:e.d. {lbout. a quart
of a solution of nitromuriate of tin, previously qﬁxed_ witl} a quantity of the liquor, is
then gradually added to the vat, and the Wh.ole 1S })oﬂed for an hour or soj thereafter
the wool is finally removed, and well washed in running water, heing tl‘len fullv dyed., and
the vat full of liquor, is again sent to waste. TFour vats full of .the former waste liquor
and four vats full of this deeper black liquor—12,000 gallons in all—thus go to waste
per week from a single Gloucestershire manuﬁlrctory )vhel'e about one ton of_' finished
goods (superfine black cloth) is made weekly. That is the extent to which this factory
contributes to the colour of the Gloucestershire Avon.

Fancy goods, embracing in that term all other colours than black and blue, are for
the most part dyed in the piece, after indeed a}l _thc o.ther steps in the n!anufact.ure are
complete. The piece of cloth :lll'@ﬁf]y nearly finished is ﬁrst': passeq contllnu.ously for an
hour or two through a boiling liquor of argol, alum, nitromuriate of tin, or other
mordant, being worked in an endless web over a windlass 'above tl}e vat ; and it is thel.'e-
after for an equal time similarly passed ‘through the dye liquor. Fo take the case of a
scarlet :—The liquor may be prepared 1n a copper holding 500 or GO0 callons of water;
cochineal, with turmeric added_ to it (or 'weld, quercitron bark, fustic, or otl.ler yellow
dyewood,) in a proportion, varying accort.hng to the tint of the scarlet that is wanted,
is boiled in this vat. It a crimson be desired, thesc yellow dyes are not added to the
cochineal. Eight 1bs. to tenlbs. of cochineal and from three to ten Ibs. of the mixed
yellow dye, or thereabouts, are used for every picce of cloth to be dyed scarlet. A
very small proportion of the weight of these dye stuffs is taken up by E!le cloth, the rest
goos to waste. In a Gloucestershire woollen factory making 20 tons ot goods aunually,
hout four vats full, or 3,000 gallons of this spent liquor, are discharged weekly into
the river. The subsequent washing of the dyed cloth makes a slight addition to the
pollution thus occasioned. . ‘

For the dyeing of other tints, the magmﬁcent colours now manufactured from coal tar,
and known as aniline colours, arc becomng gradually more employed, whereby the usc of
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dye woods will be proportionately diminished in this branch of industry. This change
in the character of the dye stuffs will have some influence in diminishing the pollution of
rivers, for in the first place it reduces the amount of waste dye woods which are generall
cast into the nearest watercourse, and in the second place the residual liquids of the dye
vats are of a less polluting character and more easily purified ; since, unlike the aqueous
extracts of dye woods, they contain but very little extraneous matter either in solution or
suspension. Thus, both as regards suspended and dissolved impurities, the introduction
of aniline colours into the woollen industry must be regarded as favourable to the
mitigation of river pollution. Nevertheless, the influence of these changes in the abate-
ment of nuisances 1s at present scarcely perceptible, because the quantity of wool dyed
black with indigo and logwood is overwhelmingly large as compared with the weight of
that material tinted by all other dye stuffs.

At Kidderminster, wool dyeing is extensively carried on in connexion with the carpet
manufacture. The washing of the dyed warps is performed in the river itself, the hanks
of worsted being thrown over revolving reels so that the lower half of the hank is
immersed in the water. At Wilton, again, they are washed by bemg simply hung on
hooks and immersed in the rapidly flowing ily. In both these cases the dyed goods
carry with them into the river nearly as much of the liquid contents of the dye vats as
they can retain in their pores.

Where the warps are printed in order to the production of a pattern in the course
of weaving, the process is somewhat different, as appears in the following extract from
our report (1870) on the Mersey and Ribble basins, Vol. L. p. 38:—

i The colours are applied topically, that is, to the surface of the woollen threads, and
¢ are brought to the right consistency for this purpose by some thickening material, which
* is usually flonr paste. The thickened colour 1s applied transversely by small travelling
“ rollers to the warps stretched upon a large drum. The warps are then embedded in
¢ chaff in large boxes, and subjected for some time to a current of steam, the object of
“ this process being to fix or render insoluble that portion of the colour which has come
“ into actual contact with the woollen fibre. “The proportion of colouring matter
“ employed which does so become fixed is, however, very small, and cousequently the
“ process is unavoidably a very wasteful one as regards colouring material. After
“ steaming, the warps are washed in vats, in which they arc moved to and fro b
“ machinery. In these vats the excess of colouring matter and the whole of the flour
“ paste are removed from the warps, and the polluted water is then discharsed into the
““ neighbouring stream. These vat liquors are of various tints, but, unlike the colours
¢ of the spectrum which, when mixed, become colourless, the mixture of coloured vat
¢ ]iltjuors conlmonly communicates to the adjacent river a tint more or less resembling
¢ that of ink.” '

A sample of the waste water from one of these vats in Messrs. Bright and Co.’s
carpet factory at Rochdale, contained a large proportion of nitrogenous organic matter
and ammonia, sufficient to render it valuable for irrigation, as seen from the following
analysis :—

100,000 parts contained :-—

Total solid matters in solution - - - - 10310

Organic carbon - - - - - - 14924
Organic nitrogen - - - - - - "925
Ammonia - - - - - - - 1144
Total combined nitrogen - - - - - 1-867
Arsenie - - - - - - - 012

The Cloth Manufacture—A complete list of the several processes which short wool
undergoes in the manufacture of fine cloth, includes upwards of forty successive steps
between the fleece and the finished goods. The wool is sorted, willied* to extract the dust,
and scoured and washed to extract as much as possible of its natural grease. It is then
hand-picked, woaded, washed, and dyed, and washed again and dried in the centrifugal
machine. It is again hand-picked, and once more willied to extract any scraps of dye
ware or waifs of any kind it may have caught ; it is machine-picked for the extraction of
burrs, and then oiled and teased, carded, and spun. The warps are then spooled, sized, and
beamed.f Then comes the weaving, after which the web is carefully exXamined and hand-

* #Willied,” ¢.c. torn and shaken in a machine by rapidly revolving teeth.
T ¢ Spoo]e.d, sized, and beamed,” i.c., wound off the bobbins on which they have been spun, passed through
a weak solution of glue, and placed on the weaver’s beam. °
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mended where required. It is then soaked in a ley of soda, urine, and other detergents
to remove the oil which the wool, charged with it before carding, has carried ever since.
This is washed out next day, and the web is again placed in the centrifugal dryer. It
is then burled, i.e. carefully examined for the extraction of knots and undyed points or
scraps. It is charged with soap and fulled, then washed and once more dried, then
roughed up or dressed by teazels, and passed several times through the shearers; re-
roughed and dried, and shorn successive times again; twice pressed; eight or nine
times boiled on rolls, a process which takes as many days; then scoured and racked, i.e.
stretched on frames; it is shorn many successive times once more, then picked and
marked, and four times pressed ; after wbich it is measured up and packed for sale.

The use of water has occurred at least ten times throughout this series of operations.
Inthe first scouring and washing of the wool, in woading, washing, dyeing, and again
washing, in segging,* fulling, and washing the woven piece, and in roll boiling, and a last
scouring. In the first washing of the sorted wool, in the washing after dyeing, and in
washing the web both before and after fulling, the water leaves the wool mill charged
with grease and oil—united with the soda and ammonia of the various detergent sub-
stances, such as urine, and pig’s dung, which have been employed—charged also with all the
waste colouring matters it can carry off. 'The other waste substances of the manufacture,
which do not necessarily find their way into the channel of the river, are the dust from the
willying and teasing processes, and the worn-out teazels from the roughing machines,
which may be serviceable for manure; the short clippings from the shearing machines,
which are available for the upholsterer, or lastly for manuvre ; and the furmace ashes
which ought to be employed upon the roads. From certain of the washing waters,
in which the oil and grease, saponified and taken up, are present in sufficient abundance
to make the process of recovering the oil remunerative, a certain proportion of the oil
purchased by the manufacturer is recovered. And it may be added that, in the case of
black and blue cloths, the clippings from the shearers, as well as the “must” or residuum
from the processes of the oil extractor, are treated in some localities for the recovery of
the indigo which they contain.

With these exceptions, and of course with the exception of so much of the original
wool and dye-stuffs as exists at the close of all these processes in the finished goods, the
whole of the materials imported into a cloth mill find their way into the drain from it,
and are carried to the neighbouring river. The consequence is obvious enough in every
district of the woollen manufacture, as already described in the valleys of the Aire and
Calder in Yorkshire; and it is also visible in the valleys uniting below Stroud in
Gloucestershire; in the valleys above Bath in Somerset and Wiltshire; and on certain
tributaries of the Tweed. 'The once colourless transparent waters of these districts are
now opaque and foul, and spoiled for almost all domestic purposes.

‘The following are the manufacturing processes in detail to which the change is due :
The raw wool is first boiled in probably, on the average, half its weight of urine besides
51bs. (to every cwt.) of other detergent substances. All these are afterwards carefully
and thoroughly washed out of it, and the whole of the filthy water passes into the
stream. The wool is then woaded and washed, and dyed and again washed; and the
coloured water from all these washings also passes away. The clean wool receives, after
being dried, 10 lbs. or thereabouts, of sweet oil to every cwt. of it before being carded;
and after being spun, the thread is passed through a weak glue before weaving.  After
weaving, all these matters are taken out of the web by soaking and kneading it in a
mixture of urine, pig’s blood, pig’s dung, and soda; and after being washed free of all
these detergent substances it is fulled along with about 121lbs. of soap per piece of cloth,
—a process which felts the material together and causes tbe threads to shorten. Some
two or three lbs. of fuller’s earth are subsequently used, and this with all the soap is
then washed out; and the subsequent use of water, as in roll boiling, is not attended with
any further drainage of filthy material into the stream.

We have given below two estimates of the quantity of the various materials used in the
manufacture of rather more than 500 pieces of cloth (the approximate weekly manufacture
of the Stroud district) out of the 30 tons of wool, or therezbouts, which are required for
that purpose.  Under the first it appears that 12 cwt. of soda and 3,000 gallons of urine are
used in washing the raw wool ; and all this, carrying with it 8 tons of natural grease and
about 4 tons of other dirt goes into the stream. In the subsequent processes one ton of soda,
three tons of soap, about two tons of oil, one ton of glue, upwards of 500 gallons of pig’s
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blood, as much pig’s dung, and more than 10,000 gallons of urine are employed ; besides,
probably, 2 tous of fuller’s earth. In addition to this, about 20 tons of dye wares, and
2 tons of alum, argol, and other mordants have been used. A considerable quantity of
colouring matter is washed into and pollutes the neighbouring brook ; but it is stated that
not much of the spent dye wares escapes, as they are skimmed out of the coppers and
burnt or cast upon the dung heap. With this exception, and with the exception also of a
certain proportion of the oil, the whole of the waste materials go into the stream. About
10 1bs. of oil are used for every 100 lbs. of wool in carding; and the first thick runnings
of the dirty water from the fullers, containing some of this oil, are subjected to the action
of sulphuric acid; and the grease thrown up is removed for further treatment by the oil
extractor. Twenty per cent. of this stuff is water, 40 per cent. pure oil, and the
remainder consists chiefly of woollen fibres.

The second estimnate of the waste connected with 500 pieces of cloth gives 10 tons of
dirt and grease as being taken out in the first washing by means of 15 tons of urine and
27 cwt. of soda, soap, and other detergents; about two tons of oil as being used in
carding; 6 or 7 cwt. of glue in sizing; and in the subscquent washing nearly 30 cwt. of
pig’s dung, 15 cwt. of soda, 5 cwt. of soap, about 8 cwt. of fuller’s carth, and nearly
30 cwt. of common salt; about 21 tons of dye stuffs having been used. Putting these
two estimates together, we have the foliowing table of waste stuff frem the weekly
manufacture of rather more than 500 pieces of broad cloth in the Stroud district :—

‘ Estimates,
Materinls used or extracted. §
; Xo. 1 ! No. 2
Grease removed from ll S tons 10 tons
. 0NS
Dirt } raw wool ] + }
Urine - - - - 1+, 15
Oil in carding - - 2 ., 2,
Glue - - - - 10 cwt. 7 ewt
Pig’s dung - - - 21 tons 30
Pig’s blood - - - 2, —
Urine - - - - 25, —
Soda - - - - 1, 15 ewt.
Common salt - - - —_— 30
Soap - - - - 21 tons 15
Fuller’s earth - - - 2y ., s
! Dye stuffs B - - 20, } 21 tons.
. Alum - - - - 2,

The difference betiween these estimates is principally in the use, in the former of them,
of so large a quantity of pig’s dung, pig’s blood, and urine in the scouring process before
fulling. This, however, we believe, still represents the ordinary practice; and we thus
learn that about 40 tons of stale urine charged with grease and other dirt, together with
about 400,000 gallons of coloured waters from spent dye vats, are weekly discharged into
the stream from thie manufacture of 500 pieces of cloth. This is a quantity equal to the
urine discharged in that time by a population of about 5,000 of all ages (Report, 1870, on
Mersey and Ribble basin, vol. I. p. 27); and though this urie, now collected from house
to house, would no doubt have found its way, without the interference of the manufacturer
into the ordinary drainage of the district, yet the effect upon the foulness of the stream
is certainly aggravated by its concentrated and direct discharge in this way.

The above statement describes the wool manufacture in its most elaborate and
finished style, including therefore all the processes to which the raw material is sub-
jected, whatever the fabric that is made, whether fine or mnferior cloth, flannels, blankets,
or carpets. In all cases the processes, apart from the mere mechanical operations, are
included within the Jist that has been given. The wool is deprived of its natural grease
and foreign matters, and thereafter dyed ; it is then supplied with oil or other lubricant,
which is washed out of it, after it has served its purpose of conferring the necessary softness
and flexibility for spinning and weaving ; and thercafter it is fulled and felted, scoured, and
dried. Some of these steps in the manufacture are omitted in some places and for some
purposes, and there are various modes of conducting them; thus in the Wiltshire and
Somersetshire district there is a larger manufacture of fancy goods and a greater variety
of dye wares is used; and the process of washing, after dyeing, is carried on, not in
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machines or vats within the mill, but in open-work or latticed vats immersed in the
midst of the stream. The water flows through these cages, and carries off the red or green
or yellow colouring matter which has not been fixed upon the yarn or wool ; and as every
fresh parcel of newly-dyed material is brought, another cloud of wasted colouring matter
is added to the river; the whole, however, soon resulting, as at Trowbridge, for example,
in a blackish blue, opaque encugh when seen in the mass, though scarcely perceptibly
tingeing the water in a small cup or glass. The above description of the operations
pwsued in the Stroud valleys, however, will apply to the manufacture generally of fine
and short wools wherever carried on.

The various processes of the long-wool manufacture are attended with a very similar,
though, in proportion to the quantity of the raw material manufactured, a less filthy dis-
charge. In the Yorkshire worsted manufacture, English skin wools and foreign long wools
are used. They are torn and willied, washed in soap and water, perhaps dyed, then dried,
oiled, and seribbled, carded, combed, and spun ; and the yarns are afterwards scoured for
the removal of the oil. A pack of the original wool (240 1bs.) is thus reduced to about
180 1bs. of the manufactured goods; and 20 to 30 lbs. of soap, and 10 to 15 lbs. of alkali,
and about a gallon of liquid ammonia, or its cquivalent in urine, have been employed in
the scouring processes to which the pack of wool has been subjected ; and 14 gallons of
olive oil has been used to prepare the wool for the combing and spinning processes. 'This
corresponds to nearly *8 Ib. of oil, '7 1b. of alkali, and 1-4 1b. of soap to every 10 lbs.
of the finished goods.

Elsewhere, as at Witney and Dewsbury, and at Kidderminster, Durham, Kendal, and
Wilton respectively, long wools are the staple material of the manufacture of blankets,
carpets, and rugs; and at Newtown and other places wools of various quality are used in
the flannel manufacture.

The Blanket Manuficture—The contrast between the effect of the blanket and that
of the cloth manufactures is scen on comparing the Frome, at its source and below
Stroud, with the FFindrush a tributary of the Thames, above and below Witney. The
water of the Hindrush, which, like that of the Gloucestershire stream, drains from a
district chiefly of the upper oolite, reaches Witney not altogether unpolluted, but it is
probably originally of very much the same character as that of Chalford spring, (see
page 14), which feeds the Frome. It drains an area of about 100 square miles above
Witney of very much the same kind of soil ; and below Witney, where we took a sample,
it is considerably more than double the volume of the Gloucestershire Frome. Above
this point therc are four blanket manufactories, together with the small town of Witney
and its 3,000 inhabitants, which drain into the river. At these four mills about 140
packs of long wool, of 21 cwt. each, are used weekly. This amounts to about 15 tons
of wool—one half the quantity used weekly in the neighbourhood of Stroud. It loses
one-sixth of its weight in the course of manufacture into blankets. The wool is torn and
willied, and oiled (10 Ibs. of oil to every cwt. of wool), carded, and spun—untwashed ;
and not until the blanket is woven is it subjected to any cleansing process. It is then
put into the “stocks ” along with about 6 gallons of urine and 8 Ibs. of {fuller’s earth to
every charge of 120 lbs., and there milled and fulled for several hours. 1t is thereafter
washed, and all the soapy, greasy, and refuse matters go direct into the river. This is
almost the whole process, so far as any drainage from the mill is concerned, for com-
paratively little dyeing has hitherto been carried on. Latterly, however, there has been
2 considerable manufacture of particoloured blankets, so that red and yellow and blue,
and even black yarns are produced to some extent for this purpose; and thus the usual
spent dye-vat liquors, as well as the washing water—the washing as in the Trowbridge
district, is carried on in the streamm—do to some extent pollute the river. The com-
paratively large volume of the FVindrush makes this pollution less mischievous than it
would otherwise be, though we heard of some destruction of fish in consequence of it.
Owing to a complaint of this kind Mr. Charles Early conveys his mill drainage into a
settling pond dug upon an island in the river opposite his works ; .but at the time of our
visit the pond was filled up with the solid deposit, and an extremely offensive liquid was
flowing from it into the river. No attempt is made at Witney to recover from the
waste water of the fulling process, any of the oil which had been added to the wool
previous to carding.

A portion of this oil is recovered in the Yorkshire blanket factories. We went
through the extensive works of Messrs. Cook, Wormald, and Co., at Dewsbury, where
nearly 1,000 tons of woollen goods are manufactured annually—a larger quantity than
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the aggregate of the Witney manufacture; and the following figures, which this
firm have supplied to us, indicate both the kind and quantity of the polluting mate-
rials which drain from this manufacture. Messrs. Cook and Co. make yearly 2,?)00,000
Ibs. of goods, and dye 500,000 lbs., of the value of 200,000/. They discharge yearly
40,000,000 gallons of refuse waters which had been employed in washing and dy?eing, and
the whole of this, except about 6,000,000 gallons of the strongest soapsuds which are
treated for the recovery of the oil, flows into the river Calder. They use yearly 33,600 Ibs,
of dye woods, 3,000 lbs. lac, 3,000 lbs. cochineal, and 67,200 Ibs. of rough and rolled
brimstone as bleaching material,—none of the last, however, reaches the river. They also
use yeurly 200 tons. of various oils worth 9,000/, 110 tons of soap, 25 tons of alkali
and 50,000 gallons of urine. A portion of the soapsuds is treated for the recovery of
the grease, and 130/ is thus annually gained. Onc hundred tons of waste wool are
collected in the process of carding; 2,000 tons of coal are burnt annually ; and the 300
tons of slag and ashes from the engine furnaces are employed upon the roads. The
excrements of the workpeople (530 hands are employed) arc partly utilised by earth
closets, and partly drain into the river.

The following table gives the results of our analyses of the drainage water from two
blanket factories, that of Messrs. Cook, Wormald, and Co., at Dewsbury, and that of Mr.
Charles Early at Witney, and it will be seen that in the latter case the liquid is much
richer In total combined nitrogen, and therefore in fertilising power, than average London
sewage. The table also gives the results of analyses of the water of the Dﬂfimlrush
ubove and below the town of Witney, and of the sewage of Witney from the sewer oat-
fall at Gun Hole ditch; but eventually, and before it reaches the river, the sewage
becomes mingled with at least one hundredfold its volume of clean spring water. 7

CoxposiTION OF THE WINDRUSH AND OF DRAINAGE VWATERs FroM BrLanker MILLs.

RESULTS OoF ANALYSIS expressed in Parts per 100,000.

! i

Dissolved Matters. Suspended Matters,
Tem- ! v : : ’ i T -
) | per- LN Total | i i
Deseription. pture. s pogay f Ore 3 Or . ii:;rg: l (-'[)‘31[1‘1‘ l lMet 11 Hardness. '
. { . - Lt S | - il- + i
E;IHI- Solid | %mrlc {':95;"’- Am- i mtes' bined |lie Ar.| ClH0- ! Mine-, Or- !Tm-ﬂ
r: . ar- - H - ' N ! . 3 iite
grace Matters. LE!'CDO mom gnd | Nitro-| senie. | T Tempo-Perma- , ral.  gavie.,
. : ; ToE Nitrites.! gen rary. | nent  Total ! |
| : ] 2 s gen. ary. | nent. | !
o S ! o
. " : | |
The Windrush above Witney and | 31 | 28-30 | 1051 +033 <001' <293 | -327] *020 | 113 ! 1800 { 5-00 !23'0{) Etmccs tmcesltmces
H l 1 N 1

New Mill, Dec. 9, 1870.
The Windrusk about § mile be- | 1-7
low Witner, Dee. 9, 1870. !
Drainage from Mr.
Early’s Dlanket mill, Dec. 9,

1870.

