Preliminary report upon the sewerage, drainage, & supply of water for the
Borough of Leicester / by Thomas Wicksteed. And a Report upon the
analysis of the sewage waters, and the water of the stream in the
neighbourhood of Leicester by Arthur Aikin and Dr. Alfred Swaine Taylor.

Contributors

Wicksteed, Thomas.

Aikin, Arthur, 1773-1854.

Taylor, Alfred Swaine, 1806-1880.

Leicester (England). Local Board of Health. Sewerage and Highway
Committee.

Royal College of Physicians of London

Publication/Creation

London : Leicester Borough Council, 1850.

Persistent URL

https://wellcomecollection.org/works/xt52hrmf

Provider

Royal College of Physicians

License and attribution

This material has been provided by This material has been provided by Royal
College of Physicians, London. The original may be consulted at Royal
College of Physicians, London. where the originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection
London NW1 2BE UK

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/













| | L 3 o | 4.4 | ]
1 - | 131 AT ] ] i R H & ol = ELL Y EEL 181E
1 ] ek 3 ] £ 1A | 4 5 i TOPOSCL J GEITTELN LI =
1 " ha & -y 4 n : sEE ATie I 1 TIlorps ars - i TILE
1 aTiRbIlr % 2hi it 2 LIICES 'S IINCLTRCE e 1 IR Ll AL ] L: -
f Borano ] int to sk ¢ exact lin may eyvon
i nor the i T 1 the 1T Tendae 0 RS TIVEar [ Tnese
iy’ 1 i AT e B s " F AIMILNA LML Ll =l LT L i} 15 1 ] -
- T " T 1 ] isS H (L (P r (161 | - - L ! L]
f i oL T8 (11T 11 AT 1Orell] O LTIe IMELIL & { i i bk P
LOALE 1 [ ] TS 6L 3 i 1 (] = R LS g Ll =l - . ]
AT
L . &l ANTesSENt setciions CIIE o O Wil OTne Of e | 2 §
= O ] ATE fenadan T TEss Al JF sk iy £ 0T TS Ik g, AT & H , |
. - _ E 1 1.
A ETNLE] O LIE . | & '] I e 0= =) IHlely & A ERE ¥ I I AL NCh]
i1l and det s ) an af earh sernarate loealit o i fTaalfy determinine
L b ¥ ETLI ) 3 1 ¥ SEWETS, B e ey (1) ¥ F LRt ] AL
i ALl TEIY nece TV LI (F1] P ] e ' Firkile ] T 5 1
1Y = 0 A TOWT. ¢ A LTI e LELLOTR O1 o TP T e rEen.o : : :
Iy L] , o ., LERHILIL gL WAL if . ] . LA B L [ LNLRL (111
Bleesie AT 10 war g el MDY TIE Wl 7 RIYTET S0 i
. (LT ] i TIITE: h, AL LA L L I TR T Y T TES (15 i
! LR B0l i ¢ LUE IR LRULTE s R P JE - ; e g AL +
EH AL 1L TEAITIS | NESE MOINTS Are déetined hy i Yl hiy AETea o i !
1 TIEFATNES COrTasTol T those 1n the e
- 5 T
1. I i’k
4 E CE O ESLTICELOTS 1 TILENS 1 i fan 1me ik T € 1
gl I i il 3 ] " ’ -
- - k L ) T ] 11 T 1] mMminarv VETIOTT O 15 +1 T 1 i i -
F ] ] Tk " 1 1 | - .
4 AL i i | F s i 1 r #1 00 TNOre Tl Bl i TR 150 #1011 'y E
EVE i navine becn first obtained } W r
: 3 [1C 3 ¥ ! it LL el LLEL LERR Bl Tl
VLR E 2 I LI e 1 2 0 4, . . .
gl ] nutfal r S . apen dlebarm #m 4 1
r ¥ 1 . 3 ] ™y Ur A eI T T g L
| . L ST LTH gl N ilh SIADY TITTO $ 3













7

this portion of the work (the House Drainage) would in-
volve “ an Improvement rate of a little less than three
farthings per week per house.”

Upon the 8rd. of October, 1 again visited Leicester,
and made a personal survey of the district all round the
borough, and upon that occasion it was suggested that,
as the determining the position for the outfall of the sewer-
age, and the locality from which a supply of water was to
be obtained, were points of great moment, they ought not
to be finally determined upon, until the Committee had
given the subject their most serious consideration, and that
therefore, it would be better that I should make a prelima-
nary report, before commencing detailed plans, specifica-
tions, and estimates.

It was also considered to be of the greatest importance,
that eminent chemists should analyze the waters from the
several streams in the neighbourhood of Leicester, and also
the sewerage and dye waters, and to ascertain as regarded
the latter, whether their mixture with the sewer water
would have an injurious, or a beneficial effect, with reference
to its future application as a manure ; and lastly, to deter-
mine whether the admixture of a certain portion of lime
with the sewer water, would prevent the evolution of
noxious gases and deodorize it.

It is well known to scientific men that the process of
chemical analysis, when carefully and properly conducted,
18 a very slow one, and although the eminent chemists,
selected by you to make these analyses (viz., Mr. Arthur
Aikin and Dr. Alfred Taylor, Professors of Chemistry in
Guy’s Hospital), have been most assiduous in their inves-
tigations, they were unable to complete them before the
latter end of January.
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the liquid filth poured into it, (so as not to allow of stagna-
tion, or of time for decomposition,) but also to produce a
sufficient scouring power, to prevent the accumulation of
debris, or heavy deposits of road drift.

5th. That there shall be a daily and nightly supply of
water, abundant in quantity for cleansing the sewers, and
neutralizing any bad odours remaining therein, after the
bulk of the daily sewage shall have ceased to flow.

I am also of opinion, that no scheme for the sewerage of a
town, can, at the present time be considered complete, un-
less it embraces the means for converting the sewage water
to useful and profitable purposes ; so as to reduce as much
as possible the expenses of sanatory improvement, if not to
merge them altogether, in the receipts arising from the sale
of the manure.

As regards a supply of water to a town, the Local Board
will probably agree with me that it ought (in the terms of
the Public Health Act) to be “ pure and wholesome ;” that
it should be abundant, and taken from a source which is
not likely to fail, even though the future demand should
increase to fourfold the quantity at present required; that
there should be the means of delivering it to the top story
of the highest house in the town, if required ; that it should
be always accessible, and at a sufficient pressure for the
purpose of extinguishing fires ; that it should be as soft as
1t can be procured, (consistently with a due regard to its
wholesomeness and cost); and that it should be obtained at
the smallest possible expense.

If, in fact, the River Soar can be purified, and its waters
restored to their original salubrity ; if filthy and noxious
matters can be removed from the Borough, before time has
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permitted them to be prejudicial to the health of the inha-
bitants ; if the removal can be effected without injury and
annoyance, to the inhabitants of the town, and the adjacent
villages ; if the refuse can be converted into an article of
commerce, ylelding a revenue equivalent, or nearly so, to
the cost of the sanatory improvements in sewerage and
water supply ; if also an abundant, and always accessible
supply of good and wholesome water, can be afforded to
every house in the Town, for baths and washhouses, for
street cleansing and watering roads, for washing out
sewers, and for the extinction of fires, and, if this water
be 100 or 150 per cent. softer, and therefore better adapted
for washing, manufacturing, or steam-hoiler purposes, than
the well water of the Town; and that these desirable
objects can be obtained at a moderate cost, then I conceive
the Local Board of Health will have obtained that which
they seek, and that which the Town expects themh to provide.

In the following report it will be my endeavour to prove

that these objects may be obtained at a moderate cost, viz. 2
i
For the Water supply ...cueveeesranrsnnnnsscnranens 43,000
# For the Sewers and Works for collecting and disinfecting. 55,000

Supposing this capital to be divided over thirty years,
and the interest upon it be calculated at £4 per cent., and
£2 per cent. be added annually for the purpose of liquidating
the capital, then the annual cost, including the expenses of
carrying on and maintaining the several works, will be,

# For about 7 miles of main Sewers, and the Works for disinfcﬂtir:]g at
30,000
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REPORT.

THE SEWERAGE.

The objects stated in the introduction to this Report as being essential
will be obtained by adopting the following means, viz.

First. That great care be taken that from and after the time the
proposed sewers are made, no drain from a dwelling-house or from a
manufactory, whether it be for carrying off dye, scouring, and other filthy
waters, or condensing water from steam-engines, (which latter will
materially assist in diluting, and thus neutralizing the bad effeets of the
other waters,) should be allowed to communicate with the river or navi-
gation ; on the contrary, all drains should be diverted into the new sewers.

Second. That by the mixture of a certain proportion of lime (ascer-
tained to be sufficient for the purpose), with the sewage water, defore it be
exposed to the open air, or discharged into the depositing reservoirs outside
the Town, any possible chance of injury or annoyance to the surrounding
neighbourhood may be prevented ; for, that the water flowing from the
reservoirs into the River will be pure, is proved by the fact ascertained
by the chemists, that after it has undergone the lime process, it is not only
free from noxious gases and bad odours, but the carbonates of lime and
organic matter that existed in the water sfself before it became mixed
with the sewage having been precipitated, it becomes softer than the
natural water of the River into which it will flow, and therefore chemically
speaking purer.

That the effect of a proper admixture of lime is to render the sewage
water inoffensive, I have myself proved by experiments, which can be
repeated in the presence of the members of the Local Board and others
interested in this important question.

Third. That the level of the main sewers under the streets shall be at
least nine or ten feet below the surface, that the cellars and foundations
of the houses may be always kept in a dry state ; and in some instances
the depth must be greater, that the Suburbs in the West and North side
t;ﬂf ieaia;ff:]iu: t;md River, n,nri! th-:f lower portion of the Town upon the

es of the Nayigation may he properly drained.
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two-thirds of it will be due to the supply from the new water-works, the
condensing engines, and manufactories, (the latter supplies being esti-
mated upon data furnished to me from Leicester,) and as the result of an
analysis proves that an addition of fowr gallons of water from the River
Soar, mixed with a gallon of water from the sewers of Leicester, reduces
the sewage to the same degree of dilution as the London sewage, I con-
sider that it may be taken as sufficiently near the truth for the present
PRSP

It would not, however, be wise to limit the size of the sewers for the
passage of so small a quantity; the capacity of the main sewers should
unquestionably be sufficient to render the necessity of having to enlarge
them hereafter improbable from any future increase in the drainage. To
provide against“such a contingency, I would, therefore, propose to make
the main sewers of sufficient capacity to admit of the free passage of
25,655,540 gallons per twenty-four hours; this would allow for an increase
in the present estimated quantity of sewage water (say 5,000,000 gallons
per twenty-four hours) of 300 per cent., bringing up the quantity to
20,000,000 gallons per twenty-four hours, and would also provide for the
reception of the water flowing off the surface, during heavy, but not exces-
sive, rains ; assuming that an area of one-and-a-half miles by one mile, or
about 1,000 acres, would probably be the greatest surface from which
such water would flow into the proposed sewers and taking a rain fall of
three eighths of an inch in twenty-four hours, that would give a sum of
8,483,310 gallons; and supposing that as much as two-thirds of this
quantity may find its way into the sewers, that portion would be equal to
9,655,540 gallons, which, being added to the quantity of regular sewage
proposed to be provided for, would make up the total of 25,655,540
gallons per twenty-four hours, as before stated.

Second. The Velocity of the Water in Sewers is a question of the greatest
importance, as upon this their efficiency chiefly depends, and being taken
in connection with the quantity of water expected to pass through them, it
enables us to determine their dimensions, and consequentlythe cost of the
works; the velocity should be sufficiently great to produce a scouring
power that will prevent deposition, and also remove obstructions arising
from the accidental introduction of solid matters, for it is when the water
18 stagnant, or moving at an inconsiderable veloeity, that deposition takes
place ; but still the velocity should not be so great, as to act upon the
bottom of the sewer injuriously, by the too rapid passage of stones and
bricks, or other heavy bodies. It is often abserved hy persons unacquainted
with the scientific principles which determine the question of velocity,

LH
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that a given fall is “ very great, and quite sufficient for the purpose re-
quired.” Now, if the fall be not sufficient to produce the required velocity,
however great it may be in feet and inches, it will nof be sufficient for the
purpose required ; the larger the quantity of water, and consequently the
larger the sewer, the less will be the fall required to produce the necessary
velocity ; thus to give a velocity of thirty-six inches per second, or one
hundred and eighty feet per minute, in a nine-inch drain, the fall must be
thirty-six feet in the mile, or one in one hundred and forty-six, while to
produce the same velocity in a sewer of four feet six inches diameter, the
fall required will only be one-sixth of the above, or six feet in one mile, or
one in eight hundred and eighty ; it will therefore be advantageous to
have the main sewers laid deep in the streets, not only for the purpose of
draining the cellars, and keeping the foundations of the houses dry, but
also that smaller drainage pipes may be sufficient to carry off the house
drainage.

It is stated that the great and rapid river Po has a fall of only six
inches in one mile, or one in 10,560 ; the volume of water passing down
is, however, immense, as, in its lowest state, its width is said to be seven
hundred feet, and depth ten feet. This affords a good praetieal illustration
of how small a_fall is required in dealing with large volumes of water.

I propose that the mean velocity of the water in the main sewers, shall
be at least thirty six inches per second, or 180 feet per minute ; this would
give a bottom velocity of thirty inches per second, which, according to
my experience, would be sufficient to carry off any debris, or heavy
materials, such as brick-bats or stones, that may fall into the sewers, and
also to prevent permanent deposits.

The rule for calculating the necessary fall to produce a given velocity,
has been variously stated by different engineers. Captain Vetch, in his
report to the Town Council of the Borough of Leeds, calculates that a fall
of one inch in twenty feet will produce a velocity of 36.18 inches per
second, or 1802 feet per miuute, in a twelve-inch sewer ; this gives a fall
of twenty-two feet per mile, and a delivery equal to 142 cubic feet per
minute.

