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The systems, to which the Board refer, are those for the disposal
of sewage ;

1. By sewage-farms,

2. By land-filtration,

3. By precipitation and by chemical processes:

And'in order that they may obtain reliable information as to the
results of each of these processes, they have determined that Mr.
C. S. Read, M P., one of their secretaries, and Mr. Rawlinson,
C.B., their chief engineering inspector, in conjunction with Mr.
Smith, the secretary to the late Rivers Pollution Commission,
as their assistant, shall, as early as practicable, visit_ a limltn.::d
number of localities in which the processes in question are in
operation, and report fully to the Board thereon. )

The points to which attention must be directed and upon which
the Board are desirous of obtaining information, are mainly the
following :—

1. The nature and character of the works and their actual cost ;
the rateable value of the district, and the population for which
the works are available.

2. The length of time during which they have been in operation.

3. The effect of the works on the sanitary condition of the
district, so far as it can be ascertained generally.

4. The efficiency or non-efficiency of the works as a means of
disposing of the sewage of the distriet, and the quality of the
effluent water in relation to its purification and deodorization.

5. Whether any nuisance is or has been occasioned by the
works.

6. The annual outlay required for their maintenance and working,
as distinguished from repayments of prineipal and interest, wh?(ﬁl
should be shown separately.

7. In the case of sewage-farms, the acreage, description of soil,
system of cultivation, the kind of erops, and the financial results,

8. In other cases the amount realized by the sale of the sewage.

The Board consider that at least four examples of each system
should be included in the inquiry ; and they are desirous that the
geparate reports should be accompanied by a general report on the
merits of the different systems,

(Signed) G. Scrarer-Boorn,
Loeal Government Board, President.
June 17th, 1875,







X1

CONCLUSIONS.

1. That the scavenging, sewering, and cleansing of towns are
necessary for comfort and health; and that, in all cases,
these operations involve questions of how to remove the
refuse of towns in the safest manner and at the least ex-
pense to the ratepayer.

2. That the retention for any lengthened period of refuse and
excreta in privy-cesspits or in ecesspools or at stables, cow-
sheds, slaughter-houses, or other places in the midst of
towns, must be utterly condemned; and that none of the
(so-called) dry-earth or pail-systems, or improved privies can
be approved, other than as palliatives for cesspit-middens,
because the excreta i liable to be a nuizance during
the period of itz retention, and a cause of nuisance in its
removal ; and, moreover, when removed leaves the crude-
sewage, unless otherwise dealt with by filtration through
land, to pollute any watercourse or river into which such
sewage may flow. We have no desire, however, to con-
demn the dry earth or pail systems for detached houses,
or for public institutions in the country, or for villages,
provided the system adopted is carefully carried out.

3. That the sewering of towns and the draining of houses must
be considered a prime necessity under all conditions and
circumstances, so that the sub-goil water may be lowered
in wet distriets, and may be preserved from pollution, and
that waste-water may be removed from houses without
delay ; and, that the surfaces and channels of streets, yards,
and courts may be preserved clean.

4. That most rivers and streams are polluted by a discharge into
them of erude-sewage, which practice is highly objectionable.

5. That, as far as we have been able to ascertain, none of the
existing modes of treating town-sewage by deposition and
by chemicals in tanks appear to effect much change beyond
the separation of the solids, and the clarification of the
lignid. That the treatment of sewage in this manner,
however, effects a considerable improvement, and, when
carried to its greatest perfection, may in some cases he
accepted.

6. That, so far as our examinations extend, none of the manu-
factured manures made by manipulating town’s refuse,
with or without chemicals, pay the contingent costs of
such modes of treatment; neither has any mode of dealing
separately with excreta, so as to defray the cost of col-
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MODIFICATIONS IN THE VOLUME AND CONSTITUENTS
OF SEWAGE.

The volume and constituents of sewage are modified by :—

1. The surface contour and local rainfall ;

2. The geological character of the substrata, the mode of
forming the surface roads and streets, and the amount
of local trafic ;

3. The volume of water-supply, the mode in which it is
applied, and the volume of subsoil-water taken into the
drainz and sewers ;

4, The mode and efficiency of the main-sewering, house-
draining, and the way in which waste-water and excreta
are disposed of ;

5. The efficiency, or otherwise, of surface scavenging and sewer
and drain flushing.

Steep surface gradients and roads and streets macadamized,
defectively scavenged, and over which roads and streets there is
an excess of quick traffic, as cabs, ommibuses, and vans, will send
much detritus into the sewers. Birmingham is an example of all
the above-named conditions, and consequently also an example
where the solids washed down to the outlet are in excess.

The volume of water supplied and passed into sewers, with
the volume of subsoil-water entering them, will, during all ordi-
nary periods, constitute the volume of sewage to be dealt with ;
and as drains and sewers usually receive a portion of the rain,
there will, in wet periods, be this volume extra to provide for.

Sewers and drains which have been properly designed and well
executed transmit sewage day by day as generated, so that it
is fresh, and not putrid ; and in the treatment of sewage by any
process it is of the utmost importance to deal with it fresh, as there
will be less cost in chemieals (if such are used) and less nuisance
on the surface of the land if the sewage is applied in irrigation.

In a town properly sewered and drained, well supplied with
water on constant service, and wholly water-closeted, the sewage
will be in the richest state, and may be dealt with at the least
cost and with the greatest safety to health, either by chemicals or
by irrigation over land.

In a well sewered town the character of the sewage will vary in
proportion to the time of day and to the habits of the population,
as it will be richest in the morning, at noon, and in the evening.
From midnight to early morning, for six or eight hours, the
sewers will contain little more than subsoil-water and waste from
defective water-supply fittings.

Towns which are defectively sewered, and in which there are
many privies and ashpits drained into the rudely-formed sewers,
Lhave sewag: in its most offensive and dangerous form; and
if such sewers arve defectively ventilated, there will be the greatest
element of danger to health. To connect dwelling-houses with
such sewers by drains, especially if the drains are not ventilated
is to incur the greatest risk of danger to health. :

Towns in which the so-called dry modes of treatment, or the pail
systems prevail, retain human excreta for a longer or a shorter
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With respect to town scavenging, the ashes and other waste
refuse will have most value when retained dry, and that town will
be best served where the removal is regular, and at short intervals,
by dust-carts, into which the dust is discharged direct. It isa
dirty process to empty dust on to the street-surface to be shovelled
up by the men after some of it may have been blown about.

Towy SEwerING AND HousE DraINING.

Town sewering and hounse draining are as ancient as civilization.
Drain-tubes of earthenware have been found under the mounds
of the ruins of the cities of Asin. The Romans sewered their
cities and towns, and drained their temples, baths, and public
buildings, and the sewage polluted the adjoining rivers.

Sanitary progressin Great Britain is recent, and the first rude
sewers were more mischievous than beneficial. The earliest Norman
castlez were not sewered, but were sinks of filth both within and
without. One of the earliest improvements was the Guarderobe
turret or tower, constructed in an external wall, the floor bein
cavried over the outer face upon corbells. This floor was dish
from the sides to a central opening from which excreta could fall
outwards to the base of the castle wall. Some of these Guarde-
robe towers were removed from Windsor Castle since 1840,
About the beginning of this century waterclosets were re-invented
and were introduced into better eclass residences, the drainage
from them being to the nearest sewer or from the house to
some ditch or watercourse or to a pit,or even over the surface of
the ground or into the side-channel of a public road. In London
and some other towns the nuisance arising from waterclosets was
found to be so great that Improvement Acts were obtained in
which clauges prohibiting a use of public sewers for waterclosets
were inserted, The old sewers were large, rude in construction
irregular in gradient, having flat bottoms and being unventilated,
g0 that every form of refuse passed into them remained to
putrify, ferment, and exhale gases of a deadly strength, and on
some occasions men on entering to cleanse them fell dead. The
comfort and convenience of waterclosets having been expe-
rienced parties using them did not like to give them up, and
as they were not to use the sewers, they were ordered to
construct absorbing cesspools into which the contents from the
waterclosets were to be emptied, and cesspools were constructed
within the basements, yards, and gardens of London houses by
tens of thousands, some larger houses having several. In course
of time an overflow from a cesspool, cesspit, or ashpit, was
permitted to connect with a sewer. This is the position of thi
now in Birmingham, Manchester, and most of the large towns of
Liancashire and Yorkshire. At Windsor Castle, so recently as
18350, there were 53 cesspools within the basement all full and
overflowing. This cesspool plan is in favour and full practice in
continental cities and towns, as at Paris, at Brussels at Ostend,
and at many other continental towns. In Holland, the rivers and



xVii

canals are the main-sewers, as, also the main sources of water-
supply for domestic purposes,

t Paris and at Brussels main intercepting-sewers have been
construeted, in both of which cities as in London, the sewage
flows into the rivers to their serious pollution.

In Holland the pneumatic system has been partially adopted.
Frankfort on the Maine has been sewered, and the houses are being
drained on the English plan. In the suburbs of Paris sew
irrigation has been partially established, and more complete works
of sewage utilization are contemplated. In Brussels there is a very
small trial work, and Dantzic has also been sewered on the English
plan, and the sewage is applied in irrigation for agricultural
purposes. See Appendix No. 5, page 73, Privy system,

SEWAGE VARIES IN QQUALITY.

There have been many hundred analyses made of town sewage,
and its value is stated to be in proportion to the ammonia found in it.
Samples of sewage vary from less than 2} to upwards of 15 grains
per gallon, and the chemist’s value is one fourth of a penny per ton
of sewage for each grain of ammonia in one gallon. The most
important element in sewage is the nitrogen, in the state of
ammoniacal salts; or, in ecombination with organic matters as
nitrogenous matter. The nitrogen of ammonia is, however, imme-
diately avalable to vegetation, whilst that which is combined with
organic matter only becomes so gradually, through decomposition.
Sewage is rich or poor in proportion to the number of waterclosets
used and connected with the sewers, and the state of dilution.
An extravagant use or waste of water and an excess of subsoil-
water seriously increase dilution. Admission of surface-water will
also tend to further dilution. But water has value when applied
to land in irrigation, and there are cases where extreme dilution
of the sewage is not objectionable ; as where the land irrigated is
highly absorbent, is of sufficient area, and is under grass, Pump-
ing to a moderate elevation—50 feet or under—is not necessarily
costly, as we see that 977,470 tons are pumped at Doncaster to a
head of 52 feet at an annual working sum of about 3001

SEWAGE DIFFICULT TO DEAL WITII.

Sewage as it flows from well-constructed drains and sewers
contains much Aocculent matter and solid detritus, which in some
cases, as at Birmingham, is separated in tanks, to the extent of
109,500 tons per annum, and which sludge is difficult to mani-
pulate, impracticable to dry, and unsaleable. Precipitation by the
use of chemicals is carried on at Leeds, Bradford, Halifax, Bolton,*
and at other places, as detailed in this report. In some cases there is
little or no separation, as at Aldershot and Cthl'IEjr, where the
sewage flows direct on to the land ; and at Leamington, Warwick,
Bedford, Banbury, Worthing, and Doncaster, where crude sewage is
pumped and delivered by carriers over the irrigated lands.t  Where

* Nore.~——Appendix No. 3, pages 33 to 56.
+ See Appendix 1, pages 1 to 30,

J9260. b
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the permanent sewage-carriers are duly proportioned to the volume
of sewage, and are of iron, of earthenware, of concrete, or of other
solid material, there is no retention of sediment, and consequently,
no permanent nuisance as is the case in the large, rude, and foul
open sewage-carriers at Edinburgh.

PROPORTION OF SEWAGE TO EXCRETA BY VOLUME AND
WelcnT.

A population of 100,000, exclusively using waterclosets and
producing 2,500,000 gallons of sewage daily, may be contrasted
as under, to show the relative volume and weight of the sewage,
the urine, and the faces. In a mixed population of both sexes
and all ages the excreta of each person per day has been found by
experiment to weigh 2} Ibs. A gallon of sewage weighs, say,
10 1bs.; 2,500,000 galions therefore equal 25,000,000 lbs., and
the excreta of 100,000 persons equals 250,000 Ibs., or the propor-
tion is as 1 to 100. The urine of 100,000 persons weighs
234,380 lbs, and the freces 15,620 lbs. ; the solids (freces) being
by weight and volume to the sewage in the proportion of 1 to
1,600. The so-called solid portion is to the fluid or urine as 1 to
16, that is, ounces to pounds.

Where human exereta is retained within houses and towns until
it is removed by hand labour, or even by special contrivances,
there must be a certain amount of inconvenience experienced which
will be annoying; and as there i= and must be a vast amount of
labour expended to remove such refuse, the process will be costly,
the relative cost being set forth at page 68 of the Appendix.

In all the so-called dry processes (which are not dry) there is
with the excreta a considerable volume of urine and water. This
is 80 in the pail system, and in every form of improved privy.

The advocates of these systems declare that they are aware that
town sites must be sewered and that houses must be drained, if only
to remove subsoil-water, surface-water, the waste-water used by the
inhabitants, and the drainage from stables and privy ashpits. This
subsoil-water, surface-water, and waste-water from dwelling-houses,
stables, cow-sheds, slanghter-houses, and local manufactures must
be treated in the same manner as sewage, before it can be permitted
to flow into streams and rivers. The excreta is, however, separated
under the idea that there will be more value obtained as manure,
and that there will be less pollution at the outlet of the sewers.
Experience and analyses show that such econclusions are erroneous,
There are in manufacturing towns many sources of pollution other
than the drainage of houses, of ashpits and cesspools, of cow-
sheds, of stables, and the washing of the streets’ surface : and
in many cases this liquid will have to be provided for in the
sewers, as at Coventry, at Kendal, and at other places. Sewers
ought, in fact, to receive all water polluted by ordinary pro-
cesses, s analysis proves that sewage is very little less polluted
by the exclusion of human frces. The Rivers Pollution Com.
wissioners state (pages 29 and 30, Report, Mersey and Ribble
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of town sewage, with road detritus, such as orit and silt; the
moving power of water being in proportion to the volume, the
vertical depth, and the gradient down ':'i-'ll.lc]l the flow is directed.
Flushing by volume and head artificially formed will remove
detritus from sewers of low gradients where accumulation may
have taken place. A veloeity in the sewage of two feet six inches
per second will remove any solids likely to be passed into drains
and sewers.

The weight of detritus and silt moved along with and by the
metropolitan sewage is not so great as in some other towns, such,
for instance, as Birmingham and Leeds ; because in London much
of the sludge is removed from the street gulleys and much 1s
removed from the old flat-bottomed sewers by hand labour. In
the aggregate a large weight of detritus is, however, swept along
to the outlets, and is discharged into the Thames at Crossness
and at Barking.

GENERAL BREMARES ON SEWAGE.

The mode of utilising sewage with economy must depend upon
local conditions, and a waste of sewage (which is manure) can
only be justified when it would cost less to waste it harmlessly
than to utilise it, as at Edinburgh, Liverpool, and Brighton,
for instance. At Edinburgh the Craigentinny meadows afford
the strongest example of pecuniary success in the rough and
ready use of crude sewage to produce rank crops of grass; and
at Edinburgh also, in the Water of Leith intercepting-sewer we
have an example, on a greater scale, of a waste of sewage into the
sea at the Black Rocks outlet. The cases must, however, be
considered with all their surroundings. At the Craigentinny
meadows crude sewage flows down from the older part of Edin-
burgh without etint or charge towards land having little value in
its natural state, as it is for the most part blown sand from the
adjoining estuary. This sewage is received at a point sufficiently
elevated to allow of its gravitating on to the land to be irrigated.
It flows into rudely formed open carriers, to the highest points of
the estate, from whence it gravitates by cheaply formed sub-carriers
over the land below, the effluent escaping down to the boundary
line of the sewage farm, which is the sea. The land is of low
value as agricultural land ; the sewage is abundant, far more than
is required for the area irrigated; it costs nothing to the pro-
prietor of the land; and its use, its abuse, or its waste is under
no local control; it is applied in the cheapest way, and the crops
are put up to auction in one acre plots each year, the purchaser
cutting and removing the grass at his own cost. The mode of irtiga-
tion is uncleanly and rude, and there is undoubtedly at times an
offensive smell from the carriers, from the rudely drenched irrigated
surface, and from the effluent water, During winter the sewage
is allowed to flow direct into the sea.
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clavification only ; that is, a better separation of solids and flocculent
matters held in suspension ; seven-eighths of the salts of sewage
remaining in the clarified water, so that the pollution of a small
river or watercourse would not be prevented, however perfectly
the sewage may be clarified, as was proven at Leamington, Black-
burn, and Cheltenham, where the salts in the clarified sewage
combining with the earthy matters on the beds of the streams, fer-
menting gave out offensive gases sending to the surface a black
and putrid seum. We have no reliable evidence that the solids
extracted and made into a portable manure have any paying
commercial value. At Birmingham, as will be seen by the returns,
there is now no serious attempt to zell the sewage-sludge, but it is
at great cost, 14/, 10s, per acre, dug into a portion of the farm-
land at a rate of about one acre per week, or at a loss of about
750, a year. At Leeds, Bradford, Bolton, and at Coventry
thousands of tons of extracted sewage-sludge remain to cumber the
works.

At Halifax and Rochdale, where the pail system is in operation
and the excreta is collected by hand and mixed with house-ashes,
there are also thousands of tons of the prepared manure in store,
becanse a ready sale of it cannot be effected.

At London, about 600,000 tons per day of the richest sewage in
Englandis poured into the River Thames ; at Edinburgh,the Water
of Leith sewage is wasted into the sea, and this is also the case at
Liverpool, at ﬁrightﬂn, and at most of the large towns in England
and Wales which stand upon a river-estuary, or fronting the sea, as
at Swansen, at Searborough, at Sunderland, and Newcastle-upon-
Tyne, and at other places.

Thae PNEUMATIC SYSTEM.

One of the most complicated and costly processes for dealing
with the solid of human exereta (not with town sewage), is the
gystem known by the name of the inventor, Carr. LIERNUR.

The pneumatic system has been partially introduced at Leyden,
Amsterdam, and Dordrecht, where we have seen it working.
These towns are flat and arve intersected by camals and open
watercourses,. The towns are not sewered on the English plan,
but have surface gutters along the margins of the footwalks into
which surface water flows and the inhabitants throw their
waste water and liquid household refuse. There are inhabited
basements below the level of the streets and gutters—in some
streets the gutter is square on section—close to the basement
entrance, and covered by a lid of timber which can be raised
by the householder for the purpose of discharging slop-water into
the channel which communicates at short intervals with a river,
canal, or watercourse, as one or the other may be available. There
are also small and short surface-drains opening into the water-
courses as above described.

At present the excreta in these towns passes from the house-
drains into the rivers, canals, and watercourses: the ashes and
vegetable refuse being collected from tubs and boxes by what we
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in Lun_dnn term dust carts. The rivers, canale and watersourses
bordering and intersecting the Dutch towns are made into open
sewers. Waterclosets on the English plan are used to a limited
extent. A modified privy is however generally arranged within
the houses over a vertical shaft which drops the refuse to a drain
below. In many cases chamber utensils are used. The Dutch
towns are deficient in water supply, so that, almost throughout the
country, water from rivers, canals, or the watercourses is used for
all domestic purposes, however much tainted it may be.

The country being so flat, so intersected by rivers, canals, and
watercourses, and the land and street surfaces so little above the
general level of the water, has induced the municipal authorities
of Holland to come to the conclusion that main-sewers and house-
draing, as constructed in English towns, are impracticable ; hence
the resort to the pneumatic system,

. Capt. Liernur acknowledges that towns should have the subsoil
water lowered, that they must be sewered, that houses must be
drained, and that the fluid refuse of manufactures must be provided
for, but insists that human excreta must be rvemoved by separate
and costly apparatus, consisting of steam-engines, air-pumps, iron
tanks, and cast-iron pipes of five inches internal diameter—none
more, none less—these pipes to be jointed as if for earrying water
under high pressure. These pipes are not, however, laid in level
and right-line lengths, but in the form of saw teeth extended, so
as to break the line of pipes vertically into long downward slopes
of 1 in 250, and short upward slopes of 1 in 5, the long slope and its
short upward slope forming a sort of inverted syphon, where sewage
must rest and block the pipe, to be sucked upwards and forwards
by the partial vacuum. The soil-pans are not much unlike English
waterclosets ; they are fixed beneath a seat, have a syphon bottom
outlet, and are specially ventilated. These pans are fixed within
buildings as waterclosets are fixed, and are used as waterclosets
are used ; the prime difference being that the user of the pneumatic
closet has no power of emptying the pan. In some cases,
where a closet is liable to be much used, the pan has been filled
above the brim, and the air-suction failed to empty it. In all
cases the closet is a fixed receptacle, amenable to no control by
the users, but dependent for its action upon a perambulating
turncock. If servants disobey rules and pour in slops or the con-
tents of chamber utensils, and the pan is full before the time of
turning on the vacuum comes round, full it must remain; and if
there is overflow the nuisance must be endured. This would be
found intolerable in English houses, where the perfect control of
the watercloset rests with the user. Capt. Liernur proposes
refinements, such as a moveable lining to his pan, that it may be
cleaned, which is unnecessary in the English closet. Additions
to the receptacle, in the form of a self-acting shallow

apparatus to contain a small volume of water, is to be added ; this
shallow pan to hang vertically when not in use, but to rise into a
horizontal position so as to form a false bottom when I use.
Standing in front of the seat is to raise the pan and fill it with
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water ; moving from the seat is to permit it to fall down again
and discharge the contents, Our experience iz that self-acting
apparatus soon ceases to have any action. The excreta which is
pumped to the central station is in a fluid state Per::essiml}r, and is
put into barrels and sent away to the country, involving trouble,
cost, and inconvenience in several forms. The manure is too rich
to distribute over grass-land in very dry weather without dilution,
and it is too bulky to carry long distances. It is proposed to dry
it ; this process must, however, greatly reduce any remuneration
to be obtained by sale. At present farmers have tried the manure,
and have paid at a rate of 8d. per 32 gallons, or 6s. 8d. per ton;
but this price was soon abandoned, the price being reduced to
2d. per 32 gallons, or 1s 8d. per ton ; and ultimately, after further
trial, this arrangement ceased, as it was found to be necessary to
remove the excreta daily or at other short intervals, because it was
not convenient for the farmer either to store it or to use it; and
in winter, during frost, the barrels in store were frozen and burst.*

REMARES ON THE PNEUMATIC SYSTEM.

Captain Liernur has been particularly fortunate in having the
manure which his system produces tried in Holland, as the use,
application, and storage of liquid-manure is much better under-
stood there than in England. A considerable number of the
farmers in Holland grow no straw, consequently, the manure
made by the cattle in winter has to be utilized in a liquid state.
In England this liquid-manure is generally absorbed by the straw,
or by other bedding upon which the cattle stand. Some 20 years
ago there was a general movement amongst English farmers for
applying the drainage from farm-yards to the land, and tanks,
pumps, and liquid-manure carts were, for a time, in great request ;
but the application of this farm-sewage produced so little result in
proportion to the cost, that pumps and carts for this purpose are
now seldom used upon arable farms, We are confident that the
liquid which is collected at such cost in barrels would find no
ready sale in England, even at a very low price, and we further
believe that any English farmer agreeing to take it continuously
from any town would not only not pa anything for it, but would
certainly charge something considerable for his trouble and for
the expence of removal.

If the towns of Holland, or portions of such towns, by reason
of peculiarities of site and climate, cannot be sewered on English
principles, and if the pneumatic system is as cheap as any of the
moveable pail systems, it may be the best under such conditions
for Holland, because if worked in accordance with the rules laid
down the excreta will be removed daily without the intervention,
trouble, and dirt involved in the pail system. The pneumatic system
only deals, however, with a small fraction of the refuse to be
removed from houses leaving all other forms of refuse to be dealt
with in the ordinary way, so that Dutch town-sewage must flow
into the rivers and canals as now, to pollute the water-supply ; or,

* Note.—See Appendix No. 4, pages 61 to 70
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some complicated mode of intercepting it must be provided at an
additional cost to the local authorities,

The pneumatic system is ingenious, but it is complicated in its
construetion and working arrangements; and, consequently it is
liable to derangements which are sometimes difficult to mend.
We do not know one English town in which the apparatus if
adopted would be other than a costly toy.

As may be imagined, when the nature of the arrangements and
complications are considered, the pnenmatic apparatus gets out of
order, the slightest erack in any pipe or pipe-joint will reduce the
force of the partial vacuum, and even where all the apparatus
remains sound the closet-pans may not be emptied ; and, i fact,
neither the pipes nor the pans ever are entirely emptied. The
power of air and water to remove solids through pipes being as
their relative weights and veloeity, and air is to water, by weight,
about as 800 to 1,

TowN SEwaer: Its TrREATMENT AND CHARACTERISTICS.

Town sewage is water holding in solution and having in sus-
pension certain ingredients which render the water objectionable
to the senses of sight and smell and unfit for domestic purposes.

The volume of sewage in any town is in proportion to the water
used and expended for domestic and manufacturing purposes, with
subsoil-water and oceasional dilution by rain,

Where waterclosets are in general use human exereta is added ;
but though this in itself is rich in manurial ingredients and is also
liable to become highly polluting, it must ever be n small fraction
of the whole volume of sewage—about one hundredth.

Tu the manufecturing distriets sewage is largely mixed with the
waste ingredients used. Skinners, tanners, dyers, bleachers,
brewers, brassfounders, tinplate makers, japanners, wool and
woollen goods washing and scouring, chemical works, and paper
works, with other forms of manufactures, pollute Ial‘ge volumes
of water, to the extent of entire rivers, as in the Aire and Calder
in the West Riding of Yorkshire, and in the Mersey and Ribble
basins of Lancashire. In the 6th Report of the Rivers Pollution
Commission, 1874 ; a map shows the several localities.

All chemieal treatment of sewage, by patented processes or
otherwise, aims at deodorisation ; that is, at clarification and purifi-
cation. The processes are reported to take from sewage turbidity,
colour, and scent ; but no such process has ever restored sewage
water to its original purity, though most of the suspended solids
may have been removed, the salts of sewage remain, and generally
some of the chemicals, mixed with the water.

The sewage of a town, in which there are no manufactures or
dyeworks, is a turbid liquid, bluish grey in colour, having the
scent of stale cabbage water rather than of human excrement; in
warm weather stagnant sewage becomes offensive, having the
stench of rotten eggs ; when allowed to stand exposed it does not
become clear, but ferments, and if confined in sewers or covered
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tanks becomes dangerous to human health, though not to such
an extent as the offensiveness may be taken to indicate. When
at its worst, on being brought into the open air, men work amongst
it without any apparent injury to their health. ~The only
cafe way to utilize sewage is, however, by a daily il:-plication of it
to land whilst it is comparatively fresh, as at Bedford, Aldershot,
Carlisle, Doneaster, Chorley in Lancashire, Leamington, Rugby,
and other places where sewage irrigation has been established and
the sewers transmit in a continuous stream the daily volume,

Receiving sewage in tanks to abstract the solids will add to the
impurity and offensiveness of the fluid if there is any lengthened
vetention, or if the tanks are not rigidly cleansed at short intervals,
s0 as to remove any of the leaven of putridity from the surfaces,
All sewage-tanks should be simple in form and construction, the
material should be either of a vitreous character on the surfaces,
such as glazed bricks, or of Portland concrete; no sewage-tank
should be arched or vaulted over. There may be an open-sided
shed louvered at the ridge, and the area of land oceupied by both
vard and tanks should be fenced in.

The sludge separated from sewage contains from 80 to 90 per
cent. of water, and if deposited on the surface in this state it will
not dry in any reasonable length of time, but will kin over and
remain wet. Artificial drying is not practicable on account of
the cost. Mixing with dry ashes and street-sweepings appears to
answer best.

UNVENTILATED FoUL SEWERR AND SEwAGE Taxks
DANGEROUS,

Foul sewers and foul vaulted sewage-tanks, if unventilated, will
contain carbonic acid gas, and will give off sulphuretted hydrogen,
both of these gases being generated from decaying vegetable and
animal matters. A complete and perfect disinfection of sewage and
sewage deposit by the addition of any known materials, solid or
fluid, would be so costly as to be impracticable, and the materials
so disinfected would have no equivalent increase in commercial
value. To completely disinfect one cubic foot of sewage-sludge
and exereta would cost, in the materials, about 1s. or 27s. per ton.*

CARELEsSSLY CLEANSING SEWERS DURING PERIODS OF
SICKNESS DANGEROUS.

Cleansing the putrid refuse from unventilated sewers or from
covered tanks is a dangerous process, men having fallen dead
during the operation. A sewer or tank full of refuse is dangerous,
but when first emptied, and for some time after, there may be the
greatest danger, as the sides and bottom are coated with putrid
leaven and the increased cubic space within is filled by highly
concentrated gases and effluvium, consisting partly of “floatin
particles suspended in the air. When there are foul sewers ang
cesspools where disease, such as typhus or typhoid, breaks out
it is then most dangerous to attempt {:leu.naing unless the sick fm::
first removed and the greatest precautions in disinfecting are taken,

* Rote.—5ee Appendix No, 5,- page 77,
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Analyses of town sewage having been so recently made for the
special purpose of informing Parliament, that we did not consider
it necessary to again incur the costs of special analyses being made
for our Report; but we have deemed it proper to have samples of
the most recent specimens of manipulated sewage-sludge analysed,
and the results will be found in the Report by Dr. A. Voelcker,
F.R.S., pages 40—43, and in Appendices Nos. 1, 2, 3, 4.

A sewage-farm should be so laid out and managed that a
sufficient area of land shall be under sewage every day in the
year, winter and summer; and as town-sewage is seldom below
40 degrees in temperature, irrigation can be carried on. And if
sewage should freeze on the surface of land which is without crop
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no injury is done, and when thaw sets in absorption takes place.

The mode of laying out a sewage-farm cannot be fully des-
eribed in this report, but see the maps and diagrams for partial
elucidation. As a rule it may be stated that the works should be
simple in character that they may be cheap in construction. Good
examples may be seen at Doncaster, at Bedford, at Leamington, and
at Aldershot.