Witney sewage from Gun Hole | —
sewer outfull, Dec. 9, 1870. | |
Washing water from Messrs.Cook,| —
Wormald, and Co.’s blanket
mili at Dewsbury, Jan. 27, 1871.

; : |
*033 003 304 *339, -040 | 1410, 18-30
| ! i

Charles | — [678°00 {120°710.19-508 -940 0 [20-282 -004 135760 0 — —

i l I
500 2330 - traces traces traces
! ; i
|

— G040 | .'11-1'20i 37460

|
D

22720 37°97413-73425+720. 0 —  7*68 35-5243-20

92-84 15-28'18712

q0000, — | —
4-089] <383 117, © *479, 032 | 2+95 |
I

|
[
|

It is probable that the Windrush receives considerable accessions of spring water as it
passes through Witney, since, notwithstanding the admixture of the manufacturing and
town drainage, both very rich in chlorine, it actually contains less of this element below
than above the town.

The Flannel Manufucture—-The flannel manufacture, is extensively carried on at
Newtown, Mentgomeryshire; eighteen or twenty mills being there congregated on the
Severn. In this case, too, there is little or no wool washing. The wools as bought are
willied, oiled, carded, and spun, and the yarns are then washed in urine and thereafter
woven. No attempt-is made to recover the oily matter used; the whole of the waste
liquid goes into the river, which is here a body of water large enough to hide the evil
done in the case of a small town like Newtown, where little dyeing is carried on.

The following table shows the highly polluting character of the refuse liquor from
the washing of flannel. It also shows that the volume of river water is here so vast as to
render the refuse of Newtown scarcely detectable by chemical analysis. The proportion
of organic nitrogen Is only increased by -002 in 100,000 parts of water, and the propor-
tion of chlorine by *03 part in 100,000,
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RESULTS OF ANALYSIS expressed in Parts per 100,000, manufac-
) ture, -
Dissolved Matters. ' Suspended Matters.
Tem- i - | ! o
pera- G al ! Tardness '
Deseription. ture, [ moea Or- [ Or- }:‘:;rz; 33:1:} ! Metal !l Hardness. | f
311 1- N - o/ A [y ‘ 1 e 1
S“('l"_ Solid %1‘:11'1_0 1{5::2{1)3_ Iﬁt:::i,l Nitrates| bined !lie Ar- Chlo ! f i | Mine-| Or-  Total.
EFACE Mattersf " | ® and  |Nitro-! senie. | ™"* | Tempo- Perma-l Cotal.| ral. | ganic..
- | Ben, Nitrites.| gen. i i rary. ' nent. | ota!.i
. i !

The Severn above Milford mill, | 89 G*6o| *123 -016/ -003 -0l10 '028; — 1'35! 0 3-09 | 3-09 | trace |trace | trace
Newtown, April 27, 1870. ! , i :
The Severn below Newtown, ! 10+5 602 '120l ‘018 -001; -010 | -029, — 138 35 | 2:28 | 2:63 | trace | trace | trace

April 27, 1870. . : , : i :

Waste liquor discharged into | — (12480 $46°353 .01 +185180-012] @ 1577077, 0 ,160°0 — —_ — | 346°0.1733-4 90754
Severn from finnnel washing | | 7
at the Cambrian Flannel Co.'s | i
mill, April 27, 1870. II |

{

The composition of the waste liquor from flannel washing proves it to be, in the case
examined, a most valuable manure, one hundredweight of it being worth, for this purpose,
more than one ton of London sewage. The discharge of such liquors into rivers is a
reckless waste.

The following analysis of a sample of wool suds (the liquid in which raw wool has been
scoured) from Messrs. Kelsall and Kemp’s Flaunel Manufactory, in Rochdale, was given
in our Report (1870) on the Mersey and Ribble basins (Vol. I, page 38), and is another
illustration of both the very noxious character of this liquid, and the great value which it

ossesses for agricultural purposes, as evidenced by the very high proportion of total
combined nitrogen which it contains :—

100,000 parts of this liquid gave:—

Total solid matters in solution - - - - 1099°4

Organic carbon - - - - - - 132748
Organic nitrogen - - - - - - 9°88
Ammonia - - Co- - - - - 54°61
Total combined nitrogen - - - - - 54°85
Mineral suspended matters - - - - - 870795
Organic suspended matters - - - - - 2611765
Arsenic - - - - - - - Traces.

The Carpet Manufacture.—In the carpet manufacture the pollutions due to washing and
to dyeing or printing, are of a similar kind to those of the cloth and blanket manufactures.
The total result of an industry, principally of this kind, Is seen in the condition of the river
Stour above and below Kidderminster. The river Stour reaches Cookley above Kidder-
minster in a fair though not entirely unpolluted condition; as it leaves the town it is
a strongly coloured and offensive stream useless for man or beast. The following table
contains the results of the analyses of the samples which we took above and below the
town. Between these points, however, considerable and comparatively unpolluted
affluents join the river; and the water used in dyeing is of a very pure description,
being pumped from deep wells in the new red sandstone. Hence, although much
organic and some saline matter is poured into the river as it passes through Cookley and
Kidderminster, it still issues from the latter town containing somewhat less total solids
in solution than when it entered the former. It will also be seen that the proportion of
nitrosen as nitrates, and consequently that of total combined nitrogen, is reduced
considerably, a circumstance that we have frequently observed to occur when foul town
sewage or other similar polluting liquid is mixed with river water containing nitrates,
the nitrogen of the nitrates being evolved as gas during the subsequent putrefaction.
We have analysed a sample of the deep well water supplying Messrs. Brenton and
Lewis’s Carpet Mill, and theresults are given in the following table, which also
exhibits the composition of the mixed sewage taken at the outfails of three sewers
into which many dye works discharge their refuse. It will be seen from these analytical
results that although the organic matter present in the sewage is only slightly nitro-
genous, yet there is a considerable proportion of ammonia and no constituent which
would be likely to hinder its use for irrigation.
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The carpet .
manufac- RESULTS OF ANALYSIS expressed in Parts per 100,000.
ture,
Dissolved Matters, Suspended Matters,
Tem- l ]
- pera- Nitro- , Total ! ; Hardness.
Description. ture. | epory | Or- | Or- men as | Com- | Metal- ! .
Centi-| g yq | ganic | ganic Am- | & N : Chlo- . Mine-{ Or- |,
ol s . INitrates  bined e Ar-; 72 ] i = Potal
grade. zfatters. ga:;' I\‘:glo- MOW ynd [ Nitro- | senic. | ™M | Tempo- Permn-; Total rul,  lganic. ’
on. | gem. Nitrites.é gen. ATy |I|unt. : otal.
The Stour above Cookley, April | 11+1 | 4284 | -268 +039 | *014 | *332 403 ] — |6°85' 9°68 ' 9-94 19-62 : 34| o .34
28, 1870. : i
The :S'taur 'beloijdderminster, 13*6 | 4000 | 1-224; 179 016 *182 1 374 — G632 1033 9+55 {1088 ! 1+28 520 180
April 28, 1870. : ! |
Deep artesian well in Messrs, | 12°2 | 18426 *015; 004 o *169 | “173 | — {1°60 | 4-70 ;659 11:38| O 0 0
Brenton & Lewis’ carpet mil, ; i
April 28, 1870. _ : i
Mixed sewage from Calton’sLane, | — {155°20 [18°849 *363 /760 0 5-930 0 1640 — — — 3130 |124°50] 155750
Daddle Brook, and Pitch Lane i ;
sewers, April 28, 1870.
i

The analyses of the Stour above Cookley and below Kidderminster show that, in
passing these places, the river water acquires nearly fourfold the organic carbon and
organic nitrogen which it previously held in solution. The intensity of the pollution
of the Stour below Kidderminster is, however, only about half that of the Jrwell below
Manchester.

We submitted to analysis samples of the water of the Hear above and below Durham,
where there is a large carpet factory creating to some extent the same kind of pollution
as that which exists at Kidderminster; but the pollution of the river by the refuse of
this solitary mill was obviously overborne by that due to the sewage of the city, with its
14,300 inhabitants, and to *chemical works, gasworks, tanyards, and mines.” Indeed
the aggregate pollution of the river after its passage through Durham was not, at
the time of our inspection, greater than that of the Thames at Hampton, and we saw
salmon leaping opposite Messrs. Henderson’s works. The following are the results
of the analyses of the samples which we collected :—

CoapositioN oF WATER oF THE WEAR ABOVE AND BELOW IDURHAM.
RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters.
Tem- ‘ ' |
pe‘l‘a- LW " !
Dcscriptiou. ture._ Total . Org'mic:i | :}el:lrg; -([:c()’::ﬂ l Hardness. j Itemarks,
anti- e B : - [ & A - :
S;‘:(ﬂ i solid g%rg_ﬁ,f Nitro- !‘n:.;“;a 1I\.lmllcs hined | C}hlo
s “iMatters.] | gen. " and | Nitro- 1 rine. i Tempo-§ ’erma- Total
Nitrites.| gen. rary, | nent. ota T
i ! ‘
P e . ' !
The Wear above Durham, ; 11°7 | 4936 -166 *030 | -010 0 *038 | 4:G0 | 11-31 ; 10°89 . 2220 Slightly
Oct. 5, 1870. i l ' turbid.
The Weer half amile below | 12-2 - 6146 | 220 <058 1 <017 | 026 <008 ' 5°70 | 15°99 ; 12-56 | 28-55 | Slightly
Durham, Oct. 5, 1870. | ! | turbid.
| ; i

These resalts show that in passing through Durham the Hear has the proportions of
its organic elements (organic carbon and organic nitrogen), and ammonia increased
about one-half, whilst its total combined nitrogen is more than doubled, and its total
dissolved matters and hardness augmented by about one-fourth. The suspended
matters werc scarcely perceptibly increased, but it must be borne in mind, that our
sample below -the town was taken at a weir which formed practically a depositing
reservoir of nearly still water half a mile in length ; above this the river obviously con-
tained a considerable amaunt of suspended matter, which, deposited for a time behind
the weir, will be carried down the stream when the river is in flood.

The Woollen Yarn and Rug Manufactures——There is an important seat of these
manufactures at Kendal in Westmoreland. Here the raw material is subjected to the
usual scouring and cleansing operations, after which it is dyed and then washed in the

WOOLLEN MANUFACTURE AND PROCESSES CONNECTED THEREWITIL, 27

river. The performance of these washing operations in the open stream, as now carried
on at the different places which we have visited, is in several respects very objectionable ;
in the first place it produces, upon a small stream especially, a very marked pollution of
the water, and secondly, there would obviously be a great difficulty in any enactment pro-
hibiting river pollution, in prescribing, ‘wberever this practice prevails, any test which would
disclose quantitatively the amount of injury done to a stream by any given factory. We
have therefore carefully inquired into the necessity for performing the cleansing process in
the open river; the result of the inquiry has convinced us that, in certain cases at _all
events, it would seriously interfere with the success of the dyeing operations if the practice
were prohibited, since it is frequently absolutely necessary that the Jast traces of extraneous
colouring matter should be removed from the dyed yarns before they are woven, and this
can only be cffected by the use of such vast volumes of water as, practically, are only
obtainable in a mill race or river bed. If the yarns be imperfectly washed, the colours
which come into juxtaposition when they are subsequently woven run into each other,
and thus impair each other’s beauty and brilliancy. After a full consideration of this
process of wool washing it Is satisfactory to be able to state that the operation may be
carried on with scarcely any sensible injury to rivers if the manufacturer adopt the simple
precaution of passing the yarns or other goods through squeezing rollers, after they leave
the dye vats and before they are washed in the stream. The polluting liquor, thus
expressed from the goods, would be kept upon the premises to be treated by any of the
remedial processes hereafter described.

The river Kent enters Kendal a large and comparatively unpolluted stream, fit for
most household and all manufacturing purposes; it leaves it, sometimes obviously polluted
by dye water, sewage, and the refuse from tanneries ; at o.ther t-imes‘ the pollution is
scarcely perceptible to the eye, for the flow of the river is very swift, and the occa-
sional discharges of coloured and muddy water are rapidly swept beyond the boundaries
of the borough. .

We collected samples of the river water above and below the town, and the following
table gives their composition, as well as thut of a sample of water flowing into the river
from a washing machine in Messrs. John J. and William Wilsons’ rug factory, in which
scarlet yarn was being washed :—

CloarostTioN OF RIVER AND DrAINAGE WATER ABOVE AND BELOW KENDAL.
RESULTS OF ANALYSIS expressed in Parts per 100,000.

The woollen
yarn and
rog manu-
facture.

Parnt 1.
Descrir-
TIVE.

: |
% 'l Dissolved Matters. Suspended Matters,
; Tem- ' . I
. ! pera-‘ i ‘ Xitro- !TotaIA Hardness. I
Deseription. ! ture. | Total{ Or- | Or- ! | wen | Com- | }
: h il . . | genas ' Com- ‘ .
!Centl-| Solid ' ganic | ganic , Am- | 5 e Chlo-, & .| . . AMine-! Or-
i i ' L2 : ._ ! Nitrates ;| bined . =S B e - i . iTotal.
grade.! Mat-  Car- | Nitro-tmonia. ™ "7 lp 0 THE. L 22 2 F = al. ! ganic.
| i ! + ; P DR 5= =1
i i ters. l hon. | gen. ¢ :Kitrites.i en. ' : 5?* = 2= S | !
i | : .
e | . ? 5 | | |
! i i : ' : : : ! i
The Kent above Kendal and Messrs. | 3°3 , 6-48 * <149 -020 . 0 | ~-044 1°0G4: <30; O 390 i 3-90 0 o 0
Whitwell and Co.s carpet works, | i ‘ ' | : : : ‘ :
Mar. 17, 1871. : - j oo ' | ! :
Washing water from searlet yarn enter- - — 11°60 624 <108 | 040 | -012 | -133 | 3*10 ¢ 1°09 , 3:77 ,4°86 | *92 §-658: 9:G0
ing the river from Messrs. Wilsons® i ' : 7 i i |
g factory, Mur, 17, 1871. ; 1 - “ : L : l :
The Kent below Kendal and Low Mills, | 4-2  7-36 - *217  *036 . +001 058 ! +085: 90 O 403 & 4-03 | trace ; trace ! trace
Mar. 17, 1871, : :. ' : ] : f : : ! ' i

1

In passing through Kendal, therefore, the elements indicative of pollution by organic
matter were, at the time our sample was taken, increased by about one half, whilst the
water was obviously to the cye polluted with suspended matters, and, half an hour
previously, it had looked in this respect much worse. The water in which scarlet yarn was
being washed at Messrs. Wilsons’ rug factory was polluting only by reason of the fibres
of yarn which it held in suspension. After these were strained off or allowed to subside
the efluent water was far below all the standards of impurity which we have suggested
as those above which dirty water should not be admitted into rivers. In the case of the
Kendal factories, as soon as the sewerage works, now in course of construction, are
complete, all such liquids will be conveyed to the sewage farm instead of passing into the
river. The rainfall of Kendal, is however, very bigh, being 53 inches per annum, and
therefore, in the interests of the irrigation works 1t would be advisable, especially n
winter, to allow such poliuted waters, as the one just mentioned, to subside fof a couple
of hours in a tank, and to run off a large propertion of the clear and unpolluting water
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into the river, whilst the fibre suspended throughout the remainder may be discharged
into the sewerage system ; or the residual liquor might be passed through a Needham
and Kite’s press, by which the fibre would be retained, and the clear and unpolinting
efluent water discharged into the river. In this way the strength of the sewage would be
preserved. _

At the time our sample was taken, the Kent below Kendal was somewhat superior, in
the quality of its water, to the Thames at Hampton, but without the remedial measures
now being adopted, there can be no doubt that with the extension of the woollen trade
in the town and neighbourhood, the pollution of the river, which has already been
complained of by Your Majesty’s Inspectors of salmon fisheries, would soon become much
worse.

SECTION B.—REMEDIES.

Having now fully described the character of the water which enters the chief seats of
the woollen trade, the deterioration and pollution of this water on its passage seawards,
and the nature and source of the various polluting materials which transform it from
clear, useful, and wholesome streams into muddy, useless, and offensive rivers, we have
now to consider the means available for remedying the evils described, which are every-
where recognised and deplored.

The polluting materials which foul the rivers of the woollen districts belong essentially
to the same three categories as those which work similar mischief in the valleys of the
Mersey and Ribble. They are:— :

Tirst, solid refuse, such as cinders, ashes, spent dye woods, and the sweepings from
houses, yards, streets, and roads.

Second, sewage or the solid and liquid excrements of the population.

Third, foul liquids discharged from manufactories.

The materials enumerated in the two first-named categories are, almost without
exception, the same in the river basins devoted to the woollen industry as in those where
the various branches of the cotton manufacture have located themselves. We have in
our first and second reports fully discussed the remedies which would, if judiciously
applied, so far remove the evils arising from solid refuse and sewage as fo render the rivers
again clean and sweet, and useful to the industry of the district, so that although the
water would still be unsafe for drinking purposes, it would be fit for household washing
and cleaning operations. We also stated that, so far as regards these categories of
polluting materials, an Act might at once be passed prohibiting altogether the discharge
of solid refuse and sewage into rivers, the enactment being made to take effect imme-
diately as regards solid matters, but a reasonable time after the passing of the Act being
allowed to Corporations, Local Boards, and others, for the execution.of the necessary
works for the purification of sewage. Our inquiries in the river basins occupied by the
woollen trade have in no respects modified these views, neither have they revealed any
new facts regarding the amelioration and disposal of these refuse matters; we have
therefore nothing to add to the full discussion which this section of our investigations
received in the report just alluded to ; and we proceed at once to consider the treatment
of foul liguids from woollen manufactories, with a view to prevent the pollution of rivers.

Purirication oF Poriuting Liquins rroM WooLLEN Manvracrories.—In addition
to the sewage of the workpeople the chief polluting liquids discharged from woollen
factories are the following :—

Waste liquid from dye vats.
Waste liquor from wool scouring and washing.
Water which has been used for washing the dyed, scoured, or fulled goods.

These liquids are usually allowed, more or less, to mingle together upon the premises
of the manufacturer, and we consider that the first step to be taken in remedying river
pollution from this source consists in establishing the means of keeping the very foul
portions of these liquids separate from those of comparatively much larger volume, but
which possess so slight a polluting character as to render them directly admissible into
watercourses without infringing the standards of purity which we have suggested. (First
Report, 1870, Mersey and Ribble basins, p. 130.)

The following analytical table exhibits strikingly the great importance of this scpara-
tion, for it shows that the dye-vat liquor 1s many hundredfold, and the scouring liquor
many thousandfold more polluting than the washing water, which last 1s far below our
suggested standards of polluting liquids, and could be discharged into any stream without

appreciably fouling it :—
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(loMPOSITION OF POLLUTING AND INON-POLLUTING LIQUIDS FROM WOOLLEN [FACTORIES.
ResuLTs or ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Sospended Matters.
| !
. ! Nitro- | Total
Description. Totul { ; genas | com
s Organie | Organie } Ammo- | 20 7 o2 | Metallie |4, Lo
thd. Carbor. | ‘itpow:n. i, Nitrates hTi'ned Arscnic.““mem}‘ Organie.! Total.
Matters. o= and Nitro-
; | Nitrites. | gen.
]
: [
Waste liquid from woollen dye- | 10760 | 48-969 = 3-321 | -492 1] 3-726 — 94-08 | 77°92 102° 00
vats. :
Waste liquor from wool scouring {1099°40 ;132480 , 9-880 | 54-610 0 54850 | troces | 870-95 |2611°65 | 348260
and washing. !
Washing water from dyed and | 29-62 ©189 ;. +033 t011 | 344 <506 | 002 72 88 1-60
seoured groods.

Such a separation of polluting from comparatively innocuous liguids would present no
formidable difficulties to the manufacturer, whilst it would greatly facilitate the purifica-
tion of the really noxious portion of the discharges, inasmuch as the volume of polluting
water requiring remedial treatment would be immensely reduced. We find n fact that a
very large proportion of the water which has been used in washing woollen goods may be
discharged at once into rivers without causing any serious pollution to the latter. Indeed
it may be stated as a general proposition, that the polluting materials in the woollen
trade are diffused through a much smaller proportion of water than is the case in the
cotton-dyeing and -printing trade, where the chief dye stuff used, madder, requires a
very large volume of water for the extraction of the colourng matter which it contains.
Consequently it may be inferred that the remedies required for the purification of liquid
refuse from the woollen trade will entail less trouble and expense than those which we
have recommended for the calico printing industry. Moreover these liguids from woollen
factories, both on account of their greater concentration and by reason of their containing
a larger proportion of combined nitrogen, which confers upon them a considerable manure
value, are generally well adapted for the agricultural remedy. Furthermore, the extrac-
tion of highly polluting matter from these liquids, as for instance the oil from the soap-
suds obtained in the washing both of the raw and manufactured material, yields, in some
cases, 8 handsome profit. Partly on this account, and partly because of proceedings in
equity or of actions at law, instances are not wanting of more or less successful attempts
at the purification of these refuse liquors.