According to Mr. Hawkesley’s table, published by the Health of Towns’
Commission, the velocity due to this fall will be 37.43 inches per 5'3'3““‘_1:
or 187.16 feet per minute; and the delivery will be equal to 1‘1? ““bll"
foot per minute: and, according to my experience, the velocity with this
fall and size of sewer, will be 82.6 inches per second, or 168 feet per
minute, and the delivery will be 128 cubic feet per minute. The com-
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parative delivery, with the same fall and size of sewer, calculated by each
of these formule will be as follows : viz.,

Ratio
Mr. Hawkesley svevesasrscssocsns 147 ..., sine sieas smanaly 100
Captain Vetch .......... e e L e R .. 966
Mr. Wickstead .. seccecurecssna 128 cociniiiiveennnan « BT

I adopt my own data in preference to the others, because I obtained my
results from trials upon long lengths of large pipes as ordinarily laid down,
with bends and occasional inequalities, and I therefore consider them safer
than data obtained from results which are derived from experiments on
short lengths of small pipes, laid with great care and in straight lines, or
from experiments upon canals or large open water courses; should the
velocity in the proposed sewers be greater than I have caleulated upon,
the increase will be in favour of the capaeity of the sewers, which will be
better than if the reverse had happened to be the case.

These velocities are calculated for eireular sewers when either full or
half full, but when the sewers are, as they frequently may be, less than
half full, the friction will be increased in an inverse proportion to the
volume of water, and the velocity therefore reduced. Now, supposing
the sewers are only filled to one-seventh of their depth, then the mean
velocity, when full, of thirty-six inches per second, will be reduced to
twenty-six inches per second, which will give a bottom veloeity of twenty-
one inches per seeond. From experiments made by me, (with great care,)
I find that with a bottom velocity of sixteen inches per second only, heavy
pieces of brick, angular granite stones, and sand will be removed ; and
with a velocity of twenty-one and three-quarter inches, even iron borings
and heavy slag, will be carried along and scoured out. The above mini-
mum velocity will therefore be sufficient.

As regards the form of the sewers, I prefer that having a circular
section, not only on account of its presenting the least resistance to the
flow of the water when full or half full, but because it is the strongest
form to resist pressure, supposing the earth in which it is laid to be good,
and also because it requires the least quantity of material in its con-
struction ; there may, however, be circumstances which might render a
different form not only better—but necessary—but such I do not consider
to be the ease in the present instance.

The next point, namely, the materials of which the sewer should be
formed, is also of very great importance, and has lately received consider-
able attention ; I do not think it can be summarily disposed of by saying
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that either brick sewers or glazed earthenware pipes are the most eligible
in every situation, as either may be, and no doubt are, preferable under
certain circumstances,

The difference between the friction in a well-constructed brick sewer
and of a glazed earthenware drain, or even of a cast-iron pipe, being
unappreciable for all practical purposes, the real question, in choosing
between them, is the cost; and in considering the thorough drainage of a
town, I should recommend that the large sewers which are laid deep in
the principal streets, should be constructed of brick-work, whieh if per-
meable, will assist in draining the ground on either side of them, and in
keeping the foundations of the houses dry ; but for all sewers of twelve
inches in diameter, and under, if the cost of glazed earthenware be the
same as good brick-work in cement, the former I consider would be the
most suitable ; for those that are laid nearer the surface of the ground in
the small streets, alleys, and courts, it might be well to adopt the glazed
earthenware, even should the cost be somewhat greater, because these
smaller drains (as they cannot be available the same way as the larger and
deeper laid sewers) if permeable, or imperfectly constructed, would pro-
bably be the source of much annoyance to the comfort, and injury to the
health, of the inhabitants ; but for all drains immediately connected with
dwelling-houses, they should undoubtedly be used in preference, and will
I have no doubt be found cheaper than any other.

DIRECTION AND SIZE OF THE PRINCIPAL SEWERS.

I propose that the outfall shall be into the River Soar, under and
beyond the aquaduet which conveys the water from the Old Abbey Mill
into the Leicester Canal, near the Belgrave Mill Head, at the extreme end
of the Abbey Meadows, not far from what is called on the plans, ¢ Swan’s
Nest,”” the level will be the same as the Belgrave Mill Tail, from thence
it will pass under the Leicester Canal into the Belgrave Mill Meadows.
T propose to construct two Depositing Reservoirs of about three and-a-half
acres area in the aggregate on either side of the canal, as may be found
best, and T also propose to erect two steam-engines of about fifty horses
power each, one only to be used under ordinary circumstances for the
purpose of raising the sewage water into the lime, or deoderizing covered
tanks, from whenee it will flow into the open reservoirs when freed from
all offensive odour ; under ordinary circumstances all the water will
undergo this process, and be delivered into the reservoirs where the
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. deposition of the manure will take place—but, in case of storms, or heavy
rains, and floods, the water, after all sewage has been washed out of the
sewers, will flow past the reservoirs to the outfall ; the engines being then
used for the purpose of relieving the sewers. Under ordinary circum-
stances one engine will be employed to lift 5,000,000 of gallons per diem,
at an average power of thirty horses, but in cases of heavy rains or floods,
the auxiliary engine may be used if required, and the two worked to their
full power to relieve the sewers in the town, and together they will be
capable of lifting 15,000,000 gallons in twenty-four hours, if working night
and day; in general the engine, at night and on Sundays, need not be
worked up to more than one-third of its powers, as the bulk of the ordinary
sewer water will be discharged in the day-#ime during six days per week.

From the outfall to the Pack-Horse Inn, near Belgrave Gate, it is pro-
posed to make the sewer four feet six inches in diameter; from this point,
or near it, three main sewers will branch.

First. The West Main Sewer, thirty-nine inches in diameter, up Bel-
grave Gate, through Foundry-square, Archdeacon-lane, Harcourt-street,
Luke-street, Saint John-street, Canning-street, Margaret-street, Sanvy-
gate, North Gate-street, North Gate-lane, Friars-road, Charlotte-street,
Alexander-street, Friars Causeway, Bath-lane, across Bridge-street, through
the Hollow, Castle View, Castle-yard, the Newark, across Mill-lane, or
Bonner’s Lane, through Green-street to Infirmary-square, at which place
it will be at a sufficient depth to carry off the sewage from the locality
lying between the high ground, where the Race Course, Leicester Asylum,
and New Cemetery are situated, and the Gaol, and which district, I am
informed, is well provided for by a sewer passing down Knighton Street
into Cow Lane; and at this point it will have to be diverted into the
proposed new Sewer. This Sewer follows the course of the navigation
and the lower levels of the town, without erossing private property, which
it is generally very objectionable to do, seldom paying for the expenses
incurred, and it is also inconvenient for the junctions of future branch
sewers ; some deviations may, however, in this as in other cases, be found
advisable hereafter.

Second. The East Main Sewer. Twenty-seven inches diameter, from
the Pack Horse Inn, Belgrave Gate, through Bridle-lane, Russell-square,
Wharf-street, Brook-street, Lead-street, Benford-street, Curzon-street, to
Humberston-road, at its lowest level, nearly opposite Kent-street.

Third. The Central Main Sewer. Twenty-seven inches diameter, from
the West Main Sewer in BE’].EI*E.‘FE G:FI.'EE, ﬂppﬂﬁite Wﬂﬂdbn}f-strﬂﬂt’
through the Haymarket, Gallowtree Gate, Granby-street, or London-road,
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" suited, and it is a fact that when so rediluted, it will possess all the
valuable fertilizing properties of the original sewer water, without the
inconvenience of an enormous excess of water ; it is also advanced on
this side of the question, that if the sewage water be destributed by means
of hose and pipes in the state in which it is when taken directly from the
sewers—and before the sulphuretted hydrogen then contained in it be
fixed by the lime process—this noxious gas will be evolved in large
quantities, and diffused through the surrounding atmosphere, poisoning
it, and rendering the neighbourhood where such an operation may be
carried on most unhealthy.

In the plan I propose to you, there is nothing however, to prevent your
pumping up the sewage water in its natural state, and forcing it through
a system of pipes to any locality, where the use of it in the liquid form
may be deemed most advantageous, but if, upon a careful estimate of the
cost of carrying out this plan, it should appear to be excessive (in this
especial loeality), its adoption would, of course be rejected.

Now, although there may be loealities favourable for a limited adoption
of such a plan, nevertheless, to provide for the distribution of the whole
of the sewage water of a large town by such means would, in my
opinion, be a most imprudent speculation ; when it is considered, that
for every ton of manure in the sewage water of London (in the state of
dilution in which it was five years ago), there were 266 tons of water ;
and supposing the statements made by the advocates of this plan to the
Health of Towns Commission to be correct, viz., that carting manure
five miles costs 4s. per ton, and that distributing sewage water costs 21d.
per ton only, this will give us the cost of carrying one ton of manure
without water 4s., and that of one ton of manure with 266 fons of wafter,
at 21d., £2, 15s. 7d. per ton of manure; and again, taking the cost of
the sewer water at 3d. per ton, the cost of a ton of the manure would be
£4, while the cost of high dried manure would not exceed £2 per ton.
It is also stated, that 100 tons of the water is required for one acre of
ground, which would be equal to 25s, per acre, or 7} owt. of manure,
while the cost of the high dried would be but 15s. for 7} cwt., and taking
the sewage water of Leicester to amount to 5,000,000 gallons per diem,
or 8,168,528 tons per annum, at 100 tons per acre, it would require an
area of 81,685 acres to consume it, or about 127 square miles, which is
equal to nearly one-sixth of the whole area of the county of Leicester,
cultivated and uncultivated; and when the expense of covering such an
area (more than eighty times greater in extent than the town) with a
system of water-pipes is considered, I think it will appear very evident
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that the distribution of the whole of the sewage water could never be
profitably effected by such means.

At the same time, it is but right to observe, that the distribution of a
portion of it over the Abbey Meadow, and the lands in the immediate
neighbourhood, would not involve so great an expense, and in a com-
mercial point of view this might be worthy of consideration, were there
no objection on the score of Aealth ; perhaps the Inhabitants of the
Borough would be able to arrive at a very fair conclusion as to the effect
of such a distribution of the sewage water, by comparing it with the
effluvia arising from the sewage and dye-water that is af present poured
into the Canal and River. I am fearful that it would be merely
removing the nuisance from the River to diffuse it more widely.

The foregoing observations are intended to apply to two points only ;
first, to the disposal of the whole of the sewage by one system; and,
secondly, to the disposal of a porfion of it in the neighbourhood of the
town; it is not intended to be stated that there may not be cases in which
sewage water might be used profitably and without injurious effects, but it
then implies a reasonable distance from the source—a sufficient distance
from dwelling-houses, and (under these restrictions) a market capable of
taking the whole supply.

Before proceeding to report more particularly upon the value of the
Leicester sewer waters, as a manure, I should wish the following state-
ment to be well considered.

There can I think be little doubt, that it is desirable to give as plentiful
a supply of water to a town as possible, and that after having provided the
subterranean water courses for carrying the sewage away, the surface can-
not be too frequently eleansed from all filth, and this will be best effected
by the use of large quantities of water, and the greater the extent of the
dilution, the more salubrious the surrounding atmosphere will be. This is
now becoming a very prevalent feeling, and much eredit is due to those
who have persevered in keeping such a sanatory proposition constantly in
public view. Now, presuming this principle to be acted upon, the sewage
water of every town will (as increased supplies of water are given) contain
less manure in proportion to the quantities of the water passing through
the sewers, and consequently from this larger quantity of fluid having to be
dealt with, the distribution of it through pipes would be rendered a con.
tinually augmenting source of expense.

On the other hand, however great the state of dilution in which the
sewer water may be, by the adoption of the lime process all the valuable
salts which it contains, may be concentrated, and the principal increase in



expense would be in engine-power at the reservoirs, a very insignificant
charge when compared with that of the extensive enlargement of a system
of pipage.

The plan proposed is similar to one suggested (for the first time) by me,
in 1841, for the sewerage of the City of Berlin, where according to the
statement of Major Baeyer (the Royal Commissioner sent over by the King
of Prussia, to inquire as to the best means of supplying His capital with
water, and for providing for its drainage,) the greatest elevation above the
surface of the River Spree, was eleven feet only. Under such circumstances,
underground drainage by natural means would have been impracticable, I
therefore recommended that an artificial outlet, or deep reservoir, should
be constructed outside the city, into which the sewers should deliver their
contents, and that the low level should be constantly preserved by employ-
Ing pumping-engines sufficiently powerful to raise all the sewer water, and
that it should be distributed over the barren and arid land in the neighbour-
hood of the city. The idea of such a plan for creating an artificial fall
was suggested to me by the system of drainage carried on for above a cen-
tury in the Marsh and Fen Lands of Great Britain, and from the fact that
late improvements in steam-engines, (having effected a great diminution
in the quantity of coals required in their employment,) had made the
adoption of such a plan both economical and practical.