Permanent sewage-carriers should contain the land and be laid
so as to be level, the grade of the land being provided for by
vertical steps regulated by stops, overflows, and wash-outs ; side-
junctions to be provided on the lower sides of the carriers to draw
off sewage for distribution over the land. Ifa permanent sewage-
carrier 18 laid with a fall, it will be impracticable to block the
flow at any point and preserve an even surface, as sewage blocked
in a sloping channel would flood over the point of stoppage ; hence
the necessity for level lines at the surface.

‘Tributary-carriers may be made by a plough, the cross-sectional
form and the gradient being suited to tie character of the soil;
the larger carriers may have a grade of 1 in 400 ; the smaller or
“ herring-bone lines™ may have a grade of 1 in 300. These
temporary carriers will be broken up with the plough at intervals,
and be renewed as required.

Crude sewage can be used under certain conditions to warp the
land ; that is, the sewage with all the sediment it will carry ma
be passed along the carriers to be incorporated with the soil by
being pluughaﬁ in, and the water of sewage may in some cases be
made to carry an extra weight of silt.

The solids of sewage, as also manure made on the farm at the
cattle sheds, may be used on some farms with advantage, as it
does not follow that liquid sewage will in all cases supply manure
sufficient.

During dry seasons the whole of the water applied in irrigation
of free =oils is absorbed or evaporated, the drains being absolutely
free from any outflow. At all periods evaporation and absorption
dispose of a large percentage of the water; and if the land js
deep drained and well ecultivated, the outflowing water from the
drains is free from colour and scent; and if passed into a water-
course does not taint the bed of the stream nor produce sew
growth so offensive in sewage polluted streams, el
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~ Where the area and surface slope of a sewage farm is favourable,
mntercepting drains may bring the once filtered sewage to the
surface and so allow of a second or a third filtration. In a dry
seagon there will be an advantage in this arrangement. Where
the land is marl or elay this mode of irrigation will be specially
advantageous, as the main purpose of a sewage-farm is to act as a
sewage-filter and purifier, and the more completely this filtering
is performed the better will be the results.

Land may be prepared to filter sewage, as suggested by the
Rivers Pollution Commissioners. (Mersey and Ribble Basins, 1st
Report, pp. 60-70.) Where small areas of land are alone available
this mode of purifying sewage will be advantageous. The erude
sewage should have suspended solids separated in tanks that the
claritied fluid may more readily filter throngh the least area. A
zood example of sewage filtering through land on a working seale
may be seen at Kendal,

AREA OF LAND REQUIRED FOR A SEWAGE-FARM WILL
DEFPEND ON Locar CoNDITIONS,

The area of land required for a sewage-farm will be governed
in a great measure by the character of the subsoil, as if it is
very porous or otherwise: as also by the volume of sewage and
subsoil-water in proportion to the population. At Doncaster, with
a sewage-farm of 264 acres and a population of 20,000, the average
daily flow of sewage being about 600,000 gallons, 120 acres of land
of'a light sandy and open character have for three years absorbed the
entire sewage, only about five acres at any one time being under
sewage, and one acre has oceasionally absorbed the entire volume of
one day. At Croydon about one acre to each 100 of population has
been provided. For a population of 60,000 there are about 15,000
waterclosets in use: or, one to four of the inhabitants. There
are the contents of 25 waterclosets in 20 tons of sewage each day ;
or, about 7,000 tons of sewage per acre per annum.

Small fields enclosed by large fences will be detrimental to
sewage farming ; land which is open and without inner fences,
having a uniform surface and gentle slope to the south, will be
most advantageous. Good roads will, of course, as in any other
case, be an advantage ; but it will neither be desirable nor neces-
sary to construct many roads of a permanent character through
and over a sewage-farm, as the land, if well laid out and properly
drained, may be carted upon to remove the crops.

TTALIAN RYE-GRASS THE BEST CROP UNDER SEWAGE.

Ttalian-rye-grass is probably in all respects the most advanta-
geous crop to be grown under sewage, as it absorbs the largest
volume of sewage, occupies the soil so as to choke down weeds,
comes early into the market in spring, continues through the
summer and autumn, bearing from five to as many as seven
cultings in the year, and pmdl‘ming from 30 to 50 tons of whole-
some grass upon each acre. The area placed under this crop must,



XXX

however, have reference to local means of consumption, as the
young grass will not keep nor bear long carriage. It is most
profitable for feeding milch cows. A dairy and a sewage farm
should, therefore, wherever practicable, be associated. In a dry
and warm summer good hay may be made, which will be sweet
and wholesome.* For full details of experiments with sewage
grown grass, meadow and Italian, and for analyses of tl:le milk
produced, see the Official Report, Royal Commission appointed to
inquire into the best mode of distributing the sewage of towns and
ﬁplying it to beneficial and profitable uses. See also Appendix
0

A PoRrTION OF A SEWAGE-FARM SHOULD BE DEEP DRAINED
TO ACT AS A LAND-FILTER.

A portion of each farm should be specially deep-drained and pre-
pared for land-filtering the sewage during winter or wet weather.
When these filters are laid out in raised beds, some roots and
vegetables can be cultivated with suceess, as the sewage generally
Aows down the channels. DBut in times of flood and storms the
sewage may rise above the beds, so that it appears oziers, which
would not be damaged by being flooded for days, may be the safest
and therefore the most profitable erops to grow upon them.

Experience has proved that each day’s sewage may be dis-
posed of throughout the i’ear 80 a8 not to cause any nuisance.
Land well drained, properly laid out and managed, does not swamp
at the surface, neither does it choke in the subsoil, as in fallow-
land oxydation goes on betwixt the intervals of irrigation, and at
any time the few grains of matter extracted from the sewage-
waters are only a homcopathic dose to the land compared with the
bulk of soil, six feet in depth. Itis a few grains of salt and organic
matter extracted from the sewage which remain for the use of the
plants, the water evaporating or flowing from the drains. In dry
seasons, for weeks at a time, the drains Eelivﬂr very little water.

Drains axp WATERCLOSETS.

Drains must not traverse the basements of honses, but must
commence at an outside wall and be fully ventilated. Water-
closets must not be within the body of a house, but against an
external wall, the soil-pipe being ventilated above the roof, with an
open top, so0 as to ventilate fully, the watercloset room having full
and free ventilation at the ceiling. The main sewers must be true
in line, having smooth and even gradients, and be fully ventilated.
The water supply must be constant and abundant, laid on to each
house and to each watercloset; contamination by sewage gas
within dwelling-houses will then be practically impossible,

Sewage is the waste-water from towns and the polluted water
and liquids from manufactures. Where the privy, cesspit, and
cesspool are retained the corrupted fluids from these pass into the

* Norg.~July 1876. On the Doncaster sewage-farm 18 acres of Ttalian Iy e-grass

have been eut (about 9 tons green) and made into hay (about 2% tons per acre), or
some 45 tons of hay from one cutting alone, ;
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sewers. Where waterclosets are used drains and sewers remove
thesmutent.s at once.

e is injurious in proportion to its age and putridity.
Fmalﬁiﬂwage, if removed day by day, does %mt, in Emt timz,
become putrid ; and, consequently, is not o injurious to health as
putrid sewage is,

In towns completely sewered and drained, and fully supplied
with water and waterclosets, there is an unceasing flow along the
sewers to the outlet, and the strength of the sewage varies during
the day in proportion to the use of water and of waterclosets.
The flow is greatest in the morning, at noon, and in the evening.
At night the sewers deliver almost pure water, consisting of waste
from leaking pipes and taps, with subsoil water.

Where waterclosets are in full use, as in Liondon (about 700,000),
in Croydon (15,000), in Leamington (about 8,370), in Harro-
gate (about 1,620), in Cheltenham (about §,500), and in like
proportion in some other towns, the entire of the polluted fluids,
with the effete matter of the watercloset, passes at once to the
common outlet. The London sewage is at present wasted into
the river Thames; but at Croydon, Leamington, Harrogate, and
Cheltenham the sewage is purified by irrigation, in each case
producing useful erops of grass and vegetables. :

Where towns are situate on the sea or on the estuaries of tidal
rivers sewage is wasted, as at Brighton, at Liverpool, at Sunder-
land, and even at Edinburgh, where the Water of Leith inter-
cepting sewer discharges the sewage from a population of about
100,000 by a cast-iron outlet direct into the Frith of Forth.
When sewage shall be wasted in preference to utilising it, must
depend upon local conditions. The waste of sewage must not,
however, produce a nuisance injurious to health, and this wasting
of it certainly ought to be cheaper than using it under any of the
precipitating and chemieal or irrigating processes at present known.

CLARIFICATION OF SEWAGE,

(Clarification by deposition in tanks and treatment by chemieals
remove detritus and suspended matters from sewage, but, as ex-
plained, will not fully purify the fluid. This removal of the
solids will, however, be an advantage, as a vast mass of matter
liable to choke the bed and banks of a stream or river will
be removed, which, when allowed tc accumulate, becomes putrid
and offensive. The streams in Lancashire and Yorkshire are so
fully occupied, and water is of such importance, that the manufac-
turers must bave it, though dirty ; steam-boilers being specially
constructed to enable steam to be generated from dirty water,
The cost of treating sewage in tanks and by chemicals appears
to be about 1,500Z per annum for each 1,000,000, or 1501, for each
100,000 gallons per day. The cost is therefore in round numbers
about 4ths of a farthing per ton of the sewage so treated. Any
income realised by the sale of the extracted and treated sludge will
be in diminution of this cost.
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The gross cost of purifying sewage by irrigation is, per {on, at
Donecaster §4 of a penny, at Bedford 4+ of a penny, at Leamington
22 of a penny, at Cheltenham 1§ of a penny, ﬂl_lf_i at Banbury §%
of a penny. These farms may be accepted as fair samples of thus
utilising sewage. :

The use of sewage in agriculture is comparatively new, and
the best mode has not in all cases been practised. We, how-
ever, indicate Aldershot, Bedford, Doncaster, Leamington,
Wolverhampton, and Wrexham as good examples. At Leming-
ton Lord Warwick leases the sewage to he used upon a portion
of his estate, and at Aldershot, Wrexham, and at Doncaster
the sewage and the land are leased, and are worked inde-
pendently by gentlemen of intelligence, who make such ex-
periments as they think proper and vary their modes of culture
ns best suits the sewage, the land, and the crops to be grown,
There iz also the incentive to make the most of the land, which is
not always the case where a farm is managed through the inter-
vention of a committee ; we therefore look for a fuller development
of sewage farming in this direction ; namely, letting both sewage
and land on favourable terms, under restrictions to purify the
sewage and cause no nuisance.

Examples of tank precipitation and chemical treatment at
Birmingham, Bradford, Coventry, and Leeds, and of the pail
system at Rochdale, Halifax, and at other places are deseribed in
this Report, Appendix No. 3, pages 52-59. The pneumatic
system is deseribed by the authorities of Amsterdam, Appendix
No. 4, pages 62-66.

The attempts to economise in town seavenging and sewering by
removing human exereta separalely has been a failure; by the
dry-earth system, the Goux system, the Rochdale pail system, or
by any other of the patented systems, so far as are known to us:
the loeal costs have been largely inereased, and the local nuisances
also, in proportion to the time of retention of the excreta before
removal ; there is also the inconvenience suffered by trespass on
the privacy of the household.

Derairg a8 1o Innicatrioxn ny Towx SEWAiGE.

As we recommend the application of town sewage to land, we
at the same time wish to guard against some extravagant Exl].e:}tﬂ,-
tions of the agricultural benefits it will confer, which are held and
advocated by a few zealous and enthusiastic theorists,

The continuous application of town sewage to all soils is by no
means an unalloyed benefit; as in =ome cases and seasons, and
especially upon elay-land, it may be rather injurious than "-'-"ﬂ'lﬁ;.‘“‘iSE
Very few crops are actually benefited by the direct nplﬂicﬂtim_.'
of sewage upen a stiff and retentive soil ; indeed, Ttalian rye-grass
cabbage, and mangold-wurtzel, seem to be the only farm crops
that persistently flourish upon any soils, heavy or light umlEr
continual doses of town sewage, e i

No growing crop, save natural grass, should be sewaged during
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the depth of winter; and for potatoes, turnips, most vegetables,
and certainly for all pulse and cereals, the land ought rather to be
enriched by frequent irrigation in the preceding season, than
treated with sewage when these crops are growing; except in
times of great drought, and even then care is requisite. A
very limited experience soon teaches us that the purification of a
constant flow of sewage, and which is frequently greatest when
least wanted on the farm must bring certain difficulties in its train.
The cultivation of sewaged land, for instance, requires more than
double the amount of manual labour which is usunally employed
upon arable land, and more horses must be kept than upon an
ordinary farm. The amount of capital, even where the produce
is sold off as soon as grown, must be greatly in excess of that
required for the general ordinary cultivation of the soil ; while to
properly stock and work a sewage-farm upon which the main

roduce is consumed, quite five times the usual amount of money
will be needed. One of the greatest difficulties is to keep the
sewaged land clean, as not only does every seed and the minutest
portion of a root-weed grow, but sewage itself often contains the
seeds of numerous weeds which have been washed down from the
fodder and straw of stables and cowhouses in towns,

There can be no doubt now, after the experience of some years,
that the land best adapted for sewage irrigation is a warm
frinble loam. The only instance in which town sewage irrigation
is a decided financial success is that of the Craigentinny Meadows, at
Edinburgh. These meadows are, however, in reality for the most
part only a deposit of sea sand, washed and blown from the adjoin-
ing estuary, and the main produce grown is nothing more nor less
than luxuriant couch-grass. The enormous amount of coarse
forage which is produced from such a mnaturally sterile soil shows
the fertilizing properties of fown-sewage, and also points still more
distinctly to the fact that a sewage-farm should consist of land
through which the sewage can readily filter. It is strange that
although deluges of crude town-sewage have been pmtreﬁ upan

ions of these Craigentinny Meadows for 200 years, the dis-

coloration of the sandy sovil only extends a few inches below the

surface, and that at the depth of a foot the sand appears as bright
. and clean as that upon the adjoining sea shore,

It has been contended that if more land is allowed for a

iven volume of sewage, clay soils, when properly drained, will
E:a equally adapted for town sewage irrigation. No doubt, if
similar volumes of sewage are filtered slowly through a large
area of well-drained clay, and quickly through a small area
of sand or gravel, a more thorough absorption of the manurial
elements from the sewage will be made by the clay than by the
porous soils. But clay lands are naturally cold, they dislike
wet, and will be at the best only poor filter-beds; and when
sodden with rain-water the added sewage is apt to pond on the
surface rather than to soak gradually into the already heavily
wetted soil. After heavy dressings of sewage in parching weather

39260, c
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the surface of clay lands may be so baked and case-hardened as
considerably to retard the growth of any plant ; and if there is no
crop upen the ground the land becomes solidified, and may then
be seen coated with a nasty greasy film that is almost impervious
to water; or, at other times, the clay cracks so that the crude-
sewage passes in small streams directly into the under drains
without being even clarified.

This brings us to consider the various methods of underdraining
as practised at different sewage-farms we have inspected. 1In one
instance we found that common farm underdrains which had heen
laid in a retentive soil were being taken up, as the crude sewage
too readily found access to them, and flowed out unpurified. Upon
another sewage-farm some stiff clay land which had been recently
drained 6 feet deep was so cracked by heat and drought, that the
sewage flowed from the surface into the drains without effecting
any practical irrigation ; and, although intercepted and brought to
the top again, the sewage as mpidlf disappeared, and at the land
drains outlet the effluent was hardly distinguishable in colour and
smell from that of the sewage when first applied to the land.

There seems no doubt that even the lightest soils should have a
few deep underdrains, as at Doncaster, and Heathcote farm,
Warwick, so as to prevent the sewage-water from lodging in the
subsoil. All land of medium staple should be thoroughly under-
drained, and clays require the drains to be multiplied, so that the
interval between them shall not be more than 15 feet: and care
should be taken that the drains are so formed that no sewage-
water can flow vertically into them. To prevent this, upon the
top of the drain-pipes, a foot of the most retentive portion of the
soil should be damped or puddled, and tightly rammed down, so
that the sewage-water after percolating through the subsoil shall
flow horizontally into the drains, and not rush into the drain-
pipes through the loose mould or cracked clay directly from the
surface.

As already observed, the chief produce of a large sewage-farm,
which is to earn the most money, must be Italian rye-grass ; because
it is a plant which luxuriates in moisture, and feeds with singular
avidity upon all kinds of liguid-manure : and the quantity of such
liquid-manure given need only be limited by the means at hand
for its ready disposal. But the demand for cut grass is so
variable, that this is not a very easy task. Rye-grass, even
when heavily sewaged, grows most rapidly in wet weather: con-
sequently when there is much rain, a greater crop is produced,
when it is most difficult to deal with ; and, as there iz at such
times a more plentiful supply of similar green food on other farms
in the district, the demand for the rye-grass of the sewage-farm is
not so extensive. In a damp season it is next to impT}EBible to
make sewage-grown grass into hay, as the soil is sodden with
rain-water and sewage, and the young undergrowth of orass so
goon gprings up that the land must be cleared of the cut grass to
enable the next crop to grow; and any removal of the cut orass
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land upon which the sewage flowed was producing the most
abundant yield. :

Tt may be quite true that town sewage contains all the manure
that most plants require, but as these elements of fertility are
dispersed through a volume of water many times greater than any
erop can absorb, and certainly much larger than it naturally
requires, it follows that the manure is not presented to the plant
in the most acceptable form. We have been also assured by a
gentleman of vast experience that the long continued application
of sewage to the same land fails to produce the like beneficial
effect as when it was first used. It, therefore, appears most
desirable that the application of sewage should occasionally be
supplemented with some solid manure. Cows are the most suitable
and best paying animals for consuming the produce and manu-
facturing manure upon a sewage-farm, and cows should always
form the chief portion of its live stock. The successful manage-
ment of animals, and the proper cultivation of crops under
ordinary circumstances, require a fair amount of intelligence and
experience ; but successfully to earry out all the details of these
matters upon a sewage-farm, where there is so little to guide the
practical farmer, and so much to confound his past experience and
upset his previous caleulations, is indeed a hard task. And as
most sewage-farms are at present under the control of ever-
changing town councils and loeal boards whose members must as
a rule be ignorant of practical agriculture, and whose theories
upon the subject may be wild and visionary—is it surprising that
such poor returns have hitherto resulted from the application of
town-sewage to the growth of crops?

Disappointment has therefore been expressed at the poor
financial results of sewage-farms. Agriculture is never a specially
lucrative business, and during the last few years it is probable
that strictly accurate accounts would prove that very little profit
has been derived from the ordinary cultivation of arable land.
Farms to which town-sewage is applied have invariably many
unfavourable cireumstances to contend with. The rent, except
where the local authority has land of its own, is certain to be
extravagant; the application of sewage is often too costly; the
management is frequently changeable and faulty, and the pre-
judice against the produce of the farm is, in some districts,
obstinate and widespread. But where a fair rent is charged for
suitable land, the sewage is cheaply and regularly delivered, and a
good market is close at hand, there is no reason to doubt that the
return for capital judiciously expended upon sewage-farms will
produce a higher rate of interest than the money invested by the
majority of the tillage farmers throughout the country.,
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The YearLy Cost of pisposiNg of the SEWAGE.
Capital 18,0007. at 6 per cent. to repay principal and
i]nrerest in 30 years - = erasf instalment £1,080
Cost of applying sewage to farm - - - 150

Rates and taxes - : = = &0
Cost of cleaning out sewage tanks - - - 296

L1576
Less rent obtained for the farm - = AR00

Amount for sewage applied to land adjoining

the sewage carriers = - - 156
Amount received for sludge mixed with house- s
sh - - - - - -
? o £1;3ﬂ4

Consequent loss - 273

The daily mean flow of the sewage is 1,250,000 = 5,580 tons or 2,036,700
tons yearly. The annual cost to the Improvement Commissioners in disposing
of the sewage is 1,5761., or at the rate of 19ths of a penny per ton; they
receive for it 1,304, an amount equal to 14ths of a penny per ton of
sewage, and consequently lose 2721, or about —ﬁ*;tfm of a penny per ton, or at o
rate of 14d. per head of the population.

The yearly loss in cleansing ashpits - - - £394
H » in disposing of the sewage = - ks

A596

or at a rate of 3% per head of the population or about three-fourths of a penny
in the £ on the rateable value of the district.

The volume of sewage is at the rate of 28 gallons per head of the population,
or 8 persons contribute to every ton of sewage.

The capital of 18,000L will be paid off and then the annual payment of
1,0800, will cease, and the rates will be relieved to the extent of about 13d.
in the pound on the present rateable value.

CuorLey (Lancashire).

Population (about) - - - . - 20,000
Rateable value - - - = 2 - £54,407
Houses - - - - - £ - 4,000
Waterclosets - - - - - . 2000
Privies and middens - - - = - 1,600
Privies “ pail ”* system (about) - - - - 700

The yearly cost of cleansing the privies on both systems

15 - - = — -f ﬂ-g
Amount received for the refuse - - - - {SE

- £b23

or at a rate of 61d, per head of the population or about 23d. in the_p-uund on
the rateable value.

Consequent loss on removal - - .

Expexses incurred in pisrosiNG of the SEwacE.

Purchase of farm at Common Bank - - - £6.450

Outfall sewer, laying out farm and erecting farm- ;
buildings - - - - - 4,800
Purchase and laying out of part of Kingsley’s farm - 5,300
416,550

——
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The daily mean flow of the sewage is about 600,000 gallons = 2,678 tons,
or 9??,4.-'llrtuna yearly. This is pumped to a height of 52 feet. The gross
annual cost to the Town Council in disposing of the sewage is 1,6007, or at
a rate of about 23ths of a penny per ton; they receive for it (i.e., improved
rent of farm) 470/, an amount equal to J4ths of a penny per ton of sewage,
and consequently lose 1,030 or }%ths of a penny per ton, or at a rate of
1s, 01d. per head of the population, or 34d. in the pound on the rateable value.

The yearly loss in cleansing privies - - - £220
» e disposing of the sewage - - 1,030
Total - - - - - £1,259

Or at the rate of 1s. 23d. per head of the population, or 44d. in the pound on

the rateable value of the borough. i
The volume of sewage is at a rate of 30 gallons per head of the population,

or about eight persons contribute to every ton of sewage.

“ The capital of 29,000/ will be paid off and then the annual payments of

1,740, will cease, and the rates wi.lﬁlr: relieved to the extent of about 4}d. in

the pound on the present rateable value.

HARROGATE.
Population (average) - - - - - 12,000
Rateable value - - - - - - A£50,000
Houses - - - - - - - 1,500
Waterclosets - - - - - - 1,620
Exrexses incurred to pisrose of the SEwWAGE.
Outlet works, and laying out 47 acres of land at Jenny
Plain - - - - - = #£1,150
Purchase of Knox Bleachfields - - - 2200
FPurchase of land at Wetherby Lane - - - Looo
Outlet works, and laying out 13% acres of land at
Wetherby Lane - - - - - 3484
Estimated cost of la:;ri:g out farm of 247 acres - 3218
Damages and costs in Chancery suit (about) - - 9,500
Total - - - 20,550
The YearLy Cost for DisrosinG of SEwAGE.
Capital 20,5501 at 6 per cent. to be repaid with
interest.  Yearly instalment - = - 21233 0 0
Rent of farm of 247 acres - - = 300 0 0
Rent and expenses of treating the sewage on the
47 neres = - - - - 282 10 5
£1.815
Less sale of produce - - £560 13 1 b
Rent of land with sewage at Wetherley
Lane = - - = 52 0 0
621 13 1
£1,193 17 4

The daily mean flow of the sewage is about 210.000
@ ot = ] i)
tmr}?},l or about 342,187 tons y&arly. > SRS Dl S
e annnal cost to the Commissioners in disposing of th i
1,8151. 10s. 5d., or at the rate of $1ths ton ; thcl;ﬁec:geire for Eth:mprndm::
6211, 13¢. 1d., an amount equal to ﬁ%&? of a penny per ton of sewage, and
consequently lose 1,193, 17s. 4d., or about fiths of a penny per ton E}l‘ at

the rate of 1s. 113d. per head of the lati .
on the rateable value of the town. population, or about 5id. in the pound
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The capital, 30,7397., will be paid off and then the annnal payment of 1,844
will cease, and the rates will thus be relieved to the extent of about 4d. in the

pound on the present rateable value.

MerTaYR-TYDFIL.

Population about - - - - - 55,000
Rateable value - - - - -A135,000
Houses - - - - - = 10,778
Waterclosets - - - - - - 8,000
Privies - - - - - - 2,800

The privies are cleansed at the expense of the occupiers of the houses to
which they belong.

CariTar ExrexpED on Works to pisrose of the SEwace.

Outfall sewer from Troedyrhiew to Ynyscadudug - £16,003
Building subsidence tanks - - - - 388
Laying out filters and land for irrigation, including

rainage and carriers, at Troedyrhiew E e 6,015

Purchase and laying out, draining, and fencing common

land at Navigation - - - - - 4,365
Purchase and laying out land at Ynyscadudug - 14,387
Purchase of Tyrybout estate - - - - 3,002
Purchase of Park Newydd estate - - - 9,170

Total - - - £53,330

The YearLy Cost for pisposinG of the SEwacEk,

Capital, 53,3301 at 6 per cent., to repay principal and
interest. Yearly instalment - - - £3,200
Cost of distributing the sewage, including working

expenses of farm - 2,392
Rent of land taken on lease - - - - 298
5,290

Less produce of the farm - - - = 1,623
2£4,267

The mean daily flow of the sewage is 1,200,000 gallons = 5,357 tons or
1,955,305 tons yearly. The annual cost to the Local Board in disposing of
the sewage is 5,800L, or ata rate of about $¢ths of a penny per ton. ey
receive for the produce 1,6231., an amount e&j to about }iths of a penny

per ton of sewage, and consequently lose 4,2671., or about 24ths of a penny
per ton, or at the rate of about 1s. 63d. per of the population, or about
74d. in the pound on the rateable value of the district,

The volume of sewage is at the rate of 22 gallons per head of the population
or about 10 persons contribute to every ton of sewage. j

The capital of 53,3300 will be Imid off and then the annual payment of
34,1991, will cease, and the rates will be relieved to the extent of about 5%d
in the pound on the present rateable value. :

Ruany.
Population (about) - B " y ¥
Rateable value - - = < £ 42‘333
Houses - - - - . Ly
Waterclosets - - = . ]:4{"]

CariTaL EXPENDED on WoRrks for pisrosine of the SEwacE,
Outlet works and tanks and laying out farm - - £5800
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repetition of opposition which every improvement in civilization has had to
fight through. 2 e

The list of patents taken out to deal with town sewage (Appendix No. 6)
shows how much interest the question has excited, and now excites, but large
as this list is it furnishes only indirect evidence as to the vast sums of money
expended and lost in working some of these patents. It would appear that to
learn the lesson that money cannot be made out of sewage-sludge is very
difficult, as over and over again it has been ven that there is no mmmem:tal
value in it. The Leicester works proved this many years since, and every in-
dependent chemist of known repute has stated the fact when called upon to
analyse sewage-mud. Neither is this mud capable of being fortified by an
admixture of chemicals which shall give it a paying commercial value. The
sludge is coarse, crude, sloppy, heavy, and very retentive of the water with
Whiclil it is combined. In 100 tons of sewage-sludge, as it is removed from the
tanks, there is not less than 90 tons of water, which in this form is worthless,
and by itself the mud will not readily dry, but mixed with ashes, and other
forms of towns refuse, it can be made portable and may then, in some cases, be
sold to farmers at a low rate, say from ls. to 25. per ton. When the cost of
carting is taken into account this will be its full agricultural value.

At Banbury the mixed sewage sludge, ashes, and street sweepings are given
away, although the town is situate in an agricultural district,

At Leamington about 3,000 cube yards of solid refuse, costing 780L to
colleet per annum, is also given away.

At Doncaster, Bedford, and Leamington, where the lands irrigated are light
and free, the crude sewage is pumped direct to the land as it comes from the
sewers, and being distributed from temporarily formed carriers, which at
intervals are ploughed up. There is no nuisance, but the lands are benefited
by the amount of warping they get. At Chorley the erude sewage is also
placed on heavy land, which has however been drained.

At Cheltenham the sewage-farm is elay, and the area is small in proportion
to the population, but dressings of sewage are sold to the adjoining farmers at a
price per acre of 7s., or as may be agreed upon; and in this direction we
anticipate that many towns when they have established sewage-farms will find
relief. In a dry season the contrast tﬂlr the green fields of a se -farm with
the parched, bare, and brown meadows adjoining is very striking. In the
early spring the sewage farmer may have grass many weeks before there is any
to cut upon ordinary meadows, and the weight of grass obtained is far in excess
of any unirrigated crops.

We furnish plans of the sewage farms at Bedford, Doncaster, Tunbridge
Wells, Wolverhampton, and West Derby. The details of sewage carriers, and
modes of distribution can, however, only be learned to advantage by personal
inspeetion.

Kendal is peculiarly situated, as the land upon which the sewage is clarified
15 light, open, and washed on its margins by the river, which conditions
permit of land filtration over a small area, in comparatively large volumes, at a
reasonable cost.

ANALYSES OF SEWAGE-SLUDGE AS TREATED AND FORTIFIED WITH
Cuesmicans.®

In order to ascertain the value of the fcrtiliﬂ.iﬁ properties of sewage and
exereta, and also of the manures manufactured therefrom, and of their com-
mercial value to the farmer, we collected samples at Bolton, Bradford, Leeds,
Coventry, Rochdale, and Halifax, and caused them to be analyzed by Dr. A.
Voeleker, F.R.5,, and the following is his report thereon :—

Reronrt by Dr. VoeLcker, F.R.S.—O0n the Fertilizing and Commercial
Value of Sewage and Night-soil Manures.