- Treatment of Refuse Liquids by Evaporation.—The great concentration

and consequent small bulk of the more highly polluting liguids produced in the woollen

manufacture, render feasible a method of disposing of them which would le utterly
impracticable in the case of more dilute and voluminous foul waters ; we allude to their
cvaporation. Under even moderately favourable circumstances 1 Ib. of coal will evaporate
one gallon of water, consequently, in cases where the volume of the highly polluting liquids
is known, the cost of thus disposing of these liquids is easily ascertained. At Messrs.
Caleb Metealf and Co’s. dye works at Kendal, we were informed that the aggregate amount
of such polluting liquor daily discharged from these works into the Kent is 240 gallons,
consequently the daily expenditure of 240 Ibs. of coal would entirely prevent the pollu-
tion of the Kent from tnese works, if, in addition, the dyed goods were passed through
squeezing rollers before being washed in the river. Now at the somewhat extravagant
price of 15s. per ton of coal, this most effective and simple mode of purification, or rather
prevention, would cost rather less than ls. 8d. per working day; again, to take the
case of one of the largest cloth factories in the west of England district, turning out one
ton of superfine cloth weekly, we are told that 12,000 gallons of strong liquor are weekly
discharged into the river. The evaporation of this liquid would require an expenditure
of 5 4 tons of coal weekly, costing at 15s. per ton, 4/. 1s. Even such an expenditure
as this cannot be regarded as an insupportable tax upon a large factory turning out one
ton of finished goods per week, valued at 770L¥ Nevertheless, whilst we adduce this
mode of getting rid of polluting material as one applicable under any, even the most
adverse, circumstances, we must not be understood as recommending it to be employed,
at all events exclusively, in any case where the remedies mentioned below would be
applicable. As an adjunct to other modes of purification, however, we believe that
evaporation might be resorted to in all woollen factories, wherever situated, with ad-

* Sec Evidence of Messrs, William Playne & Co., T.ongfords Mills, Minchinhampton, Gloucestershire,
Vol. I1., Section 2. ' ' DU .
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vantage ; ‘in all these factories heat, if not steam power, is employed, and in many cases
the waste heat from furnaces could be utilized in evaporating such liquids, whilst in all,
they might be run into the ashpits of furnaces, where the radiation of the fire above, the
dropping of red hot cinders, and the rapid current of air, would all aid in eflecting at once
rapid evaporation of the liquor and preservation of the fire-bars from the destructive
effects of the very high temperature to which they are often raised with a dry ashpit

beneath them.

Pyrification of Refuse Liquids by Chemical Agents.—Amongst the
processes which we have witnessed for the purification of the polluting liquids resulting
tfrom the woollen manufacture, there is none which has received such extensive appli-
cation as that which was devised some years ago for the recovery of grease from the
soapsuds produced in the washing operations. .

Extraction of Grease~In their Report (1867) on the rivers dire and Culder our
predecessors entered minutely into a description of this process (pages xxvii. to xxxv.),
cxamining its resnlts both as regards its remuunerative character and its effect in purifying
the foul liquid. They show the proportion of oil recovered and of that allowed to escape,
and they arrive at the result thatin no case is more than 83 per cent. of the grease obtained,
whilst in others no less than from 50 to 80 per cent. is discharged into the neighbouring
stream. 'They also state their opinion of the effect of the process as then carried on
as follows (page xxxi):—* Our own experience is not in favour of the success of this
« method of clearing the water. It has not been our fortune to see any instance of this
“ process being carried out with the result of ¢ very clear’ effluent water. On the con-
« trary, in the examples which we have seen the appearance of the liquid has not been
« sensibly affected by the treatment, and the water has escaped foull and objectionable.”
We perfectly coincide in this expression of opinion. ‘The method in itself is exceedingly
crude, and it is carried out in a most clumsy and slovenly manner, whilst the resulting
so-called purified effluent water was found to be, in every case where we have examined
it, one of the most filthy and polluting liquids which we have met with; in proof of
which the following analyses may be adduced : —

Errrvent Liguor FroM THE GRreise-Extraction Process.
RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Suspended Matters,

Or- . Total : .
wanic Am- g:?u as * com- lMetalhci Chlo-
i‘itro- monia. ;l\ltmtes Iﬂncd : Al_‘-
. .__and  Nitro- * senic.
L él\lmtes.' gen.

! * Nitro-

|

Description. Total 1 Or- '
Solid | ganie

Matters.i Carbon.

Or-

fanie.

Mineral. Total.

e,

! -
From Messrs. Crossley and Cots | 366-0 | 23°264; 3°267 | 4-812 0 0 70230 028 | 25-20 —_ J— —_

carpet works, Sept. 23, 1869,
From Sir Titus Salt and Co.'s works | 662°0

at Saltaire, Oct. 5, 1869. |

81-359: 8-825 | 3:655 ; <011 .11-846 ‘016 | 17°00 8+95  145°55] 154-50

|
From grease extraction works at | 739-0 : 48-613] 8:287 54°240 b0 52:955| -048 1 5540 § 3+00 | 11-04) 14-04
Trowbridge, March 11, 1870. | | . |
Tromn Messrs, Playne and Cos mill | 307+7 | 23:50010°810 |15°475 | 0 23554 | 080 21+40 | 48 5-G8; 6716

at  Longford, Gloucestershire, : : ‘
Mareh 17, 1870. ' | : = ;
I t ; |

There are many well-known processes in technical chemistry which point to a much
more effectual method for separating the oily matters from these soapsuds. After the
addition of a slight excess of sulphuric acid the liquor ought to be briskly agitated with
bisulphide of carbon, which would dissolve out the minute oily globules diffused through
itin the form of an emulsion, and would then rapidly subside to the bottom of the
vat, whence it could be drawn off into a still, where a steam heat would volatilize the
bisulphide of carbon, which might then be condensed and recoyered for repeated use in
similar operations. At present the grease-extracting process 1s carried out only with
a view to profit, and cannot be said to be conducted with any regard to the prevention

of river pollution. :

Purification by Irrigation.—The best and most profitable mode of cleansing
the foul liquids of woollen factories will doubtless be found to be their application to
land, but their utility for this purpose would be much augmented if they were previously
mixed with several times their volume of town sewage.

In Yorkshire we met with five examples of attempts to irrigate grass lands with
such liquids, but unmixed with sewage, in order to escape the injunction of the Court of
Chancery, which had forbidden the nuisance occasioned by them.

WOOLLEN MANUFACTURE AND PROCESSES CONNECTED THEREWITH. 31

Near Shepley, on land below the mill of Messrs. Barnicott and Kenyon, the whole of
the soapy, greenish, greasy mill drainage is conducted by a contour carrier along the
upper edge of a steep grassy bank, dowh which it is made to trickle at intervals by means
of a roughly managed set of stops in the carrier, reaching at length a flatter plot of grass,
not more than an acre or two altogether, where it disappears. Samples were taken both
from the carrier and from the surface water trickling into the brook at the foot of the
bank ; these samples yielded on analysis the following results :—

ComrositioN oF MinL, DRAINAGE BEFORE AND AFTER IRRIGATION.

RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. I Suspended Maiters,
Deseripti ; Nitro- ! ! ‘
escription. " Total Oreani , i !
1 : ., Organic _ lgenas| Total : J
' Solid 8;%%2:162 Nitro- n‘:g:ia ‘Nitrates,combined Chlo- lﬁneral.* Or- Total.
Alatters.! *. gen, * i and [Nitrogen., ™'% - game. |
‘ , ; Nitrites. !
. - ; : 1 ; :
New Shepley Mill, waste liquor before - 112+3 1 22455 | 4-143 | 10°350 0 i12-664 ! 12-75 | 35-40 : 188-30! 223-70
application to land, Sept. 22, 1869. ! ‘ ; ;
Ditte, after use in irrigation, Sept. 22, ! 43-9 ¢ -790  -001 -032 ! 303 | *420 | 4-85 ‘ 554 . 1°661 T-20
1869, z | ; : 5
; : i

These numbers show that, with the exception of suspended matters, the foul liquid
was more than sufliciently purified to render it admissible into running water; and if we
could have collected the sample of effluent water without disturbing some of the soil
of the field, the proportion of suspended matters would doubtless have also been within
the standards suggested in our First Report.

The clear bright water running into the brook from a drain in this field, which was
apparently the only outlet it had, no doubt contained all the previously filthy drainage
of the mill thus brought on to the land, but it was probably much diluted by ordinary
subsoil drainage water, and an analysis of a sample of it would not have been so directly
instructive as to the cffect of urigation. The result here shown was from the ver}
roughest style of irrigation ; and it will be easy to obtain even a better result than was
possible here, by care being taken to distribute the water more evenly over the surface
which is to receive it, and more perfectly throughout the mass of soil to be fertilized.

Above this mill, and on the opposite side of the narrow valley in which it is placed, a
much more careful attempt to abate the nuisance of mill drainage by irrigation had been
made. The whole sewage of the mill had been pumped through underground pipes to a
field above the factory, where, through hydrants, it was forced into surface carriers and
thus distributed over a sloping surface of old grass land. The produce of the field was
increased by this dressing and the whole operation promised to be successful ; but the
coarser grasses, strengthened by the irrigation, had killed the finer, and the quality of the
produce was injured. Moreover the pipes, originally too small, had clioked by incrusta-
tion; and lastly, the foul water had sunk into neighbouring wells and spoiled them. The
proprietors’ own well and one at a neighbouring mn had thus suffered; and they were
afraid therefore to renew their irrigation works.

Notwithstanding the unpl‘omising qhamcter of the greasy coloured waste liquors from
these mills, which do not at first impress one as having, like town sewage, much
agricultural value, yet it must be remembered that they contain not only useless oil and
dye stuff, but much urine, pig’s dung and blood, as well as the original foul animal matter
from the fleece; and their composition, as shown by analysis, proves them to possess a
higher fertilizing power than that of ordinary sewage. If therefore strong and rapidly
growing plants be sclected for cultivation, and if the land be occasionally broken up and
well aerated by deep tillage, care being tuken to distribute the sewage over a suflicient
surface—it is probable that all the evils which have arisen here will be avoided, and a
satisfactory agricultural result will be realised, at the same time that the etluent water will
be discharged, no longer ofiensive, into the stream.

At Messrs. Johm Foster and Sons’ mohair and alpaca works at Queensbury, near
Halifax, the liquid refuse which cscapes is carried on to Iand below the factory, and
reaches the natural watercourse after the cleansing effect of irrigation. At Messrs.
Townends' works also, at Cullingworth, near Bingley, the drainage of a large mill,
mingling here however with that of the village, flows on to some hill-side grags land,
and produces a large growth of grass before finding its way into the stream. The
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result here, if not attributable wholly to the fertilizing effect of dirty wool washings, at,
any rate proves that such dirty waters wiph the spent liquors from dye works may be
discharged into ordinary house sewage without injury to its value as manure; and we
have no doubt that the corporation of Kendal, who are now carrying out sewerage works,
so as to intercept the drainage from the woollen mills of that town, and conduct it with
the sewage to an irrigation farm, will find themselves fully justified in thus relieving the
Kent of the polluting manufacturing refuse now discharged into it.

At Guiseley near Lecds, the Ings Mill (Woollen) Company have attempted to cleanse
their offensive drainage water, first, by the use of successive subsidence tanks arranged
round the factory—the top water being pumped from the last into the first again, and
the water thus cooled being used for condensing purposes—and then by letting the final
overflow trickle roughly over eleven acres of grass land before reaching the watercourse.

The wool-scouring water is received in a separate pond and is passed directly upon
the land. There was, however, here no attempt at levelling or preparing the land, and
the foul liquids found their way into the ncighbouring brook, chiefly through runnels
and trenches, thus coming but very sparingly in contact with the soil and vegetation.
The result was therefore very unsatisfactory, as seen from the following analyses of

samples here collected :—

CoarosiTiox ofF WoorrLeN Mint, DRAINAGE BEFORE AND AFTER IrRRIGATION.

RESULTS OoF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Suspended Mutters.

1 . \
! Nitro- || Total ' | : ! !

Total : . . Poen o - L
: ’FOl."] ‘Qraanic ganiec ' Am- 12 ls_i Cont Metallie! Chlo-
. Solid ‘c o :%itro- monia Nitrates . hined ‘Arcenicd ine
Matters, =0 .:Lnell I “ 1 and : Nitro- =7 .

i ©eT = ‘Nitrites.! gen. '
! g

: 1 b
| : !
t . Or-

Description. ; .
Mineral. Organic., Total.

!

Wauste liqaor from Ings Mill, Sept. ' 123°5  7-802 | -838 ; 1°551 1265, 3-380 | trace | 17-40 , 10°12 ] 11-28 | 21°40
28, 1569. 4 . ; ' j :
Ditio after subsidence, mixture ; 73:0 ! 7-669 440  -458 = 0 o 817 . 0 B-19 | 1-48 | 3-28 i 4°76.

with wool-scouring water, and
irrigation, Sept. 28, 1869. ‘ :
i ! . i .

In all these cases the management is of the roughest kind, and in some instances the
success was far from perfect; but this ought not to discourage the attempt to apply
the agricultural remedy wherever it may be available for the abatement of any nuisance
arising from mill drainage. . _ _

At the Jackroyd dye works, near Halifax, a system of filtration and rough irrigation
has been adopted with considerable success. ‘'The waste dye liquors, which are here dark
blue and of a very foul description, are conducted first into a series of settling ponds, and
then upon a sand filter, whence the effluent water, which is of a pale ye]lf_)w tint, flows
through the grass of a rough and unprepared meadov, at the. foot of which it is collected
in a small reservoir, and passes over a waler wheel before it enters the Hebble brook.
Owing to the continually varying character of the discharges into the settling tanks, no
useful sample of the raw liquors could be taken; but we collected one of the mixed
liquors before filtration, after they had already undergoue considerable amelioration by
subsidence. In the following table the composition of this sample is compared with that
of the effluent water from the irrigation meadow.

CovposiTioN oF DyYE Works DRAINAGE AFTER SUBSIDENCE AND IRRIGATION.

RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters.

Suspended Matters.

T TTTT T | . i
‘ ; Nitro-  Total |

|

serintion. - H i 0!‘- T ; i
Description | Total '0:-wauicf gaic Am- gen as | Com- yroiie Chlo- | Mine- | Or- |
. Solid lC' gl B - Nitrates| hined \ - I " I potal,
\[utters, Carbon.: 1 itro- monin. T LT o ATsenie. ine. ral. | ganic.
E P oEen lNilritcs. gen. : 'I
: | ' i
Waste liquors from Jackroyd dye- | 70°5 © 3-283 344 ¢ +283 | 058 635 0 | 660 3764 | 3-64 1 798
works after subsidence, Sept. 24, : { ! : g I
1869. _ i ] | '
Ditto after miranon through =and, | 62¢1  1-248 1 ~303 +273 +200 -T28 0 | 55l 0 o0 0
and application to meadow Jund, ; ! i ! 4
Sept. 24, 1869, * i ! | ’ :[
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Thus the suspended impurities were entirely removed, and a considerable reduction
was effected in the polluting elements, organic carbon and organic nitrogen. The effluent
water was sufficiently purified to be admitted into a stream.

Purification by Intermittent Filtration.—The successful results of the
application of intermittent filtration through porous earth to the purification of sewage and
the waste liquors of calico printworks, described in our first report (1870) on the Mersey
and Ribble basins, (Vol. 1., pp. 60 and 99) encouraged us to try the effect of this remedy
upon the waste liguors from woollen factories.  For this purpose we obtained from Messrs.
James Brooke and Sons, Bradley Mills, Huddersfield, a quantity of the foulest waste liquors
discharged from their factory, and passed it through the cylinder of Dursley soii, described
in the report above alluded to at page 68, which had been employed in our previous
experiments for the purification of large volumes of sewage during a period of more than
six months. This liquor was black as ink, and contained much more polluting organic
matter in solution than the proportion present in London sewage; it was not thereiore to
be expected that the Dursley soil would purify so large a daily volume of the former as it
did of the latter; indeed the following table shows that satisfactory purification could not
be continuously counted upon when the volume of liquor filtered reached 28 gallons
per cubie yard per day of twenty-four hours.
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INTERMITTENT FILTRATION OF WASTE Li1QuoRrs FroM WooLLEN WoORKS THROUGH 1DURSLEY SOIL.

RESULTS OF ANALYSIs expressed in Parts per 100,000,

Dissolved Matters,

! 1 : f ! )

| I e .

‘ I Or l I Nitro- i Total ; ;
Total | N genas | com- | !
| solid lOrgan|c| ganic ; Am- Nitrates' bined ' Chilo-

Deseription, Hardness.

Remarks,

;)I:nter.-:.fcmhon' h:g]o-.moma.r and  Nitro- | "™ Tempo- Perma- Total
' i ST INitrites.  gen. rary. | nent. | ol
] | ]
* ! i : : i
: ; : ' ! 5 { Suspended organic
i ' i | ; ! l matter - - 25-28
i ! i , : : ~ Buspended mincral
“’t*’i-’;:f“q““"ber“"e filtra }lzoe-a '43-2072705 2320 0 &-646.1a:40] — — —4 ' matter - - 1480
- B T4 i : ' ‘ : i
: ‘ ' : i I ' Total - 27-08
. ! i i ‘ i ! i i : —_
At rate of +56 gallon per cubic | ; ! : 5 j 5 i l_
yard per 24 hours. : : l i i ' .
; ' i ! :
Effluent water, Aug. 20, 1870 - § 57°9 608 ' 117 0 trace * +117 | 260 ¢ 21-87 ; 5-98 ' 27-85 . Clear and colourless.
w1 o 27, 4, ~1 48'5] -GGS . +090 - O 0 090 | 1°90 : 2424 221 2645, "
w n  Sept. 3, ., =1 5251 -642 260 ; ~004 0 363 . 1+75 . 27+79 ° 2-21 3000 Slightly turbid.
. o , 10y - 52-811-184 | *266 | ~005 -384 ¢ 654 ; 1-60 © 24-67 8-88 33-55 Clear and colourless.
” s o 17, 4 - 514 | =546 ! 072 . 003 *30% . 383 ! 1+60 : 21-3% ¢ S8-62 ; 30-00 ” .
o w y 24, 634 -405 | -172 | 016 { 1°391 - 1376 165 . 27-98 | 7-02 3500 .
w s Oct. 1, 73-2 -584| — | -0lo,1-914. — ! 2-10° 3342 7-28 4070 .
A w B 03-0 ., -643 | *205 | -046 | 2°549 2+792 ° 4-20 41:00 ' 12-00 @ 53°00 .,
I I | 60-7 ©e527 1 <199 | +010 | 2+985 T 3-192 : 700 31-30 . 18-00 4930 : "
' ‘ : ‘ i | !
At rate of *84 gallon per cubie . ' i i . -
yurd per 24 hours. _ _ : ‘ | - i '|
LEfluent water, Oct. 22, 1870 - [ VRS | *541 | 268 | 016 | 3-466 i 3747 ' 11°63 © 31°72  18-98 ' 50700 - "
. . o 29, 4 - 112-2 pothI2 | 184 { *014 | 3-821 : 4027 ¢ 1815 - 4614 : 28+16 © v4-30 . .
S Xov. 5, . - 135°30 -627 | 287 | <016 | 4-056 . 4°356 | 25+50 ' 47°96 ° 36-34 - S430 ., .
v w p 12, n - 14290 0302 2140 G008 | BUITHC 30004 1310 — | — 830, N
At rate of 28 gallons per cubic E ' 5 :
yard per 24 hours, : | ‘ i : ' ‘
Efluent water, Nov. 19, 1870 = | 157°0 ; +274 | 103 | -006 | 4-012 ' 4-120  35°60 ¢ — —  92:90 | Shaltly turhid.
. s w 36, . - 1704 <584 c1G4 : <003 | 3483 - 37649 | 42°30 | — — 106-00 ! Slightly turhid.
w w  Dec. 8, , -|190°8 ., 1°283 | +380 1 012 | 2°111 | 2°701 | 5150 | — — 1165V .
- » s 10, 4 = ' 211-9  1-667 ¢ *409  +005 0 | -413 '36-00° — | — 12860 .
yw w 17, 4, -] 208°0 3-177 | =333 | 1036 021 38450000 —  — 125460 "
” 1 o 24, 4, - 1 235+3  1-967 | 166 y o0s - 0 <170 1 63.00 ' — | = 12860, Turbid.
I i : . H

These analytical results prove that for many successive weeks, at the commencement
of the experiments, the action of the soil upon the polluting matters was to a great
extent one of absorption ; it was not until after the filthy liquid had been poured upon
the filtering material for a period of six weeks that nitrification set in with cuergy; and
nitrates, the inorganic product of the oxidation of nitrogenous organic matters, appeared
in large proportion in the effluent water. Even up to the termination of the experiments
tiere was a continual increase in the proportion of chlorine, and of total solid matters
in solation in the purified water, but this is to some extent accounted for by the circunm-
stance that the soil having been well washed with clean water before the commencement
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of the experiments, was saturated with compuratively pure water, which was afterwards
only gradually displaced by the foul liquid used in the experiments. The purification
continued to be satisfactory until three weeks had elapsed after the maximum rate of
flow had been attained, when on the third of December our standard* of organic nitrogen

*3 part in 100,000 parts of water) was transgressed, the organic nitrogen in the sample
drawn on that day amounting to * 58 part in 100,000 parts of water ; the following week
the organic nitrogen was again above the standard but by a smaller amount, and the
succeeding week the standard of organic nitrogen was transgressed only very slightly,
but that of organic carbon (2 parts in 100,000 parts of water) was seriously infringed,
In the following and concluding week, however, the effluent water would have been
admissible into a river without infringing any of our standards, although in colour it
approached the limit of prohibition. These experiments therefore show that intermittent
filtration will satisfactorily purify the foulest waste liquids from woollen works, if such
liquids be passed through the filtering materials at a rate not exceeding - 84 gallon per 24
hours to every cubic yard, and they render it probable that the purification would continue
to be satisfactory if this rate were doubled ; but they demonstrate that at the rate of 2-8
gallons per 24 hours the purification is uncertain, and would probably be unsatisfactory if
this rate were continued for a considerable length of time. In regard to purification
from suspended matters the result was satisfactory throughout the whole course of the
experiments ; our standards of turbidity were not once infringed.