The use of the steam-engine for pumping has now become general, and
when it is known that during the last eleven years the average quantity of
coals consumed by the improved engines at the East London Water Works,
has been one ton for every 1,406,988 imperial gallons raised one hundred
fect high, it will at once appear that it is not an expensive operation.
The power of the engine and the consumption of coals, being directly in
proportion to the quantity of water and the height to which it is raised, if
a ton of coals will raise 1,406,988 gallons to a height of one hundred feet
it will raise 4,689,960 gallons thirty feet high; or to raise the quantity of
5,000,000 gallons of water, caleulated for the Leicester Sewage, thirty feet
high, will require 21} ewt. of coals of similar quality to those used at the
East London Water Works, viz. :—the best small Newcastle Coals—being
slack or the screenings of large coals; and assuming that the Leicester-
shire slack produces 15 per cent. less effect than the Newecastle, then it
will require 24} cwt. of coals of the latter deseription, which at 5s. per
ton will amount to 6s. 13d. per diem. or £112 per annum, In 1845, I
proposed a similar plan (as far as relates to the artificial fall,) for the drain-
age of the Metropolis, and after mature consideration, I am still of opinion
that it will be found to be not only the best, as regards the cost of the works,
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and the entire removal of all filthy and nozious water from the River Thames,
but the only one practicable. To this arrangement of an artificial fall, T
added not only that of deodorizing and softening the water before it was
discharged into the Thames, at Barking, but also that of using the preci.
pitate obtained by the process of deodorizing, as a manure, the sale of which
at a very moderate price would have afforded a most ample return for thg
capital invested ; this plan has been approved of and recommended by
some of the first engineers in this kingdom, and will I have no doubt, be
ultimately adopted. ~ The fact, that so many of the competitors who
have sent in proposals for disposing of the Sewage of London, in com-
pliance with the requisition of the late Commissioners of Sewers, having
adopted this principle (as published by me in 1845,) as the basis of their
schemes, proves itis very generally approved of,

I have, perhaps, entered more at large upon this subject than may be
considered to be necessary, but I have been induced to do this from the feel-
ing that af present the question is one of the greatest importance, and that
the more it is investigated and understood, the more important it will ap-
pear to be.*—The point is this—for perfect sewerage, there must be an
abundant supply of water, and a sufficient fall to insure a veloeity of eur_
rent capable of speedily removing the filth poured into the sewers. Now
it seldom happens that a town is so situated that all parts of it can be well
drained into a river or matural outfall, in its immediate neighbourhood ;
and hitherto recourse has been had to the expedient of taking a shorter line
than the course of the river, into which the sewers are intended to empty
themselves, to a point below the town, but while by these means an addi-
tional fall has been obtained, the size and length of the sewers, and
their consequent cost have not been considered, and hence most costly
works have been executed, because a less expensive means of effecting the
same object was not known. As previously mentioned, the use of steam
(and prior to that, of wind and water,) power for draining lands has been
long known, and draining or carrying off the sewage ofa town is in effect but
a similar operation—but formerly the cost and imperfections of mechanical

* From a re uhlished in the Times upon the 18th instant, it would appear that the present
ﬂumnilﬁiunerspz?sﬂnm for the metropolis hp:m not made up their minds whether the Thames is, or
is mot, still to ba the receptacle of all the unpu?;:hd filthy sewage of the metropolis. They also l[l]‘l-l}n.é'
to be in doubt whether the experience of more than half a contury of the economy ufntamuxwaér o
the certainty of its regular action, is sufficient, I say in doubt, because it would appear l]"lt ¥ hﬁ an
ohject to the use of steam power ‘altogether, bt fo its extengive use, not to one pumping engine, 1'-1 ¢
fwo or three; and again while they appear to object, and I think very ENPH]’“ to the mnst:mct o::io
two lines of sewers, one {or honse drainage and another for surface drainage, they scem to consider
that it might be advisable to construct two lines of sewers, one for the Aigh and another for the Low
levals, that, in the latter case, machinery might bensed. If honest estimates of th? rﬁmﬂf htllm n!r:ctn
systems (the natural and artificial drainage) were published, this tedious question might be broug

nearer to a solution,
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power prevented the adoption of it in towns—now, however, the cost of im-
proved steam power for raising water is, as I have shewn so small, that it
becomes essential to estimate the difference between the expense of a large
and costly sewer (with the interest upon the outlay for its construction),
and the cost of steam power, before determining upon the plan to be
adopted. Again, the process of purifying the sewer water by means of
lime, is at once so simple and so complete in its effects, that the water,
after having been submitted to its action, may be returned into the river,
with a certainty that it will be as pure as it was in its previously uncon-
taminated state; and if the manure obtained by this means (of the value
of which there can now be no doubt) be considered, the operation, so far
from proving a source of expense, will, in effect, be productive of a
large profit. If recourse be had to steam power, any amount of fall re-
quired for the drainage of particular localities may be obtained, and, as
has been already stated, the greater the fall the less will be the size of the
sewer required. The question, then, resolves itself into a mere matter of
estimate, viz :—What is the proportionate cost of a large sewer, and of
that of raising water a few feet high by pumping ? and that which can be
done at the least cost will (in this instance) be preferable.

As regards the particular case now before us, although many parts of
the borough, are sufficiently elevated to command any required fall, other
localities lie so low that artificial means must be adopted for their effectual
drainage ; for to extend the sewers until a sufficiently low outfall could be
obtained below the town, would require an outlay the interest of which
would far exceed the amount of expenses which would be incurred by the
adoption of steam power.

But in no case could I recommend the adoption of fwo lines of Sewers,
one for the high levels, and another for the lower ones; nor can I for an
instant suppose that any such proposition could ever have been made,
either for Leicester or London, if those propounding it had taken the
precaution to estimate the cost of such a scheme.
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PARTICULARS RELATING TO THE

LEICESTER SEWER WATERS.

Tn consequence of instructions received from the Committee, I had
samples of water taken from the following localities, viz. :—

1st. From the navigation near the North Bridge, where a drain flows in
from Messrs. Brewin and Whetstone's manufactory.

9nd. From the mouth of the sewer at Bay Street Wharf.

3rd. From the sewer in Mill-lane, a continuation of Bonner Lane.

4tk. From the sewer crossing the Belgrave Road, near Willow Brook,
taken fifty yards from the road in Mr. Millican’s close.

5th., From the last mentioned sewer at its confluence with the Leicester
Canal.

6th. From a sewer passing through Mr. Brown's garden, near the
Castle.

7th. From the navigation where it was discoloured with blackldye.

Four gallons of water from each of the above localities were forwarded
to the Chemical Laboratory, Guy’s Hospital, to be examined by M.
Aikin and Dr. Taylor ; and I also gave instructions, the principal of which
related to the effect that an admixture of dye-water would have upon the
sewer waters, having been informed at Leeds that it reduced its value as
a manure (that this was a very erroneous notion is fully proved by your
chemists), and also as to the effect of lime upon the sewage water, as a
disinfectant and deodorizer—the answers of the chemists will sufficiently
explain the intent of the questions without repeating them in this Report.

They state that there are no saline or other substances contained in
the dye waters which will so affect the sewage water as to lessen its value
as a manure ; on the contrary, the organic matters and phosphoriec and
ammoniacal salts contained in these waters will greatly improve the
sewage water, and render it better-fitted for manure, and for this reason
the dye waters may be safely turned into the common sewers of the town.

That Dye water contains very offensive and nozious gases, and is conti-
nually evolving sulphuretted hydrogen, which is a pernicious gas, even in
small quantity, and becomes vapidly diffused, so as to contaminate the air of
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a locality ; so far therefore as regards the public health, it would be advis-
able to turn it into the sewers of the town, and not allow it to be turned
into the canal to become there stagnant. That the exposure of a large
surface of this water in a stagnant state during a summer temperature,
would tend to render the atmosphere of the place nozious, and to produce
injury to public health,

That a mixture of the first samples, after being allowed to subside,
deposited 609 grains for every imperial gallon—the sediments consisted
chiefly of organic matter, which was found to contain nitrogen and
sulphur; in a dry state, it would therefore be Aighly valuable as manure.
The portion available as manure is that which is described as combustible,
and is equal to 47 grains ; the fixed residue being also useful as a manure.
That the greater portion of the deposit took place in a few hours.

That the effect of 30 or 40 grains of lime upon an imperial gallon of
water was to render the most turbid sample clear in about twenty
minutes. The lime precipitates the whole of the mechanically diffused
organic matters, and probably the whole of those which are dissolved.

It throws down the free ecarbonie acid as carbonate of lime, and
combines with the sulphur so as to fix that most offensive gas, sulphuretied
hydragen Tt canses a very speedy deposit, and renders the liquid clear.

The weight of the sediment after the lime process, minus the lime, was
for the imperial gallon, organic matter, 56.9 grains; fixed, 30,03 grains ;
total, 86:93 grains. The lime added is also precipitated, and is in close
combination with the organic matter, mixed with the carbonates of lime
and magnesia, and phosphate of lime, making an addition of 30 grains,
or more.

That the value of the deposit as manure is, generally speaking, in direct
ratio to the quantity of organiec or combustible matter thrown down by
the lime—this matter consists chieffy of substances containing nitrogen and
sulphur, hence it contains the elements of good manure. The phosphate
of lime which is precipitated together with the surplus lime, may be con-
sidered as useful adjuncts—the value of the former is well known. Hence
the value of the deposit as a manure may be taken at a higher pro-
portion than that indicated by the quantity of the combustible matters.

The analysis having so far proved satisfactory, I considered it desirable
to procure an average sample of the contents of the sewers. Samples there-
fore were procured from each sewer, taken every hour in the day, and
mixed together, this it was presumed would be a fair specimen of the
average quality of the present Leicester sewer waters.
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Upon this mixture of waters the chemists report that—

The water had neither an acid nor an alkaline reaction. It had a
highly offensive odour, in which suphuretted hydrogen was perceptible.
It was of a deep blue black colour, but became quite clear and colour-
less by filtration, shewing that this colour and appearance were OWing
to undissolved matters diffused through the water.

The offensive odour was entirely removed in a few minutes by a small
quantity of lime, but not by chloride of zine, even when used in large
quantities; and they subsequently found, that this fluid had less power
of removing the offensive effluvia than a small guantity of lime.

The weight of the dry deposit calculated for the imperial gallon, was
thus constituted :—

Grains.
Combustible or organic matter, containing nitrogen and
BRlphur .vv i ivieniaissac s n s sy eeres 943
Fixed residue chiefly saline and earthy matter ............ 454

1397 Grains.

The weight of the Deposit after an addition of lime, was, minus the
lime, as follows :—

Grains
Combustible or organic matter, asbeforessssssvse.ceins o 139
Fixed saline residue...... 00 v0ues I i R e 80-66
22866 Grains
R

As regards the deodorizing effect of the lime, the Chemists observe,

That most noxious gas, the sulphuretted hydrogen, is entirely removed
Jrom if, and it may be fairly asserted, that fths of the offensive effluvia
of the water are entirely removed by the employment of Zime. It should
be observed, that these experiments were carried on in a laboratory,
and not in the open air.

From the foregoing statement the following comparison may be made
between the Deposit obtained from a mixture of the first set of samples of
sewer water, taken at one time only, and the second set being a mixture of
samples taken every hour of the day from each sewer.

c
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water, as well as in that of the sewer water to which it was added, and the
result shews this opinion to have been well founded,

SUPPLY OF WATER TO THE BOROUGH.

So much has of late years been said upon the subject of the purity of
water, and such extravagant schemes have been proposed for bringing
pure water from distant localities (although itappears to me the wholesome-
ness of water has not had equal attention paid to it), that I requested your
Chemists to make some remarks upon this subject in their Report to you,
considering that the opinions of men so well qualified to speak on the
subject would have great weight with the Town Council ; and I believe I
may, without impropriety, add that other very eminent Chemists have
lately expressed similar opinions in reporting upon the water supply of the
metropolis.

They state that absolutely pure water is that which has been procured by
distillation, and which evaporated to dryness, leaves no solid residue.
The only nafural water that approaches to this character is rain water,
which is caught in clean glass or porcelain vessels, before it comes in
contact with anything upon the earth.

That if the objects in supplying a town, were merely to furnish water
for manufacturing, and washing, or culinary purposes, then in this view of
the case, the only pure water would be distilled water, but the use of water
Sor the diet of men and animals is so important a part of this question, as to
Justify its being made the first consideration.

That distilled water, though absolutely pure, would not be proper for a
diet water—it wants that freshness which all good spring water possesses
by reason of the carbonate of lime, and carbonie acid contained in it.

That in the course of a few hours it becomes so completely poisoned by
contact with lead in a leaden pipe or cistern as to render it quite unsafe
for domestic use.

That the exact weight of solid residue obtained by evaporation is not of
itself a criterion of the wholesomeness of a water, and that the term purity
cannot be appropriately employed in reference to dietstic use.

That waters which leave a dry residue, of from 12 to 40 grains, by the
evaporation of an imperial gallon, may be considered as comprising the
most wholesome varieties, and those which are best adapted for the diet of
men and animals.

To justify this inference, however, it must be proved that the residue
obtained by evaporation contains but little organie, or combustible matter,
and that the salts are chiefly calcareous.
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-egunﬂy well; that which is wholesome for drinking may be unfit for
washing, or steam-engine use, and that which will suit the latter may be

unfit for manufactures.

For further and most important observations upon this subject, T must
refer you to the excellent remarks of your chemists, accompanying this
report—the question has become one of the greatest importance in a
pecuniary point of view, for while all must allow that a eood and whole-
some water is essential for the supply of a town, nevertheless, it is not
absolutely necessary to incur a very heavy expenditure for the purpose of
obtaining such a quality of water as shall render it best suited for manu-
Sfacturing purposes, especially as it may thereby be rendered less whole-
some for the community at large—the arguments so frequently used during
the last few years in favour of bringing supplies from a great distance,
because a sufficient elevation may thereby be obtained to render the use of
steam power unnecessary, have generally been fallacious—it certainly
requires a little more experience in machinery to supply a town by means
of steam power, than merely to lay a main large enough, from the top of a
hill to the bottom—and it is also certain that the cost of pumping water
was much greater a few years ago than it is now—and hence perhaps the
frequent objection to using steam power ; but in this, as in all other cases,
the cost of the two systems should be caleulated for the present time,
and, ewferis paribus, the cheapest should be adopted. When the eosé of
bringing water from a great distance, including not only the cost of the
pipes, but of compensation for damage to landowners and millowners,
to inereased parliamentary opposition, and its consequent expense—and of
large storing reservoirs, and the land they will occupy, is considered—
and the interest upon this outlay be compared with the cost of coals and
other items of expense attendant upon the use of steam power, I believe
there will be found very few instances where the latter will not produce
that, which next to quality and quantity, is the most important desidera-
tum, viz., cheapness.

This question is, as I have before remarked, one for serious consideration
at the present time, when such schemes as those for bringing water from
Bala Lake, in North Wales, for the supply of Liverpool, and even for the
Metropolis, are seriously proposed; when many towns have incurred an
enormous expenditure—others are ineurring it, and others contemplating
it, to obtain soft water and avoid using steam power; it is high time that
the question of cost, which after all is the one that affects most the supply
of an article which should be good and as abundant as it is good, should
have more attention paid to it than it has had of late years ; and to arrive
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at a right conclusion, the question of a chemically pure water must not be
allowed to take precedence of that of wholesomeness and cheapness. 1
believe that the town of Liverpool might at this time have been supplied
with a most abundant quantity of good, wholesome, and beautifully clear
water, for less cost than has been already incurred during the last few
years in preliminary measures, for obtaining water from a distance of 20
or 30 miles, and endeavouring to determine, without trial, whether water
can be obtained from a source which has never failed for the last half
eentury, when proper means have been resorted to for obtaining it. And
whether the scheme which has already proved so costly should be carried
out or abandoned. T trust, however, that the opinions now
published, of the most eminent and most experienced chemists of the day,
will tend to remove the impressions that have of late years been so preva-
lent, and that common-sense experience will take their place.