The fertilizing and commercial value of sewage-sludge and of portable
manures prepared from sewage, night-s0il manures, and of common farm
manure, chiefly depends upon the proportions of phosphate of lime, pofash
and nitrogen which these fertilizers contain. 3

* Bee also Appendices Nos, 1, 2, 8, 4.
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manure. It is evident, therefore, that the cost of manufacture considerably
exceeds the theoretical or caleulated money value of every one of the sewage
deposit manures, the composition of which is given in the results of analysis
in Appendices Nos. 1, 2, 3, pages 39, 43, 44, 48, 51, 54, and 59, 'The
estimated money value of sewage and night-soil manures, as has been stated
already, does not fairly represent their real commercial value. The bulk
of all the samples submitted to me for analysis consists of matters which
oesur in sbundance in almost all soils, and which at any rate have no
commercial value, or rather, have a negative value, inasmuch as carriage
has to be paid for them, and the application of bulky manures necessarily
is more expensive than that of concentrated manures, such as guano or
bone-dust. 1t is, therefore, manifestly gmﬁsaﬂy wrong to estimate the money
value of such bulky and poor manures by the same standard of prices at which
the eommercial value of guano, bone-dust, sulphate of ammonia, and similar
coneentrated artificial manures are estimated. A more rational and correct
estimate of the true value of sewage and night-soil manures is obtained by
comparing them with ordinary farmyard manure, and the price which is paid
for the latter. .

Good farmyard manure, 1 find, contains on an average in the ton 6% Ibs. of
soluble phosphate of lime, 8} Ibs. of insoluble phosphate of lime, 13 Ibs. of
potash, and nitrogen equal to 174 1bs. of ammonia.

By allowing for soluble phosphate of lime 2d. per Ib., the same price for
potash, 1d. per b, forinsoluble phosphate of lime, and 8d. per1h. for ammonia,
the ealculated money value of a ton of farmyard manure amounts to 15s. 7id.,
as will be seen from the following figures :—

5. d.
64 Ihs. of soluble phosphate _of lime, worth, at 2d. perlb. 1 1
84 1hs. insoluble b ap Jefin o 0 8k
13 Ihs. potash 3 b od -l
Nitrogen equal to 1741bs. of ammonia, calculating am-
monia at 8d. per lb. - - - - -11 8
Total caleulated money value of a ton of farmyard
manure - - - - - - 15 74

It thus appears that if we estimate the money value of good farmyard manure,
according to the same rules at which the principal fertilizing econstituents in
the dung ean be bought in concentrated manures, one ton of farmyard manure
would be worth, in round numbers, 15s. However, good dung ean be hought
in many places at 5s. per ton, or one-third its estimated money value; and
practically the highest price which a farmer can afford to pay for good dung,
if he has to cart 1t even a few miles, would not exceed 7s. 64. per ton, one
half its estimated money value. The difference between the estimated money
value of farmyard manure (caleulated at the market rate of the constituents,
when sold as concentrated artificial manures), and the actual market price, may
be fairly taken to represent the difference in practical value caused by the
greater expense of the carriage and application of faurmyard manure, and the
less vigorous action of orgamic nitrogenous compounds as compared with
ammonia salts.

In estimating the commercial value of sewage and night-soil manure, the
cg}eulated value of which does not exceed 11 ls. per ton, precisely the s’a.me
circumstances have to be taken into account, which affect so largely the market
value of ordinary farmyard manure. Accordingly the price whicl); the farmer
can afford to pay for the sewage and night-soil manures, analysed by me, or
their real money value, will be only from one third to one half that of 'the
ealeulated estimates given on the basis of their analyses.

The following table shows the market price or real money value of the
varions sewage and night-soil manures, samples of which were submitted to
me for analysis :—
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so removed. The watercloseis and latrines are connected with the
sewers ; the privies are emptied by men Emplt}}'&l? by the corporation.
The annual gross cost of cleansing the city of this exeremental matter
and house refuse is 23,6430, the corperation receiving 7,458(. for 36,63_7
tons, which is sold to farmers to be used as manure. The sewage iz
pot treated by lime or by any other disinfectant, nor is it filtered,
and by far the larger portions from the southern and western parts of
the city flow into the Jordon, Broughton, and Lochrin burns, and from
thence, unutilized, into the Frith of Forth. ‘

The sewage of certain districts of the city has long been used in
rongh and rude irrigation, in some cases since 1760, the lands irrigated
being known as the “ Craigentinny meadows ™ which have an area of
about 220 acres, © Lochend meadows ” about 28 aeres, “ Lochrin-on-
Dalry meadows™ about 40 acres, and “Brigend and Cairntows
meadows * about 35 acres, making a total of 323 acres, There are
about 250 acres of the Craigentinny and Lochend meadows under
gewage irrigation ; of these 200 acres are permanent pasture grasses,
and 50 acres Italian rye grass. About 2,500,000 gallons of crude sewage,
every 24 hours, flows through the © Foul Burn™ on to the meadows.
The grass is sold by public roup at the beginning of April in each
year in allotments of from half a statute acre to one acre in ares, at
prices varying from 20{. to 40{. per acre per annum ; one allotment (acre)
sold last year for 44/, 155, The permanent grass is used for cow feeding
and is bought by dairymen at Musselburgh, Portobello, Leith, and Edin-
burgh, who have to cut and remove it ; this is done about four times in
the season, and yields an aggregate evop of about 40 tons to the acre.
The Italian rye grass is cut five times a year and produces occasionally
60 tons to the acre. The irrigation is carried on in the cheapest and
rudest way by the owners of the land adjoining the streams into which
the sewage flows ; no cost having been incurred in providing permanent
carriers of either wood, iron, stoneware, or brickwork. A considerable
portion of the sewage is absorbed by the “sea sand” of which the
irrigated meadows of Craigentinny farm is composed, and thus the
soakage of sewage from this land into the Frith of Forth ” is only
partially purified.

The area of the meadows under irrigation is not sufficient to utilize
the whole of the sewage brought down by the “Foul Burn,” con-
sequently a greater extent of crop might be obtained if the sewage
could be applied to other portions of the farm or to the adjoining lands,

The annual cost of applying the sewage and receipts for the produce
are,—

Rroeirrs. EXPENDITURE.
250 statue seres of grassat £ | Wages of watermen three in summer £
average of 304 per acre 7,500 and one in winter, and cost of clean-
ing out earriers - - - 180
Estimated rent of land 250 acres at 2/,
per annum * - - - = a0
Balance . - - - 6,820
7,900 7,500

The efluent water was flowing into the “ Frith of Forth” at the
date of our vigit in Angust 1875,

* This is a price far above its agricultural value without the sewage. Se i
by Dr. Voeleher. gn £ e analysis
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caused to the River Cherwell by the unpurified sewage of the town
flowing into it. The town was sewered in 1856, and 2,485 waterelosets
were connected with the system ; the main ountfall being into the River
Cherwell. In order to prevent the coarser suspended matters of the
sewage from flowing direct into the river, subsidence-tanks were con-
structed, and through these tanks the se flowed hefore it reached
the river, but this did net remove the soluble matters of the sewage,
causing serious annoyance to Mr. John Spokes of Tyford, whose
mill is on the Cherwell, about five miles below Banbury, he com-
plained of the nuisance, and meeting with no redress, filed a bill in
the Court of Chancery on the 20th June 1864, and on the hearing
of the cause, the Viece-Chancellor, Sir W. Page Wood, issued an
injunction to restrain the Banbury Local Board from causing or per-
mitting the main sewers of the town and distriet to discharge the
sewage into the Cherwell. The Local Board were advised * that
the sewage should be treated by per-chloride of iron and ecaustic
lime in the state of so-called “milk,” and in the proportion of
20 grains of the former and 10 grains of the latter to every gallon
of liquid sewage, and the treated sewage be allowed to flow slowly
through the tanks to enable the mechanically suspended and chemically
separated matters to be effectually deposited, and the supernatant
liquid to pass off clear and nearly colourless; and they were advised
that there would then be little likelihood of the sewage becoming
again putrescent after its admission into the water of the flowing
river,”  On receipt of this report the Local Board caused additional
tanks to be built, so that the sewage after treatment might remain in
nearly quiescent state for about four hours before it flowed into the
river ; and the above process recommended by Mr. T. Hawkesley and Dr.
H. Letheby was carefully carried on for some time, but failed to purify the
sewage, and the Court, on the application of the Plaintiff, issued an
order of sequestration. The Local Board then, as better advised, took on
lease, from 11th day of October 1866, for 28 years, a farm at Warkworth,
of 138 acres, the soil being a stiff loam upon a clay subsoil and had it laid
out to receive the sewage, but, owing to the confizuration of the land.
it had to be pumped to a height of 21 feet; and 320,000 gallons) has
been daily pumped on to the land ever since the farm was laid ont, in
winter as well as in summer. Subsequently, the Local Board received
sanction to pur chase the before-mentioned land and an additional aren
of 100 acres, making together 238 acres, costing the sum of 23,400/,
There is storeage in the tanks at the pumping station for eight hours
flow of sewage; these tanks are eleaned out every six weeks, and the
refuse mixed with the dry house ashes and street sweepings, was formerly
sold at Gd. per ton, but, in consequence of an aceumulation of nearly
2,000 tons, and there being no sale for it, the refuse with the street
s;-;ecpings are now allowed to be taken away from the depdt free of
charge.

The privies are cleansed at the cost of the occupiers of the houses to
which they belong.

The rainfall on the roofs and the surface of the streets flows into the
sewage-drains, and thence to the outfall, and has to be pumped to
the farm, except in heavy rainfall, and then the storm water flows by
the storm-ountlet into the Cherwell. The sewers are ventilated at
present, partially and imperfectly, by down spouts from the roofs of
honses, and also by a few grids on the surface of the street. The cost
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The Unpax SANITARY AUTHORITY

for the BorovcH OF BEDFORD,—

IRRIGATION JARM.—GENERAL AccouNT and BALANCE SHEET at
SToCE-TAKING 3lst DEeEcEveer 1874.

Dr. Cr.
£ a0 d £ & d £ & d.
Bioek, December 1878 - 481 0 0 Bale of Crops - - - = 2516 13 10
Working plant, Dee. 1873 223 4 0 Btock in Iu.ndagg&:mhmd.‘lﬁ‘ri- B4 8 0
— G358 4 0| Working Plant Live and Dead 2069 9 0
Labour, mana r,m:d.lmgmmr - 88717 2| Btock.
'I'm:]nmana bills, &c - = 780 10 @ | Bewnge Works - - - 24 2 B
Rent E - - M7 4 0 ¥ - - - 48 2 g
Hu-tﬂmdm:ns - - - 11314 7 | Beans - - = 6810 O
Permanent works - = : 24 2 B —_— U7 1Z 6
Oats - - - - - 186 0
Hay - - - 45 2 @
Beans - - . 5910 0
10712 &
Balance for 1874 - = 180 15 &
£3460 © O L3461 @ 0
Corn &e., for live stock.—
Corn’ rehased, imeermuﬂ:mm} - . - = 40 8§ @
Hn:;l}gmtmn - - = - * = 48 2 8
. - - . - - 16 5 0
Et-nns = - - - - = - = B310 0
£164 ¢ 3
£ g d £ 5 od
Labour = = - - 482 9 7 Hiﬁﬂeolﬂmns.]lr Btnﬂnrd - 1953 1 1
Manager - = - = 11211 1 aAnAger - - 21T 1
Engineer - = - = 8216 6 CTEIL T
—————— 15 18 10
£687 17 2 o s
Btock in hand lm]ﬁf:umhw-.l. lﬂ’ﬂ—
Tradesmen’s bills paid - a AL T 30 tons of hay, . 150 0 O
Tm:leamens'lnllsomng - = 310 2 25 londs of beans, 28/- - - 38 B 0
Coals - - - - 250 2 7 2 acres of mangolds, 20/, - = 40 0 D
Coals owing - - - 32 B 0 6 tons of potatoes, 4. - - 2 0 0
Horse corn, &e. - - - 40 & 9 16 acres of growing wheat, 50~ 40 0 0D
Manure purchased - - = 10 00 Hann.barler.nudmt- straw = 15 0 O
Hummﬂhullmkajnumhamd = 183 10 O R.:-'cﬁ'lmh r - - - 10 0 0
Bels = 102 5§ 4 P‘J.ckn,i;mh?w;ea = = 18 0 B
H:mul]{umﬂ.rarp]mlghmg - 80 % 0 Carrots - s = - 950 O
Mr. Btafford’'s commission and 114 12 6 12} onts, 26/- par qr. - = 16 & 0
CXHLIISCE, gnﬂﬂ!ﬂﬂf wing eabbage, 5. - 30 0 0
ACTEE srumnsr}'&sﬂmmf 2318 0
835 14 11 llocks, 151,
Doduct bills owing 1878 - 53 4 sadliLA
£750 10 D ﬂ_m i 1
Rents— Waorkin ]:rnt nncliwcnml:]
The Rev,Camplon - - 1351411 | 4 horses PRl
Captain Polhill Turmer - - 421 11 & 8 carts, 8. - = 5 - o
Duke of Bedford - - - B4 B 2 1 horss roll - . - %10 0
Co tion of Bedford - - 123 9 B 1 double ]msh s “ i 30 0
. N. W. By.—Sewer under 1 0 0 1 single di - . - 110 0
railway. 1 horse hm - - - 400
1 souffler - - - e S Ty
£917 4 0 Eaetanlhﬁmws - . = 8900
S = - - 21
lchnwcuttcr - - - 3 3
Poor Rates = . . - 02 03 1 bean mill - - - 210 0
Income Tnx - = - = 18 & 2 6 wheelbarrows - - = 1 40
Land Tox - - - - CE-NR 4 seis of Harness - - - B 00
Insurance - - - = 01e 0 1 cultivator - - - 21E §
| 8 cow cribs - 5 el
£113 14 7 Office furniture - - - 310 0
Coals in stock - - = %4 0 0
Permanent works - - - 24 2 8 £380 D p
J. E. CUTCLIFFE,
ﬂr' ROPE-' Farming
ARRY THODY,
TroMis HaLL BARKmAnm, | Committee

Jas. Tonos. Hopsox,
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The Rivers Pollution Commissioners caused numerous samples of
the sewage of both midden towns and watercloset towns to be
analysed in their laboratory, and from the results of these analyses, they
were enabled to say :—* The retention of the solid excrements in
“middens’ is not therefore attended with any considerable diminution
in the strength of the sewage, although the volume even in manu-
facturing towns is somewhat reduced. It seems hopeless, therefore, to
anticipate any substantial reduction of sewage pollution by dealing
with solid excrementitions matters only.”

In 1865 the main outfall sewer discharged direct into the * Blake-
water,” and caused serious pollution, not only to that river, but alse to
the Darwen into which the Blakewater emptied ; the nuisance was com-
plained of by the riparian owners, and a Bill was filed in the Court of
Chancery by Sir William Fielden, Bart. (of Feniscowles), praying that
the corporation might be restrained from polluting the river Darwen
with the sewage of Blackburn, and an injunction was granted.

The defendants applied for time to enable them to canse remedial works
to be constructed, and the Court gave the time asked for. The corpora-
tion then directed subsidence tanks to be built near the river Blakewater
on the eastern boundary of the town, and caused the sewage to flow
through these tanks and to be treated by the  lime-process ™ (i.e., adding
a certain proportion of “milk of lime ™ to facilitate deposition) before
the sewage entered the river ; but this did not sufficiently mitigate the
nuisance, and although the supernatant liguid flowed off comparativel
clear, the method failed to purify the sewage so as to render it ad-
missible into the river, for at a short distance from ihe ontlet of the
sewage-tanks the river was still in a most offensive condition of putre-
faction. The plaintift’ then bronght an action in the Court of Queen’s
Beneh and laid the damages at 20,000/, ; the case came on for trial and
was referred to Mr. Manisty, Q.C., who found for the plaintiff, but only
awarded to him 1,250/, damages, and costs; the cost of the suit in
Chaneery and the damages and costs in the action at law amounted
however to about 12,000/,

The corporation then, as advised, determined to adopt sewage irriga-
tion, and for this purpoze promoted a Bill of Parliament in the session of
I870 ; there was great opposition to this Bill, but it was passed and
it empowered the corporation to acquire 1,090 acres of land, in the town-
ships of Pleasington, Houghton, and Samlesbury., The cost of obtaining
the Act was 6,5004 In 1872 the corporation took on a lease, for 20
years, at the yearly rent of 484/ 179 acres of land in the townships of
Pleasington and Houghton, and directed the outfall sewer to be extended
to Higher Park, Pleasington, and 90 acres of the 179 acres, upon which
the sewage would gravitate, to be drained and especially laid out to
receive it. The works have been carried out a cost of 11,6001, and about
1,500,000 gallons of sewage every 24 hours have flowed on to the farm,
and have been used in irrigation ever since the works were completed.
The 90 acres have been cropped this year (1875} 74 acres with
Ttalian rye grass, and 10 acres with mangolds and turnips, whilst the
remaining six acres of the land were in fallow and roads. In order
to dispose of the produce without loss, the corporation purchased
stock. The {otal expenditure for the year ended 31st December 1875
including working expenses, purchase of stock, and also a sum of 4807,
the cost of permanent improvements, was 6,523L, 2s. 94., and the racgiptg,
for the same period, incIluding sale of fat stock, were 5,781 6s., 10d.
It is believed that this year (1876) the receipts will more than cover
the expenses,

In order to extend their irrization the corporation, in 1875, concluded
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3,234 cubic yards). There is no permanent accumulation of this refuse,
The cost of cleansing the tanks and the receipts for the last three years

HY R
i d ineidental ipts for sale of sludge, mized with
Year. e Mﬂmgjolrlga%ﬂ ngviss {;hes, from domestic fires.
£ & d £ 8 d
1873 237 9 8 203 7 4
1874 278 0 2 271 16 0O
1875 296 6 1 847 5 0O

Before irrigation was adopted, proceedings were threatened against
the Improvement Commissioners, but no action arose, and in 1870 they
purchased a farm of 131 acres (6 acres arable and 125 acres in perma-
nent pasture) at Boddington on the western side of the town, and
distant therefrom about two miles; the soil is a stiff elay, and the land
has a gentle slope from east to west. The sewage is delivered by the
earthenware conduit from the tanks on to the high part of the farm, it is
occasionally applied to 200 acres of land adjacent to the conduit, for
which the tenants pay to the Improvement Commissioners 7s. per acre for
each dressing of sewage, amounting last year to the sum of 156/, The
whole of the land at the farm, with a trifling exception, can be irrigated
from the summit; there are various brauch-pipes for the delivery of
the sewage to different parts, and these branches are to a great
extent laid in cuttings of a moderate depth, open-carriers having been
found objectionable as the cattle trod them out of form, the land being
grazed during the greater part of the year. The undulating form of the
land, and the arrangement of the branch conduits at different levels
afford facilities for passing the sewage again over the lower portion
of the farm when it has been over the higher portion of it, and
thus is insured more perfect purification of the water before it flows
into the Chelt and Hatherley Brook. The sewage-farm has been let at
a yearly rent varying from 815/ to 861/, and is now let at a rent of
800/, per annum, subject to the Improvement Commissioners under-
taking the duty of applying the sewage, at a cost in labour of 150/ a
year, to which must be added the amount of rates and taxes which
they also pay of about 507 a year. There are only three residences,
two homesteads, and about 20 scattered cottages near the farm. Pre-
vious to the adoption of irrigation, a process of treating the sewage b
lime, per-chloride of iron and Bird’s powder was tried, but the resuit
was unsatisfactory. No complaint has ever been substantiated sinee
the adoption of irrigation, and there iz not now, even in hot summer
weather, any nuisance caused by the effluent from the sewage farm. The
cost of the sewerage works has been to the present time 33,4001,
including purchase and laying out of farm and building tanks.
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a depth of 3 feet 6 inches, the drains being 16 feet apart. The local
authority obtained power in 1871 to acquire additional land for the
purpose of sewage utilization, and in 1875 purchased and laid out an
area of 46 acres, part of ¢ Kingsley's farm,” at Plymounth Bridge, at a
cost of 35,3007 ; this land has a clay subsoil, and is arranged for the
purpose of receiving the sewage of the Chorley Moor district. The
Improvemeni Commissioners have since let this land with the sewage,
at an annual rent of 90/, the tenant nndertaking to distribute and cleanse
the sewage, 30 a8 not to cause o nuisanee,

The sewers are ventilated by 120 open grids, in the surface of the
streets near the manholes, by rain-water pipes from the eaves of build-
ings, by pipes carried up at the gable ends of buildings, and by con-
nexion with the chimney-shaft of the Water Street mill. No com-
plaint has been made of the state of the purified effluent water flowing
from the sewage farm into the Yarrow.

The working of the * pail” system is an annual loss, costing more
than cleansing privies and middens, but it is believed that the removal,
once a week, of the excreta under the “pail ™ system, will improve the
health of the inhabitants. The expense of cleansing the privies, and
“ pails” for the year ended 31st May 1875, was TO8L 15s. 4d., and the
receipts for the refuse were 186/, 3s.

The sewage farm was eropped in 1875, with oats 20 acres, Italian rye
grass 20 acres, wheat 3 acres, Swedes 7 acres, while of permanent pasture
and meadow there were 39 acres, and osiers 1 acre. The meadow land
produced two tons of hay per aere, which sold at 7/ per ton; the
Italian rye grass, in four cuttings, 10 tons per acre, and realized
16s. 8d. per ton ; the oats yielded 50 bushels and 2 tons of straw per
acre gold for 3s. 6. per bushel and T0s. per ton; the swedes 15 tons
per acre, and sold for 14 per ton, and the 1 acre of osier realized 117,
There is a dairy of 11 cows kept on the farm ; there are also 2 bullocks
24 young stock, and 5 pigs feeding. The farm is worked by 3 horses.

DONCASTER.

Population about 20,000.

Waterclosets are not generally unsed.

The town is sewered, and the houses are drained.

The volume of sewage flowing to the sewage pumps is about 600,000
zallons per day ; or about 219,000,000 gallons per annum,

Flood-water from the surface of the town overflows to the rivers,

The 600,000 gallons of sewage is pumped daily on to the land of the
Sewage Farm.

The works to store and pump the sewage have cost 20,0001,

The lift is 52 feet.

The Sewage Farm is 264 statute acres of light sandy land.

The rent was 25s. per statute acre,

The corporation pump the sewage, and obtain a rental of 800/, per
annum, or about 3/, per acre,

The land has been three years under sewage cultivation ; but only
ahout 115 aecres have received dressings of sewage in this time,

The entire pumping of one day, 600,000 gallons, has been disposed
of over one acre,

The usual course is to distribute this volume of sewage over
3 acres.
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ever, the sewage has been utilised, and it has not as yet been found
necessary to use the * filter ¥ as an auxiliary to the irrigation process.
The Sewage-Farm has now been in operation three years, no nuisance
having arisen either at the pumping-station or on the farm. "The dis-
tribution of the sewage over the land is judiciously managed, as none
of it is allowed to stagnate, and thereby cause nuisance, and destroy
the crop. The whole of the sewage of the night and following morning
is pumped on to the farm by 11 o’clock in the forenoon, and the longest
period during which the sewage is allowed to be at rest in the main
outfall-sewer is between 6 p.m. and 6 a.m.!

The erops grown this year (1873) to which the sewage has been
applied, are : beans, 13 acres; peas, 6 acres ; oats, 7 acres; barley,
35 ncres ; wheat, 51 acres; Italian rye grass, 85 acres ; mangolds,
34 acres ; swedes, 16 acres; potatoes, 8 acres ; white turnips, 6 acres ;
hay, from permanent grass, 7 acres ; permanent grass fed off, 22 acres ;
market garden produce, 12 acres; and there were also in fallow 8 aeres.

The bean erop was a good one ; the pea crop, which was partly good,
and sold green, produced 10L 10s. Od. per acre; the oats were light,
owing to the drought in March, April, and May; the wheat made excellent
straw, but the erop was damaged by the heavy rain in June and July,
and gave only an average yield ; the four cuttings of Ttalian rye grass
produced 30 tons to the acre, and sold for 16s. 8d. per ton ; the mangolds
were, owing to the drought and deficiency of sewage, late in starting, but
as soon as the sewage was applied they grew well, but did not, how-
ever, produce more than 26 tons to the acre, and sold on the ground for
154, 15s. 0d. per acre, the buyer to “pull and lead off ;" the swedes
also only yielded a light crop, and sold for 74 10s. 0d. per acre ; the
potatoes gave a good crop, and sold for 204 an acre, the buyer to get
and cart them oft the farm ; the market garden produced very excellent
crops, which commanded good prices, and were highly successful,
especially that portion (3 acres) planted with fruit trees, the currants
being exceedingly fine,

In addition to the waterclosets in use in the borough, there are
2,555 ashpits, having privies connected with them, and 525 separate
ashpits; these are emptied by scavengers employed by the corporation,
at a yearly cost of 339L, and 310/ is received for 4,400 tons of refuse
removed yearly, and sold to farmers in the neighbourhood, who use it

42 manure.

ParTicuLars oF MACRINERY,

Power of Engine and Sort of Engine.
Two compound beam engines, of 35 nominal horse power each with
crank and fly-wheel ; slide-valves worked by eccentries : double
expansion slides on high-pressure cylinder,

Cost of Engine and Boilers complete.
5,405{. Cannot give engines and boilers separately.

Gallons per hour lifted.
80,000 gallons (Tth April 1873).

Head.
Nett, including friction, 565 feet,

Fuel Consumed.
(Coal ; inferior Barnsley, somewhat weathered in trial (Tt .
1873). 107 Ibs. per hour. T
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and while the works of sewerage and irrigation were in progress,
Mr. Wood commenced a suit in Chancery against the Improvement
Commissioners, and in January 1875 obtained an injunction to restrain
them from polluting the * Coppice 7 stream and “ Oak Beck ” with the
sewage of the township. From the deeree of Vice-Chancellor Bacon
the Commissioners appealed, but the Lords Justices affirmed the decision
of the Court below, and on application by the defendants the time for
carrying out the remedial measures was extended to April 1st, 1875.
In February 1875 additional intercepting sewers were commenced for
diverting the sewage from the “ Coppice Stream,” and conveying it to the
irrigation works, but it was found impossible to complete these works by
the st of April 1875, and an application was made to the Court for a
further extension of time, and it was extended to the 1st of July 1875.
In June the Improvement Commissioners applied for a still further
extension, but the Court refused to grant it. In April 1875, the Im-
provement Commissioners purchased, at a cost of 2,200/, the Knox
bleachfields, in the occupation of the plaintiff, Mr. Wood, subject to a
lease he held for an unexpired term of four years, and on the 4th October
1875 they took on lease, for a term of 20 years, from the Feclesiastical
Commissioners, at the yearly rent of 3004, a farm of 247 acres, for the
purpose of further purifying the sewage. This farm (of which only 120
acres are available for sewage irrigation) is situated on the north side of
the * Oak Beck,” opposite to the present irrigation fields.

In December 1873, the Plaintiff applied to the Vice-Chaneellor to
issne an order of sequestration, this the Court did, but suspended the
operation of it for two months. The Improvement Commissioners then
directed their surveyor to prepare plans and estimates for a pipe sewer
to intercept the effluent water from the irrigated fields convey it
into the * Oak Beck ™ at a point below the plaintifi’s bleachfields, this
having come to the knowledge of the plaintiff, he made overtures for a
compromise, and after a conference with a deputation from the Im-
provement Commissioners he offered to withdraw from the suit, if they
would pay to him the sum of 5,000/ and taxed costs; the Improvement
Commissioners aceepted his offer, but he subsequently varied it and
asked for the whole of the costs # in and ineidental to the suit ;» this,
however, the Improvement Commissioners declined to accept, and they
have since directed their surveyor to continue the main outfall-sewer, by
a syphon under the “ Oak Beck,” on to the new farm of 247 acres, and at
once to lay ont the land at an estimated cost of 3,2164., to receive the
sewage. It is hoped that the arvea proposed to be irrigated will be found
sufficient to cleanse effectually the whole of the sewage of the districet,
and thus, the Commissioners will be enabled to obey the order of the
Court. The cost of the suit amounted to about 3,920/, The subsidence-
tanks are cleansed out of every three months, the deposit being mixed
with the street sweepings and sold to farmers, 3

Upon the present sewage farm of 47 acres, there was grown, in 1875,
600 tons of Italian rye grass, and it sold for 10s. per ton. The cost of
dealing with and distributing the sewage in 1874, including rent of land,
was 282/, 10s. e, exclusive of interest and cost of works, and the
raceipts for the grass were 5620 11s. 1d.