Although simple intermittent filtration thus provides an efficient remedy for pol-
lution caused by woollen factories, yet it would obviously be desirable to hasten or
stimulate the process of oxidation which goes on in the aerated pores of the filter so as
to enable the manuafacturer to diminish the volume of filtering material necessary for the
purification of his waste liquors. A clue to an improvement of this kind was afforded by
the observation which we have frequently made in studying various processes for the
purification of sewage involving the addition of lime in excess, that sewage, to which
excess of lime has been added, undergoes nitrification much more rapidly than it does

“without such addition. We are therefore not without hope that the wnitrification and

" consequent Ppurification of the waste liquors from the woollen muanufacture during the

_process of intermittent filtration will be hastened by the addition of a slight excess of
lime to the liquid before filtration. Experiments with reference to this point are now
in progress in our laboratory, and we hope they will be sufficiently advanced to enable
us to state the resuits, in our Fourth Report,—on the rivers of Scotland.

‘I'he process of intermittent filtration has not yct, so far as we are aware, been tried on

a large scale for the purification of polluting liquids from woollen factories; but at
Messrs. Townend and Co.’s mill at Cullingworth, near Bingley, some approach is made
to this process by filtering the waste dye-water through a bank of cinders and ashes.
As the black and filthy water impounded behind this bauk rises and falls in level, a
considerable amount of aeration of the filtering material must be effected; and the
sample of effluent water which we collected showed a satisfactory degree of purification,
and was admissible into the neighbouring stream without causing pollution, as is seen
from the following analysis :—

Puriricationy oF WoorLeN DyE-waTER BY FivrraTioNn THrROUGH CINDERS AND ASHES,

REsULTS OF ANALYSIS expressed in Parts per 1¢0,000.

; Dissolved Matters,

1escription,

[]
1

1! Nitro- 1 Total

.
1
i

ITardness,

Total | . 'Organic | genas ! com- i
solid |8 f;;::lc; Nitro- m";::::l' Nitrates  hined Arseuic.! C.mf" _
.\Intters.& “ ‘1 gen. *__and - Nitro- rine. Tempo- Perma- Total
i Nitrites. gen, vary, | pent, | + oW
| ! ! ! T
Effluent dye-water from Messrs. | 40-0; 1°757 | *158 ° -004 i 410 ©2-75 | 3°38 ; 16-38 | 18°76
Townend & Co.’s mill, pereolat- ! !

ing through a bank of cinders

and ashes, Oct. 1, 1869. |

*571 l }
| 1

| ]
Although the process was here carried out in the roughest manner, the efluent water
was colourless and nearly free from suspended matter, and the above numbers show that,

in respect of scluble polluting ingredients, it did not transgress our standards of purity.
At the same place, the filthy waste liquid from the process of grease extraction is

7 See Report (1570) on the Mersey and Libble hasins, Vol. L, p. 130,
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received into pits dug in furnace ashes, their surface being first covered with a layer
of sawdust, and we were informed that as much as 50/ worth of additional grease
is collected off the surface of this sawdust in the course of twelve months. The waste

in a perfectly cleansed condition, an assertion which we would gladly have put to the fest
of chemical analysis, had it been possible, at the time of our visit, to collect a sample

of it. _ ) ] ]
Ordinary continuous filtration through sand and ashes is employed for the cleansing

of very foul liquors at the Jackroyd woollen dyeworks ncar Halifax. We inspected
these works on two occasions and took samples, which yielded the following results on

zmalysis —

Purirication oF WooLLEN DyE-wATER BY IFILTRATION.

RESULTS OF ANALYSIS expressed in Parts per 100,000.

Parr L.
ReMEDIES,

4 —

. ) Purification
liquid filtering slowly through the heap was alleged to find its way into the Harden Beclk \y fltration.

i Dissolved Matters. Suspended Matters,

! : Nitro- | Total ;

* Dark blue and muddy.

Deseription. : Total ; o Or- i aen s com- | 5 i i Remarks.
solid IOrgamc. game Am- iNi“‘ﬂtt‘-’v% bined Chlo- Mineral.: Or- Total, !
‘Matters.‘icnﬂmn' Nitro- monm. | and ! l\"itro-! rine. i 1 ganic. | !
, gee "Nitrites.! gen. l ' , : ;
- —— : ' i
3 i 9 ' j ' ! ‘ ; Suspended and dissolved
L)quor hefore filtration, Au:,’- 1-,}I 114°7 ;] 1323 ; <512 1678 0 S 1894 . 745 — _ . matters mixed.
1505 | i ' ‘ | | | . Very muddy and blue.
Liquor after filtration, Aug. 12, ' o847 377530 -599 . 0279 O 1 R — . 0 o o Clear and yellowish.
1868. i ; E : - 1 | .
1

1, | 70-5 | 3-983  -344 ) -283 0 -058 | G35 6°60 : 364 : 3-G4° 7-28

1868,
Liquor after filtration, Sept.
1864,

Liquor before filtration, Sept. 2
2 805

1, | 09-8 | 2-406 | -181

" Turbid, brownish.

The above results show that on both occasions the suspended polluting matter was
satisfactorily removed, but at neither visit was the purification from dissolved organic
matters sufficient to bring the cffluent liquid within the preseribed limits of impurity ; and,
constrained by legal proceedings, thic proprietors of these works were further purifying
the filtered water by causing it to irrigate a grassy slope before it reached the ncigh-
bouring stream. See page 32.

At Durham the large carpet works of Messrs. Henderson and Company discharge into
the Wear 2,745,000 gallons of liquid refuse, besides 225,000 gallons of soapsuds.
The excrements of their workpeople (about 530 hands are employed) also drain into
the river. 'The liquid refuse is run into two tanks, each abo.ut 40 square yards in area
and 3 yards deep, sunk in a bank of made ground by the side of the river. The floor
of the tanks is of gravel, aud the sides are built of brickwork without mortar, so as to

ermit of the escape of the liquid into the surrounding porous earth, whence it was
iptended to flter into the river. The filtering material had, however, far too small
an area for the volume of liquid to be cleansed, and consequently its pores were soon
choked, so that, when we saw them, the filters were little more than subsidence tanks,
in which solid mud accumulated to the depth of about one foot in the course of a month,
and was then given to farmers. When the tanks are full the partially clarified water is
run off into the river through a sluice. ‘These tanks, filled alternately, mght have
afforded a fair illustration of the power of intermittent filtration to deal with the waste
liquors of a carpet mill, if the greater portion of the suspended impurities had been first
arrested in a subsidence tank, or by passing the crude liquor through a Needham's press
after the addition of a slight excess of lime, as recommended by our predecessors,
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PART II

THE WATER SUPPLY.

In our visits to the different seats of the woollen manufactures we have not only ascer-
tained, by chemical analysis, the character of the water employed, or available, for
manufacturing purposes, but we have also investigated the quality of that supplied to
the inhabitants of towns and villages for domestic purposes, taking samples from the
mains where waterworks existed, from wells and springs in cases where the supply was
obtained directly from such sources, and from springs and streams which appeared
likely to afford an additional quantity if required. We again reserve, however, for a
final report the complete discussion of this department of our inquiries, and confine
ourselves here to statements of ‘the results of our analyses and to special observations
on the mode of supply and the quality of the water in the different localities visited.
As a rule the larger towns, especially in Yorkshire, are abundantly supplied with water
of good guality, by gravitation works which are the property of the Corporations or
other Local Authorities; whilst the smaller towns and villages are often dependent for
this necessary of life upon polluted streams and shallow wells of suspicious character,
The water of the larger towns, often brought from great distances, is generally frec,
or nearly so, from previous excremental pollution, and filtration is therefore considered
superfluous 3 but we would here repeat the recommendation already given in our First
Report (1870) on the Mersey and Ribble Basins, Vol. L., p. 120, that all water taken from
streams or gathering grounds should always be filtered before delivery to consumers, for
increased experience only serves to confirm previous observations, that such water, when
not filtered, is frequently turbid and of repulsive appearance; these characteristics not
unfrequently leading the water drinker to reject it for the bright and sparkling but
often dangerous beverage drawn from shallow wells sunk into ground reeking with
excrementitious matters.

The Potable Waters of the Aire and Calder Basins.—The following
table contains the results of our analytical examination of the waters used, or which might
be used, for domestic purposes in the basins of the Aire and Calder :—

Porasie WATERs oF THE AIRE AND CALDER BASINS.

RESULTS OF ANALYSIS expressed in Parts per 100,000

]
Description. ;Total Or-  Or-

Dissolved Matters.

| i
- ) Previous ' Hardness, Do System
'}lt;ggcn! Egig{ | Sewnge | . Jnr‘ ! Remarks.
A ey tes | bined : . oF : Chlo- + Snpply,
monia, | “HIEFLES | REE 4 nina) | rine, ; : i ’
cand 2 Ni- e Tempo- Perma- | qea1 |
:;\itrites.:lrogen.{ mation | rary. | nent. O E ,
| ! : .

ganic jranic |
¢ Im- | Car- Nitro-
lpurxt_v.l bon. : gom.

AIRE BasIN,
£pring in Gordale Gorge, Sept. 30, 1869
Ditto at Aire Head below Malham,

Sept. o, 1569,

0. !

Ditto at bLase of Malham Cove, Sept. ;
30, 1869, :
The Wharfeat the Strid, Botton Abbey, -

Qct. 4, 1560,

Sxrrrox—Gathering ground, Oct. -},f 16'-!0: 161

186G,

Irapronn—Hizgh level service, Sial- - 10°10
den reservoir, Oct. 6, 1859. !
Ditro—Intermediate service, Xany-
wells spring, Oct. 6, 1869, i
Drrro—Low level serviee, Heaton re-: 13726 0 308
servoir, Oct. , 1869, . I
Ditro—Decp well in millstone eril at | 55749 | “159
Alessrs. Inghaimn and Sous’ mill, Oet.

5, 18453,

I.zEDs—Fromrivers Wharfeand Wash-
Lurn, and from gathering grounds at
Eceup. Sept. 29, 31560,

CasTLErORD—New Well, March 2,1571] 71°70

CALDER BAsIN, : E
The Burnley Road Coelder, Jan. 26,1871, 7780 ’ a3 nes [ 093 010 053 130
The Bnchdale Road Crelder, Ju. 26,1871

The Ramslen Clonvh Caldoe, Jan 26,0 7778 F R 10 BT () B R 111

i
JIanTFax—TFrom
Seni. 21, 14609,

e LLERSFIELD—Springsat Longwood,! 11743 ° 019

Sepl. 23, 1=6ih
BatLEy—From
Sept. 21, 1860,

WwasurnLo—=Yrom the Calder, Svm.! 4476 R

13, 1s44.

BsrTo--From the (0L Sept, 19, 160

i .
Lo 5 | F
: 076 520 ! - . Clear and colourliss,
- - - Do do.
16003 - - L Clear and slightly
i o1 yellow,

05 | 1300 | - = <! Clear and yellow.

i
10°61 | ITntermit- ~ Very turbid.

tent. i
1402 "3 5750 642 ; Constant - | Very turbid; yellow-
ish.

G40 Bo. - Turbid; colourliss,
712 Tro.

1411 |- -

) H

1

j

!

l 012
15°70 | "165 0 -007

]

i

1

452 |1

:]
| 8§02 ) 333 | 12
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=
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(]
1

|
|
i
|

1

|
|

014
[ te2s ] cenl 0

‘(133%- 002 082 1 082 120 |
.-';"L’.i 070 Cot £} . 082 ¢
020 [ 002 076G RLUAL] 4G
025 06k 0

Gge 003 = Turhid; yellowish.

b

o3 ;o 028 033 666 260 32| 677 73k

- Clear and colonrless
1
i

§:32 Constnnt-: Clear,

023 030 [ 050 3o

20715 —

!
025 0 0 025 0 i 1-30 | 176 G356
!

!I Turhid. i
i |
|
|

110§ 109 ST 47861 - - - Very slightly turbid.
': Do, do.
Y I Y 120 F v w2 | 36 | ogee |- - i Do. do.

|
T T = I R () 0 013 0 ‘ 120 357 - -

eathicring ::rmmd.i 16 C133, (031 | 00G 024 06t 10 10, 0 8e3g 320 CUllStSllf--i\'l'r_\‘iurhitl.

018 | om 4RG | 055 330
0 "0 ¢ 0 333

*inl 065 ‘125 il 47, 3 9°-46

1207 1] (BB} G4 | Nearly
constant.

353 anustnnl-i Very turbid; yellow.

| Clear and colour]ess.
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' , Poish, :
divnn . tanT S T | 5T 1:1'.“.1.Consl:mt-‘l(:luar;yu]lu\ris]:. !

M i (i} “HI5 ‘1 6Gh

1
}
! : i :
grounds, | 7760 53 L MBI i ]
i
t

o

! | v S
1573 - Constant -{ Very turbid ; yellow- !
i ish .

WOOLLEN MANUFACTURE AND PROCESSES CONNECTED THEREWITH, 37

The head waters of the Aire, especially the great spring at Aire-head, are admirably
suited for domestic use, but they have not been taken up for this purpose, being too
far away from the masses of population in the Aire basin.

Skipton.—A private company supplies this town with water by gravitation fl:OIIl about
930 acres of gathering grounds, partly upon millstone grit and partly upon limestone ;
it is therefore of medium hardness, being solter than the drainage from limestone but
harder than that from millstone grit. It_ is said to be filtered through §and and. gravel,
but at the time our sample was taken, this operation must have -been either omitted or
very imperfectly performed, as the water was then being dellveg'ed in-a very turbid
condition. Our analysis shows the water to be peaty, and some of it comes ﬁ‘o_m pasture
land, but it is not exposed to furth_er excremental Polluthn, and 1s otherwise of. fair
quality. The supply is intermittent n dry seasons, being only turned on at such times
for 8 to 12 hours daily. It amounts on the average to about 25 gallons per head,
inclusive of that used for manufacturing purposes. This quantity is sta,-ted to.be very
inadequate for the requirements of the town, indeed last summer it entirely failed, and
water had to be got from the Eller Beck ; but the higher parts of the town were for
a period of three months without even this impure Wafr'er. Powers are therefore now
being sought to bring in a new and softer supply of 300,000 gallons daily from the

millstone grit, by gravitation.

Bradford is supplied with water on the constant system by gravitation, partly from
springs, but chiefly from gathering grounds on the millstone grit. _There are three
distinet services, viz., a high-level, an .mtermedlate, and a low-level service. The works
belong to the corporation, and the dally'supply to Bradford and the district is 6,500,000
gallons. 'The high-level service is derived from millstone grit only, and is therefore a
coft water well adapted for manufacturing purposes. It ?Xhlblts‘ no evidence of excre-
mental pollution, but contains too much peaty matter in solution to be agreeable for
drinking ; moreover, not being filtered, it was very tlll'b.ld with yellomsl_l suspend(::d
matter. The intermediate service is also derived exclusively from the millstone grit,
and is therefore as soft as the high-level service, but being partly spring water it is
much more palatable than the latter, iqdeed it scgu'cely contains gne-tl_urd as much
organic matter. Unfortunately the spring water 1s allowed to mix with unﬁltfzrgd
surface water, which renders it turbid as deliverqd in t]?e town. This water exhibits
2 moderate amount of previous animal contamination, which, however, probably belongs
to the spring water, and consequenly, on account of the filtration it has undergone, does
not indicate any appreciable risk. _ The ]ow-levgﬂ service is derived chiefly from mill-
stone grit, but partly also from limestone; 1t 1s therefore harder than the two other
services, but only to a very ummportant extent (less than 1 part in 100,000). It
exhibits no evidence of previous animal pollution, _and Is In other respects of a quality
intermediate between that of the two other services. Like them it was also, at the

time of our visit, turbid with yellow suspended matter.

At the dye works of Messrs. Ingham and Sons we had an opportunity of becoming
acquainted with the water of the deep wells in the millstone grit beneath Bradford ;
these works are supplied from a well 360 feet deep, the influx of water from the first
150 feet being carefully cxcluded. The water from this well has, when ﬁr_st' d_rawn, a
very slight taste of sulphuretted hydrogen, which, however, soon passes off ; it is in other
1'esi:ects an excellent water, but has double the h.ardness.of thg suPp]y furnished b.y the
corporation. Like many other deep well waters 1t contains a considerable proportion of

ammonia, derived in all probability from the reduction of nitrates.

Leeds is supplied with water on the constant system from gathering grounds at Eccup,
from the river Fharfe at Arthington, and from the river Washbzu‘ig at Leathley. The
works belong to the corporation, and have cost 535,(3'201. The chiet wor]gs are a s.tore
reservoir at Lecup containing 257,000,000 aallons; the West“-_ood reservoirs and filter
beds containing 22,000,000 gallons, the .W'oodhouse reservoir of 6,000,000 gallon_s
capacity, and the pumping stations at Arrth.mgton and Headingley. The Eccup reservoir
receives the drainage of 1,200 acres. I lns_ water and that_ taken from thp Washburn
are said to be frec trom pollution, but the river I'Tf’_lza{'fe receives, abovq the In_take, some
of the sewage of Otley, Burley, likley, and Addingham; the water 11'0}11 this source is
therefore filtered through sand 18 inches deep. Our sample was talgen from the main in
the Great Northern Railway station supplied from the reservorr at Eccup. It exhibited

no previous sewage or animal contamination, was of moderate hardness (8°3 parts mn
100,000) and clear, but contained rather a large proportion of peaty matter.
; F 4
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Castleford.—We can only confirm the unfavourable report in regard to the water supply
of this town made by our predecessors (Report, 1867, on the rivers Aire and Calder,
Vol. L, p. xIvi), © Castleford has no water supply, the inhabitants about 6,000 in number
“ have to provide water for themselves; for this purpose they resort mainly to wells, but
‘ partially still to the river. The river 1s very foul, and the wells appear to be not
““ sufficiently guarded against impusity, and are liable to be drained by the pumping of
¢ collieries in the neighbourhood, in consequence the inhabitants of Castleford suffer in
“ health as well as comfort.” At the time of our visit a new well was being sunk, and
had reached a depth of 33 yards. This well bas since been completed, and the water
from it, the analysis of which 1s given in the above table, is now about to be supplied to
the town through distributory pipes, The water is somewhat chalybeate, and becomes
turbid on exposure to the air from the deposition of oxide of iron. It also contains a
remarkably large proportion of coramon salt. Its chalybeate character would be entirel
destroyed by the addition of lime to if, In the proportion of 1 Ib. to each 1,000 gallons.
The lime should be first slaked and converted into so-called ¢ milk of lime,” or better
still into ** lime water,” before it is added to the chalybeate water. Allowed afterwards
to repose for 12 hours in a reservoir, the water would become perfectly clear, a con-
siderable proportion of the organic matter which it contains would be removed, and the
hardness would be reduced to one-half its present amount.

The head waters of the Calder, which we collected in January last, are derived from
springs in the millstone grit. In excellence for domestic purposes they are superior to
the head waters of the Aire and are scarcely surpassed by any natural water in the United
Kingdom ; they are soft and palatable, and contain but very small proportions of organic
matter. They are, however, at present not utilized for domestic supply.

Halifaw is supplied by gravitation works belonging to the Corporation. They cost
about 300,000/, and consist of reservoirs at Ogden and Mixenden, with 8,000 acres of
gathering ground, situate on the range of millstone grit hills between Lancashire and
Yorkshire. The reservoirs contain about 440,000,000 gallons, of which about 2,000,000
gallons per day are discharged as compensation water, and 3,700,000 gallons daily are
used in Halifax. The water is soft and of excellent quality, both for domestic and
manufacturing purposes; but to the water drinker its good qualities were cffectnally
concealed, when our sample was taken, behind a cloud of suspended matters, whick 2
sand filter would at once remove. Tiltration would make this onc of the finest potable
waters in the kingdom.