Many different opinions having been given as to the quality of water
in the various streams in the neighbourhood of Leicester, and it appearing
to me that the examinations hitherto made had not been so thorough as
the importance of the question seemed to demand, and as I trusted the
investigation, which I was called upon to make, might be the last that
would be required to enable the Council to determine upon a plan for
carrying into effect the supply of water to the Borough, so I felt that
every source in the neighbourhood, from which it had been even suggested
a supply could be obtained, should be examined, hoping that by this means
the question might be set at rest. Having stated this opinion, instructions
were given to me to have an examination of the following waters made
by the chemists, viz. ;—

No. 1 W from Willow Brook at Humberstone Bridge.

No. 2 W from ditto at Saltersford Bridge.

No. 3 W from Belgrave Brook, on the Thurmaston Road.

No. 4 W from Brook between Barkby and Beeby.

No. 5 W from Brook leading from Grooby Pool.

No. 6 W from Grooby Pool by Mill Sluice.

No. 7 W from Brook £ mile beyond Bocheston, where the road crosses it.

No. 8 W from the United Brooks at Thornton, near the Guage at
Lockey Bridge.

No. 9 W from Glenfield Mill-pond.

No. 10 W from the United Brooks below Great Glen.

No. 11 W from Knighton Brook where it crosses the Lutterworth Road.

No. 12 W from the Brook between Blaby and the Mill, near the Nar-
borough Road.
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Upon a general examination of these waters, your chemists report, that
their opinion is, judging by colour, taste, and smell, by the action of the
soap-test, the proportions of saline matter contained in each, as well as the
proportion of organic matter, the waters which are best adapted for
selection for domestic, dietetic, and manufacturing purposes, are in the
respective order as follows :—

No. 10 W (from the United Brooks below Glen Magna.)

No. 83 W (from Belgrave Brook on the Thurmaston Road.)

No. 2 W (from Willow Brook at Saltersford Bridge.)

No. 12 W] (from the Brook between Blaby and the Mill near the Nar-
borough Road.)

r mquales

No. 8 W | (from the United Brooks at Thornton near the Guage at
Lockey Bridge.)

All, the samples were afterwards submitted to the lime process, and
your chemists reported that the only object of this experiment will be to
determine what proportion of saline matter is likely to be deposited in
steam boilers, or under other circumstances, in which the carbonic acid
of the water is likely to escape. Taking this as a criterion of the pro-
perties of the water, they stand in the following order, ¢. e. that water
which comes first is the best, under Clark’s process, or will produce the
least sediment by mere boiling or by loss of carbonic acid.

No. 6 From Grooby Pool.

No. 11 From Knighton Brook.

No. 5 From Brook leading from Grooby Pool.
E No. 8 From United Brooks at Thornton near Lockey Bridge.
No. 4} From Barkby and Beeby Brook.

L

sequales
No. 7J From Brook 2 mile above Bocheston.

B No. 3 From Belgrave Brook.
C No. 2y From Willow Brook at Saltersford Bridge.

} mequales
A No.10) From the united brooks below Glen Magna.
D No. 12 From brook between Blaby and the mill near the Narborough

Road.

No. 11 From Willow brook at Humberstone Bridge.

No. 9 From Glenfield-mill pond.

Cwteris paribus, No. 6 will produce the least deposit by the loss of its
carbonic acid, either in boiling or by spontaneous evaporation, and No. 9,
will produce the greatest deposit under the same circumstances.

We see no reason to alter our opinion with regard to the selection of the

waters, as, in taking dietetic and general domestic use into consideration
those marked with the lettars of tha alrbahat Faetent e wiile & o il
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best in order. No. 6, the best under this process, would be decidedly
objectionable for any purposes except washing, steam boilers, and some
manufactering uses. Finding from these reports of the chemists that No.
12 was as good water as No. 8, the first from the Glen Magna stream, as
low down as the Narborough road, and the other from Thornton, T was
desirous of following the same stream farther down, and approaching
nearer to the town, T therefore obtained samples of water from above and
below St. Mary’s Mill, and labelled them No. 13 W from the mill head,
and No. 14 W from the mill tail; and as No. 12 had been reported as
having an objectionable colour, T requested the chemists to filter through
sand, instead of blotting paper; and they reported that No. 13, after fil-
tration through a column of clean sand, eighteen inches deep, becomes
qaile clear, colourless and tasteless. Inrespect to saline contents, it rescmbles
No, 7 (brook, three quarters of a mile above Bocheston, and below Lockey
Bridge, after Bagworth Brook has joined it), but contains less organie
matter, and may be considered on the whole as equal to No. 2 (Willow
Brook, at Saltersford Bridge), marked C, in the former list.

No. 14 contains somewhat less organic matter than No. 13 does, but the
results of the lime process shew scarcely a perceptible difference between
the two waters; it may be remarked that this was likely to be the case, as
water in the mill head would be more stagnant than that in the mill tail.

Both samples, when filtered, are very good potable waters, very much
resembling C, or the water from Willow Brook, at Saltersford Bridge.

The chemists were now requested to analyse No. 8 and No. 14 ; they
report that the process of filtration through sand did not produce any
change in the quantity or quality of the saline contents, calling for par-
ticular notice, in No. 8, but- that No. 14 was improved by filtration, as,
upon analysis, it was found to have lost both mineral and organic matter,
the same having separated, during the process of filtration. about one-fifth
part of the total weight of its solid contents. They state, that No. 14
contained less mechanical impurity than is found in most kinds of river
and spring water. In its physical properties, it has all the character of a
good water for dietetic use, but may be considered as a hard water as
regards washing and steam boilers. In conclusion, they observe, these
waters may be regarded as good and wholesome ; No. 8 (which consisted
of a mixture of two samples of water from the Thornton Guage, one when
the brook was clear, and the other after rain, but not during a flood),
with the exception of being somewhat coloured, may be considered as
the best for domestic and dietetic use. Both are greatly improved by the
lime water process, but No. 8 is most improved, as its hardness chiefly
depends on the presence of carbonate of lime, the separation of this salt by
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lime water, causes it to become remarkably soft. No. 14 is not softened
in an equal degree, because its hardness chicfly depends on the presence
of sulphate of lime, a salt which is not precipitated by lime water.

After communicating with the chemists upon the subject, I considered
it advisable, to enable a comparison to be made between No. 14 and
the spring water now generally used in Leicester, that a sample
should be obtained from a well which would represent the average
quality of well water in Leicester ; a sample was, in consequence, obtained
from Messrs. Brewin and Whetstone's well, and was labelled No. 21 W.

The chemists reported that this water, although well shaken, was quite
clear and free from any mechanical impurity. It had neither colour, taste,
nor odour, and presented every appearance of a good spring water. (It
should be observed that the chemists were not informed where any of the
waters were taken from untilthey had completed and recorded theiranalyses.)

The salts contained in this water are in unusually large proportions, but
it is remarkably free from organic matter, it may be considered as very
hard, and as wastefully consuming a large quantity of soap. The water
was rendered somewhat softer by the lime process, but it was still much
harder than most varieties of spring and river waters, which we have
examined. This water cannot be recommended either for domestic use,
or for dietetic and manufacturing purposes. The sulphate of lime is in
such large proportion as to render it unfit for constant use as a diet drink,
The large proportion of saline matter contained in it, would cause it to
fur boilers more than a good water should do.

For the purpose of seeing at one view the proportion of salts in the
three waters, No. 8, No. 14, and No. 21, before and after the lime process
(or before and after long boiling), the following Table is presented ;:—

No. 8 W, No. 14 W, No, 21 W.

Before. | After. | Before. | After. | Before. After,

Carbonate of Lime, n.ml

traces of Carbonate uf 2 13
Mngnemrfn J‘ 7 31
Sulphate o lee o 9 2
Chloride of Sodinm, with : ’ gmffm 2
traces of Ehll}rulu l;-f} 9 2 5 5 L 14
Caleium and Magne-
BlUM.ssrevscsrrrsnans
Combustible organie mat- L
Wlsssnosrennernanns . 5 1 6 2 '3‘ )
Silica and oxide of iron.... 3 3

16 7 33 16 100 Go
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The Reports of the chemists, from which the foregoing extracts are
taken are very elaborate, and enter into very great detail; and it would
appear (‘ceteris paribus) that No. 8 (the water from Thornton) is the most
suitable before exposure to the lime process, or before boiling ; but that
afterwards it would be liable to act upon lead; there are, however, other
questions to be determined, before it can be decided, whether this is the
water that should be selected for Leicester. First, whether there be a
sufficiently abundant quantity of it at its source to supply the present, and
Juture wants of the town? and next, whether the expense of bringing it to
the town will not be greater than the advantage of superior softness would
Justify 2 These points are only second in importance to that of whole-
someness.

The quantity of water supplied to the Borough of Hull for 17,884
houses, or about 100,000 inhabitants, was in the year 1849, epual to 15
gallons per diem per individual. At Nottingham and other towns, it is stated
to be 18 gallons per diem. In the East London Distriet it was in 1849,
equal to 23} gallons per diem for all purposes of trade or public supplies,
and for private supplies only, 21 gallons per diem. The superintending
inspectors generally estimate an average of 20 gallons per diem for all
purposes, and I think, when calculating for the probable future wants, this
quantity will be the safest upon which to form an estimate.

If therefore provision be made for the next thirty years, when the popu-
lation (as shown hereafter) may amount to 145,466, the daily supply
should be equal to 2,909,320 gallons.

Suppose this supply is to be obtained by collecting rain, and flood
waters into a store reservoir ; then it becomes a question what the fall of
rain in the locality of the proposed reservoir is likely to be in a year, when
there is the least fall, and what proportion of the rain so falling is likely
to flow off the ground into the reservoir; and it should be observed that
in the years when there is the least fall of rain, the earth must be drier
than in wet years, and of course being more absorbent a less proportion of
the rain falling will find its way into the store reservoir.

It appears that out of 12 years, viz. 1835, 36, 37, 38, 39, 40, 41, 42, 45,
46, 47, and 48, from rain guages registered by Mr. Burgess, at Great
Wigston, the year 1838 was the shortest water year, when 22 inches only
of rain fell; the greatest fall was in 1848, when 364 inches of rain fell;
and that the average of the 12 years was equal to 27} inches; bnt it may
be assumed that 22 inches is likely to be the smallest annual fall of rain.
From experiments made by me in one of the Lancashire valleys, to deter-
mine the quantity of water flowing off the ground, as compared with the
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“rain fall, T found that although the proportion varied very much, yet that
half of the fall might be taken as the average flow, and the country in the
neighbourhood of Leicester, not being dissimilar in its contour to that in
which the experiment was made, it is quite reasonable to assume that the
same proportions may be taken as an approximation for this locality.

The quantity of rain water, therefore, that may be stored in the neigh-
bourhood of Leicester should not be estimated at more than 11 inches per
annum. Mr, Hawkesley in his evidence before the surveying officers at
Leicester, in 1847, stated that he had no sufficient data from which to cal-
culate the rain fall in the neighbourhood of Thornton, but from what it
was found fo be at Nottingham, he thought it might be from 28 to 30
inches, and that allowing 16 inches for evaporation, he could not reckon
that more than 12 inches, or about 43 per cent. of the whole rain fall
would flow into the proposed reservoir. According to the guages taken
at Thornton, from February, 1848, to September, 1849, or for 20 months,
it appears that the whole fall of rain was equal to 45.48 inches, or at the
rate of 27.28 inches per annum. The fall at Great Wigston during the
same period was 59.21 inches, or at the rate of 35.52 inches per annum.
The difference between the falls of rain at the two places is 23 per cent.
and as the first is on higher ground than the latter, this confirms, not only
my own experience (obtained in Lancashire and Derbyshire), but is in ae-
cordance with that of the great Dr. Dalton's, who, in his observations upon
the fall of rain at the pass on Mount St. Bernard (vol. 5, new series of Man-
chester Phil. Trans. page 236), remarks, that from observations made in
Great Britain, it appears to be an established fact, that more rain falls in
the hilly parts of the country than in the plain. But it also appears that
the quantity of rain in a low situation is greater than that in an elevated
situation in the vicinity,

Taking the shortest rain fall at Great Wigston to be twenty-two inches
per annum, then the fall at Thornton would be 23 per cent. less, or seven-
teen inches.

The quantity of rain that flowed off the ground at Thornton during the
twenty months before named, was equal to 51 per cent., or say half of
'thc rain fall—the quantity of rain therefore that could be calculated upon
in short water years at Thornton should not be estimated at more than 85
inches, although the average rain fall would, upon the same data, amount
to 21 inches, and the average flow to 104 inches; these caleulations are
made upon the assumption, that the store reservoirs are sufficiently
cnpfmiow to colleet the whole of the rain ﬂIDWillg off the grmmd in the year,

The area of the water shed at Thornton is stated to be equal to 2890
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The sources on the south are calculated according to the Great Wigston
Register, and are distinguished by the letter ““a,” the others according to
the Thornton Register.

Distanes from|No, of Inhabitants
Aren of the Grand |that can be supplied
WaterShed [Stand on Race|with 20 Gallons per
Acrod. Course, |Day in short wiater
Miles. SEAS0T .
A No. 10, Glen Magna ....... cide el B 680 5% 228,780
g Bl ia Brog el g 3 130,918
C No. 2, Willow Brook, Saltersford Bridge.] 3,927 2% 103,437
3y NOS. 13 and 14, 5t Mar}r s Mill, River Soar 5}1; 1§ 3,102,000 (a)
DN No. 12 L{‘.lw-E:r down Glen ]'-[agna, Tear
Narborough Roadl s seeses..ocss - cees..| 28,390 45 702,168 (a)
E No. 8, Thornton and Lockey Bridge ....| 2,670 9% 70,238
No. 6, Grooby Pool .. SR G e U G} 53,250
No. 11 Knighton Emuk e mi AT A BT e 4,642 13 158,236 (a)
No. ’i, Brook leading from G]‘l}ﬂhj’ Pool - 2 768 5} ;
No. 4, Barkby and Beeby Brook ........| 3,005 i3 102,857
No. 'j‘, Brook § mile above Bocheston ......| 4,406 94 116,054
No. 1, Willow Brook at Humberston Bridge! 7,852 1% 206,821
No. 9, Glenfield Mill-pond. ....... Pt W 1) 5 305,417

In selecting the best source for the supply of a large town, due regard
must be paid to the probable future increase of population, and if choice
be allowed, that one which will afford the largest quantity should (cewteris
paribus) be chosen. And itbecomes the more desirable to select a site which
would afford a supply sufficient to meet any increased demand that may
arise, at least for sixty years to come, so that there may be no occasion to
erect new works at any other point, because the extension of works which
may be necessary from time to time, to meet an increasing consumption,
will be a much less expensive operation, if the same source can be resorted
to, for the whole of the additional quantity that may be required.