The effluent water from the sewage farm was on our inspeetion clear
and inoffensive ; and the “Oak Beck,” into which it flows has the
external characteristics of a clean and pure stream, there being no
appearances of sewage deposit on the banks or bed of the brook, and
the vegetation on the margin of the stream being free from the
peculiar brown fungoid growth the result of the presence of sewage,
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of Chancery, and on the 1st June 1866, obtained an “interim injunc-
tion” to restrain the local board from polluting the river Leam with
the sewage of Leamington. The local authority did not satisfy the
Conrt that they were taking proper means to abate the nuisance, and
an order of scquestration was, on the 2nd August 1867, issued, but
suspended from time to time. Subsequently, in 1868, the lﬂﬂl’fl board
cansed the bed of the river to be eleansed, and paid the costs of this work,
amounting to 1,500/, and also the costs of the suit, 5,000{. About the
same time Lord Warwick caused an offer to be made to the Loeal Board
to take from them on lease for 21 years the sewage of Leamington, and
pay 4304 a year, provided it was delivered on to the Heatheote farms, a
distance of 2 mill;‘%a from the town. The local board accepted the offer
on the 5th April 1870, and direeted a cast-iron rising main to be laid from
the works to the farm and pumping works to be erected and fitted with
suitable machinery capable of pumping a volume of upwards of
800,000 gallons of sewage daily on to the farm; these works were
finished and the pumping of the sewage to the * Heatheote Farm ™ com-
menced on the 5th October 1871, and the entire volume, except in heavy
rainfall, has been pumped daily ever since that date. The soil of the
farm is a fine loam on a sub-soil of gravel ; the flood-water flows by a
storm outlet into the Leam. The annual cost of pumping, including
labour and materials, is 1,035/,

While the works were in progress the A.B.C. or Native Guano Com-
pany, on the 19th October 1868, made an offer to the local board to
treat, free of cost, the sewage of the town by their process; and the
local board, on the 4th March 1869, accepted their offer and permitted
them to use the sheds, tanks, and outfall works for that purpose on con-
dition that the company should remove the whole of the plant, which
they proposed to erect on the site of the pumping station, when required
to do s0. The A.B.C. Company carried out their process until October
1871, and althongh it removed a large portion of the suspended im-
purities from the sewage, it, however, only took away therefrom a small
proportion of the soluble polluting matters, and the effluent sewage was
very little better than that which was obtained by allowing the raw
sewage to settle in subsidence-tanks without chemieal treatment,

The extraction of the “sludge™ and drying it, especially in hot
weather, in order to convert it into a manure, was attended with a
nauseous odour and eaused an intolerable nuisance, an extreme annoyance
to the residents of Milverton, a populous and fashionable suburb of
Leamington, who made repeated complaints to the local board of the
‘¢ suflering they endured day and night from the offensive smell caused by
“ the method adopted by the company for drying of the sewage mud.”

T SEwace Fanar,

The effluent water on the date of our visit to the farm, Angust 18th,
1875, was sufficiently purified to be admitted into the river, as not a
trace of sewage could be detected in the eclear and inodorous stream
which flowed from the meadows into the waterconrses. By the kind-
ness of Mr. D. Tough (bailiff to the Right Honourable the Earl of
Warwick), we are enabled to give a statement showing the eropping of
the farm and quantity of sewage applied thereon for the past four
years, DMr. Tough also sent to us the following very satisfactory
acconnt of last year's experience,

“ The farm is about 370 acres, and the whole of this area except 96
acres has been irvigated with sewage. We lave also supplied sewage 1o
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from 8 to 11 miles from Merthyr, all in the basin of the Taff; these
farms have a fine loamy soil with a gmvell]y] soil.  The outfall-works,
consisting of 19,000 lineal yards of brick, timber, iron, and earthenware-
conduit (from 12 to 24 inches in dinmeter) were completed in 1873.
While these works were in progress the Master of the Rolls directed
that meaus should be adopted for mitigating the nuisance in the Taﬁ‘,iby
separating the coarser solid particles of sewage and prevent them flowing
into the river; the local authority then ordered filter-tanks {o be con-
structed near the outfall, and caused the sewage to be filtered throngh a
medinm of furnace ashes 3 feet deep, a small quantity of cream of lime
being added to the sewage before filtration ; this method not having
satisfied his lordship he issued an order of sequestration, and from that
order the local authority appealed. The Lords Justices of Appeal in
July 1870 directed Mr. J. Bailey Denton, C.E., to examine and report
on the best means of preventing the muisance complained of, and he
recommended that 20 acres of the 75 aecres of land at Troedyrhiew
should be laid out as land filters, and used on the intermittent prineiple
proposed by the Rivers Pollution Commission ; these works were subse-
quently carried out under his superintendence, and worked up to early
in the year 1872. The addition of lime to the sewage was then dis-
continued, and the land-filter-beds have since been treated as ordinary
irrigation ground, and are now so unsed, together with 230 acres of the
other portions of the land, as a sewage irrigation farm. The average
dry weather flow of the sewage is 1,200,000 gallons, There are fine
storm outlets into the Taff. The cost of the several works was as
follows :— Outfall-sewer from Troedyrhiew te the Ynyseadudug Farm,
16,0021, 2s. 10d.; building subsidence tanks, 3871 15s. 1d. ; laying
out land-filtering areas (including drainage and the carriers upon 20
aeres), 46067 125, 44, ; forming, draining, and making carriers on the
remaining 55 acres at Troedyrhiew, 1,408l 6s. 5d. ; purchase and
laying out, draining, and fencing the common land at Navigation Farm,
43651, 11s. 5d. ; purchase, laying out, and draining land at Ynyseadudug
Farm, 14,3871 6s. 0d.; purchase of Tyrybont estate, 80 acres, at
Troedyrhiew, 3,002L 2s, 64, ; purchase of Park Newydd estate of 67
acres, 9,170, Total, 53,3291, 16s. Td.

The sewage flows by gravitation on to the farms, aud ile annual cost
of cropping the land and applying the sewage is 2,3911. 3s. 104, ; to this
must be added the yearly rent paid by the local authority for that portion
of the land held on lease (viz.) 298/, The accounts of the year have
not been made up, but it is feared that the receipts will not cover the
expenditure. The Troedyrhiew Farm of 70 acres, of which there are
about 2 acres of roads, has this year produced the following crops :
Italian rye grass, 34§ acres ; permanent grass, 5 acres ; eabbage, 8 acres;
mangolds, 6 acres ; swedes, 5 acres ; red wheat, 3 acres ; beans, 4 neres;
rhubarb, § acre ; seed beds, 2 acres. The Navigation Farm (60 acres of
common land, of which roads occupy one acre) produced Italian rye-grass,
15 acres ;5 white oats, 85 acres ; willows, 8 acres ; mangolds, "1 acre ;
and swedes, 1 acre.  Ynyseadudug Farm (93 acres only bore crops)
produced hay from 83 acves of permanent grass; Ttalian rye grass,
4 acres ; white oats, 4 acres; and swedes, 1 acre, There were very
good crops of hay on the land at Ynyscadudug which realized 67 per
acre (the land before the sewage was applied was let at 135, per acre),
The Italian rye grass realised 71 per acre on common land which was
formerly worth 2s. 6d. per acre. The oats were sown late and only
yielded a light crop, The wheat produced 25 bushels to the aere and a
large quantity of fine straw, The mangolds and swedes produced each
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flowed continuously since that date over the land. No complaints
have been made of the state of the effluent from the farm into the river.
"The local board at Lady-day, 1874, sublet the land hired of M. Walker,
to Mr. J. A. Campbell, at'a yearly rent of 350, the local board main-
taining their right to dispose of the sewage upon the land, and paying
the labour cost of the distribution. In 1871, in order to utilize the
sewage of another portion of the district, the loeal authority hired of the
rector of Rugby, about 13 acres of land, at the yearly rent of 541, and
cansed the sewer to be extended, and the sewage to flow on to this land ;
they have since sublet it, with the sewage, for 79/, per annum.

Mr. J. A. Campbell has kindly given to us the following in
formation :—

Aecreage of Sewage Farm under Crop, 67a. Or. 19p.
Crops, 1874

& T Ps
Wheat - - - - 21 3 22
Beans = - - - - 4 2 29
Oats - - - - - B 2 2
Ttalian rye grass - - - 28 .0 Al

Total - 57 0 24

_——

Cash produce of farm - - 1) o B G 2
Expenses, including rent (360.) - 725 13 10
Balance against farm - £24 2 8}

Nore.—See pages 86, 87, as to raw and effluent sewage.

TUNBRIDGE WELLS.

Population (about) - - - - - 23,000
Rateable value - - - - - - £142191'E
Houses - - : : . : - 5750
Waterclosets - : : ‘ . - 5685
Clost of outlet works, purchases, and laying out of farms - £ST’243
Volume of sewage every 24 hours - = (gallons) ﬁﬁﬂiﬂﬂﬂ

Tunbridge Wells, an urban sanitary district in the counties of
Sussex and Kent, disposes of the sewage of its 23,000 resident inhabi-
tants by irrigation. The district has an area of 3.552 acres, and a rate-
able value of 142,9144. 10s. ; the town portion is drained by imuin EWers
of irregular form constructed of brick, the branch sewers are of stone-
1.;;:11*{- pipes. ‘\'-.’ni{-rr;]-:nmtﬂ are chiefly used, the number being 5,635 in
E :I vtg:-i*;} H:{::E‘hmmgﬂ was formerly allowed to run direct into the

On the 24th November 1863, an injunction w i 4
Frederick David Goldsmid of BummerJ Hill Pnrkﬂiou:fet::;eiﬂ ti;fe ﬂiﬁ
provement Commissioners from polluting the “ brook,” and the latter
having failed to satisfy the court that they had rendered the sewage in-
offensive, an order of sequestration  was subsequently grulltll.':ﬂ_f-J this
order, however, was suspended from time to time, and finally dis.c‘};lu'geﬁ
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WEST DERBY.

Publie Offices, Stoneycroft, near Liverpool.

24th April 1876.

We now furnish the information asked for in letter of the 31st ultimo
as to this Board’s sewage farm, &c.

For the sake of convenience we have set out the inguiries below, and
against them have placed the answers seriatim :—

Area in acres of land used
and to be nsed for the
utilization and purifica-
tion of the sewnge of the
district.

1. If purchased, the cost ¥

2, If leased, the terms and
rental #

3. The cost of preparing the
land ?

4, The estimated aunupal
working costs ¥

5. The daily wvolume of
sewnge in gallons to be
applied ?

6, The local population ? -

7. The number of water-
closets in nse ¥

2. The number of privies
and ashpits ?

207 statate acres. A plan is sent herewith.

The neft amount paid owners for the land has been
30,3250, 25. 0d. The total amount paid for tenants’
compensation and for the costs of the owners and
tenants is 3,916/, 1s. 9., or about 166/. per acre.

The netf amount paid for “laying out” the land only
has been 8,934/, 9s. 84., which includes wages, piece
work, drain tiles and pipes ; carting tiles and rock for
roads ; timber, lime, cement, cinders, horse keep, and
guch like, or about 431, per acre.

For the year ending 25th March 1875 (the last year
? which the accounts have been audited), the cost
cropping, eultivating, and applying sew wWas
29,3341, 15s. 3d. ki i
This amount does not include the instalments of the loan
and the interest.

At 30 gallons per head per day. Population into
eastern and western sewers, 24,100=723,000 gallons
por day.

Remainder of population, 7,300, goes into corporation
SEWCTE,

The population, whose sewage is already applied to the
farm, is 18,600 persons ;E:E!ne sewn,go}ot‘l}g.mn m:nE:
persons will shortly be diverted into the tanks which
are now being constructed at the farm, and are almost
f;n&plcted, and will thence be pumped on to the farm

11118

The sewage of the remainder of the population of the
district, viz., 7,300 persons, passes into the sewers of
the corporation of Liverpool,

3,000 in western area, and 220 in eastern area,

This is exclusive of waterclosets drainine ;
! FAmng mto Corpora-
tion SEWETS. g P =

In western area about 1,042 middens, and in
L enste
area about 591 middens. In the ):rlajnrity of casl:;
there are two privies to each midden.
This is exclusive of those in corporation area,
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APPENDIX No. IL

FILTRATION,
KENDAL.
Avea (acres) - - - - - - 410
Population, about - - - - - . 13,700
Annual rateable value - - - - - £44,600
Houses - - - - - - - 2. 727
Waterclosets - - - - - - 4350
Sewerage works, cost - - - ; - £18,000
Sewage farm, cost - - - - - - £16,371
Repairs to buildings, cost - - - - - £700
Laying out of filter beds on farm (cost) - - - £1,400
Cost, yearly, of disposing of sewage - - - £110
Receipts for corps and grazing - - - - £495
Volume of sewage every 24 hours (gallons) - - 730,000

Kendal, an ancient market town and modern borough of about
13,700 inhabitants in Westmoreland, 262 miles north-west by north from
London, is situate on the banks of the river Kent, and on the borders of
the Lake district ; it has a moist climate, the loeal rainfall being about
the heaviest throughout the year of any town in England, ranging from
GO to 80 inches., Woollen eloth has been manufactured from the tima
of the reign of Edward III. There are at present large woollen
manufactories, common DBrussels and Kidderminster carpets, large
tannaries, paper mills, and marble works. The waste and polluted
water from these several works is now diverted from the river by the
new intereepting sewers.

This borough has adopted the process suggested by the Rivers Pollution
Commission (r.e.) “ downward intermittent land filtration,” combined with
irrigation, adapted to cleanse the filthy sewage produced by 13,700 in-
habitants and the liquids polluted by manufacturers. The borough has
an aven of 410 acres and a rateable value of 44,6004 A system of sewerage
wag earried out between the years 1868 and 1872 at a cost of 18,0004
Connected with this system theve are 2,727 houses, 450 waterclosets, and
the overflow from about 1,600 common privies. The sewage flows
by gravitation to the “ Wattsfield Estate,” an area of 66 statute acres,
which the loeal authority purchased for 16,3711., abont 248l per acre,
Subsidenee-tanks were built at the outfall of the main-sewer into which
sewage is discharged, and from thence flows over 16 acres of the land
which had been levelled at a cost of 4004, or 25/ per acre. The area
so prepared has, however, been found to be insufficient to purify the
sewage, the effluent flowing from the land into the river having caused
a nuisance, which was complained of by Captain Braithwaite Wilson and
other riparian owners. The local authority then called in Mr. J. Bailey
Denton, who advised that the whole of the 16 acres should be laid ont
as land-filter-beds at a cost of 1,000, or upwards of 604 per acre. 'The
Board did not, however, consider that the work eould be done for that
sum, and directed that 5 acres only be so laid out, and this area has
cost 1,400Z, or 280/ per acre. A volume of sewage every 24 hours
of about 730,000 gallons (of which about 330,000 gallons is subsoil
water from springs tapped during the execution of the sewerage works
has flowed continunously on to the 5 acres of land-filter-heds, nmg
oceasionally, as required, on to the remaining 11 acres of land. This
small area clarifies the sewage so as not to be a nuisance ; but in practise
it is found too limited for erops to be successfully grown upon it, and
therefore, the corporation have cansed an additional area of 5 acres t.l:;
be prepared for the reception of the sewage, and it is believed that
upon the 10 acres of filter-beds not only will the foul waste of the
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Adderley again invoked the aid of the Court of Chancery, and obtained
an order of sequestration,

About the same date certain other owners of property near the
subsidence-tanks also moved the Court to hinder the corporation from
depositing on the ground sewage-sludge arrested in the tanks
and the Court, in this case also, granted the injunction prayed for.
Whereupon the eouncil either removed the sludge or dug it into a
portion of the farm-lands. Thus restrained on all sides, instruc-
tions were given to the borongh surveyor, early in 1871, to submit
surveys and levels of any lands he considered most suitable for dealing
with the sewage by irrigation, and to employ such assistance as he con-
sidered necessary. In June of that year a comprehensive report was
jointly prepared by Messrs. Blackburn, J. Chalmers Morton, Lawson,
and Mansergh, and Doctors Voelcker and Hill, recommending the
taking 2,000 to 2,500 acres of land near Kingsbury, about eight
miles below the present outlet, and the construction of sewage-conduits
for conveying the sewage thereto. This report was laid before the
couneil, but the scheme being econsidered too eestly, a special committee
was instructed to again consider the whole question of sewage disposal,
and acting on their advice the corporation promoted a Bill in Parliament
in session 1872 to acquire powers to extend the main-sewer to a
portion of the land before deseribed at Kingsbury, and there to obtain
800 acres, on which to purify the whole of the sewage, partly by inter-
mittent downward filtration, and partly by irrigation. The Bill passed
through committee of the Commons after a lengthy opposition, but was
thrown ount on the third reading. The costs incurred to the corpora-
tion in promoting this Bill amounted to 10,644 Ts. 104., and not
having passed placed the town in a dilemma: however, in order to
satisfy the requirements of the Court of Chancery, the corporation
purchased 24 acres of land, formerly held on lease, for the sum of 8,0001.
and subsequently further increased the area of the farm at Saltley
by adding to it a purchase of 101 acres, at a cost of 29,4007 ; acting
on the advice of Thomas Hawkesley, Esq., C.E. as to the best
method of treating the sewage at the outlet-works (under their limited
powers). The town council, in accordance with his recommendations,
cansed four additional sets of subsidence-tanks to be constructed, and
the sewage to be treated by the lime process. A volume of about
12,000,000 gallons every 24 hours is thus, by the addition of 13 tons of
lime, to a certain extent clarified and an average of 365 cubic yards
or ahout 300 tons of the suspended matters of sewage, are deposited in
the tanks, or about 110,000 tons per annum. The total cost of the
ontlet works and tanks has been 58,880/, The corporation have per-
mitted Major-General Seott, C.B., R.E., to carry on experimentally his
process for treating sewnge and converting the # sludge” into cement
but this has not been done to any great extent, becanse it is not rumu:
nerative, The corporation are now making arrangements for carrying
the water, clarified by the lime process on to the adjoining lands aﬂt
Saltley for irrigation and filtration, and it is expected that by these means
a more complete purification of the polluted liquid will be effected,

The “sludge,” amounting to 365 cubic yards daily from the subsj-
dence tanks, is removed and dug into land, a portion of the farm. at g
cost of 14/, 10s. per acre, at arate of about one acre per week, or i the
whole, 36 acres during the year. With reference to the suit instituted b
Sir Charles B. Adderley, it was in 1875 arranged that the order ﬁquups}:
tration should be discharged, and that the injunction should be varied
so s admit of the corporation constructing new sewers within the town
which they had been prevented doing for some years, as also that the
sum of 6,000/, should be paid to Sir Charles Adderley in settlement of
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£ 5 d
Manager (Mr. Graham). Salary - 217 3}
Engine driver. (Wages.) - - 110 0
Alum preparer. Do, - - = 1 4 0
Mixture grinder. Do. - - i B [ )
4 Labourers, each 11, 15, 0d. (Wages) - 4 4 0
Watchman on Sunday - - = 4 I
Extra for overtime - - - 0 8 0
71 ewt. of sulphate of alumina, at 1s. 8}d.
per cwt. - - - - 6 1 4
132 cwt. of clay, at 4s. per ton - = SEE
81 ewt. of carbon (waste product of prus-
siate of potash manufacture) - - 1 4 33
Blood - - - - = 0 E O
8 tons of engine coal, 7s. Gd. per ton - 3 0 0O
(il tallow, packing, &e. - - - 0 6 0
Whater and gas - - - - 012 0
£23 18 1

|
|

To this amount must be added contingencies and the cost of repairs
to and deprecation of works and plant. (See also special report on this
process by the Rivers Pollution Commission, 1870). The corporation
have not been required {up to this date 27th January 1876) to deliver any
manure to the order of the patentees, but there ig, and has been for the last
two years, stored at the works awaiting the order of the company 700 tons
of thismanure. The sewage is now only treated from 8 a.m. to 6 p.m. on
week days and not at all on Sundays, and the whole of the sewage from
6 p.m. to 8 a.m. flows on Snndays untreated direct into the river. The
process now used is also a patent one, known as the M. and C. method,
and it was stated to us to be identical with the process of Mr. Goodall,
which had been tried at Leeds. In carrying out the M. and C. process there
is added to the sewage to be purified o mixture consisting of the following
ingredients: lime, earbon (a waste product of the prussiate of potash
manufacture), honse ashes, soda, and per-chloride of iron. The materials
are mixed in a “pit” and lifted therefrom by meuns of a dredger into o
seeond mixing pit, from which the mixture is discharged slowly into the
sewage as it flows through the works into two depositing tanks, each
divided into three compartments, after which the treated sewage flows
for a short distance along an open eondunit and thence into the River
Croal. The tanks are cleaned out every fortnight, and about 70 tons of
“sludge ™ are removed therefrom and thrown into heaps at the side of
the tanks to part with the moisture which it contains, but it has been
found impossible to dry it without applying artificial heat. The cost of
working the M. and C. process is stated by the manager to be less thau
that of the A. B. C. process, and we here append the statement which he
sapplied to us : :

“Tothe chairman and members of the Bolton Corporation Investiga-
tion Committee,
“ Bolton Corporation Sewage Works,
GENTLEMEN, January 14th, 1875.

I nEG to submit to you a statement of the cost for labour and
materials required for the treatment of 2,500,000 gallons daily of
sewage-water for a period of ‘574 hours, (i.e, 10 hours for five days,
and T4 hours for one day in the week.”
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(about 8,000,000 gallons per day) flowed direct into the Bradford Beck,
then a black and offensive stream. The Rivers 1’01[}1121(:-11 Commission
designated it # the most filthy stream they had met with, surpassing the
“ sworst examples in Laneashire,” Although the sewage was not worse
in appearance than the water of the “ Beck,” into which it flowed, Mr.
William Crompton Stansfield of Esholt Hall, near Apperley Bridge,
considered himself aggrieved by the additional pollution which the
sewage caused to the stream, and on the 28th of August 1868, he filed &
Bill of Complaint iu the Court of Chancery to restrain the corporation
from causing or permitting to pass any sewage, filth, or other offensive
matter, solid or liquid, into the Bradford Beck in such a manner that
the same might pass therefrom into the river Aire to his injury, and
prayed that damages might be awarded for all injuries suffered. On
the 1st September 1868, the corporation was served with an interim
injunction obtained ex parte from the Master of the Rolls, prohibiting
them under a penalty of 10,000/ from opening or permitting to be
opened any additional main or branch-sewer, or any house-drain or
sewer into the outfall-sewer or into the Bradford Beck, or any sewer
communicating therewith or emptying itself therein. An answer to the
bill was filed, but negociations between the corporation and the Plaintiff
ended in an arrangement whereby the injunction was dissolved upon
terms, one of which was that the .corporation should, on or before the
11th of January, take steps to defacate the sewage passing through the
publiec sewers. The corporation being convinced that any works
merely dealing with the sewage of the town would fail to produce any
appreciable improvement in the condition of the river Aire, they, in
conjunction with other corporations and local boards in the watersheds
of the Aire and Calder, introduced a Bill into Parliament during the
Session of 1871 called the “ Aire and Calder Conservancy Bill,” which
proposed to deal in a comprehensive manner with the sewage of the two
watersheds,  Violent opposition to this Bill was threatened, and it was
consequently withdrawn. The same year the “Peat Engineering and
Sewage Filtration Company,” made an offer to the corporation to apply
their system to the sewage of Bradford. Arrangements were made by
which the corporation agreed to lease the sewage to this company for a
term of 21 years, and to provide lands and buildings in which the
operations were to be carried on; and the Company, on their part,
agreed to purify the sewage, estimated at a daily volume of 8,000,000
gallons at their own expense, the residuum to become the property of
the company. The company were also to have free use, for the first
three years, of the buildings and plant to be constructed by the cor-
poration ; but after that period they were to pay the eorporation a rent
for the use thereof. These works were subsequently erected at a cost of
60,0004, including land and incidental expenses. The company however
failed to carry out the contract, and legal proceedings were commeneed
by the corporation against the company and their sureties to enforee
the contract; but the company collapsed, and the corporation in 1874
took possession of the works,

The delipeation works arve situate in a valley between Frizinghall and
l_'[m:sillgl.m!u, and were specially constructed for carrying out the process
of filtration by peat charcoal. This process failed, becanse the sediment,
choked the filters ; and as the filtering medinm required to be constantly
replaced, the cost was ruinous, and the process had consequently to
be abandoned.  The corporation then made such alterations to the
works as to carry on a combined process of precipitation and
iil(;:-rl'?illgili .:]nd this method ]ms_ for some time past heen in operation
- g J_"‘ﬂrlt]“g PIIE Et“‘ﬂgi!, Wh]ﬂl] g[‘nrlf“tus 10 t]lE Wl}l‘k& -ﬂrll':l ﬂ{}ws
into four subsidence tanks, from these tanks it passes along an






44

Brought forward - £3,010 0 0
s Materinls and Miscellaneous Expenses.”

- e T
3,000 tons of lime - - - L8TG 0 0O
2,000 tons of breeze for filters - - 125 0 0O
1,040 tons of coke for fuel - - 637 0 O
5 tons of coals - - - - & 0 0O
Gas - - - - - 120 0 O
150 gallons of engine oil - - 32 10 0
224 lbs. cotton waste - = - 6 10 0
220 Ibs. candles - - - - 510 0
Timber for keeping up plant, machinery,
and buildings - - - - 50 0 O
Repair of engines, machinery, &e. - 50 0 0
Alterations and additions - - 100 O O
Office requisites] - - - - 10 0 O
Rates, taxes, and sundries - - 250 0 0
—_— 3,266 10 0

£6,276 10 0

—_—

The corporation has not as yet been enabled to sell any of the sludge
which consequently accumulates at the works,

In addition to the cost of defmeating the sewage, the annual cost of
cleansing the 11,500 privies and 16,500 ashpits is 8,000/, and the whole
of the refuse removed therefrom becomes the property of the contractor
and is disposed of by him.

Abstract.
Annual cost of treating sewage - - - £6,276 10 0
Annual cost of cleansing privies = - = 8000 0 0
Total - - - - - £14276 10 0

We collected samples of the solids extracted from the sewage before,
and also of the sewage-sludge after treatment, and the following are the
results of D, Voeleker's analyses,

Sludge from drying pits, no artificial heat being used.

On analysis the sludge as received, and caleulated with 15 per cent.
of moisture, furnished the following results :—

Caleulated with
15 per cent.,
of moisture,
Water - - - - - - 82-41 15-00
*Organie matter - - - - 754 3644
Oxide of iron and alumina - - - 0-78 377
Tribasic phosphate of lime - - - 0-69 3-34
Carbonate of lime - - - - 566 2736
Sulphate of lime - - - - 0-49 2-36
Alkaline salts and magnesia - - - 073 352
Containing—Fotash - - 016 Q-77
and chloride of sodinm - 011 052
Insoluble siliceous matter - - 170 821

- E t_u' 3 y e e
aontaning mtrogen - - - = 0=14 %
Equal to n1;|.1.|:|:t|c:|1“.:':§I3 - e - 017 32;
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COVENTRY.
Area (acres) - - - - - 5. 1,600
Population (about) - - - - - - 40,000
Rateable value g - - - - - £101,438
Inhabited houses - - - - - - 10,400
Waterclosets - - - - - - 5,000
Cost of the main sewerage works - - - - £33,000
Volume of sewage every 24 hours, about (gallons) - - 2,000,000
Privies - - - - - - - 8500
Cost of cleansing privies (yearly) - - - - £1,050

Cost of farm for sewage irvigation, 27,000/, The farm has been let in
consequence of the offer from the * General Manure and Sewage
Company, Limited,” freeing the corporation (for the time) from the
responsibility of purifying the sewage.

The city of Coventry has been sewered ; the works were commenced
in 1853 and finished in 18535, at a cost of 83,000/, The whole of the
sewage flows to one outfall at Whitley into the river Sherbourne,
which is a small and rather sluggish stream. There are in the city
10,400 houses, and the exerements of the 40,000 persons who inhabit
them are conveyed into the sewers by about 5,000 waterclosets, and
consequently into the river into which the sewers discharge themselves,
as there are only 800 privies, The sewers are ventilated by open grids
in the covers of the 500 manholes, which are formed on the lines of
sewers; they are also ventilated by being connected to fourteen factory
chimney shafts, and further by the rain-water stacks from the eaves of
houses. The whole of the rain-fall on the roofs and surface of the
streets flows into the sewers, and from thence in heavy storms into the
river by an overflow outlet specially provided for that purpose situate
near Shut Mill Lane. Several springs were tapped while the sewerage
works were being constructed, and a volume of about 500,000 gallons
from this source enters the sewers daily. The waterworks belong to
a private eompany, and 720,000 gallons of potable water are daily de-
livered for the use of consumers. There are also 21 public wells and a
great many private wells from which a considerable number of the
inhabitants obtain water for domestic purposes,

In 1860, complaints having been made by riparian owners of the
pollution eaused to the river Sherburne, the corporation directed sub-
sidenee tanks to be constructed near the river, and the outfall to be
diverted so that the sewage might be discharged into the tanks, and
afterwards filtered throngh a medinm of gravel 3 feet in thickness
before it entered the river. The tanks and so-called filters were a
failure as regards purifying the sewage ; they only partially extracted
the suspended matters, and left the putrescible organic matters in solu-
tion, and althongh this somewhat mitigated the nuisance, it did not
produce any substantial diminution of the polluting quality of the liquid.

Further complaints having been made of the condition of the river,
the corporation, as advised in 1869, purchased 262 acres of land at
Whitley at a cost of 27,0004, and instrncted Mr. T, Hawkesley, M.
Inst.,, C.E,, to prepare a scheme for laying it out as an irrigation farm ;
and he subsequently submitted plans and an estimate of the proposed
worke. The sewage would, owing to the configuration of the land, have
to be pumped on to the farm, and this circumstance, in addition to the
great cost of the proposed works, caused the corporation to postpone
carrying out the scheme. In August 1870, the A. B. C. or “ Native
“ Guano Company,” made an offer to the corporation to treat the sewage
of the city by their process, but the terms proposed by the corporation
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borne. On the date of our visit to the works the effluent water
flowing from this outlet was clear and inodorous. The sludge
precipitated into the tanks amounts to about 30 tons daily, and this,
after being passed throngh a further straining process, is placed in
heaps at the works to lose a still further portion of its moisture. We
observed a large accumulation of this deposit. In order to convert
the semi-dried sludge into a manure it is further dried by artifieial
heat by the use of Messrs. Milward's sewage mud-drying machines.

The company treat by their process the sewage flowing to the works
between the hours of 5.30 a.m. and 11 p.m., but the sewage of the
night (i.e., from 11 p.m. to 530 a.m.) flows through the tanks, and on
to the filtering area without chemieal treatment. The company say
that the sewage during that period is chiefly subsoil water, and it only
needs to be passed through the tanks mixed with the chemically
treated sewage which they contain, and then flow on to the filter beds.”

By the courtesy of Messrs. J. C. Melliss and E. F. Coddington, the
engineer and the manager of the works, we are enabled to give the
working expenses of the ecompany.

Workmxe Expexses, WEEELY.