Hurldersfield is at present supplied with water on the constant system in winter, but
in summer the water is laid on for only cight hours per diem. The works now belong to
the Corporation, and are at present quite inadequate to the demands of the town, but
further extensive works were authorised by the Huddersfield Water Act of 1869, and
are now in progress. 'The new source of supply is from springs and gathering ground at
Meltham and Marsden, about eight miles south of the borough. The water is of excel-
lent quality. The reservoirs of the existing works are situated at Longwood, and are
fed chicfly by springs; hence the water, though not filtered, is clear and colourless, and
the above analysis shows that the proportion of organic matter in it is smull, rendering
it, at the time our sample was taken, a very palatable and agrecable beverage. It has
nearly double the hardness of the Hulifax supply, but is still a comparatively soft water,
being less than one-third as hard as the Thames water supplied to London.

Dewsbury, Batley, and Heclkmondwike.—The waterworks supplying these towns on
the constant system were established in 1853, and are the joint property of the Corpora-
tions of Dewsbury and Batley and the Local Board of Heckmondwike. The reservoirs
are at Dunford Bridge, Broadstone, Dewsbury Moor, and 3tanclife. The rescrvoir at

Dunford Bridge is for compensation to millowners only, and contains 250,000,000 gallons ; -

the others are for storage and supply of the district.
about 2,000 acres of gathering ground. The water is not polluted before it enters the
reservoirs, and is therefore not filtered. 1t flows by gravitation into the high-service
reservoir, and thence into the town. Our sample was taken from the main at Batley ; it
was yellow and very turbid. The water is soft and well adapted for manufacturing and
washing purposes, but in September 1869 it contained too much peaty matter to be an
acceptable beverage. It could also scarcely be regarded as a potable water without
previous filtration.  Analysis reveals no previous animal contamination. ‘The authorities
in all three towns concur in stating that the health of the people has improved since the
introduction of this mountain water in the place of the previous supplies from polluted
rivers and wells.

Wakefield is supplied, on the constant system, with water for domestic purposes,
one-fourth from springs and three-fourths by water ubstracted from the polluted river

These reservoirs are fed from
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éﬁ’éﬁi’" to a joint stock company called the Wakefield Waterworks Company. The
o] o

reservoirs are situated at Stanley Fall, two miles from \Val:{eﬁeld, and a volume .of
1,000,000 gallons is daily pumped from the river. The water is stated by the C‘orpma&
tion of Wakefield to be « pollut_ed beforq entering the reservoirs by town sewage an

« liquid refuse from manufactories, chemical works, gasworks, dyfa a_nd 1t?]eac:h }vorks,
« tanyards, and also by mines; not only from the towns and district SIt.uate 1 the
« basin higher up, but from the horough of.Wakeﬁeld 1tself;,, as the water is abstracted
« from the river aboui a mile below the main sewer outlgt. Qur own analyses and
observations entirely confirm this statement, lpcr_edlb_le as it may appear; and _although
« the water is filtered by a patent process,” it is difficult to conceive anything more
disgusting and dangerous to health, than a populous community thus systematlcal.ly, an‘d
byban claborate and costly arrangement of reservoirs, pumps, filters, and dlstrlbqt01 y
apparatus, drinking its own filtered sewage, takel% from a stream in a black an_d putrescent
condition. We have analysed two samples of this water supply, takel} at an mtervgzl of a
year. Although the water, owing i.n part to putrescent fermeutatlop and subsidence,
and in part to filtration, was chemically less contz_tmmated' than might be _expected',
yet on both occasions it contained a large proportion of nitrogenous organic matter.

It was of a greenish yellow colour, and, on one occasion, very turbid.

Potable Waters in the Severn Basin.—The Severn drains a very extensive
valley containing, at or near its surface, rocks of very varied geological and 'chex‘n]cal
character ; the potable waters of this basin, therefore, exh1b1§ a corresponding wu.ie ]‘angg
of quality. Those which come from the calcareous formations, such as the oolites an
lias, are distinguished by great hardness, which is, however, generally of the femporary
kind, that is, it may be removed by boiling the water for half an hour, or by the addition
of milk of lime in suitable proportion. 01} the other h:.md the non-calcareous portions
of the upper and lower silurian formations 'yleld water of great softlgess, whilst the uew
and old red sandstones furnish supplies of mtermedm@e hardness. W ater obtained _ﬂ om
a depth of 100 feet or more from any of these formations generally contains only minute
traces of organic matter, and is otherwise of excellent guahty for drmkp:g, unless the
source be surrounded by human habitations, .and sometimes even tl;en, if the' surface
water be carefully excluded. But surface_ dra_mage water of all l{lqu 15 n_eces-sanly much
affected by the character of the soil which it washes ; that portion which is COl_le?ted
upon rocky slopes being of excellent quality, especially after subsidence and ﬁltlatllo-n;
that running from moorland is often peaty anc ul}pleasant to th(; palate, though qthel wise
wholesome ; whilst that draining from cultivated fields, or even rich pasture land, is certain

to be contaminated with excrementitious matters.

N r . ; .. - .
The following table contains the results of our analyses of various waters collected in
this river basin :—

PorapLe WATERS IN THE SEVERN Basix.

RESULTS OF AXALYSIS expressed in Parts per 100,000.

WATER
SuPPLY.

Severn
basin.

! Dissolved Matiers, :

1 '. ‘ ‘
Tempe- - tal Previous i Hardness. -
Jeseription TUUIC  ratal C Or- | Or- )lt:;ggen Tgn?- Sewage ECI‘ i . Remarks.
Peseription. Centi- solid ganic; ganic  Aw- Nitrates | hined or 1 _1..1A-§ . |
grad(’-f Im- | Car- | Xitre- monia. | ™, g ~Nitro- C;t::.l?ll.ll]- Tt pornno- | Perma- Total, |
~purity.” hon. | gen. Nitrites.| gen. M rary. | nent. ; l
} : 1
! 1 : | J
NEwrows, N. WALES, ; : . ‘ o .
The & hove Newtown, April 27, 1870 s¢ | 650 | 338 | o | 003 0 00 e 0 153] 0 | 300 | 3°00 - Slightly turbid,
e Screra, above Newtown, 27, : ‘ . ? § Bk
. Sl am 1es - -] 105 16750 | 011 0o o 205 03 2650 187 182 s 932 | Clear,
Lady Well, April 27,3530 i ; ! ! ! —— oo e 3713 $m i 1504 i Do
Pump, in Pamp Court, April 27, 1870 - 90 4186 : MUCLE R} ; 00§ “a61 5is 7320 : 603 l 5714 £ i i | .
il 97,187 o= mew et ez t W G4 0 G270 ¢ 200 198t | 9117 [ 11°01 | Do,
Canal Road pmunp, April 27,1870 - : ‘ ; | | !
KIDDERMINSTER. ! : ! l E . | N
\ : - . 1 - R e ne H . P L) 50 . 11°35 I DO.
Well, 160 feel deep in new red sandstone, I 13°3 182 015 ; 004 5 0 i 160 173 1,510 ; 1°G0 ; s U 3
at Messrs. Brenton and Lewis's will, ! . | | | !
i & g i : : LTI TN T P h LT Iy ' -
Q!:\ ‘llt.:l\l\i:;}ﬁ'ni-n Alderman Toveyr's yard — lsgegy 3| c07n 0 5T08D 3222 3110 1§38 0 28087 [ 1448 41780 | Do,
Shallow well, K ! V5 ) + ! ' ‘ o N e
April 3. 195, il 20,155 — 2 01020 03 0 32322 a7 520800 0 $°20 . 11°23 11730 2838 | Do,
Ditto in Three Tuns yard, April 29,1870 - ! : &-52 | 102 i 50 I
LEAMINGTOX. : : i ) ] » » . .
¥ 12,1870 | — 63702 | (150 C03G 0 10 0 226, L0 2730 154 | 11°R6 2750 | Slightly turbid,
Water supply from the Leam, May 12, 187 | | : ! ; : e s
¥ 11, May 12, 1570 - - —_— :l&i'{}} 085 1 025 0 + 603 ! 6111 i 60,540 I 1120 | 35763 | 2332 - 63'95 | Clear,
Mr. Jones’s well, Yay 12, 185 G

26534.

The waterworks are stated to have been established in the year 1837, and Parr II. |
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Dissclved Matters.

' . 1 H t i . H '
- {Tempe- E I ; l  Previons Hardness
ITempe-: ; Vo, 5. ‘ ardness.
Description. i rature * Toial | Or- . Or .Nt;‘;gen' (133}1::-1 © Sewage ' + Rewmarks
IR | Centi- + solid | mmic’ manie | AM- | witpates | bined or, Chlo-, . ;
e . D emde. . lme | Car- Nitro-] monias O Cned b Animal > orine. . i L ! '
" { purity.] bow. : men. '\v-‘;"-‘tl 3 ‘}:tru— Contami-; Tempo-, | CTULL  gistal, |
% 3 I E I. itrites. T e | Siation. | Ty, l nent. | i
T ! r T -
FrOME o} o ' : ! |
The Frome, above the town of Frome, §3 17748 | "326 | 023 | ‘¢ni 042 i 150 150 | 1055, 6°59 A8l 12n : Slightly turbil,
h 10, 157 e ripe . nam | eqne oyn . . = [ Dpyem e qess T
Fc?xfggin.lgtlfbc;ot of churchyard, March 10, | 117 - 32°16 O+t 05 002 T'16  17H5 11,060 275 | 20771 ot 3373 Clear.
1870, apres o= | e s deman 3 3 ars cp | oapyes o s
Shnsl‘l'mv well, in Blue House school, March | 10°0 @ 36750 § 3571 “0&4 025 27325 120610 1 25140 GU6T | 2NN | 207G S0 —_
sgfihlgs,;ﬂbar Frome, March 16, 1870 - = 1060 | 038 1 015 | "3 *116 ‘ *133 $60 | 1°80 | 1°03 | 486 1 A°69 . Clear.
TROWERIDGE. i : i .
The Biss,above Trowbridge, Mareh 11,187 67 , 3586 325 023 083 *150 | "130 1,200 § 1793 [ 21762 | 5°0F ; 267G, Slightly turbid,
‘Water Company’s deep well in ias, March | 111 atess 0235 | 05T (002 530 | 600 | 5200 | 8670 | 2740 | 20770 | 57710 —
11, 1870. | '
StROTD. -
The 4ron, abore Longfords, March 17,1870 | 10°3 {2556 | "033 | °007 0 *303 403 8,660 | 1-22{16'82 | 466 | 21°4% : Clear.
Spring, in lower colite, at Pensile, March | ~— :23°50 P21t o028 ) t15s 436 “Goy | 5510 1 2715 1 10%45 | 6733 | 16°7S _—
17, 1550, N
Well, i‘n lower oolite, 60 feei deep, nt - 27°45 ;1064 -020 ) -002 "t ! 300 l 7450 2-50 § 12°6¢ 858 §21022 —
Theeserymbe Nailsworth, Mareh 18, 1570. b - _ "
Spring, at Chalford, Marei 18, 1570 - L] 17 tasss g vess| ool 0 235 | 504 2530 -o7 {2000 | 5es7 o443 Clear
The Frome,nbove the highest mill in the | 145 27730 Fe0g2 | -009 l 0 293 | 307 2660 ¢+ 1703 {19762 | 403 [ 2366 Do.
Chalford valley, l%g.lltcp_la, 1§: 0. E i
GLOTCESTER.
Water supply, Mareh 18, 1570 - - — 2482 | 875 082 0 026 063 0 ! 15216705 357 {1962 Turbid.
- BaTH. i ; ; | . :
Spﬁi%g,l frc:mx1 oolite on Hampton down, g1 2390 | 140 ; 007 0 ;100 17 | 630 | 130 | 15707 551 | 1833  Slightly turbid.
eb. 17, 1571, : !
Monkswood spring, from upper lias, Feb. ] 100 {3315 | "1311 -012 0 323 310 2,060 1°535 | 23°03 6700 § 2908 | Clenr.
17,1871 ' : . ]
Esford spring, Feb. 17, 1571 - - - ; 100 i 3076 *G09 "00% 0 “130 BRI 9430 1[ 1-46 1 21781 544 | 27°34 ! Do.
- s ! ] - -
Wﬁte‘i, supp]iei} ‘Eo Walcot distriet from ; — }51°60 ; 337} 013} -002 307 ‘a2 L0 1066 | 17731 67l | 24022 Do
atheaston, Feb, 17, 1571, . b |
W::éter supﬂplicl:d to Bcl{t:i(llere district from - 40062 | "233 | o4l i 0 1:205 | 1°24i } 11,730 ! 20 | 15706 | 1108 | 3utw , Do
eacon Hill sprinm, Feb. 17,1571 : ) ' . : !
\Water supplied to_Bathwiex distriet from — (20040 | T10 012 E 0 250 232 2330 | 145 1 10071 557 11623 | Do
Beacon springs, Feb, 17, 1871, I ; ! 1 | |
‘Water supplivd to Lincombe and Widcome — la1rs0 :-2ye| 0181 0 17131 1°140 0000 | 2°35 | 20039 | 10°8% | 31728 ! Do
di~trict from spriugs under Beechen cliff, i ! f ! :
Feb. 17, 1571 5 ! : ; i
ater supplied to Abbey district from — SOUF0 b 171 ) 016, -0l 316 t333 | 4850 1065 ¢ 1812 7hon '25°12 | Do
Shamn Castle springs, Feo. 17, Iy71. : i i I : 3 : i
Hetling Thermal spring, March 12,1870 - 4t i2—10'52 “161 | (036 I 020 =439 409 4,810 § 26750 | 22700 | 8230 0ss0 | Do
King's Bath Thermal spring, March 12,1870 | 42°2 243730 00 | 019 I 030 457 401 4,400 | 26767 ! 23400 | 82730 lml'cﬂ Do.
) ! ]

Newtown.— Monmouthshire has no waterworks, but is supplied with water for drinking
and culinary purposes from springs and from wells about 20 or 30 feet deep, and for
other domestic purposes from the river Severn. The river water is soft and otherwise
of excellent quality, and an abundant supply brought into the town from this source
would be a great boon to the inhabitants, who must, at present, either carry this water
considerable distances, or resort to but moderately deep wells sunk in the midst of
privies and cesspools. The authorities consider that the health of the town suffers from
this cause, and its {requent visitation by epidemics of cholera and typhoid fever supports
this opinion. - The annual rate of mortality per 1,000 has in some years been as high as
betiween 29 and 30, whichis excessive for a town of 5,000 inhabitants. There is, however,
much over-crowding in some parts of the town, and we have everywhere found that the
conditions included under that term are the most potent causes of sickness and a high
rate of mortality.

At the time our samples were taken the water of these wells, although exhibiting 2
considerable amount of previous animal contamination, contained remarkably small
propuitions of organic matter, showing that the animal and sewage matters had been
almost entirely oxidized and destroyed during their percolation through the porous soil.
Indecd the water of the spring which fed the Lady Well was, as our analysis shows, of
almost. unsurpassed purity, and, if carefully guarded from excremental pollution, would
be a real treasure to the neighbourhbood ; but the well supplied by this spring is sur-
rounded by privies and filthy surface drains, and is therefore never secure from pollution.
The natural spring which supplies the pump in the Canal Road rises in a manured
meadow about 100 yards from the nearest houses. The pump in Pump Court is
surrounded by privies and middens of a very filthy description, which must continually
imperil the purity of the water. _

Kidderminster is supplied with water from private shallow wells and by casks carried
in carts from a neighbouring polluted river.. The town stands on new red sandstone,
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which suﬁp]ies the deep wells of the manufactories with potable water of excellent
quality, as is seen from the analytical results yiclded by our sample from the diep well
1 Messts. Brenton and Lewis’s mill, furnishing 100,000 gallons per day. Ore of the

Pirr 1L
W_u'm’c
SGPPLY.

two shallow wells, which were pointed out to us as yielding water of average quality, was Severs
gtnated in Mr. Alderman Tovey’s courtyard, it is only 5 feet deep and contained a liquid basin.

which was very similar in composition to that which we have obtained in our laboratory
by allowing I.ondon sewage to soak slowly through 5 feet of gravel. The drinking of
such water, especially in periods of epidemic disease, cannot but be fraught with great
sk to health. The other well, from which we drew a sample, contained water which
analysis shows to have had a like origin, but the animal matters had been somewhat
more oxidized than those in the water of Alderman ‘Tovey’s well, consequently the
present pollution was less, whilst the previous contamination was greater. We do not
remember to have visited a town of this size (the estimated population in 1870 was
90,000) in which the water supply has been so completely neglected. The splendid
water in the new red sandstone immediately beneath the town ought to render easy to
the inhabitants of Kidderminster a remedy for this state of things. -

Leamington is supplied, on the constant system, with water from the river Leam, the
intake being above the town, but below the influx of sewage from Sontham and other
smaller places, and of drainage from cultivated land. The water is very hard, and was
not, when our sample was taken, efficiently filtered. Considering its source, its quality
was not otherwise bad, but the previous sewage or animal contamination which it exhibits
renders its character suspicious, and many of the inhabitants prefer to drink the water of
shallow wells. We took a sample of one of these, the water of which had a high repu-
tation for purity and brilliancy. Analysis shows this well to be fed entirely by sewage,
and although the orzanic matters were nearly all oxidised, we cannot but condemn this
use of water which has so recently had such a disgusting origin. | -

Frome is supplied with water for domestic purposes from wells and springs: The chief
public supply is from a fountain at the foot of the churchyard; the water is brought in
a brick drain from a spring in the cellar of a house at some little distance. The burial
ground is, however, above the level of the fountain, and it is not known how its drainage
water is disposed of. Our analysis shows considerable anterior animal pollution, which,
as indicated by the comparatively small proportion of chlorine, does not appear to have
been entirely derived from sewage. The proportion of organic matter actually left in the
water was very small ; nevertheless the evidence of so much previous pollution relegates
it to the class of suspicious waters. Moreover it is too hard for domestic purposes. This
water, however, is greatly superior to a sample which we drew from a shallow well in the
Blue House School, and which contained unoxidised sewage matters, besides exhibiting
a very large anterior pollution of the saume kind. The use of this water by the boys is
dangerous ; the well ought to be carefully examined, and if the access of foul liquids-to it
cannot be prevented it ought to be closed. |

We are indebted to Messrs. Cruttwell and Daniel, of IFrome, for the sample of water
from an open spring which they state gushes with considerable force out of the side of a
chalk hill near Frome, and which it is believed would be well adapted for supplying the
town with water. The analysis given in the foregoing table shows this water to be soft
and of excellent quality, both for domestic and manufacturing purposes. It is clear,
sparkling, and palatable, and contains but a very small proportion of organic matter.
From its chemical composition, we infer that this water springs from the greensand, which
crops out about two miles from Frome,. :

Trowbridge—The Local Board state that the town is very inadequately supplied with
water for domestic purposes from private wells; that the water is of very indifferent
quality ; and that waterworks have been in course of construction for some time by a
joint stock company, but they are still incomplete. We visited the waterworks, which
are at o short distance from the town, and found that the company had sunk a well into
the lias 160 feet deep, at the bottom of which was a borehole 18 inches in diameter
and 40 feet deep. In sinking the shaft a salt spring was tapped and afterwards stopped
out, but we were informed that some water came in at about 20 feet from the surface.
Our analysis, given in the foregoing table, shows the water to be excessively hard, and
to contain a considerable proportion of common salt (6 1bs. in 1,000 gallons, 3 oz. in this
volume of water being about the wsual proportion in good potable water), besides' a
rather large proportion of organic clements. S '

Stroud is supplied with water to a small extent from wells, but chiefly from water-
works belonging to the Board of Health, on the intermittent system. The upper portion
of the town has water from grass land gathering grounds; the lower streets are supplied
from Gainer’s well—a copious spring thrown out by the lias about half way down ' the
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hill. The supply is quite inadequate to the wants of the town, and is only given from
one to three hours each day; it amounts to less than seven gallons per head of popula.
tion. We have not analysed the water, but it is said to be of good quality. We have
however examined several samples from sources available for the supply of Stroud. The
spring at Chalford would furnish an abundant and excellent supply, especially if it were
softened before delivery by the addition, to each 60,000 gallons, of 1 cwt. of quicklime
previcusly slaked and diffused through about 500 gallons of water. The Chalford
spring water would thus be reduced from 244" to 35" of hardness,

Gloucester derives its supply of water from springs thrown out by the lias about five
miles from the town. Our analysis reveals no evidence of excremental pollution ; but
the water is hard, and contains a somewhat large proportion of organic clements; it
would be greatly improved in both these respects by being subjected to the liming
process just described. Tts hardness would be thereby reduced from 19}° to 35", The
water was turbid and needed filtration at the time our sample was taken.

Bath.—This city is in the singular position of being supplicd with water by 18 different
private companies besides the corporation. The corporation works are the most important,
as they supply 30,000 inhabitants, whilst the whole of the private companies supply only
about 13,000. The water is derived from springs, chiefly above the upper lias. There
are also a few private wells which are sunk into the inferior oolite. The supply is
intermittent, and the mains are charged only two hours daily. TFor domestic purposes
alone, only eight gallons per head of population are delivered daily ; in this calculation,
however, the increase of population (which is stated to be great) since the census of
1861 has not been taken into account. The corporation state that, although they have
expended more than 35,000/ on waterworks, the supply is inadequate to the require-
ments of the city and district. This expenditure, however, represents but little more
than 17. per head of the people supplied, whilst, as we have shown in our report (1870—
Vol. I, p. 109), many of the towns in the Mersey and Ribble basins have expended
sums amounting to from 4/ to 8/. per head of population supplied. The corporation are
impressed with the urgent necessity for a more abundant supply, and they acquired {rom
Parliament, last session, powers to obtain it.