Now, should the population of the borough continue to increase in the
same ratio that it has done for the last thirty years, namely, thirty per
cent. in every ten years, at the end of sixty years it would amount to
319,586 ; and an examination of the foregoing tables will shew that there
are only two sources from which a sufficient quantity of water could be
obtained, for the efficient supply of so large a number of inhabitants;
namely, the Glen Magna stream, between Blaby and the mill, near the
Narborough road, and the river Soar, at St. Mary’s mill.







45

A very essential difference : for, from a return made to me by Mr. 8. 8.
Harris, it appears, that the consumption of soap in the manufactories
alone amounts to 312 tons per annum; this, at £50 per ton, is equal to
£15,600 per annum. The same return also shews that 561bs of soap are
required for every 264 gallons of water consumed.

There can be no doubt, from the analyses of the sewer and navigation
waters, where contaminated by the dye waters, and that of filtered Soar
water uncontaminated, that a great saving will be produced to the manu-
facturers by the substitution of the proposed water for that which is not
unfrequently used, but, as before remarked, those who have used the
Willow Brook water for manufacturing purposes, will be well able to
appreciate the difference.

As regards the diminution of incrustation in Steam Boilers, it will be in
the proportion of 33 to 100 which numbers represent the quantity of Salts
in each water. The time that a Boiler will last without cleansing,
depends (ceeteris paribus) upon the quantity of water evaporated in it in
a given period, so that if equal quantities of well water and Soar water be
evaporated in two boilers of the same size, the incrustation at the end of
any stated time would be three times as great in that supplied with well
water, as in the other in which Soar water was used, and therefore a Boiler
working with well water, would require to be cleansed three times as often
as if the Soar water were used in it; assuming that with every 56lbs of
soap there be used 264 gallons of water, then taking the same proportions,
312 tons will give a result of 3,294,721 gallons, representing the total
quantity of water with which soap is used by the Manufacturers in
Leicester in the course of a year, therefore as it was found by the chemists
that to soften the Soar water, it required 9 grains of lime to every gallon,
it follows that less than 2 tons of lime would soften the whole of the
above quantity.

If these statements be correct, the adoption of this inexpensive process
would appear to be well worthy of the consideration of Manufacturers who
require soft water, and the more so, that it has been already used for this
purpose (for a long period) although not generally; as an instance of this
on a small scale, one of your chemists, Mr. A. Aikin, informs me, that he has
employed it for many years to soften the water supplied to his residence
by the New River Company.

If, however, it were proposed to soften in this way the whole of the
water supplied to the Town, to effect that, 609 tons of Lime per annum
would be required, which would alone cost £335, and if to this be added
the expense of labour and interest upon Capital for the works required for
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that term be a supply equally constant, equally abundant, and under 2
pressure equal to that afforded to Nottingham, and some other towns, I can
see no difficulty in their undertaking to adopt a similar arrangement.
As regards the poorer classes of houses, I consider that the arguments urged
by the sanitary Commissioners must be considered as convineing.

Although I still see great commercial difficulties in a private company’s
undertaking to give such a supply ; these do not appear to me to be the
same in the case of a Munieipal Body, where in fact every member of the
council, and every officer employed by them, becomes an inspector to pre-
vent waste, who will have a personal interest in taking care that this does
not occur, since, by allowing it to do so, a penalty would be inflicted on
himself in the shape of additional rates. The position too of the Town
Officers will have a moral effect upon the poorer classes, which no
Directors of a Company could expect to produce, for as in the first case,
the parties would be presumed to aet for the public benefit only, in the
latter, it might be supposed that they were merely studying their own
profits,

I should not, however, recommend the Town Council of Leicester to
impose such restrictions as have been promulgated by the Town Council
of Coventry ; if they intend giving an abundant supply of water to the poor,
they should take care that the restrictions are for unnecessary waste only,
and not by extending them beyond this point to give a less abundant sup-
ply, under a system where the water is supposed to be continually
accessible, than would have been afforded by an ordinary daily supply.
I have not entered into the details of conneeting pipes, and internal fittings
for the houses, as ample provision is made for this portion of the work in
Acts passed in late years by the Legislature.

POPULATION AND RATES.

Increase
Number.| in Per Centage of
10 years, increase,
In 1801 the population amounted t0 ..., ..., 16953
In 1811 ditto ditto «..vvveeanaa| 285146 | 6103 30}y  per Cent.
In 1821 ditto D e $0135 | 6979 | s01-10 ,,
In 1831 ditto o O g R 30306 | 9181 | 30 4-10 |,
In 1841 ditto CADT L s 60632 | 11626 | 294 L
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In 1881 the popnlation will amount to 145,466, the assessed rental upon
private houses to £218,199, to which must be added £16,000, making a
total of £234,199.

The annual quantity of water proposed to be supplied in the first in-
stance (in the year 1851), will amount to 483,347,600 gallons, of which
15 per cent., or 72,502,140 gallons, is supposed to be required for public
sanitary purposes, which leaves 410,845,460 gallons, the sale of which
should produce a revenue of £4,900, the cost therefore of every 1000 gallons
will amount to 2d.86-100 or say for Manufacturers, 3d. per 1000 gallons.

The annual quantity supposed to be taken by the manufacturers is cal-
culated at 15 per cent. also, or 72,502,140 gallons, which, at 3d. per 1000
gallons, will produce a nett revenue of £906. 5s. 6d. or, say £900 per
annum ; this amount deducted from the £4,900, leaves £4,000 to be
raised by rates upon houses and other buildings, and deducting £560 as
the proportionate rate upon £16,000 assessed rental upon * other build-
ings, §e.” will leave £3,476 as the total annual rate upon private houses.

According to the document before referred to, the number of houses at
each amount of rent, appears to be according to the following proportions,
viz.,—

Out of 1000 houses there are 675 the assessed rental of which is £5 per annum.

N i m et s L s s Pl s AT AT S T furraa 10

Do bad B e et ik ot P 20

Do e e T i 1)

Du........: ...... T e e h e waediw g o b malm g  i)

Docsussasatvsens S e R S e « above
: 1000

The following table will represent the number of houses at each amount
of assessed rental, the rate per house, at per annum, and per week, and the
total annual amount produced by each class,

1851.
Class of Honses. Number. ﬁﬁtﬁu};ﬁr R.i:rt:ufﬁr ﬁn;zﬁﬁ:;lpar
A d. d. Lol s
Houses at £ 5 Assessed Rental .. ..| 2739 LS 0 6-10 1197 15 3
Do, 10 i esas | 2219 5 2 1 2-10 671 B8 8
o, 20 2 wows | U202 1020 4 2 4-10 667 10 B
Do. 30 h ceon] 467 116 8 | 36-10 | 88118 6
Do. 40 . eeor| 192 |21 0 | 4810 | 20112 0
Dﬂl Bﬂ 33 =88 B{]ﬂ' 31 ﬂ T 1"'4 41!5 1:] {]
Total amount and average Rates ..| 13738 | 5 0F | 1 16-100{ 3475 18 1
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3rd. To construct works for the manufacture and sale of the manure, as
on as the present sewage is diverted into the new sewers, which works
they will also deliver up to the Town Council in a state of good repair,
and good working order, at the expiration of 30 years from their esta-
blishment.

4th. The Contractors to undertake that any profits arising from the
sale of the manure, after deducting 5 per cent. interest for capital
expended, and an annual amount to liquidate the capital in 30 years, be
divided equally between the Contractors and the Town Council.

5th. The Town Council undertake to pay to the Contractors £9,500 per
annum for 80 years, from the establishment of the works, upon the
security of the Borough rates, and to provide the land required, leasing it
to the Contractors at per acre—to secure to them sufficient Parliamentary
powers, and to afford them all the facilities in earrying out the works that
their position and powers as a Corporation, enable them to do.

Caleulating upon the same principles by which the former tables have
been constructed, the charge per week for the £9,500 would be, upon an
average of 30 years, 2d. per week upon the average of all classes of
houses (exclusive of manufactories). These charges would be about 20
per cent. less than those hereinbefore quoted. I have made the fore-
going statement with a view to show distinetly my opinion of the value
of the manure to be obtained from the Leicester sewer water; but while
stating what I believe contractors would be willing to undertake, I do not
mean to say that if the Town Council felt authorized to undertake the
work themselves, the profits would not be much larger, but the risk
would also be greater. At the same time the share of the profits (if any)
would go in reduction of rates, and should there be no profits, the town
would, nevertheless, sustain no loss.

The following Table will show what proportion of water is intended to
be supplied to each class of houses, at the rates hereinbefore stated.

Average supply per Average supply per
House per diem. House per week. LR
Riredls: Per diem Per week
To Gallons. | Barrels. | Gallons. Gxllotl Gallons.
£5 1% b4 104 378 674 472
10 24 81 156 67 101 TUE%
20 2k g0 17} 630 11 Ei 787
30 o 104 21 756 135 045
40 af 135 26} 045 168% 1181
6o 5 180 35 1260 225 1576
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penditure, but it would evidently be inexpedient to express in this Report
any opinion as to what that amount should be.

I believe I have now reported upon all matters referred to me; and
should the general principles enunciated in the foregoing Report, be
approved of by the Town Council, I should be prepared (if called upon)
to provide the necessary plans, specifications, and estimates, for carrying
the proposed works into execution for the amount stated.

I cannot conclude this Report without offering my thanks to the Com-
mittee, and to the Officers of the Town Council for the valuable assistance
they have so kindly and promptly afforded me during the progress of

these investigations.
I have the honour to be Gentlemen,
Your most obedient Servant,
THOS. WICKSTEED, Civil Engineer.

%

Since writing the foregoing Report, I have submitted it to Mr. Aikin
and Dr. Taylor, who have expressed their full concurrence in all the
statements and opinions offered therein upon chemical matters,







REPORT OF ANALYSIS

OF

THE LEICESTER SEWER WATERS.

The fFivst Sevies of Tdaters

WAS MARKED RESPECTIVELY No. 1, 24, 3, 4, AND 4.

No. 1.

Tuis water had a blueish grey colour, and deposited rapidly a
considerable sediment. The greater part of the solids mechanically
diffused through it were deposited in four hours, but it was remarked
that the liquid was turbid after the lapse of six days; and this
turbidness was found to be owing to the presence of a quantity o
soapy matter dissolved in it.

SponTaneOoUs Deposit. The quantity of sediment deposited
gpontaneously from a measured portion of the liquid, amounted in
the imperial gallon to 566 grains. The dried sediment had a deep
blue black colour and a soapy feel. It burnt with a yellow smoky
flame like grease, and yielded on distillation nitrogen and sulphur.
The blue colour was owing to the presence of minute particles of
indigo. The dry deposit was found to be thus constituted :—

Combustible or organie matter, containing nitrogen and

onlphinell s, 8. SR AR IO RTINS 46.47 grains
Pixed saline residue, conmsisting chiefly of carbonate of
soda and earthy matter .. ......ccveinrenononenss 10.13

Total deposit from Tmperial gallon . . ... 60.6
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' The residuary liquid was found to contain sulphuretted hydrogen
and carbonic acid. Its offensiveness was partly due to organic
matter in a state of putrefaction. It had a slightly acid reaction.

Derosrr By Lime Warer. When the water was mixed with
one-third of its volume of a saturated solution of lime, it lost much
of its offensive odour, and became speedily curdled. Ina quarter
of an hour there was deposited a thick flocculent precipitate, con-
sisting of lime in combination with the organic matter contained
in the water. The weight of dried sediment thus obtained amounted
in the imperial gallon to 149-38 grains.

Combustible or organic matter .................. 121.33
Fixed saline residue. . .. .ooiivrercnrrrnn varesns ag,
149.33 grains

The residuary water of the lime process was rendered so clear by
filtration through paper as to look like common spring water. It
still had an offensive odour, partly due to the presence of some
sulphuretted hydrogen, and partly to some organic matter in a
state of decomposition.

The entire liquid (i. e. the sewer water) became clearer by filtra-
tion, but not so clear as by the lime-process. The filtered liquid
was found to contain in the Imperial gallon 50°5 grains of saline
matter, consisting of the chlorides of sodium and magunesium, phos-
phate of soda, sulphate and carbonate of lime, with traces of the
oxide of iron,

No. 2 A.

This liquid was turbid and of a brownish colour. It had a highly
offensive odour, partly due to sulphuretted hydrogen and partly to
decomposed organic matter, Of sulphuretted hydrogen, it was
found to contain 2:027 cubic inches in the imperial gallon.

SronTaNEOUs DEposit. After four days, a greyish black sedi-
ment was procured by subsidence, the supernatant liquid being
still turbid and muddy-looking. The dried sediment was in the
proportion of 58:6 grains to the Imperial gallon. This was found

il S it Wk e i,
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" to consist entirely of combustible matter, abounding in nitrogen

and sulphur.
Derposit By Lime Warer. The lime water process was em-

ployed as in No. 1, with similar results. The deposit took place
rapidly—the offensive odour was in great part removed, and the
supernatant liquid was rendered nearly clear.

The amount of deposit for the Imperial gallon was—

Combustible or organic matter.........cc0vnoceess 51.60
Fixed saline regidus soceee.ceivaverrmmins vonnes 35.43
Total deposit in Imperial gallon ...... #6.93 grains

The entire water was rendered clear by double filtration, but was
slightly coloured. The saline residue in the Imperial gallon
amounted to 113:3 grains; it was constituted of salts similar to
those found in No. 1.

No. 3.

This water was turbid, had a green colour, apparently from some
dye liquid, and an offensive odour, but less so than 2 A. It had a
slightly acid reaction ; it was rendered clear by filtration, but still
retained a greenish tint.