£ @2 d
22 tons of coal, at 10s. 6d. per ton - - - - 1111 0O
27 ewt. of sulphurie acid, at 76s. 6d. per ton - - 48 3 3
9 tons of sulphate of alumina, 27s. Gd. per ton - - 12 T B
41 tons of lime, at 16s. 2d, per ton - - - - 312 9
Labour (12 men) - - - - - - 16 0 0
Contingencies - - - - - .

50 0 0

This amounts yearly to a sum of 2,600 ; to this must be added the
salary of the manager, 250/., and also a sum for repairs and depreciation
of works and plant, also the interest on capital expended, say 600L, per
annum.

Abstract.
Annual cost of treating the sewage - - - £2600 0 0
Manager’s salary - - - - - 250 0 0
Interest on capital expended - - - - GO0 0 0
Total - - - - - £3450 0 0

e
There is difficulty in getting rid of the sludge, as also of selling the
manure when manufactured, but in January of this year (1876) owing
to the exertions of the bailiff of the company’s farm, the farmers in the
neighbourhood have purchased and given orders for 350 tons; of the
sludge to be taken direct from subsidence-tanks at 3s. per ton, this
sludge, costing 4s. 10d. a ton to produce, when not at once removed,
is placed in heaps about the works exposed to the atmosphere, to get
rid of some of its water, afterwards if' dried by artificial heat it costs in
addition 1/. 8s. 9d. per ton, but if there was a demand for the manure,
necessitating its being passed through a filter, and also artificial heat
being applied to dry it, the cost would be 27, 10s. per ton.
The manure thus produced in a dry state is then ground to powder
for sale to farmers, ;
We collected a sample of the sludge from a heap on the works
and have eaused it to be analyzed by Dr. A, Voelcker, F.1R.8., and the’

following are the results,
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cepted and convered to one outfall at “ Knostrop.” Waterclosets are
connected with the sewers, and the privy cess-pits and ash-middens are
also drained into them ; the sewage is however weak as compared with
the sewage of London. The Rivers Pollution Commissioners collected
samples of the Leeds sewage, flowing from the works at Knostrop, and
submitted them to analyses, and in speaking of the result said. * The
Leeds sewage contained a large portion of suspended matters; but it
was very deficient in soluble fertilizing ingredients, containing only
about one third of the proportion present, in average London sew-
age. This latter circumstance is due partly to the discharge of much
slightly polluting water from faetories into the sewers, and partly to
the circumstance that *springs were tapped during the execution of the
sewerage works.” It is, however, probable that the sewage was excep-
tionally weak, at the time our sample was collected (1.30 p.m.) since
Glasgow, with a daily water supply of more than 50 gallons her head,
furnishes sewage twiee as rich in fertilizing ingredients as that of
Leeds” The nuisance caused to the river by the sewage is agora-
vated by the entire volume being discharged through one outfall, at
Knostrop, and Sir Charles Hugh Lowther, Bart, and Mr. J. T.
Leather, riparian owners, whose lands are situated a short distance
below the outfall works, filed on the 5th November 1869, a Bill of
Complaint in Chancery, and obtained a perpetual injunetion to restrain
the corporation from polluting the river Aire by the sewage, at Knostrop ;
the Court on application of the defendants granted two years from the date
of the deeree, in which period the corporation were to devise and CATTY
out a scheme for abating the nuisance ; but the time not proving sufficient
to enable them thoroughly to investigate the various remedial processes
proposed for consideration, they made further applieations to the Court, and
on three oceasions the time was extended, the last extension was to 1st
March 1874. In 1870 the A. B. C. or* Native Guano Company ” made
an offer to the corporation to treat by their process (for alimited period )
the sewage discharged from the works at Knostrop, and also to pay
the costs of the materials and labour required to carry on the process,
provided that the corporation would bear the cost of erecting experi-
mental works and supplying the necessary machinery for the purpose ;
this the corporation agreed to do, and the works, fitted with the
necessary plant, were erected at a cost of 10,0004, The company carried
on the process for some time; but the corporation had no control
over the quantity of the chemicals used. On 17th August 1870 an
agreement was entered into between the corporation and the A. B. (.
Company, by which the corporation undertook to erect permanent
works according to plans furnished by the company, for treating the
entire volume of sewage (estimated at 12,000,000 gallons daily), and the
company, on their part, undertook to be at the expense of successfully
purifying and deodorising that volume of sewage, and to manufacture
the “sludge” into a manure, and out of any profits from the sale of
such manure to pay to the corporation 15 per cent, of ihe profits, The
works were commenced in 1872 and finished in 1875, at a cost of
47,000/. Before the completion of the permanent works the company
applied to the corporation to release them from the penalties of the
contract, and they alleged as a reason for this request that they could
not sell the manure which they had already manufactured at the experi-
mental works, and offered, as a consideration for being released, to
allow the corporation, without paying royalty, to use nﬁ the patents
obtained by the company for * treating se water and matters.”
Eventually, the corporation comsented to cancel the agreement, and c:n
this being done the A. B. C. Company vacated the works. SDI;.IE e
after Major-General Scott, C.B., and afterwards Mr. Rupert Goodall,
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and finally Mr. Sylvester Fulda were permitted to carry on experiments
with their several processes at the sewage works ; the result was that
Goodall's process (z.e., treating the sewage with lime, ground coal ashes,
nitrate of iron, and carbon, a waste product from the manufacture of
l;ruasmte: of potash) promised the best effect. The cost of this process
or treating the entire volume of the night and day sewage flowing from
the works at Knostrop was estimated at 19s. per hour, and arrangements
were subsequently (in August 1874) made by the corporation with
Mr, Goodall to carry on the work for a period of six months; but at
the end of that time it was found that the sewage could be clarified on a
larger scale at a cheaper rate than it had been done at the smaller
works, and it was considered advisable to try the process of the A. B. C.
Company at the large works, which were originally built for the
A. B. C. process, and from January 1875 to January 15th, 1876, the
A. B. C. method was carried out at a cost during this year (for lime,
carbon, alum, clay, and ecarbolic-zulphide, inclusive of labour, fuel, oil,
tallow, &e.) of 15,0004 This amount is exclusive of the cost of drying
tlhe deposit and converting it into a manure, which has not as yet been
(one.

The corporation have recently (January 1876) arranged with Mr.
John Hanson, a manufacturing chemist of Savill Town, near Dewsbury,
to treat the sewage by a process for which he has obtained a patent, and
he proposes to use, in treating 12,000,000 gallons daily,—

£ s d

Six tons of lime at 14s.6d. perton - - - - - 4 T 0

Seven tons of black-ash at 8s. perton - - - - 216 0
Seven tons of new material (as to which no information

was given) at 7s. perton - - - - - =2 9.0

£9 12 0

Or at a rate of 16s. per million gallons per day for chemicals alone.
To this must be added the cost of labour, coal, and other materials, also
the expense of cleaning out the sludge-tanks, and of artificially drying
the “ sludge ™ and converting it into a manure. It is estimated that the
quantity of suspended and precipitable matters in the Leeds sewage
amounts to 40 tons daily, or about 15,000 tons per annum, and not any
of this has been =old, which consequently accumulates at the works.

For the purpose of artificially drying the mud and manufacturing a
manure therefrom the corporation are erecting two of Borthwick’s
drying eylinders ; these will cost abont 4,000/,

The Rivers Pollution Commission carefully investigated the A. B, C.
process, and in their second Report, 1870, submitted the conclusions
regarding it to which their inquiries, observations, and analyses had led
them. They say, ¥ As therefore the inevitable conclusion is unfavour-
able to the A. B. C. process, in respeet of its alleged power to hinder
the pollution of rivers by town sewage, so also is it altogether un-
favourable to the value of the manure which it manufactures. The
one statement is, indeed, in some sense the complement of the other,
for just in proportion to the largeness of the amount of fertilisin
matter which escapes must be the comparative worthlessness of the
small remainder which is retained.”

We collected a sample of the sludge from the A. B. C. process and
cansed it to be analysed by Dr. A. Voelcker, F.R.S., and the following
are the results of the analysis :—

30260, D
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Deposit from the SEwAGE of Leeps treated by the A. B. C. process.

This deposit in the state in which it was received, and calculated for

15 cent, of moisture, had the following composition :—
oA i b g Calculated with

15 per cent.
of moisture.
Moisture - - - - - 57°20 1500
#*Organic matter - - - - 945 18-77
Oxide of iren and alumina - - - §°10 16:09
Tribasic phosphate of lime - 3 - 076 151
Carbonate of lime - - - - 5°60 11-12
Sulphate of lime - - - - 045 0-89
Alkaline salts and magnesia - - - 1-40 278
Containing—Potash - - - 0+ 39 077
and chloride of sodium - - 0-02 004
Insoluble siliceous matter - - - 1704 3384
10000 100-00
* Containing nitrogen - - - - 31 0-61
Equal tuufmmoflg: = - = - - 0-37 0-74
£ 8
The partially dried deposit containing 57°20 per cent. of
moisture contains in 1 ton 17 Ibs, of phosphate of lime,
worth at 1d. per b, - - - - il L
E\?‘ Ibs. of potash, worth at 2d. per 1b. - . - 0 1 54
Nitrogen equal to 8} Ibs. of ammonia at 8d. per lb. -0 &5 6
Total estimated money value per ton - - -£0 8 4
In a ton of the deposit, with 15 per cent. of moisture, we
have— 5w
34 bz, of phosphate of lime, worth at 14. per 1b. - - 0 230
174 Ibs, of potash, worth at 2d. per b - - - 0 210
Nitrogen equal to 161 lbs. of ammonia at Sd. per 1h. - 011 0O
Total estimated money value of 1 ton - - -£0 16 8}

For the true value, see page Ixiii.

The cost of treating the sewage in this case is not less than 1,5004. per
annuin for each million gallons per day, and there is no probability of
reduction if the present mode is continued. The Committee of Works
persist in expecting 1Z. per ton for the manipulated sludge, which they
do not obtain ; recently (July 1876) they assert that it is selling at 10s.
per ton.,

In addition to the expense of clarifying the sewage by chemieal treat-
ment, there is the cost to the corporation of cleansing the 15,598
privies and middens, removing the refuse (about 80,000 loads) at a cost
of 27,000f. The expense of cleansing and removing is partly recoun
by sale of the refuse, which realizes 9,000, or at a rate of 2s. 21d. a
load, leaving a deficit of 18,0004, The refuse is bought by farmers to
be uwsed for manure.

The sewers are ventilated, and, in 1873, 15,000 gullies were converted
into ventilators, In the construction of all new sewers ventilating-shafts
are built, the gullies are also ventilated, and arrangements are also made
for flushing the sewers.
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In 1871 the Goux Manure and Sanitary Company, Limited, _upplied
to the corporation to be allowed to introduce their dry system into the
borough ; and offered free of cost to cleanse all the privies '.:rhmh were
or would be constructed on the plan they laid down, (i.e.) “ The ashpits
and execrement pits under the privy seats were to be thoroughly
cleansed, and filled in with dry rubbish to the level of the floor, and
the privy seat was to he made removable so that it could be lifted up
to place in, or take away, the ¢ receiver’ or ‘tub’; these tubs were to
be 30 inches in diameter and 16 inches deep, and in them a certain
quantity of absorbent, either of vegetable or animal fibrous matter, was
to be placed, a core was to be inserted around which was to be ﬁ]{ed
in a further quantity of absorbent matters, and the core was then ;to
be removed. The tubs so prepared were to be placed under the privy
seat to receive the exereta, and were to be removed and replucfxi
every eight days ; the tubs were, when full, to be taken to the depdt,
and their contents emptied and mixed together.”

The corporation accepted the offer of the company, and the company
erected temporary works and plant on land belonging to the corporation
at Stone Dam in the borough, but as this land was subsequently required
for other purposes, the corporation in March 1873 let to the company
land at Salter Hebble, close to the sewage outfall works, at which place
the company erected sheds, stables, and offices, for carrying on the
process,

About this time the company represented to the corporation that
they could not sell the manure manufactured by their process, and that
they were losing by the work ; and the corporation agreed to pay to the
company 7s. per annum for every Goux closet cleansed, and if the
contract remained in foree after the lst of January 1875, this amount
was to be increased to 12s. per closet, subject to three months’ notice on
the part of the corporation, and 12 months' notice on the part of the
company. The company gave notice to the corporation in January
1875 to terminate the contract in January 1876, and the corporation
are now considering whether they will or not carry on the system.

The company under their contract with the corporation removed
about 500 tubs daily from the closets to the works ; these tubs were
about two thirds full of excreta, and after being emptied of their con-
tents ought to have been thoroughly washed before being prepared
for re-use, and although the company professed to have this necessary
work done, we saw on the day of our visit to the works, January 16th,
1876, the tubs being lined with the absorbent, and prepared to be used
again, without having first been properly eleansed.

The company used at Halifax the refuse shoddy as an absorbent
lining for the tubs for which they paid 9s. per ton; the contents of the
tubs were, when taken to the works, mixed and turned over in a pit,
and afterwards thrown into a heap in the store shed. We saw at least
2,000 tons of this feeble manure stored in that shed, the Company
not being able to sell it at the price they asked for it, viz., 15s. per ton,

For carrying out their system at Halifax the company expended in
erecting sheds, buildings, and cottages, and also in making a road to the
works, the sum of 2,000L, and s further sum of 5001, in providing the
necessary horses, waggons, carts, and barrows,
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A ton of this manure contains— 5. d.

2111bs. of phosphate of lime, worth at 1d. perlb. - 1 9%

64 1b. of potash i . S - 1 13
Nitrogen equal to 184Ibs. of ammonia, at 8d. perlb. - 12 &
"Total esiimated money value perton - g - 15 4}

For the true value, see page 1xiii. | —
ROCHDALE.
Area : . = ’ = - - 4,136
Population (about) - - = - i 67,000
Rateable value - - - - - - £222,000
Inhabited houses - - - - - - 14,288
Waterclosets - - - - - = 350
Cost of sewage, manure, works, and plant - - - £10,000
Volume of sewage every 24 hours - - (zallons) 1,250,000
Privies, “ middens ” - - - - - 2,844
Privies, * pail system ” - - = A o 5,462
Yearly cost of cleansing privies on pail system - - £3,405
Excreta removed yearly - - - - (tons 4,224
Manufactured into manure - - - - {t-::-us% 3,741
Manure sold - T - z - (tons) 2,000
Yearly cost of cleansing “ middens™ - - - £1,919
Refuse removed - - - - - (tons) 13,736
Refuse, 5,736 tons, sold for - - - - £549

Rochdale has adopted the %pail” system for the disposal of the
excrements of its 67,000 inhabitants living in 14,388 houses distributed
over an area of 4,136 acres, as there were in use on the 28th of January
1876, 5,462 privies on the *pail” system, 2,844 ¢ middens,” and only
350 waterclosets, and we were informed that the “middens ™ are being
converted into privies on the “ pail ” system, at the rate of 20 per week.

The borongh has been sewered and these works have been greatly
inereased since 1553, =

In 1853 the corporation obtained an Improvement Act, and the 96th
section of that Act provides that it shall not be lawful for the corpora-
tion to caunse any new sewer to open or drain into the River Roeh at
any point above the Town Mill Weir, or the stream ecalled the Lord
Burn ; but, as the town rapidly extended, new sewers were constructed,
and this greatly augmented the volume of sewage flowing into the Roch
and seriously polluted it. On the 6th of October 1869 a Bill of Complaint
was filed in the Court of Chancery, by Mrs. Sophia Holt (widow), and
Messrs. Oliver Holt and Williame Holt, praying that the corporation he
restrained from permitting the new sewers then being laid down in
Yorkshire Street or any other new sewer from emptying into the Roch
above the Town Mill Weir or into the Lord Burn, On the hearing of
the cause, 3rd of January 1870, Viee-Chancellor James gmﬂt&dﬂ an
injunction as prayed. In order to satisfy the Court, and also with a
view of intereepting the sewage and preventing it from pollutine
the Roch, the corporation, in session 1872, introduceda Bill in Parlia-
ment and sought certain powers, one of which was to aequire 1,000
acres of land and on this area to utilize the sewage by irrigation :;Ehe
land is situute in the township of Unpsworth E|1I.1m:m1; 3 miles; from
Rnu'h(lale,hmtd is the property of the Right Honourable the Earl of
Derby. There was great opposition to the Bill and the clauses relatin
to the land for irrigation were struck out. The corporation then Eﬂusefl
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plans to be prepared of an intercepting sewer to divert the sewage from
the Roch, and this work is now being carried out a cost of 20,0004
The intercepting sewer commences at Ashbrook Valley on the eastern
boundary of the bﬂmﬂgh, and from that poeint to Heybrook Valley, it is
4 feet in diameter and laid at a gradient of 1 in 250; from Heybrook
Valley ito George Street it is increased to 5 feet in diameter ; from
thenee to Duke Street it is further increased to 6 feetin diameter; from
thence to the Spodden Valley, it is 6 feet in dinmeter, but lnid at a
gradient of 1 in 1,000; and from the Spodden Valley to the outfall into
the Roch, below Oaken Rod Weir, it is 9 feet in dismeter ; laid at a
gradient of 1 in 1,000,

When these works are completed there will still be 12 overflow-outlets
into the Roch, above the Town Mill Weir, to relieve the main sewers
of flood water during heavy storms of rain.

The sewers are ventilated by open grids in the covers of the lamp-
holes and manholes ; these are placed on the lines of sewers and are not
more than 150 feet apart. Owing to the configuration of the town the
sewers have steep gradients, and it was found that a considerable
volume of sewer gas ascended to the highest points of the system ; to
remedy this, self-acting valves (as recommended in the published
suggestions of the Local Government Board, pages 7, 8, 9,) are placed
in each manhole, and this has had a beneficial effect ; it has prevented
the sewer-gas accumulating at the 'higher points and has facilitated its
escape through the gratings in the s of the streets.

The volume of sewage entering the Roch, Spodden, Hey-Brook, and
Sudden Prook, by the numerous outlets, is about 1,250,000 gallons
every 24 hours.

In 1869, the corporation of Rochdale decided that they would not
continue the contract for cleansing middens and removal of the contents;
and, after some consideration as to the best form of privy and ash place,
they adopted the * pail,” or that now known as the ¢ Rochdale system.”

The corporation have erected buildings as a depit on o site within the
borough, and purchased the necessary plant, horses, avd rolling-stock
for collecting the excreta and refuse at short intervals. The cost of the
works, plant, and stock, up to the 28th of January 1876, has been about
10,0004,

The mode of collection is as follows :— The town is divided into
six districts, and each pail-privy is numbered consecutively in a distriet
register, so that in ease of any contagions or infectious disease arising
in the town, the numbers of the pail-privies in connexion with the
houses in which the disease exists can be communicated to the loeal
authority, when arrangements can be made for the daily disinfection of
such pail-privies, and for the isolation of such excreta.”

¢ Ag a rule all pail-privies are empted once a week, to ensure which,
the driver of the collecting van, on his return to the works, gives in «
list showing the number of each pail-privy from which he has collected ;
this is posted in a book, in such a form that it can be seen at a glance
whether any have been neglected, and on every Monday morning a list
of those overlooked (if any) is made, and a supplemental van is then sent
out to make good the week’s collection ; the entire onus of removal rests
npon the corporation.” ’ , v

% The pail-privies are supplied at each collection with a fresh pail,
which has been well washed, and in which has been placed a liquid
deodorizer and disinfectant.”

& The collections, according, to the regulations, should be made between
the hours of 7 a.m. and 5-30 p.m.”

To prevent any nuisance arising from the collecting van when passing
through the streets on its return to the works, air-tight lids are placed
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upon each pail ; the doors of the van also close against indin-rubber
heads fixed in the rebates, so as to be air-tight. ! s

The ash and refuse-tubs are also emptied systematically, attention being
secured to them by the weekly visits which are paid to the privies.

In emptying the tubs the ashes are not thrown on the gmund! but
are emptied directly into a cart, and before placing the tub again in

ition the floor of the ash-place is swept.

The process of manufacturing the manure is as follows :—the wet-
house refuse is tipped ffom the carts on to drying floors, and when
thoroughly dry is, with the other refuse, passed through a riddling
machine worked by steam power, which holds back the paper, vegetable,
and other refuse, and separates the ecinders in two sizes from the ash ;
the ash is then removed to any part of the sheds where required, and
the cinders are removed and used on the works for generating steam,
heating the drying floors, and also for firing the boilers, at the public
baths ; and some of the cinders remain for sale. All refuse, such as
serap-iron, obtained by this riddling is disposed of ; the vegetable refuse
is burnt, and the ash nsed in the manure.

The exereta, upon its arrival at the works, is emptied into a trench
formed by banks of ash, previously brought into the shed from the
riddling machine ; when this trench is full a quantity of ash is thrown
upon the excreta, and the contents are treated with sulphuric-acid,
in the proportion of 24 lbs. of acid to each ton of excreta.

The proportion in weight of the exereta and ashes thus treated are
about equai. Trench after trench are formed and filled until the whole
floor of the shed is covered. When seven days have elapsed since the
formation of the first trench and the ash there used has become sufli-
ciently dry to be again used as an absorbent, new trenches are made in
the banks of ash deposited to form the sides of the first trenches, and
these are filled with exereta and the ash covered over them and again
treated with sulphuric acid, as in the first instance. In this latter
case, as ash is only required to cover the execreta, and not to form the
banks of the trenches, only 5 ewts. of ash are used to 20 cwis. of excreta.
When this second course has covered the area of the shed, the process
is repeated in another shed, leaving the first shed at rest for fourteen
days, after which it is again treated for a third and also for a fourth
time with the like quantity of exereta and ash used in the second course.
The total quantities thus treated having become 35 cwts. of ash to
80 ewts. of excreta, the mass is undisturbed for fourteen days, after
which it is turned over and remains another seven days, when it is again
turned over and for a second time allowed to remain undisturbed for
seven days. By this time the mass has become a powdery manure, and
is in a condition to be bagged for sale,

In 18735, the cost of collection of the pail-refuse and manufacture of
the manure, together with the estimated value of the manure manufac-
tured, was as follows :—

£
Cost of collection - - 3,405 | Value of mannre manufactared
estimated at 1/. per ton - 4,420
Cost of manufacture - -~ 8,651 | Loss - - = - 2636
£7,056 £7,056

Nore.—The Rochdale manure is not readily taken away from the
yard at the estimated price of 17, per ton, but gradually accumulates.
This is the experience in all eases within our knowledge of this and
similar modes of dealing with exereta.



59

We saw at the works about 7,000 tons of this manure. There is not a
ready sale for it. Only 2,000 tons were sold in 1875; the corporation
in consequence caused the manufacture to cease. Since April of that
year, 1875, the excrements have merely been mixed with honse-refuse
and ashes, but there is great difficulty in getting rid of the mixture
although the corporation undertake to deliver it to the purchaser at
2s. 6d. per ton, and this appears to be the true value to farmers.

The cost of cleansing the middens and removing the contents is
1,919/, per annum, and of the 13,736 tons of refuse removed 8,000 tons
are deposited in * tips ™ within the borough, and for the remaining 5,736
tons the corporation receive the sum of 5491, 2s. 114d.

With reference to the 8,000 tons of * midden " refuse thrown away on
“tips,” we quote the remarks of the Rivers Pollution Commissioners on
the ¢ Collyhurst Tip " at Manchester (see Report Mersey and Ribble
Basins, p. 24) “ The contents of these ashpits are divided by the scaven-
gers into so-called| dry and wet ; and it is a matter of serious impor-
tance that it is the latter or obviously filthy part alone which is
carried to the manure depdt, the dry rubbish being carried to any
place that may be in course of levelling in the outskirts of the town.
Of course such a division is most imperfectly made under such cirecum-
stances ; and it follows that the land is thus filled up with the most
objectionable stuff; and as building extends, the surface is gradually
covered with houses which, on such foundation, cannot fail to be
unwholesome dwelling places. There is now a “tip” in a ravine at
Collyhurst, on the north side of Manchester, where land is thus being
raised fifteen to twenty feet over many aeres, by the gradual accumu-
lation of filthy rubbish. A sample of water from a pool at the foot of
this tip on the outer side of the Queen’s Road, which here crosses the
ravine, taken a few minutes after min, so that it represented the
drainage water of this bank, and thus fairly indicated the nature of the
stuff it had trickled through, and another sample taken at a later date
yielded the following results on analysis.

w CospositioNn oF Dratwage Warer rroM Corrymurst * Tip.”
¢ Results of Analysis expressed in Parts per 100,000.

T8 5], FE |, [T,

227 L& |Be| 2 g=5|2EE| 2 |32 |BE:

June12,186 - - 16435 | 32278 | 3031 | 20°535 | o | 2-o4s | 331°5 | 1688 | 13048
July 21, 1869 - = | 231074 | 22501 | 5267 | 157440 0o 17072 | 00 | 54788 | 26°52

“ It will be seen from the above numbers that these liquids contained
a very large proportion of highly offensive organic matter. They
were, in fact, much richer in putreseible matters than any watercloset
sewage we have met with. The whole of the made land, indeed,
here smells most offensively and ecan never be built upon without
great risk to the health of those who shall occupy the houses. And
this is no exceptional example connected with the midden system,
What to do with the fouled ashes, which it accumulates—filthy stuff,
too poor for use as manure—is one of the great difficultics of the
local authorities almost everywhere in Lancashire.”
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Results of Analysis of Pail and Ash Manure.

We collected at the depdt a sample of the manure manufactured from
the refuse of the “ pails,” and have eaused it to be analysed by Dr. A
Voelcker, F.R.S,, and the following are the results :—

This manure is prepared at the Sanitary Manure Works belonging to
the corporation of Rochdale, from the contents of Iﬁ[];!ls in which human
excreta are collected ; these are dried up with elg-slﬁerl coal ashes,
and delivered to farmers in a more or less dried condition. '

A sample of the Rochdale manure as received contained the following

ingredients:—

Moisture - - - - - - =" 1518
*QOraanic matter (including earbonaceous matter from finely
sifted cinders) - - - - - - 30°62
Oxide of iron and aluming - - - - =
Tribasic phosphate of lime - - - - - 076
Sulphate of lime - - - - - - 4-82
Alkaline salts and magnesia - - = - : 229
Containing potash - - - - 0-75
and chloride of sodinm - - - 053
Inszoluble siliceous matter - - - - i
10000
*Containing nitrogen - - - - - 0-69
Equal to ammonia - - - - - £ - 084
- £ 5 . d
1 ton of the Roehdale manure contains 17 lbs. of phosphate
of lime, worth at 1d. per Ib. - - - - 0 1 &
17 Ibs. of potash, worth at 24, per Ib. - ; - = R )
Nitrogen equal to 18.%,th lbs. of ammonia at 8d. per 1bh. - 012 2%
For the true value, see page Ixiii. £0 16 53

Mr. Alderman Taylor in a recent return (1876) set forth that a
population of 52,000 in Rochdale is supplied with 5,644 pails, from
which, in the year 1875 was collected 5,398 tons of excreta. This
gives about 9°2 persons, and about 19-1 ewt. of exereta to each tub,

The exereta of one person on an average of an entire popula-
tion is 2} lbs, per day, or 8-1 ewts, per year, which, taking 9-2
persons to each tub, gives 74°52 cwts, or 3 tons 14 cwts. per pail ;
3,644 pails, at 3 tons 14 ewt. per pail, gives 21,024 tons, as the weight
due, if the pails are used by the population to which the statement
apportions them, so that about one-fourth of the excreta of the 52,000
persons is nlone accounted for. One form of reply may be, that for
paris of the day the inhabitants are from home, at work, and use other
privies, this, no doubt, is an explanation so far as it goes; the statement
however gives no indieation of such contingency, neither would such
explanation be satisfactory if it had been made ; as we see that not more
than one-fourth of the exereta is accounted for.
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winter (two months) when it is frozen in the barrels. I suppose I
must store it in the shed until the frost has gone; I have only had the
manure since May 1875, and my experience of its utility is very
Hmited.”

AMSTERDAM.

Amsterdam.~In this city we inspected three of the principal blocks
of buildings drained by the Liernur pneumatic pipes, and also saw the
working of the system. The Director of Public Works (Mr. .J. Kalff)
and Mr. J. G. van Niftrik, Stads Ingenieur, accompanied us and gave
to us the following information.

Amsterdam lies at the influx of the river Amstel into the Y, as this
arm of the Zuider Zee, which forms the harbour is called. Canals of
varions sizes intersect the city in several directions, and divide it into
about 90 islands which are connected by means of nearly 300 bridges.
It has a population of about 286,932 living in about 30,000 houses.
The entire want of spring water at Amsterdam is a serious disadvantage
to so large a city. The houses are provided with cisterns for rain-
water, which is used by the inhabitants for eulinary purposes. The
potable water is obtained from a gathering ground situated in the Dunes -
131 miles from the city, impounded in a reservoir which has an area of
seven acres, and a mean depth of 20 feet. The city was formerly
supplied from a small river, the Vecht, abstracted at a point above
Weesp, about nine miles from the city by means of * legzers,” or water-
barges, constructed for the purpose, and are still used in exceptionally
dry seasons.

The whole of the sewage flows into the river and canals, which here,
as at Leyden, are the main sewers of the city. The drains for carrying
off the feal matter and house refuse are mere surface-carriers continued
along the edge of the footpaths in the streets ; covered over with deal
flaps hung to the timber kerbing, and discharging into the river and
canals, some of these drains were in a very foul condition.

The Amstel is nine feet in depth, the canals generally three to four
feet only, and the thick layer of mud which covers the beds is stirred
up by the passing harges Dredging machines are engaged in removing
this mud, and this is found to be a nuisance in hot weather, In order
to prevent the entire stagnation of the large volume of sewage poured
into the river and canals, a supply of clean water is introduced through
a# sluice into the canals from the Zuider Zee.