The samples of the waters at present supplied to Bath which we have examined vary
considerably in quality, that supplied to the Bathwick district from Beacon springs being
the best, but even this sample, besides exhibiting some evidence of previous animal con-
tamination, contains more unoxidized organic matter than is usually met with in spring
water. The next water, in point of quality, is that supplied to the Abbey district
from Sham-Castle springs; it contains rather more organic matter than the sample
from Beacon springs, and exhibits twice as much previous animal contamination ; but,
as shown by the small proportion of chlorine in both cuses, the pollution was caused
nearly, if not entirely, by solid animal matters and not by sewage or the soakage of
cesspools. The water supplied to the Walcot district from Batheaston exhibits about
the same evidence of previous contamination by the same kind of animal matters as the
last-named two samples, but it contains twice as much organic matter, and is therefore
not a desirable water for domestic use. The remaining two samples, which resemble
each other closely (the water supplied to the Belvidere district from Beacon Hill spring
and the water supplied to Lincombe and Widcombe district from springs under Beechen
Cliff), have been heavily contaminated with animal matters and are altogether of very
inferior quality, containing, for spring waters, a very large proportion of organic matter.
With the exception of the water supplied to the Bathwick district all the samples are
excessively hard, and therefore not well adapted for cleansing operations. Such being
the character of the present water supply of Bath, it is satisfactory to find that the new
supply which it is intended to bring into the city shortly, is of much better quality.
We have examined samples from the two springs which will form the projected supply,
the Eyford spring and the Monkswood spring. The first is excellent water for drink-
ing, containing, as it does, the merest traces of organic elements, whilst, although the
Monkswood spring water contains ten times as much organic matter, yet it is full ; equal
in quality to the best sample of the present supply which we have examined. But even
these new waters are very hard and would be greatly improved, in this respect, by the
application to them of Clarke’s simple and inexpensive process of softening by lime.
This process has for some time past been applied with the best results to similar hard
waters delivered at Canterbury, Caterham, and Tring. By Dbeing submitted to this
operation the Eyford spring water would have its hardness reduced from 271 to 5} parts
in 100,000, and the Monkswood spring water from 29 to 6 parts in 100,000. The
palatability of the softened water would be fully equal to that of the original spring, whilst
it would be rendered suitable for washing and cleansing operations, for which pu;?poses it
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is not adapted in its original condition. Moreover, the softened water would have
no tendency to form encrustations in the mains, of which there are some remarkable
examples at Bath. i . .

The moderate amount of previous animal contamination which the Eyford and
Monkswood waters exhibit need not be regarded with suspicion, as the very perfect
fltration through rock which they have undergone reduces the risk from the presence of
noxious matters to a vanishing quantity.

We examined a sample of spring water issuing from the oolite on Hampton down. The
Jand immediately above the spring is pastured by sheep whose excrements are scattered

rofusely over the surface, there are also some cultivated and manured fields at some
distance, but they probably do not affect the spring much, ifat all. We find comparatively
small evidence of anterior animal pollution in this sample.

Although the thermal springs of Bath have frequently been submitted to careful
chemical analysis, the organic elements contained in them have never been determined ;
we have therefore analysed the waters of the Hetling and King’s bath springs, and find
that they contain, for deep spring waters, a large proportion of organic elements, and
they thus resemble, in this respect, most of the cold spring waters of the neighbourhood.

Potable Waters in the Wear, Tees, Kent, and Windrush Basins.—
The basins of the Wear and Tees contain, in addition to the coal measures, chiefly
new red sandstone and magnesian limestone. These strata being calcareous, the water
which is derived from them is hard, but where the rocks are compact, and consequently
but slightly porous, they expose less surface to the rain falling upon themn, or percolating
through their fissures, and the water leaves them of only moderate hardness. This
appears to be the case in the Tees basin, the water flowing from which has scarcely
more than half the hardness of that collected by the basin of the #ear. We have had
but one opportunity of examining the deep well water of these basins, viz., that supplied
to Sunderland from the dolomite. Judging from this sample, the dolomite water 1s of
excellent quality and of but moderate hardness. This hardness is, however, of the
permanent type, and therefore not removed by boiling or by the addition of lime.

The basin of the Kent above Kendal consists almost entirely of the non-calcareous
members of the Upper Silurian series of rocks ; the water collected within it and forming
the rivers Sprin¢ and Kent is therefore very soft, and as the mountain slopes have upon
them but a moderate amount of peat, it is tolerably free from peaty matter. The upper
reaches of the Kent basin were proposed a few ycars ago by Messrs. Hemans and
Hassard, in their scheme for supplying London from Ullswater lake, as subsidiary
sources of supply. Although the river is somewhat polluted by paper mills and receives
the drainage from some manured land before it reaches Kendal, yet it is still much purer
than many waters supplied to large communities. e have had no opportunity of testing
the deep subterranean water of this basin.

The basin of the FVindrush (a tributary of the Zhames) lies almost entirely in the
middie and Jower oolite, the upper part of the stream only penetrates into the lias; and
these formations being both calcareous and considerably porous, the water collected in
and upon them is hard, but the hardness is temporary, and can be reduced to less than
one-fourth of its original amount, either by boiling for half an hour, or by the process of
liming already repeatedly referred to.

The following table contains the results of our analyses of potable waters from these

basins ;—

PorasLe Warers IN THE WEAR, TErs, Kext, AND WinDrusu Basins.

REsuLTs OF ANALYSIS expressed in Parts per 100,000.

Part IL
WaTeER
SvrrLy.
Hear, Tees,
Kent, and
Windrush
basins.

Dissolved Matter.
Tempe- : i . : ' Previous I Harndness.
Description. TAtuee | moia) | Qr- - Or- ‘Nitrogen. Total “goyqee | Remarks.
Centi- Pl o < as i Com- | = Chio- |
rade. solid 'canie! sanic| Am- . Yitrates © bined - or "hio i ;
ERGS A Tm- ; Car-: Nitro- monia. ~ and o Nk Animal  vine. Tempo- Perma-’
Dpurity. bon. e, Nitrites. ; trozen .Contami-, | mry.  nent. Total.
| ! ' “ sOREEETE T natiow. ! N ;
: : i ; : !
i : ‘ :
DGREAM. | o | ; . - : |
The Wear above city, as it entered subsi- : b3 R AR U S B T IR U I B U ] (LI 5 [ 460 11731 10°89 - 22°20 | Slightly turbid.
dence reservoirs of waterworks, Oct. 5, . i ‘ ! '
1570. : ; | jegs | 11esq . 1mega e=e00 |
Water supply in city, Oct. 5, 1570 - - 130 : 5150 || 082 020 o - c0fl "0l HIU PSS 11768 0 13 2500 | Do, do,
Medical officer’s private well, Oct. 5,1570 - i 144 | 11352 Pt12E 0 04 0 6265 5515 ¢ 62,350 i 075 2500 46070 t 5000 ; Clear.
. H ) ' : : I ' ' '
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Dissolved Matiers, I

Tempe-, - I~ o |l’rc\'iun.~: : Hardness. i
Teseription TRUTE | maga) | O ;O Nitrogen: Tatal 3 Sewage .. ____ ...\ Temarks,
cseription. Centi~ { lid | =anic Sl A | aeNS . Come | "¢ Chilo- ‘
apade, | FoHd feamic maule s AW ggipdest wined 1o 9T VY ‘
gmde. | o Foar Nitro- monia. WIS U L Aniwal - rine pepy ol Penma- Ll
: purity.. hnn..‘ zel. " Xitrites. | trogon. (-mnigmu- rarv. | nent. | Total.
i H i | ; i : nation. - |
SCXDEREAND. ; ;
Water supply from dolomite well, Sept,  11'0 . 41718 P03 030 0 110 =116 ! 3,810 . 437 70 135 0 147t Clear.
16. 1863, : ) X I
DARLINGIOX. ! ; . .
H . : ! ’ oo | .
Water supply, June 50, 1870 - - - — 13 2L 025 0 0 ot f 115 - 260 7830 1045 Do.
Blackwell pump, Oct. ¢, 1570 - - — 397000 ¢ C120 0 0 677 6T : G, 8§43 . Ahton ' 4070 . 7360 Do
i : ! : R
MIDDLESBOROUGH. : . ; . i _
The Tecs_angt‘e tgl_e tow:&, '\-]IS ({Eﬁliv‘ered hir 17 I9r 1830 0o C TN 1 1) 0 w143 auvy o T3042 , Slightly turbid,
pumps in_Stockton and Middleshorough : :
waterworks, Oet. 6, 1870, . Lo ] ' i ; T, o - ,
Ditto, after filtration by Stoekton and : 122 | 172 °180. M3 | 001 . 0 01t | u ‘ b 861, ter ) 12733 Clear
Middlesborough Water Company, Oct. ) . i ‘
6, 1870. ! ' : . ;
STOCKTOX. ' | ; : . ‘ ‘ .
Welt in the courtyard of Joseph Dodds, Po— 13312 193 C08Y 0 17027 1007t 18950 I6°T0 0 46°To 0 Jweat 85770 Slightly turbid
Esq., M.P., Oct. 7, 1570. | _ ; ;
3 Trotter's well, Oct. 7,1870 - - | w00 s e | ol oven 021500 2eE0 0D 5500 §0 Do do,
- . , I ! - H .
: : ; . i ;
EENDAL I . . . ‘
aor 4 1 . H . 1 P .
Water supply, March 23, 1571 - - 56 S50 C12% 03] 001 REA S § ] [21 I R 11 n - 117 417 f}]lg]l“.\' turbid.
The Fent above the town, March 17,1571 - | 3'3 645 130 030 | 0 044 061 20 90 0 390 300° Do do
Shallow well in King's Arms Yard, Mar. | 7'5 0020 -382 110} "G25 2465 . 3-000 20480 17000 i 23231 . 1914 - 41°45  Clear.
17,187, ; 7 : : F
i : i i i
WITYEY. : ; ; : i ! ! ! ;
The TWindrush above Witney, Dec. 6,18570 | 370 P 28730 . ‘105 033 ] 001 ' 203 | 8% . 2620 1 13; 1800 ; ;-mu; 25°00 | Turbid.
Shallow well in Wigzin's vard, opposite ' 94 1145°00 ! =527 | 250 | 210 @ 47432 [4°S80 - 43,930 22000 . 3757 ¢ 16°s3 | 5430 Slightly turbid.
Blanket Hall brewery, Dec. 9, 1870, . i ‘ . i : i . :
Deep wel in Messrs. Clinch & Cotlnp:m}"s 11003 0 710t l “142 033 | oM 308 362 27700 7500 2604t 12786 ) 3930 Clear.
brewery, Dee. 8, 1870, . ! ' } : : ; !
! | S D R, r _

Durham is supplied with water on the constant system for domestic purposes from
the river Fear and from private wells. The pumping station of the Durham Waterworks
Company is sitnated about one mile and a half above the city, and about 350,000 gallons
of water are pumped from the river daily. The water is subjected to filtration before
it leaves the works, but the operation was not being quite satisfuctorily performed when
we took our sample at the County Hotel, as the water was slightly turbid. The river
is stated to be polluted by “ hush "—the debris from the washing floors of lead works,
and by sewage from Bishop Auckland and other small towns higher up the stream;
there was, however, but small evidence of this pollution in our sample, which shosws the
water to have been on that occasion of good quality, considering its source; indeed a
comparison of the water, before and after filtration, indicates a much greater improvement
than is usually effected by that process, which is perhaps accounted for by the circum-
stance that the filters are of the unusual depth of seven feet. Although we do not
consider that water taken from a river subject to direct sewage contamination is a safe
supply for a town, yet it is greatly to be preferred to that of the shallow wells of the
city, if the well of the medical officer be, as described to us, one of the best. This water,
though clear and sparkling, is shown by our analysis to be little else but the percolations
from sewers and cesspits; 100,000 lbs. of it contain the inorganic remains of as much
excrementitions matter as is present in 62,360 lbs. of London sewage, whilst the large
proportion of chlorine, which it contains, shows that a good deal of urine mixes with it;
indeed the pump is in a back yard close to a privy and ashpit, and the waste water from
the pump trough passes down a sewer-grid close to the pump. With such arrangements,
it is impossible to prevent the surrounding earth from becoming soaked with excrementi-
tious matters, and although, in this case, the well itself is a few yards distant, under an
adjoining dining room, the soakage obviously gains free access to its water.

Sunderland.— This town is supplied with excellent water, on the constant system, from
deep wells sunk into the dolomite. The water contains but mere traces of organic matter,
and it has about the same degree of hardness as water from the limestone ; but the hardness
is permanent, and therefore not removeable by boiling or by the addition of lime. As
dolomite is a double carbonate of lime and magnesia, it was to be expected that both these
alkaline earths would be present in the water, analysis confirms this supposition and shows
that 100,000 lbs. of this water contain 8- 24 1bs. of lime, and 6 - 59 lbs. of magnesia. As
the wells are deep, the evidence of original animal contamination exhibited by the water
is of no importance.

Darlington is supplied by the Local Board of Health with filtered water on the
constant system from the river Tees. The pumping station and filter beds are at Tees
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Cottage about two miles from the towﬁ; 1,000,000 gallons, or 43 gallons per head of

popu]ation, are delivered daily, besides 500,000 gallons for trade purposes. The water
is to some extent polluted above the intake, by the sewage of Barnard Castle,~—a town of
about 4,000 inhabitants,—and by that of the houses and villages between Darlington
and Barnard Castle. To this circumstance is probably due the somewhat high propor-
tions of organic carbon and organic nitrogen revealed by our analysis. In other respects
the water is of good quality and but moderately hard. Previously to the establishment
of these works the town was supplied with water from wells ; the authorities state that
« an inexhaustible supply of excellent water has been introduced into our streets, yards,
« and houses, which has not only changed the aspect of the town, but has necessarily
« proved a source of inestimable benefit to the health and comfort to the inhabitants.”
The Board of Health will doubtless use its best endeavours to preserve this bountiful
supply from being fouled by the filth of the villages situated on the higher reaches of
the river. It is also desirable that wells like that supplying the Blackwell Pump near
the centre of the town should be closed. They are fed almost entirely by soakage from
sewers.

- Stockton.—This town is supplied with water on the constant system by the Stockton
and Middlesborough Waterworks Company. The water is obtained from the river Tees,
the pumping station being at Tees Cottage above Darlington. The source of supply is
therefore identical with that from which the Local Board of Health of Darlington obtain
water, and our remarks upon the risk of pollution to which the upper part of the Zees
is exposed, are therefore equally applicable to the water delivered at Stockton and
Middlesborough. Our analyses, in the above table, exhibit the condition of the water
at the Company’s works before and after filtration, from which it is seen that, not only
are the suspended impurities removed, but an appreciable diminution, even of the
organic matters in solution, is effected.

The water, at the time our sample was taken, was of unimpeachable quality ; it was
clear and bright and nearly as palatable as deep well or spring water. Its hardness was
moderate 12}°; but by boiling for half an hour or by the addition of quicklime in the
proportion of 7 cwts. to each 1,000,000 gallons, we find that it can be softened to 33°;
it thus becomes better adapted for washing, cleansing, and manufacturing purposes. whilst
it is at the same time rendered more palatable for drinking. The supply is twenty-four
gallons daily per head of population for domestic purposes. Some of the inhabitants of
Stockton prefer to drink the water from wells sunk upon their own premises, but these
contain the remains of much animal matter, and, if not carefully protected from surface
soakage, constitute dangerous sources of potable water. Two examples of water from
wells of this description about 90 fect deep are given in the foregoing analytical table.
The water was slightly turbid in both cases, and this circumstance together with the, for
deep well water, very high proportions of organic elements (organic carbon and orgauic
nitrogen) point unmistakably to the flow of surface drainage into the upper part of the
shafts of these wells.

Middlesborougl derives its water supply {rom the same source and the same company
as Stockton. The supply is constant, and 5,000,000 gallons are delivered to the district
daily for domestic and trade purposes. Previously to the establishment of the waterworks
in 1851, the town obtained its supply from private wells.

Kendul.—This town is partially supplied by a private company on the constant system
with water from two reservoirs fed by gathering grounds, supplemented by water pumped
from the river Kens. Our analysis shows it to be soft, and of good quality, but slichtly
turbid. The daily volume brought into the town Is suid to be about 200,000 gallons,
which gives only 16 gallons per head of population. Shallow wells are consequently
used to a considerable extent, and these, sunk as they are in' the foul soil of an ancient
town, yield a beverage of a dangerous quality. Thus the sample from the pump in the
King’s Ilead Hotel yard, the analysis of which is given in the above table, is frightfully
contaminated by soakage from neighbouring privies, piggeries, and stable yards.

Witney.—This town, situated in the basin of the Windrush, has no waterworks, but
derives its supply from wells varying in depth from 6 to 15 feet ; the water of these wells
is frightfully polluted and entirely unfit for human consumption, onc of them which we
have analytically examined is supplied chiefly from percolations from sewers and cess-
pools, and contains a large proportion of unoxidized sewage matter besides ammonia from
uwrine. There is a well 65 feet deep near to Messrs. Clinch and Co.’s brewery, sunk in
an orchard of about £ acre area, on which are grown carrots, parsnips, and potatoes.
'The ground has been broken up for two years and manured with stable dung; never-
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theless, owing to the depth of this well, the water is of very much better quality. The
Windrush at the time of our visit contained purer water than any of these wells, but the
best supply for Witney would be obtained by sinking a well at least 100 feet deep into the
oolite outside the town.

GENERAL SUMMARY.

The Condition of the Rivers Aire and Calder—which drain the principal
seat of the woollen manufacture in this country—has been already represented to Your
Majesty in the report of our predecessors. They state (Report (1867) on the Aire and
Calder, 1867 —p. xi) that these rivers and their tributaries ““are abused by passing into them
¢ hundreds of thousands of tons per annum of ashes, slag, and cinders from steam boiler
“ furnaces, iron works, and domestic fires ; by their being made the receptacles to a vast
« extent of broken pottery and worn out utensils of metal, refuse bricks from brick yards
¢ and old buildings, earth, stone and clay from quarries and excavations, road scrapings,
« street sweepings, &c.; by spent dyewoods and other solids used in the treatment of
¢ worsteds and woollens ; by hundreds of carcases of animals, as dogs, cats, pigs, &c.
« which are allowed to float on the surface of the streams or to putrify on their banks;
« and by the flowing in, to the amount of very many millions of gallons per day, of
« water poisoned, corrupted, and clogged by refuse from mines, chemical works, dyeing,
“ scouring, and fulling worsted and woollen stuffs, skin cleaning and tanning, slaughter-
« house garbage, and the sewage of towns and houses.”

The present condition of the running waters in these valleys and in other seats of the
woollen manufacture has been sufficiently indicated by the character of the samples whose
composition has been stated in the foregoing pages.

It is extremely desirable that the regulations by which river pollution may be prevented
shall be of universal application; and, in summarising these examples of the pollution
due chiefly to the woollen manufacture, we have therefore borne in mind the condition of
other valleys whose rivers are fouled by the sewage of factories and towns engaged for
the most part in other industries. A comparison of samples from the Yorkshire and
Lancashire valleys respectively shows, however, but little difference, except one of
degree, in the pollution of their river waters, notwithstanding the difference in the
predominating industries of the two districts. We learn from it, indeed, that when there
is a large area occupied by an immense population—necessarily therefore engaged in
a great variety of occupations,—the preponderance of the cotton or the woollen manu-
facture does little to impress a specific character on the condition of the river water.
When a small stream drains a particular locality engaged almost exclusively in one
industry, no doubt its water has a recognisable distinctiveness. This is seen obviously
enough in the case of the Sankey Brook which receives the drainage of the chemical works
at St. Helens ; in that of the North Esk and of the Water of Leith near Edinburgh, fouled
by the paper mills on their banks; also in that of the Dichéy Burn near Dundee, which
receives the drainage of many bleach works. In such cases, however, as the Mersey and
Ribble basins, and the Aire and Calder valleys, whose rivers and streams receive the
drainage from many hundreds of thousands of inhabitants, the characteristic liquid
refuse of a preponderating industry Is almost entirely lost, and the foulness of their
running waters, due in part to manufacturing drainage, and in part to louse sewage, is
substantially the same in Kind, depending for its degree simply upon the frequency and

opulation of the towns upon their banks., The Irwell drains an area of rather less
than 200,000 acres, occupied in 1861 by rather more than 1,000,000 people ; the Aire
and Calder drain an area of rather more than 500,000 acres, occupied in 1861 by rather
less than 1,000,000 people. Therc must be nearly the same quantity of the waste
products of Industry and of life in the one district as in the other, but considering the
great difference of the areas,—even allowing for a considerably larger rainfall in Lancashire
than in Yorkshire,—such of these waste products as are soluble in water must be laden
upon a much smaller body of river water in the former case than in the latter, and the
rivers of the one county are therefore much fouler than those of the other. Ior the
accurate illustration of a fact which might thus have been reasonably anticipated, we
have collected in one table the analyses, already discussed, of the various river waters,
polluted by the Yorkshire towns occupied chiefly in the woollen manufacture, for com-
parison with a corresponding series of analyses of the running waters of Lancashire,
polluted by the much denser population there engaged principally in the cotton
manufacture ; and a glance will show that—agreeing very nearly in the composition of

their waters, as the several rivers do at their respective sources,—they speedily come
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to differ, not indeed to a great extent in the kind, but in the intensity of the pollution GexeraL

which they exhibit. Suaary,
In the first of the following tables arc collected analytical results yiclded by samples (oo o

. . rFEm ¢ . . olnparison

izken at various points on the Adire and Calder and their affluents; the population of of the Aire

the whole district being in 1861 about 1,200 to the square mile. and Calder
with the
I. CoarositioN oF River Waters 18 THE Ame aNxp Carnper Basiw. Irwell.