SrontaNeouS Derosrr. The dried sediment obtained by spon-
taneous subsidence had a greenish brown colour, and was mixed
with woollen fibres. The quantity of deposit calculated for the

Imperial gallon amounted to 32 grains. It contained nitrogen and
sulphur, and was thus constituted :—

Combustible or organic matter «.........covvvruns 23.47
Bixod salfng refldns | cods. vl cduibiv. oot dib 4 8.563
Total deposit from Imperial gallon . . .... 32. grains

Derosir By Lie Warer. The water, as in the previous cases,

became clearer and less offensive after it had been submitted to the
lime process.
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The amount of deposit for the Imperial gallon was—

Combustible or organic matter.........c000vvvuns 55-40
Fixed saline residue ........ ...0v000s LR TS, 534
Total deposit in Imperial gallon . ... .. 608 grains

The entire water became clear after two filtrations, but it was still
coloured, and evidently contained much organic matter dissolved.
Hence it was evaporated ; and the filtered liquid then left a dark
brown residue, amounting in the Imperial gallon to 140 grains, It
was thus constituted :—

Organic matter, containing nitrogen and sulphur ... 246
Fixed saline residue ........co00iiviniisnnonassse 1154

Total contents of filtered liquid ....... 140 grains

The total quantity of organic and saline matter obtained from
this water by spontaneous subsidence and evaporation, calculated
for the Imperial gallon, will stand as follows :—

Organie. Grains.
Spontaneous deposit ........civiiiiiiniinanas 23.47
By evaporation ........coeneavanrans g e 246 4807
Saline matter.
Spontaneous deposit .........cciiiiiiieniinas 853

By evaporation e vt s gnone.a.hailib 123-93

Total organic and fixed in Imperial gallon . 172  grains

The lime process separates the whole of the organic matter, the
slight difference in weight probably depending on the fact that
some carbonic acid is thrown down by the lime, and subsequently
driven off by exposing the precipitate to heat.

The salts chiefly contained in the water were the chlorides of
sodium and magnesium, the sulphates of potash, lime and ammonia,
carbonate of lime, carbonate of magnesia and oxide of iron. No
phosphates were found.
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No. 4.

The water was turbid, of a brownish green colour, and had an
offensive odour. In four days a slight deposit had taken place, and

the liquid became clearer, although still coloured.

Sponvaneous Derosit. The quantity of dried sediment, cal-
culated for the Imperial gallon, amounted to only 56 grains, It
consisted chiefly of organic matter containing nitrogen and sulphur.

Derosit 8y Lime Warer. The dried sediment obtained by
lime water weighed 22,93 grains, and it was thus constituted :—

Organic MAHET. . couusaasescasissssss sorncresans 782
Fixﬂﬂ. Eﬂ].i.llﬂl rl’.‘.&iﬂ'ﬁlﬂ.. CH R RN SN LTI LRL IR B LLLL LR 15.11

Total deposit by lime in Imperial gallon............ 2203 grains.

The lime had, therefore, slightly increased the quantity of
organic deposit.

The entire water was rendered clear by two filtrations. On
evaporation, the filtered liquids yielded, in the Imperial gallon, a
residue consisting of

Combustible or organic matter .. ... ceeeneecicw 146
Fixai ﬂB’h Emmmng Halm & B andiaEis F BEE g F RATEENF & & @ Ao ??-*
92 grains.

The combustible matter contained nitrogen and sulphur. The
salts were similar to those found in the other waters. There was a
small quantity of phosphate of lime. The filtered water con-
tained carbonic acid and sulphuretted hydrogen. It could not be
entirely deprived of the latter by lime, and still retained an offensive
odour from animal matter, which the lime did not remove. It will
thus be perceived that the lime water removed only one half of the
organic matter contained in this water,

No. b.

This water was black, turbid and highly offensive, owing to the
presence of sulphuretted hydrogen and putrescent animal matter.






63

~ Question 2. Can the dye-water be turned into the eanal, without
injury to health ?

Answer. The dye-water contains very offensive and noxious
gases, and is continually evolving sulphuretted hydrogen, which is
a poisonous gas, and is liable to become rapidly diffused and con-
taminate the air of a locality. It is, therefore, our opinion, that,
so far as regards the public health, it would be advisable to turn the
dye-water into the sewers of the town, and not allow it to be dis-
charged into the canal, to become there stagnant. The exposure
of a large surface of this water in a stagnant state, during a summer
temperature, would tend to render the atmosphere of a place
noxious, and to produce injury to public health.

Question 3. The quantity and nature of the solids held in mecha-
nical suspension in the five specimens of water ?

QuanTity or Sorrps. The quantity of solids deposited from
the waters by spontaneous subsidence, when exposed under similar
circumstances, may be thus stated in grains—the quantity of each
water being estimated at an Imperial gallon :—

Nﬂ-l FR AR e Al s s WA e e Eﬁ'ﬂ-

Nia8 ot gviddimmeriadi i ca ik S 586
Now B sanasnwgun ininnnsunsaiesss T2

Iy P el S e ey ST R 4 wlaie w eI o R a0
oA T e P e e T s il 740

Deposit from the mixed waters ... 600

Nos. 1, 2 4, 3, and the mixture of waters yield the largest pro-
portion of sediment as a result of mechanical subsidence. They
appear to owe this large proportion to the refuse of the dye-waters.
No. 4 is represented as sewage water unmixed with dye-refuse,
and this will probably account for the gmall proportion of solids
deposited from it.

NArTure or taE soLips. In the whole of the five specimens,
the sediment consisted chiefly of organic matter—in Nos, 1 » 3,and
9, apparently derived from the dye-refuse. This organic matter
was found, in each case, to contain nitrogen and sulphur:—in a dry
state it would, therefore, be highly valuable as manure,
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The proportion of organic matter available as manure, and calcu-
lated for an Imperial gallon of each water, is as follows :—

Organic. Fixed. Total.
NO. 1 wvaninn e swne: GOMT aaheaaneies {10 b oot o6-G
No. Boiiiave veer B0 i Vel » mil ...iie..... B9
M0i3 vrannnssisnces BIUT wuitanasnn B3 seesn ves.0 89,
Waed susanavenansns b wiisfaiss es. 18 susisiana. 58
NO. D casissiniannan BB tviiiinens 286 sivencenee 746

Mixed waters ... 47°04 so...o o0 1386 oo.....ese 609

The fixed residue is also useful as manure. This observation
applies particularly to those waters in which phosphate of lime was
found. From the above table, it will be perceived that Nos. 2 and
1 are the richest in manuring qualities.

Question 4. The time required for the deposit to take place,
when the water is at rest ?

Answer. The subsidence was as complete as it was likely to be
in all the specimens, in a space occupying from two to four days.

Question 5. The proportion of lime required to cause the sub-
stances held in suspension to be entirely deposited; the quantity
thus precipitated,—nature of the deposit,—its value as manure,
—and the time required for such deposition to take place ?

Answer. Lime water was used in these experiments, and the
proportion employed amounted to from thirty to forty grains of
lime to the Imperial gallon of sewer water. This was found to be not
more than was sufficient in the case of Nos. 1, 2 4, and 3; but it
was more than was required for the waters marked 4 and 5. The
surplus lime, however, has the advantage of removing the smell,
and any excess is speedily taken away by exposure to air, owing to
its combination with carbonic acid and its precipitation as chalk.

The effect produced by lime upon all the waters was very similar.
The lime appears to precipitate the whole of the mechanically
diffused organic matters, and probably those which are dissolved.
It combines with them and produces a coloured sediment. It
throws down the free carbonic acid as carbonate of lime, and com-
bines with the sulphur, so as to destroy the most offensive gas,
sulphuretted hydrogen. It causes a very speedy deposit and
renders the liquid clear.
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Quaxmiry oF Derposit By Lime: In the following Table the
weight of each deposit is calculated, less the weight of lime em-
ployed. The quantity of Sewer water is an Imperial gallon, and the

weights are in grains.

Organic Matter. Fixed. Total.
Noidl ' vasiadas 12188 ....eaen 28 seenases 140-3
No.2 A .iiuse 516 coewsaen 3543 . 86-03
No.9 ienssonsn 648, couvina ve. D34 608
No. 4 . A SRR - 16511 seen.e.s 2293
NO. 5 wavennss 176 cvvvenes NI S et 170

Mixed Waters .. EE"B R TR | 15 S Eﬁ'gﬁ

It will be perceived by this Table that the effect of the lime is\
to augment considerably the total amount of deposit, and in some
instances to increase the proportion of organic matter which is con-
tained in it. |

Natvre or THE Drrosit. The deposit consists of the lime
added in close combination with organic matter, mixed with the
carbonates of lime and magnesia and phosphate of lime.

Vavrue oF Deposit o8 MANURE. This is, generally speaking, ina
direct ratio to the quantity of organic or combustible matter thrown
down by the lime. This matter consists chiefly of substances con-
taining nitrogen and sulphur—hence it contains the elementsof good
manure. The phosphate of lime which is precipitated and the sur-
plus lime may also be considered as useful adjuncts. The value of
the former is well known ; hence the value of the deposit as ma-
nure may be taken at rather a higher proportion than that indicated
by the quantity of combustible matter because some portion of
the fixed residue consists of phosphate of lime.

TiMeE REQUIRED FOR DEPOSITION. The deposit takes place with
great rapidity when the lime is dissolved. The liquid acquires in a
few minutes a curdled appearance, and the solid matters subside in
great part in about a quarter of an hour. Agitation of the liquid
after the addition of the lime, tends greatly to favour the separation.

Question 6. The appearance, nature, and value of the waters
after having been submitted to the lime process ?

Answer. The water becomes much clearer, and on filtration
is almost colourless : some of the specimens, however, still retain
an offensive odour, which disappears by free exposure to the air,

*B
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The Second Sevies of Detoer ANaters,
MARKED NO. 1 TO NO. 7 s.

A ComprouNp WATER was prepared from a mixture of equal quan-
tities of each of these waters.

This represents the Leicester Sewage Water as it is at present.

The mixture had a highly offensive odour, in which sulphuretted
hydrogen was perceptible, It was of a deep blue black eolour, but
became quite clear and colourless by filtration, shewing that the
colour and appearance were owing to undissolved matters diffused
through the water. The offensive odour was entirely removed in a
few minutes by a small quantity of chloride of lime, but not by
chloride of zine, even when used in large quantity, and the mizture
was preserved for a month. It was subsequently found that this
so-called Deodorizing Fluid had less power of removing the offen-
sive effluvia than a small quantity of lime.

Seontaneous Derosit. The greater part of the solids contained
in the water were deposited in the course of a few hours, but the
deposition was not complete until after the lapse of forty-eight
hours.

Tur Depostr was collected, dried, and weighed. It had a dark
greenish colour, and was of a greasy, soapy nature. When heated,
it evolved nitrogen and sulphur; and at a high temperature it gave
off a white vapour, which burnt with a yellow smoky flame.

The dry deposit, calculated for the Imperial gallon, was thus
constituted : —

Grains,

Combustible or organic matter, containing 04.3
nitrogen and sulphur .....cseeseseeee

Fixed residue, chiefly saline and Eﬂ.l‘l.hjf} 45.4
mﬂttﬂl‘ I BB RN WEBESE R E R R EE A

Total weight of deposit ........cooiiiieinn 130.7

Tur Water, after filtration,was colourless and tolerably clear.
It was very offensive, but less so than before filtration. It con-
tained no sulphuretted hydrogen in a free state, but 1t held dissolved
carbonic acid as well as the salts usvally found in land-spring
water. It also contained salts of ammonia. When evaporated
it left a brownish coloured residue; and this, when calculated
for the imperial gallon, weighed 98 grains, of whi.ch 32 were com-
bustible or organic matter, and 66 fixed saline residue,
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The fixed saline residue of this water was found to consist of sul-
phate of lime, the carbonates of lime and magnesia, phosphate of
lime, with traces of common salt, oxide of iron, and silica. The
volatile or combustible portion, including ammonia from the
ammoniacal salts, consisted of nitrogenous and sulphurous organic
compounds.

Derosrt BY LiMe WATER. The mixed water was treated
with one third of its volume of a saturated solution of lime in water.
The solid matters began to be precipitated in five minutes, and the
precipitation was complete in half an hour. The weight of dried
sediment thus obtained, amounted, in the Imperial gallon, to 228.66.
erains, and it was thus constituted : —

Grains.
Combustible or organic matter containing nitrogen and sulphur .. 139
Fixed saline residue containing the salts above mentioned........ 8006
Total weight of deposit by lime pProcess.....-sesvissssssss.. 228066

From this it will be perceived that lime separates more organic
matter than can be procured either by spontaneous subsidence or
by filtration.

Tue ResipDuARY WATER of the lime process retains a fishy and
disagreeable odour. Itcontains ammonia and sulphur (the latter com-
bined with the lime as sulphuret of calcium):—zthat most noxious gas,
the sulphuretied hydrogen is entirely removed from it ; and perhaps
it may be fairly asserted that seven eighths of the offensive effluvia
of the water, are entirely removed by the employment of lime in
the proportien advised.

CompARISON OF THE Mixep WATER OF THE FIRST SERIES,
Nos. 1 10 5, WITH THAT OF THE SECOND SERIES, No. 1 10 No. 7 S.
The quantities are here calculated for the Imperial gallon,

SPONTANEOUS DEPOSIT.
Combnstible. Fixed. Total Weight.

Tet Beries  sivene 4T sivwae 18388 Ji.ei. U800 Grains,
9nd Series ... .. 108°5 sueeas 402 deiet e 1077
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‘in the different specimens. While some of these salts, e. g. phos-
phate of lime, have valuable manuring properties, there are none of
them which are injurious. The phosphate of lime was most abun-
dant in those waters which yielded the largest proportion of organic
depusit, hence the manuring value of each specimen will be deter-
mined by the relative weight of organic or combustible matter
obtained in each case from the Imperial gallon, for which the
weights in the above table have been calculated. It is to be
observed, however, that the weight given under the head of organie
or combustible matter includes the ammonia contained in all the
specimens excepting Nos. 1 and 7, which scarcely contained any of
this alkali. The fact that ammonia is included in this weight, does
not at all interfere with the conclusion above drawn, because this
alkali is a valuable product and adds to the manuring properties of
the deposit.

A Compouxp WATER was now made by mixing equal portions
of each sewage water No. 1 to 7 S with four measures of 13 W
taken from the River Soar, thus representing the Leicester sewage
water as it will be.

Tue Comprounp LiQuip had a black appearance and a very
offensive odour, which was partly due to the presence of sulphu-
retted h}rdmgeﬁ; but in other respects it presented the characters
of sewage water much diluted.

The offensive odour had, to a great extent, disappeared after
the water had been exposed to the air twenty-four hours.