The Pnewmatic System as described by the Director of Public Works,

The Pneumatic system was, on the date of our visit to Amsterdam,
in operation in nine blocks of buildings, partially in the old city and
partially in the new town, situated at—

(1, 2). Marnixkade,

(3.) Willemstraat,

(4.) Pieter Cornelisz Hoofstraat,

(5.) Stadhonderskade and Jacob van Campenstraat,
(6.) Bonwkas,

(7.) Focke, Simonszstraat (formerly Loojersloot,)
(8.) Sarphatistraat and Audueszkade, and

(9.) Heerengracht.

The blocks 1, 2, and 3 are brought in to communication with a central
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tank placed between blocks 1 and 2 at the waterside; this tank is distant
from the farthest privies in the blocks Nos. 1 and 2 311 metres, and
from those in bloek No. 3, 288 metres, The pipes in block 3 are
syphoned under the Linbaausgracht canal,

The length of the pipes in block No. 4 is 725 metres from the
extreme point to the eanal side, where there is a steamboat.

The greatest length of pipes in bloek No. 5 is 344 metres ; in No, 6,
467 metres; in No. 7, 355 meters ; in No. 8, 567 metres, and in block
No. 9, 18 metres. The pipes are all of cast iron, and for the blocks 1
and 2 their diameter is 6 inches ; the joints are made with caoutchoue
rings and tightened with iron collars. In all the other blocks the pipes
are five inches in diameter and the joints are made in the ordinary
manner with lead.

The depth of the pipes beneath the ground wvaries from 030 to 1-50
metres ; the greatest depth is the syphon under the Ljnbaausgracht
eanal which is laid at a depth of nearly three metres.

A special form of privy-funnel is connected with the “fall™ or soil
pipes by syphons ; there are about 1,100 of these “ privies ”” in use, by
4,837 persons,

The system was applied in 1571 to blocks 6 and 7, in 1872 to
blocks 1 and 2, and to the other blocks in 1873 and 1874.

In block No. 7, the ecity council not only paid the cost of the works
inside the houses, but also the cost of the works in the streets; in the
whole of the other blocks, however, they only paid the cost of the
works in the streets. The entire cost of the work is therefore not
known, but the Director of Public Works informed us that he estimates
the cost of the works in the streets at 24 per head of the population,
and the cost of the works inside the houses at a like sum, or 4l per
head, but the costs of these latter works will greatly depend on the
numbers of floors and numbers of privies in each house.

With the exception of the above-named block, No, 7, the work inside
has been executed by the owners, and no control has been exercised
over the work done; this latter circumstance is much to be regretted,
because the good working of a whole system of pipes depends on the
proper execution of the works in the several houses. There are conse-
quently places where, from defective house fitting, the system does not
work well, so that in some houses the privies do not act as intended,

Supervision of any new work within the houses is now enforced.

FurTHER STATEMENT BY THE DirEcTor ofF Pusric Works.

The Director of Public Works in a letter addressed to us, dated
29th September 18735, says :—

¢ We are afraid that we shall not be able to get rid of the whole pro-
duection of exereta colleeted from blocks 1-9; it is evident that this
cannot be done when the canals and rivers are frozen over, because the
transport, per cart, for great distances eannot pay for refuse stuff of that
worth and weight.”

“ Fixed engines do the work of blocks Noes. 1, 2, 3, and 8, but all the
other stations are worked by moveable engines ; a steamboat, if the
canals are not frozen.”

% Many stoppages have oceurred in the street-pipes; and in some cases
it has been found necessary to disjoint the pipes to remove the obstruc-
tion, when it has taken occasionally as much as three days to remedy the
defect ; stoppages have been Eﬂ.use_d by tnw&]_s,_mgs, chignons, pieces of
meat, and solid substanees thrown into the privies, Ball-valves are used
in blocks 1, 2, 3, 6, and 7 ; these balls, on becoming fixed, cause very
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frequent but less important stoppages. The total quantity of exereta
removed weekly is about 75 tons, and two thirds of that quantity is
water ; enough to prove that the preseribed rule, not to throw water into
the privies, is not observed, hut not enough to give ground for the
opinion that all the slop water from the houses is thrown in.”

¢ [Tntil September last (1874), the faeal refuse was leased by a gentle-
man farmer residing at some distance from the town who paid for each
ton delivered at his farm 4s.; the delivery of it cost the municipality
3s. 2d. per ton, and although the lease did not terminate before the end
of 1875, the gentleman disengaged himself some months before the
expiration of the term. He said the stuff' was too dilute.”

* The cost of working amounts to at least 5s. per head per year, but
what we are doing here with our eight different peints of working ; using
steamboat and locomotive, is not a fair trial of the costs of working a
zood application of the system, as, take a compact block of the town, say
50 or 100 hectares, with a fixed engine in the centre, and the working
costs would be reduced.”

“ Besides these costs of working you have to add the interest on the
cost of the plant.”

¢ Though we have not had a very severe winter since the Liernur
system has been in operation, I think no other serious difficuly would
be met with than the freezing of the diluted fieces in the barrels, which
would make it impossible to get the stuff out of them. Captain Liernur
pretends that the fieces ought not to freeze, but we know by experience
that the diluted faxces do and the Pneamatie system does not produce
other than diluted fizeal matter.”

# To get rid of the stuff we have zold it, in the spring of this year,
for 3, and even for 2d. per barrel of 3401bs. to different customers,
This did very well till June or July, when we could not. sell any more,
the farmers not wanting manure before the end of the first harvest. We
hoped to have the same customers in August, if not before, but until now,
the end of September, we have had but few of them. They write that
they will return in the spring, and we hope and think so, but you see it
is a poor bargain to sell only a few months in the year when you are
producing the whole year. So that the question of geiting rid of the
stuff at a fair price wants still a solution.”

“ Captain Liernur pretends that a former administration has paid no
attention to the conducting of the house and kitehen water in separate
pipes, and even his friends have insinuated that for that water there
was no separate sewer at all, so that people were olliged to throw the
water into the Pneumatic pipes. Now, this iz not the case, where the
Pneumatic system is executed at Amsterdam, there is in the streets a
separate system of drains for the rain and house water ; in and near each
house there are sinks, and in each kitchen there is the kitchen-sink or
sewer ; but Captain Lieurnur is so far right that in the blocks Nos. 2
and 3 there are privies ién the kitchen ; this is an abominable arrange-
ment, and besides is a constant allorement for the cook to throw water
into the privy instead of into the sink, the small dimensions of the waste
pipe does not afford the servant such a good oceasion for emptying her
pail at once. However, Captain Liernur goes farther and deems it now
necessary that on each floor, in or near the privies there should be g
separate sink, the waste-pipe from which should be as large in diameter
as the soil-pipe of the privy, so that there should be not the least
inducement for the servant to prefer the privy to the sink. Captain
Liernur has had occasion to prescribe all these mew arrangements
for it is he who projected all the contrivances inside the houses, Thn{;
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he did not preseribe proper fittings in the first instance is his own fault,
and it is a poor excuse for him now to say that this was the mistake of
the administration, who had nothing to do with the inside fittings,
ag they only paid for the works in the streets.

% But what is mueh more serious and to the point is this, that what
Captain Lieurnur proposes now, and what is partly done at Leyden, is to
my mind in flagrant disaccordance with the principles of the whole
system ; there is not the least doubt but that if there were more con-
venient ways of getting rid of the house and wash water of the upper
floors than by the privy, this (the privy) would not be used, as it is now,
for the removing of waste liouse water; but it is not the less evident
that the privy, in that case, would net receive all the fluid excreta of the
night, which would find its way with the wash water down the more
convenient sinks, Captain Liernur himself states that perhaps now and
then the contents of a chamber-pot will be thrown into his privy-pan,
as into a sink.

“ Now the quantity of the fluid exereta of the night (the blowing
off at night and morning before going to sleep and before rising) is
estimated at 4/7Tth part or more of the fluid excreta of the twenty-four
hours, and as the fluid excreta does contain seven times as much nitro-
genous or putrescible substances as the solid excreta, it results thereby
that the making of convenient sinks in or near the privy closets includes
the gathering of, about one half of all the exereta in the expensive iron
pipes, and the losing, at least the other half of these substances, down
the sinks and the earthenware pipes, which are not destined for that
use, so that there is the danger of infection, which the whole Liernur

professes to remove.

“ In the ¢ Times’ of the 23rd of September 1874, it is estimated that
with the Liernur system waterclosets can be used without losing any of
the agricultural value of the excreta by dilution. Now this may be the
theoretical notion, but practically it is ithe reverse. Suppose the privy
closets combined with the Pneumatic pipes, even arranged as Captain
Liernur proposes, so that only a limited quantity of water is thrown in
the privy closet each time it is used. He estimates the needed quantity
of water at 2 lbs,, and I cannot estimate it less; it is known that, on
the average, each person usesa closet, or wurinal, four times in the
twenty-four hours, children do this more frequently. Each time the
closet is used, however small the quantity of the exereta may be, 2 lbs.
of water is to be thrown into the closet ; that is, 8lbs, in the 24 hours.
On the average, the production of excreta per head is 21 lbs. in the
twenty-four hours ; thereby it results that, even if the contents of the
chamber-pot be thrown away elsewhere, the excreta will be diluted
with four times their weight of water ; that is, you will obtain a pon-
derons mass of no practical agricultural value; as is proved in Amster-
dam, where the diluting with only twice the weight of water suffices to
make the manure very difficult to sell at any price, beeanse of the bulk
and cost of removal, and in winter of storage. IFor the same reason,
it is not true, what is said in the same paper, the ¢ Times, that the
system is independent of the house-dwellers, and yet it s stated that
these by their inadvertence or mismanagement cause the eity much loss
by throwing water down the privy, or solids, such as towels and
chignons, whereby stoppages occur in the pipes, as is proved by expe-
rience. It is said, that the management is in our hands, and that
perfect working depends a great deal on the goodwill of the house-
holders and their servants, and a strict observance of given rules, which
are in practice grossly neglected. We, however, in Amsterdam dispute
this, as we consider that the fault is in the system. We do not think
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stoppages can be prevented, neither do I believe that there is a city in
the world where the Pneumatic system can yield a good return upon the
capital employed. I, however, for my part, don’t think this necessary
if the hygienic object of the system can be obtained, but I disapprove
very strongly of misrepresentation ; the system does cost a great deal of
money, and therefore must burden the town with taxes. :

% In Amsterdam the system is not used by more than some 6,500
inhabitants.”

%It is not true that the expense of the Pneumatic system in Amsterdam
has only been at a rate of 2. per head of the population, including the
changing of the existing privies and all other charges. The 2/ per
head may suffice for the outside, or street works, if yon can use the
existing sewers for the rain and house water; but you may reckon at
least another 24, per head as the average for the changes inside the
houses ; or, in the whole, a cost of 4/ per head of the population. Of
course in new quarters there is no changing ; and, therefore less outlay,
and the costs of changing in the existing parts of the town differ greatly
in various quarters by the construction of the houses, the number of
floors, and the number of the house-dwellers. I think, however, that
even with a well-arranged system the annual working expenditure for
a town of 20,000 inhabitants will exceed 2,000L I know very well that
what we are now doing at Amsterdam, though it is done under the
advice of Captain Liernur, is not in all respects a fair trial as to the
annual expenditure, because the system costs yearly about 1,200{. for
not quite 5,000 inhabitants; this amount can be lessened much in
new works, by not following our example of constructing works in
eight different and separated parts of the town, as a compact arrangement
would be more economical. However, I think that, basing my opinion
on practical experience, it would cost not less than 3,000/ a year to carry
out the system completely in a town of say 20,000 inhabitants. This
would not however signify much if really the promised 10,000f. were to
be got for the ficcal waste, as stated in the ¢ Times* newspaper, but we
did not get more than 24, for 340 lbs., and the party who had leased the
whole for that price abandoned the bargain as soon as he could do so, on
the pretence of the excremental matter being too dilute. Now suppose
we had sold twice as much water as excreta, then we should have got for
the production 1s. 6d. per head per year, and this for 20,000 inhabitants
would be 1,500, a year. 1If we could realize such an income we should
think ourselves very lucky, and we hope the market we are trying to
find would continue such an income. The pastures vound this town
are used principally, if not exclusively, for milch cows, and theze meadows
don’t want such rank manure ; but it is not less true, that as long as the
canals are not frozen, there is no town situated so ﬂd?nnl-ﬁge:uusly as
ours, as, from every point of the city, we can convey, per vessel, this
production to other parts of the country.

“1 don’t think there can be obtained any financial result by the
making of poudrette, but we have no experience of that as none has
been manufactured here. The city of Dordrecht will, it is said, try it
in a few months. It is a great fault of Captain Liernur and his friends
to awake high expectations about the returns to be expected from the
sale of the manure,

“If there is any worth in the system, it is in the hygienic side of the
question, and I think that, in some cases, it may do much to lessen, if
not fully to remove, a great existing nuisance, But I don't think it
possible to apply the Pneumatic system, for instance, to London.”
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per cent., No, 1,—0°348; No. 2,—0°366 ; No. 3,—0"400 ; No. 4,—0-349;
No. 5,—0° 336 ; and No. 6,—0°618, the mean of the six samples being
—0-403.

“ The municipality had guaranteed that the fiecal matter should
contain,—0° 9 of nitrogen per cent. After this I declined to take any more
of the manure. The barrels contained all kinds of refuse which had been
emptied into the privies, such as old rags, shoes, broken utensils, and
corks, I should be willing to take the sewage : that is, the whole of the
solid and liquid excrements combined, if regulavly delivered on to my
farm by sewer-pipes, but not in the irregular manner in which it has
been delivered. The cost of the fieeal matter and the cost of distributing
it over a portion of my farm eame to nearly 4/ per acre per annum for
the land thus manured. Butter being the chief produce of the farm, my
mileh eows did not graze the meadows which were manured with the
excreta, becanse I knew by experience that it wounld have given a taste
to the butter ; and we, in this distriet, are celebrated for making very fine
butter ; but oxen, young stock, horses, and sheep fed in these meadows
on which the exereta had been put preferred that to any other portion of
the pasture.

* The whole of the farm is under-drained to a depth of three feet, the
drains are 30 feet apart, and the drain-pipes are so arranged that they
can be used for upward, or subsoil irrigation, the water being introduced
by means of a syphon laid under the adjoining dam.”

ARSTRACT,

These Dutch statements show that the first cost of the pnenmatie appar-
atus is very great, being at a rate of 4/ per head of the population, and
that the annual expenses are at a rate of 2s perhead. This is all in
excess of ordinary sewers and drains, and ordinary scavenging. The
income, it will be noted, is at present unsettled and uncertain.

The Director of Public Works at Amsterdam, on page 66, states that
in his opinion it would cost yearly 3,000l to carry out the Pneumatic
system in_a town of 20,000 inhabitants, and that the apparatus would
cost not less than 4/ per head, or a total of 80,0007, which at 6 per
cent, is 4,800/, per annum, or an annual total of 7,800L If, therefore,
London, with its 3,600,000 inhabitants, were (o have its excreta re-
moved by this system at a proportionate cost, the annual expenditure
would amount to 1,404,000Z, and all other main sewerage costs would
remain as at present,

PARIS.

The city of Paris has a population of 1,851,792,

Formerly the southern part of the city drained into the Seine and
Bitrve ; and the northern part into the Seine and Menilmontant : but
the whole of the sewage has been intereepted, and now flows to a gmint
at Clichy when it is pumped through iron mains four feet in diameter
carried by the Pont Clichy across the viver Seine to Asnidres: and
thence it flows over a portion of the plain of Gennevilliers. To this
land also is conducted, through iron pipes laid beneath the carriageway
of Ponts St. Ouen and St. Denis, a considerable volume of sewage from
the districts of Montmartre, Belleville, St. Owen, and St. Denis.
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The sewerage system of Paris consists of seven principal and fifteen
secondary collectors. On the right bank of the Seine there are three
pringipal eollectors, converging to a chief one under the Rue Royale ;
(which conveys the sewage to Clichy) ; there are also three on the left
vank of the river, and these communicate, with the chief one, by means
of two syphons under the Seine,

The chief collector is 16 feet in height, 18 feet in breadth, and about
three miles in length; the aggregate length of the main-sewers already
completed is about 354 miles,

The Plain of Gennevilliers is well adapted {or sewage utilization, as it
consists of a light open =oil on a gravelly subsoil of considerable depth ;
and it, therefore, serves the purpose of a natural filter ; but at the date
of our visit, in September 1873, ouly about 400 acres were under
irrigation.

In outline, the Plain very much resembles, although on a larger scale,
the sewage meadows of Carlisle bounded by the Lden ; and also the
Kendal sewage farm bounded by the Kent.

The principal main sewage-carriers are formed of brickwork, and are
7 feet wide and 3 feet deep, the branch-carriers being 3 feet 6 inches
wide and 2 feet deep,

The daily volume of the sewage of Paris is equal to 343,700 tons,
but only a limited portion of this (i.e., about 28,000 tons) i= used on the
land required to be irrigated, the remainder flows into the river Seine
at Clichy.

The whole of the solid exerements of the population are not allowed
to go into the sewers; these and the contents of cesspools are collected
and removed to the Forest of Bondy, and are there manufactured into
poudrette ; but as the streets are cleansed {],ail{ and the droppings of
horses and surface dirt are swept and flushed through the gullies into
the sewers, the sewage contains a large quantity of solid maticr, not only
in suspension but also in solution.

In 1869 the municipality of Paris, having laid down the earriers,
sub-carriers, conduits, and pipes for distributing the sewage over the
land at Gennevilliers, conceded to the owners, :mg alzo to the lessees of
the allotments, the free use of it until 1880, after which time, if they
continue to use it, a rent is to be paid. At first there was a great pre-
judice against the use of sewage as a manure, and also the produce
grown by its aid, but this has gradually died oui, and the number of
allottees who use the sewage increases every year, and the owners and
oecupiers are much pleased with the result.

The allotments are very numerous, and are let on leaze for terms
varying from 3 to 15 years.

The erops grown under sewage-irrigation have been a perfect success;
they comprised absinthe, artichokes, asparagus, beans, beetroot, cabbage,
cordon, ecarrots, celery, chevil, chicory, cohl-rabi, cucumbers, leeks,
melons, onions, parsnips, peppermint, potatoes, pumpkins, spinach,
tomatoes, turnips, lucerne, clover, Italian rye-grass, mangolds, wheat,
oats, and Indian corn,

The market-garden produee yielded very abundant ecrops. The
asparagus is grown in nursery-beds as plants, and afterwards eold to
gardeners, who force it for use of consumers. The Indian corn was of
exceedingly luxuriant growth, 9 to 10 feet high. The potatoes gave a
very good crop; the sewage is applied to the land before planting pota-
toes, and not to the growing crop, except 1n drought. The Italian rye-

and lucerne yielded five cuttings for hay and two cuttings green

for cattle feeding. It is found that the application of sewage to lucerne

more than doubles the weight of the erop. A meadow of natural grass

(principally cocksfoot) under sewage treatment, yielded three crops of

hay in the year, and t realized 151 135s, per acre. .&pplmgtmn of
' E
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sewsge to young fruit trees has also been very successful. The average
yearly rainfall is 20 inches, The hot and dry plain of Gennevilliers is
capable of absorbing a very large volume of sewage, especially in the
summer season. It is found that the sewage does not readily freeze, and
therefore can be applied continuously to the land, The available area
of land ai Gennevilliers is insufficient to receive the daily volume :crf' the
Paris sewage, and we were informed that it is in contemplation to
extend the main conduit to St. Germain, and to irrigate the land lying
on the edge of the forest, and also the forest itself if necessary. _

The effluent water after percolating through the gravelly subsoil flows
into the river Seine, and at the date of our visit it was clean, bright, and
inodorous.

BERLIN.

The sewnge at present flows into large open channels or gutters by
the side of the footpaths in the streets; these are principally lined
with stone or bricks, and, where they cross the streets, are covered
with deals ; the gutters are swept by the scavengers daily, and the solid
refuse removed therefrom, but the liquid flows from thence into the river
Spree and the canals,

A system of sewers is being carried out on the English plan, and for
this purpose the city has been divided into five drainage districis, with
a separate pumping station to each, The main and branch sewers are
built of brickwork, egg-shaped in form; they vary in height from
4 to 7 feet; the subsidiary sewers are formed of stoneware-pipes of
of from 9 to 24 inches in diameter. The sewers are chiefly laid at
gradients of 1 in 500, the flattest being 1 in 2,400. Each of the five
pumping stations will have six engines of 60 horse power each, four
¢ GGalloways " boilers, and two locomotive boilers as auxiliaries for getting
up steam in emergency. The total pumping power will be 1,800 horse.
Each of the pumping stalions is estimated to cost 50,0004, and the
entire cost of the sewerage works, pumping stations, and pumping mains
is estimated at 2,000,000/, sterling,.

No. 111, works are nearly completed, and we were informed that the
sewerage works in this district would be finished, and pumping at this
station commenced in 1876.

The sewers will reeeive, in addition to the sewage proper, the whole
«of the rainfall upon the houses and streets ; arrangements having been
made by whieh, in heavy storms, more than 4/5ths of the flood-water will
escape by specially provided overflows direct into the river. The average
yearly rainfall is 22 inches,

The municipal council propose to utilize the sewage in irrigation, and to
enable them fo do so, they have purchased, at a cost of 400,000, (or about
1004, per English acre) 2,000 acres of land, a sandy soil, lying to the north,
and 2,000 acres to the south of the city, distant there from sbout 10 English
miles, and these farms are being prepared to receive the sewage.

The sewage will have to be pumped through cast-ivon mains, two to
each farm, each 3 feet § inches in diameter, to a height of 130 feet.

It is estimated that the mean daily volume of sewage thus to be dealt
with will be 28,000,000 of gallons ; of this volume 16,000,000 of gallons
will be delivered over the North Farm, and 12,000,000 of gallons over
the South Farm ; and, from the nature of the soil, it is expected thai the
whole of the sewage will be absorbed and completely oxidized.

_ Subsidence-tanks will not be construeted, but the sewage will flow
direct from the pumping-main into the carriers, and thence over the
land required to be irrigated.

glm estimated yearly cost of pumping the sewage is 12,0001,

ne of the pumping-mains is already laid to the South Farm, and
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npon this farm it is proposed to grow Italian rye-grass, roofs, tobacco,
all kinds of esculent vegetables, but no cereals,

It is also proposed to lay down a branch line of railway from this farm
to Marienfelde Station, which is about two miles distant, and by this
means to bring the grass and vegetables into Berlin, and, if a ready sale
is not found for them, the municipal council propose to keep a dairy of
mileh eows at their farm, and convey the milk to the city; they also
propose to carry on the farms until they are in good working order, and
then to let them with the sewage; but they do not propose to sell
sewage en route, as they expect to make a better bargain by letting the
farms and sewage together.

APPENDIX No. V.

EPIDEMIC DISEASE.

Epidemic disease will probably be a means of bringing about the
greatest modern improvements in civil and soeial life, as inguiry and
investigation make it more and more apparent that neglect of sanitary
requirements in past ages has tended to generate plague and pestilence ;
and, in modern days, to bring about their oceasional revival, with typhoid
and cholera added. There are in the cycle of time wholesome and
unwholesome seasons, periods of excessive wet, long continued generating
malaria, and seasons of parching dronght producing famine, the depres-
ging influences in both cases lowering the publie health and 'so exposing
the human body to other influences immediately surrounding it which
aggravate disease. Wet seasons deteriorate vegetation, and tend to pro-
duce disease in animals, o that the food of man becomes unwholesome ;
dry seasons reduce the produce of vegetation or destroy it altogether, so
that man and beast perish. These influences should not he left out of
sight in considering causes of disease, neither should they be made too
much of ; that is, excess of disease should not in all cases he imputed to
climate, to seasons, or to the weather, if other causes more potent and
deadly ean be discovered and which causes can be removed. There are
vague notices of great epidemies in remote ages in Ethiopia, Egypt, and
India ; notices more in detail of the plague in Athens 430 years before
Christ ; and there are histories of the Middle Age pestilences, plague,
sweating-sickness, and black-death. with our modern reports on typhoid-
fever and cholera. That which we know of parts of Asia and Europe
as to the causes of disease we may infer of India, China, and the other
inhabited portions of the surface of the globe; namely, that aggregated
populations living amidst filth, devouring unwholesome food, drinking
impure water, and living immoral lives, suffer from virulent dizease,
consequently existence is unwholesome, miserable, and short. Some of
the prime causes of disease may be inferred from deseriptions of towns,
houses, and domestic habits and modes of living during the Middle
Ages. Towns were crowded on to the least space possible to afford
means for fortifications, the streets were narrow, the houses projecting
storey over storey so as to shut out sunlight and diminish the circulation
of air, the streetz were unsewered and were irregularly paved with
large and small boulder stones ; if there was a gutter it was down the
centre, and over the surface filth from the adjoining houses was
seattered and lay there till it rotted. Within the dwelling houses filth
also abounded. ¢ The hasement floors were mud, over which, in those
of the better classes, were spread straw or rushes, and on to which
went urine of animals and man, spittle, vomit, sloppings of heer,
scraps of meat, bones, refuse from fish, and other filthiness not to he
named, which were never thoroughly cleansed, the accumulations going
on through long intervals,” Such is a brief deseription of muni-
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Cipal neglect in England about the time of Henry the VIIIth. A
student need not, however, trouble himself to read history to learn how
men consented to live amidst filth and neglect of all sanitary precautions
in past ages, as in these days of rapid communieation he may within the
range of Europe visit and inspect towns, dwellings, and populations
existing not very much if any below the horrible conditions described
by ihe old historian : but even in Great Dritain at this day the dﬁSﬂil'lP'
tion may be accepted as partiullg true of vast masses of the populations
resident not only in the slums of our great cities and towns, but also in
our rural villages, the Common Lodging Houses Act and the more
vecent Artizan and Labourers Dwellings Act having, however, been passed
to provide remedies. . .

In 1848 there was passed the Public Health Act, consolidated into
the Public Health Act of 1875, and under this latter Act sanitary work
is proceeding. The prime block to more rapid progress being dread of
local rating and ignorance of the cost of continued neglect.

As there is no valne without human life it follows that healthy human
life must be of most value, and consequently that any rates which are
necessary to secure health and long life must be worth providing. Past
history shows that disease in most horrible forms has 1 time to time
destroyed populations living amidst filth indeseribable of their own
making. Recent inquiries show that modern diseases of malignant
types, such as typhus and cholera, generate out of putrid refuse and
eross neglect of sanitary works and operations. Modern civilization
aggregates populations, and necessitates modern sanitary improvements,
and that form of improvement will be best which permanently produces
the most favourable results at the least peeuniary cost.

In cleanszing towns, fluid and solid refuse has to be removed ; its
removal must, therefore, be specially provided for. Rain-water may in
some eases flow over the surface by natural channels, and in other cases
by channels formed for the surface-water. Towns require to be
scavenged, and the solids, ashes and vegetable refuse, have to be re-
moved by earts. Human exereta must also be removed, either in pails
or by some other system, wet or dry, or by waterclosets, drains. and
sewers., 'That system which can be established and earried out at the
least first cost, and ecan be worked with the most complete eflicieney,
will be the best—efliciency implying comfort and wholesomeness, 'i}o
remove the waste-water from houses and towns as fast as used there
must be drains and sewers, as cesspools and water-carts would be im-
practicable.  Through properly constructed drains and sewers water
will flow to any required distance, and will wash to the ontlet all effete
matter from the population at once without any secondary iutervention
or cost. The sewering of towns and the draining of houses is com-
paratively new, and there is much imperfect work. There are also
numerons mal-arrangements, such as drains and ashpits within house
basements, and unventilated waterclosets within the body of the houses
and crowded beiwixt bed rooms ; consequently there are nnisances and
fevers, all of which may be prevented, In every form of dry method
there is, however, no such thing as a “ dry method ™) or pail-system

ere must be retention, for a time, of the excreta; and there must be
fetching, carrying, and returning of the hoxes, tubs, pails, or whatever
the apparatus may be in which the exereta is received, and the nuisance
cauged will be in proportion to the time of retention of the exereta
within or near the dwelling house, the capacity of the tub or pail to
receive the contents without slopping ; the regularity, care, and cleanli-
ness in removal ; and the treatment of the 1':&!53 at the yard or station,
If unceasing attention is given to the removal, and rigid cleansing of
the tubs and pails at each emptying, and the intervals of removal are
short (never to exceed one week), the terrible nuisance of the old privy
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towns is but slightly less than in watercloset towns, whilst the organic
matter in suspension is somewhat greater in the former than in the
latter. For agricultural purposes, 10 tons of average watercloset
sewage may, in round numbers, be taken to be equal to 12 tons of
average privy sewage. The average quantity of chlorine in 100,000
parts of watercloset sewage is 10°66, while in midden sewage 1t 15
11'54. This difference is very significant; it shows that, assuming
(which is probably approximately the case) all the urine to reach the
sewers in both classes of towns, a larger number of individuals contri-
bute to a given volume of sewage in midden than in watercloset towns.
Chlorine in these eases represenis common salt, and the latter again
indicates the proportion of the urine in the sewage. The proportion
of chlorine, therefore, ought to give the proportion of average indivi-
duals (men, women, and childen) contributing to each kind of sewage,
and from this it wonld follow that the populations producing equal
volumes of sewage in midden and watercloset towns are as follows :—

In watercloset towns - - - 1,066

In midden towns - - - = 1,154

The cause of this difference in the volume of sewage per head of
population in the two classes of towns is obviously to be sought for in
the somewhat increased guantity of water needed by and supplied to
the former.”*

Tae Coxprrions of some Towxns, ViLLaces, and Hovses in GREAT
Brrraix at this date, 1876.

1. There are towns, villages, and houses in Great Britain entirely
without sewers, house-drains, or even common privies ; the condition of
the streets, roads, and lanes, indicating to sight and smell the habits of
such populations.—See Health of Towns Reports, 1842, and the Reports
of the Superintending Inspeetors of the Board of Health 1848, White-
haven for instance.