(Population, 1861, about 1,200 per square mile.)
RESULTS OF ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. Suspended Matters.

i f i |

| . ; : ,
. T ir . | i
. | : | Nitro- ' Total i
Description p i Or- | Or- ‘ . . ;
Total | ganic | ganic| Am- ' gen as Com- ~ Metal Chlo- | Mine- | Or %
Solid | Car- | Nitro- | monia :Nitrates; bined lie Ar-| . 7 | = 1 Total
Matters., e en ‘i and | Nitro-' semje. | Fne- | ral | gamie.
i - BE :Nitrites.l gen. | '
! i
! ? ] ‘ !
Aire Head spring below Malham, ;15°70 *165 -007 -tm:l.E ‘017 (-025; — | *99 o i o o
Sept. 30,1869. ; ;

]

Bradford Beck below town and sewer | 75°

4-024 § 392
outfall, 3 p.m., Oct. 5, 1869. :

The Aire at Kirkstall Bridge above | 24°5 749 . 082 ;! -068 : 119 257 | trace | 1-%7 34, 22! .56
Leeds, Sept. 28, 1869, ! B ! i I ; )
The Aire, a quarter of a mile below | 37-5 1-850 ;@ +127 . <611, 324 954§ -010 | 3-20: 2-78 ! 362! 5°40

the Leeds sewer outfall, Sept. 28, i
1869. ; s | :
The Aire 100 yards above junction with | 27-60 i -822 ¢ -105 { *131 . *075 ; *288 § trace | 1°81: 1°84 1| 1°461 330
the Calder, Sept. 29, 1869. ; % ‘ !
Mixed sample of three of the | 7'61 -060 °Oll;-003 027 '021 — 1113: o
branches of the Calder above ’ i :
Todmorden, Jan. 26, 1871. : } ? i
The Calder below Todmorden sewer | 15-10 § <192 , 056 | -095 | 094 | -228 0 1-49 !
outfall, Oct. 2, 1869. ! : :

2-99 *910 3-90

The Hebble below llalifax, Sept. 24, | 57-60 2472  -6GJ3 & 064 0 686 | -004 | 4°30 | 9-36 | 13-25 | 22-G4
1869. ; ‘
The Colne at Dradley Mills DBridge | 16°25 11-227 E 186 | 1083 ¢ O *3576 ‘008 | 1°94 — —_ —_

below Huddersfield, Sept. 23, 1869,

The Culder above Wakefield, Sept. 29, | 17°10 | -424 i 007 | +0SS | -166 | *335 i trace | 1-73 | 4°39 | 2:31 | G'70
1869,
Ditto below Wakefield, Sept, 29, 1860 - | 19-80 | +530 | <030 { <086 | -134 | "255 | -00S {2:30 | 3-00 | 2702 | 502

Ditto 100 yards above junetion with the ©19-50 | 480 | 044 ¢ 082 | 130 +242 0 2-31 | 1-94 “61 | 2-55
Arre, Sept. 29, 1869,
The Aire just below Castleford, Sept. | 25-40 | *661 | *091 | =12
17, 1869.

ot
=]
.
—
-]
-

trace | 2+27 290 150 440

With the above we compare a series of samples taken in the frwell basin where the
population was (in 1861) about 3,200 per square mile :—
II. Cowpositiox oF River Waters v THE IrweLL Basiv.
(Population, 1861, about 3,200 per square mile.)
RESULTS of ANALYSIS expressed in Parts per 100,000,

The Medlock in Manchester just before | 55-00 {1-798 | *596 '1-388 0 1°739 1 -004 i 9-11 | 10-93; 6°53 | 17-46

its junction with the friwell. Mean |

: ; i i t
Total * . Or. Nitro- l Totai : :  Suspended Matters.
Description \.Isuut]tlc(ts ganie  ganie | Am- :\F!':::-adtﬁ?ni g:::::lc:i l?éeixi-‘ Chlo- -
I : P Car- . Nitro- | monia. 't s . rine.
inSolu- o T and | Nitro- senic. \lineral Or- Total
tion. | TieETE Nitrites. gen. : ' ; I ganie, otal
o | |
The Irwel near its source, June | 7°80 | 187 i -025, *002| "02Y | ‘0&9 | — 115, © (4] o
12, 1869. : |
The Iricell above Bury, June 24, 1868 | 39-02 1-083 E *059 | -394 0 ! ‘383 | — 432 — — —
i ‘ ~
The Roch Delow Rochdale and nbove | 43-30 4+518 | =288 | 512 | <250 | *940 | — 4-537 ¢ 2-82 | 3-18 | 6-00
Bury, June 24, 1868. 1 2 i i
The Croal below Bolton, June 22,1868 | 69-20 | 842, — ‘ *972 | 1-368 : — — j10°08{ 8-20| 2921} 11'12
|
|
|
|

of summer and winter samples. ; .
The Irk just before junction with the | 59°5 j1-8§22 | <309 1-004 | 0 1-136 | -016, 9-83 | 4-85; 4-95 . 9°8

Irwwell. ” Mean of summer and winter ‘

samples. : .
The Cornbrook just before its junction {10949 [$-169 | +313 : -8§7 | 024 '1°068 | ~012 | 25-73 ; 23-39 | 19-37 | 4276

with the Jfrwell. Mean of summer :

and winter samples.
The Irwell below Manchester, June 17, | 50-75 |[1-892 1 «364 | -371 ¢ 1 +746 | *022f 8731 2:10 | 2:06! 4°16
1868. MMlean of four =amples. i : i

-
-1

A comparison of the river waters in these two basins might be made by taking the
average of the eleven samples named in the first table, and contrasting it with the average
of the thirteen samples referred to in the second ; but in order to the accurate use of each

26534, H
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sample in any such comparison it would be necessary to multiply the composition of each -

into the volume of the river at the point where it was taken before the average was
struck, and for such a calculation we do not possess the data. The lesson, however,
which would thus be given as to the effect of a large manufacturing population upon
the running waters of an extensive district is taught by a comparison, more easily made
and less open to objection, of the samples taken below Leeds, Manchester, and Bradford
where the river represents the drainage of 342, 311, and 14 square miles respectively—
occupied, the first by about 1,400, the second by about 3,200, and the third by about
10,000 inhabitants per square mile.

CoMPariSON OF Rivirs 1N DISTRICTS OF VARYING DENSITY oF POPULATION.

RESULTS of ANALYSIS expressed in Parts per 100,000.

Dissolved Matters. 1 Suspended Matters,
] H ! ' . ; I
T ‘ i | Nitro- © Total ‘
Description. Total - gxri-c : rrgrf;c Am. | genas Com- | Metal- ) Mine- . O
Solid ng:r-  Ritro- -n:onin ' Nitrates' bined ' lie Ar-- il il i __"]'L' P YT Toral
Matters.  (© e, " and  Nitro- | senie, = 0¢ ¢ T game .
; L ! Nitrites. gen. | ; i
Aire below Leeds— Population | 375 1-350 +127 611 *324 *954 010 | 3-2 2781 2:62 | 5-40
1,400 per square mile.
Jrwell below Manchester—Popu- | 50+75 | 1892 +2614 | -371 <177 *746 022 8-73| 2+1 206 | 4-16
lation 3,200 per square mile.
Bradford Beck Lelow Bradford— | 75°5 4024 *392 | 1220 0 1-397 ‘002 545 | 1595 { 36+05 | 52-00
Population 10,000 per square
mile.

It must be observed, in order that the full signification of these figures may appear,
that in addition to the ordinary drainage water of about fourteen square miles which flows
out below Bradford, the water supply of that town, brought from other valleys, amounting
to several millions of gallons daily, comes in to dilute the pollution of the beck. The
same disturbance no doubt also obtains in the case of the frwell below Manchkester, into
which the water supply of that city brought from the Etierow basin is discharged, but
the volume of the river is here relatively very much larger. The comparatively small
quantity of solid matter in suspension in the water below Leeds and Manchester is
owing to the weirs which in both towns make the river bed in many places a large subsi-
dence pond above the points where our samples were taken.

This comparison shows that the proportion of polluting constituents in solution, represented
by organic carbon and organic mtrogen, angments with the density of population. The
rate of augmentation of polluting matter is indeed not identical with the rate of increase
of density of population, owing doubtless to the disturbing causes which affected the
relative volumes of water, per acre of gathering ground, flowing in the different rivers at
the time our samples were taken; and their comparison instituted in this table must,
therefore, be taken as only rcughly illustrating the dependence of the intensity of the
pollution of rivers upon the density of the population in their basins. Wherever indeed a
large area is occupied by a closely packed industrial population,—the foulness of the
stream, due equally in their several proportions to mansions, cottages, and mills, is
dependent ultimately on tbe density of the population located on its banks; the
preponderance of either the cotton or the woollen manufacture doing little to impress any
specific or distinctive character on its condition. Nevertheless, the large amount of
arseniate of soda used in the calico printing industry announces itself in the much higher
proportion of metallic arsenic present in the Zrwell ; and the use of enormous quant?ties
of chloride of lime in the bleaching of cotton fabrics, whilst none is used in the bleaching
of woollen goods, makes itself strikingly felt in the column headed chlorine in the
above table, from which it is seen that the proportion of this element in the Lancashire
river is far greater than that in the Yorkshire streams. .

In the following table, analytical results are collected yielded by river waters in
other parts of England, which are also polluted chiefly by populations engaged in the
woollen manufacture; and, although in these cases we have not the exact figures
representing definite areas occupied by known numbers, yet the same general tCI"uth,
illustrated by the above comparison of the Aire, the Irwell, and the Bradford Beck, is
obvious in the much smaller degrees of pollution observable in the rivers and streams
of the sparsely populated counties, Gloucestershire, Somerset and Wiltshire, Montgomery-
sYhu'c;, h\_-".’orcestershire, Oxfordshire, and Westmoreland, when compared with those of

orkshire. '
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WOOLLEN MANUFACTURES AND PROCESSES CONNECTED “THEREWITH.

Conrosrrion ofF River Warter roLrLutep sy THE WOOLLEN MANUFACTORIES. Part IL
: . . GENERAL
RESULTS OF ANALYSIS expressed in Parts per 100,000. QUAMATARY.
| Effect of
Dissolved Matters, Suspended Matters. ect o
density of
- population
wipti . Nitro- | Total on Tivers.
Deseription. g‘({))ltl:(lll Bll;ic Or.. gen as | Com- Metal-| Lo
g ganie | Am- fed o1 e Ap.| Chio- | Mine- | Or- 1
Mat- | Car- | Nitro- | monia.|" raes| (el (HC2T% pine - | Total.
a itro- | momia.[ ™, 2w rine. | ral. | ganic,
ters. | bon. | gen an itro- | senie.
o - '\V -
Ntntes.| gen.
GLOUCESTERSIIRE.
The Frome above the highest mill |27-50) 062 °009 o -298 | 307 0o |1:05 o o o
in the Chalford valley, Mar. 18,
1870. - : ] )
The Frome above Stroud and helow | 30-30 | -202 | +031 § -005 273 { -308 o 125} 2:32 -631 2-95
Frampton Mill, Mar. 17, 1870. )
The Frome, just above junction with the | 29-30 | -239 | 033 } -010 | *359 j *400 o {150 -84 .46 | 1-30
Avon, Mar. 17, 1870. ] )
The Aron, just above its junction with | 29-24 ! -188 | 021 } -015 | °*281 | -314 ] -003 | 1-35 .35 0 .35
the Frome, Mar. 17, 1870, . )
The Frome, at Ebley, just below junc- | 26-44 | <165 | -022 | 013 | °317 | *350 o | 1-40 oy a9 | 1-06
tion with the Aeon, Mar. 17, 1870,
The Frome, at Eastington and below | 30 26 | +157 | -023 | +013 | *293 | 327 0 1 1-46 ‘53 10 63
Aeadow Mill (the Jast mill), Mar, 17,
1870.
SoMERSET AXD WILTS.
The Prome above the town of |17-46|*326)|-025|-00%| 022 | +070 o |2-85| trace | trace | trace
Frome and above Woodland's
mill, Mar. 10, 1870. _
Ditto below Fromeand Spring Garden’s | 26°10 411 | +04G6 | -005 1 +191 | -241 o |1-88 G ‘4 -90
mill, Mar. 10, 1870.
The Biss, below Trowbridge, Mar. 11, | 39°10 | 592 | -074 § 075 108 | +244 o los0| 130 | 1-44| 2+74
1870. -
The Avon, sbove Bradford, Mar. 11, | 35:06 | *357 | 057 | -008 «987 | -a351 o | 200 .41 0 41
1870.
Dito  below Bradford, Mar. 11, 1 35-20 | -340 | =071 | -008 +306 | -384 o |1-95 -56 0 56
FR70,
Ditio above Bath and Bath Easton, | 34°80 | *235 | -029 | +004 397 | +359 o | 1-90 0 0 0
Mar. 12, 1870. . . )
Ditto  helow Bath, at saspension bridge, | 35°06 as9 | -041 | <028 -313 | +377 1 trace | 1-90 | traces | traces | traces
Mar. 12, 1870.
(XFORDSHIRE.
The Windrush above Witney and |28-30| *105 | *033 | ‘001 293 |-327 020 1'13 traces|traces|traces
Wew Mill, Dec. 9, 1870. .
The Windrush, about $ mile below Wit- | 28824t =123 | 033 | -003 304 | +339 ] -040 | 1°10 | traces | traces | traces
ney, Dee, 9, 1870
MoXTGOMERYSHIRE.
The Severn above Milford mill | 660 | *123: 016 °003| -010|-028 | — 3-35 | trace | trace | trace
and Newtown, April 27, 18:]0.
The Sevcrn, below Newtown, April 27, | 6:02 | *120 .o1s | 001} 010 -020 | — |1-38| tmee | trace | trace
1870,
TWORCESTERSHIRE. i
The Stour above Cookley, April |42-8% -253‘? .039!:012| -352|-203| — le6'85| -32 o .34
ZB' 1870. . . t
The Stour, below Kiddermmster, April | 40-00 {1-224 } +179 | <016 | -182%| -374* — | 6°32| 1-28 521 1-80
28, 1870, |
|
TWESTMORELAND.
The Kent above Kendal, Mar. 17, | 6°48 | ‘149 .°020} 0 052 | ‘062 — 90 o o 0
1871.
The Kent below Kendal, Mar, 17, 1871 7:56 | 217, -036 - 001 gss | -095 | — a0 | trace | trace | trace

* For an explanation of this rednction of the nitrogen in nitrates, and of the total combined nitrogen, see p. 25.

That the smaller intensity of pollution of the Yorkshire rivers, and the comparative
of the rivers and streams in other seats of the woollen manufacture in Ingland,

purity

when these are contrasted with the rivers of Lancashire, is not due to any comparative
cleanness of the woollen manufacture—any greater foulness of the drainage from the
cotton manuficture—is plain from an examination of the various refuse liquids from a
On the contrary, the former drainage waters are, as

number of individual factories.

micht have been expected on the whole, fouler than any we have taken from cotton mills
which deal with an originally much cleaner raw material. The following list of analyses
of waste waters from the scouring, dyeing, and washing processes of the woollen manu-
facture contains many examples of a filthier refuse, than any recorded in our report on
the pollutions to which the filthy condition of the rivers in the Mersey and Ribble basins

1s due.
I 2
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CoMPARISON OF DRAINAGE WATERS FROM WOOLLEN anp Cortron MIiLLs.

RESULTS OF ANALYSIS expressed in Parts per 100,000,

Dissolved Matters, Suspended Matters,

—

E Nitro- | Total

Description. Total 'Ormanic C
2 Organici egooiCl Am- | BER 88 | MOMS inperalliey Chlo- |yfe Or-
. Solid \Casbon.! Nitro- monia. Nitrates; bined Arsemic| rine. Mineral. gamic. Total.

Alatters.| gen. and | Nitro-
% i I Nitrites.]| gen.

WooLLex MILLs,

Drainage from Messrs. Holdroyd | 24°80p 2°610; 262 | <208 *144 *5771 002 1-82 | 3'6G4 9-16; 12°80

and Son’s woollen mill, Batley,
Sept. 21, 1869.

Drainage from Messrs. Crowther's | 29-70; 2-469) <216 | -356
scouring and washing mills,
Hunddersfield, Sept. 23, 1869.

Drainage from Shepley New Mill, | 112-3 § 22-455| 4+143 110°350 0 12°664 O 12-75 | 3540 | 188-30) 22370
Huddersfield, Sept. 22, 1869.

Waste woollen dye liguor from | 204-7 } 43207 2-719 | 2:340 0 4+646] O 144 1-80 | 25+28 27-08
Bradley Mill, Huddersfield. i

Drainage from Mr. Charles Early’s | 678+00120°710{19-508 | 540 0 20-282| -004 | 356 | 60-40 | 314°20; 37460
blanketmill, Witney,Dec.9,1870.

Waste liquid from woollen dye- | 107-60; 48:969) 3-321 | +492 | 0 [ 3:726] — | 360 | 2408 | 77-92] 102+00
vats. i .

Waste liguor from wool scouring ;1009-40,132-480] 9-880 54-610 0 54:850] traces | — /87095 (2611465348260
and washing, Messrs, Kelsall and
Eemp,woollen factory, Rochdale.

Waste lignor. from woollen rag | 32°80; 1-364; -114 | -180 0 *262] 0 1490 | 11-92 | 17-00. 2892
washing engines in Messrs. Grist,
Brothers’, shoddy mill at Brims-
combe, near Stroud, March 18,
1870.

Water from wool washing and | 29°62) 189 053 | -0I1 | 344 *406; 002 | 1-30 *78 881 1-60
dyeing at Messrs. A, Smith and
Co.’s dyeworks, Dudbridge,
March 17, 1870. .

From Messts. Crossley and CoJs | 366+0 | 23°264; 3-267 | 4-812 0 7230 <028 | 25-20 — — —
carpet works, Halifax, Sept. 25,
1869.

From Sir Titus Salt, Bart, Sons, | 662:0 | 81+359 8+825 | 3-655 *011 | 11°846] -016 5 17°00 | B8°95 | 145-55, 154-50
and Co.’s works at Saltaire, Oct.
5, 1869. |

Waste liquor discharged into Secern |1248°0 1446-353 91185 ;80-012 O 157077 0 160°0 :346°00 '1733-40'2079°40
from flannel washing at the Cam- |
brian Flapoel Co.’smill, A pril 27, _
1870. i

Liquor entering the Avon from | 3077 | 23-509,10°810 [15-475 0 23-554| 080 ' 21-40 48 568 616
grease extracting process at |
Messrs. W. Playne and Co.'s l
woollen mill, Mar. 17, 1870. |

Discharge from Messrs. Thompson | 100-2 | 20-934! 1-247 =360 0 1543 0 % a.g 3-

i
1

0 *509) 004 | 1-76 | 34-76 | 35-84] 70-60

W
-1
(=21
—t
[}
=)

and Le Gros' erape and silk
mill, Frome, March 10, 1870,
Waste Jiquor from Messrs, Webb
and Co.s wocllen, dyeing, and
scouring mill, mixed with town
sewgre (Mareh 11, 1870). i
Average of fifteen samples - |337-00 64'78310-38411°627] 021 '20-015| -011 |21-92 1023937245 47484

]

r j

h
[ 8]
2]

1-872: -211 *900 '115 1-067) -002° 7-48 ) 31-2 418 73-0

Corrox MiLLs.

Polluted water from cotton | 50°'2 &-226| *299 | 125 (1] ‘399 | ‘034 486 | 7°'02 |18°97 2599
dye, print, and bleach -
works. Average of five
samples. : |

Remedies.—In so far as the polluted condition of the rivers and streams in York-
shire, or in any other district of the woollen manufacture is due to the admixture of town
sewage, a perfectly trustworthy remedy for it exists, and onc which is, in general, easily
adopted. In our Report (1870) on the Mersey and Ribble basins (Vol. 1., pp- 70-95),
the efficiency of irrigation for the abatement of the nuisance created hy town sewage was
amply illustrated and explained. °

By many examples, carefully investigated, it was shown that when the drainace water
of a house or town is evenly spread over a suflicient surfice of land, and tfhere,, as
well as within the soil beneath that surface, exposed to the cleansing influence of the
carth, and subjected to the oxidising effect of the air,—undergoing at the same time an
actual consumption of its foul but fertilising ingredients by the roots of growing plants,—
this filthy water becomes so far cleansed and purified as to be no longer a polluti,ng
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liquid. T he condition of the effluent drainage from land thus treated is indeed perfectly
satisfactory, being superior to those standards of purity below which we have proposed
that no liquid shall be deemed admissible into running waters.