SPONTANEOUS Derosit.  The greater part of the diffused
solids subsided in about an hour in the form of a thin black sedi-
ment. The deposit when dry, had a dark greenish black colour,
evidently from a large admixture of organic matter. When heated,
it evolved ammonia and sulphur, a fact which proved that it
contained some nitrogenous organic compound. It burnt on

exposure to the air, and left as a residue a brownish coloured ash.
It was thus constituted :—

Combustible matter containing nitrogen and sulphur

Fixed residue containing earbonate and phos i i
: : phate of lime, wit}
traces of magnesia, oxide of iron, and silica .... ’ ] 1

Total weight of deposit in Imperfal gallon .......... 54
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The quantity separated by the action of lime-water in the above-
mentioned experiment amounted to 54 grains. It may, therefore,
beinferred, that in the proportion suggested, the lime-water operates
by throwing down the whole of the organic matter which admits of”
precipitation. The quantity of organic deposit, obtained by the
use of lime-water, is more than twice as great as that which is
procured by spontaneous subsidence.

COMPARISON OF COMPOUND SEWAGLE
WATERS.
( Imperial Gallon ).

A. Sewage water as at present (Mixed S. series).
B. Sewage water as it will be (compound mixture here ana-
lysed).

1. SroNTANEOUS DEPOSIT.

Combustible. Fixed. Total weight.
BN e e D4'BETS. seosssannn 454 gr8. ........ 1397 grs.
DJ_ .......... 24- llllllllll Ii}' FreFERe 3 3‘4-

2. DeprosiT BY LIME WATER.

Combustible. Fixed. Total weight.
1'1- llllllllll lﬂﬂ' g‘l‘ﬂ. llllllllll Eﬂ‘ﬁﬁ E,-[-ﬁ -------- 223‘% El‘ﬂ-
1!'. CRC R ] 5*- A FE e e e ?'}. llllllll 124-

From this table it will be perceived that if lime be used for the
purpose of precipitation, then the quantity of deposit obtained
from the same quantity of sewer water is more than doubled. It
is certainly desirable that lime should be employed for aiding the |
separation of the deposit, not only because the quantity is thereby
greatly inereased and the solid portion is more rapidly precipitated,
but because the offensive odour of the sewer water is at the
same time almost entirely removed. The results prove that no
injury is done to the deposit by the use of lime; and it ig not S
thereby rendered less valuable for the purposes of manure.

A. AIKIN.
ALFrRED S. TAYLOR,
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REPORT OF ANALYSIS

OF S0ME

SPECIMENS OF WATER MARKED W.

A PRELIMINARY EXAMINATION was made of the waters
marked from No. 1 to No. 14, W, /

This examination included—1. The determination of the
weight of saline contents and proportion of organic matter in an
Imperial gallon of each water. 2. The physical properties as to
colour, taste, and smell. 3. The comparative effects produced in
each by an equal quantity of a standard solution of soap. 4. The
action of a solution of lime on an equal quantity of each water,
and the weight of the matters thereby precipitated. A report of
these results was forwarded with the conclusion, that, considering
the domestic, manufacturing, and dietetic uses to which these
waters were likely to be put, the following were considered to be
the best, in the order in which they are given— Nos. 10, 3, 2, 12
and 8. ;

From instructions subsequently received, a further analysis of
the following waters was made, namely, Nos. 1, 3, 4, 7, 8, 10,
12, 14, and No. 8 W F W, the latter being a compound water pre-
pared from a mixture of equal quantities of No. 8 W, and No.

20. W,

EFFECT OF FILTRATION THROUGH SAND.

The whole of the specimens were submitted to very slow fil-
tration through a thick stratum of well washed sand. The water
of each specimen came through very clear, and in the greater
number it was colourless. The only water of the whole series
which appeared to have become much improved by filtration was No.
14 W. This, upon analysis, was found to have lost both mineral and
organic matter; the sand having separated, during the process of
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filtration, about one-fifth part of the total weight of its solid con

tents. In Nos. 4 and 12, filtration through sand was found to
have produced no alteration whatever in the quantity of matters
contained in the waters. The results obtained by careful analysis
were precisely the same both before and after the process of filtra-
tion. In all the other specimens, including the selected specimen
8 W F W, the process of filtration through sand did not produce
any change in the quantity or quality of the saline contents, calling
for particular notice. It is our opinion, however, that the effects
~ of filtration through sand can only be properly estimated where
the experiment is conducted on a very large scale.

These effects are in general limited to the separation of mecha-
nically diffused impurities ; but in some instances, owing to the loss
of carbonic acid by evaporation, some carbonate of lime (the chief
constituent of these waters) may become deposited, and with it
some organic matter, The waters were found to contain but a
very small proportion of mechanically diffused impurities, and to
this may be ascribed the very slight effects produced upon them by
slow filtration through sand.

ANALYSIS OF 14 W WATER.

This water contained less mechanical impurity than is found in
most kinds of River and Spring water. It became quite clear on
standing, was nearly colourless, and free from any taste or smell.
In its physical properties it has all the characters of a good water
for dietetic use. When evaporated it leaves a light brownish
colored residue, which, when calculated for the Imperial gallon,
weighs 33 grains, The saline matter in this water forms a propor-
tion of 1-2121 parts by weight. The residue obtained from the
evaporation of the water consisted of :—

Grains,
Combustible (organic matter) veueevsernnisenseees 6,
Ash fixed at a high temperature ......... sedesnenn 27
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By the application of various tests and re-agents the ash was
found to be thus constituted.

Grains.

Carbonate of lime, with traces of carbonate of MAagnesia coeees 13
Eulphatﬂ'uf Hmﬂ LER N o "W ERBEE AR A s TR B e R ﬂ
Common salt (chloride of audmm} w:th traces of chlorides of

magnesiam and ealelumn . G GG G } p
Bilica and oxide of iron ......... o i P T R ARy o PP 3
Drg“nin' mamr {mn:.-hllﬂtlhla‘} A R R R T N R N R E
Total weight of residue in Imperial gallon .............o.... 33

The carbonate and sulphate of lime are in about the same pro-
portions as those commonly found in River water.

THE LIME WATER PROCESS.

It was found by experiment that one measure of a saturated solu-
tion of lime was required, in order to produce a full chemical effect
with from seven to eight measures of this water. The water became
speedily turbid, and a thick sediment fell down, consisting of car-
bonate of lime, slightly tinted brown by the presence of organic
matter. When filtered, the water was obtained quite clear and
colourless. It was found to have been rendered somewbat softer
by the deposit of carbonate of lime. The lime had rendered the
water purer, as far as physical properties are concerned, and at the
same time had not imparted to it any unpleasant taste. The
filtered water was neutral ; and owing to the separation of the car-
bonate of lime, the chemical tests shewed that there was much less
of this alkali in the water which had been submitted to this process,
than in the entire water. The proportion of lime-water required
for an Imperial gallon of this water would be about 22 ounces,
containing from 8 to 10 grains of lime.

When the water which had been submitted to the lime process
was filtered and evaporated, it left as a residue in the Imperial gallon
16 grains, of which 2 consisted of combustible or organic matter, and
14 grains of fixed salts. Thelime had thus caused the water to loze
two-thirds of its organic matter, and about one half of its fixed
saline constituents (carbonate of lime). The whole of the car-

SR PSR -
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bouate of lime, previously held dissolved in the water by carbonic
acid, had been removed,

ANALYSIS OF No. 8 W I W.

This water was artificially made by mixing together equal mea-
sures of No. 8 W, and No. 20 W.

The mixed water was clear but had a distinctly yellowish colour;
there was no particular taste or smell. On evaporation it was
found to leave a residue, which when calculated for the Imperial
gallon was thus constituted :—

Grains.
Combustible (organic) matter ..covvsvnss R Bannsee e ceses D
Fixed saline Tesidun . ci e siveios s wenises s i e S 11
Total weight of residue. . ..ovevsnnurenns e b

RAe————

The fixed residue by the application of the usual processes, was
found to consist of various salts in the proportions mentioned in
the following table (viz.) :—

Grains.
Carbonate of lime, and traces of carbonate magnesia ....... il ra a Ry,
Sulphate of lime ....... I T e T e O TR e Ciciiet- 2
Chloride of sodium, with traces of chlorides of caleium, & magnesium 2
Combustible or organic matter........... L s iminlotel Bl bl e SR b
Total contents in Imperial gallon veeessriavocraannes 16

T

The proportion of saline matter in this water was equal to
1-4375th part by weight, i. e. it was in less than half the quantity
of that contained in the water marked 14 W,

THE LIME WATER PROCESS.

When mixed with one-fourth of its volume of a saturated solu-
tion of lime in water it became very cloudy, and an abundant

deposit of carbonate of lime, slightly coloured by organic matter,
speedily subsided,
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quescent, showing that the chlorides of magnesium and calcium
were in small proportions. The water may be considered as very
hard; it has a great tendency to fur boilers, and will wastefully
consume a large quantity of soap.

The effect of the lime-water process, used as in the other waters
of the W series, was simply to cause the precipitation of the car-
bonate of lime, and to reduce the dry saline residue to about 66
grains in the Imperial gallon, a result which was obtained by experi-
ment. The water was thereby rendered somewhat softer, but it
was still much harder than most varieties of Spring and River water
which we have examined.

When a quantity of the water was placed in contact with a
polished surface of metallic lead, and allowed to remain four days,
it was found, although still clear, that there had been a slight
chemical action on the metal. The surface of metal was coated
with a thin film of sulphate of lead, and a small portion of a salt
of lead had become dissolved, or diffused in a finely divided state
through the water. It has about the same tendency to act upon
lead as some of the other W specimens which we have examined ;.
but 14 W and 8 W F W did not give such well-marked indications
of a chemical action on lead as 21 W,

This water cannot be recommended, either for domestic use or
for dietetic and manufacturing purposes; the sulphate of lime is
in such large proportion as to render it unfit for constant use as a
diet drink.

In consequence of its freedom from colour, taste, and smell, and
of the absence of any notable portion of organic matter, this might
be pronounced a good potable water. Chemical analysis, however,
shews that there are such strong objections to its use, that it should
be rejected when a better quality of water can be obtained,

THE SOAP TEST APPLIED TO THE THREE
WATERS.
THE WATER NO. 1.

Before the lime process, it was found that this water required
four measures of a standard solution of soap to take away the
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APPENDIX
REPORT ON THE ANALYSIS

LEICESTER WATERS.

REMARKS ON THE PURITY OF WATER.

In the Report to the General Board of Health on the water
supply to Leicester, by W. Ranger, Esq., 1849, we find, at page
31, the following passsage :(—

“ By the terms of the Act, the supply of water must be ¢ pure
and wholesome,’ 7. e. free from vegetable, animal, or mineral matter,
and at the same time not flat, but well aerated ; it must be ¢ proper,’
a word to be taken in its fullest sense. It must also be sufficient
for all the purposes comprehended in the Public Health Act.”

As we have been entrusted by the Corporation of Leicester with
the duty of making a chemical examination of the waters for the
supply of this large town, we take leave to offer a few remarks on
the above statement.

What is meant by ¢ pure’ water? There are probably no two
persons, unacquainted with chemistry, who would agree in assigning
a meaning to the word “ purity,” as applied to water. Absolutely
pure water is that which has been procured by distillation, and
which, when evaporated in any quantity to dryness, would leave no
solid residue whatever. The only natural water that approaches to

this character, is rain water, which has been collected in clean glass
*¢
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or porcelain vessels, before it has been allowed to come in contact
with any substance upon the earth. The rain water thus collected
in towns, generally holds dissolved, numerous impurities floating in
the atmosphere of towns,

In the Parliamentary inquiry on the water supply of the metro-
polis, instituted by the House of Lords, in the year 1840, their
Lordships appear to have considered water to be impure just in pro-
portion to the quantity of saline or mineral matter contained in itz
and some of the chemists examined on that occasion as witnesses,
appear to have led them into this error, by speaking of certain
waters being purer than others, merely because there was a smaller
proportion of saline matter contained in them. In fact, “ purity,”
as in the extract which we have quoted from your Leicester Report,
was made to depend on freedom from vegetable, animal, or mineral
matter.

If the object of water-supply to a town were merely to furnish
water for manufacturing, washing and culinary purposes, then, in
this view of the case, the only pure water would be distilled or rain
water ; and their Lordships, as well as the Board of Health, would
be correct in setting up this as the standard of purity ; but the use
of water for the dict of men and animals is a very important part of
this inquiry ; and, in our view, this should be made the first con-
sideration.

Distilled or rain water, collected in the manner described, although
absolutely pure, would not be proper for a diet water. This is very
well known to all professional men. It wants that freshness or
aeration which good and wholesome spring water always possesses,
by reason of the carbonate of lime and carbonic acid contained in it.
In the extract from the Leicester Report, two incompatible con-
ditions are assumed for determining the quality of water. Water
which is entirely * frec from vegetable, animal, or mineral matter,”
7. e. distilled water, must necessarily be ¢ flat,” and cannot be “ well
acrated.” The carbonate of lime constituting the greater part of
the mineral matter in wholesome spring water, acts as a basis for
fixing carbonic acid, and it therefore serves to aerate the water, and
deprive it of that flatness which it would otherwise possess; but,
according to the statcment in the Report, the water sclected must be



53

well aerated—not flat, and yet free from mineral matter. It may be
safely asserted, that no such water exists on the surface of the globe,
and that to seek for it would be a needless waste of time.

There is another most serious consideration connected with the
use of distilled or rain water, namely, that in a direct ratio to its
purity, or its freedom from vegetable, animal, or mineral matter, it
is liable to become poisoned by contact with lead, as by circulation
through leaden pipes or by being collected in leaden cisterns.
With absolutely pure water, the production of poisonous compounds
of lead (carbonate and hydrated oxide) takes place in the course of a
few hours; we have known it to occur by mere contact with the
metal in a few minutes. These facts are demonstrable by experi-
ment, and they show that the standard of purity assumed by their
Lordships’ Committee, in 1840, and in the Leicester Report, is
altogether distinet from the'standard of wholesomeness. Many years
since, an epidemic colic prevailed at Amsterdam, which was ulti-
mately traced to the general use of rain water (pure water) which
had been collected from the leaden roofs of the houses. The rain
water thus collected was used for culinary purposes, and it gave rise
to an alarming number of accidents. A large number of persons
suffered severely from lead-colic. On arecent occasion, the Ex-Royal
Family of France suffered from lead-poisoning at Claremont. The
water which supplied the mansion was found, on analysis, to be
remarkably free from vegetable, animal, and mineral matter, and it
had, therefore, become strongly impregnated with a poisonous salt
of lead. The members of the family were only saved by immediate
removal, and the substitution of slate for leaden cisterns. #
Hence, even if it be doubted whether distilled or rain water be less
wholesome as a constant diet drink than good spring water, the
fact, that under the common mode of supply it would become infal-
libly poisoned, is a complete answer to such water being taken as
the standard of purity for the supply of towns.