2. There are other towns, villages, and houses where there are cesspits,
cesspools, and privies, for portions of the population ; the privies and
ashpits being in all sorts of improper public places, crowded against
houses, with some beneath oceupied rooms; and those in open and ex-
posed places having shattered doors, broken seats, rude ruinous cesspits ;
the places and all about them being filthy beyond deseription,

3. There are other towns and districts situate in porous but water-
logged sites, where there are wells and cesspools side by side; the sub-
soil-water, according to the season, rising or falling simultancously in
both wells and cesspools, the water of the wells being dangerously {ainted
by sewage from the cesspool.

4. There are some towns and districts imperfectly drained by rudely
formed stone draing, originally made to remove surface-water, but which
the inhabitants now use for sewage ; consequently creating a nuisance.

3. There are towns and districts partially sewered and where water-
closets are partially used, the larger proportion of the population,
however, still using common privies and ecesspits, whilst many of the
inhabitants have no sort of privy accommodation provided, but chamber
utensils are used by the females; the yards, roads, and lanes being
fouled by the males and children, 5

6. There are towns and districts fully sewered upon correct prineiples
but the houses are not drained, and, as there is no public water-.guppljr:

there are only a few waterclosets—common privies and cesspit-mididens
remaining.

* Extracted from the First and Second Reports of the Rivers Polluti e
sioners, Mersey and Ribble Basins, pages 24, 25. ion Commis
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of neglect, as the tubs and pails are at times left too long on thapremlses,
and they then become over full and slop over and flood the surrounding
surface with matter most offensive to sight and smell; the removal
of the wet tubs and pails is dirty work, as there is {requently slopping
over the street-surfices from the vans during removal, and some of the
stoves, depdts, or yavds, to which the pails are removed are 1-epnr@d to be
very filthy and offensive. The mixing and making into manure is costly
and does not pay. The removal of excreta in tlis manner i1s encum-
bered with the removal to and from the houses and the depit by van
and horse, so that for each ton of exereta there is at the least two tons
of dead weight to move backwards and forwards with all the labour
besides the wear-and-tear involved. In the Liernur system the appa-
ratus draws the exereta to the pumping establishment, but from this
point it is loaded into barrels for transmission into the country, where,
as we learn, it becomes a nuisanee in winter, as the tubs freeze and burst.
With respect to the practical value of any of these concentrated
manures, that is concentrated when compared with town sewage, it is
difficult to arrive at a veliable estimate, as experience so far tends to
prove that the chemist’s laboratory estimate of value iz not accepted by
farmers, The mixed excreta, that is the mixture with ashes, reduces
the selling price to 2s. 6d. per ton, and even at this price there
are large accumulations during those portions of the year when
farmers are busy with sowing, haymaking, or harvesting. In some
towns the mixed manure is given. Whatever may be the demand
for portable sewage manure in the future, the several modes of
manufacture have so far failed to secure for the patentees any
profit. The cost of any really effective mode.of dealing with exereta
should not be suflicient to condemn it, as means of cleanliness,
comfort, and health, are worth paying for; and, if the means used are,
under all local conditions, the best for that district, or the ratepayers
choose to consider them the best, then they must pay the necessary costs.
The promoters of these dry-earth and moevable wet-tub and pail
processes are not however contented to perfect and advoecate their own
special schemes, but they condemn all other modes of dealing with
exereta in unmeasured terms,—especially the watercloset,—as this, they
say, taints alike the atmosphere both of the town and of the houses.
With respect to the use of the watercloset, the case may be thus stated,
All parties admit that towns must be sewered, and that houses must be
drained to remove surface-water and waste-water from dwelling-houses
and factories ; this being the case, these sewers and drains must be of
cross-sectional dimensions sufficient to remove not less than 30 gallons
per day, in dry weather from each inhabitant, and the capacity ought
not to be less than five times this to provide for occasional rain.
sewers and drains receive more or less of sediment, washed from roofs,
yards, sinks, channels, stables, slaughter-houses, cow-sheds, and manu-
factories, and along sewers truly formed the entire contents pass day by
day to the outlet, and where waterclosets are used the entire exereta,
solid and fluid, with the contents from the chamber utensils and slop-
pail, pass at once silently and impereeptibly with the sewage to the
outlet, there to be dealt with under one set of operations, avoiding every
form of secondary intervention invelved in a use of dry-earth pan and
pail. The entire of the excreta, in proportion to the sewage in dry
weather being, by volume, as 1 of exereta to from 100 to 150 of sewage ;
and in wet weather, the proportion is of course much greater, conse-
quently, in every portable form of dealing with excreta by the dry-earth
or tub and pail systems, the bulk and weight is formidable, and the
remaoval costly, whilst in the water drainage system this bulk is unim-
portant, beecause it is only fractional. With respect to the supposed
nutsance and danger arising from waterclosets, proper construction and
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advisable to repeat them, rather than to have incumed. the great cost and
delay which must have taken place if we had obtained new analyses,
which could not in any serious degree have furnished more relable
information than this we have extracted. The questions relative to
town-sewnge, and the best modes of dealing with it, have been so far
exhausted that new experiments are not so much required as condensa-
tion of ascertained facts put into the plainest language and the least
space. Town-sewage is stronger or it is weaker in proportion to the
density of the population, the number of waterclosets in use, and the
volume of water with which the excreta is diluted. There are three
sources of dilution, as, the volume of water supplied to the inhabitants
from waterworks : the volume of subsoil-water which leaks into the
sewers ; and the volume of rain or surface-water which is aﬂmittedl to
the drains and sewers during wet seasons. In manufacturing distriets
there may be both further dilution and pollution if all the fluid refuse is
admitted into sewers. This is, however, a question for municipal
regulation. The extracts which follow are given to show town-sewage
in its crude state and after filtration through land :—

1. The Sewage Meadows near Edinburgh—These have long been
quoted as an example of the largest produce known to agriculiure,
yielding grass of a somewhat coarse and * washy ” character, but per-
feetly well adapted for cow food. These meadows cannot, however, be
named as a good example of the agricultural remedy for the nuisance
ereated by town sewage ; for it is poured over them in such enormous
quantity that the soil has not fair play given to it as a cleanser, and the
water therefore leaves the grass land still filthy and offensive. Even
here, however, we have a remarkable illustration of the purifying power
of soil and plant. Thus, on April 16th, 1869, when the early crop of
grass was being cut, and the meadow land was in full spring growth,
three samples of the sewage were taken, No. 1 being of the water in
the Foul Burn, as it poured, probably 700 tons an hour, over plot
No. 11, on the map of the Craigentinny Estate. No. 2 was taken at
the foot of this same bed, the water having poured at that rate in half
an hour over less than an acre of land. No. 3 was taken at the foot of
beds Nos, 45 and 46, the tail water of No. 11, which poured on at their
head, having in the meantime taken about an hour to traverse one and
a half acres of land. This sample represents the water of the Foul Burn
as it flowed into the sea. It was not by any means elean, but how much
of its filth had been removed during irrigation by the action, for an
hour and a half, of two and a half acres of land on many hundred tons
of very foul sewage is plain from the following table :—

Raw axp EFFLUENT SEWAGE.—EDINBURGH.
Resvrrs oF AxaLysis expressed in parts per 100,000,
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Leaving Lochend the Foul Bura pursues its course to t:ha sea on the
Portobello side of Leith ; but it has for many years been diverted, right
and left, to a considerable distance from the original watercourse, and a
fan-shaped farm of more than 200 acres, widening out as it gets near the
coast, has been thus laid out for irrigation at a cost of about 5,0001.
This Craigentinny farm includes within its limits land of excellent
natural fertility, but it terminates at its lower end in a wide belt of
sheer sea sand, which, though now equal in its annual produce to any of
the originally superior plots, old men still remember as a barren shore.
There is here too a portion of higher land of excellent natural quality
watered by a pump, in this instance driven by steam power. The area
this year watered thus is eight acres, and as the engine is driven only
300 hours during the six or eight dressings which this land annually
receives, the pump, delivering from 60 to 80 tons an hour, does not
distribute more than 3,000 tons per acre annually, a quantity which at
1d. per ton, if ordinary sewage be taken to be worth so much, many
ordinary agricultural erops would easily repay. These eight aeres of
Italian ryecrass have been sold during the past year at from 257 to 36L
an acre,—prices equal to those obtained at Lochend, where four times
the quantity of sewage is applied. It would seem therefore, that the
enormons surplusage of foul water used at the latter place fails to be of
any agrieultural service.

n the lower Craigentinny meadows 190 acres receive probably nine-

tenths of the Foul Bura, and, a night and day waterman being con-
stanily employed in its distribution, it flows constantly over one plot
after another ; a single dressing of five or six hours being given between
the several enttings of grass to each of the 250 plots, or thereabouts, into
which the whole area is divided. The summer’s grazss of these beds,
varying from two to five roods each, is sold by auction to the Leith and
Edinburgh cowkeepers every spring, and the maximum value reached
last year was 36l 15s. per statute acre. The quantity of grass for
which such prices are obtained is believed to vary from 50 to 70 tons
per acre. And as the means are perfected of distributing the sewage
more evenly, and as the subsoil drainage of the land improves, the
quantity and price are both increasing year by year. No exiau&tinn is
apparent anywhere. The sewage brings down more than the plants
require of every necessary constituent of their food, so that even the
poor sea sand is as fertile as the rest, and the land is getting richer year
by year, notwithstanding the enormous crops it yields. Taking the
average price of the whole 240 acres to be 24/, an acre, we have a total
annual produce of 5,760 a year extracted by the land and grass from
the drainage of 80,000 people, or 1s. 5d. from each person annually—
certainly not 4d. a ton over the enormous quantity of sewage which is
here applied.
. But the area is not sufficient to take up the whole of the filth brought
down by the water. A much larger extent of erop could be obtained
from the use of it if there were any land convenient on which it could
be applied, or if there were a sufficient demand for the produce of it.
The Edinburgh experience, therefore, must be quoted not as & successful
example of sewage cleansed by irrigation, but rather as an instanee of
the largest produce raised my means of it from a limited avea of land.

2. Lodge Farm, ncar Barking—We turn now to an example of
another kind, where the supply of sewage is limited and where the object
has been, from this limited supply, by means of an ample extent of land,
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Clomparing 1, 2, 3, with () in the first, and 1, 2, with (a) in the
second of these examples, we observe the cleansing effect of land and
soil in two separate instances, in both of which about 2,000 tons of
sewage passed in the course of nine or ten hours over five or six acres
of land ; but in neither of them had the sample received more than an
hour’s treatment from soil and plant together. The soil of the farm is
indeed too hollow and porous to allow the most to be made of the
manure. Sinking away even in the channels which carry it from the
reservoir, much of the sewage is wasted before it reaches the plant;
and the remainder which trickles over the surface of the grass remains
ihere too short a time for the entire extraction of the fertilising matter
which it conveys,

It will be seen, however, that the effluent waters marked (a) in the
two series of trials were to a great extent purified.

Turning now to the produce of the sewage, here considered not as a
nuisance but as a valuable manure, it appears that 300,430 tons were, in
1867, used over 56 acres of land, and 2,480 tons of Italian ryegrass were
cut off that area. Of the sewage, however, no doubt a great deal was
lost in the channels and on the land in first starting the process; and,
as regards the grass, we are informed that a large proportion was killed
by the unusual frost of January 1867, only 13 acres, in fact, of the whole
extent having been in full bearing ; and these yielded 62 tons of grass
per acre, It appears, therefore, upon the whole experience, that for
every 100 tons of sewage applied one ton of grass per acre was obtained
over and above the natural produce of the =il and climate. In 1868
and 1869, experiments over a considerable extent of land have been
made with other crops than grass, to which alone, or to equally sueculent
growths, so dilute a manure as sewage appears at first sight to be
adapted. A feld of 13 acres of poor gravel that was in wheat in 1867,
yielding then about 3} quarters per acre, was sown in 1868 in the
following manner :—4% acres with wheat early in November, 21 acres
with winter oats, 4 acres with rye, and 2 acres were planted with
cabbages in October, which were taken off in March, and mangold sown
in their place. The wheat was twice flooded with sewage, in March
and in April, 450 to 500 tons to the acre being applied in the two
dressingz, The erop produced 5% quarters, and three loads of straw to
the acre. The winter oats were three times flooded in March and in
April, over the whole, and over a part in June, receiving in all about
500 tons to the acre. These oats yielded eight quarters of corn, with
three loads of straw per acre. The rye was flooded twice, in March and
in April, in all with about 450 to 500 tons per aere; it was cut in July,
and thrashed in the field, yielding six quarters, with three loads of
straw.

If it be urged that in such an unnsually dry season as 1868, good
results wonld necessarily follow irrigation with town sewage, it must be
remembered that although these crops no doubt benefited in common
with those of the whole country by the lengthened fine weather, the soil
is a dry burning gravel, and no sewage was applied to either wheat or
rye after the month of April, up to which time there was the ordinary
amount of wet weather, without any unusual heat. The same field has
been again in wheat and oats and barley, and the experience of 1869
with a cold May and June, equally with that of the hot and dry sena-:n;
of the previous year, bears ample testimony to the power of sewage upon
this soil as a manure for corn crops. The wheat has yielded 4 quarters
per acre, the winter oats no less than 11 quarters per acre, the barley
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Raw Axp EFFLUENT SEWAGE—ALDERSHOT Fama,

Resvrrs oF ANarysis expressed in Parts per 100,000,
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The set of samples marked B. in the above table were taken on May 1st,
1868. No. 1 was raw sewage, as it passed upon the land, and No. 2 was
effluent water from the drain. They indicate an immense r¢duction in the
quantity of all the dissolved polluting materials in sewage by the process
of irrigation. The organic carbon was reduced from 16°3 to * 5, and the
organic nitrogen from 2'7 to *1 in 100,000 parts. The above fignres
show, however, that the whole of this amelioration must not be attributed to
the purifying action of the soil and erop, for the solid matters in solution
in both series, and the ehlorine in series A., point unmistakeably to the
admixture of the effiluent water with about double its volume of un-
polluted spring or subsoil water. All that can be safely inferred from
the above analytical results is, that in the series A. the organie impurities,
soluble and insoluble, were reduced to less than one-fifth, and in series B.
to one-eighteenth, the original sewage in the latter case being much
stronger than in the former. Even after this deduction has been made
from the observed effect, the result is a very satisfactory one.

In this case the extreme natural poverty of the =oil does not seem to
have been a hindrance to the efficiency of the process of cleansing by
irrigation. The farm, well managed, is covered with a capital plant of
vigorous growth, to be fed by the filthy water, which accordingly is
greatly purified by the process. Mr. Blackburn lets portions of his land
to neighbouring cowkeepers, at 20£. an acre ; and here the grass, cut in
regular rotation, was in the heat of July, when everything was withered
and burned up around it, a perfect oasis of luxuriant green, yielding
annually its four or five crops of eight to ten tonsa piece per acre. The
Aldershot farm appears the more satisfactory as an example of the sewage
nuisance abated, at the same time that its %tll,h]r contents are converted
into valuable produce, from the ecircumstance that a previous attempt to
deal with it by subsidence and filtration tanks had been a complete failure,

Supposing 40 acres here to yield 204 an acre, and other 40 acres to
owe one-half of their crops, or 104 an acre, to the winter sewaging, we
have here a return of 1,2004 from the waste of 7,000 adults, or 3s. 4d.
per head per annum,

4. Carlisle—The sewage of Carlisle finds its way, for the most
part, into the FEden through the main sewer beneath the alluvial
pasture land bordering the river. It is delivered in the middle of
the river channel throngh a submerged iron pipe. Ou the town side
of the meadow a pumping station has been erected by Mr. MeDougal
to whom the land (about 100 acres) is let; and a quantity is thu;
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Here, as at Carlisle, the whole of the sewage is absorbed into a
worous sandy =oil, but the drain passing beneath the irrigated land, and
alluded to in the table, pours out a considerable and clear stream into
the Eamont, and from this the sample of effluent water whose aunl:.*s_i;a'-
is given was taken. The comparatively H{na]l proportions of Eﬂ!ld
matters in solution, and especially of chlorine in the effluent water, point
to the admixture of unpolluted subsoil water with the true effluent
sewage, and the figures in the above table indicate that no less than three
volumes of thiz pure subsoil water mingled with one volume of the real
effluent sewage, DBut even after making this deduction from the
purifying effect of the irrigation the result is still satisfactory, The
whole of the suspended impurity was removed whilst a reduction of the
organic matter in solution was effected to the extent of 75 per cent. of
organic earbon and 772 per cent. of organic nitrogen.

6. Rughy.—At Rugby, o town of more than 8,000 inhabitants, the
Board of Health have taken a lease of 65 acres of land for a term of
31 years, at a rental which, with rates and taxes, amounts to 4/, 10s. per
acre ; and, confident in the powers of their somewhat gravelly soil
(lying upon a clay subsoil) to cleanse their town drainage, and to con-
vert it into valuable produce, they have laid out nearly 5,000L on the
works required for the distribution of the sewage water over it. An
intercepting sewer takes the drainage of all the upper part of the town
by natural gravitation to the top of the farm ; and, by a deep and costly
tunnel drain, the waste of all the lower part of the town is made to flow
(along with the tail water of the upper fields) over about 16 acres of
the lower part of the farm.

The quantity of sewage at command is about 900 tons a day, or
nearly 4,000 tons per annum for every acre of the farm. The land has
heen in hand for only one year, and much of it was sown with ITtalian
ryegrass for the first time in the spring of 1869, so that the best results
can hardly have been yet realized. The third and fourth cuttings (both
heavy crops) were, however, ready in the following month of .J uly, and
a sale was being obiained for the grass at 8s. a ton upon the land. A
considerable portion had been let at 104, an acre ; and the 16 acres at
the lower end of the farm had supported throughout the spring and
summer 54 head of eattle, consuming at least four tons of its grass
produce daily ; and a considerable extent of the erop on these 16 ncres
had been made into hay. In illustration of the cleansing power of land
and plant at Rugby, three samples taken about mid-day, J uly 13, have
been analysed ; No. 1 was raw sewage taken from the hydrant as it
poured over the top of the farm ; No. 2 was the same sewage taken at
the foot of 1} acre of land in Ttalian ryegrass over which it had passed
150 yards down the slope. Thence it flowed along a surface channel
about 300 yards to another acre of Italian ryegrass: and No. 3 was
taken at the foot of this grass plot about 80 yards from the carvier
which supplied it. The following table gives the results :—

Baw AND EFFLUENT SEWAGE—Rucny.,
Resurrs or ANavysis expressed in Parts per 100,000,
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9. Worthing, containing about 8,000 inhabitants, has hitherto fouled
a stream running into the sea two miles to the eastward of it. The
town drainage now runs to a tank from which it may flow as heretofore,
and still does run during the night, so that a good deal of very offensive
filth even now lodges in the bed of the stream. During the day it is
pumped and flows vpon the land of the Worthing Land Improvement
Company, who have abont 100 acres on which to reeeive it. The soil
is a good free loam perfectly well adapted for their purpese, and the
natural slopes are quite sufficient for the easy distribution of the water.
There are on the lower part of the farm upwards of 40 acres of an
alluvial flat of natural grass on which the effluent drainage of the higher
arable land received before it leaves the farm. Mr. W. Hugh Dennett,
golicitor to the Worthing Land Improvement Company, has comimnuni-
cated to us the following account of the gross receipts and working
expenses of the sewage-farm for the year 1869 :—

£ s, d.

« Receipts - - B0 e
“ Expenses = - 1,045 6 9
¢ Balance - = 7618 0

% In the above expenditure is included a sum of 511 13s. 114d. for a
‘ Level’ rate, made for the protection of various lands from the en-
croachments of the sea, which is a special and not an erdinary
parochial rate. There is also included a sum of 500 for the rent
of 8% acres of the land referred to and comprised in the area stated
below. A steam engine on the farm was used for about three months
at a cost of about 25/,

“ The population of Worthing is about 7,600,

“ The engineer reports that the average volume of sewage pumped
each day of 24 hours to the farm is about 480,000 gallons (of which
about 130,000 gallons are spring or surface water). In addition to this,
about 80,000 gallons of water per day flow into the Treville stream.

“ The extent over which the sewage flows is abount 83 ncres,

“ The whole farm consists of about 96 acres, a portion of which is
not sewaged ; 42 acres are pasture land.

“1 cannot say that the pollution has altozether ceased, because
although it is stated that the 80,000 gallons of sewage flowing into the
stream per day is top water, yet it flows from the sewage-well, and must
be necessarily polluted with sewage. Ilowever, the actual pumping of
the sewnge info the strenm ceased some mounths ago, and the com-
munication has been removed. The Local Board of Health have also
cleansed the stream, and there is reason to believe that all the sewage

pumped goes upon the land, though materially diluted by spring and
surface water.”

Our samples of the Worthing sewage were taken on July 15
about 3 pan., (1) from the head caﬂ'iﬂgr, (2) from a narrigr 1;)'[13’ IEEE;;
lower down at the foot of a field of Ttalian ryegrass, over three u:n-JI four
acres of which the sewage was passing at about the rate of 60 tons an
hour, and (3) from the effluent stream at the foot of the farm after it
had further spread over two or three aeres of the flat alluvial grass plot
by the river.  The following results were obtained on analysis : —
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« The area under irrigation is 30 acres. Previous to the Local Board
hecoming the tenants of the land, the rent paid was 18s. per acre. The
adjoining agricultural land is let at less than 1/ per acre rent. The
average population draining to this arca during the last year has been
sbout 4,000. During the last month or two we have made provision to
bring in a much larger area to this outfall, and in order to make pro-
vision for the inereased population the Board has taken a sufficient area
of land adjoining the present irrigation works at a rent of 10 per acre.
This will nearly double the existing area under sewage. It may also be
interesting to the Commissioners to know that when the existing works
at South Norwood were completed they were let to a tenant for three
vears, at a rent of 200/, per annum. The Board at this time paid the
cost of distributing the sewage, so that as long as the works were let,
there was a clear loss to the Board of 180/ per annum, but siuce they
have taken them into their own hands a profit has accrued as will be
seen from the foregoing figures.”

A series of samples of raw sewage and effluent water has been taken
from this land, giving the following results :—

- Raw axp EFFLUENT SEWAGE.—NORWOOD.

Resvrrs of Axavrysis expressed in Parts per 100,000,
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The relative cleansing which sewage undergoes by employment for
irrigation at different seasons of the year has not yet received an
sufficient elucidation. The proximity of Norwood and Creydon to
London afforded a favourable opportunity of submitting the effluent
water from the two sewage-farms to frequent investigation at all seasons
of the year. Arrangements were, therefore, made for the periodical
collection of samples for an entive year by our own laboratory man, in
order to ascertain how far the eficient cleansing of sewage by this
method is affected by the vigour or otherwise of vegetation, and
especially whether the process could be relied upon during the winter
months when plant life is in a comparatively dormant condition.

The following table contains the results of our periodieal analysis of
the effluent water from the sewage-farm at Norwood :—
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These results, extending over an entire year, show that the aﬂlum}t.
sewage was, except in a few instances, so far cleansed, even upon this
heavy elay soil, as to be admissible into runuing water without nuisance.
Two of these instances are instructive, since they occurred consecutively
during and immediately after seven nights’ frost, viz., in the samples
collected on January 25th and January 28th, 1869. The frost was by
no means severe, yet the organic nitrogen rose from -098 to *419 per
100,000 parts of effluent water, showing that the removal of offensive
nitrogenons organic matter was partial]g arrested, and indicating that
during a severe winter the purification of sewage upon a non-absorptive
clay soil may be seriously interfered with, It is fortunate, however, that
the admission of putreseible organic matter into streams during frosty
weather is far less objectionable than it is when the temperature is
higher, since the organic matter does not render the water offensive so
long as a low temperature is maintained. _

1t is more diffienlt to account for the emission of exceptionally impure
water from the Norwood Farm at other periods of the year, viz., on
December 3rid, 1868, and February 25th, April 8th, May 6th and 20th,
August 12th and 26th, and September 24th, 1869, ‘::u]l:. jt probably arose,
in some cases at least, from unpurified sewage gaining access to the
draing through cracks in the soil. :

The hardness of the eflluent water was not excessive, although it
exceeded considerably that of the water supplied to Norwood. It never
contained more than traces of suspended matters. :

12. Croydon.—At the Beddington meadows below Croydon, 260 acres
of an open =oil upon a gravelly subsoil have for the last seven years
received the drainage water of from 30,000 to 40,000 people. The
water-supply of Croydon and the copious land drainage of the place
altogether yield » quantity of sewage equal to at least 3,000,000, some-
times exceeding 5,000,000 gallons daily., This passes through tanks
where great pains were formerly taken to remove the solid and floating
{ilth which it ecarried down, but less attention is now paid to this pre-
liminary process, and the stream flows on very nearly as it leaves the
town to the meadows in the occupation of My. Marriage, who, paying
the rent at which the Board of Health have hired or bought the land,
pays also a profit rent of 1/ per acre per annum for the use of the
sewage, The success of sewage irrigation here ns a deodorizing and
cleansing process is complete, as. the analyses show. There is never
any lack of water, the soil is open, and has just slope enough to render
easy the distribution of the liguid over it and through it, and there is
sufficient fall between the top and bottom of the farm to allow the
tail water of the upper fields to be spread a second time over fields
below before it drains finally away. Very heavy erops of Italian rye-
grass have been grown here. As much as 14 to 16 tons per acre are
cut early in the month of May, and four or five cuttings a year are
obtained, averaging from 8 to 10 tons each per acre. Mr. Marriage has
also successfully used dressings of sewage in the eultivation of mangold
wurzel ; and when wheat has been grown after sewaged grass, he has
irrigated the field with advantage, even so laie as the month of July,
when the crop has appeared to be flagging and apparently suffering
during a drought. Watercresses too have proved here an excellent erop
for sewaging, not only from the profit derived from them, but from
their cleansing powers upon the dirty lignid. The greater part of the
land here irrigated is, however, in grass, That being the only crop
which can be continuously watered with advantage, it i= necessary to
retain the greater part of the farm in grass in order that the enormous
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vegetable growth as sugeessfully as it is found to do on all other kinds
of soil,

The Rivers Pollution Commissioners conclude their remarks on some
chemical modes of treating town-sewage as under. Irrigation is the
ouly power of cleansing sewage which has stood the test of experience,
and, unless it be extensively adopted, there is but little hope of any
substantial improvement in our sewage-polluted rivers.

Contrast the chemical methods with the efficiency of irrigation as a
utilizer of the manure ingredients of town-sewage. All these ingredients
are in this caze taken to the land ; and three-fourths of them in winter,
four-fifths or five-sixths of them in summer, are left there for the nse of
growing plants ; the remainder being rendered unoffensive. These
manure materials are thus carried, distributed, and buried ; and thus,
without the costly labour of the dung cart, manure distributor, or plough,
they are brought to the very roots they are to feed; and the fertility
they accordingly produce is unexampled otherwise in English agricul-
tural experience. The process can be carried on without offence to any
but those who go close to the tanks or channels ; and it ean be conducted,
as the experience of many years at Edinburgh and Croydon proves (see
Report on Mersey and Ribble basing, Vol. 1., p. 90), without injury to
health. We have therefore no hesitation in recommending irrigation as
the only plan of dealing with the sewage difficulty at present known to
us which at once abates a nuisance and turns to profitable account an
otherwise valueless material.

INFLUENCE OF SEwAGE IRRIGATION OoN HEALTH.

It has often been asserted that sewage irrigation has a detrimental
influence on the health of persons living near to or working upon sewage-
farms ; but nowhere have we found instances of ill-health that are pro-
perly attributable to malaria o other eauses due to irrigation; and the
evidence of Dr. Littlejohn, medical officer to the Board of Supervision in
Seotland ; Sir Robert Christisun, Bart., M.D.; Dr. Ligertwood, staff
surgeon ; Dr. Alfred Cresswell, and Dr. Alfred Carpenter, given before
the Rivers Pollution Commission (see Report, Mersey and Ribble Basins,
1870, pp. 90-91), fully confirms this.

The Craigentinny Meadows. — After bearing testimony to the health
of the village of Restalrig, which is surrounded by the sewage meadows
of Lochend and Craigentinny, Dr. Littlejohn says:—®*1I expected that
the first part of Edinburgh (Regent Terrace and Carlton Terrace),
against which fhe wind blowing over these meadows impinges, would
have exhibited evidence of infection in the shape of cholera or
typhoid fever; but I have totally failed to find it so. There are also
at Marionville, which is in the very centre of the meadows, a collec-
tion of children of the poorest class, who have been kept under the
auspices of Dr. Guthrie. Thus the soldiers in the barracks (on the
one side, the old people at Restalrig midway, and the very young
children with debilitated constitution on the other side) are health
With these three delicate tests, including Regent Terrace and CarImF:;
Tcrmcﬁ,_we have failed to show that the meadows are prejudicial to
health ; in fact, opposite evidence might be obtained of a very stron
kind.” o 5

E:,f Lit:lejm]ﬁ informed one of us in J anuary 1876 that he had not
anything to add to or retract from i ;

Rivers lg’uilutiﬂn Commission. the spicente e mametaive ks

Sir Robert Christison, Bart.,, M,D., President of the Royal Scciety
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acres, lying to the west of the town, and is within 500 yards of a
populous portion of it, and also within 900 yards of the centre of t.l:!e
place ; and yet I can safely say that the continuance of a west wind is
always accompanied by a diminished amount of ordinary sickness in
the place, and our ordinary mortality is generally below 20 per 1,040
At Norwood the population is much greater and much nearer to the
fields than at Beddington, probably 400 persons living within 200
or 300 yards of the %arm. Previously to its establishment in that
district fever abounded ; since theu that disease has all but disappeared
and the mortality of the distriet has steadily declined.”

SEWAGE-GROWN Grass 15 WHOLESOME.

Ox the Liapinrry to Disease which has been alleged to exist from
the Consumption of the Mitk and Fresa of CarrLe fed on
SEWAGE-GROWN VEGETABLES.