It is the great advaniage of the irrigation remedy for this class of river pollutions that
their filth is not merely destroyed but converted into wholesome food. Valuable market-
able products are obtained, and thus the expense of the process may be recovered.

We have also pointed out, for the benefit of those places where the expense of this
process might be excessive, owing either to the cost of land, or the cost of taking the
sewage to 1t, that another remedy exists,—from which however there are no returns.
In this alternative method, one of the agencies to which the efficiency of the land
remedy is due, is so organised and perfected, that in place of acres of deep soil and
subsoil being required, a comparatively small bulk of earth is found to be sufficient.
The oxidising effect of mixture with the air upon and beneath the surface of a farm
may thus be realised within a comparatively small quantity of properly worked filtering
material. And whereas 100 acres or more might be needed to cleanse, certainly to
profitably utilise, the drainage of a town of 10,000 people by means of irrigation, 1t
would need but three acres of a porous medium six feet deep, worked as an intermittent
filter, to oxidise and therefore purify the drainage water of such a town, provided the
mass of earth through which it percolated were frequently and effectually aerated, and
the foul liquid were so added that every part of this aerated filter had its equal share
and equal interval of aeration. The laboratory experiments, on which we build our con-
fidence in filtration thus conducted for cleansing sewage, may be considered conclusive
as to the satisfactory and permanent efficacy of the remedy thus provided ; and although
it is by no means certain that such an apparatus, on the scale needed for a large
town, would not itself be a formidable nuisance, yet there is every reason to believe
that the water running from it would be sweet and clean; and the previous treatment
of the sewage, by some precipitant of its suspended matters, would, as pointed out
in the Report (1870) on the Mersey and Ribble basins (Vol. L., p. 128), tend to obviate
this Jiability to nuisance, whilst it would probably reduce by one half the size of the filter
necessary for cleansing a given volume of sewage.

This alternative method of dealing with the sewage difficulty may therefore be adopted
with advantage by towns in steep and narrow valleys where a sufficient area of land
for irrigation eannot be obtained below the sewer outtall, and where the cost of pumping
on to higher lands would be excessive. Such a case exists at Halifax, which is now
under an injunction to abate the nuisance occasioned by its filthy drainage water. We
gather from a report to the Corporation of Halifax, by Messrs. Lawson and Mansergh,
Civil Engineers,* that neither the uplands (300 or 400 feet above the sewer outfall) nor
the lower lands (required by the towns and villages to which they more properly belong)
being available for mrigation, they have recommended this process of intermittent filtra-
tion, after a preliminary precipitation of suspended matters, as the only hopeful plan of
abating the nuisance—all known methods of precipitation for dealing with the soluble
polluting ingredients of sewage water having failed. It is indeed suggested by Messrs.
Lawson and Mansergh, that it may be ultimately necessary for Halifax and the other
large towns situated in the Aire and Calder basins to combine for * the entire inter-
“ ception of the sewage from the whole of the towns and villages in this part of York-
“ shire by means of conduits or sewers which shall convey it entirely away and utilise
“ it on many thousands of acres of land which are to be found admirably adapted for
“ the purpose in the neighbourhood of Thorne.” Unless, however, this scheme were
supplemented by an immense system of uplaud storage reservoirs, in which to collect
heavy rainfalls for the supply of the rivers and streams during summer time and drought,
such an interception of all sewage would result, not merely in cleansing the river
channels, but in seriously diminishing the volume of their dry weather flow.

It is moreover against the probability of such a scheme ever being voluntarily adopted,
that the great town of Leeds, which of itself, as we have shown, doubles the pollution
of the Aire, and, like Halifax, is under injunction to abate the nuisance it creates, which
moreover is situated the ncarest of all the great towns in these valleys to the proposed
area for sewage Irrigation near Thorne,—Dbeing, indeed, within thirteen miles of suitable
land on which its sewage could be delivered by gravitation,—has yet, after due con-
sideration, preferred a smaller expenditure, on what, as we have shown in our second
Report—on the *“ A.B.C.” method of treating sewage,—is a hopeless experiment in

* Report to the Corporation of the borough of ITalifax on the best mode of disposing of the sewage of the
borougl, by Messrs. Lawson and Mansergh, civil engineers.  Printed by order of the Corporation, 1870.
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precipitation; to the cost: of irrigation works which, while -certain of success, would at

the same time have been hopeful of a profitable return.

There remain for consideration the remedies proper for the nuisance created by
the refuse from manufactories. The Aire and Calder and their affluents are, as our
predecessors reported, poisoned, clogged, corrupted by refuse from various manufactories
and mines. The remedy for the ¢ clogged” condition of the river channel is obvious
enough : —* The casting of any solid matters of whatever kind into rivers and running
¢ waters, or the placing of sohd refuse in such positions on the banks of rivers as to
« render it liable to be washed away by floods, should be absolutely prohibited under
« adequate penalties.” See Report (1870) on the Ribble and Mersey basins, (Vol. I,

. 136. '
P_ The )remedies for the pollutions due to the drainage from calico-print, dye and bleach
works, from chemical works, and from tanneries, have been fully described in our former
report and in the reports of our predecessors.

In discussing the river pollution due to woollen works, that which is caused by the
waste liquor from scouring and dye vats should be considered apart from that which is

roduced in wool, yarn, and piece washing. The former, connected with which most
difficulty exists, does not according to our analyses contain anything likely to injure
plants when poured into a sufficiently large body of otherwise fertilising drainage water
and there is no reason, therefore, why it should not be discharged into the sewers of a
town, where the town sewage is cleansed by irrigation before being passed into the river.
When, however, no such exit for these waste dye liquors exists, it will be necessary to
cleanse them before allowing them to escape. The experiments recorded in the pre-
ceding pages show that at a certain rate, probably three gallons daily for every cubic
yard. of filter, the blackest waste dye liquor may be cleansed and purified by intermittent
filtration. -This would indicate a filtering bed about 40 feet square and 6 feet deep for
the purification of every 1,000 gallons of such iiquor flowing daily {from a factory, and
this is. but a small portion of the daily waste of this kind from many a mill or dyeworks
in the Aire and Calder valley. (See Volume II., section 2.) But as it is only the waste
vat liquor which requires careful treatment of this kind, the quantities to be treated
would be enormously below those stated, in some of the returns referred to, as being
discharged. ' ' S

The much weaker washing waters of the dyed goods might be poured into the
general mill sewer, and used in nrrigation; or if the dyed and scoured goods were
passed through squeezing rollers before washing—an operation attended with but trifling
trouble or expense—the washing water might be passed direct into the river coursc
without infringing the proposed standards of purity. The more strongly polluting
liquors could be considerably reduced in bulk by utilising the waste heat of furnaces
in their evaporation ; or if filtration be depended upon, they could be improved for the
application of that remedy by chemical treatment (see Report on dAire and Cealder,
Pp- xxiv, xxv), so that the filter would deal effectually with a much larger quantity per
cubic yard than is indicated by our experiments, in which an extremely black and foul
liquor was used. | ' ‘

.As regards all the other drainage liquors from a woollen factory, they are cither
admissible directly into runping waters owing to the extreme dilution of any filthy
ingredients they contain, or they possess an agricultural value and might be used npon
the land. It 1s hardly necessary to add that when the manufacturer has to depend
upon a filter for cleansing his waste liquors, he will take care to keep his fouler liquids
separate and undiluted ; whereas if he be able to use his drainage water in irrigation, he
will throw all his waste liquors into the common sewer, using his diluter draimage as a
carrier for the filthier stuff, so as to distribute the whole over a sufficient area of land.
Some of the waste liquors whose composition is given on pages 30 and 50, arc many
times stronger m fertilising power than ordinary London sewage. Liquids containing in
every 100,000 parts from 20 to 150 parts of combined nitrogen, as some of the waste
liquors of wool, flannel, and blanket scouring do, are extremely valuable as mavure; and
the analyses given on pages 31 and 32 of the eflluent waters, from such imperfect
irrigation works as we have seen in Yorkshire, in connexion with mill drainage, prove
that the agricultural remedy is probably as eflicient against nuisances of this kind, as it
is in the case of town sewage. : | ’

With regard to the washing of yarns and scoured or dyed wool in open strecams,
belicving that its prohibition would seriously interfere with the success of dyeing
operations, especially where bright colours are used, we are of opinion that this practice
ought, in any legislative enactment, to be permitted, on condition that the dyc or
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scouring liquor is removed from the goods as far as possible by passage through squeezing Parr 1L
rollers or otherwise before the washing operation 1is commen_ced. If this precaution be GENERAI:
taken bond fide, no perceptible pollutiop of the stream will take place. It will be Sum_LiR"
necessary, however, to restrict this permission 1'igorous]y' {o textﬂc_a fabries and t!le raw Water
materials from which they are made, and not to allow of its extension to such things as Supply.
raw or tanned hides, or even to the raw materials from which paper is made.

It is satisfactory to find among the large mass of gvidence c.:olleci:,ed i the volume
accompanying this Repost (Vol. 11., Section 2.), many instavces in which manufucturcrs
who have supplied us with the statistics of their operations have borne testimony to the
possibility of applying a remedy to the filthy condition of their rivers and streams. In

articular we direct attention to the evidence of the following firms :—Messrs. Henderson
and Co., carpet manufacturers of Durham, on the river Weur ; Messrs. Dewhurst and
Sons, cotton and worsted spinmers, at Skipton; Mr. T. B. Laycock, (woolcomber,
spinner, and weaver), near Keighley, and Messrs. Ives and Tennant (flax spinuers) of
Leeds, on the dire; Messrs. Joseph Smithson and Co. (fancy dress stuff manufacturers),
Halifax ; Messrs. Colbeck Brothers (woollen cloth manufacturers), Batley; Messrs.
Cook, Son, and Wormald (blanket manufacturers), Dewsbury ; and the Yorkshire Fibre
Company (China grass manufacturers), Wakefield, on the C’alclei",- Messrs. Stanton and
Sons (woollen cloth manufacturers), Stroud, on the Gloucestershire Frome ; and Mr. J.’
Thomas Clark (woollen manufacturer), Trowbridge, on the Biss, an affluent of the.
Somersetshire dvon. Messis. P. and 8. Taylor (woollen manufacturers), Bogor’s mill,
Stainland, on an affluent of the Calder, give the following testimony to the possibility of
cleaning the waste liquors of the dye house :—*“ We are of opinion that 90 per cent. of
« the liquid refuse from manufactories and mills could be kept out of rivers and streams,
¢ which is now sent into them, if depositing tanks and filters were adopted. . . . . .
¢ If our dyehouse were in operation we ._should be able to comply with the standards
* of purity stated in the report of the Rivers Pollution Commission on the Mersey and
¢ Rilble Basins, and we are of opinion that everybody could bring all their liquid refuse
¢ within that standard of purity before turning it into rivers and streams.” Messrs.
Houldsworth and Co., employing 3,000 hands in the woollen manufacture, at Shaw Bridge
mills, Halifax, say :— We suggest as the best means of avoiding river pollution for the
« future, that all solid and liquid refuse from manufactories, mills, and works, should be
“ kept out of rivers and streams as far as practlcable,.——f,hat the turning in of this
« pollution be made penal, and that the offenders on conviction be fined.”

L T T

The Water Supply of the larger towns in the woollen districts is generally
abundant and of good quality, whilst in smaller towns and villages it is not unfrequently
very insufficient in quantity and grqatly pollutfsd with, excrementitious Impurities. The
importance of pure and soft water in many of the operations of the woollen trade, has
assisted in enforcing the claims of the populations, on sanitary grounds, for an unpoliuted
beverage, claims which, without such support, are often ignored. There are only two
safe sources of water for the supply of towns and for domestic purposes; these are,—
1st, the unpolluted hea('i waters.o.f rivers ; and ?nd, the waters of deep-seated springs and
decp wells. As the chief condition 9f' danger In potable water is excremental pollution,
the safety of the first source is suiﬁm_ently obvious. The water derived from the second
source has, however, usually been originally more or less contaminated, but its wholesome-
ness is guaranteed by the very perfect filtration through great thicknesses of rock, to
which it has been subjected before it gushes from the spring or 1s drawn.from the well.
It has in fact undergone what may be appropriately te_rmed an exhaustlve_ process of
intermittent filtration. We have repeatedly had occasion to recommend intermittent
filtration through a few feet of porous soil, as one of the best methods of transforming
foul and offensive liquids, whether sewage or manufacturing refuse,“mto unpolluting
liquids; and if the few feet .be multiph'ed by 100; and the porous soil be replaced by
moderately compact rock, this process is competent to transform the pollute‘d “water,
whichh sinks into the soil of cultivated fields and manured pastures, into a bright and
sparkling beverage almost abso_lutely :md‘sometlmes quite free fron} organic matter, qnd
containing suspended matters in such minute proportion as to require for their detection
the most refined methods of physical research. )

Waters from the first source are generally preferred_f'or manufacturing purposes, on
account of the extreme softness which always characterizes them when they are derived
from non-calcareous gathering grounds, but they ought always to be filtered before use
for domestic purposes. Those from the second source are usu’ally more _palatable as
beverages, owing to their complete, or almost complete, freedom from organic matter, a
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comparatively small proportion of which communicates to the water a more or less
pronounced bitter taste. This general superiority of deep well and deep seated spring
water as a beverage, renders it very desirable that it sh(_)uld also be rendered suitable for
manuficturing operations.  The only obstacle to this is the very frequent hardness of
such water, an obstacle which can however }Je readily removed, in a great majority of
cases, by the addition of lime to the water, 1 the manner we have already described.
Such artificially softened spring water 1s even better adapted for th_c purposes of .the
dyer and calico printer than nmuch of the naturall_y soft water of rivers, because it is
absolutely free from that yellow colouring matter which generally distinguishes soft river
water, and which often perceptibly impairs the brilliancy of goods dyed with fancy colours,

The use for domestic purposes of river water to which sewage (even after deodorization
or employment in irrigation) gains access, find of_' that pumped from. shallow wells in
populous districts, ought to be carefully avoided, since the analyses which we have made
of very numerous samples of water from spch sources, In various loqal}tles, have rarely
failed to reveal in it the presence of organic matter of disgusting origin ; and we have
proved in our First Report (1870) that no Eossible length of flow in any British river affords
any guarantee that such sewage or organic matters have been oxidized and destroyed.
If it be admitted that it is disgusting and dangerous for man to drink water containing
his own excremental discharges, it Is our deliberate opinion that all water which is
intended for domestic purposes should be intercepted either by reservoirs, conduits, or
deep wells, before it reaches the beds of sewage-contaminated rivers.

CONCLUSIONS.

We have now given a detailed description of the condition of the rivers and streams
in the Aire and Cualder basins, and of the pollutions, due principally to the woollen
manufactures, there and, in a less aggravated degree, elsewhere. We have also con-
sidered the remedies of which river pollution arising from these and other causes is
susceptible. It remains that we now humbly submit to Your Majesty the conclusions at
which we have arrived, after a careful review of the whole subject.

In thus bringing our Report to a close we are able to state that it has had, virtually
throughout the whole of it, the co-operation and approval of our late colleague, Sir
William Denison; and although it must unhappily be presented to Your Majesty without
the additional weight which his signature would have given to it, yet its whole subject-
matter, and the results to which our investigations and inquiries led us, having been
thoroughly discussed with him, we claim for it his co-authorship, and submit it as the
Report of all the members of the Commission, notwithstanding his lamented death before
the entire completion of it.

At the close of our Report on the Mersey and Ribble basins (Vol. 1., p. 130), having
then in view only the chief sources of pollution in those valleys, we proposed certain
definitions of liquids which should be declared inadmissible into any stream. e have
since carefully compared these suggested standards of purity with our analyses of the
cffluent waters from the various remedial processes, including irrigation and filtration, to
which, in examples known to us, liquid refuse from woollen factories has been subjected.
In every instance a cerfain amount of amelioration had been obtained, and in those
cases where the remedy was obviously imperfect, it had been very roughly carried out.
In several examples, both of filtration and of irrigation, the results were satisfactory ;
and, judging from these as well as from our laboratory experiments on intermittent
filtration, we cannot doubt that whenever sufficient care is taken, all the waste liquids
from woollen factories may, without difficulty, be thus cleansed, so that they shall not
transgress our proposed standards of purity. Where these remedies cannot be adopted,
the foul liquids may be got rid of by evaporation.

After _this further investigation, therefore, of the pollutions due to the woollen manu-
facture, we repeat the suggestions made after an examination of those arising from town
sewage and from the cotton and alkali manufactures (Report, 1870, on the Mersey and
Ribble basins, Vol. L, p. 130), that the following liquids be deemed polluting and
inadmissible into any stream :— :

| (1.) Any liquid containing, in suspension, more than 3 parts by weight of
‘ dry mineral matter, or 1 part by weight of dry organic matter in 100,000 parts
by weight of the liquid,
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(5.) Any liquid containing, in solution, more than 2 parts by weight of organic
carbon, or *3 part by weight of organic nitrogen, in 100,000 parts by weight.

(c.) Any liquid which shall exhibit by daylight a distinct colour when a
stratum of it one inch deep is placed in a white porcelain or earthenware vessel.

(d.) Any liquid which contains, in solution, in 100,000 parts by weight, more
than two parts by weight of any metal except calcium, magnesium, potassium,
and sodium.

(e.) Any liquid which, in 100,000 parts by weight, contains, whether in solu-
tion or suspemsion, in chemical combination or otherwise, more than -05 part
by weight of metallic arsenic.

j (£) Any liquid which, after acidification with sulphuric acid, contains, in
100,000 parts by weight, more than 1 part by weight of free chlorine.

(g.) Any liquid which contains, in 100,000 parts by weight, more than 1 part
by weight of sulphur, in the condition either of sulphuretted hydrogen or of
a soluble sulphuret.

(k.) Any liquid possessing an acidity greater than that which is produced by
adding 2 parts by weight of real muriatic acid to 1,000 parts by weight of
distilled water.

(i.) Any liquid possessing an alkalinity greater than that produced by adding
1 part by weight of dry caustic soda to 1,000 parts by weight of distilled water.

The enforcement of these standards of purity would, as we have repeatedly stated,
inflict no serious injury upon industrial processes and manufactures, nor would the reme-
dies required involve any risk to the public health; nevertheless there is, in the case of
town sewage, a condition of things which ought, in our humble opinion, to be taken into
careful consideration in the framing of a legislative enactment, The condition to which
we allude is that caused by excessive rainfall, or “ storm water,” as it is technically
called. To provide for the exceptional occasions when this condition prevails would
entail in many cases an expenditure, in sewerage works, many times greater than that
necessary in ordinary weather. We are therefore of opinion that, however undesirable,
it will be necessary to permit storm water to flow directly into rivers and streams with-
out preliminary cleansing. Unfortunately, chemical analysis shows that storm water, so
far at least as its earlier portions are concerned, is more polluting than dry weather
sewage, owing to old deposits in the sewers being then swept to the outfall ; and it will
be very important, therefore, to guard against any unnecessary use of this exceptional

permission.

There being, however, no reason known to us in the circumstances of the woollen
manufacture, and of the industries connected with it, why the same rules should not
be applied to these branches of trade and manufacture as were proposed in our Report
(1870) on the Mersey and Ribble basins, for the prevention of river pollution by the
cotton, alkali, and other manufactures, we repeat the recommendations which we then
humbly submitted to Your Majesty.

In the first two of these recommendations we had the entire concurrence of our late
Colleague and Chairman, when reporting on the river nuisances of the Mersey and
Ribble basins, and on their possible abatement.

On the constitution of the authority, however, by which these and other provisions, if
enacted, were to be enforced, we were unable perfectly to agree. '

Impressed by the necessity of a prompt and Tocal remedy for local grievances, the late
Sir William Deénison proposed to make each locality responsible through its local board,
its corporate or its parish officers, for the condition of the streams within its boundaries ;
and in order to ensure a uniform discharge of the duty which he would have thus
imposed, he recommended that county or provincial boards, elected by these local
authorities, should have power conferred on them to enforce the observance of such
byelaws as, in the interest of river conservancy or river restoration, they might deem it
necessary to frame. S S

On the other hand the importance of putting sufficient power for tlie enforcement of
the law into hands which should be independent of Jocal prejudice or personal influence,
and also of so legislating that any enactment imposing restrictions on manufacturers and
others should affect all seats of industry alike, led us to doubt the policy of localising the
authority on which river restoration and conservancy are to depend.

26534, i
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Parr 1L There are other considerations (stated in our Report (1870) on the Mersey and Ribble
Egﬂfflﬁ;s basins, Vol. L, pp. 134, 135), which need not be repeated here, but which also indicate,
" as we believe, the necessity of a central board for river conservancy, which shall act

‘ through its inspectors, both in the detection of offences against rivers and for the con-
viction of offenders; and shall afford to existing local authorities greater facilities than

they now possess for the prosecution of works connected with the purification and supply
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