The impregnation with lead would not interfere with the unse of

* A similar ease oconrrod a few years ago at the Dowager Marehlonoss of Westmi
rl:;::km u’m nrivi{:aum:{rui :;mli:tl‘ the tll[:l';.;r;tiun of Mr, Wickateed, the leaden pipes w.!fftﬁf;f.'n:fd?fﬁﬁ
plpes and vanised Iron tubing wore substituted by o
upon an examination of the water taken from tho apring-len g aiptshain 22

- I also from the leaden pipes in tho
house, Mr. Aik gk e leaden pig
siated with Tong D found that the first was remarkably pure, but that the latter was strongly Jmpreg-
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‘abundanceof fixed air contained in them may altogether conceal their
mineral character, and thus give rise to the impression that the water
is very pure and wholesome. 'To take the words of the Leicester re-
port on water supply, such a water would not be flat but well aerated ;
it would not, however, answer any of the other conditions therein
assigned to a pure and wholesome water, and it certainly would not
be a ¢ proper” water for selection in any sense of the word. We
have recently examined for a Soda water establishment in this me-
tropolis, a spring water which we found to contain in the Imperial
gallon 117 grains of saline matter,—of this,31 grains werefound to be
sulphate of lime, or plaster of Paris. Until this chemical examina-
tion had been made it had been pronounced to be a remarkably pure
water. To those who fix their standard of purity in water, by the
mere absence of colour, taste and smell, by perfect aeration and ab-
sence of flatness, this water would appear to be absolutely pure and
wholesome, the carbonic acid contained in it giving to it a sparkling
freshness, which to a certain extent conceals the very large quantity
of saline matter dissolved in it. The greater number of persons take
their standard by these three criteria, i. e. that pure water is with-
out eolour, taste, and smell; but although a water which has a decided
colour, taste or smell, cannot be regarded as wholesome, the converse
of this proposition isnot true. A water may be colourless, tasteless,
and inodorous, and yet not be fitted for dietetic,domestie, or manufac-
turing purposes. The spring water above referred to, and the Lei-
cester well water 21 W, are objectionable on account of the very
large quantity of saline matter contained in them, as well as the
nature of that saline matter. The sulphate of lime (plaster of Paris)
forms 52 per cent of the dry saline residue obtained from the Lei-
cester well water, and this renders it not only exceedingly hard, but
unfit for use in steam boilers by giving rise to alarge amount of fur
it ig also unwholesome as a continued diet drink,

‘We must not, however, fall into the error of supposing that the
exact weight of solid residue obtained by the evaporation of an Impe-
rial gallon of any water will indicate whether it be or be not whole-
some. The term purity we discard as being vague and quite inap-
propriate, in reference to the application of water to dictetic use.

Waters which leave a dry residue of from 12 to 40 grains by
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the evaporation of an Imperial gallon, may be considered as com-
prising the most wholesome varieties, and those which are fest adapted
Jor the diet of men and animals. In this respect the standard of
wholesomeness assumed in the extract from the Leicester report,
which heads this paper, is quite at variance with facts. In order to
Justify the above inference, however, it must be proved :—First, that
the dry saline residue obtained by evaporation contains but a small
proportion of combustible or organic matter ; and second, that the salts
of which the residue is constituted are chiefly caleareous, the lime being
principally combined with carbonic acid. The water marked No, 6
W in the series received for analysis, yielded 18 grains of dry
residue in the Imperial gallon; but of this, eight grains only were
found to consist of fixed saline matter. There is therefore a very
large proportion of combustible or organic matter contained in this
water, which, when the water was stagnant under a warm tempe-
rature, would give rise to putrescency, and form a nidus for the
growth of confervee and infusorial animaleula.

It may be stated generally, that in the most wholesome waters
found on the earth, the predominant ingredient is carbonate of lime
held dissolved by carbonic acid, then common salt and sulphate of
lime. The quantity of saline matter in the Imperial gallon generally
varies from twenty to thirty grains, of which carbonate of lime forms
from two-thirds to three-fourths. The proportion of organic matter
may be from one to three grains in a gallon, and the remainder will
‘be constituted of common salt and sulphate of lime. The proportion
of saline matter, especially of sulphate of lime, is sufficient to protect
the water from acquiring a poisonous impregnation of lead in its dis-
tribution through leaden pipes and cisterns; and such water may there-
fore be drunk with safety, by men and animals. These salts, although
in one sense they render the water ¢mpure, undoubtedly render it
safe and wholesome as a diet drink. Waters which yield in dry
saline residue more than thirty grains to the Imperial gallon, are
generally hard, especially if sulphate of lime predominates ; while
those which contain from twelve to fifteen grains are camteris paribus
soft; but a water may contain forty or fifty grains to the Imperial
gallon, and yet, if carbonate of soda be a predominant ingredient, it
will be soft. Thisis the case with the water supplied by an Artesian

il
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well to the Royal Mint, and with the water supplied to the
fountains in Trafalgar Square in this metropolis. The softness is
here owing entirely to the chemical properties of the water, 4. ¢. to
the chemical nature of the salts contained in it, and is therefore no
indication of purity; for so far from being free from mineral matter,
such water may yield 60, 70, or 100 grains in the gallon. The
water of the Royal Mint yields 37:8 grains in the Imperial gallon;
that of the Trafalgar Square fountains 689 graius.

Dr Clark’s soap-test assumes to determine the purity of water by
the qualities of hardness and softness ; but such a test can never
determine the wholesomeness of water. Thus, water may be quite
undrinkable and very unwholesome from the large quantity of car-
bonate of soda contained it, and yet, upon Dr Clarke’s process, it
will mark the highest degree of softness or purity. Again, a water
like 6 W of the Leicester series may contain no carbonate of soda,
but a small proportion of saline matter and a large proportion of
organic matter; such a water, according to Dr Clark’s test, would
be pre-eminently soft or pure; but it would be in the highest degree
objectionable, as its tendency to putrefaction would render it most
unwholesome, The soap test, upon which unfe tunately so much
reliance has been placed by the Commissioners of Woods and
Forests and the Board of Health, is therefore quite inadequate to
solve the important question of water supply to a town.

Hard water may, it is well known, be rendered soft by the addition
of lime water, or a certain proportion of carbonate of soda; but,
however useful either process may be for manufactures or washing
purposes, it is hardly applicable to waters intended for the diet drink
of a large town population.

From the preceding observations, it may be inferred that it is by
no means an easy matter to find a water which will suit all purposes
equally well — #hat which is wholesome for drinking may be unfit
for washing or steam-engine use ; and that which will suit the latter
may be altogether unfit for manufacturing purposes. A water con-
taining about 14 grains of dry saline residue in the Tmperial gallon,
and which holds chiefly carbonate of lime, with a small quantity of
sulphate, would come the nearest to these desiderata. In going below

12 graing to the Imperial gallon, there is always the liability of
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ON Dzr. CLARK’S SOAP TEST.

From some results obtained by this test and published in Mr.
Rangex's report on the town of Leicester, we feel called upon to advert
to it, as the results in question have a close bearing upon the whole-
someness of the water supply toa town. We have already remarked
that the test merely proposes to distinguish zardness from softness, and
not wholesomeness from unwholesomeness. It cannot, therefore, distin-
guish a good from a bad water. On the one hand, the evaporated
residue of an Imperial gallon, may contain 50 per cent. of organic
matter, and be liable to become putrid in summer ; but this soap test
as applied by Dr. Clark, would indicate that it was a remarkably
pure water, merely because it was soft. On the other hand, it cannot
shew the amount of saline matter contained in water, which is rather
important in reference to steam engine use; for as it has been already
remarked, the presence of carbonate of soda would give to the water
an artificial softness, thus causing it to resemble distilled or rain
water of absolute purity, Professor Brande informs us that the well
water of the Royal Mint contains 38 grains of saline matter in the
Imperial gallon, and on Dr. Clark’s scale it marks only 10 degrees
of hardness ; while Thames water containing only 21 grains of saline
matter in the gallon marks 16° of hardness. Thus, if any reliance
were placed on this test, a most wholesome water might be con-
demned by it as hard and unfit for use, while a very unwholesome
water, i.e. one containing a large proportion of organic matter or
carbonate of soda, might be selected as the best water for the supply
of a town! Itis very true that these conflicting results may be cor-
rected by chemical analysis, but then the test is not only unnecessary,
but absolutely deceptive. It can neither point out the good northe bad
varieties of water. If the sole object of a water supply to a popu-
lous town, were that of simply furnishing washerwomen with a kind
of water that would economize the use of soap, then Dr. Clark’s
mode of testing waters would have some value ; but a few pounds of
soap more or less must not be set against the health of a community,
There are numerous domestic ways of softening water for washing,
when it marks 80° or 40° of hardness ; but there is no process knoww

*D
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to us, wherebya water abounding in organic matter or carbonate of
soda, and marking only a few degrees of hardness can be converted
into a wholeseme diet drink for man and animals.

As this test has received a sort of Parliamentary sanction, and we
believe it to be most unsound and unsafe in its usual mode of appli-
cation, we beg to offer a few additional remarks in respect to it.

1. The curd soap employed is directed to be taken by weight.
We have tfound by experiment that this kind of soap is constantly
losing weight by evaporation even in damp weather. Hence a test
solution made with a certain weight of such soap is always liable to
vary in strength, and therefore to present great uncertainty in its
application.

2. The aleoholic solution of soap sold by Messrs. Griffin, and pre-
pared according to Dr. Clark’s formula, varies in strength ; thus a
fall of temperature gives rise to a deposit of altered soap in cold wea-
ther. By watching the standard solution for six weeks, we have
found such variations in the proportions of soap held dissolved by it,
as to render its application impossible for any practical purpose.
The same number of measures of this solution, taken at different
times, would have apparently made the hardness of the water vary,
when the variation was really due to the imperfection of the test.

3. The presence of free carbonic acid is an insurmountable objec-
tion to the safe application of this test. This gas is contained in
variable proportions in all natural waters, and as Dr. Clark himself
admits, it decomposes soap and offers an obstacle to the employment
of the test. Thus a water containing much free carbonic acid and
but little caleareous matter (a really soft water) might be pronounced
by the soap test to have the same or even a greater numerical degree
of hardness, than another water which contained but little free car-
bonic acid and much caleareous matter (a really hard water.) Dr,
Clark recommends for the removal of this difficulty that the water
should be shaken in a bottle and the carbonic acid, thus mechanically
set free, continually sucked out by a tube. Such a plan as this can
never give fair numerical results in degrees ; there is no fixing a limit
for shaking and sucking, and if these operations be carried too far,
some of the carbonate of lime may be precipitated, and the water
then pronounced unduly soft on the scale of degrees ; if not carried
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far enough, some carbonic acid will remain, and the water then pro-
nounced unduly hard. It must be remembered that it is mot the
carbonic acid which gives hardness to water, or leads fo the furring
of boilers; it isthe quantity of carbonate of lime. Clark’s test taken
alone cannot distinguish whether the hardness be due to one or the
other, i. e. whether it be real or apparent.

4. A salt of lime is taken as a standard solution for comparing
the hardness of a water which may really abound in magnesia.
This is wholly unchemical, because very different weights of these
two alkaline bodies consume the same quantity of soap. Thus
20 parts of magnesia have the same effect as 28 parts of lime, and
yet the standard of comparison taken is a fixed solution of a salt of
lime. Dr. Clark admits in his letter (see Leicester Report, page
21) that the kind of acid in the salts in no way affects the hardness;
hence it requires all the more care in distinguishing between the
effects produced by different weights of the alkalies which decom-
pose soap.

With circumstances thus so strongly opposed to accuracy of
results, it is, in our judgment, impossible to rely upon the numerical
scale fixed by Dr. Clark. The degrees are based on pure hypo-
thesis, and are as liable to be erroncous as correct. The same
waters examined at different times may give very different results,
and be marked, therefore, in very different degrees. This appears
to explain two alleged difficulties in your Report, referred to at page
21, by Dr. Clark, and at page 30, by Dr. Lyon Playfair. In the
latter case, the waters may, it is true, have undergone a change ;
but, in the former case, we have a clear and distinet proof of the
inadequacy of the soap test to give any definite or certain results,
It is well known to all chemists, that soap is readily soluble in dis-
tilled water without chemical change ; hence, if any hard water be
diluted with half its volume of distilled water, its hardness will of
course be proportionably reduced one half. To adopt any other
view, is to assume either that the hardness does not depend on the
proportion of saline (calcarcous) matter in the water, in which case
the soap test is useless, or that water which is already soft gives
hardness to hard water, which is absurd. Dr. Clark states, (page
21) that a mixture of equal parts of distilled water and hard water
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Lonesa®

In presenting to the Local Board a letter from the General Board of
Health, on the subject of the proposed scheme of sewerage for this
borough, together with the Report of Mr. Lee, one of their Super-
intending Inspectors, on which such letter is founded, and the
observations of Mr. Wicksteed in reply, the Highway and Sewerage
Committee feel it to be their duty to address to the Local Board a
few preliminary remarks.

The Act of Parliament constituting the Town Council the Local
Board of Health, received the royal assent and came into operation
on the 1st August, 1849, and one of the first questions which occupied
the attention of the Board, was the appointment of a competent
Engineer, to devise an efficient system of sewerage; it being well-
Lknown from the low level of several densely-populated districts in this
town, that the accomplishment of this important object would require
more than ordinary skill and consideration.

At a Meeting of the Board, held on the 65th September, 1849, it was
moved by Mr. Whetstone, seconded by Mr. Thos. Macaulay, and car-
ried unanimously, in pursuance of a unanimous recommendation from
this Committee, moved by Dr. Shaw, and eeconded by Mr. Moore,—
“That Thomas Wicksteed, Esq., of London, should be appointed
Engineer, for the purpose of reporting as to the best mode of draining
and sewering the borough, and of presenting a plan with an estimate
of the expense.” Mr. Wicksteed was personally unknown to every mem-
* ber of the Board, and he was selected solely on account of his high


