Dr. Henry D. Liitlejohn, in his evidence before the Rivers Pollution
Commission at Edinburgh, on September 23rd, 1870, said :—* There are
a considerable number of cows kept in Edinburgh and the immediate
neighbourhood, and a large quantity of milk is consumed, chiefly
obtained from these cows. They are fed with grass that is grown on
the Craigentinny meadows. 1 was of opinion that such might be
of inferior quality, but I have failed to detect any bad eggﬁ resultin
from its use. Entozoic disease is remarkably rare in Edinburgh, an
tapeworm is hardly ever heard of, except in the cases of persons
coming from other places to reside here. Many of the cows which
have been fed upon sewage-grown grass are used as food. They are
not fattened, because they are always kept in such ecapilal condition ;
but the cows which have been so fed find their way to our slanghter=
houses, where they are examined by inspectors and myself, and, so
far as my observations have gone, the use of sewage grass for the food
of animals is unobjectionable, Trichiniasis is not known in Edinburgh,
If there had been anything in the idea that sewage grass would lead
indireetly to entozoic disease, it bas had plenty of time to devclope
itself, and Edinburgh is not only the seat of a great medical school,
but medical observation is carried to the highest point so that it could
not fail of being detected.”
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Number

Date. | of Patent. Name of Patentoe. Purpose of Patent.
1857 | 3028 | Frederick Oldficld Ward - | Manufacture of manure, &e.
i 3131 | Francis Taylor - - | Closets or privies.
1858 61 | James Alexander Manning | Treatment of sewage and other
polluted liquids.
= 171 | Charles Neillon - - | Manufacture of manure from sewage
matters.
" 179 | James Alexander Manning | Manufacture of manure.
- 188 | William Edward Newton - | Obtaining and applying com-
pounds of nitrogen.
o 199 | Leon Salles de la Magdaleine | Manure.
P 287 | George Lindsey Blyth - | Manure.
= 354 | Edward Toynbee - - | Manufacture of manure,
5 400 | John Hadfield - - | Manufacture of manure and other
products from sewage matters.
i 665 | Isaac Brownand JohnBrown | Manure,
¥ 703 | Thomas Greenshields - | Treating ammoniacal liquor, &c.
5 733 | Herman Schwietzer, Joseph | Manure.
Holder,and John Broughton.
o 1245 | Robert Owen = - | Waterclosets, night commodes, &e.
» 1456 | James Cane Coombe - | Manufacture of manure from foecal
and other matters.
5 1499 | John Chisholm - - Tr;'n‘:ing sewage and other matters,
- 1549 | Constantine Nicolaus Kottula | Manufacture of manure.
5 1616 | Richard Archibald Brooman | Apparatus for the reception and
treatment of sewage,
2 1620 | Charles Fréderie Vasserot - | Manure,
b 1864 | William Parsons - - | Beparating the solid matter from
sewage waters.
i 1793 | Charles Felton Kirkman - | Treating sewage, &e.
» ;B;? ghnmnaﬁ::ckford - - | Manure.
o 073 ean tiste  Adolphe Segratin golids from ligquids
Dugli—ré,P 3 @ purﬁnm of dia&nfenﬁiu. it
- 9451 Charles Finlay Oliphant | Manure,
Glassford.
T 2977 | Thomas Pickford - - | Manure.
1858 183 | Thomas Richardson - | Manure,
i 184 | Bamuel Osler and John | Manure.
Barton Baleombe.
o 195 | André Jaeques Amund Gau- | Manure.
tier, Jean Gilbert Dumn;,
and Jean Theodore Persin
& 313 | Alexander Gopsell Pooley - | Apparatus  for  manufacturing
DATnre.
» 447 | Prederick William Emerson | Treating ores of lead, &e.
= 539 | The KRev. Henry Moule - | Apparatus for the evaporation of
sewage and other waters, &e.
,. 648 | John Samuel Dawes - | Collecting night-soil for agricul-
tural purposes.
» 778 | Thomas Carr - - | Machinery for disintegrating arti-
ficial manures, &e.
" 879 | Marc Antoine Frangois | Treatment of mineral phosphates,
Mennons.
" 1220 | William Edward Gedge - | Manure.
- 1280 | Joseph Gibbs - = | Treatment of coal, &e. for the
manufacture of manure.
" 1368 | John Henry Johnson - | Machinery for reducing solid sub-
.. stances to powder.
» 1388 | William Bryer Nation - | Manufacture of superphosphate of
lime.
5 1559 Thomas Bell = Manure,
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EI..'II:-E‘. 1‘_." ]’Hl:{'l!lt‘-.

| Number

Name of Patentee,

Purpose of Patent.

1861

2
»

L3 ]

n

1864

»
L]

»
L

13

2871
B265
338

478
a87
BOY
L
1188
1408
1623
2078

2082
2007
2201
2660
2713
an11

3132
3317

3449

132
a2l
606
731
761
967
1362
1435
2208

2204
2724

2781
2047
4152
3264
492
595
a7
Tia

8955
1024

1191

| John

Frederick Robert Hughes
and Thomas Richardson,
Thomas Pickford - -
Mare Antoine Frangois
Mennons,
Ditto.
Bridge Standen -
Miechael Henry =
William Clark -
William Edward Newton
James House -
William Footman -
Alexander Morrison Fell

Joseph Daniels. -
William Clark -
John Richard Nichol

Jobn Harrop and James
Wadsworth.

John Beale and Mary Anne
Beale,

Wiiliam Clark - -

Thomas Walker - -

Edward Toynbee - -

Platt and Willinm
Richardson.

John Harrop - -
James Alexander Manning -
Thomas Henry Morrell and
Joseph Williamson.
William Lorberg - -
William Clark - -
Robert Calvert Clapham -
William Clark - -
Henry Martin - -
Thomas Henry Baker and
George Friend,
William Lorberg -
Guillaume Ville - =

Jean Augustin Barral and
Louise Adolph Cochery.
Thomas Carr - =

John Wright
John Maynes - -

Edward Bishop and William
Bailey.

James Lee Norton -

John Thomas Way -

James Robbing -

James Cane Coombe
George Jarvis Worssam

Thomas Walker - 2

Treating saline compounds.
Manure.
Treating phosphates of lime.

Disinfecting animal excretions.

Manure, &c.

Kilns, ovens, and furnaces.

Manure.

Fertilizing composition.

Crushing and reducing substances.

Treating sewage,

Manufacture of sulphate of am-
monia and manure.

Artificial manure.

Manure, ] L

Utilizing and disposing o e
sewage of towns and vﬁlugea.

Deodorizing refuse and feecal mat
ters for manure,

Manure,

Utilizing refuse azoted matters.

Dulizing sewage, &e.

Extracting oils and fatty matters
from shoddy, &c. and producing
artificial manure.

Disinfecting or pulverizing arti-
ficianl manures, &e.

Manure,

Treating night-soil, &e.

Purifying noxious vapours from
night-soil, &e.

Treating rags.

Preparation of manure, &e,

Treating waste liquors.

Manure.

Manure.

Treating  excrementitions and
sewage matters,

Treating rags.

Treating natural phosphates of lime
for agricultural purposes. I

Manure.

m‘maﬁngl ﬂmﬁﬁﬂg‘, and dis-
solving materials,

‘Manufacture of superphosphate of

lime.
Manure,

Evaporating the water from faeal
matter,

Manure.

Manure,

Treating substances for producing
manure,

Manure,

Ex i iquids and moist
i el i
Utilizing sewage.
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Thte. ﬂ?ﬁmr Nume of Patontoe, Purpose of Patent.
1867 | 2549 | Frederick Tolhausen - | Disinfecting fecal and manuring
matters, &a. )

K 2894 | Thomas Henry Baker and | Treating and purifying sewage.

Thomas Woodroffe.

- 2018 | James Baonehr - - | Supplying deodorizing material
to closets, and treating liquid
excreta.

b 3566 | Alexander Melville Clark - | Extracting ammonia from fer-
mented and other liguids, &c.

1868 510 | William John Bennett and | Filtering sewage, &e.
John Jobson,

5 566 | Pierre Nicheolas Goux = | Treating and utilizing excreta.

& 744 | William Knox Stuart - | Treating and utilizing sewage.

2 1954 | William Cameron Sillar, | Deodonzing sewage for manore.

Robert g Sillar, and
George William WIgﬂEl.‘

. 2666 | John Yule - = Removing sewage.

> 2667 | William Shang - | Beparating sewage.

= 2883 | William Henry Hughnn - Tnea.lmg and deodorizing sewage,

o 2919 | Edward Henry Prentice - Trentmg sewage, &e.

= 3087 | James Dewar - - | Manure.

i 3203 | Gavin Chapman - - | Treating sewage.

o 3341 | Sigismund-Schuman - | Waterclosets.

i 3390 Alexander Melville Clark - | Filtering sewage, &e.

by 3457 | Charles Jones - - | Treating sewage.

3 3562 | Thomas BSmith and John | Deodorizing and manufacturing

Van Norden Bazalgette. manures from sewage, &e.

- 3714 | Alexander Melville Clark - | Compound for disinfecting sew-
age, &e.

» 8914 | Josiah George Jenning - Tr]ﬁaﬂg sewage and irrrigating

1869 506 | Frederic Delbreil - - | Removing sewage, &e.

" 791 | Josiah George Je.umngs = | Preparing sewage for irrigating.

» 815 | James Carter - | Disinfeeting and deodorizing feeal
matters, &o.

1 826 | John Thomas Darke = | Treating sewnge. -

i 952 | Joseph Caldwell Lee = | Collecting and treating excreta,

o 1103 | Edward Charles Cortis Stan- | Applying, treating, and utilizing

ford. materials for deodorising.
F 1352 | Charles Thieme Liernur - | Removing and utilizing sewage
» 2016 | John Hart - - - | Separating, distributing, and uti-
lizing sewage.
. 2269 | John Henry Johnson - | Manure.
“ 2623 | Friedrich Wicke, Julius | Treating excreta for manure.
Brimner, Theodor Peter-
sem, and Johann Georg
Zehfuss,

» 3120 | Francis Taylor - - | Drying exerement.

¥ 3550 | Mark French Anderson - | Treating sewage for manure.

1870 67 | William Heory Hughan - | Treating sewage, &e.
" 239 | Maxwell Anketell and Oli- | Manufacturing manure and fael
2 ver Fl:lledeiﬁek Anketell, from sewage, &e.
5 364 eorge William Wigner - | Treating and purifying sewage.
. 506 | John Leopard - "J.‘I‘E‘:El,hllgl and ﬁltmnggaewage
2 880 | Alexander Bobrownicki :‘md manure,
Alfred Didier Marie Mes-
nard.

. 607 | David Forbes and Astley | Treating sewage.
Paston Price,
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Date, | NpuiDEE Name of Patentee, Purpose of Patent.
1878 | 8169 | William Whitthread - | Disinfectant and oxydizing agent.
o aaz John Towle - - | Treating sewage,
N 3541 | John Hewitt Milnes = | Utilizing sewage.
5 3632 | Alexander Colvin Fraser | Treating and utilizing sewage.
and William WWatson. :
0 742 | Henry Young Darracott | Treating sewage water.
Scott. :
i 3781 | William White - - | Precipitating sewage and other foul
waters, &e. '
2832 | Benjamin Green - - | Storing and treating sewage.
= 4092 | Henry Maleolm Ramsay - | Treating sewage. :
£ 4284 | John James Bodmer - | Drying peat, sewage deposit, &ec.
1874 50 | William Alfred Gibbs = | Drying apparatus.
- 160 | Augustns Edward Schmer- | Treating sewage.
sahl,
. 283 | Henry Young Darracott | Treating sewage, &e.
Scott and guhn Berger
Spence.
% 653 Hcsurjr Young Darracott | Treating sewage for manure.
cott.
L 848 | Rupert Goodall - - | Purifyiug foul water or sewage.
,, 1171 | Thomas Short - - | Purifying sewage.
o 1415 | William Robert Lake - | Deodorizing and utilizing sewage.
i 1426 | John Towle - - | Collecting, treating, and distributing
sewage,
i 1452 | Daniel Kinnear Clark - | Disintegrating and straining ap-
paratus,
i 1689 | Gustav Alsing - - | Utilizing sewage for manufac-
turing artificial fuel.
5 1764 | John Howard Kidd - | Deodorising sewage and making
artifieial manure,
% 1826 | Rupert Goodall - - | Clarifying sewage, &e.
i 1916 | John Henry Johnson - | Filtering sewage, &e.
2 1959 | William Henry Hughan - | Treatment of sewage, &e.
s 2408 | Samuel Hu.llswc:ﬁl and | Clarifying waste water, sewage, &c.
Richard Bailes.
+ 2439 Aug;llittus Edward Schmer- | Treating sewage.
Ea "
= 2446 | Willinm Alexander Lyttle - | Treating sewage.
b 2450 }E':nr}* Young Darracott | Recovering ammonia for sewage,
Seott,
- 2461 | William Spence - - | Treating sewage,
oy 2567 | Feorge illett, TRobert | Filtering sewage.
James Harrs, and James
Lund.
0 2676 | James Alexander Manning - | Dry elosets, &e.
» 3122 | Bridge Baron Standen - | Treating excrement.
i 3198 | John Howard Kidd - | Treating sewage for manufacturing
manure.
. 3225 | James Me. Intyre - = | TPurifying sewage waters.
i G326 | Francis Thomas Bond = | Treating liquid refuse, &e.
= aag; g‘iﬁ:miis t'li-lltiﬁ.i Bu:&eﬁn & %reating emmlmenm.
3459 e allswo an reating and clarifyi :
. Richard Bailes, e visewnt
- 8751 George Macka - = | Purifying liguids.
i aTad Euﬁn Ee%ﬁi’nlle - Emgnggmgage_
i 4158 upert Go - - larifying impure water or sewage.
- 4247 | James Conyers Morrell - Sewerjpl;g-es, g.:“c.
4305 | Henry Young Darracott | Treatment of sewage,

Seott.
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APPENDIX No. VIL

Apstracts from the Rerorts of Rovar Coassiox, and others, who
have inquived into the best Modes of DisTriBuTING the SEWAGE
of Towxss and of applying it to beneficial and profitable Uses.

The following extracts are taken from published reports which are
now out of print, and which consequently cannot be made generally
available. On referring to them, it will be seen that there are detailed
statements, as also conclusions and recommendations, which have as
much value now as at the time they were made. Our more recent
examinations of towns, sewage farms, and the several modes of treating
sewage, confirm the conclusions almost to the letter. We therefore point
to these extracts as justifying our own conclusions.

Extracrs from the Rerorts of the Rovarn CoMMission.
PrecrertaTioN of the Sonip MATTER of SEWAGE.

Of the different processes that have been proposed for the precipita-
tion of sewage, that by lime is the simplest. It is also the only one that
has hitherto been put into practical eperation to any considerable extent,
and we may be therefore allowed, without disparagement to other
methods, to select it as a type for illustration of the whole.

The use of lime to separate the solid matters of sewage is founded on
the following circumstances. Sewage of itself, from the slimy, glutinous
character of the matter floating in it, and from the specific weight of
that matter being so nearly the same with water, will only separate very
imperfectly, and after a length of time, into a clear liquid and a solid
deposit.

]'T]]E addition of lime, however, by the chemical changes which it
induces, but which we need not here deseribe, causes a separation of the
golid suspended matter in a state of flocculence, in the same way that
white of egg clears coffee or isinglass fines beer,

The result is that the sewage rapidly changes its character, separating
readily into a deposit, which falls to the bottom, leaving a clear liguid.
This is essentially the process that is carried on at Leicester, Tottenham,
and other places, the two named being the most important. The elear
liquid after subsidence of the solid matter is considered comparatively
pure and unohjectionable, and is allowed to flow into the rivers. The
solid is drained, as far as possible, and finally dried, and then offered
for sale as manure.

We may state our belief that, as far as present knowledge goes, that is,
up to 1858, this very simple process offers as much prospect of com-
mercial advantage in respect to the manufacture of a solid manure from
sewage as any patent process that has been proposed up to this date.

But with reference to the prospect of obtaining any very large profit
from the treatment of sewage, we see no reason to dissent from the view
that has been individually held and promulgated by several of our
members, namely, that neither the lime process nor any other existing
method of precipitating sewage is likely to be commerciaily advantageous
to those who engage in it. We consider that this is, however, not the
light in which the matter should be viewed. The great problem is to
zet vid of sewage advantageously to agriculture, if it 'mu}r be; if not, at
the least expense to the community at large.

Throughout the discussions that have hitherto oceurred upon this
question, the real issue has been left comparatively in abeyance, The
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ihe liquid resulting from liming the sewage, and that this liq!ﬁd when
kept during warm weather is linble to become a second time offensive to
the senses and consequently dangerous to health, such process is not
admissible in the case of the metropolis. But we submit that the
question is not whether, in the abstract, sewage after treatment with lime
contains vegetable and animal matters in solution, and is linble to further
putrefaction, but whether such treatment so far t'leal;m}rs_the noxious
character of sewage that practically it may be thrown into rivers without
danger,

Without going so far as to say that the precipitation by lime is a
perfect process, or that it can in all cases be adopted, we feel satisfied
that it does to a great exient fulfil the purpose for which it is
employed, so far, at least, as the purification of rivers is concerned.

By far the largest amount of nuisance and danger arising from the
pollution of rivers by sewage is due to the solid suspended matters which
oive off noxious effluvia throughout the period of their decomposition.
This is especially the case in our tidal rivers, where these deposits form
shoals and cover the banks, and at low water offer a vast surface of
offensive matter for the contamination of the air. The lime process
does effectually remove this gross solid suspended matter, and in so far
accomplishes a great and manifest good. It also destroys the immediate
influence of the noxious gases in sewage, and although it may, in the
abstract, be open to the objection of still leaving matter eapable of
further putrefaction in the liquid, we are of opinion that wherever this
liguid is thrown into a body of water considerably larger than itself
(not less than 20 times the volume of the elarified sewage) no evil results
will practically be experienced,

Our conclusion, then, is, that in the absence of means for a direct
application of sewage to land, the methods of precipitation at command
by lime do actually offer remedial measures of a satisfactory character.
It remains to consider whether these remedial measures are within the
fair limits to which a town population may be taxed for the suppression
of the sewage nuisance,

We have already stated our belief that unless some new process of
greater efficieney should be discovered, the formation of a sclid manure
from sewage will not be remunerative ; that is to say, that the amount
realized by the sale of the manure will fall short of the cost of its
production. Neither is this to be considered as a condition dependent
on the want of appreciation of the manure, which time and better infor-
mation on the part of the consumer will remove ; on the contrary, the
tendency has been hitherto to put the price above the value which a
sound acquaintance with the nature of manures would attach to it. It
is even questionable whether, in some instances, any money at all
would be given for this deposit, and in considerine the practicability of
carrying into effect plans for the precipitation og sewage we must be
preparved for this eventuality.

It will therefore be placing the matter in a necessary, although the
least favourable, light, if we consider that the manure when made
possesses only =0 much value as to induee farmers to cart it awa
without paying for it. It may be desirable, however, that we should
here advert to a plan by which the expenses attendant on these pre-
cipitating processes would be very materially reduced, and the necessity
for works for this purpose in the vicinity of towns, and the possible
nuisance or fear of nuisance to which they might give rise, would Le
entirely obviated. This plan is to limit the process to the precipitation
of sewage, and after allowing the clear liquid to run off, to pump the

sludge or mixture of deposited matter and water directly on to the fields
through pipes,
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and other similar processes, on the score that the liguid is liable to
become again putrid.  We have stated that we believe this circumstance
to be practically unimportant, but, as it is a wise policy in all cases to
avoid even the occasion of offence, it is very desirable that even t]na
objection should be overcome. If, after the separation of the solid
matters by lime or other precipitants, any further treatment of the clear
liquid would place it in a condition in which ulterior change involving
the production of offensive and noxions smells would be impossible, the
problem, both in a theoretical and practical sense, would be most com-
pletely solved. BT )

We are of opinion that the accomplishment of this object is quite
within the means of chemieal science, and we feel ourselves justified m
expressing this conviction from the vesults of experiments which have
already been made in presence of some members of the Commission,
although our investigation of this peint is not yet eomplete. :

From the whole of our inquiry we have arrived at the following
coneclusions :—

Previxary Report, Marcn 1858.
CoxcLusions.

1st. That the increasing pollution of the rivers and streams of the
country is an evil of pational importance, which urgently demands the
applieatiors of remedial measures; that the discharge of sewage and
other noxious refusze of factories into rivers is a source of nuisance and
danger to health ; that it acts injuriously not only on the loeality where
it occurs, but alzo on the population of the districtz through wgich the
polluted rivers flow ; that it poisons the water, which in many cases
forms the sole supply of the population for all purposes; that it
destroys fish ; and, generally, that it impairs the value and the natural
advantages derived from rivers and streams of water.

2nd. That this evil has largely increased with the growing cleanliness
and internal improvements l}% towns as regards water-supply and
drainage ; that its inerease will continue to be in direct proportion to
such improvements, and that as these improvements are yet very partial,
the nuisance of sewage, already very sensibly felt, is extremely slight as
compared to what it will become when sewerage and drainage works
have been carried into full effect. .

drd. That, in many towns, measures for improved water-supply and
sewerage are retarded from the difficulties of disposing of the increased
sewage which would result from them ; that the law which regulates the
rights of ountfall is in an anomalous and undefined condition ; that
judicial decisions of a conflicting character have been arrived at in
different instances ; and, that consequently the authorities of towns have
constantly before them the fear of harassing litigation.

4th. That the methods which have been adopted with the view of
dealing with sewage are of fwo kinds: the one being the application of
the whole sewage in its crude state to land ; and the other, that of
treating it by chemical processes, to separate its most offensive portions;
that the direct application of sewage to land favourably situated, if
judiciously carried ont, and confined to a suitable area, is profitable to
persons so employing it; that where the conditions are un avourable, a
;mlall payment on the part of the local authorities will restore the
alance.

Sth. That this method of sewage application, conducted with moderate
eare, is not productive of nuisance or injury to health,

6th. That when circumstances prevent the disposal of crude sewage
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system is maintained on the alleged ground of preserving the local
rivers from contamination.

4, That hesides the pollution of rivers by the discharge of sewage
into them, they are in general made the common and ready receptacles
of an immense amount of offensive matter from factories, d e-t_l."nrl:s,
gasworks, iron foundries, mills and other establishments, while cinder-
heaps and masses of rubbish of every description that cover their banks,
and the large stones and other vefuse that obstruct the beds, testify to
the general neglect and ill-usage of rivers. - &

5. That by far the greater part of the solid matter which is held in
suspension in water is readily deposited in rivers, covering the banks
with mud, permanently raising the beds, gradually destroying the
seouring power of the water, and partially silting such rivers up ; and
that in some instances these deposits have accumulated to snch an extent
as to impede navigation, to render the surrounding country subject to
floods, and to entail a vast expense in periodic cleansing.

6. That however the appearance of the water may be improved after
these deposits have taken place, yet the deposited matters, lying in the
bed of the current, are under conditions favourable for putrefaction.
And when the foul mud is disturbed by the prevalence of rain, and
during floods, it sends forth its effluvia amidst the populations which are
near, and even in the course of the rivers far distant.

7. That this condition of rivers is a public and national nuisance; it
interferes with the convenienee and comfort of all classes of the people ;
it damages varions and important interests, as those connected with
manufacturing establishments, eanals, fisheries, and so on ; it deteriorates
property 1o a large extent; and, as interfering with a main source of
water supply, is of serious detriment to the public health.

8. That this state of things has grown up in consequence of the
anomaly that while important powers of river conservaney have from
time immemorial been conferred on loeal authorities, while special
powers have been vested in Improvement Commissioners and companies
for isolated local improvement, for drainage, for navigation, and so on,
and while even private water-rights and ownerships in streams have
heen recognized and conferred, no general jurisdiction whatever has been
exercised over the whole waters of the country : no protection has been
accorded to the many great and varied interests connected with rivers,

9. That the only way of restoring rivers to their original purity is
to prevent the discharge of foul matters into them, and especially the
discharge of sewage and other refuse of large towns ; but that, in various
cases where this treatment has been deemed inadmissible, expedients for
the purpose of depriving the sewage of its offensive and noxious
properties have been brought into practical operation, aud have been
attended with more or less success,

100, That among those methods of which experience is most satis-
factory no one is suited to the cirecumstances of all towns, some towns
presenting much greater difficulties than others; yet the more this
subject has been investigated the more convineing is the evidence that
there iz no town which might not, with reasonable care and at moderate
cost, greatly mitigate existing evils where it may not be practicable
wholly to remove them. j

11. That, for example, the chief part of the nuisance arising from the
discharge of sewage into rivers and streams may be obviated at once by
gimply arresting the solid matter in suspension in the liquid, particularly
in towns of small populations where the sewers discharge into con-
siderable streams of water. 1In these cases it may be practically
sufficient to adopt simple means of deposit, combined with mechanieal
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be instituted into the various poinis bearing on the subject, so that
measures may be submitted which will enable Parliament to deal with
the existing evils in a way most eonducive to public interests.

Whitehall, August 1861.

Tamp Rerorr of the Rovarn Coanission.
CONCLUSIONS,

To the Lords Commissioners of Her Majesty’s Treasury.

May it please Your Lordships, March 1865,

Wr, the undersigned, whom Her Majesty's Commission, bearing
date 5th January 1857, appointed to inquire into the best mode of dis-
tributing the sewage of towns, and applying it to beneficial and profit-
able uses, have now again, according to our instructions, the honour of
reporting to your Lordships our further progress in the matter com-
mitted to us for inquiry.

Sinee the date of our last Report {(Aungust 1861) we have, throngh a
committee of our number consisting of Mr. Lawes and Professor Way,
continued at Rogby the experiments which were undertaken in 1861 on
the application of sewage to land. The report of that committee, whizh
we append, contains the resalts for the three years 18624,

Your Lordships will observe that these experiments have not been
confined to the application of sewage in different quantities to land, but
have extended to the consumption by eattle of the produce so obtained,
and to the production of meat and milk, and have been accompanied by
a careful record of the quantities and market value of the products, and
by numerous analysis of the sewage before and after irrigation, as also
of the grass and of the milk,

It appears to us that these experiments have solved many of the
difficulties which have hitherto attached to the question of the agri-
cultural application of sewage, and that they leave no reasonahble doubt
of the practicability and advantage of so employing the sewage of
LOWne,

We have slso continued to give our best attention to all kindred
experiments and inguiries which have been going on elsewhere.

As the results of our labours, extending over eight years, we have
confidence in submitting to your Lordships the following conelusions :—

1. The right of way to dispose of town sewage is to apply it con-
tinuonsly to land, and it is only by such application that the
pollution of rivers can be avoided.

2. The financial results of a continuous application of sewage to land
differ under different loeal cireumstances ; first, beeause in some
places irrigation can be effected by gravity, while in other places
more or less pumping must be employed ; secondly, because
heavy soils (which in given localities may alone be available
for the purpose) are less fit than light soils for continuous
irrigation by sewage, .

3. Where local cireumstances are favourable, and undue expenditure
is avoided, towns may derive profit, more or less considerable
from applying their sewage in agriculture, Under ﬂllpo:sité
cireamstaneces, there may not be a balance of profit; but even
in such cases a rate in aid, required to cover any loss, needs not
be of large amonnt.

Finally, on the basis of the above conclusions, we further beg leave
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method of economically avresting from solution the fertilizing ingredients
in sewage, while the analyses of solid sewage manures, manufactured
under various patents, show that, although for the most part possessing
a certain low value, they do not justify the high prices at which they
lave been offered to the publie; nor does there appear to be evidence
of any agricultural results derived from their use which will support such
a view of their value,

5. That the manufacture from exerement of a dry portable manure, as
practised at Paris, although realising results of greater value, is appli-
eable only where the eesspool system prevails, and leads to an aggrava-
tion of the nuisance of that system, which due regard for the public
health would not tolerate.

6. That the separate system of drainage, frequently proposed as a
solution of the sanitary and agricultural difficulties of the sewage ques-
tion, would increase immensely the cost of drainage works, wounld add
to the sources of danger to the public health, and would tend to a waste
of fertilizing power,

7. That the practical experience obtained during many years at
Edinburgh and Milan has shown the great value of sewer-water on
grass lands, although applied in a state of great dilution ; while valuable
experiments have shown the power of soils to remove from solution, and
retain for vegetation, the fertilizing elements.

8. That notwithstanding the enormous quantities of sewage-water
which have been applied to the land at Edinburgh, the produce is said to
be always in corresponding ratio to such quantity, and that the limits of
quantity to be applied, and of produce to be realised, have not yet been
ascertained.

9. That the precize value of the manure in a given quantity of sewer-
water may be readily determined, and, therefore, that the corresponding
quantity of water which must be applied to convey a certain rvequired
Eunutity of such manuring elements on to the land may be at any time
oW,

10. That although such immense agrienltural results have been
obtained from irvigation with sewage-water at Edinburgh, the method
employed has given rise to much complaint of nuisance. That this
arises for the most part from foul deposits in wide ditches, and from
the large evaporating surfaces of the sewage constantly exposed in the
channels of irrigation,

11. That all such sourees of nuisance and danger are preventible, and
should not be tolerated. That no ditches should be used, and that the
sewage should be exposed only during the act of irrigation of each
portion of the land, when it would be immediately absorbed and
deodorized by the soil.

12. That in order to avoid all further risk of injury to health, whether
from discharge of the sewage into the rivers and streams, or from its
application to the land, it appears desirable that the solid matter should
in every ease be separated from the liguid sewage at the outfall, and
that a cheap, portable manure should be manufactured therefrom for use
in the immediate neighbourhood, as practised at Cheltenham. That it
should be mixed with the ashes of the town, or such other dmdurizing
material as mny be most suitable for application to the surrounding land,
and prepared, if desirable, with other manuring ingredients for particular
CTOPS.

13. That it appears probable that such operation will, in most places,
pay its own expenses; but that as some such measure is absolutely
necessary for the publie health, even though involving some expense, it



























